


"Of all the possible radios, I chose 
the ICOM IC-735 for my CQWW QRP 
world record attem~t." 

Ilannv F \ ~ w m  K7SS WmM Hlah ORP Score - - , - ~ ~  - - -  ~~ , -  ~ 

19Ri C O W  SSB IPJZFRJ' 
-1986COWPX SSBlK7SS WH61 
-1986 ARRL DX PHONE I CW lK7SS KH61 

ICOM's IC-735 is the world's 
most popular HF transceiver. With 
the highest performance, smallest 
size, and best customer satisfac- 
tion of any HF transceiver, the 
IC-735 is the winner's choice for 
fixed, portable, or mob~le 
operat~ons. 

Field Proven 100W Transmitter 
with IOO'R, dutv c cle. Proudly 
hacked with ICO&'S full one- 
year warranty. 
105dB Dynamic Range Receiver 
lncludes passband tuninv. IF 
notch, adjustable nolse b anker, 
and semi or full CW QSK. 
Conveniently Designed. Measures 
only 3.7"H by 9.5"W by 9"D. 

Optiona' AH.2 Automatic Tuning 
Mobile Antenna Svstem covcrs 

12 Tunable Memories operate and 
re rogram like 12 separate 
~ h k .  Supreme flexib~l~ty! 

Additional Options: SM-10 
graphic equalized mic. PS-55 AC 
power supply. AT-150 automatic 
antenna tuner for base operation. 

ICOM's IC-735.. .a proven win- 
ner for reliable worldwide HF com- 
munications. See it today at your 
local ICOM dealer. 
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All HF Amateur Bands and Modes U' 
lus general covt.ra e recept~on 

Yrom 1 0 0 ~ ~ ~ - 3 0 ~ 8 ~ .  ICOM 
First in Communications 
ICOM Arner~ca, Inc., 
2380 116th Avenue N.E.. Bellwue. WA 98004 
Customer &ice Hotline (206) 454-7619 
3150 Prern~er Dr~ve. Su~le 126. irwng. TX 75063 
1777 Phoen~x Parkway. Su~te 201. Atlanta. GA 30349 
ICOM CANADA, A D ~ v ~ s ~ o n  of ICOM Arnerlca. InC.. 
3071 - tl5 Road LJn1l9 R~chmond. B.C. V6X 2T4 
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FOUR user selectable operating modes and 
a 90 number autodialer make Private Patch V 

the ONLY choice! v+s,  dk - .Ji 
-9 Ir= N E ~ , - ~ >  . F 

a 

Private Patch X MULTI-MODE INTERCONNEC- + 
.r' 

. - 
1 -I- ?s CONNECT SYSTEMS INC 

. c c .  m., 
NOISE DTMF XMT C/O- 

LPOWER 

SELECT AN OPERATING MODE Private Patch V is a totally new concept in automatic 
phone patches. A built-in keyboard and menu driven 

USING THE BUILT-IN KEYBOARD. . . display allow you to customize all modes, features, 
and functions specifically to your application. 

1. SIMPLEX SAMPLING PATCH 
Private Patch V achieves a level of sampling patch performance 
unobtainable in any other product. Crucial to performance is 
the noise squelch filter. Compare our five pole filter to the 
competition's two pole filter. Advanced software algorithms 
perform noise correlation tests which result in greater useable 
range than the competition. Nine selectable VOX enhancement 
ratios allow you to vary performance from straight sampling to 
highly VOX enhanced. (sampling rate decreased while the land 
party is speaking). The mobile is in full control and can break- 
in at any time. 

2. SIMPLEX VOX PATCH 
VOX mode offers superb simplex operation with any radio, 
including synthesized and relay switched models. VOX mode 
has other advantages too. 1. A linear amplifier can be used to 
extend straight simplex range. 2. You can operate through any 
remotely located repeater to greatly extend range. 3. If desired 
you can connect Private Patch V to the MIC and speaker jack 
of your radio. NO INTERNAL CONNECTIONS ARE REQUIRED. 
Control is maintained automatically with built-in dial tone 
detection, busy signal detection and fully programmable activity 
and time out timers. An optional electronic voice delay board 
eliminates first word clipping with slow switching radios. 

3. DUPLEX PATCH 
Select duplex mode when connecting Private Patch V to your 
existing repeater or duplex base station. Many features including 
semi-duplex privacy mode are user programmable. The mobile 
is in full control at all times. 

Private Patch V can be a sampling patch today. A VOX 
patch tomorrow. And a repeater controller next year! 

You may never need another patch again. 

COMPARE THESE FEATURES. . . 
90 phone number autodialer 
Last number redial 

Regenerated tonelpulse dialing 
Toll restrict: 1st and 2nd digit restrict, prefix lockout 
and digit counting 
1-5 digit connectldisconnect code 
2-5 digit secret toll override code 
User programmable CW ID 
Remote hook flash 
Auto disconnect on dialtonelbusy signals 
Telephone remote base 
Remote controlled relay (relay optional) 

Lightning protected 

Call or write today for your FREE brochure. 

CONNECT SYSTEMS INC. 
23731 Madison St. Torrance. CA 90505 

Phone: (213) 373-6803 

4. REPEATER CONTROLLER AMATEUR ELECTRONIC SUPPLI: Mllvrauree WI W8rkldl~ ON Orlando FL Clearwalei FL. Lar 
V?nar NV . BARRY ELECTRONICS CORP: New Yolk NY . ERICKSON COMMUNICATIONS' 

private patch V will convert any receiver and transmitter into Chcaqn IL L HAM RADIO OUTLET- Anahelm CA Borl#ngamr CA Oakland CA. Phoenix A2 

San DmcrpCA van Nuyr CA Allanla GA . HENRY RADIO' Lor Angelpr CA . INTERNATIONAL 
an nutstandina ~erformina reoeater with du~ lex  auto~atch. R ~ D I O S V S T E M ~ M ~ ~ ~ ~ F ~  . J ~ ~ ~ ~ ~ ~ ~ T R ~ N ~ ~ ~ l r h * r ~ h ~ ~  . MADSONELECTRONICS -. . . - . . . - . .z ,~~ -~~ ~ - 

Features such as repeater inloif code, hangtime, activit; timer SUPPLY Ho8rslon T X  . MIAMI RADIO CENTER CORP. Meam FL . MIKES ELECTRONICS: 
C I  Lauderdslo FL . NhG DISTRIBUTING CORP. Mlamc FL . OMNl ELECTRONICS. 

time. CW ID interval etc. are fully user programmable. Private ,,,,,,, . pAcEEN,,,E,RIN,. ,,,,,,.,,, . T,E,,Ms,ATloN- ,,,,,,,, ,I,,N. 

Patch V is the right choice for your club system. RADIO CENTER ~~~l~~~~~ T X  . CANADA-COM-WEST RADIO SYSTEMS. LTD: v a n r o ~ r v ~ r  RC 
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Kenwood brings you the 
greatest hand-held trans- 
ceiver ever! More than iust . 
"big rig performance:' ihe 
new TH-215A for 2 m,TH-315A 
for 220 MHz. and TH-415A for 
70 cm pack the most features 
and the best performance in 

of accessories will let you go 

1 
a handy size. And our full line I 

from hamshack to portable 
to mobile with the greatest 
of ease! L ' l !~~" . " t " ) ' - 'O " ' ! ' . , : ; I ! .  ' ! ! I ! )  

" '  

!ton LCDd~sp lay  W I  h n15~' " ' ' 

W ,ceiver frequency range. Audible bpcper .- , 
Rece~ves from 141-163 MHz. pad  operotton 
Includes the weather channels! 
Transmit from 144-148 MHz. 

unlque tone fore 

Mod~l~able  to cover 141-151 MHz 
(MARS or CAP perrnlt requ~red). 
TH-315A covers 220-225 MHz. 

IVILO oalrery pacl 
TH-415A covers 440-449.995MHz. atlon), wall charg, 
5. 2.5. or 1.5 W output.  depend- dust caps, 
Ing o n  the power  source. Sup- 
plred battery pack (PB-2) prov~des 
2 5 W outout. Oot~onal NlCd D ~ c ~ S  
for extended op'erat~on or h~gher 
RF output ava~lable. 
CTCSS encoder built- in. TSU-4 
CTCSS decoder opt~onal. 
10 memorv cl iannels s tore anv 1 

A 
offset,  in 100-kHz steps. - - 
Odd split, any frequenc TX or 
RX. In  m e l n d 0 : .  
Nine types o f  scann~ng !  Includ- 
Ino new "seek scan" and ~rior- ~~~ ~ 

ittalert. Also memory chailnel 
lock-out. 
I : i t~?l l rqent 2-way bat tery  saver -- 
c i r c u ~ t  extends battery i i fe. Two 
battery-saver modes to choose. 
with power saver ratlo select~on. PR 1 I? V. HIJO nlAH NII r j  yr;r~k lot 5 w - ..,. 
Easy memory recall. Slmply output . PB-2 8 4 V. 500 !nAH N1Cd pack 

, , 

press the channel number' (2 5 W oulpul) . PR~3 7 2  V 800 rnAH ;:I,, . 
.12 VDC input terminal for direct NfCd pack (1.5 Wout~ul )  .1'&4 72 V. 

or base stat,on supply 1600 rnAH NlCd Pack (1 5 W outpul) 
81-5 AA cell manganesel;tlkaltne baltery 

When l2 applied, case . B C 7  rapid charge! lot pB.1, 2, 3, 
RF output 1s 5 W1 (Cable suPplledr) or 4 . BC-8 compttcl balt#!ry charger 
New Twlst-Lok Posttive- . SMC~30 speaker rn~cro[lhone . SC~l2. 13 1' - . 
Connect lock inq battery case. sofl cases .RA-3.5 lelesc oplng anlennas -.. * . ~ . . ..... ........ Drinritu alert f<nnrtinn RA 80 SlubhvDuk anlcnna . TSU 4 : . .  ,-. .. , *.", ..... .. 

CTCSS decode un~t .VR-2530 2rn. 25 W - - '  ' ' - t. . . . ., .. " 
Monitor switch lo d e f e a t s u e l c h -  ampl~t~er (1 4 ~ n p u ~ )  ,.HA, 5 leather r- ' z-:.. e , K E - ~ w ~ ~ ~ .  "i 

;.:7. . . .  Used lo check the frequency when cases. ~ 8 . 4  rnot,lle bra, kel . BH-5 , .',. . . _ _I 

. . 
CTCSS encodeldecode 1s used or swrvel mount . PG zv extra DC cable . . -.. ,. _. :.. . . ,., . . L . . .  - 
when squelch IS on. PG-3D clgarelle Itghlet .:ntrl wllh lrller , . . a 

. ' . $---, . -:'- - % ' . K ~ N W O O ~  U:,S.A.CC~RPQRAT~ON: y::. 
. _-. 
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BACKSCATTER 

A year of change at HAM RADIO. 
What fosters a good relationship between a magazine and its readers? When I arrived here a little 

over a year ago, I asked myself that question. I decided that, first, I had to get to know you. I needed 
to find out what Amateur Radio, in general, and HAM RADIO Magazine, in particular, meant to you. I 
began reading letters, manuscripts, notes on renewal notices, old surveys - anything I could get my hands 
on. I met you at shows in Dayton and Boxborough. What I found was an incredibly diverse group of 
people - teachers, accountants, machinists, doctors, engineers, pilots, bank tellers, journalists, students, 
homemakers, retired persons (the list goes on and on) - all bound together by a love for Amateur Radio. 
And even within the hobby itself, there is something for everyone. Whether you build, contest, do public 
service work, or just like to get on the radio and talk, you can find a niche in this great hobby. I suddenly 
noticed antennas I'd never seen before in my neighbors' backyards, a ham radio comminications post at 
a local road race I ran in, callsigns on license plates - Amateur Radio is everywhere and a very important 
part of lots of lives! 

How does HAM RADIO Magazine fit into your lives? There was a common theme in all your correspon- 
dence to us. You liked the technical flair of the magazine, but found many of the articles were dry, compli- 
cated, or just plain too long. You wanted more construction projects, weekenders, and shorter technical 
pieces that explained the theory behind the idea in a more concise fashion. But, you didn't want HAM 
RADIO to become "just another contest magazine." You liked what we were; you simply wanted some 
refinements. 

After the Dayton Hamvention, the editorial staff got together to decide how to best meet your requests. 
In September we launched our first "new" HAM RADIO issue. We filled it with the kinds of articles you 
wanted to see (Weekenders, ham notes, projects, technical pieces), gave it a different look, and included 
evaluation cards for your comments. Your response to each new issue has been tremendous; it has given 
us a yardstick by which we can judge our performance. Without you, we could not have effected this 
change. With you, and your continued support, we will continue to grow. 

Because our changes have been so well received, we'll carry them into the future. In the months to 
come you can look forward to pieces on ATV, digital voice, and new antenna designs. And, for you 
homebrew buffs, January brings our first construction issue. 

Of course, our ability to deliver the kind of magazine you want to read depends not only on your 
constructive criticisms, but on the fine manuscripts you submit. You are our writers as well as our readers, 
and we'd love to help you share what you've built or learned with your fellow Amateurs. If you don't know 
how to get started, write for our author's guide; it's got lots of helpful hints. C'mon, what are you waiting for? 

It's been a long year. A year of change - but positive change. You've been with us through it all. We 
thank you and look forward to a long happy relationship with you - our readers and friends. 

Terry Northup 
Managing Editor 

P.S. Thought you'd like to know that I too have succumbed to the lure of Amateur Radio. I passed 
my Novice test and am waiting for my license to come. Hope to see you soon on the Novice bands! 

KA 1 ??? 

Correction: In our November editorial, "A potential danger," the National Career Institute was listed as 
a group concerned about the effects of electromagnetic radiation. The reference should have read National 
Cancer Institute. Ed. 

4 December 1988 



Matching 
TS-77 I A181 '1 A VHF/VHF a~-mode base stations 

TheTS-711A 2 meter and theTS-811A 
70 dentimeter all mode transceivers 
are the perfect r igs for your VHF and 
UHF operations. Both rigs feature 
Kenwood's new Digital Code Squelch 
(DCS) signaling system.Together, 
they form the perfect "matching pairn 
for satellite operation. 
Highly stable d~gi ta l  VFOs. 
The 10 Hz step, dual dlgital VFOs offer 
excellent stability through the use of a 
TCXO (Temperature Compensated 
Crystal Oscillator). 
Larae fluorescent multi-function 

You may select the mode mariually 
using the front panel mode keys. 
Manual mode selection is verified in 
International Morse Code. 
All-mode squelch. 
High performance noise blanker. 
Speech processor. 
For maximum efficiency on SSB 
and FM. 
IF shift. 
"Quick-Step" tuning. 
Vary the tunlng characteristics from 
"conventional VFO feel" to a stepping . . - 

display. r l r l l l l l l l l t ~  I I I I  I I action. 
Shows frequency. RIT shift, VFO AIB. (with ch;~nnt,l l o~ : k~ou t~ .  ',Center-slo~," Built-in AC power supply. 
SPLIT. ALERT, repeater offset, digital ttrn~ng on FL1. ,411 ";~lert" functlon lets Operation on 12 volts DC 1s also 
code, and memory channel. you llsten for acl~vlly on your pr~or~ty poss~ble. 

40 multi-function memories. channel wh~le llstenlng on another Semi break-in CW, with side tone. 

Stores frequency, mode, repeater off- frequency. A Kenwood exclusive! VS-1 voice synthesizer (optional) 
set, and CTCSS tone. Memories are RF power ou tp t~ t  control. More TS-711A1811A informat~on IS 

backed up with a built-in lithium battery. continuously adjustable from 2 to available from authorized Kenwood 
25 watts. dealers. 

IF-1OA computer Interface 
IF-232C level trarislator 
CD-10 call sign display 
SP-430 external speaker 
VS-1 voice synthesizer 
TU-5 CTCSS tone unit 
MB-430 mobile mount 
MC-GOA, MC-80, MC-85 
deluxe desk top microphone 

MC-48B 16-key DTMF. MC-43s UP1 
DOWN mobile hand microphones 
SW-200AlB SWRlpower meters: 
SW-200A 1.8 150 MHz 
SW-200B 140-450 MHz 
SWT-1 2-mi antenna tuner 
SWT-2 70-cm antenna tuner 
PG-2U DC power cable 

KENWOOD 
KENWOOD U.S.A. CORPORATION 
2201 E.  Domlnguez St., Long Beach.CA90810 
PO. Box 22745. Long Beach. CA 90801-5745 

CrimplPlP SP~VICP mantralr are avarlable lor all Kenwood rranscelvers and rnosl ;arce!.sorles 
S~leCdCal lo r ls  anclprrr:t!s are sublenr lo change mlhaol nollce or obBgaltor1 



COMMENTS 
Good news and bad 
news 
Dear HR: 

Just received the September 1988 
issue of HAM RADIO magazine an 
hour ago. Naturally, I have not had 
time to go through it in great detail, 
but I like what I see and like it so much 
that I am willing to extend my sub- 
scription for another three years. 

Now for the bad news. The printing 
job in my issue leaves much to be 
desired. Many of the pages have the 
material printed so close to the edge 
of the page that a slim portion of the 
text and advertising is cut off and miss- 
ing. I assume this is a one-time 
problem. 

Enclosed is my evaluation card. 
Keep Bill Orr's column coming. His 
writings are usually the first place to 
which I open your magazine. I have 
been a fan of his since the days of his 
antenna articles featuring Pendergast 
in the small-format CQ magazines. 

Lee G. Andreas, NSBDL, 
Lake Tomahawk, Wisconsin 

54539-9500 

Advice for the novice 
Dear HR 

Can't remember when I wrote a let- 
ter to the editor but Marty wrote an 
editorial (Reflections) in the August 
issue that I take exception to. He was 
commenting on the high cost of equip- 
ment to get the Novice started, and 
asking us to dig out the old stuff that 
is collecting dust to give them a start. 

Have we forgotten that a one-tube 
crystal oscillator is a good CW trans- 
mitter? And, a two-tube regenerative 
receiver (or a transistor and op amp) 
make a compatible receiver? 

We are doing an injustice to the 
young people when we try to train 
them to be applicance operators rather 
than giving them an introduction to the 
technical world and allowing them to 
enjoy communications with equipment 
they've constructed. Many of us have 
enjoyed careers as electronics 
engineers because we built our first 
equipment, and we built it because we 
could not afford the complete 
receivers and transmitters. If the begin- 
ners don't experience the pleasure of 
construction, how will they ever 
know? 

If you really want to help the Nov- 
ice, don't give them a radio, give them 
help in constructing a radio and a good 
antenna. 

When the old timers get together, 
they don't talk about their first con- 
tacts without going into intricate detail 
about the design of their first hay- 
wired radio. Fom/ years from now, the 
Novice of today won't even remember 
which box he bought first. 

Ted Hart, WSQJR, Melbourne, 
Florida 32902 

Handling traffic-a 
challenge 
Dear HR 

With regard to Mr. Harold P. Mor- 
gan, WDOP's letter in the July, "Com- 
ments", Ham Radio Magazine, I would 
like to say that I too am in complete 
agreement with Mr. Morgan. My situ- 
ation is only somewhat different, for 
I am somewhat of a traffic handler. 

Traffic is a challenge to me, in whet- 
ting my skills to enable me to receive 
a message, under the worst possible 
conditions, and to achieve the highest 
possible rate of accuracy. To take a 
piece of traffic from a station that is 
in the noise level, or below, and to 
have as close to 100-percent accuracy, 
is the name of the game for me. 

Then, along comes our friend with 
the brand new super-dupper, whiz 
bang, synthesized whats-it, and his 
Hakensak 5-PW amplifier, blasting the 
air waves with 3 or 4 kw, running up 
and down the band, with the key 
locked down; not just once or twice. 
No, he's got to run for it at least a half 
dozen times, before he qualifies. For 
what, I have yet to determine. And if, 
after all of this, you have anything left 
of your already diminishing hearing 
(having had the phones on, the band- 
width screwed down, and the volume 
up as high as you could stand it) 
your're just lucky as all get out. 

I take exception to Mr. Morgan's, 
"wanting to hang them by their 
thumbs." While this just might keep 
them from reaching the key, and the 
VFO knob at the same time, it is quite 
doubtful that they would have learned 
anything from the experience. Given 
the fact that they have an extremely 
low I.Q. (they have already told this to 
the whole world) perhaps they need 
additional protection, namely from 
themselves. Perhaps an 8 or 9-foot 
square room, with lots of padding on 
the floor and walls, and a nice strong 
door, made from 3 inch thick planks, 
solidly set into the walls, would be 
appropriate. 

I too have a chart, at the operating 
position, showing the dial setting for 
my antenna tuner for every 50 kHz, 
made some years ago during poor 
band conditions. With this chart, I am 
able to set-up a frequency, and not 
have my VSWR exceed 1.2:1. More 
than likely, it will be considerably 
below that value. Those times, when 
I do wind up with a 2:1 VSWR, it 
always turns out to be my fault for not 
reading the dial correctly. I have set the 
dial at 55 rather than 65, all of this 
without putting a signal on the air. 
When the time arrives that I have an 
amplifier in line, and up and running, 
it too will have a dial setting chart, 
compiled by operating the amplifier 
into a dummy load. If I can do this, so 
can you!!! 

LeRoy E. Smith, WBOLTV, Hot 
Springs, South Dakota 57747 

6 December 1988 
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Full-featured rnoblle transce~ver 

The TM-321A comes with 16-key DTMFmlc. 
A complete line of accessories is available for aN models. 

KENWOD 
KENWOOD U.S.A. CORPORATION 

C o n ~ p l ~ r t  sr r vrce manuals are .lva,lable lor all Kenwood rrrlnscervers and ,no.f acce 2201 k Domlnguez St .  Long Beach CA 90810 
Sp~clh~d110119andprrcesa,e sub,ecr rochange w#rhotrl nnlrc~orobl#gatron PO BOX 22745. Long Beach. CA 90801-5745 



You can transmit and receive 8.5. 12. 

Contest Memory Keyer 
Nothing bears llie quick response o j a  data controller menlor!/ YOU'II scorr k r ty rd t~ r inga  valuable contest healectcontest. points by 

coniplrting QSOs so fast you'll leave your 
comprtltion behind. And you can snag 

mJIIIITI.am€ Mlb cu 
D R.I." 

rarr I)X by slipping in so quirkly you'll 
cat(-h c.veryonr bv surprise. 

Message memorirs let you store contest 
call. nzimf.. QTH. rig info -- everything you 
usrd lo rrpeat ovrr and over. 

-.m r( 

- You get iamblc operatlon, automatic 

$249.95 
inrrrmc.nting srrial numbering. weight 

9 modes for only . . . control to penetrate QRM and more. 
More Features 

Amateur radio's most vrrsatlle multi- shlfts. The widr shift is a standard 850 Hz T,, on yo,lr MFJ. 278 and sets 
modr data controller .- the MFJ-1278 -- shlft with marwspace tones of212512975 itsrlf to match yollr computer baud 
lets you join the fun on Parkrt. AMTOR. Hz. This lets you operate MARS and Srlrcl your operating mode and the 
RTTY. ASCII. CW. Weather FAX. SSTV. standard VHF FM HTTY. corrrct modem is autoniatically selected. 
Navtex and givrs you a full fratured ASCII Plus . .  . printing in all modrs. 
Contest Memorv Keyer mode. . . YOU get you transmit and rrceive 7 bit thrrsl~old rnntrnl for varying hand . . for an $249.95. ASCII using the same shiftsand sprrdsas renditions. tunr-up command, lithium 

Plus you get MFJ's new Easy Mailtm in the RTTY mode. battrry barkup. RS-232 and TTL level 
so you and your ham buddirs can Irave CW srrial ports, watch dog timer. FSKand 
messagrs for each other 24 hours a day. 

You get a Super Morse Keyboard mode olltputs. Output level 
You'll find it the most user friendly of 

that lets send and CW sprakerjaek. key paddle jack. test and allmulti-modes. It'smrnu drlvrn forrase eflortlrssly, incltlding all .. itss c:~llbration software. Z-80 at 4.9 MHz. 32K 
ofusc and command drivrn lor sprrd. 

tailor-made for Iraffir handlers. EI'IIOM. and snrkrted 1Cs. FCC approved. 
A high resolution 20 LED tuning 

A huge typeahead burrrr lrts you send 9xI%x9% in. 12VDCor 1 IOVAC. 
indicator lets you tunr in sfgnals f't In Grl yours today and join the fun crowd! 
any mode. All you have to do is to center smooth CW even if you "hunt  and peck". 
a singlr LED and you'reprecfsely 1 uned entire QSos In  lhtr New Firmware Update 

In fo trillhin 1 O H z  -- and it shows you mrssage mrmories, i f  you wanted to! A new KISSIAMTORlNavtrx Firmware 

which way to tunr! You can link and repeat anv mrssagrs for update is available to MFJ- 1278 owners. 

Plus you get 3 2 ~  R A ~ ,  KISS for TCP, automatic CQs and braconing. Memories MFJ's powrrfirl update is the most 

Ip, high performanre HF/VHF/CW m d -  also work i n  RTTY and ASCII rc;\sonably priced mulit-mod? upgrade 

ems. software s~lectahlr  dual radio ports. A 10neMcdu'afed CW lLtrns by ;irly manufacturer. Contact your 

AC powrr supply and morr. your VHFfi'M rfg Infoa C W f r a n s r r i ~ ~ ~ r  for 

All you nerd to Join the fun is an a new h ~ n  nlodc. I t ' s  perfrrl for 
MFJ. 1278, your rig and any computrr transmittlngcode prartirr ovrr VHF FM. 
with a serial port and terminal program. AnAFSK CW Irts  you ID I n  CW. 

You can usr thr MFJ Starter Park to get YOU also ;I random c*e generator 

on thr air Instantly. I t  includes computcr you CW faster. 
Interlacing cable, terminal software. and Weather FAX 
friendly instn~rtions . . . everything you You'll be fascinated as you watch 
need toget on the air fast. Ordrr WEFAX signals blossom into full fledged 
MFJ-1282 (diskllMFJ-1283 (tape) for the wrather maps on vour Epson or IRM 
C-641128 and VIC-20: MFJ- 1287 for graphics compatiblr printer. 
Macintosh: MFJ-12R4 for thr I n M  or  ti^ sync and stop lets you set 
rompalible. $19.95 rach. it and lea\rr it for no hasslr printing. 

Packet You can save FAX plctures and 
mjSs new grneration packet mode WEFAX maps to disk i f  your terminal 

givrs you genuinr T A ~ R  software and program Irts you save ASCII filrs to disk. 
hardware plus many MFJ rnhancments Pictures and mapscan be saved to 
like Easy Mailtm. disk orprinted toscreen in real time or 

Iron1 disk you have a n  IBM or A nrw Kiss interface makes the 
Macintosh with the MFJ Starter Pack. MFJ- 1278 TCPlIP compatlblr. 

Extensive tests publishrd in Packet You can transmit FAX pictures right 
off disk and have fun exrtiangingand Radio Magazine ("HF Modem 

prr forn~;~r~ce  Comparisons")prove the rollrctind them. 
Slow Scan TV TAI'K drsijined mcdrm in thr MFJ- 1278 

givrs br1tc.r copy with proprr DCD The MFJ-1278 introduces you to thr 
operation undrr all teslcd rondltions exciting world nf slow scan TV. 
than thr other modems tested. ran print slow scan TV pictureson 

New AMTOR mode! any IBM or Epson graphics compatible 
Now the MFJ-1278 11asa new AMTOR Printer. I f  you havran  InM Or 

and Navtex mode. making it the only You can Print scrern and savr to disk 
controller to fraturr nine dlgital modes. with the MFJ Starter Park. 

MFJ-1278 transmitsand rrceives You can transmit slow scan pictures 
AMTOR and lncludrsall AMTOR modes: right offdisk. Ifyourtrrminal Program 
AHQ {Mode A). FE(: and MODE s  ode B). lets YOU save ASCII files you can 

Baudot RTTY pictures frnm over-thr-air QSOs. 

You can copy all shifts and all standard 

dralvr or MFJ for yours trxiay! 

I MFJ Packet Radio 
MFJ.1274 

'1 39- 
MFJ-12700 

. . . i i '1 1 gs5 
MFJ- 12708 s1rpc.r clone of TAr'H's 

TN('-2 givr yo11 morr features than any 
ot11rr packet vontroll~r -- for $1 19.95. 

You ran doublr your fun by oprratlng 
both VHF and HF packet becausr you 
grt high performance switchable 
VHF1"F 

You grt MFJ's new Easy Malltm wlth 
s~il-~lartitloncd memory so YOU and 
vour frlrnds can Iravr messages for 
tach 01 hrr 24 hours a day. 

In MFJ's new WcFAX mode you can 
print full fledgrd weather maps to 
serren or prirltrr and save to disk using 
an IHM compatlble or Macintosh 
roniputer with an MFJ Starter Pack. 

A new KISS lnlerrace lets you run 
TCPIIP. They also come NET ROM 
ro,l~p;,tiblr -. no modification needed! 

Youalso get 32K HAM. a i ~ ~ l l  onr-vear 
uncor~ditional guarantre and you can 
use 12 VDC or the. included 1 10 VAC 
pnwrr supply. 

For drprndablr HF packet tuning, the 
Mp~-1274 gives you a high resolution 
tuning indirator that'sarrurate to 
within 10 H z  --and it's only $20.00 

MFJ sperds including 170.425 and 800 Hz 
niorr. 

shifts and sprrds from 45 lo 300 baud. FOR YOUR NEAREST DEALER 
You can copy no1 only amateur HTTY or to order call toU free 
but alsoprrss. wentllrr arid o fh r r  
excif fng 1 raflic. 

MFJ ENTERPRISES. INC. 
Box 494. Misz. SI;III.. MS 39762 

800-647-1800 
You can transmlt both narrow and wide 603.323.5H8q li:,..15!,0 M F , I ~ . r ~ ~  One Year Uncondltlonal Guarantee 

MFJ . . . making quality affordable 
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A SIMPLE 
DIRECT CONVERSION 
TRANSCEIVER 
By Rodney A. Kreuter, WASENK, 319 McBath Street, State College, Pennsylvania 16801 

Here's another project 

tive to build my receiver. - 
Of course, once you've built a direct conversion 

receiver, it's a simple matter to add a transmitter. And 
a keyer. And a good audio filter. And a digital readout. 
And a wind powered, nuclear backed-up power plant. 
And. . . And I wonderwhy I never get around toso many 
projects. 

using the NE6Q2 

I 've always wanted to build a direct conversion 
receiver, but parts availability was a problem. I 
needed balanced mixers, matched schottky diodes, 

a good oscillator, and trifilar transformers. Then I 
received a sample of the Signetics NE602 and the incen- 

N E602 
The NE602 is a relatively simple chip. I guess that's 

why I like it. Contained inside an eight-pin dip isa double- 
balanced mixer with about 15 db of gain, an oscillator, 
and a voltage regulator. 

The chip was intended for the cellular radio market. 
The oscillator is good to 200 MHz and the mixer to 500 
MHz. Not bad for less than 3 mA at 6 volts. (One of the 
Signetics application notes mentions that some people 
have used the mixer to900 MHz, but they only guaran- 
tee it to 500 MHz.) It runs on 4.5 to 8 volts. But please, 
decouple the supply to the 602 with at least a resistor and 
a good bypass capacitor. 

VOLTAGE REGULATOR C 

Inside the NE602 
For a look inside the NE602, refer to fig. 1. 
lnput to the double-balanced mixer is differential (pins 

1 and 2). If you don't have a differential signal, feed the 
signal into either input and bypass the other to ground 

m 
Basic functional block diagram of NE602. 

with a capacitor. Under no circumstance should you 
provide a DC path from either input to ground. A DC 
path between inputs is okay. lnput resistance is about 
1.5k and input capacitance is about 3 pF. 

The oscillator isverysimple. It'sa transistor connected 
as an emitter follower with an internal resistor of 20kfrom 
the emitter to ground. If you want to try to push the 
upper frequency limit, connect an external resistor (22k 
minimum) from pin 7 (the emitter) to ground. This will 
increase thecurrent and raise the Ft of the transistor. The 
base of the transistor isavailable at pin 6. It'salready DC 
biased so don't provide a DC path from pin 6 to Vcc or 
ground. The output of the oscillator is internally con- 
nected to the other input of the double-balanced mixer. 

The mixer output isalso differential (pins4and 5) and 
has an output impedance of 1.5k. If you don't want a 
differential output, use one output and leave the other 
disconnected. Remember, this mixer has about 15 db of 
gain. One bad point - you can't push much of a signal 
through this mixer. It's third-order intercept isabout -1 5 
dBm. This isquite normal for a receiver, but it wouldn't 
make a great mixer for a transmitter power chain unless 
you mixed at a low level and provided a lot of gain after it. 

The voltage regulator isn't mentioned much in the 
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SMILE! YOU'RE ON TV I 

bull1 In the USA 

from over 25years 
in A N  ... W6ORG 

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 N. Use 
any home N camera or VCR by plugging the com- 
posite video and audio into the front VHS 10 pin or 
rearphono jacks. Add 70cm antenna,coax. 13.8 Vdc 
and N 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 
or426.25 MHz. runs on 12-14Vdc@ .5A. and hot GaAsfet 
downconverter tunes whole 420-450 MHz band down to 
ch3. Shielded cabinet only 7~7~2.5" .  Transmitters sold 
only to licensed amateurs, for legal purposes, verified in the 
latest Callbook or with copy of license sent with order. 

Call or write now for our complete A N  catalog 
including downconverters, transceivers, linear 
amps, and antennas for the 70.33, & 23cm bands. 
(81 8) 447-4565 m-f aarn-~:sopm PSI. Visa, MC, COD 

P.C. ELECTRONICS TOM (W6ORG) 
2522 Paxson Ln Arcadie CA 91006 M~~~~~~ (WB6YSS) 

Signetics literature. My measurements and some data 
sheet "reading between the lines" lead me to believe it's 
about 4 volts. The absolute maximum input voltage to 
the regulator is9 volts; maximum recommended input 
is8volts. It might beniceto usea 12-volt supply but you'll 
have to knock it down with a Zener or another regulator 
first. 

Basic specifications for the NE602 are: 
Power supply 4.5 to 8 volts 
Current consumption 2.4 mA (typical) 
Maximum mixer frequency 500 MHz (typical) 
Maximum oscillator 

frequency 200 MHz (typical) 
Noise figure 5 dB (at 45 MHz) 
Mixer gain 15dB (at 45 MHz) 
Third-order intercept - 17 dBrn (maximum) 
Mixer input resistance 1.5k (typical) 
Mixer input capacitance 3pF (typical) 
Mixer output resistance 1.5k (typical) 
Mixer input capacitance 3 pF (typical) 
Mixer output resistance 1.5k (typical) 

Direct conversion receiver basics 
Direct conversion receivers have been sort of a fad for 

the past few years. If you need a refresher on the basics 
refer to  fig. 2. 

The RF signal iscoupled into themixer bythe RF tank. 
The oscillator tank determines theoscillatorfrequency. 
The mixer combines these two frequencies and pro- 

MODEL AP-10 

Designed for 
APARTMEW 
MOTELS 
VACATlONS 

Add 53 00 
Sh1wif-Q and Hondlhg 

€hick Slmple Installoti. Operates on 2 6. 10,15.20.30 
and 40 rneters.Al1 coils supplied. Onb22-112 inches loog. 
Weighs less than 2 Ibs. Supplied with 10 0. RG 58 coax 
and counter poise. Whip extends to 57 inches. Handles 
up to 3m watts. 
VS\M7-1.1:l when tuned 
W e h r m a e d e t d 5 W o l b m B b W p r x * r t r  

ALL CUR PROWCTS MADE IN USA 

BARKER a wrLLIAlUsolro 
Qcql 'on r r~~n~co t~on  I'rorl,rcls 5 n< 

quency (the sum) will be at RF and will be attenuated 
by the low-pass filter. The remainder of the receiver 
is provided by lots of audio gain. 

Most direct conversion receivers suffer from two 
problems: 

Microphonics - Because most (if not all) of the sig- 
nalgain isatanaudiofrequency, any 
slight vibration which might change 

l Y Y l X E R  LOW PASS 

n Fl 'TEP 

OSCILLATOR 
71°K 

Block diagram of a typical direct-conversion receiver. 
At your D~stnbufors Wrlte 01 
10 Conol Street. Bristol PA ' 
(215) 788-5581 
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Block diagram of the direct-conversion transceiver. 

the local oscillator comes through 
the speaker. 

AC Hum - A 60-cycle hum created when oper- 
ated from an AC supply. 

These aren't real difficulties with the NE602. Using the 
NE602 won't cure the problems completely, but it will 
reduce them by two orders of magnitude. Most direct 
conversion receivers use diodes for a mixer. Instead of 
gain, these actually have about 6 dB of loss. The mixer 
used in the NE602 hasabout 15dB of gain. Thereforethe 
signal coming out of the mixer is about 20 dB higher in 
amplitude than one from a diode mixer. This meansthat 
a lot less audio gain is requiredafter the mixer, and fewer 
audio problems occur. 

Circuit description 
Receiver 

The receiver isvery straightforward. (Seefigs. 3 and 
4.) L2, C1 and C2 provide a broadband balanced input 
to thedouble-balanced mixer of the NE602. C13 through 
C18, and L3 are the tank and feedback circuits for the 
oscillator section of the chip. I realize you might ques- 
tion using six capacitors for an oscillator, so let me 
explain. 

Capacitors C13 and C14 provide the feedbackvoltage 
divider for the oscillator. Capacitor C15 prevents the 
inductor from upsetting the DC bias of the oscillator. 
Capacitors C16, C17, and C18 are somewhat tricky. 

These days it'svery hard to get a good, affordable air- 
variable capacitor. I decided to use three capacitors 
instead. You'll find that by playing with these three capa- 
citors, you can adjust the tuning range to almost any- 
thing you want. My prototype tunesfromabout6.9 MHz 
to about 7.4 MHz, using the values shown. (Watch out 

for those band edges!) Decreasing C17 will make the 
tuning range smaller. If you have a 100-pF air variable, 
you may want to decrease C17 in order to make tuning 
a little easier. You can use a smaller "fine-tuning" capac- 
itor in parallel with C18 with good results. A vernier dial 
might also come in handy here. Remember that this 
oscillator is also your transmitter VFO. Stability is every- 
thing! 

Since I've already mentioned that the NEW2 contains 
a voltage regulator, you're probably wondering why I 
used a 78L05 to regulate the voltage to the NE602. First, 
it never hurts to have a good stiff power supply for an 
oscillator. Second, it's used to isolate the NE602 from 
the power supply. My first prototype (there were four) 
simply used a resistor and a capacitor for power supply 
decoupling. I had a lot of audio gain and the feedback 
was terrible. The 78L05 isolates the NE602 very well. 

R1 and C4are used asa low-passfilterfor audio (about 
4.3 kHz including the 1.5k output impedance of the 
NE602). R2 and C6 are used to prevent the audio output 
from reaching 01  through the power supply. 

01  isa simpleaudio-gain stage. 1 originally used a dual 
op amp for this function, but found that I didn't need 
nearly that much gain. The gain of 01  in this configura- 
tion isabout 150-200. Resistor R3, one of the bias resis- 
tors, can bevaried to adjust the gain if you feel it's neces- 
sary. Lowering R3 will increase thegain. Just besure not 
to saturate Q1. 

IC2 is an audio power amplifier that seems to be 
replacing the LM386. The output is differential and 
doesn't require a large capacitor to couple it to the 
speaker. Just keep thespeaker leadsshort (a few inches) 
and twist them tightly. Wand C10decouple the ampli- 
fier from the power supply and are necessary to prevent 
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Printed circuit board layout. 

audio feedback. After all, 80dB of gain at one frequency 
is a little hard to control. 

Transmitter 
For the transmitter description refer to figs. 3 and 4. 

The oscillator output is coupled to an emitter follower 
(Q3) by means of C21. This provides buffering of the 
oscillator so that the transmitter doesn't "pull" it. 

Transistor 04  provides the first voltage gain for the RF 
signal. Its purpose is to supply enough drive for the next 
emitter follower, Q5. Most simple crystal-controlled 
transmitters probably wouldn't n&d thisadditional gain 
because their oscillators provide enough output power 
to drive a 1-watt output stage directly. 

Q5 providesa low impedancedrive for the input of the 
first class "C" amplifier, Q6. Transformer T1 is used 
mainly to furnish a high impedance load for Q6and a low 
impedance drive for Q7. I tried to do away with T I  by 
using another emitter follower in its place. It worked, but 
not verywell. Thetwo transistors consumed too much 
power. This was unacceptable because this transceiver 
was designed to be battery operated. 

Q7 is used as the RF power amplifier. A 2N3866 or a 

Parts placement. 

2N3553 seemed to work well. Notice the double pi out- 
put filter. I useda double pi filter insteadof themorecom- 
mon single pi toensurea clean output. I would have liked 
to use variable capacitors for C30, C31, and C32, but I 
wanted to keep the circuit as simple as possible and I 
knew that good variables for these capacitors can be 
hard toobtain. It may bedifficult tofinda940-pFcapac- 
itor for C31. The pc board is laid out toaccept two capa- 
citors in this position. Use any parallel combination to 
get 940 pF. 

IC3 is a 555 used as a side-tone monitor. You can 
adjust the pitch of the side tone by changing R12. A 
lower value increases the pitch. adjust side-tonevolume 
by changing R15. 

Capacitor C29 couples energy from the antenna into 
L1 for the receiver. Diodes D l  and 0 2  protect the front 
end of the receiver during transmit. If you're going to 
build just the receiver, placea jumper (J2) on the board to 
couple the antenna into L1. You won't use the double 
pi network unless you're also building the transmitter 
section. Omit J2 if you're buliding the complete trans- 
ceiver. 

Transistor Q2 keys the power to transistors 05, 06, 
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Recewer 
50 or 60 pF trimmer 

C2.Cl4.Cl6.Cl3 IOOpF 
C3.CS.Cb,C8.C9 0. I ,SF 

C l l  
C15 

C17 
C18 

- I C l  
IC2 

30 turn# no. 26 on 7-37-2 corn 
5 turn* no. 26 over L 1 
25 turns no. 26 on 7.37-2 core 

212222 

2.2k 
100 ohms 
39k 
lo*  

R5.RB 5.6k 
R6 l k  
R7 100k eudb taper 
R9 loohms 
RIO 150k 

78Lo5 (5-roll voltage wu la lo r j  
PrlnWd C k d l  h r d  
(2) 137.2 Tomld corns - (I) Fanlt. b a d  I 

L4 15 rums no. 26 on 1-37.? con 
15 15 lums no. 26 on 7-37.2core 
0 2  2N2907 
03.04.05.06 2N2222 
0 7  2NJ866 or 2N3553 

RFCl 22 PH 
11 Prlmay 50 lunrs no. 30 anamel 

Seconday I 0  turns no. 26 on 7-37-2 core 
(3) 7-37.2 romidcores 
(6) Ferrlre bssdr 

The lol lowkg may bs ordemd lmm: 

O.S.1 
P.O. 801 110 
Boalsburg. Pennaylvanla 16827 
PC Board-PCB-DXCVR S9 p b s  $1 postage and handling 

Hard-to-rind rscelver pans (marhad wllh 'above) 
DxCVR-REC St9 plus $2 portage and handling (Includar PC Board) 

I Hard.lo-lmndpanl tor tnnrcslrer (marhod wlth ' above1 
DXCVR-1rR SZ6pIus $2 poslape and handllnp(1ncbdes P C b r d J  
Penn$~lr.n,s rerldsnta please add 6 parcent sales la. I 

and 07. Resistor R16and capacitor C24provide output 
wave shaping. You may increase capacitor C24 to pro- 
vide a "softer" output waveform. 

Top view of pc board. The two 470-,iF caps are mounted un- 
derneath. 

Inside View. There's still plenty of room for an audio filter. 

Construction 
I recommend using the pc layout in figs. 5 and 6. 

There's a lot of gain in this receiver and the transmitter 
has enough of its own. 

Fifteen turns of wire on a toroid core sounds simple 
enough, but don't believe you can't tweak a toroid coil. 
Spreading out or compressing the turnscan change the 
inductance about 10 percent. If you have a grid-dip 
meter, you must couple into a toroid with a single-turn 
link. Don't expect to make any reasonable measure- 
ments just by placing the dip meter near a toroid. 
Remember that turns on a toroid are counted by the 
number of turns on the inside of the core, not the out- 
side. 

Mount the variable capacitor (C18) firmly. Hand 
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"You'rmxiles ahead 
with -sen If Rick wccdsorne, Communications Comltan~ 

Woodsome and Aswuates, Boulder; Colorado 

When the directors of the Coors International Bicvcle Classic needed .- . - ~ ~  ~ ~ 

a sophisticated mobile communicationssystem, theyturned to commu- 
nicat~onsconsultant Rick Woodsome. As a commun~cationsspecialist, 
Woodsome knows what it takes to make a communication system work. 

That's why he turned to Larsen Antennas. 
"You don't pull offthe largest s orts event in the Western Hemisphere &' without good communication. An you don't have good communication 

without fhe right equipment. 
"Larsen antennas were instrumental in making last summer's 

Coors Classic an overwhelming success. They were key to our entire 
communication network. 

"Without Larsen, it would have been uphill all the way." 
Rick Woodsome m 

(Q) rsen nntennos 
The Amateur's Professional 

See your l a \ r>~ l t r  aln~ilcur dc,~lcr tlr \vrllc lor .I Ircc , ~ i l l ~ r t v u !  c;ltalo!: 

IN USA: Larsen Electronics. Inc.. 11611 N.E. 50th Avenue, PO. Box 1799. Vancouver. Washington 98e 
IN CANADA: Canadian Larsen Electronics. L ld .  149 West 6th Avenue. Vancouver, B C. V5Y 1 K3 (60 

THE AMATEUR'S PROFESSIONAL 
Larsen KOlrodm and KOlducklem antennas 

prov~deamateurs Ihe sameadvanta es enjoyed by B commerc~al two wa rad~o users 0th comb~ne 
top performance w~t( the long rangedependab~l~ty 
you want 

See 
Your 
dealer 
for the 
com- 

lele 
i n e  of 
Larsen 
antennas 
and per- 
manent 
and 
tempo- I 
rary mounts. You can buy with conhdence, 
because they're all backed b Larsen's No 
Nonsense Warranty lor a futysix months. 

For a professional approach lo  amateur radio. 
tune In to Larsen. 



EIMAC Tubes Provide Superior 
Reliability at radio station KWAV 
- over 131,000 hours of service! 

Ken Warren, Chief Engineer at reliability with the longest and backed by the most comprehen- 
KWAV reports that their 10 kW best warranty program in the sive and longest warranty of- 
FM transmitterwent on the air in business. Up to 10,000 hours for fered in the industry. Send for 
November, 1972, equipped with selected types. our free Extended Warranty Bro- 
ElMAC power tubes. The origi- chure which covers this pro- 
nal tubes are still in operation af- gram in detail: Write to: 
ter over 15 years of continuous 
duty! Varian ElMAC 

Ken says, "In spite of terrible 301 Industrial Way 
San Carlos, CA 94070 

power line regulation, we've had Telephone: (415) 592-1221 
no problems with EIMAC tubes. 
In fact, in the last two years, our 
standby transmitter has oper- 
ated less than two hours!" 
Transmitter downtime means 
less revenue. EIMAC tube relia- 
bility gives you moreof what you 
need and lessof what you don't 

Q~~~~~~ is a top priority at 

@ 
want. More operating time and EIMAC, where our 50-year char- 
less downtime! ter is to produce long-life prod- 
ElMPiC backs their proven tube ucts. And our products are varianeeirnac 
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COMPUTERIZE 
YOUR SHACK 

YAESU 747. 757GX. 7576x11, 767. 9600. 
KENWOOD TS 140. 440. 940. 680, R50M). 
ICOM R71A, R7000, 735, 751A, 761, 781, AND ALL VHF, UHF, CI-V. 
DRIVERS FOR RADIOS ARE MODULAR. 
JRC NRD 525. 
COMPLETE PROGRAM ENVIRONMENT. 
MENU DRIVEN AND DESIGNED FOR EASE OF USE. 
SCAN FUNCTION ADDED TO RADIOS THAT DO NOT SUPPORT IT. 
ERGONOMETRICALIY DESIGNED FOR EASE OF OPERATION. 
MOST FUNCTIONS REOUIRE SINGLE KEYSTROKES. 
PROGRAM COLOR CODE0 FOR EASE OF USE. ALTHOUGH WILL STILL 

RUN IN A MONOCHROME SYSTEM. 
MENUS FOR THE FOLLOWING: 

AMATEUR HF-AMATEUR VHF- AMATEUR UHF 
AM BROADCAST-FM BROADCAST-TELEVISION BROADCAST 
SHORT WAVE BROADCAST 
AVIATION HF(SSB)-AVIATION VHF-AVIATION UHF 
HIGH SEAS MARINE-VHF MARINE 
MISCELLANEOUS HF. VHF. UHF 
MOST POPULAR FREOUENCIES ALREADY STORCD 
ADDITIONAL LIBRARIES AVAILABLE 
COMPLETE LOGGING FACILITY 
ALL FREQUENCY FILES MAY BE ADDED TO. EDITED OR DELETED 

AVAILABLE FOR IBM PC. n. AT. emas 2 5 6 ~  UAM 
1 SERIAL PORT AND 1 FLOPPY MINIMUM 

PROQRAM WUH INITIAL UBFURlES 99.95 
RS-232 TO TTL INTERFACE ONLY INEEDED F DON'T HAVE MANUFACTURERS INTERFACE) 
EXTERNAL INTERFACE ILLOWS 4 RADIOS 99.95 
INTERNAL PC INTERFACE WI1 SERlliL 6 1 RADIO PORT 129.95 
SPECTRUM ANALYIER MODULE (CALL FOR PRiCkl 
COMPLETE SYSTEMS INCL RADIO. INTERFACE. COMPUTER. AVAILABLE (CALL FOR PRlCl) 

DATACOM, INT. 
8081 W. 21ST L A N E  
H I A L E A H .  FL 33016 

A R E A  CODE (305) 822-6028 f l  

EXCITING OPPORTUNITIES 

AT 4fbc1- I U i i  I l i R  i l i r l h  

IN-HOUSE SALES 
Cushcraft, Amateur Radio's innovative antenna 
manufacturer, is looking for a qualified person for 
their in-house sales office. Working knowledge of 
communications and Amateur Radio are required. 
Good verbal skills and a proven sales track record 
with two to four years experience a must. 

LAB TECHNICIANS 
Cushcrafl is also expanding its Product Develop- 
ment Lab. Experienced technicians are needed. 
Applicants should have a working knowledge of 
RF. A degree is not required if the applicant has 
equivalent experience. Electro Mechanical 
experience would be helpful. 

Send your resume to: 

e!!br-- 48 Perimeter Road 

Manchester, NH 03108 

I . , "  ,,,.,,, I . .  , " .  .. , , , ,  .. 

T h e  c o m p l e t e d  unit. A n t e n n a  a n d  k e y  c o n n e c t o r s  a r e  on t h e  
r e a r  pane l .  

capacitance can be a problem before it's put in a metal 
case. Also make sure that the rotor is the terminal used 
for ground. See photos A and B for internal details. 
Photo C shows the completed unit. 

Don't expect reasonable performance without a 
reasonableantenna. Although I've been known to throw 
a piece of wire on the family room floor and attempt to 
listen to the receiver, it doesn't work very well. A good 
ground helps. 

I mounted some resistors in a vertical position on the 
pc board to save room. In these cases, one of the pads 
will besquare. Mount the body sideof the resistorto the 
square pad. 

Modifications 
You can make the basic transceiver work on almost 

any band; however, operation above 20 meters might 
be difficult due to the stability of the oscillator. 

An audio filter would makea nice addition. It should 
be easy to add one in series with the volume control, 
because wires are brought out from the board at this 
point. 

Stability 
Before I address the topicof stability, I'd like to recom- 

mend that you don't attempt to build any transmitter if 
you don't have a scope (or better yet, a spectrum 
analyzer) or access to one. Tracking down stability prob- 
lems without one is simply too frustrating. A local ham 
club certainly should be able to help. I know that many 
people will think that a properly designed transmitter 
should be no problem, and if we all used 50-ohm load 
resistors instead of antennas, that would be true. The 
difficulty is that it's impossible to design an efficient 
transmitter that will work with any given load. 

My basic philosophy about stability is that I would 
rather put a clean 112-watt signal into an antenna than 
a dirty 10-watt one. Even if the "spurs"are30dB down, 
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I'm not satisfied. Spurs should be down a minimum of 
50 dB. 

I did havesomestability problems. When I fired upthe 
transmitter, it was into a very good 50-ohm load. The 
output wasabout314watt (17voltsp-p), andit wasvery 
clean'across the entire tuning range. Then came the 
antenna test - or rather the antenna disaster. I'll be the 
first to admit that thisantenna leavesa lot to bedesired. 
I've moved recently, and haven't had timetodoa proper 
job of planting theantenna farm. The antenna in ques- 
tion is a simple half-wave dipole about 10 feet off the 
ground at one end and 20feet at the other. It resonates 
somewhere. Anyway, theoutput was fineat somefre- 
quencies. At  others there was some 7 MHz energy left, 
but not much. 

The solution wasn't simple. First of all, it seemed that 
transformerT1 was ringing like mad. Lowering thevalue 
of resistor R28andadding R27calmed it down. The input 
of the output transistor (2N3866) 1 used looks very 
capacitive at 7 MHz. R28prevents thiscapacitance from 
resonating with the secondan/ of TI.  This cleaned up90 
percent of the problem. Next I "empirically derived" 
(played with) the turns ratio of T I .  This helped a little. 
I reduced the "Q" of T I  using R27; this helped a little 
more. 

I also found out that I didn't have enough drive, so I 
went back to the proverbial drawing board and added 
stage Q4. One tip - if you're not getting at least 600 to 
800 mV p-p at the emitter of 03, play with the ratios of 
C13and C14. I tried making C13assmallaspossible, but 
I didn't get enough drive for Q3 until I increased C13 to 
100 pF. 

Stubborn cases may requirea resistor in parallel with 
RFC1; a thousand ohms should do it. And don't forget 

THE MULTIPLE RECEIVER SOLUTION 

4 Channel Signal-t~-NOiSe Voter . txlldnd,lhli~ !<i I? I.I1.11>11<.l by Jv 1 :tltll~!lil I.,111II. . CIIIIIIII,II>U\~,~I~~~" 
L r l l  Ind~caL~rr a1 CUR ,?on Vol#'ll Stondl\ 
R w l l  111 Cdlllll,lllll . Ht.!rbnlr Vi>lt.rl Ind~rallll.. P81lnl.d 1411 
1'. x 6 0111111113 S ~ ~ l r l l  (;old PI PIP^ 44 Pln Card . Rt>lnnlr l)t*..~hl~, InnllW . Ml l f i l  

Built, tested and calibrated with mariual 

$350.00 
lelcpl~one ~nlerlace now ava~lahle 
Fnr n~ore ~nlormal~on call or wrlle 

DOUG HALL ELECTRONICS 
Voter Department 

815 E. Hudson Street 
Columbus. Ohio 43211 

(614) 261-8871 

The f o l l ow ing  voltages (p -p  a n d  DCI are given as an  
a i d  i n  t roubleshoot ing any  problems y o u  m i g h t  have. 
All o f  the  signals are 7-MHz sine waves. Data was  taken 
with a 12-volt powe r  supply a n d  t h e  unit w a s  i n  t he  
t ransmi t  m o d e  w i t h  a 50-ohm load. 

Emitter of 03 
Collector of 0 4  
Emitter of 0 5  
Collector of Q6 
Base of Q7 
Collector of Q7 
Antenna Output 
(50-ohm load) 
NEW2 (pin 71 

A C  IP-pl 
700 mV 
1.1 volts 
1.6 volts 
17 volts 
2.9 volts 
18 volts 
18 volts 

700 m V  

D C  
1.9 volts 
6.8 volts 
2.1 volts 
12 volts 

0 volts 
12 volts 
0 volts 

4.5 volts 

the ferrite beads on the collector and base of 0 7  and the 
other transistors. 

Table 1 gives typical voltagesfor troubleshooting pur- 
poses. 
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R-7000 Widespon Ponodaptor 

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, 8 90 day 
warranty. $349.95 Shipped. Pa. 
res. add 6%. 

GTI Electronics 
RD 1 BOX 272 

Lehighton, Pa. 18235 
71 7-386-4032 

IF YOU BUY, SELL OR COLLECT 
OLD RADIOS, YOU NEED ... 

ANTIgUE RADIO CLASSIFIED 
Antique RadioS 

FREE SAMPLE COPY! 
Classifieds- Ads for Parts & Servlces 

Articles - Auction Prices-Flea Market Info. 
Also: Early TV, Ham Equip.. Books. Telegraph, 

Art Deco. 40's & 50's Radios 8 more... 
Freelo-wordadeach month. Don't miss Out! 

6-Month Trial -$11. 
1-Year: $19 ($28 by 1s t  Class) 

Foreign by adr -Canada: $30: Mexico: $28; Olher: S55. 
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WEEKENDER 

Build this simple 
L-C checker 

T his simple capacitance-inductance checker 
measures capacitance to approximately 1000 
pF and inductance to 50 1H. I first saw it 

described in QST some 36 years ago.' That version 
used a filament-type tube (3A51 in a self-rectifying 
oscillator powered from 115 volts AC. I built one in 
a cigar box lined with metal foil. It's seen constant use 
in my shack with the original tube! 

The initial L-C checker measured capacitance only. 
I modified it to add inductance measuring capability 
when I transistorized the unit. 

The capacitance circuit measures to 5000 pF or 
more; however, accuracy and resolution are reduced 
above 1000 pF because of circuit limitations. But, 
when you pick a mica capacitor marked with two red 
dots from your junkbox, this unit will quickly tell you 
if it's 2.2, 22, or 220 pF. The device has the advan- 
tage of applying no voltage or current (other than a 
few millivolts of RF) to the capacitance or inductance 
under test. 

How it works 
The circuit is based on the "grid-dip" or absorption 

effect, which occurs when a parallel resonant circuit 
is coupled to an oscillator of the same frequency. If 
you look at fig. 1, you'll see that 0 1  operates in a con- 
ventional Colpitts oscillator circuit at a fixed frequency 
of approximately 4 MHz. The exact frequency isn't crit- 
ical. A meter connected in series with the transistor's 

By Jack Najork, WSFG, 723 Flamingo Way, 
Duncanville, Texas 751 16 

TERMINALS 

L I -  J O T  NO 2 B E  CLOSE-WOUND ON 3 / 8 " 1 1 0 m m I  SLUG TUNED FORM APPROX TpH 
L 2 - 5 0 1  S I M E  AS L I  APPROX 3 O p H  

0 1 -  2 N 3 9 0 4  OR SIMILAR 

M -  0  TO 1 0 0  OR 0  7 0  Z 0 0 p A  
51- SPST TOGGLE OR SLIDE SWITCH 

I I 

Schematic diagram of L-C checker with measuring circuit for 
measurement of capacitance only. L1 and L2 should be spaced 
as shown for optimum electrical coupling. 

base-bias resistor serves as the "dip" or absorption 
indicator. 

The variable measuring circuit consists of C1, C2, 
and L2 and is connected to panel terminals as shown. 
L2 is loosely coupled to L1 in the oscillator circuit. This 
measuring circuit is tuned to the oscillator frequency 
with variable capacitor C2 set at full or (maximum) 
capacitance. When power is applied to the oscillator 
the meter shows a dip caused by power absorption 
by the measuring circuit. 

Connecting an unknown capacitor across the test 
terminals lowers the resonant frequency of the meas- 
uring circuit. To restore resonance, tune capacitor C2 
lower in capacitance. The meter will dip again when 
you reach this point. Determine the capacitance across 
the test terminals by calibrating the dial settings of C2. 
More on this later. 

Capacitor C4, a small variable trimmer in the oscil- 
lator circuit, compensates for drift or other variations 
and is normally set at half capacitance. It's a panel con- 
trol, labeled "ZERO", and is used to set the oscillator 
exactly at the dip point when C2 is set at maximum 
capacitance. This corresponds to zero on the calibra- 
tion scale. 

You can also use C4 to compensate for the capaci- 
tance inherent in long leads running from the test ter- 
minals to the unknown capacitor. The leads are con- 
nected to the test terminals and dressed close to the 
capacitance to be measured, but not connected to it. 
Adjust C4 for a dip with C2 at zero. Then connect the 
leads and make your measurement. 
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Note: C.p.~I tance measurnmen1 k twesn  tsmlnals C and G. Swltch at "C". 
lnduclancs measurnmen1 batween Iermlnala L and G. Swltch at '.L". I 

Addition of S2 to the measuring circuit enables measurement 
of both capacitance and inductance. Note: For capacitance 
measurement between terminals C and G, switch at "C". For 
inductance measurement between terminals Land G, switch 
at 'I". 

Measuring inductance 
After I got the transistorized version working, it 

occurred to me that I should be able to use the circuit 
to measure inductance as well. Figure 2 shows how. 
The oscillator circuit remains unchanged. Add an 
SPDT switch 6 2 )  to the measuring circuit. With S2 
in the "C", or capacitance measuring position, the cir- 
cuit is as before. In the "L", or inductance measuring 
position, the switch disconnects the bottom of L2 from 
ground and connects it to a third panel terminal 
marked "L". 

Connecting an unknown inductance across the "L" 
and "G" terminals again lowers the resonant fre- 
quency of the measuring circuit because the unknown 
inductance is now in series with L2. You must tune 
C2 lower in capacitance again to restore resonance. 
As with capacitance measurements, the best resolu- 
tion occurs at the lower inductance values. 

To measure inductance, set S2 to "C" and adjust 
the oscillator (ZERO) control for a dip with C2 at zero. 
Set the switch to "L" and connect the unknown 
inductance across the "L" and "G" terminals. 

Construction notes 
You'll need solid construction for consistent calibra- 

tion accuracy. Use the VFO construction techniques 
from any handbook. Choose a good-sized, sturdy 
metal cabinet so that you can use a large dial or pointer 
for the measuring capacitor, C2. I glued a 2-inch 
pointer to my dial and spread the calibration marks 
across the largest dimension of the cigar box. 

The spacing (electrical coupling) between L1 and 
L2 isn't critical, though it can be adjusted if necessary. 
Wider spacing produces a shallower dip, but improves 
the measuring resolution. Conversely, closer spacing 
(coupling) produces a more pronounced dip, which 
lowers resolution. 

Make the wiring from the bottom of L2 to switch 

because these connections form a piti ion of the 
unknown inductance placed across terminals "L" and 
"G". Too much inductance in these connections 
produces erroneous inductance readings when meas- 
uring very small inductances. 

Calibration 
Calibrate the capacitance range by placing known 

values of capacitance across the "C" and "G" termi- 
nals and marking these values on the C2 dial or pointer. 
Most of us have enough well-marked mica and 
ceramic capacitors in our junkbox to make this easy. 
Don't forget, you can also use these capacitors in par- 
allel or series, as needed. 

Inductance scale calibration is a bit tougher. You 
might want to beg, borrow, or otherwise obtain a col- 
lection of small, molded RF chokes. I had a half dozen 
10-pH chokes and used them in series and parallel to 
calibrate. This method may not result in laboratory- 
type accuracy, but it'll bring you right into the ball- 
park. Figure 3 shows my unit's calibration. 

Typical range scale calibration made with C2 and 50 pF, Ham- 
marlund HF 50 with semi-circular plates. Capacitors with a 
different plate shape will yield a different calibration. 

Using other parts 
You engineering types will by now have observed 

that juggling the values of C1 and C2 alters the range 
and linearity of the measuring range. For example, 
increasing C1 expands the calibration at the low 
picofarad end but limits the upper capacitance meas- 
urement. If L2 is an adjustable coil, as shown, select 
C1 and C2 for the desired results, retuning L2 as 
needed to restore resonance. 

If your junkbox dictates, use a larger value capaci- 
tor for C2. This requires increasing the value of C1. 
One possible combination is 150 pF for C2 and 130 pF 
for C1, with L2 reduced to approximately 10 pH. To 
limit the inductance measuring range with this com- 
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bination it's necessary to add a small fixed capacitor 
in parallel with C2. Try 10 to 15 pF. 

If the required microammeter isn't available, take 
heart. Since the unit draws around 3 mA at 9 volts, 
you can use a zero to 5 mA meter in series with the 
+ lead to  the power source. Resonance will now be 
indicated by a rise in the meter reading instead of a 
dip. The variation between dip and non-dip won't be 
as pronounced as with a base current meter, but it will 
be usable. 

If 318-inch diameter coils aren't available you can 
use 114-inch forms. Scrounge them from the i-f sec- 
tion of a defunct N set. You'll need more turns, and 
the "Q" will be a bit lower, but they'll work. Con- 

- versely, for those who want improved resolution, sub- 
stituting larger diameter coils wound with heavier wire 
will increase "Q". This enables looser coupling which 
in turn produces a sharper dip. 

References 
1. OST, March 1952. 
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Crystals for many Can we solve your 
applications crystal problem? 
For over 37 years. ICM has For spec~al purpose 
manufactured the finest in crystals, spec~al holders. 
quartz crystals for every spec~al slzes, call our crystal 
conceivable purpose sales department. We will 

be pleased to provlde 

A w ~ d e  selection of holders recommended data. 
- .  

are available to fit most any ' 4  - 
requirement. Our computer 
database contains crystal 
parameters for thousands of 
equipment types. 

International Crystal 
Need crystals for Manufactur ing Co., I ~ c .  
commun~cations, telemetry. 
~ndustrial, or sclentiflc P O  Box 26330 701 w Shrr~dnn 
appllcatlons' Let !CM's Oklahoma C ~ I Y  OK 73126.0330 

sales department assist you P h n n ~  14051 236-3741 

to determine whlch type of Telex 747-147 
Facs!rnalr ,4051 735-1904 

crystal IS best for you. 
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HAM RADIO 
TECHNIQUES 

Bill Orr, W6SAI 

New Zealand, 
and the Solar 

Maui, 
Cycle 

My visit to  New Zealand was won- 
derful! I attended and spoke at the 
NZART (New Zealand Association of 
Radio Transmitters) Convention at 
Whakatane. Then I took a leisurely trip 
around the North Island, visiting such 
notables as ZLIAAS, ZL1 BRQ, 
ZLlSZ, ZWQ,  and ZL2AM. The com- 
bination of hospitality and beautiful 
countryside was overwhelming. I had 
the privilege of operating with my 
reciprocal call, ZLBSAI. It's interesting 
to hear what a pile-up on 20-meter 
SSB sounds like from the DX end. 
After a quick call, the S meter on the 
KWM-2 went over against the pin and 
stayed there! Beaming north-east 
across th.e United States and into 
Europe, it was interesting to note that 
the European signals were almost as 
loud as the W6s. Ear-splitting signals 
were also noted from "locals" like 
UJ8, UD6, 9N1, and 4S7. 

I saw more homemade tilt-over 
towers in New Zealand than I'd ever 
seen in California. The crank-up tower 
doesn't seem to be very popular; many 
DXers favor the tilt-over type. Most of 
them use a 20-foot high base structure 
and a tilt-over top section, ranging 
from 18 to 25 feet long. Some mon- 
ster tilt-over towers, like the one at 
ZLIAAS, are nearly 80 feet high. All 
of them are counterbalanced so that 

little effort is required to raise or lower 
the top section. 

Do any of you have a homemade 
tilt-over tower? If so, I'd like to hear 
about it; send pictures and drawings, 
if possible. 

The mild climate, beautiful scenery, 
and friendly people make New Zealand 
a perfect place to visit. On your way 
there, stop in Tahiti or Fiji for a touch 
of the exotic. Truly, New Zealand is a 
little corner of paradise! Thanks to all 
who made the visit so pleasant for me. 

Next stop Maui 
After New Zealand, I stopped at 

Maui, Hawaii and visited Steve, 
KHGSB, who runs the island's NOAA 
Ionospheric Observatory. Here, talk 
turned to DX and the sunspot cycle. 
Steve showed me readings and graphs 
taken from recent ionospheric sound- 
ing measurements. I remembered var- 
ious statements in DX newsletters 
predicting that the peak of cycle 22 
might be greater than any previously 
experienced, and that it could be 
reached as soon as December 1988 - 
right about now. I queried Steve about 
this. His data indicated that the Inter- 
national Smoothed Sunspot Number 
(taken as gospel by many Amateurs) 
showed a cycle quite different from the 
Geomagnetic A Index, the Ottawa 
Radio Flux (10 cm), or the ionospheric 
measurements of the maximum fre- 
quency of F2 reflection measured at 

Maui. (See fig. 1.) According to 
Steve, a lot depends upon which cycle 
you're talking about. 

The Maui vertical sounding of the F2 
layer showed a minimum value cen- 
tered about AprilIMay, 1986. The 
smoothed sunspot numbers indicated 
a minimum falling during September 
1986 for old cycle 21. The Geomag- 
netic Index indicated a minimum near 
January 1987, and the Ottawa Radio 
Flux had a broad minimum covering 
April 1985 to October 1986. 

So where do we go from here? 
When will the present ionospheric 
cycle peak out? QSTs "How's DX" 
column indicates a peak at the end of 
1988. Steve showed me a graph of the 
median values of the maximum reflect- 
ing frequency of the F2 layer, as meas- 
ured at his station (fig. 2). He pointed 
out that the slope of the present 
increase is just about the same as that 
of the last cycle. Steve thinks that the 
peak of the present cycle may arrive 
around the fall of 1990, and that it will 
be very similar to the last. 

Time will tell. Meanwhile, enjoy 10- 
meter DX and don't overlook the 
amazing things that are happening on 
the 6 and 2-meter bands. 

RFI from cordless phones? 
The June issue of Modern Elec- 

tronics has an article by C. Hall 
describing N I  from a neighbor's cord- 
less telephone. The phone transmitted 
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Comparison of cycles of ionospheric sounder (Maui) with A-index, sunspot number, and 
radio flux over the period July 1985 to April 1988 shows that the individual cycles have quite 
different minimums. 

Median values for the month of May for the ionospheric readings at Maui, Hawaii in terms 
of maximum vertical reflected frequency (FoF2J of the F2 layer. Note that the rising slope 
of cycle 21 and cycle 22 is approximately the same. The best estimate is that the present 
cycle will peak out in the fall of 1990. 

FM signals on a frequency in the range ture i-f amplifier circuits that operate 
of 46.61 to 46.97 MHz (base) and 49.67 at 45.75 MHz. 
to 49.99 (handset). These frequencies A high-pass filter on the TV set did 
were perilously close to various TV pic- no good; the cutoff frequency of the 

filter was higher than the telephone 
band. The solution was to cut a linear 
trap made from 300-ohm ribbon line 
and place it across the receiver 
antenna terminals in parallel with the 
existing transmission line (fig. 3). The 
trap was cut to a length of 50.25 inches 
to tune it to the center of the cordless 
phone band. (This length takes into 
account the velocity of the propaga- 
tion factor of the line.) Hall said this 
eliminated the herringbone lines on the 
n/ screen caused by the cordless tele- 
phone. 

A compact wire antenna 
for 7 and 21 MHz 

It's hard to be loud on a city lot, and 
erecting a 66-foot long, 40-meter 
dipole can be a challenge in some loca- 
tions. Figure 4 shows a compact, 
space-saving antenna designed by 
V.C. Lear, G3TKN. It's been discussed 
in R SG B 's Radio Communication and 
other European magazines. As far as 
I know, it hasn't been publicized on 
this side of the pond. In brief, it's a 40- 
meter dipole shortened to about 54 
feet by folding the center portion of 
the radiator up into a two-wire trans- 
mission line. The lengths of the top 
section are chosen to provide two 518- 
wavelength sections in phase on 21 
MHz. 

The antenna supplies the usual 
figure eight pattern on 40 meters, and 
a somewhat narrower figure eight on 
21 MHz. Best of all, there's about a 3- 
dB gain over an equivalent dipole on 
21 MHz. 

The folded, two-wire stub has a 
spacing of 6 inches and is made of no. 
16 wire. The end of the stub is 
matched to a coax line by way of a 1 :1 
balun, like the Bencher ZA-1A. 

The two-wire line is spaced with 
318-inch diameter spreaders cut from 
LuciteO , Plexiglas@, or other insulat- 
ing rod material. Holes are drilled at the 
outer ends to pass the wires, which are 
held in position by twisting short 
pieces of no. 22 wire around the 
spreader and the antenna wire. The 
spreaders are spaced about 18 inches. 

An easy way to make the line is to 
stretch two 10-foot lengths of wire 
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(fig. 5)? This particular design 
(attributed to Willi Richartz, HBSADQ) 

balun would be attached. The radia- 
tion pattern is a figure eight, at right 

is popular with many European sta- angles to the plane of theloop. On 20 
tions. It's a loop configured so that the meters and the higher frequency 
point of maximum current falls in the bands, the loop provides a small gain 
center of the top wire on the 7, 14,21, over a dipole. For best operation, the 
and 28-MHz bands. If the open-wire top wire of the loop should be about 
feedline is cut to length as indicated, 30 feet above ground. 

High-pass filter designed to attenuateTV in- the loop may be fed on these bands 
terference from cordless telephones oper- with a 4:1 balun; no auxiliary tuner is More 88-mH inductors! 
ating in 49 to 50 MHz region. required. A 20-pF capacitor is placed I just received a note from Ed 

Compact 7/21 MHz antenna attributed to 
GJTKN. The &foot stub is made of no. 22 
enamel coated wire, spaced 6 inches. 

under tension between two fixed sup- 
ports, about waist high. The spreaders 
are threaded on the wires and fastened 
in position. When the two-wire line is 
cut loose, it should be straight and 
taut. 

The antenna is strung up in a 
straight line, or in an inverted V. An 
SWR curve should be run across each 
band, with the maximum indication 
less than 2:l. The SWR curve can be 
modified a bit by trimming or length- 
ening the wires in the stub. 

Make sure your coax connection at 
the balun is waterproof to protect the 
line from internal moisture and corro- 
sion. 

A delta loop for 7 ,  10, 14, 
18, 21, 24, and 28 MHz 

In a few months we'll finally have 
the 18-MHz band! This means there 
will be seven bands available between 
7 and 29.7 MHz. It's time to think 
about a seven-band antenna. 

Why not try a center-fed antenna 
about 66 feet long in conjunction with 
a two-wire, balanced transmission line 
and an antenna tuner? How about 
using a delta loop in the same fashion 

across the antenna feedpoints at the 
balun. It can be a ceramic or mica unit, 
or made up of a short length of 300- 
ohm line trimmed on a capacitance 
meter. 

If you want to operate on 18 or 24 
MHz, the antenna must be fed from a 
balanced tuner at the point where the 

3.1'6. 

J -1 
ZOpF 

I;] 4 - T O - I  BALUN 

TO COAX 

The HB9ADQ multiband delta-loop anten- 
na. The feedline consists of no. 16 wire. 
spaced 4 inches. Spreaders are spaced 16 
inches. Alternatively, 300-ohm ribbon line 
may be used, with an antenna tuner sub- 
stituted for the 4:l balun. 

Wetherhold, W3NQN (102 Archwood 
Avenue, Annapolis, Maryland 21401 1, 
telling me he has a quantity of 88-mH 
inductors suitable for use in audio 
filters and networks. If you're 
interested, send an SASE to Ed at the 
above address for more information. 

Alternator or generator 
noise 

A growing number of Amateurs are 
operating HF mobile after a lull in this 
activity for many years. There's still a 
problem with automobile electrical sys- 
tem noise, and some mobile operators 
are troubled by alternator or generator 
noise during reception. 

In general, most alternatorlgenera- 
tor noise or "whine" can be reduced 
(but not necessarily eliminated) by 
placing a 0.5-pF coaxial capacitor on 
the output, or armature lead. Bypass- 
ing the field lead is, however, another 
matter. "Conventional wisdom" warns 
not to bypass this lead, or you may 
harm the voltage regulator unit. 

Don Sutherland, ZL2AJL, takes 
exception to conventional wisdom in 
this case. He says the field wire may 
be bypassed to ground to eliminate 
noise, if the proper precautions are 
taken (fig. 6). A 300-pH ferrite-core RF 
choke capable of carrying the field cur- 

GENERATOR 
REGULATOR 

ALTERNATOR 

Alternator-generator noise may be substantially reduced by addition of filters, as shown 
in this simplified circuit. Capacitors are ordinary metal-cased "generator condensers." The 
300-pH choke must be capable of carrying the field current. (Circuit courtesy Z W J L . )  
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rent is placed in the lead, and the 
generatorlalternator field wire is 
bypassed at the case of the unit. He 
says you'll have no difficulty with con- 
tact erosion in mechanical regulators, 
even with the relatively large value of 
bypass capacitor on the field lead, 
provided that you include the RF 
choke between the capacitor and the 
regulator. He notes that a British firm, 
Joseph Lucas (makers of automotive 
electrical equipment), has recom- 
mended this suppression technique for 
many years. Don says he developed 
the technique independently, with no 
knowledge of Lucas' prior work in that 
field. 

The "Dead Band" Contest 
Amazing, my dear Watson! More 

and more faithful readers of this 
column have correctly identified the 
quotation from the Sherlock Holmes 
story, "A Study in Scarlet." The 
sleuths include: Gerry Skloot, KE2N; 
Howard Tooker, W3TL; Ben Richard- 
son, WBICUA; Louis Axeman, Jr., 
N8LA; Dan Deckert, WAGFQC; Mike 
Mahoney, WAlKNO; and Chris Kirk, 
KA1RSV. 

Since you're all such a smart bunch, 
Ed Wetherhold, W3NQN, offers this 
quiz: name the book, author, and the 
person to whom this quote is directed 
- "Call me Ishmael." Good luck! 
Article C H A M  RADIO 

z :m- #"--\ .Ll--: d. 

,- 

Widebond Preamp 10-1 000 Mhz 

D u a l  G a s F e t  l o w  n o i s e  
preamplifier for HF, UHF or VHF 
systems. Just perfect for the R- 
7000. Exce l l en t  f o r  Spec 
Analyzers. Scanners, etc. Gain 20 
Db +/-  1 DB. -3 Db at 2 8 1100 
Mhz. 1 Db compression of -10 
Dbm. Intercept polnts z-45 Dbm. 
New shipped price of only 
$1 24.95. Po. residents please odd 
6% state tax. 

GT l Electronics 
RD 1 BOX 272 

Leh~ghton, Pa. 18235 

6 
7 17-386-4032 
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New Mod Kit 
for Bird Model 
43 Wattmeter 
MEASURES PEAK POWER 
OF SSB AND OTHER AM SIGNALS 7 
Bird Model 4300-400 modification 
kit quickly adapts any Bird Model 43 
Wattmeter to measure audio peak power 

of single sideband - - 
and other AM modulated signals. 

-' 
The 4300-400 kit pc board mounts inside the Model 
43 housing, on the meter studs. Estimated conversion 
time is only 15 minutes from start to finish. 

Once modified, you can measure peak power to an 
8% F.S. accuracy, without affectina cw o~eration or - 

f . 7  accuracy. 
And. the Model 4300-400 is surprisingly inexpensive. - - Contact your Bird distributor or factory for details. 

30303 Aurora Rd . Cleveland (Solon) Ohto 44139 - 2794 
2162481200 T U  706898 Bird Elec UD FAX 26-2485426 
WESTERN REGIONOFFICE 
Bwd Electronr Corp 
6 2  Ola8 Aue Sulle F PO Boa 28 Olal CA 43023 805646-7255 

Electronic Corporation 
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THE HAM NOTEBOOK 

Two in one: trace Circuit and working 
doubler for CRO, and principle 
square Wave and pulse The trace-doubler circuit is shown in 

generator fig. 1. ICla, IClb, and lClc of the 

My circuit (using one quad two-input 
NAND gate 401 1 and one dual op amp 
LM358) is a simple, low cost, and easy- 
to-operate trace doubler for CROs. 
Other uses include: electronic switch- 
ing, supplying blanking pulses for the 
z-axis of CROs, keying and synchroniz- 
ing slave-type multivibrators and trig- 
ger circuits, adjusting the component 
values of CRO probes, and quick 
checking the frequency responses of 
amplifiers. 

Parts List ( f ig  1) 

ICl 4011 R3 M k  
IC2 LM358 R4 M k  

R5 2Wk 
Cl 0.001 pF R6 200k 

0.01 pF R7 50k 
0.1 "F R8 5ok 
1.0 pF R9 50kpot 
70 pF R70 50k pot 

C2 25pF R77 7Wohm 
C3 X p F  R72 3Wohm pot 
C4 0 .Wl  pF R73 50k pot 

R7 =ohm + 50-k pot Vcc 6 volts 
R2 W o h m  S multipole switch 

I h I I 

Circuit of the trace doubler for CRO, and square waves and pulse generator. 

- p- - 

Oscillograms of the displayed input signals 
e, (sine wave) and e2 (square wave). 

I I 
(A) Probe adjusting circuit for CRO. (B) 
Displayed square waves on CRO screen. 

quad two-input NAND gate 401 1 are 
connected as an astable multivibrator; 
ICld is connected as an inverter. Ter- 
minals 3 and 11 of the 401 1 give square 
waves with opposite phases. The 
square waves (ep) at the output of 
ICla, passing through differentiator 
C4RI3, then form positive and nega- 
tive pulses (et). The dual op amps of 
the LM358 are used as two gated 
amplifiers for the two signals el and Q 

and fed through terminals 2 and 6, to 
be displayed simultaneously on the 
CRO screen. 

The two opposite-phase square 
waves ep and Zp are used to gate IC2a 
and IC2b at terminals 3 and 5 of the 
LM358, respectively. Resistances Rg 
and Rlo are preadjusted so that one op 
amp is driven to saturation while the 
other works normally as an amplifier. 
Thus they will amplify the two signals 
el and ez alternately, and two separate 
traces will be displayed on the screen. 
Resistance R12 can be varied to adjust 
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the vertical separation of the two 
traces. 

Select a suitable value of C1 with 
switch S and adjust the pot of R1. The 
frequency of square waves can be 
varied from 1 cps to lo6 cps. This 
process is necessary for stabilizing the 
waveforms displayed on the screen. 

A common supply of 6 volts is used 
in the circuit. 

Practical examples 
1. Figure 2 shows the oscillograms 
of the displayed input signals el  
(sine wave) and e2 (square wave). 
2. Figure 3A is the probe adjusting 
circuit for CRO; fig. 38 shows the 
oscillograms of the displayed square 
waves of ep at three different 
values of RpCp. R1 is the input 
resistance of the CRO and Ci is the 
input capacitance. 
By Tseng C. Liao, Peking, China 

Calibrating series- 
resistance capacitance 
bridges 
Bridges like the series-resistance 
capacitance type shown in fig. 1 are 
easy to build and operate. But there 
seems to be some confusion about 
how to calibrate C1 to indicate the cor- 
rect load reactance. This confusion 
seems to result from the fact that there 
is a fixed capacitor C2 in the load 
branch, and the signs in the formula 
used to determine the load reactance 
are opposite to those you'd expect. 

On the series-resistance capacitance 
bridge, C2 is necessary because it per- 
mits nulling the bridge (zero load reac- 
tance) with C1 set to the mid-position 
- namely, C1 = C2 = 70 pF. A 
capacitively reactive ( - X,) load allows 
nulling the bridge by reducing the 
capacitance of C1; an inductively reac- 
tive ( + X,) load requires that C1 be 
increased in value to do so. The 
equivalent series reactance ( * X,) of 
the unknown load impedance (Z,) is 
the difference in the setting of C1 
between the initial balance when X = 

Basic schematic of series-resistance- 
capacitance bridge. 

A reactance plot of the capacitance 
of C1 is shown in fig. 2 using eqn. 1 
and a frequency of 1 MHz. To obtain 
the reactance at higher frequencies, 
divide the reactance for 1 MHz by the 
test frequency. The reactance plot is 
calibrated in capacitance in several 
steps from -70 pF through 0 pF to 
+ 70 pF, as shown. 

In the event that C1 is some value 
other than 140 pF, C2 must be one- 
half that of C1. A smaller variable 

CAPACITOR S E T T I N G  IN PICOFARADS 

Calibration curve for reactance. 

0 (C1 = 70 pF) and the load reac- capacitor will limit the useful reactance 
tance, or range of the bridge; a larger variable 

I 1  I 
capacitor will reduce the accuracy of 

,y - -  - - -  
X - 2 ~ F  C l '  C I "  the bridge. The calibration procedure 

remains the same. 
where Wilfred N. Caron, 
Cl' is the first reading of C1 = 70 pF 
C1 " is the second reading of C1 with 

Ridgecrest, California 9- 

the load Article D 

F is the test frequency. 
A + sign indicates that X, is SHORT C/RCWT HOTLINE 

ca~acitive, while a - sign corresponds f Building a current ham radio project) Call tJ - 
to an inductive x,. -,-his appears to be Short Circuit Hotline any time between 9 A M  and I Noon, or 1 to 3 P M  - Eastern time - before you 

a contradiction. but remember that C1 begin construction. We'll let you know of any I 
changes or corrections that should be made to the 

is in the opposite branch of the 
To obtain the proper sign for 
reactance, simply reverse the sign in 
the answer. 

6 0 3 -  878- 1441 
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STRUCTURAL 
EVAWATION 
OF YAGl ELEMENTS 
By Dick Weber, K51U, P.O. Box 44, Prosper, Texas 75078 

Tv this simple 
analysis procedure 

0 ver the past year or so, I've been working on a 
design procedure for developing structurally 
sound Yagi elements. I spent many hours with 

Bob Mitchell, N5RM, analyzing the structural integrity 
of his "Forty-Meter FlameThrower"' and developing the 
first steps of my procedure. After I completed my initial 
work, Gerald Williamson, K5GW, used the process to 
design the elements of two full-size 40-meter beams 
which are stacked on his rotating tower. He also used 
it to build his shortened-element 80-meter beam and is 
now designing a full-size 80-meter beam. 

In late spring of 1987, 1 heard that Dick Fenwick, 
KSRR, had several identical Yagiselements break in high 
winds. I asked Dick to send me a sketch of theelements 
that failed, but not to tell me where they broke. After 
entering the data into my analysis program and letting 
it run, I found the element's weakness. Dick confirmed 
the correctness of my "after the fact" prediction. The 
elements of his identical beamsfailed at the exact spot 
the program indicated. This procedure should help you 
evaluate the mechanical integrity of your existing 
designs or design a homebrew Yagi. 

Failure modes 
An element has failed if it breaksoff or is bent enough 

to render it useless. Thereare several causesof in-service 
failures. The element could be covered with too much 
ice, the wind hitting the element may impose a load 
which causes it to fail, or the element may break off 
because of wind-induced vibration or fluttering. The first 
two causes have to do with direct loading of the element 
due to iceand wind; the third generally happensat very 

WIND n BOOM 

I RIGID ELEMENT 
I 

I I 

I I 
I 

I 
I 

I 

I 

FLEXIBLE ELEMENT 

C G 
+P 

*r 

Graphic illustrations of both the Rigid Element Model and the 
Flexible Element Model, and how each reacts to a theoreti- 
cal wind. 

low wind speeds. My procedure deals only with the load- 
ing of the element, not with vibration-induced fatigue 
failures. 

The environment and survivability 
To determine survivability, give careful consideration 

to the Yagi's environment. The main environmental 
problem is loading due to ice and wind. The weight of 
the ice loads the element and its thickness increases the 
element diameter. The increased diameter of the ele- 
ment results in a higher wind load. 

You must make several choices when designing or 
evaluating an element. It's necessary to determine or 
select the extreme ice and wind conditions the element 
will have to handle. Consider whether the element is 
expected to survive those conditions, or have an addi- 
tional margin of safety. Some manufacturersstate their 
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TROPICAL HAMBOREE 
A.R.R.L. FLORIDA STATE CONVENTION 
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TAMlAMl PARK FAIR GROUNDS 

10901 S.W. 24th Street (Coral Way), Miami, Florida 
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(All RV vehicles, tent campers, vans, t r a i l e r s  welcome - no ground tents, please.) 

Headquarters Hotel: Miami Airport Hilton, 5101 Blue Lagoon Drive, $75.00 Single or Double 
Alternate Hotel: Airport Lakes Holiday Inn, 1101 N.W. 57 Avenue, $50.00 Single or Double 

Reservation forms available through Hamboree Chairman, December 1st 

Make  Checks for Registration, Swap Tables 81 Campsites Payable to: Dade Radio Club 
Mail to: Evelyn D. ~auzens, W4WYR. Chairman, 2780 N.W. 3rd St.. Miami. F L  33125 
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Call Evelvn (305) 642-41 39 (Home) - or - (305) 233-0000 (Office) 
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design will survive specific wind speeds. In a strict 
engineering sense, survivability means that if thestated 
conditions are exceeded, there will be a failure. If there 
is a margin of safety, failure will occur at conditions of 
higher severity. It's wise to understand all aspects of the 
loads on an element, the materials used in its construc- 
tion, and their safety factors. Without this, you could 
construct an element that costsand weighs more than 
it needs to survive its environment. This design might 
place unnecessarily higher loads on the tower and rota- 
tor. 

Element analysis 
You can mathematically construct two element 

models. I call them the Rigid Element Model (REMI and 
the Flexible Element Model (FEM). REM is an approxi- 
mation of the more exact and complex FEM version. The 
REM model assumes the element doesn't deflect when 
loaded with ice or wind. It also assumes that all parts of 
the element are perpendicular to the wind. FEM 
accounts for the deflections of the element at all points 
along its length. The actual element length exposed to 
the wind decreases as it deflects. Figure 1 shows the 
REM and FEM assumptionsapplied toan element. With 
FEM, the wind loading isn't perpendicular to the element 
at all points. This decreases the loading on the element 
as compared to REM. The wind loading of the element 
is less severe with FEM, but more accurate. 

While the FEM version gives a precise description of 
the actual conditions, modeling is complex and time 
consuming. REM is easier and faster. The errors 
introduced by the REM assumptions result in a design 
more conservative than one using FEM. 

General approach 
Begin your element analysis by selecting the wind and 

ice conditions it is to survive and calculating the loads 
these conditions will place on the element. The loadsare 
related to the element's size. You must know the rela- 
tionship between the wind, ice, and tubing sizes used 
in the element to find the resulting loads. Once you've 
determined the loads, find the resulting stress by ascer- 
taining the type of material used to make the element 
along with its geometric properties. Compare the stress 
to the maximum allowable value for the material used. 
If the resulting stress is lower than the maximum accept- 
able level, the design is conservative. If the stress is over 
the maximum acceptable level, the design won't survive 
the wind and ice conditions. 

You can identify weak spots when analyzing an exist- 
ing design or compare it with the relative merit of others. 
If an existing design is weak, you may choose to rein- 
force it or purchase another. When planning an element, 
you can alter the design by using different sizes and 
lengths of tubing in the element makeup until you find 
an acceptable combination. 

I 3 4 0 4  3 P I 

ELEMENT SECTIONS 

A typical Yagi element constructed from telescoping sections 
of aluminum tubing. 

I = R4014L ICE THICKNESS 

D =  TUBE OUTER DIAMETER 

Yagi element shown with "ice loading." If you know the tube 
outer diameter and the thickness of the ice on the element, 
you can closely approximate the amount of loading being 
 laced on the element. 

Element description 
Figure 2 shows a typical element constructed from 

various tubing sizes. The outermost element section is 
called 1; the numbers increase as they approach the 
boom. Because the element is symmetrical relative to 
the boom, the other half of the element will have the 
same numbering scheme. An element section is a part 
of the element that has thesame outer diameter and wall 
thickness. If one part of the element telescopes into 
another, a new section is formed. A section can be long 
or short, but its entire length must have the same wall 
thickness and outer diameter. If a tube is reinforced 
either on the outside or inside, a new section is created 
because its geometric properties are different. Figure 
2 shows a four-section element. Because the sections 
are the same on both sides of the boom, the analysis 
procedure will be applied only to one. 

Element loading 
There are three components to the loading of an ele- 

ment: the weight of any ice on the element section, the 
weight of the tubing making up the section, and the wind 
load on the section. They must be determined and 
summed to yield the total loading. The first step is to 
break theelement intosectionsasshown in fig. 2. Then 
find the total load on each individual section. 

Two types of ice can form on the element. The most 
common is solid ice; the least common is rime ice. My 
equations are based on solid ice weight. Solid ice 
weighs 56 pounds per cubic foot, rime ice about 30 
pounds per cubic foot.2 Generally, ice accumulation 
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on round tubes is stated in terms of "radial thickness." 
For example, if a I-inch diameter tube has 0.25 inch 
of radial ice, the effective diameter for the wind load- 
ing is 1.5 inches. The inch weight is determined by 
the volume of ice surrounding the tube as shown in 
fig. 3. 

For solid ice, Wi can be found using eqn. 1. 
Wi = 0.102 x L(D x I + Iz) (1 1 
Wi = weight of ice on section (pounds) 
I = radial ice thickness (inch) 
L = section length (inch) 
D = tube outer diameter (inch) 

To find the tubing weight in a section take one of two 
approaches. Either look up the weight of the tubing in 
a supplier's catalog or calculate it directly. The weight 
per foot isgiven on most tubing charts. Calculating the 
weight directly may be easiest because this method 
doesn't depend on having a catalog. Because most Yagi 
elements are made from aluminum tubing, use eqn. 2 
to find thesection weight. This ignoresthe weight of the 
tubing inside the overlap of two telescoped sections. 
Wa = 0.31 x L ( D x T - T 2 )  (2) 
Wa = weight of aluminum tubing section (pounds) 
T = tubing wall thickness (inch) 
L = section length (inch) 
D = tube outer diameter (inch) 

The last load on the element section is wind induced. 
When the wind strikes a surface, pressure is created by 
the impact of the air stream on the surface. The wind 
load depends mainly on the wind velocity and the shape 
of the impacted surface; some shapes are more or less 
streamlined than others. Useeqn. 3tofind thewind load 
on a round tubing section. The drag coefficient is 
included in the equation to account for the streamlined 
effect of a round tube,* along with the conversion of 
units for wind pressure. 
Fw = 0.0047 x L x De x P (3) 
Fw = wind load on round section (pounds) 
L = section length (inch) 
P = wind pressure perpendicular to a flat surface 

(poundslsquare foot) 
De = effective outer diameter of tube (inch) 

The effective diameter of the tube (De) accounts for 
an increase in diameter due to ice. If there's no ice, the 
tube's outer and effective diameter are the same. 
De = D + I + I  (4) 
De = effective outer diameter of tube (inch) 
I = radial ice thickness (inch) 
D = tube outer diameter (inch) 

The total load on a section (Ftl is the sum of the ice 
weight, element weight, and wind load. 
Ft = Wi + Wa + Fw (5)  
Ft = total load on section (pounds) 
Wi = weight of ice on section (pounds) 
Wa = weight of aluminum tubing section (pounds) 
Fw = wind load on section (pounds) 

You could argue that the two weights added together 
are at right angles to the wind load and shouldn't be 
added directly. There's no guarantee that this will be the 
case; upward and downward wind streams are a com- 
mon oc~urrence.~ 

Wind pressure 
Calculate the wind pressure striking a flat surface with 

eqn. 6.2This isn't the wind pressure on a round tube, but 
a flat surface. Equation 3 includes a "drag coefficient" 
to alter the wind pressure found in eqn. 6. Equation 6 
also includes a gust factor of 1.30 to account for short 
duration gusts peaking above the mean speed of V. If 
you select a wind speed and use eqn. 6, you are actu- 
ally calculating for a wind speed 1.30 times higher. For 
example, when you select a wind speed of 86.6 mph, you 
are actually accounting for a peak wind of 112.6 mph. 
P = 0.004~ VZ (6) 
P = wind pressure on flat surface with 1.30 gust 

factor (poundslsquare foot) 
V = wind speed (mileslhour) 

If you don't want to usea gust factor, you can modify 
eqn. 6tofind thewind pressureat theexact wind speed 
entered. Removing the gust factor gives you eqn. 7. 
P =0.0024xV2 (7)  
P = wind pressure on flat surface 

(poundslsquare foot) 
V = wind speed (mileslhour) 

What's the proper wind load an element should be 
expected to handle? You can make the selection in 
several ways. Research the history of wind speeds in 
yourarea. Go backabout20to 50 years to see what the 
worst wind has been. Find out if the wind information 
should have the gust factor applied. 

Consult local building codes covering towersand simi- 
lar structures. EIA standard RS 222c contains informa- 
tion on the wind loading towers should be designed to 
handle, based on their geographical location. You can 
also consult the American Standard Building Code. 
Both EIA RS 222c and the American Standard Building 
Code include maps of the United States recommending 
design wind loads. There are small differences between 
the codes, but for Amateur applications they are basi- 
cally the same. 

According to RS 222c, most of the United States 
should expect a 50-year mean reoccurrence wind of 86.6 
mph. Certain coastal areas have a 100 rnph or higher 
recommendation. The wind speeds found in EIA RS 
222c are mean wind speeds, and are to be used with eqn. 
6. The most common wind speed is86.6 mph; 100.0and 
112.0 mph are theextremevalues. Table 1 showswind 
pressures at various mean wind speeds and their cor- 
responding peak value with a 1.30 gust factor. 

Because the REM procedure errs on the conservative 
side, using a mean wind speed of 86.6 rnph results in a 
conservative design for most areasand would be a rigid 
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1 Wind pressures at various mean wind speeds and their corresponding peak value with a 1.30 gust factor. I 
1 Mean Wind Speed 

(mph) 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
86.6 

100.0 
112.0 
115.0 
125.0 

Corresponding peak wind with 
1.30 gust factor imph) 

26.0 
39.0 
52.0 
65.0 
78.0 
91 .O 

104.0 
113.0 
130.0 
145.6 
149.5 
162.5 

Wind pressure 
Ipoundslsquare foot) 

1.6 
3.6 
6.4 

10.0 
14.4 
19.6 
25.6 
30.0 
40.0 
50.0 
52.9 
62.5 

Calculate the worst combinations of conditions in your area for winter and non-winter conditions to evaluate existing 
design. Numbers shown are for my QTH. 

Season Radial ice Mean wind Peak wind Pressure level 
Winter 0.25 inch 40.0 mph 52 mph 6.4 poundslsquare foot 
Non-winter 0 inch 86.6 mph 113 mph 30 poundslsquare foot 

Dimensions for half of a 36-foot Yagi element with four sections as in fig. 2. 

Section 
1 
2 
3 
4 

L (inch) 
48.0 
60.0 
72.0 
36.0 

D (inch) 
0.500 
0.625 
0.750 
0.875 

T (inch) 
0.058 
0.058 
0.058 
0.058 

Winter conditions I 
Section Wi (pounds) Wa (pounds) Fw (pounds) Ft (pounds) 

1 0.92 0.39 1.45 2.76 
2 1.34 0.61 2.04 3.99 
3 1.83 0.90 2.71 5.44 
4 1.04 0.53 1.49 3.06 

I Non-winter conditions 1 
Section Wi (pounds) Wa (pounds) Fw (pounds) Ft (pounds) 

1 0 0.39 3.38 3.77 
2 0 0.61 5.29 5.90 
3 0 0.90 7.61 8.51 
4 0 0.53 4.44 4.97 

I I 

standard by which to evaluate existing designs. Judge storms in the winter, but the windsare not very high. At 
the expected amount of radial ice and, more importantly, my location I use the two sets of conditions in table 2; 
the combination of wind and ice for your own area and yours may be quite different. 
make your evaluations based on these sets of condi- 
tions. Here in northern Texas, our highest winds occur Loading example 
in the spring and early summer. We often have ice Table3gives the dimensionsfor half of a 36-foot Yagi 
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L O C ~ T I O N S  OF HIGHEST SECTION STRESS 

- 1 1 1 1 W a n  SECTION WEIGHT 

distributed forces, the total distributed force, and the 
total force applied at its center of action. You need Fts 
and their points of application to find the maximum 

stress Fts cause in the the sections. element to bend; this results in bending 
stresses in the tube sections. These stresses are calcu- 
lated from the geometry of the tube and the amount of 

P 1 I I 1 F w  , WINO FORCE 

The joints where progressive sections of an element telescope bending action. Use eqn. 8 to find the bending stress 
together are typically the high stress points along the element. when you know the section modulus of the tube and the 

Shown here are the three individual distributed forces, the 
total distributed force, end the total force applied at the ele- 
ment's "center of action." 

element with four sections like those in fig. 2. Tables 
4 and 5show the loads Wi, Wa, Fw, and Ft for the win- 
ter and non-winter conditions in table 2. Comparing the 
Fts for both cases shows the non-winter conditions to 
be much more severe than the winter ones. Because the 
non-winter conditions are the most severe, only they will 
be used in the last stagesof theelement analysis. When 
confronted with several sets of conditions, determine 
which are the most severe and use them in youranalysis. 

The stress in a section varies along the section length. 
The highest value occurs at the point where one section 
endsand another begins, as you approach the boom. In 
this analysis procedure, you'll calculate only the highest 
stress value in each section. Figure 4 shows the loca- 
tions underthe greatest stress in a four-section element. 

The forces resulting from wind, ice weight, and ele- 
ment weight of each section are evenly distributed over 
the section's length. The three evenly distributed forces 
can be replaced by a point force (Ft) applied at a unique 

bending moment at the point of interest. There is 
another stress at this point, but it's very small and will 
be ignored. 

Sb = bending stress (pounds per square inch, psi) 
M = bending moment (pound per inch) 
Z = section modulus (inch3) 
The section modulusfor a round tube (Z) can be found 
using eqn. 9. 

Z = 0.098 x 04 - (D - 2T)4 
D (9) 

Z = section modulus (inch3) 
D = tube outer diameter (inch) 
T = tube wall thickness (inch) 

The section modulus describes the geometry of the 
tube. If you consider tubes of the same material, the one 
with the larger section modulus can take additional 
bending. To find the section modulus for two or more 
close-fitting telescoped tubes, make the combined wall 
thickness T and the largest outer diameter D. Table 6 
gives the section moduli for a number of tube sizes. 
Table 7gives the section moduli for various telescoped 
combinations. 

In table 7, the combined wall thickness of 0.116 inch 
is for two walls of 0.058 inch; the combined wall thick- 
ness of 0.174 inch is for three walls of 0.058 inch. The 
values shown are for standard telescoping combina- 
tions. For example, an 0.875 inch outer diameter tube 
with a combined wall thicknessof 0.174 inch ismadeof 
three telescoped tubes. It has 0.875,0.750, and 0.500- 
inch diameter tubes, each with a wall thickness of 0.058 
inch. 

To find the bending moment you must know the 
forces causing the bending and the distances to their 
points of application. The forces are the Fts found for 
each section; the distances are taken from the location 
of the section midpoints. Figure 6A shows the situation 
for section 1. Find the moment at the point of maximum 
stress in section 1 with eqn. 10. 

L I MI = Ftl x - 
2 (10) 
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Section moduli and weights for a number of tube sizes. 

Tube outer Wall thickness 
diameter (inch) (inch) 

0.25 0.035 
0.25 0.049 
0.25 0.058 
0.375 0.049 
0.375 0.058 
0.50 0.058 
0.50 0.125 
0.625 0.058 
0.625 0.125 
0.75 0.058 
0.75 0.125 
0.875 0.058 
0.875 0.120 
1.00 0.058 
1.00 0.125 
1.125 0.058 
1.125 0.125 
1.25 0.058 
1.25 0.125 

Weight per 
foot (Ibslft) 

0.03 
0.04 
0.04 
0.06 
0.07 
0.01 
0.17 
0.12 
0.23 
0.1c 
0. 
0.18 
0.34 
0.20 
0.40 
0.23 
0.46 
0.26 
0.52 

Section 
modulus (incha) 

0.001 1 
0.0013 
0.0014 
0.0036 
0.0040 
0.0080 
0.0115 
0.0134 
0.0208 
0.0202 
0.0332 
0.0285 
0.0474 
0.0382 
0.0670 
0.0492 
0.0885 
0.0618 
0.1130 

Section moduli for various telescoped combinations. 

Tube outer 
diameter linch) 

Combined wall thickness 
(inch) 

Section 
Modulus 
(incha) 
0.0051 
0.01 12 
0.0120 
0.0202 
0.0230 
0.0319 
0.0379 
0.0465 
0.0570 
0.0639 
0.0803 
0.0841 
0.1078 
0.1072 
0.1395 

M1 = moment in section 1 (pound-inch) 
Ft l  = total load on section 1 (pounds) 
L1 = length of section 1 (inch) 

Using the non-winter conditions of table5, calculate 
the bending moment and bending stress for section 1 as 
follows: 
From table 5, Ft l  = 3.77 pounds 
From table 3: 
L1 = 48.0 inches 
D l  = 0.500 inch 
TI = 0.058 inch 
and then from table 6 

Z1 = 0.0080 inch3 
Using eqn. 10 

MI = 3.77pounds x 48.0 inch = 90.5 pound-inch 2 
Using the bending moment and the section modulus 

(Z1) calculate the bending stress using eqn. 8. 

Sbl = 90.5pound-inch - 11,312.5 pounds 
0.0080 inch-? inch* 

Or 11,312.5psi 

Sbl = bending stress for section 1 (pounds per 
square inch) 
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M2 = 177.3 pound-inch + 316.7 pound-inch = 
494.0 pound-inch 

r -- -- L I - 1 

t - 9 -  -1 I 
SECTION 2 7-- 

a /  MI ,cTI li . MOMENT IN 
I SECTION I 

I, - L Z +  I! - -- 
I-- Y p-1, 1 

SECTION 3 - 
I ,,I 

M 2 : F T P x g  r F T I  x ( L I  + 5 )  : IN 

81 
SECTION 2 

(A) Determining the moment for section one of the element. 
(B) Determining the moment for section two, and showing 
how the moment of the previous section(s1 are added 
together for each new section calculated. 

To find the bending moment at the highest stress 
point in section2, multiply theappropriate Fts by thedis- 
tance from their centers of action to the highest stress 
point and then add them together. Figure6B shows the 
forces and distances. M2 is the sum of the moments 
produced by Ft l  and Ft2. 

M2 = Ft2 x @ +  Ftl x L2 + ) 1111 2 i 
M2 = bending moment at end of section 2 (pound- 

inch) 
Ft2 = section 2 total load (pounds) 
Ftl  = section 1 total load (pounds) 
L1 = section 1 length {inch) 
L2 = section 2 length (inch) 

Find the stress in section 2 with eqn. 8 using the 
moment at the point of highest stress and the section 
modulus at that point. 

Continuing with the values from table3and the non- 
winter case from table 5, the variables are as listed: 
L1 = 48.0 inches 
L2 = 60.0 inches 
Ft l  = 3.77 pounds 
Ft2 = 5.91 pounds 
D2 =0.625inch 
T2 = 0.058 inch 
22 = 0.0134 inch3 (from table 6) 

M2 = 5.91 pounds x 60.0 inch + 3.77po11nds x 2 

(60.0 inch + c0 inch) 
2 

M2 - 494.0pound-inch = 36,865.6 PSI Sb2 = - - 
22  0.0134 inch 3 

If there are three sections, M3 is calculated from: 

If there are four sections, M4 is calculated from: 

+ Ftl x ( L 4  + L3 + L2 + ) 

If there are more than four sections, the method is 
expanded following the same pattern. Use what follows 
as a guide. 

The highest stress in a section is determined by find- 
ing the bending moment at the point of highest stress 
and dividing it by thesection modulusof the tubeatthat 
point. The bending moment is found by multiplying the 
forces (Fts) causing the bending at the point of highest 
stress by the corresponding distance to their points of 
application and then summing. 

At this point, it'seasierto either writea program todo 
all the math, or do it by hand in tabular form. Table 8 
shows the complete solution set for the example being 
used. 

The maximum stress in each section has been calcu- 
lated and must be compared to the allowable maximum. 
There are three popular aluminum alloys used in com- 
mercial Yagisand by Amateur builders. The maximum 
allowable stress for each is shown in table 9? The most 
commonly used alloy, 6061 -T6, is found in most com- 
mercial Yagis; it can be obtained from supply housesand 
mail-order outlets. 

The maximum allowable stress is usually called the 
"yield stress." Exceed thisstress level and the part may 
break or be permanently bent. If you go beyond this level 
only slightly, you may not notice the bend becauseof the 
existing element droop. But if you greatly exceed the 
stress level, your element may incur a large, permanent 
bend or break. In this situation, a hidden safety factor 
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Radio Shack's new HTX-100 is the perfect first rig 
for a beginning Ham and a superb mobile radio for 
any amateur. It's ~ompact-2~/16 x 7'14 x 77/d"' 
yet loaded with most-wanted features. 

Pushbutton selectors on the mike permit safe 
and easy QSY while mobiling and a 10-channel 
memory stores favorite frequencies. A front-panel 
frequency-lock switch prevents accidental fre- 
quency changes. You can fine-tune reception with 
+_ 1.5 kHz RIT and select 25-watt or 5-watt QRP 
output. Coverage is 28.0 to 29.6999 MHz. SSB or 
CW with convenient built-in sidetone and semi 
break-in keying. 

The HTX-100 also has an easy-to-see backlit 
LCD display, hefty 3-watt audio output, built-in 
speaker, and rear-panel jack for adding an external 
speaker. Bracket and DC cord included. The 10- 
meter fun is just beginning. Be a part of it with this 
affordable, top-quality transceiver! 

The Technology Store" 
A DIVISION OF TANDY CORPORATION 

Pnm apply a1 pamapal!ng Radm Shack slores and dealers .Rad!o Shack ValwPlus' rev*. 
credct Actual payment may vary depending upon accounl balance 

Reader Service CHECK-OFF Page 126 r /  131 December 1988 39 



ASTRON 
9Autry  Irv~ne. CA 9271 8 

C 0 R PORAT I ON 17-14] 458-7277 

INSIDE VIEW - RS-12A 

MODEL RS-SOA 

RM SERIES 

! 
I (. . . , . . . , . 
MOOEL RM-35M 

RS-A SERIES 

MODEL RS-7A 

RS-M SERIES 

MODEL RS-35M 

VS-M AND VRM-M SERIES 

--W 
MODEL VS-35M 

RS-S SERIES, 

MODEL AS-12s 

ASTRON POWER SUPPLIES 
HEAVY DUTY HIGH QUALITY RUGGED RELIABLE 

SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 
SOLID STATE ELECTRONICALLY REGULATED INPUT VOLTAGE: 105.125 VAC 
FOLD-BACK CURRENT LIMITING Prolecls Power Supply OUTPUT VOLTAGE. 13.8 VDC + 0.05 volts 
from excessive current 8 continuous shorted output (Inlernally Adjustable: 11-15 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models RlPPLE Less than 5mv peak to peak (full load 8 
excapt RS-31. RS-4A. RS-5A. low line) 
MAINTAIN REGULATION 8 LOW RIPPLE a1 low line input 9 All0 areilalle w i l l  220 VAC i l p l t  r 0 l l l p  
Vollage 
HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR WWER CORD 
ONE YEAR WARRANTY MADE IN U.S.A. 

19" x 5'14 RACK MOUNT POWER SUPPLIES 

MODEL 
Conllnnonr ICS' Size [IN) Shlpplnl 
0111 IAmpsl IAMPS) H X W X D  wt. 11b1.1 

RM-12A 9 12 5'4 x 19 X 8'r 16 
RM-35A 25 35 5!4 X 19 X 12'7 38 
RM-5OA 37 50 5''. X 19 X 12'1 50 

Separate Volt and Amp Meters 
AM-12M 9 12 5'ia x 19 x 8'1. 16 
RM-35M 25 35 5'1 x 19 X 12'0 38 
AM-5OM 37 50 5'4 x 19 x 12's 50 

Continnonr ICS' Slze (IN) Shilpinl 
MODEL DUIV (AMPS) IAmrrl H X W X D  wt. 11bt.l 
RS-3A 2.5 3 3 x 4'r x 5'4 4 
RS-4A 3 4 3% x 6'2 x 9 5 
RS-5A 4 5 3'12 X 6'8 x 7'34 7 
RS-7A 5 7 3% X 6% X 9 9 
RS-70 5 7 4 x 7b9 x 10% 10 
RS-1OA 7.5 10 4 X 7'1 X 10k  11 
RS-12A 9 12 4'1 x 8 %  9 13 
RS-128 9 12 4 x 7'2 x 104 13 
RS-2OA 16 20 5 x 9 x 105 18 
AS-35A 25 35 5 x 11 x 11 27 
RS-5OA 37 50 6 X  13'4 X 11 46 

Conlinrour ICS' Size [IN) Slippinl 
MODEL Only IAmps) I A ~ P ~ I  H x W x D  Wt. [lhs.) 
Switchable volt and Amp meter 
RS-12M 9 12 4"2 X 8 X 9 13 
Separate volt and Amp meters 
RS-2OM 16 20 5 x 9 x  lo',, 18 
AS-35M 25 35 5 x 1 1  x 1 1  27 
AS-5OM 37 50 6 X  13'. X 11 46 

. Separate Volt and Amp Meters Outpul Voltage adjustable lrom 2-15 volts Current limit adjustable from 1.5 amps 
10 Full Load 

Contlnnonr ICS' Size (IN1 S l l p l l n l  
MODEL Dul l  [Amps) (Ampal H x W x 0 Wl. (1bs.l 

@13.8VDC @lOVDC @5VDC C13.8V 
VS-12M 9 5 2 12 4'c x 8 x 9 13 
VS-2OM 16 9 4 20 5 x 9 x lo',, 20 
VS-35M 25 15 7 35 5 x 11 x 11 29 
VS-5OM 37 22 10 50 6 x  13'4 x 11 46 

Variable rack mount power supplies 
VRM-35M 25 15 7 35 5'/4 x 19 x 12% 38 
VRM-5OM 37 22 10 50 5'4 x 19 x 1251 50 

Built in speaker 

Contienoma ICS' Siz, (IN1 S l i pp i l l  
MODEL Dull IAmps) Ampa H x W x D  Wt, [lba.) 
RS-7s 5 i 4 x 7' :~ x 10'4 10 
RS-10s 7.5 10 4 X 7'12 X lo3!, 12 
RS-12s 9 12 4 ' 4 x 8 ~ 9  13 
RS-20s 16 20 5 X  9 X 1O'h 18 



Complete solution set. 

Sec OD (in) T (in) L (in) Ft (Ibsl Z (in3) M (Ibs-in) Sb (psi1 
1 0.500 0.058 48.0 3.77 0.0081 90.5 11,300 
2 0.625 0.058 60.0 5.90 0.0134 494.0 36,860 
3 0.750 0.058 72.0 8.51 0.0202 1496.3 74,070 
4 0.875 0.058 36.0 4.97 0.0285 2240.2 78,600 

I Maximum allowable stress forthe three popular aluminum alloys used in commercial Yagis and by Amateur builders. I 
Aluminum Alloy 

6061-T6 
6063-T6 
6063-T83 

Maximum allowable stress (psi) (41 
35,000 
25,000 
30,000 

I Element with section lengths altered to obtain maximum allowable stress. I 
Sec OD (in) T (in) L (in1 Ft (lbsl z (in3) M (Ibs-in) Sb (psi) 

1 0.500 0.058 84.0 6.59 0.0081 276.7 34.580 
2 0.625 0.058 24.0 2.36 0.0134 463.2 34,500 
3 0.750 0.058 24.0 2.84 0.0202 712.0 35,130 
4 0.875 0.058 84.0 1 1.69 0.0285 2189.0 76,720 

Element with section 4 a telescoped combination 1.00 and 0.815-inch diameter tube. 

Sec OD (in) T (in) L (in) Ft (Ibs) Z (ina) M (Ibs-in) Sb (psi) 
1 0.500 0.058 84.0 6.59 0.0081 276.7 34.580 
2 0.625 0.058 24.0 2.36 0.0134 463.2 34,500 
3 0.750 0.058 24.0 2.84 0.0202 712.0 35,130 
4 1 .000 0.116 84.0 14.51 0.0640 231 1.5 36,110 

may come into play. If the maximum allowable stress is 
just slightly surpassed, you may not have a failure result- 
ing in element breakage. The only result may be a slight 
permanent bend, which may not be observable or cause 
any harm. This safetyfactor would come into play if the 
peak wind conditions were exceeded. 

The example in table8shows that, regardless of the 
alloy used, this design is over stressed in two areas. In 
addition, it's marginal in one area and acceptable in 
another. Using 6061-T6 aluminum throughout this 
example, the maximum allowable stress is 35,000 psi. 
Any section stress below this value indicates a section 
which is not fully utilized; any section stress above the 
maximum value indicatesa section which isoverloaded. 
An overloaded section must be changed to bring the 
stress level down to an acceptable level. You'll have 
equal strength when all section stresses have the same 
value. There are good reasons to have some sections 
stronger than others, but this is an economic decision 
to be discussed later. 

What can be done to improve the example element in 
table 8? Make the 0.500 diameter tube longer to take 
more load and reduce the length of others while keep- 
ing the total length the same. Lengthening the 0.500 
diameter tube to allow it to take more load also reduces 
the total wind load put into the element because the 
smaller diameter tubing is replacing the larger. Table 10 
shows the same element with altered section lengths. 
Starting at the outer section and working towards the 
boom, the section lengths were changed to obtain the 
maximum allowable stress. 

Sections 1,2, and 3 are acceptable; 4 is still unaccept- 
able. There will be slight improvement if you use more 
of the lighter, less expensive tubing. Section 4 still has 
a problem, but has improved somewhat. With the 
smaller sections optimized, improvement in section 4 is 
impossible without a change in its geometry. Table 11 
shows the same element, with section 4asa telescoped 
combination of 1.00 and 0.875-inch diameter tubes. 

Section 4 hasa stressslightly overthe maximum. This 
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Example of section 4 shown as a single tube with marginal strength. 

Sec OD (in) T (in) L (in) Ft (Ibs) Z (in') M Ilbs-in) Sb (psi) 
1 0.500 0.058 84.0 6.59 0.0081 276.7 34,580 
2 0.625 0.058 24.0 2.36 0.0134 463.2 34,500 
3 0.750 0.058 24.0 ' 2.84 0.0202 712.0 35,130 
4 1.250 0.058 84.0 16.60 0.0619 2399.4 38,780 

-TAPPED HOLES 
FOR SET SCREWS 

1 I 

Description of a spacer which can be used when making a 
large decrease in tubing sizes on an element; i.e., two sizes 
that will not telescope together and allow e compression joint. 

design is totally acceptable given the conservative 
nature of the rigid element model. There are several 
things to note. As the element gets longer, the strength 
requirements rapidly increase. This can be seen by the 
very short lengths of sections 2 and 3. In addition, sec- 
tion 4 had to be drastically reinforced. Table 12 shows 
thesame example, where section 4 is a single tube with 
marginal strength. Section 4 is a 1.250-inch diameter 
tube of 0.058-inch wall thickness. .This large tube has 
about the same section modulusas the composite of the 
1.000 and 0.875-inch tubes, but has a larger wind load 
due to its larger diameter. This offsets some of its greater 
load bearing capacity. 

You'll encounter a problem when making a large jump 
in tubing size. Because the jump from 0.750to 1 .250isn1t 
a telescoping fit, you need to fabricate a spacer or 
"donut." Figure 7 shows a spacer used by N5RM to 
build his 40-meter flame thrower.' Several manufac- 
turers swage the end of a larger tube to a smaller size. 
The result is a large diameter reduction allowing a teles- 
coping fit with a smaller tube. This method is not prac- 
tical for the individual builder. 

There are several ways to achieve a significant 
increase in section strength. One is to try increasingly 
larger diameter tubes in your calculations, until you find 
an outcome with an acceptable stress. This could lead 
to a fabrication problem due to non-telescoping tubing 
sections. You can also increase the strength of a section 
by externally or internally reinforcing the tube along part 
or all of its length. Figure8shows three reinforcement 
methods. In doing the analysis, you will create a new 
section when there is a change in the tube geometry. 

A I 
j-1 BASE TUEE 

8 1  .-'..'....... 
PARTIAL EXTERNAL REINFORCEMENT 

CI  
PARTIAL INTERNAL REINFORCEHEN T 

0 1  8 : .  . . . . .  ., .:: . . ,  .. I 
OOUQLE WALLED REINFORCEMENT 

- 

Several methods for reinforcing element tubing are shown: 
At (A) the base tube with no reinforcing, at (B) the base tube 
with partial external reinforcement, at IC) the base tube with 
partial internal reinforcement, and at ID) the base tube as used 
in a double walled reinforcement. 

Figures 8A and 8D are one section while figs. 8B and 
8C are two sections. The method you select should be 
based on cost, ease of construction, availability of 
materials, total element weight, and total element wind 
area. There are a large number of possible combinations 
of tubing sizes which can be successfully used in a 
design. The final configuration depends on your 
resources and ingenuity. 

It's desirable to havea design with no weak links, but 
having links of differents strengths can be good and bad. 
It depends on what you want the design to accomplish. 
If you want theabsolutely lightestelement, design sec- 
tions with the same maximum allowable stress. This 
design may not providean economical use of tubing; it's 
usually purchased in finite lengths, and sections may be 
wasted. Zero waste may not be possible unless you 
make it a design consideration from the beginning. You 
could try to put together an element without cutting tub- 
ing which could be used for another project. In this 
case the section stresses might be quite different. This 
is totally acceptable provided none exceed the maxi- 
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THE CHOICE 
IS SIMPLE 

Pick a band. . .pick a power level 
. . . pick a price! Picking the right 
brand is even easier. Henry Radio 

is the power amplifier specialist. 
Every one of our 13 models offer 

superb value, experienced 
engineering (25 years!) and top 

quality components. 
Since we offer the broadest selection of power amplifiers of 
any manufacturer, we feel that you should find exactly what 
you need on the following list: 

2006-A --------.. offers Ihe same 
2 K  CLASSIC console-----a true 3 K D  PREMIER desk model--,the spec~f~cations, the same reliab~lity 
workhorse HF linear. Loafs along at same RF deck as the console, but in as the 2002-A. but operates ~n the 
full legal power. All amateur bands, a smaller and lighter configuration. 50 to 54 MHz. Commercial models 
80 through 15 meters. 2K & 3K Full legal power plus OSK. All In the 30 to 100 MHz range 
export models ~nctude 10 meters. amateur bands. 160 through 15 available. 

meters. 1 .R-30 MHz. 
2 K  CLASSIC X console.--we can't 3002-A console---full legal power 
th~nk of any way to make this 5 K  CLASSIC console ---a rugged prov~ded by an Eimac 8877 ceramlc 
magnif~cent 2000 watt HF ampllfler and rel~able 5.000 watt HF l~near tr~ode mated to a heavy duty power 
better. Rugged and dependable. . . amplif~er. Not ava~lable for amateur supply. Rugged and reliable. Per- 
the last ampl~l~er you may ever need use in the U.S. 3.5-30 MHz. fecl lor amateur, commerc~al, indus- 
to buy. 80 through 15 meters. tr~al and scientific operations. 144 to 

2002-A desk model-a superb VHF 148 MHz. Commerc~al models in the 

2 K D  CLASSIC ----a desk model 
des~gned co operate at 2000 watts 
Input effortlessly, using two Elmac 
3-5002 glass envelope tr~odes. PI-L 
plate c~rcu~ t  and a rotary sllver 
plaled tank cod 80 through 15 
meters 3.5-30 MHz. 

3 K  CLASSIC Mk I!----- uses the 
E~mac 3CX1200A7 tube. More than 
13 db galn. We believe the 3K con- 
sole to be one of the flnest amateur 
HF linears available. 80 through 15 
melers. 3.5-30 MHz. 

amplif~er. Operates CW, FM, SSB, 
AM or pulse appl~cations. Uses an 
E~mac 3CX800A7 ceramic triode for 
smooth dependable power. Fre- 
quency range: 144 to 148 MHz. 
Commercial models in the 100 to 
300 MHz range also available. 

2002-A.--.the same as above, but 
operating In the 220 to 225 MHz I r e  
quency range. These VHF units 
have proven themselves in the lield 
through thousands of hours of use. 

W e  realize that these descriptions are 

100 to 300 MHz range available. 

3006-A console--.the same rugged 
construction and the same depen- 
dablllty as the 3002-A, bul for opera- 
tlon In Ihe 50 to 54 MHz frequency 
range. Commercial models in the 30 
to 100 MHz range ava~lable. 

2004-A desk model.---,a unlque 
UHF l~near amplifier lor working 440 
MHz frequency range. Designed lor 
dependability. . .built to last. 

much too short. For complete de- 

3K console---all of the scriptions, specs and prices please call or write. 
time tested rellabillty 01 the 3~ I f  you have a requirement for a special purpose amplifier please call Ted 
Classlr. ~k II DIUS OSK and the 160 Shannon. Meredith Henrv or Ted Henrvat our Los Anaeles office. . -.. . .- - - ., 
meter band. All arnateur bands. 160 
through 15 meters. 1.8-30 MHz. 

8 
Toll free order number (800) 877-7979 TELEX: 67-3625(Henradio) FAX (21 3) 826-7790 

1 ,  
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.I, ,,.I C.Y ."IC, 

2N3055 NPN 10-3 $1 OOsrh 
b'N3569 NPN 10-92 51W M 

BREAKERS. VOLTAGE REGULATORS 
AND MANY OTHER ITEMS TIP126 PNP 10-220 75each - 

SOUND ACTIVATED BOARD 24 VOLT D.C. SOLENOID MINI PUSH BUTTON 
DEVICE lnlermlttent duty cycle 240 ohm call S P. S. T. momentary. 

Deslpned to read lo hlgh ptlched sounds Each Mounttng tlange IS 1 11s' wlde Push 10 make 114' 

Murala Ene I board conlams many useful pans Solenold body 1112' X 112' X 112'. threaded bushlng 

PKB8-4A0 uncludlng a condenser mnke CAT# SOL-34 $1 00 each . 10 lor $8 50 Red bunon. 

Htgh pitched @ Operales on 6 V&. 100 lor $75 00 Large Ouaniily Available CAT# MPB.1 

aud~ble alarm. Inslructtons onduded. '39 SOUND (I VIDEO GRAB BAGS 3% each . IOforf325 Operates on CAT# S I B  $2 50 each 
3 - 20 V& @ 20 ma. I' high ITT PUSH BUTTON 

X 718' doa P C. board mount 
~ODULA- f 'OR $1.00 EACH 

34.X 

NEW! STROBE KIT 
TIIUM13811 

CAT# PBZ-84 $1.75 each Deslgned for use 50 ASSORTED 9'BY rectangular hey cap. 
Vanable rate slrobe kll. flash. mlh I comw.  DISC CAPS, S P  S T N 0 Push lOClOSE 

XENON TUBE es belween 60 ro 120 tomes 9" Can be used Cut leads Many RATED: 

per mmute. WIII operale on mlh video came- common values. O.lamP 
e81het 6 or 12 vdc depend~ng 'as. games. or some are 500 volts Sw'~Ch'ng. 

1' long flashlube prepped upon how you wire !he clrcult other audlol CAT. GRABDC 0 25 amp 

comes complete W , I ~  PC, v'deo sources. ASSORTED 
carry currenl. P.C, mount 

wilh 3 112' red and black 
board and ~nslructions lor Bull1 In CAT# PB-8 650 each 

leads Ideal for eleclronlc 
easy assembly swtlch enables 

'I4 WATT 10 lot $6 00 100 lor $50.00 
llash or strobe projecls. RESISTORS 
CAT# FLT-3 2 for $1 0 0  CAT# STROBE-1 $7.50 each user 10 sw!lch Approxtmalely 2W 

lrom T V antenna w8lhoul dls- p,eces of assoned 
HALL EFFECT 

conneclton Operales on Chan. 
SWITCH 

NICKEL-CAD WALL SOLDERLESS nel 3 o r 4  ~equares l2Vdc values. some MlCROSwlTCH 14RE3 
(RECHARGEABLE) cut leads Slanted keyboard 

BATTERIES TRANSFORMERS BREADBOARD CAT# GRES swttch m ~ h  hall 
'Oak Up d'agram lnduded 

, 
CAT' IVMoD S5 O0 each 

ASSORTED enecl sensor 
PARTS Snaps tnlo 98' FULL WAVE a n p s  o~ 100 asson& square chassis 

BRIDGE COnta,nS pans. ~ a c h  an assoneml stnp sensor sltdes easily from 
Hall elfed 

RE c TI F 1 E R S of res~stors. capaaton. 5w"ch and can be used In 
diodes. co~rs. 01her appllcallons 

$1 50 each OURET 100 p,eces. CAT# HESW 4 lor $1.00 
10 for $1350 6 V d c  @ 200 ma. $2.25 CAT* GRABTR 10 lor $2 00 

i. .,-:& 200 P.1.V. 100 lor $15.00 
CAT# DCTX-620 15 VALUES OF L ~ I O ~  enough lo SB' SOUARE ELECTROLYTICS 10 POSlTlON 

6 Vdc @ 750 ma. $3.50 des'gn CAT# FWB-1020 
experlmenlal c~rcuds. 

Assonrnenl conlarns MINI-ROTARY 
CAT# DCTX-675 

Vdc @ pjo ma, $250 Thts breadbard " O0 . lor 15 values of I mld and SWITCH 
."- measures 

up Some cut leads. GrayhIlN 
CAT# DCTX-925 6 34. x 2 112.. 25 AMP CAT# GRABCP 56P36-01.1-ION-C 

AA SIZE $2.00 each 12 Vac  @ 930 ma. $3.50 contams maon board RATING . Mlntalure. 

1.25 Volls 500 mAh CAT#  ACTX-1293 and lwo power 1 11s' SOuARE '4%: N-CHANNEL mary sw~lch. 
buss stnps 

Non-shonlng. CAT' NCB-AA 18 Vac  @ 1 Amp.  $3.50 
PB-lO1 

metal epoxy ftlled case ' O ET 1 deck. 10 posl~ons. 
AA SIZE $2.20 each C A T I A C T X - 1 8 8 5  

59 00 each 200 P.I.V. $2.50 each IRF-511 125'dma shan X 
WITH SOLDER TABS TO-220 case ,375' long 

CAT# NCB-SAA CAT' FWB-252 CAT# IRF 511 ,377' behlnd the 

C SIZE $425 each WIDE BAND AMPLIFIER $1 00 each panel deplh. 400 P I.V. $3 00 each 

1 2 Volts 1200 mAh CAT# FWB-254 10 for $9 00 PC.  pins. 

CAT# ~ ~ 0 - c  NEC#UPCl65lG 60') P.I.V. $3.50 each LARGE QUANTITY CAT# MRS-lD 
1200 htn? @ 3 db. Gam- IS& @ 1-500 hz 5 VOII CAT# FWB-216 AVAILABLE ... $2 M each D SIZE $450 each ,ratmn. small paaape 4mm dia. 1 2 5  mm ah#&. 

1.2 VOlts 1200 mAh CAT# UPC-1651 2 lor S l W  
CAT# NCB-I3 IOWUM ~OOIWSJSOO MAIL ORDERS TO: TOLL FREE 

ALL ELECTRONICS 
LIGHT EMITTING DIODES (L.E.D.) 

STANDARD JUMBO LED FLASHING LED LED HOLDER 
DlFFUSf D vilh bu,lt m a = g~ny::'de"' 8 
1 1 3 4  uze llashlng ClrOJd 
RED 10 lb S 1 50 op~rates on 5 volts 10 lor 65c 
CAT# LED-1 100 lor $1 3 00 RED $1 W each 

IOOOla $1 10 W CAT# L E M  10 lor $9.50 CLlPLlTE LED 
GREEN S1.Weach HOLDER 

GREEN l o f ~ s m  CAT# LEDIG 10 lor $9 50 Ma*es a LED.  l w k  8 
CAT# LED-2 100 lor $1 7 00 lhke a lancy indicator. 

lMXlfaslM.ffl El-POLAR LED F~ts T 1-34 sue LED. 
LIOMs RED one -* CLEAR CAT# HLDCL-C 

YELLOW 10 lor SO0 RED CATS HLDCL-R 
CAT# LED3 

100 lor S 17.00 d'redon' GREEN me 
GREEN CAT# HLDCL-G other. Twu lead. 

1 m  lor s150M) CAT, LED* 2 1or$l,70 YELLOW CAT# HLDCL.Y 
i 

r /  134 

P.O. BOX 567 
VAN NUYS, CA 91408 

TWX-51010~0163 
(ALL ELECTRONIC) 

OUTSIDE THE U.S.A. 
SEND $1.50 POSTAGE 

FOR A CATALOG!! 
I 

800-826-5432 
INFO: (818)904-0524 

FAX: (ere)7ei-2653 
MINIMUM ORDER $10.00 

OUANTITIES LIMITED 
CALIF. ADD SALES TAX 

USA: $3.00 SHIPPING 
FOREIGN ORDERS 

INCLUDE SUFFlClENT 
SHIPPING. 

NO C.O.D. 
m 

I 

Sf ORES: 
LO9 ANGELES VAN NUVS 

m5 9. VERYOHT AYE. 6221 SEPULVEOA IILVD. 
LOS ANGELES. CA WW6 v r n  muvs, c r  l1411 

( 1 1 1 ) 3 8 0 . 8 0 0 0  (8lal997-1606 



Tubing sizes of a %-foot element with poor design. 

Section 
1 
2 
3 

EWT = 8.4 pounds EWL = 68.4 pounds 

D (inch) T (inch) L (inch) 
1 .000 0.058 48.00 
1.125 0.058 96.00 
1.250 0.058 72.00 

%-foot element with improved design. 

EWT = 8.0 pounds 

Section D (inch) 
1 1.000 
2 1.125 
3 1.250 
4 1.250 

T (inch) 
0.058 
0.058 
0.058 
0.116 

EWL = 66.4 pounds 

L (inch) 
131.00 
13.00 
18.00 
54.00 

Sb (psi) 
35,450 
33,220 
33,700 
35,830 

Comparison of materials used in Tables 13and 14. 

Case 1 Case 2 
[Table 13) (Table 14) 

Tube Diameter 12-foot lengths 12-foot lengths 
size (0.058 wall) needed waste needed waste 

38 inches 
86 inches 
0 inches 

16 inches 
0 inches 
0 inches 

mum allowable stress. You can use different alloys of 
tubing as long as you don't exceed the maximum 
allowable stress level for each type. 

The section nearest the boom will be the most 
expensive and minimum waste is a goal. Make sec- 
tion 1 from the least costly tubing. It can give you the 
largest span for the least money. Look closest at the 
intermediate sections for waste. Several other con- 
siderations mentioned earlier come into play when 
making tradeoffs between tubing sizes and reinforce- 
ment methods. Consider the overall element weight 
and area. If there is choice between several options, 
the lighter, smaller area element offers some advan- 
tages. If two designs for a four-element, 20-meter 
beam were found to have acceptable stress levels, 
choose between them on basis of the amount of wind 
load they put into the tower and rotator. Because 
using REM requires finding the weight and wind load 
of each section, it would be easy to sum the total sec- 
tion weights and wind loads to obtain two other 
parameters for comparing element designs. Multiply 
these by 2 to obtain the total for both element halves. 
EWT = 2 x (sum of all section Was) (121 

= total element weight (pounds) ignoring 
overlap 

EWL = 2 x (sum of all section Fws) (131 
= total wind load on element (pounds) at 
maximum wind speed 

I found the element design in table 13 in an Ama- 
teur publication. The tubing sizes for this 36-foot ele- 
ment show that it is a very strong one. Or is it? With 
the analysis done at 86.6 mph and no ice, this element 
was found to be poor and the end of section 3 to be 
very weak. Section 1 could be made a lot longer. I 
found an acceptable configuration after I made several 
attempts to improve this design using the same tube 
sizes. Table 14 shows the improved design. 

Section 1 was greatly lengthened, while section 2 
was greatly reduced. Section 3 was changed to a 
shorter section. The new section 4 is the remainder 
of the old section 3, reinforced on the inside with some 
of the same material used in section 2. Not only has 
the strength of the element improved, but there has 
been a slight drop in element weight and wind load. 
Was this an efficient use of the material? Table 15 
shows the materials used and the waste for the two 
cases. This was done assuming a 5-inch overlap at 
each joint and stock tubing lengths of 12 feet. You 
can make several conclusions when comparing the 
published design and improved version by looking at 
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I Revised dement for improved design. 

Section 
1 
2 
3 
4 
5 

EWT = 7.3 pounds EWL = 42.8 pounds 

0 (inch) T (inch) L (inch) 
0.500 0.058 84.00 
0.625 0.058 24.00 
0.750 0.058 23.00 
0.750 0.116 30.00 
1.00 0.1 16 55.00 

Sb (psi) 
34,580 
34,500 
34,550 
34.640 
34,730 

Summary of features of element designs in Tables 16, 13, and 14. 

Survival mean 
wind speed 
(peak) (mph) 

Element weight 
(pounds) 

Element wind 
load 
at 86.6 rnph 
(pounds) 

Table 16 
86.6 

(1 12.5) 

Table 13 
64.0 
(83.2) 

Table 14 
86.6 

(112.50) 

tables 13.14, and 15. The improved version is lighter, 
less expensive to build, places less wind load on the 
tower, and is significantly stronger. 

Take care not to generate a design with a hidden 
problem. The example in table 11 is a buildable design, 
but has a construction problem. Section 4 is 84 inches 
long. This is not half of a 12-foot piece where 6 feet 
are used on each side of the boom. Using the 84-inch 
section results in a lot of waste, and requires special 
efforts for mounting and joining at the boom. A design 
revision uses a piece of section 2 material for internal 
reinforcement. Two 12-foot telescoped pieces are cut 
to a length of 110.0 inches with half on each side of 
the boom. Table 16 shows the improved design. 

Table 17 summarizes the features for the element 
designs in tables 16,13, and table 13's improved ver- 
sion in table 14. This improvement costs less and is 
slightly lower in weight and wind load. The element 

procedure allows you to generate designs to minimize 
weight and wind loading, and make optimal use of 
materials. It can be used to evaluate any existing 
design. 

Summary 
This analysis procedure provides a simple and sound 

method to evaluate the structural integrity of existing 
element designs and assist in the process of design- 
ing an element. I have presented several methods of 
reinforcing element sections and various criteria by 
which to judge them. To implement the procedure, 
you'll need to determine the worst set of survival con- 
ditions for your geographical location, your objectives, 
and restrictions. 
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ARRLANTENNA BOOK 
by Jerry Hall. K1TD. NEW 15th EdUbn 
The all new 15th edlllon ol thts anlenna classlc represenls over 
Iwo yedrs 01 hard work by ed~lor K lTO 11's doubled In slze Iw 
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Rev~sed and updaled wllh Ihe lalesl In Amaleur lechnology, now 
IS Ihe llme lo order your very own copy of the world lamous ARRL 
HANDBOOK In addltlon to belng Ihe del~n~tlve relerence volume 
lor your Ham shack, lhere are plenly ol profecls lor every lnleresl 
In Amateur Radlo - lrom anlennas lor every appllcatlon lo Ihe 
latest stale-01- he-art projects - you'll llnd II all In the I989 
HANDBOOK Order now and we w ~ l l  sh~p as soon as Ihe b w k s  
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Please spec~ly on your order 
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Fully updated and edlled lo Include all the b b s l  FCC and fore~gn 
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Includes plenty 01 handy operallng alds such as llme chans OSL 
bureau addresses census lnlormallon an0 much more Calls 
lrom Nonhern Canada lo Iroplcal Panama Now IS Ihe llme lo buy 
a new Ca l lmk  when you I1 gel the mosl use oul ol your bnvesl 
men1 1988 
L CkUS89 Sonbwnd $25 95 

INTERNATIONAL EDITION 
OSL s are a very lmporlanl part of our hobby All sorts ol 
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countries Whlle In no means complele 11 s a slan and w ~ l l  be ol 
tremendous help In gettlng OSLs Handy operating alds round 
OUI l h ~ s  super book value 1988 _ CB-F89 Sollbound $28 95 

BUY 'EM BOTH SPECIAL 
Reg. $54.90 Only 549.95 

SAVE $4 95 

Plea- enclose $3.50 shipping & 
handling. 
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SChWuIeS lrom counlrles around Ihe world You're up-lo-dale 1 
you have a copy 01 lhts new book by your radlo 416 pages 1989 
Edlllon 1988 
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MASTERING PACKET RADIO: the hands on guide 
by Dave lngrarn K 4 W J  
Packel raao conllnues 10 grow al a rale that boggles the mlnd 
Th~s new b w k  appeals lo all levels of packel radlo enlhuslasts 
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OST lncludes Ihe lalesl tnlormal~on avallable on OCSARs 9 
Ihrough 13 as well as Ihe Russ~an RS salell~tes Full coverage 1s 
gtven lo Phase I l l .  OSCAR 10 and 13 salelllles Also rncludes an 
unpublished an~cle delalllng UoSAT.OSCAR 1 I operallon D~g~la l  
modes. IraCklng, antennas. RUDAK, mlcrocompuler processing ol 
lelemelry plus much more IS conlalned In 1h1s valuable new 
volume 1 I 2  pages : 1988 

Afl-SA Sonbound $4.95 

22nd CENTRAL STATES VHF SOCIETY 
CONFERENCEPAPERS 
Paoers In lhls o w k  were submtlled lor Ihe 1988 Cenlral Stares 
VHF Soc~ely meellng lncludes Microwave EME. pred~cl~ng 144 
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pre-amps. 902 MHz Iransverler. power ampltl~er and anlennas. 
now lo measure your own K Index plus mucn more A must 
Dubl~calron lor the acllve VHF er 1988 

Afl-22CS Sonbound $11.95 

GENIUS AT RIVERHEAD a profile of 
H.H. Beverage 
by Rlborta Wallen 
Rorn a1 Ilie very beglnnlng 01 Ihe radlo age. Harold Beverage 1s 
one 01 tad10 s ploneers Mosl know hlm lrom hts development 01 
Ihe Beverage or wave type recelvlng anlenna Learn aboul Ihe 
career 01 l h ~ s  brl l l~anl engtneer In l h ~ s  easy.lvread btography 
Slarllng wllh GE In 1917 an0 moving lo RCA In 1920. Beverage 
was involved In some 01 the mosl exctl~ng aspecls 01 radto 01 
particular Interest IS a reprint of the lamoun November 1922 QST 
anlcle descrlbtng Ihe wave anlenna lncludes 35 photos 130 
pages 1988 
NH-BEV HardboundSl5.95 

THE "GROUNDS" FOR LIGHTNING & 
EMP PROTECTION 
by flogor Block, Polyphasor Cwpwanon 
Here 5 a sublecl thal nas never really been lully covered In 
Amaleur l~leralure This 116 page lexl conlalns a comprenenstve 
analysqs 01 proper grounding and proleclton agalnsl lhghln~ng and 
olher EMP dlsaslers Includes ~nlormal~on lor all klnds ol elec- 
lronlc aear radlos. leleohones, comoulers. Elhernel. CATV. 
1,170 ana sec.: l y  systems to name l ~ s l  a lew 31 specla tn 
lpresl 10 dam7 are rnaplers on low #noLctanre qroJnds and con 
nect~ons. guy anchor grouno~ng, and how to ground tnslde the 
Shack Every Ham should have a copy Is !  ed111on 116 pages 
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handling. 
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Do the Hop; up to 2400 Baud Packet! - - - 
Faster is Better: FREE Advanced , 

Speedy 2400 Kantronics' Feature List 
Baud FASTFZLETM The KPC-2400 is not only the fastest 

packet on four rubber feet, but has all 
Faster is better for files. FASTFILE" is a powerN terminal these "Designed and Built in the U.SA." 

program for PCs and compatibles that features: 
2400 baud is twice as fast forfiles as performs ncat, fast file transfers. 
formerly speedy 1200 baud, reducing *Watchdog timer 
chances for error during transmission. You'll receive FASTFILE free, but you *Personal Packet ~ ~ i l b ~ ~ m  
And speeding along long data strings, should also look at its big brother, 
which helps keep the airwaves open. PACFILEm, an exclusive Kantronics *WEFAX command 
And you can Still select 300 or 1200 file transfer program for only $29.95. *Software-selectable 
baud in seconds. 300/1200/2400 baud rate 

*KA-NODE" 
*TCP/IP compatibility 

New! *32K RAM 

VERY Special - 
Also "built in" is Kantronics' uncom- 

Suggested Pri parable commitment to service. SO 

there's no better time than now to get 
into Packet. Jump in or up with the 

Normal suggested retail for our Kantronics KPC-2Wm! 

KPC-2400" unit was $33.00. The 
new breakthrough suggested retail i 
just $199.00! A 40% savings! W Kantronics 

RF Data Communications Specialists 

1202 E. 23 St., Lawrence, KS. 66044 (913) 842-7745 
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USING KlSS 
By Michael Pechura, WASBXN, CIS Department, Cleveland State University, E. 24th at Euclid 
Avenue, Cleveland, Ohio 441 15 

Format your packets 
for readable display 

n the October issue, I talked about the basics of dis- 
playing the information found in individual packet 
radio packets using KlSS mode. You'll recall that 

KlSS sends raw packet frames from the TNC to a com- 
puter as a set of bytes, without interpreting the header 
or other content of the packets. 

This month I'll look at packet format and how to dis- 
play thevarious fields in a readable form. I'llalsodiscuss 
BASIC programs that can be run on either a C-64 or an 
IBM PC computer. 

Each packet consists of two major portions: the 
header and thedata (which may beabsent). When oper- 
ating in KlSS mode, the TNC sends a packet to the com- 
puter by starting with a byte that is CO in hex, followed 
by a byte that is usually zero. This is followed by all the 
bytes of a packet and finally ends with another byte of 
hex CO. 

The TNC mmakes the following replacements to 
avoid problems with packets that themselves contain 
bytes of hex CO. A byte of hex CO found in a packet to 
be sent to the computer is replaced by 2 bytes, DB DC. 
A byte of hex DB found in a packet is replaced by DB 
DD. This solves the transparency problem. When the 
computer receives either of these byte pairs from the 
TNC, it must replace them with the corresponding sin- 
gle byte to  get the actual packet content. 

For example, if a packet actually contained the data 
bytes DA DB DC DD the computer would receive the 
following from the TNC: DA DB OD DC DD. 

As I've already mentioned, a packet contains two 
major parts: the header and the data portion. For some 
~ackets. the data  ort ti on isn't used. Within the header 
there are also two parts: the address and the command 
byte. The address contains the calls of the sending and 
receiving stations as well as the calls of any digipeaters 
used. The command byte tells what kind of packet it is 
along with sequence number information for some 
types. The relation of these fields is shown below: 

Packet 
Header I Data 

Address bytes I Command Byte 1 PID I Data Bytes 
The address bytes consist of two or more fields, each 

7 bytes long. The firsttwo fields give the destination and 
origination callsign, respectively. Call these the "tocall" 
and "fromcall." Any additional fields give digipeater call- 
signs (the "VIA" list). Thus for the address bytes we 
have: 

Address bytes 
tocall I fromcall [ digicall 1 digicall 

Within each of these callsign fields, the first 6 bytes 
give the callsign. The last byte gives, among other 
things, the - # # (WA8BXN-01) often found after calls. 
This byte is called the Secondary Station ID (SSID). 
These callsign fields can't be printed as ASCII charac- 
ters asthey are found in a packet, because some encod- 
ing is done. 

The first 6 bytes of each callsign field containing the 
callsign are each shifted left 1 bit position, making the 
right bit of each byte equal to zero. If the callsign has less 
than 6 characters, blanks (also shifted left one bit posi- 
tion) are added on the right to  make a total of 6 bytes. 
The SSID byte also has the SSID number shifted left 1 
bit. All these bytes are shifted left one bit position to 
make room for the bit that indicates the end of the 
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address bytes. All but the rightmost address byte will 
havea zero bit in its rightmost bit position. The rightmost 
address byte hasa one bit in its rightmost bit position sig- 
naling the end of the address bytes. 

Callsign field in address 
6-byte callsign shifted left one bit 1 SSlD byte 

The use of the bits in the SSlD bytedepend on which 
callsign it's associated with -- the tolfrom calls or 
digipeater calls. In both cases the SSID number bits are 
found in the same place: 

Bit Positions 
7 1 6 1 5 1 4 1 3 1 2 1 1  1 0 -  

I SSlD number 1 0  

Because the SSlD number is a 4-bit number, it can 
have values of 0 through 15. Callsigns with an SSlD 
number of zero generally don't show the -0. The 
rightmost bit of the SSlD byte is zero for all SSlD bytes 
(and callsign bytes) except for the last one. Thus the 
end of the address field of a packet is indicated by a 
one bit in the rightmost bit of an SSlD byte. Bits 5 
to 7 of an SSlD byte have different meanings. For 
example, bit 7 in the SSlD byte is used with digipeater 
calls. When set to 1 it means that a digipeater has 
repeated the packet. 

The "tocall" of WA8BXN-3 is an example of a call- 
sign field. The hex for the ASCII representation of 
WA8BXN is 57 41 38 42 58 4E. Each of these bytes 
must be shifted left one bit position. Because the 
ASCII coding of characters uses only 7 bits, no infor- 
mation is lost by this left shift. The W (0101011 1 in 
binary) becomes hex AE (10101 110 in binary). The 
SSlD number (3) in binary is 001 1. Thus we have: 

Original cakign 
Encoded callsign 

If this had been the last callsign in the address, the 
SSID byte would have been 07. If this was the 
digipeater call of a digipeater that repeated this packet, 
the SSlD byte would be 86 (or 87 if it was the last 
digipeater). 

There are three basic kinds of command bytes for 
the three kinds of packets. The rightmost 1 or 2 bits 
of the command byte indicate the type of packet: 

lnformation frame 
Supervisory frame 
Unnumbered frame 

The use of the remaining bits in the command byte 
depends on the packet type. In the case of an Infor- 

mation frame (I), there are two sequence numbers and 
a Poll bit. The sequence numbers are N(S1, the 
sequence number of this frame, and N(R), the 
sequence number of the next I frame expected in 
reply. The sequence numbers take on values of 0 
through 7 and then repeat. Use of the Poll bit varies; 
its value will be displayed later. 

1 N(R) 1 Poll I N(S) 1 0 1 lnformation frame 

There are three kinds of Supervisory frames; all are 
used to acknowledge receipt of I frames. Each contains 
an N(R1 sequence number; i.e., the sequence number 
N(S) expected in the next I frame received. This 
acknowledges reception of all lower numbered I frames. 
A PollIFinal bit is also found in the command byte. It, 
too, will be displayed later. 

Receive Ready (RR) 
Receive Not Ready (RNR) 
Reject (REJ) 

The final command type (Unnumbered) has the 
most variations. The majority of them have to do with 
connecting and disconnecting. This group also con- 
tains beacon transmission information. In each com- 
mand byte of this group the rightmost 2 bits are both 
Is, indicating that it's a U frame. Five bits are used 
to specify the particular command. They are split into 
groups of 3 bits and 2 bits with a Poll and/or Final bit 
in between them. 

Unnumbered lnformation 
Disconnected Mode 
Set Async Balanced Mode 
Disconnect 
Unnumbered Acknowledge 
Frame Reject 

With 5 bits to specify the particular function to be 
done, there could be as many as 32 different functions. 
Only the 6 given above are typically used in packet 
radio. Unnumbered lnformation frames contain data 
bytes following the command. These frames are often 
used for beacons and are sent when a TNC is used 
in Converse mode, while not connected to another sta- 
tion. 

Some of these commands are often used in pairs. 
For example, to establish a connection the Set Asyn- 
chronous Balanced Mode (SABM) command is sent. 
The expected reply to  this is Unnumbered 
Acknowledge (UA). If the station to which the SABM 
is sent doesn't wish to enter into a connection, the 
reply will be Disconnected Mode (DM). This usually 
causes a "Busy" message to be displayed. 
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Disconnect (DISC) issent to terminatea connection. 
The reply t o  this is normally UA. 

The last of  the Unnumbered frame types is Frame 
Reject (FRMRI. This packet type is sent when an error 
is detected that can't be corrected by  simply resending 
an improperly received frame. Three data bytes that try 
t o  indicatewhat went wrong follow thecommand byte. 

The last packet field requiring some explanation, con- 
tains the data bytes. Data bytesarefound only in I frames 
and UI frames. The data field contains a Protocol Iden- 
tifier (PID) byte followed by zero or more actual data 
bytes. Normally the PID is FO in  hex. Other PID values 
may be used by some variations of the standard pro- 
tocol. A PID o f  hex CF is used between NETJROMS 
nodes, for example. 

This short explanation o f  the fields found in packets 
gives the basic information you need t o  understand what 
the program displays. A more complete description o f  
the AX.25 protocol is found in the book AX.25Amateur 
Packet-Radio Link-Layer Protocol, published by the 
ARRL. This book discusses how these fields are used 
and the way they inter-relate t o  each other, along with 
details on  their format. 

The program presented in this article gives you 
another way t o  understand how all these formats and 
commandsfit together. It lets you watch the packets in 
action, with all the fields displayed in a readable fashion. 
The only thing you can't see are the CRC bytes in  the 
packets. These are checked by the TNC and not made 
available t o  the computer. 

I've provided two  versions of the program - one for 
the IBM PC (and clones) in fig. 1 and one for the C-64 
in fig. 2. Both are very similar so the program discussion 
applies t o  either. They've been written for use with a 
Kantronics TNC that has been set up for operation at 600 
baud between the TNC and computer. 

I minimized the program comments in the interest of 
increased speed and reduced typing. The program can 
be divided into the following sections: 

Lines 
20 - 30 

40 

50 

60 
70 

80 
90 - 120 
140 
150 
160 - 170 

Purpose 
Initialize serial port and screen colors. In 
IBM PC version, substitute COMl or 
COM2 where appropriate. 
Put TNC in KISS Mode. Modify or delete 
as needed for non-Kantronics TNCs. 
Wait for beginning of frame (hex CO = 
192 decimal). 
Get & ignore 0 byte, print separator line. 
Clear string TXTS (will be used in later 
addition). 
Get 8 print tocall < ---from call. 
Get & print digipeater list. 
Get command byte. 
If other than I frame continue at 270. 
Display I frame command fields. 

Get & display PID byte in hex. 
Get & test next byte. If hex CO it's end of 
frame, so go back to 50 to wait for next 
packet. 
If data byte is printable, print as character. 
If not, then line 250 displays it in Hex in a 
different color. The C-64 version swaps 
capital and lower case letter codes to 
make them appear right on the screen. 
If it's a Supervisory frame, print fields of 
command then continue at line 190 to 
print any data found (there shouldn't be 
any). 
Display Unnumbered frame's command 
name and P/F bit. If frame is UI frame, go 
to line 180 to show PlD and data. Other- 
wise go to line 190 to read hex CO byte 
that ends frame. 
Subroutine to read 6 bytes of callsign 
(shifting each right 1 bit by dividing by 2) 
and print them. SSlD number is extracted 
from 7th byte read and printed if not zero. 
Wait for byte to arrive from TNC then 
read it. If it's one of the special pairs (DB 
DC or DB DD) return the single byte for 
which they appear. 
Print the number in A as two hex charac- 
ters. 

After typing the appropriate version of the program 
into the computer, be sure to  save it before you proceed. 
If you find and correct any syntax errors, save the pro- 
gram again before running. Before running the program 
make sure the TNC is set up  for 600 baud operation to  
the computer. 

The following is representative of what you should see 
as output f rom the program. The actual number of 
characters per line seen on the screen will be different 
f rom the lines lengths used here. Those data bytes that 
aren't printable as characters are represented instead as 
two  hex digits, displayed in a different color f rom other 
data bytes. 

------------.-------------------- 

WA8XXXe --K8XXX: UNNUMBERED FRAME 
UNNUMBERED ACKNOWLEDGE F =O 
-----------.--------------------- 

WA8XXX < --KBXXX: SUPERVISORY 
FRAME N(RCV) = 1 P I F  = 0 RECEIVE READY 
................................. 
BEACON < --AX6X: UNNUMBERED FRAME 
UNNUMBERED INFORMATION P/F = 0 PID = FO 
: AX6X HIGHLAND HTS - BBS AX6X-20D 
.---------.--------.--------....- 

W8XXX<--KX8XX:lNFOFRAME N(RCV)= 0 
P=  0 N(SENT) = 1 PID=CF: 9688~8 
E86@ AEpA298B2@a@02FB000003 
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10 REM DISPLAY PACKETS USING KISS --- IBM PC VERSION (600 BAUD) 
20 CLOSE 2:COLOR 7.0.0: CLS 
30 OPEN "COM2:600,N,8,1,CS,DSSCD" AS 2: H$="0123456789ABCDEF" 
40 PRINT#2, "KISS ON"+CHR$(13) +"RESETq' 
50 GOSUB 500:IF A<,192 THEN 50 
60 GOSUB 500: PRINT "--------------.---------------.-------.t? 

70 *rwl.z=l-e* . - - . . A - 
80 GOSUB 450: PRINT "<--":: GOSUB 450 

190 IF (A AND 1)=1 THEN 120 
100 PRINT " VIA ": 
110 GOSUB 450: IF (A AND 1)=0 THEN PRINT ",";: GOT0 110 1 120 PRINT ": "; 
I 130 REM 140 GOSUB 500: REM GET C O W D  BYTE 
150 IF A AND 1 THEN 270 ELSE REM ITS AN INFORMATION FRAME 
160 P=IA AND 161 /16: PRINT "INFO FRAME NIRCVI =":INTfA/321 :" P=":P: 
170 PRINT " N(SENT)=O0: (A AND 14)/2: 

. . 

180 GOSUB 500: PIDsA : PRINT " PID=";: GOSUB 560: PRINT ": ": 
1190 GOSUB 500: =F A=192 THEN PRINT: GOT0 50 
1200 IF PID=207 THEN TXTS=TXT$+A$ 
210 IF Ac32 OR A>126 THEN 250 

1220 IF A>=65 AND A<=90 THEN PRINT A$;: GOT0 190 
230 IF A>=97 AND A<=122 THEN PRINT AS:: GOT0 190 

1240 PRINT A$;: GOT0 190 
250 C O W R  1: GOSUB 560: C O W R  7: GOT0 190 
260 RRM 

1270 IF A AND 2 THEN 350 ELSE REM ITS A SUPERVISORY FRAME 

I 280 PRINT "SUPERVISORY FRAME N(RCV)=" :INT(A/32) ;'eP/F=";P: 
290 5.9 = (A AND 12)/4 
300 IF SS=O THEN PRINT " RECEIVE READY"; 
310 IF SS=2 THEN PRINT " RECEIVE NOT READY": 
320 If SS=3 THEN PRINT " REJECT'': 

340 REM 
350 PRINT "UNNUMBERED FRAME "i: B=(A AND 12)/4 + (A AND 224)/8 
360 IF B=7 THEN PRINT "CONNECT REQUEST P=": 
370 IF B=8 THEN PRINT '*DISCONNECT REQUEST P="; 
380 IF B=3 THEN PRINT "DISCONNECTED MODE F="; 
390 IF B=12 THEN PRINT "UNNUMBERED ACKNOWLEDGE F=": 

1 400 IF B=17 THEN PRINT "FRAME REJECT F=";P;":": I 

I 410 If B THEN PRINT Pi: GOT0 190 420 PRINT "UNNUMBERED INFORMATION P/F=";Pi: GOT0 180 
430 PRINT "UNKNOWN TYPE "; : GOSUB 560: PRINT " P/F=";P;"" , " . GOT0 190 
440 REM I 

1450 FOR 1=1 TO 6: REM MAKE A CALLSIGN PRINTABLE I 

I 460 GOSUB 500: A=INT(A/2):IF Ae>32 THEN PRINT CHR$(A); 
470 NEXT I 
480 GOSUB 500: B=(A AND 30)/2:IF B THEN PRINT -8: 
490 RETURN 

1 500 AS=INPUT$(~.~) :REM GET BYTE FROM TNC 
510 IF A$="*THEN AS=CHR$(O) 
520 A=ASC(A$):IF A<>219 THEN RETURN 
530 A$=INPUT$(1,2) 
540 IF ASC(A$)=220 THEN A$=CHR$(192): A=192: RETURN 
550 A$=CHR$(219) :A=219: RETURN 
560 PRINT MID$(H$,INT(A/16)+1,l)+MID$(H$,(A AND 15)+l,l) ;:RETURN 

IBM PC version. 

................................. 

KX8XX<--W8XXX: SUPERVISORY FRAME N(RCV) = 
2 P/F = 0 RECEIVE READY 
................................. 

ID<--WB8XXX: UNNUMBERED FRAME 
UNNUMBERED INFORMATION PIF = 0 PID = 

FO: Network node (CLEIOD 
................................. 
KABXXX-1 <--WBBXXX: SUPERVISORY 
FRAME N(RCV) = 1 PIF = 0 RECEIVE READY 
................................. 

BEACON < --KX3X VIA K3XXX: UNNUMBERED FRAME 
UNNUMBERED INFORMATION PIF = 0 PID = FO: 
Mail for: NWPAWX ALL DX KX3X NETROM N3XXX 
VE3XXXOD 
-------..------...----.---------- 

WA8XXX<--K8XXX: INFO FRAME N(RCV) = 1 P= 
0 N(SENT) = 1 PID = FO: okOD 
................................. 

WA8XXX < --K8XXX: UNNUMBERED FRAME 
DISCONNECT REQUEST P = 0 
................................. 
NX8X< K8XXX: UNNUMBERED FRAME CONNECT 
REQUEST P = 0 

WA8XXX < --K8XXX: lNFO FRAME N(RCV) = 3 
P = 0 N(SENT) = 0 PID = FO: ka = po of!OD 

10 REM DISPLAY PACKCPS USING KISS --- C-64 VERSION (600 BAUD) 
20 CLOSE 2:PRINT CHR$(147)+CHR$(5)+CHR$(l4):: POKE 53280, 

0:POKE 53281.0 
30 OPEN 2,2,3,CHR$(7) :H$="01234567B9ABCDEFF':GET#2,A$ 
40 PRINTU2, "KISS ONS'+CHR$ (13) +"RESETv 
50 GOSUB 500:IF A<,192 THEN 50 
60 GOSUB 500: PRINT n---------------------------------------* 

70 TXT$="" 
80 GOSUB 450: PRINT "<--";: GOSUB 450 
90 IF IA AND 1)=1 THEN 120 
100 PRINT "VIA' " ; 
110 GOSUB 450: IF (A AND 1)=0 THEN PRINT ",";: GOT0 110 
120 PRINT ": ": 
130 REM 
140 GOSUB 500: REM GET C O W D  BYTE 
150 IF A AND 1 THEN 270 ELSE REM ITS AN INFORHATION FRAME 
160 P=(A AND 16)/16:PRINT "INFO FRAME N(RCV)=";INT(A/32) ;" P=";P; 
170 PRINT " N(SENT)=":(A AND 14)/2; 
180 GOSUB 500: PID=A : PRINT " PID=";: GOSUB 560: PRINT ": ": 
190 GOSUB 500: IF A=192 THEN PRINT: GOTO 50 
200 IF PlD=207 THEN TXT$=TXT$+A$ 
210 IF As32 OR A>126 THEN 250 
220 IF A,=65 AND A<=90 THEN PRINT CHR$(A OR 32):: GOT0 190 
230 IF A>=97 AND *<=I22 THEN PRINT CHR$(A AND 223):: GOT0 190 
240 PRINT A$:: GOT0 190 
250 PRINT CHRS(158);: GOSUB 560:PRINT CHRS(5):: GOT0 190 
260 REM 

IF A AND 2 THEN 350 ELSE REM ITS A SUPERVISORY FRAME 
PRINT "SUPERVISORY FRAME N(RCV) =":INT(A/32) :"P/F=";P; 
SS = (A AND 12)/1 
IF SS=O THEN PRINT " RECEIVE READY": 
IF SS=2 THEN PRINT " RECEIVE NOT READY"; 
IF SS=3 THEN PRINT " REJECT"; 

PRINT "UNNUMBERED FRAME "i: B=(A AND 12)/4 + (A AND 224)/8 
IF B=7 THEN PRINT "CONNECT REQUEST P="; 
IF B=8 THEN PRINT "DISCONNECT REQUEST Pew; 
IF B=3 THEN PRINT "DISCONNECTED MODE F="; 
IF B=12 THEN PRINT "UNNUMBERED ACKNOWLEDGE F="; 
IF B=17 THEN PRINT "FRAME REJECT F="iP;":": 
IF B THEN PRINT Pi: GOT0 190 
PRINT "UNNUMBERED INFORMATION P/F=";P;: GOT0 180 
PRlNT "IINKNOWN TYPE ":: GOSUB 560: PRINT " P/F=":P:"";: GOT0 
nn" 

FOR I=1 TO 6: REM MAKE A CALLSIGN PRINTABLE 
GOSUB 500: A=INT(A/2):IF AcS32 THEN PRINT CHR$(A), 
NFYT T . - 
GOSUB 500: B=(A AND 30)/2:IF B THEN PRINT -8: 
on,"..".. 
-L L "K," 

IF PEEK(667)=PEEK(668) THEN 500 :REM GET BYTE FROM TNC 
GETB2,AS:IF A$=""THEN A$=CHR$IO) 
A=ASC(A$):IF A<,219 THEN RETURN 
IF PEEK(667)=PEEK(668) THEN 530 
GET# ~,A$:IF ASC(A$)=220 THEN A$=CHR$(192): A=192: RETURN 
AS-cHRSf2191:A=219: RETURN 
PRINT MiDS(k$, INT(A/~~)+~,~)+MID$(H$, (A AND 15)+1,1) ; :RETURN 

I 1 

C-64 version. 

................................. 

WA8XXX < --K8XXX: SUPERVISORY FRAME 
N(RCV) = 4 PIF = 0 RECEIVE READY 
---------------.----------------- 

WA8XXX < --K8XXX: UNNUMBERED FRAME 
DISCONNECT REQUEST P = 0 

Most of this information can be displayed using the 
monitor commandsfound in most current TNCs, with- 
out your having to do any programming. The point of 
this program isn't so much to provide a way to display 
such information, but rather to show how it can be done 
- and relate what's in a packet to what's displayed. 

Many program modifications are possible. I strongly 
suggest that you run it without modification first. One 
of your initial additions to the program might be to put 
an asterisk after the call of the station that actually sent 
the packet (the one that was heard when digipeater calls 
are present in the header). Here's a chance to experi- 
ment, to build something new, without any additional 
expense other than time. 

An unreduced copy of the program is available for an 
SASE. Ed. 

Article F HAM RADIO 

54 December 1988 



HOW DO YOU 
20 MEMORIES 

INTO A H 
IG2GAT: 7 Watts RX 1 3 8 - 1 7 4 ~ ~ ~  TX 140-I~MHZ 

IC-4GAT: 6 Watts MO-EQMHZ 

IC-32Ar: 5 Watts Rx 135174MHz1W50MH~ 
TX 140-150MHz1440-450MHz 

A k w  Generatian of Powerhrl, Versatile Handhekls. 
Select a nat  "G Series" or dual Imnd ICOhl tratrscc~i~rr and 

enjoy full hasestation luxuty in a@vtable unit c/~,si&~d ~ ~ c i a l l y  
for you! 

Maximum Frequency Cov . The IC-2GAT T receives 138-174MHz, ~ncludlng OAA, and transmits 
140-150MHz to include CAP and MARS frequencies. 
The IC-4GAT o erates 440-450MHz, and the IC-32AT 
receives 138-174 il Hz and operates 140-150MHz/ 
440-4!3MH7,. 

Most Powerful Handheld! The IC-2GAT delivers 
seven watts! The IC-4GAT is six watts and the 
IC-32AT is five watts! One watt level selectable for 
local QSO's. 

20 MMIO&S. Store any frequency, Tx offset and 
subaudible tone in any memory. Total flexibility! IC-32AT IC-2GAT IC-4GAT 

2 Meters and 2 Meters 440MHz 
Rogmmmabk krmning of band and memories plus 440MHz 
easy lockout and instant memory recall. 

AMional Features. Battery saver, call channel, all 
subaudible tones, multi-function LCD readout and 
DTMF pad. 

0 
Computii Accessories. All ICOM IC-2AT/O2AT 
series battery acks, headsets and speaker mics are 

ICOM 
First in Communications 

interchangeabfk. ICOM AM-. Inc., zm-116th Ave. N.E.. Bekvue. WA 98004 
Customer Servia, Hotline (206) 454-7619 

Optional UT-40 Beeper silently monitors a busy 31% ~ r w n ~ e t  Dr~ve. Su~le 126. Irving. TX 75063 

channel for your calls. When the pre- rogrammed gee 
1777 Phoentx Parkway. Sune 201. Atlanta. GA 30349 
ICOM CANADA. A D~v~s~on of lCOM A m m a  Inc.. 3071 - 45 Road. Unit 9. 

subaudible tone is received, the unit ps and the Rtchmond. B C. V ~ X  Z T ~  Canada 

LCD flashes. N a n l e d - h ~ l a m a l e v l O r n t o r 0 a n y , ~ m n , a ~ I I C a M r a * a ~  
mcnrl FCC ~ q u i a w m  lbrnn,nu wun an- W 
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BK136 TECHlGEN MANUAL 5.00 

ICOM U2AT 2M HANDY 

ICOM HSlOSAlSB KANTRONICS KAM 
ICOM LC11,12, OR 14 KENWOOD TH205AT 

KENWOOD TH25AT 
MFJ 969 3KW TUNER 
SONY SWlS RECEIVER 284.50 
UNIDEN 2OOXLT SCANNER 299.95 
UNIDEN 760XLT SCANNER 299.95 

MFJ 284 SPEAKER MIC YAESU FT23R 2M HANDY 259.95 
YAESU FT23RflT 2M HH 289.95 
YAESU FT33R 220MHz HH 299.95 

VANGORDEN H I 4  YAESU Fr73R 440MHZ HH 269.95 
VANGODEN D l0  IOM 

BENCHER BY2 CHROME 

ALLIANCE Ul lO 
ANT SPEC AP1513G 
ANT SPEC AP4503G 

FT726R 2m Transceiver 
MHlB8 Hand Mic 

430 MHz UHF Module 
SU726 Dupl;ex Unit 
UPS Brown Shipping 

KENWOOD SMC3l 
KETSUS ENCOMA 
KETSU6 ENCODER MFJ 1278 TNC 
LARSEN KG144 1284 Starter Package 

UPS Brown Shipping 

MFJ 260 300W DRY 

Information: (703) 643-1063 New England (NH Included) hrAseodatsatore: 
Service Dept: (703) 494-8750 Toll Free: 800-444-0047 Lam& Distributors 
Fax: (703) 494-3679 Info & Service: (603) 898-3750 pz&J$y Road 

Lammbe. Louisiana 70445 
Store Hours: M - F 10-6; Sat: 10-4 0-5 Phone: (504) 882-5355 

Order Hours: M - F 9-6, Sat: 10-2 



Choice Selection. 
Now you can have it all! 7ake all the qualities you've come to depend on in ~:I~I'C-IY~SI:NC~I)EK-I)I;C~DEH Badonthet imepmm 
our pmgramrnahle CTCSS tone equipment: Astonishing Accunq Instant 7332, the indu\by standard for owr a decade. The TS-:j2Pgiw you 
hgmnming, Unequaled Reliability: and add full spectrum tone vemtility the added vemtility of a custom. chmWhle memory haw. A low price 
mult&ne c d i i t y  without diodes, a r e p m m a h l e  memo ry... I& our new of $57.95 makes it an ewn w ~ t c r  dcd. 

harvest of CrCSS tone equipment. SS-:I?i' I:WOI)I;R Based on thc equally popular 
The choice is youn! If standard (;TCSS EIA tones do not .SS-32 encoder. Available for CTCSS, or audihle hunt 

.suit your taste, select any 32 tones of your liking h m  15.0Hz to tones up to &"%)#Hz. t'rice is 528.95. 

255.0Hz. And if p u  change your mind. no problem: the mem SS-:I'LSIlP SI'II.IlINI:ATI'HI: I.:NcOI)F:R Our 

ory can be changed in your shop with our HHP-1 pmgmnmer. smallect enctder for handheld applications. Now p u  

or at our factory for free. Your workjng tone is accersed by a can satiFfy that customer that ntrds to access multi- 
ple w a t e r  sites with a radio that has precious little simple DIP switch, so the& no fussing with counten or other space inside. At $27.95. the price is small tw. 

test equipment 
HHP-I H:ZNL)HEI.D IJRO(;RA?l>ll~:R Fhr 

Call today toll-free and find out more ahout this fresh new flexi- pm(3amming the 32 memory lcrations in any of 
biity in tone signalling, and don't fomt to ask about multi-tone our new pmgrmmahle pducts ,  includingour 
switching without cumbemme diode networks or binary .witches. SI>lm) M R n e  Sequential dectder. The 

ttk all hmught to market by the people who inbnduce the fresh HHpI is hattery operated for field use, and 

est ideas in tone signalling, and of coum our customary same day will pmgram ANY 32 tones from 15.0 to 

shipping and one year wdnanty apply 6550.0Hz in .]Hz. increments. Price is 
$199.95. =: 

CllMMUNlCATlONS SPECIALISTS, INC. 
426 West 'hft Avenue Orange, CA 9266542% 

Local (T14) 99K3021 FAX (714) 974-3420 Entire U.S.A. 1-800-854-0547 



C ONSU LTlNG 
Repeater ControllerIHF & VHF Remotes/Autopatch/CW Practice 

1 ~otor ~<ntrol /~oice-~eten/~aaina/~ser Lwainn/Unlimited Vocabulary/Packet BBS 
Set up your own personal or 

club repeater with any Dual 
band radio from your home or 
club site. Delete any user's ac- 
cess code without affecting 
others. The CS64S now has 
the post advanced control 

Clear Synthesized voice 

mable answer message 

*External Relay Controls 3 DPDTre 
lays; 5 Open col. out.. .CS-8 $79.95 
*Convert rotor D.C. meter voltage to 

20 Macro mem/mode sel. V.H.F. REMOTE 12 

*Monitor mode & Unk repeaters 

*Includes hardware & disk for C64 

C64 VIC20; 128; IBM. A must for repeaters."~ecode-~-~ad" *TSDQ "~ecoder  AQUAD Option 
works on all computers Model DAP $89.95 *+8 to +20 V. supply: low power drain 

*Field prog. jumpers: 50.000 d e s  
IC02;M; 2AT; U16; IW 7271; 209;23;73 *Momentary & Latching: DPDT relay 

I Mtdulc: i ~ ~ s t a l l s  ~nsidetheradioin 15 Min. Boost audio *Wrong dig. reset;LED's digits+latch 

for all H.T's when it needs to be LOUD! 
Model ABlS-$22.95 
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REVIEW 
Cushcraft R4 vertical 
antenna 

The Cushcraft R4 vertical antenna is a newly 
designed version of the popular R3 model. Like 
the R3, the R4 is a half-wave no-radial design 
which covers 20, 15, and 10 meters. Unlike the 
R3, the R4 adds 12 meters to its frequency cover- 
age, and eliminates motorized tuning in favor of 
a network which provides fully automatic fre- 
quency selection. Physically, the R4 is 18-feet 
long and approximately the same weight as its 
predecessor. (All hardware is stainless steel.) The 
R4 also looks different, sporting newer style 
traps, a capacitive hat, and 4-foot decoupling 
radials at the base. Maximum power rating is 
1800 watts PEP. 

Assembly 
I found the R4 easy to assemble. Cushcraft's 

step-by-step instruction sheet was visual, show- 
ing the path of least resistance to final set-up 
without wasting a lot of words. For tools, I used 
a straight-blade screwdriver, a small wrench, and 
a steel measuring tape. The only assembly oper- 
ation requiring patience was the decoupling 
radial bracket, a &piece affair held together by 
12 screws. The rest of the job was easy. The 
most critical part of the antenna, a section lined 
with traps and stubs, comes fully pre-assembled 
from the factory. Only three simple measure- 
ments were needed during final assembly to 
"tune" the antenna. 

Installation 
The R4 is especially suited to places where 

installing a beam or horizontal dipole would be 
difficult or visuallv unacceotable. The antenna 
is very light in weight (8 Ibs.), with only 1.4 
square feet of wind-loading surface. Thus, I was 
able to mount mine on top of a 10-foot TV-mast 
pipe and clamp it to the chimney with Radio 
Shack@ ratchet mounts. No guys were needed. 
When mounting on a small-diameter mast, check 
to make sure the end of the pipe doesn't extend 
past the mounting sleeve and up into the R4's 
fiber glass base insulator, since this will detune 
the antenna. Also, when connecting feedline, 
use the silicon sealer provided in the hardware 
pack. Without this, the aluminum UHF connec- 
tor will eventually corrode, making it impossi- 
ble to disconnect the coax! Finally, try to mount 

the antenna up in the clear. The manual warns 
that close proximity to trees, buildings, feedlines, 
etc., will upset tuning and degrade performance. 

Because the R4 is so easy to assemble and 
erect, I think it would make a great antenna for 
portable installations. It quickly breaks into two 
or three sections for transport, and the 
decoupling radials (four indestructible mobile- 
type whips) remove in seconds. Add a telescop- 
ing 18-foot mast, and you could be motor-home 
portable from almost any location! 

Performance 
The R4 is much simpler to use than the R3, 

since there are no remote-tuning adjustments to 
deal with. Band switching is fully automatic. You 
simply plug in the antenna, and operate. 

I conducted my first on-air tests on 20 meters 
- the band most likely to show any compromise 
in performance. To keep things interesting, I 
used relatively low power la Ten-tec Argosy, 50- 
watt PEP). I also placed a 20-meter dipole at 55 
feet on-line for signal-strength comparisons. My 
prediction was that the 32-foot dipole would sig- 
nificantly outperform the 18-foot R4 - which 
had the additional handicap of being parked 
down between the trees on a single-story roof. 
However, I was in for a pleasant surprise! After 
several QSOs, I found both antennas generally 
performed within one S-unit of each other. While 
this in no way constitutes reliable "antenna 
range" testing, it did convince me that any com- 
promise in the R4's performance due to its 
shorter length is minor, and possibly offset by 
a more favorable TOA. 

Performance on the other bands was equally 
impressive. For example, I called CQ on a 
seemingly-dead 15-meter band, and was 
answered by F5GT. who gave me a 579 report. 
At noon, 10-meters yielded several good reports 
from South America. 

Next, I ran SWR curves to see how closely 
this particular antenna, assembled on a picnic 
table and installed at my less-than-perfect loca- 
tion, matched those provided by Cushcraft. On 
all bands, I obtained readings of 1.2:l or better 
at the point of resonance, with readings below 
2:1 at the band edges. However, not all mini- 
mum SWR points landed where Cushcraft 
predicted they would - or in my favorite band 
segments. Although it will probably have little 
impact on actual performance, one day I plan 
to indulge my compulsion to tweak things just 
a bit closer. 

Conclusion 

Overall, I found the Cushcraft R4 easy to 
assemble and install. It's also easy to look at. 
For those reasons alone, I think it would make 
a great antenna for apartment, condo, motor- 
home, or portable use. But, beyond that, I was 
especially impressed with how well it worked. 
I think the R4 is a winner and I can recommend it. 

KIBQT 

DRSl PC*Packet Adapter 
and software 

In twenty years, we'll look back at the '80s as 
the decade of the computer. Oh sure, they were 
available earlier, but they were more a curiosity 
and had limited capacity. Today there's a wealth 
of different machines available and you can pick 
and choose. 

One of the most popular computer designs is 
the IBM PC and its various clones. Prices range 
from less than $800 for a basic 8088 machine to 
- well the sky's the limit. 

Another revolution has occurred in the Ama- 
teur field of digital communications. CW and 
RTTY have been around for years. But Packet 
Radio (computer to computer communications) 
has exploded and shows no sign of abating. It 
was only logical that, sooner or later, someone 
would mix the two technologies together and 
come up with a product that includes all the 
benefits and none of the limitations. One of the 
biggest complaints many packet users express 
is that when operating in packet mode, their 
machine could do nothing else. However, the 
PC Packet Adapter and controller software can 
be turned on and then run in a background 
mode, freeing you to do whatever else you want 
- without disconnecting from packet. This 
"running in the background mode" is what dis- 
tinguishes the PCPA from other packet units. 

DRSl's PC Packet Adapter is a plug-in, state- 
of-the-art, dual-port communications adapter 
card for the PCIclone computer. The PCPA has 
a 1200-baud modem for standard VHF/UHF 
packet operation. I t  connects directly to your 
radio through a DB-9 connector. The second 
port can be configured for either RS-232 or TTL 
level outputs. You can use the second port for 
either a HF modem or connection to a high- 
speed RF modem, among other possibilities. 

The PCPA uses a 8530 serial communications 
controller running at just a hair under 5 MHz. 
It has flexible addressing and interrupt provi- 
sions. The "guts" of the PCPA include a com- 
plete 1200-baud modem on a single chip, con- 
trolled by the serial communications controller. 

Installation is quick and simple. Disconnect all 
cables, open the computer, install the board, 
make up a cable to connect the radio to the TNC, 
put the computer back together and you're 
done. Total time-15 minutes. The toughest part 
of the job is wiring the cables; DB-9s are awfully 
small for my big hands. (Pre-made cables are 
also available from DRSI.) 

The key to the PCPA is the controller's soft- 
ware. The review unit arrived with version 1.0 
software. DRSI has since released version 1.2. 
The program can handle up to 4 connections 
simultaneously using either version 1 or 2 AX.25 
protocol. You'll be interested to know that the 
software can run both ports at the same time 

(continued on page 701 
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DATA SIGNALS 
By James A. Sanford, WB4GCS, 20 Glen Forest Drive, Hampton, Virginia 23669 

Algoriim improves 
teletypeTM performance 
in noisy environment 

ncreasing numbers o f  Amateursare involved in 
data communications. On VHF, many hams use fm 
transmitters to broadcast via Audio Frequency Shift 

Keying (AFSK). Direct FSK is the normal modeof trans- 
mission on hf. 

In the absence of fm, hf data transmission is particu- 
larly sensitive to noise - especially at the higher data 
rates. Packet radio, even with its automaticerror correc- 
tion, is affected by high noise sensitivity. This results in 
frequent retransmission of packets, slowing the data 
transmission rate. Packet ensures the information will 
be correctly received eventually. I thought it was possi- 
ble to do better and looked into ways to minimize this 
sensitivity. 

hardware fixes 
An obvious way to improve noise rejection isto modify 

the hardware used to convert audio signals into pulses 
for the computer or TTY. Line A of fig. 1 shows the 
pulses transmitted to send the letter "R" in Baudot. Fig- 
ure 2 is a block diagram of a typical demodulator, simi- 
lar to the ST-5 or the demodulator used in the PK-232. 
It consists of a limiter followed by a bandpass filter that 
removes all signals above and below the mark and space 
tones. A linear discriminator converts the frequency shift 
information to varying dc levels. The "slicer", a high- 
gain comparator, converts the discriminator output 
levels to discrete pulses which can be used to key a TTY 
or computer. The circuit is vulnerable to interference 
from spurious signals between the mark and spacefre- 
quencies. 

Figure 3 shows an improved demodulator. It uses 
separate filters to select thedistinct mark and space fre- 
quencies, reducing the vulnerability to spurious signals 

and improving thesignal to noise ratio. Other hardware 
improvements are possible but difficult, so I turned to 
improving the computer. 

software solutions 
The flow chart in fig. 4 shows how computer pro- 

grams convert serial data to parallel information for stor- 
age and display. The input line is sampled at a rate that 
is a multiple of the bit rate. For this example, I've cho- 
sen a factor of 7. The computer samples the input for a 
start pulse. If one is present, the computer waitsfor one- 
half of the bit time and samples again. If the start bit is 
still there, the computer accepts thisasa valid start pulse 
rather than noise. Delaying half a bit time puts thesam- 
ple window near the center of each bit. The computer 
now delays a whole bit time and samples the input line 
forthe first bit. After another full bit timedelay, thecom- 
puter gets the next bit. This continues until the last bit 
has been received and the entire character has been 
assembled. The character is now placed in a buffer to be 
stored, processed, or displayed. In fig. 1, line B shows 
the sample window. It is shown as a spike because it is 
so much shorter than the bit time (typically a few 
microseconds). Line C showsthe data as the computer 
receives it - displaced by one-half bit time. The original 
pulse relationships and timing are maintained despite the 
delay. This sampling method resembles that used by 
hardware serial to parallel converters (ACIAs) like the 
6551 and 6850. 

In a noise-free system, the pulses emerging from the 
demodulator are identical to the original. In a noisy 
environment, the demodulator's discriminator contains 
noise which can corrupt the slicer's output (even though 
it's low-pass filtered). Line G of fig. 1 shows the slicer 
output, and line H showswhat the computer sees - an 
incorrect character which occurs because the computer 
looks at such a small window of the total bit time. A sin- 
gle noise pulse can corrupt the data, even though most 
of the bit is intact. Most Amateur systems waste time 
between samples; it is possible to use this time to make 
the computer smarter. 
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IN I I H COMPUTER 

H 

Typical RrrY d e m o d u l a t o r .  

l m ~ r o v e d  RTTY d e m o d u l a t o r .  
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If you arc monitoring only voice shortwavc stations, you arc missing half thc 
action! Thousands of shortwavc stations Wansmit in non-voicc rnodcs such as 
Morse code, various forms of radiotclctypc (RTTY) and facsimile (FAX). Thc 
Universal M-7000 will pcrmit you tocasily intcrccpt and dcc0dc thcsc Wansmis- 
sions. Simplc connections to your shortwavc rcccivcr and vidco monitor will 
enablc you to monitor with Lhc most sophisticated survcillancc dccodcr 
available. No computcr is requircd. k t h c  world of shortwavc cxcitcmcnt you 
havc bccn missing. Rcquircs 115 or 230 VAC. Six month lirnitcd warranty. 

Partial List of Modes & Features 
+ Morse Code (CW) + Speed Readout 
+ Regular Raudot R l T Y  + 4 TTY Alphabets 
+ Variable Speed Raudot + Ten Manories 
+ Rit lnvcncd Baudot + Automatic Tuning 
+ ASCII Low Speed + Video Squelch 
+ ASCII lligh Speed + Audio Squelch 
+ ASCII Variable Speed + Split S c r c n  ARQ 
+ Sitor Modc A (ARQ) + Self Diagnostics 
+ Sitor Mode B W C )  + Screen Print 
+ Autor + Screen Saver 
+ ARQ 2&4 chan. (TDM) + Input Gain Control 
+ VFI' Modes (FDM) + MSI. UOS, ATC 
+ Russian 3rd Shift Cyrillic+ Uscr Program- 
+ Facsimile (FAX) AM mable Scl Cals 
+ Facsimile (FAX) FM + Serial& Parallel 
+ PacketAX.25 I'rintcr Ports ' Li'eral Mode + Remote Terminal 
+ Datahit Mode Operation 
+ ~ i ~ ~ ~ ~ i ~ ~  ~~~~~~i~~ + Direa [intry of 
+ Dual Metering Raud & Shift 
+ [-ow ."one& lligh Tone +Auto-Stan 
+ Variable & Standard Shift 
+Option: Real l.ime Clock 
+option: Vidm Display ofFacsimilc FAX)  
+ Option: Rack Mounting Brackets (For 1 9 )  

Universal M-7000 Introductory Pricing: 
. Standard M-'10~0 .............................. s 999.(n Universal Radio 
. With Real Time Clock m i o n  ........ 51059.00 1280 Aida Dr. Dept. H 
.With W I'AX m i o n  .................. S1089.00 Reynoldsburg, OH 43068 
.With Clock & Video FAX m i o n  .. S1129.00 

Shippingfllandling (USA) ................ 9 1I.W 
Toll Free: 800 431-3939 

'I,wawm,,s ~ B K a d i o ~ r ~ i a c u s i n c e  1942 InOhio: 614 866-4267 I, 
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THE ULTIMATE vou CAN OPERATE SIX BANDS 

150 W. ALL BAND WITH ONE CONTROLLERI 
2 MTR 25145W 440 MHz 1U MTH 6 MTR. 

HF TRANSCEIVER 220 MHZ a 1 2 GHZ 10 MEMORIES 

A Models 25W 

IC-275A/275H, 138-174 MHz 

25 MHz-1300 MHz 
SCANNING RECEIVER 

CALL FOR LOW, LOWPRICE GREAT PRICE! 
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& m p ~ ~ p @ $ > ~  , 
SYMBOL OF ENGINEERING INTEGRITY. . .QUALITY 
WORKMANSHIP. . .RELIABLE LONG-LIFE PERFORMANCE 

The A LdOA wlll provide a signal oeut  that Is Wm,In I 2 '5" unll 

market-and at much lower cost. 
hd of the slgnal output of the most expensive amp1 er on the 

The Amerttron AL-BOA combtnes tne econom~cal 3-5002 wlth a 
heovy duty tank clrcu~t to och~eve nearly 7 0 %  efflclency from 160 
to 15 meters It has w~de frequency coverage for MARS and other 
authorized servlces Typical drlve IS 85 wotts to gtve over 1000 watts 
PEP SSB ond 850 watts CW RF output A new PI-L output clrcu~t for 
80 and 160 gives full bond coveroge ond except~onally smooth 
tunlng 

Slze 15%"D x 14"W x 8"H Wgt 52 Ibs 

A L - I 2 0 0  LINEAR AMPLIFIER 
3CX1200 TUBE 

Full legal output wtth 100 watts drlve 

AL-1500  LINEAR AMPLIFIER 
0077 TUBE 

Full legal output wlth 65 watts drive 

The cooltng system In both ompl~f~ers keeps the 
tube safely below the monufocturers ratlngs even 
when operat~ng ot 1500 watts output wlth o steady 
corrler The flloment supply has Inrush current llmltlng 
to Insure maxlmum tube lhfe 

Slze 18%"D x 17"W x 1O"H Wgt 77 Ibs 

The Arnerltron AL.84 IS on economtcol ompllfler uslng four Flve outputs are selected from a heovy duty ontenno swttch 
6MJ6 tubes to aevelop 400  wotts output on CW and 600  allowlng the ropld cholce of three coox~ol lhnes one slngle 
watts PEP on SqB from 160 through 15 meters Drlve requlred termlnal feed or a bolonced output An Internal bolun pro- 
ts 7 0  w typ~col 100 w mox The passlve lnput network vldes 11 or 4 1 ratlos (user selectable) on the balonced output 
presents o low SWR Input to the exclter Power Input IS 900 termlnols 
watts The AL-84 IS an excellent bock-up portoble or 
begtnner s ompllfler A peak reod~ng wattmeter and SWR brldge 1s standord ~n the 

ATR-15 It occurotely reods envelope powers up to 2KW 

Slze lll/~"W x 6"H x 12%"D Wgt 24 Ibs 

RCS -4 
FOR CONVENIENT 

No control coble requ~red 
Selects one of four ontennas 
VSWR: under 11 to 1 from 18 to 
3 0  MHz 
Impedance: 5 0  ohms 
Power capability: 1500 watts 
overage. 2 5 0 0  wotts PEP 
maxlmum 

"D Wgt 14 Ibs 

Remote COAX Switches RCS-8V 
FOR SPECIAL 

APPLICATIONS 

Selects up to five ontennas. 
loss at 150 MHz: less than .1 dB. 
VSWR: under 1.2 to 1 DC to 250 
MHz 
Impedance: 5 0  ohms. 
Power capability: 5 kW below 
3 0  MHz. 1 kW ot 150 MHz. 

Available at your dealer. Send tor a catalog of the complete AMERITRON line. 
ylFF,- m$yv A/ z - - 

9805 Walford Avenue Cleveland, Ohlo 44102 fl 142 

For more Information: (601) 323-9715 Technical lnqulrles: (216) 651-1740 



Figure 5 shows a flow chart for an improved 
algorithm. Initially, the computer takes seven samples 
per bit time, looking for a start pulse. When it detects a 
possible start bit, the computer waits two sample 
periods and takes another sample. (The delay prevents 

START 

? 

DEL  A 7  

SAMPLE  T l M E  

C- ETECTE 

DELAY 

SAMPLE  T l M E  

ADD INPUT TO 

B IT  STORAGE 

T E M P O R A R l  
B IT  STORAGE START  

D E L A Y  2 

SAMPLE TIMES 

DELAY 1 /2  

B IT  T l M E  C ADD INPUT 

TEMPORARY 

BIT STORAGE L-J TEMPORARY 

S H l F  T  1  IN  TO 
TEMPORARY 

DELAY 2  

S A M P L E  TIMES 

ADD INPUT  TO 
TEMPORARY 

DELAY 

B IT  T lME  

INTO B U F F E R  
G E T  B I T  Q C O N F I R M E D  

DELAY 3 

SAMPLE  T IMES 

S H I F T  I N T O  

STORAGE B Y T E  

I N P U T  TO 

B IT  STORAGE 

DELAY P 

S A M P L E  T IMES 

PI INPUT TO 

PUT B Y T E  

INTO BUFFER B IT  STORAGE '-+ 
DELAY 2  

SAMPLE  T IMES 

Improved algorithm. 
Serial to parallel decoding algorithm. 
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Every month Monitoring Times brings 
everything 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 howto 
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 
ship-to-shoresignals 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, $26. For 
asampleissue, send$2(foreign, send 
5 IRCs). For MCNISA orders ($15 
minimum), call 1-704-837-9200. 

MONITOR~NG TIMES 
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r THAT A BAUDOT CHRRACTEA Y I U  BE * 
.AS SENT RND LEFT JUSTIFIED. THE I(RN t 
~PROGRRII'MJST SHIFT THE CHARACTER INTO r 
*TM LSB'S MYD TRRNSLATE TO RSCll FOR + 
1STORffiE. ]USE R TRANSLRTION TRBLE. I * 
rCWYRlGHT 1387 8) J M S  R. SWORD 4 

&I520 
00221 WRITTEN IN  6809 ASSEWY LIMWRGE * 
00222 *INCOI(Iffi DRTA ECEIMD AT IFF?.?, BIT O* 
MI;'% 

SZIN EOU 
00310 SZOllT EOU 
On30  BITS RUB ooze u ic ie  RMB 
00381 RBTSTR RUB 
00% BbRHITS RMB 
00390 TXUS RWB 
004M RYUS R E  
M145(1 XTW RHB 
mJ4blj RTR HWJ 
MI470 
MI480 DlXTI 
004'30 ONYTO 
005no INYTI 
W510 INXTO 
&1550 
00551 
02600 
Oi't10 FlRO 
0 2 1 5  AFIR(I 
6 2 2 0  
0 2 2 5  
0 2 3 0  
03235 
0 2 4 0  
(1245 AFNDST 
om 
0 3 2 6  
0 2 6 0  
03265 
03270 
0 2 7 5  
03280 
03iB5 
03290 RSTRTP 
0 2 3 5  
03300 
03305 
63310 
03315 
0 2 a  
0 3 2 S  
03330 RSTRTj 
11.535 
(13340 
102345 
S335D 
63355 
03360 
6 3 3 5  
03370 RSTRT4 
63375 
O338O 
03385 MSTRT 
033% 

W1B 
RMB 
RMB 
AMB 

TITLE 
PSHS 
LDB 
BE0 
DEC 
BLO 
LBRA 

TST 
BE0 
KC 
LM 
LOB 
RURB 
BC5 
INC 
INC 
LDB 
C WB 
BE0 
LDR 
518 
LBRR 

LDB 
WB 
BLO 
LDB 
516 
LDB 
SUB8 
STB 
CL R 
CLR 
LBRR 
a R  
BRR 

.... 
I l 0 0  
I BlTSlYORD INCLLmIffi STARTISTOP 
I BlTSRCVD 
I STORRGE FOR -TED BITS 
1 S T O W  FOR HUllBER DF W L E S  
I T I N S  PUSE CKCKED 
1 TIMES U S E  CHECKED 
1 TEMP STORES FOR T X  MAR 
I TEMP STORRGE FOR RX CHAR 

2 PTR FOR NEXT CWlR INTO OUT BUFFER 
2 PTR FOR NEXT CHAR FRLX WFER TO EMl 
2 PTR FOR NEXT ACVD CHAR TO BE STORED 
2 PTR FOR NEXT RCVD CHRR TO BE SHOUN 

INTERRUPT WFrmER 
n 

RXCKS I F  0, LO[MIffi FOR FIRST HINT ff START 
FSTRTI 
RXCKS RREROY INTO IT; M W  OENY 
RlWN STILL WITING 
IFF22 GET IT  

RSTRTZ 
RBTSTR WDRTE COUNTER 
M1TS UPDRTE WMBER OF SRIPLES 
RHITS 
16 

RBTSTR 
.L 

~ T R T  NOT 6000 EIXXM STRRTWR 
XI] DENY IHTO NEXT'FRM 
RXWS 
BITS SETUP TO GET DRTR 
fi' RDJUST, RLRERDV HRVE START BIT 
RXCTR 
WITS 
R ~ i s i R  
R l DON 
RXCKS 
RSTRT4 

053% 
034u0 FSTRTl LDR IFF22 
03405 RORB 
03410 BCS RlWN NO START BIT EXIT 
03415 LOB 15 STRRT BIT, k3 .A~  
034 16 STB RXMS 
03417 BRA RIWN 
03420 
03435 RPOT LDB K F Z  GET DRTA BIT 
03440 AORB SHIFT INTO UIRRY 
03445 BCC W D l  DRTA BITS A U 
03450 INC RBTSTR DRTA BITS A I, CNMT IT  
03455 
63460 WOI LDB 1? 

Assembly language decoding algorithm for the 
6809 microprocessor. 
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THIS B I T  R ZERO. 
EYG B , U  I F  ) 4 ONES C UlLL RE CLERR, iWD 

UE'U CALL   HE BIT R I 
EORB #I T H E C B l l I S T H C M l P L B E N T f f T l €  

LDB 811 SElW IUDELRY 3 W L E S  FOR N E X T  R l T  
S I B  RXCHS 
CLR RIlTS 
CLR RBTSTR INITlRLlZE CWNTERS 
DEC RXCTR 

LDI INYTI GET PTR 
LOB RTW 
CMPB ISFF CK FOR ERROMDUS END a onrn ~w 
RM R S T O R I  WIOI MY HllM BEEN CRUSE0 BY MlSE 
LLB WFE I F  M C H M  TO SFE WlCH UEI'I WFECT 

enuhr nNo UILL HAVE MIWIRX EFFECT 
ON RK\I TEXT. INEVER INTENGED 10 XFER 
BiHRRY FILES IN  RKlll 

LOX flNBW 

BNE RFUP1 WAGEMENT I S  NECESWRY TO 
LLRY I X PREVENT NOISE INDUCED ERRATIC 
cwx (I\NRLC+SZIN 
BLC RBFUPE W I O R  WRlffi DISH OPERRTIONS 
LDL (IINELF OR BUFFER T R ~ I S S l a ( .  

03060 RBFLP2 STX I N X T O  
0370 RBFWI PULS X 

framing errors.) This pattern continues until three 
samples have been made. If two orthree of thesamples 
indicate that a start bit was present, a valid start is 
assumed. If not, the computer reverts to sampling each 
sample period in search of a start bit. 

When a valid start bit isdetected, the computerwaits 
three sample periods and makes the first sample 
in the first bit. Three samples are taken per bit, with a 
delay of two periods between stored samples. After the 
samples for each bit have been collected, it isdetermined 
if the bit was a zero or a one. (I've chosen a simple 
majority of samples scheme; more sophisticated 
methodsare possible.) Thiscontinuesuntilall bits have 
been received and the character isstored in the buffer. 
Line I of fig. 1 shows the revised sampling process; line 
J shows what the computer sees, given the noisy sig- 
nal shown in lines F and G. Line K shows how the sam- 
ple results are interpreted, and line L shows the results 
of the majority of samples. Line M shows the correctly 
reconstructed pulse train. Obviously, this processis not 
perfect. A long noise pulse which corrupts several sam- 
ples within a bit can still corrupt the entire character. 

Thisgeneric processcan beenhanced in several ways. 
Moresamples per bit time yield greater noise immunity. 
The upper limit is determined by the amount of other 
processing yourmachineneedstodo between samples. 

You may wish to sample five times per bit at each sam- 
ple period instead of every other sample period. 

Although I've demonstrated the concept using 
Baudotcode, thedata can besimple ASCII orany other 
serial format. As mentioned earlier, using this process 
in a packet or AMTOR system can improve throughput 
by reducing the number of error-related retransmissions. 

implementation 
How do you putthistouse in your system7The timing 

involved is too fast and critical for interpreted languages 
like BASIC. I used assembly language for the 6809 
microprocessorwith21 samplesper bit. (See fig. 6 . )  A 
compiled language like C will probably work as well, 
depending on the speed of your machine and the effi- 
ciency of your compiler. While I don't have the test 
equipment to  make quantitative comparisons, on-the- 
air tests show that the "smart" algorithm is a noticea- 
ble improvement over a more conventional scheme. 

I'm interested in any resultsyou get using this method, 
suggestions you may have for improving the technique, 
or other ways you've found to  improve data copy. 
NOTE: A complete working program for the Radio 
ShackB TRS80 color computer 3 is available from the 
author for $15.00. Itfeaturessplit screen, auto capture 
buffer (SELCALL), and several Baudot speeds as well 
as 300 baud ASCII. 

Article G HAM RADIO 

I HAM RADlO SHIRTS and HATS 
GREAT Holiday Gift Ideas! 

Here's a great way to say you're a HAM RADlO reader 
Get a hat with your name and call and wear your HAM 
RADlO Magazine shirt! 

Baseball Caps come in gold, blue, red 
and kelly green. Please give us the name 
and call sign you want lettered on the hat 
(maximum of 6 characters per line.) 
UFBC (comes in gold, blue, red. 

..................................... kelly green) $5.95 

I HAM RADlO shirts come in Ks 
attractlve styles. The TEE sh~rl IS 

great for general everyday use 
The HAM RADlO ~ o l o  IS for a - I more formal occasion. Each shirt IS 

made of a 50150 blend and comes 
in either blue or red. The new HAM Sizes Available: 
RADIO logo is silk-screened in a S. M. L, XL 
vibrant yellow color on the front of 
each shirt. 

.......................................... HR-TEE B (blue) R (red) $ 9.95 
HR-PLO B (blue) R (redl ....................................... $19.95 , , 
Please encbse $3 50 10 Cover shlpplng end handllng 

HAM 
RADIO BOOKSTORE 

GREENVILLE NH 03048 (6031 878 1441 
I 
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REVIEW 
/continued from page 591 

facilitating "Gateway" station operation - VHF 
to HF digipeating. 

Version 1.2 of the controller software is greatly 
expanded and includes many of the features 
advanced packeteers are looking for. Signifi- 
cantly updated is the basic TNC controller. Also 
included is a Terminate and Stay Resident, TSR, 
driver and THS, a split screen full color termi- 
nal program. The TSR program allows you to 
run the TNC in the "background" while running 
other PC programs. TSR also has a user acces- 
able programming interface should you want to 
customize the program. THS includes pop-up 
windows for menus and support functions, scroll 
buffer, ASCII file transfers, connect directory, 
message storage and printer support. A more 
complete description is beyond the scope of this 
review. Also included is Packet.Bat, which loads 
the AX.25 driver and then starts the terminal pro- 
gram. 

Using the PCPA is fun, especially if you want 
to use your computer as more than just a TNC 
controller. I'm sure that as more people use the 
card, new and more powerful software will be 
written to run the PCPA. DRSl has done its 
homework and offers a very good way to get 
into packet. Price for the PCPA is $139.95; the 
HF modem is $79.95. 

DRSl is also distributing AA4RE's Multi Con- 
nect Bulletin Board System. This package is fully 
compatible with "RLIIMBL" systems, but has 
the advantage of supporting multiple simul- 
taneouos user connections on the same fre- 
quency. It does this without using any extra soft- 
ware, like Desqview or DoubleDOS. The AA4RE 
BBS is included with the DRSl PC'Packet 
Adapter at no cost. 

For more information contact: DRSI, 2065 
Range Road, Clearwater, Florida 34625. 

NlACH 

WRITE FOR 

FREE 
BOOK 

CATALOG 

Ham Radio's Bookstore 
Greenville, NH 03048 

C 

products 

New Kantronics 
publications released 

Kantronics, Inc. / Kantronics Press has pub- 
lished several digital communication books and 
other books related to Amateur Radio. The latest 
title releases include: RS-232 and Packet, 
Ahanced Packet Operation, Packet Commands, 
The Packet Glossary of Terms, Quick Start 
Packet, Communications Tables, The Hamfest 
Book, and The Ham Club Book. 

The books retail in the United States for $2.95 
each, plus $1.00 shipping and handling. To 
order, contact your Kantronics dealer, HAM 
RADIO'S Bookstore, or the factory. 

For more information contact, Kantronics, 
Inc., 1202 E. 23rd Street, Lawrence, Kansas 
66046. 

Circle on Reader Service Card. 

Heavy duty antenna rotator 
The R9100 rotator is a heavy duty, state-of- 

the-art unit from the company that brought you 
the microprocessor controlled 230-series linear 
amplifier. The R9100 provides 10,000 in-pounds 
of torque, 23.000 in-pounds braking, and will 
support a 2,000 pound vertical load. The unit is 
14.9 x 25 x 15.1 inches, fits inside Rohn 45 
tower, and weighs 230 pounds. The control unit 
provides both analog and digital displays, man- 
ual control, and an RS-232 interface for exter- 
nal computer control. Software is provided 
(enter a prefix and the rotator will turn to the 
appropriate heading automaticallyl. The unit is 
sold exclusively by EEB, Vienna, Virginia. The 
suggested list price is $3,975. 

Contact EEB for additional information at 800- 
368-3270 or 703-938-3350. 

Circle 1303 on Reader Service Card. 

New guide to technical 
specs available from Nemal 

Nemal Electronics International has published 
a revised edition of its Cable and Connector 
Selection Guide. The new 40-page guide offers 
detailed technical specifications on more than 
1000 military and commercial products. Product 
listings include triaxial cable and connectors, RF 
coaxial and semi-rigid cable and connectors, and 
crimping tools. To obtain a copy, please con- 
tact Nemal Electronics International, Inc., 12240 
N.E. 14th Avenue, North Miami, Florida 33161 
or call 800-522-2253 or FAX your request to 
1-305-895-81 78. 

ICOM 16-448, 440-MHz 
mobile 

ICOM is proud to introduce the new IC-448 
25-watt 440-MHz mobile. The IC-448 features: 
a multi-colored LCD, frequency coverage 440- 
450 MHz, twenty memory channels, program- 
mable scan, memory scan, and priority watch. 

The IC-448 will be available in October 1988. 
Suggested retail price is to be announced. 

Circle 1304 on Reader Service Card. 

1989 catalog of high-tech 
products 

Radio Shackm, a division of Tandy Corpora- 
tion has a new consumer products catalog 
featuring its 1989 product Included are: cellular 
telephones, video tape recorders, televisions, 
computers, software and peripherals, office 
equipment and more. 

The computer products shown in the con- 
sumer catalog also appear in three other 
computer-specific catalogs. These catalogs 
include Tandy's entire line of software, 
peripherals and personal computers, including 
the industry's first IBMBMicro ChannelTM- 
compatible business computer and the $699 
TandyO 1000 HX computer. 

Radio Shack catalogs are available, free of 
charge from your local Radio Shack outlet or by 
writing Radio Shack Circulation Department, 300 
One Tandy Center, Fort Worth, Texas 76102. 

Circle 1305 on Reader Service Card. 

Versatile CTCSS 
encoder-decoder 

Communications Specialists introduces the 
TS-32P Programmable CTCSS Encoder- 
Decoder. It has all the features of the TS-32, but 
uses a new microcircuit for more tone versatil- 
ity. The new IC-110 microcircuit in the TS-32P 
contains a 32-bit reprogrammable memory that 
allows specification of any 32-tone frequencies 
from 15.0 Hz to 255.0 Hz. The desired tone fre- 
quency can be called from the memory with a 
five-position DIP switch mounted on the TS-32P 
circuit board. Frequency accuracy is f .O1 Hz. 

The TS-32P uses custom memory program- 
ming to provide multi-tone switching of up to 
six tones without requiring diode networks. The 
TS-32P allows easy access to any non-standard 
tone frequency. The 32-location tone memory 
can be changed with a handheld programmer 
available from Communications Specialists, or 
by returning it to the factory for re-programming 
at no charge. 

The TS-32P measures 1.25"wide x 2.0" long 
x 0.40" high and operates on 6 to 25Vdc. The 
retail price of the TS-32P is $57.95. A catalog 
is available on request. 

/continued on page 1WI 
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Muxirrlum 
Perf or m a c e ,  
M:fnim,urn 
Space 

- 

If you are like our 
/--dm - 

friend on the island, 
living with limited The new R4 Buy R 4  and talk to your friends 
space, R4 is for you. has broadband imped- around the world today! 
That's right, you can forget about ance matching giving full 

towers and rotators. Put away your coverage and automatic fre- 

spade, wire and insulators because quency selection of all four bands. All 

you need a ground radial sys- of this with an 18'high. 8 Ib. vertical 
tern, cushcraft engineers have per- that will handle 1800 watts of power! 6fiIbr1m 
formed a miracle by developing a With R4 you get quick assembly, Availablethroughdealers 
new half wave vertical for 10, 12, easy installation and top gun perfor- 48 Perimeter Road, Manchester, 
15 and 20 meters that provides great mance. Whatever your space, large NH 03108 USA 
performance using a simple counter- or small, R 4  will make ham radio 603-627-7877 Telex 4949472 
poise ground of four 48" stainless more fun. Fax 603-627-1764 
steel rods. 

f l  144 



No other repeaters or controllers match 
Create messages just by talking. Speakany phrasesor 

Mark 4 in capability and features. That's Words in any languages Or dialect and your own voice 
why Mark 4 is the performance leader at is stored instantly in solid-state memory. Perfect for 
amateur and commercial repeater sites emergency warnings, club news bulletins, and DX 
around the world. Only Mark 4 gives you 
Message real speech voice alerts. Create unique ID and tail messages, and the 
readout of received signal strength, ultimate in a real speech user mailbox - only with a 

- deviation, and frequency error 4- Mark 4. 
channel receiver voting clock time 
announcements and function control 7- 
helical filter receiver extensive phone 
patch functions. Unlike others. Mark 4 
even includes power supply and a 
handsome cabinet. 

Call or write for specifications on the 
repeater, controller, and receiverwinners. 

MICRO CONTROL SPECIALTI 
Dlvision of Kendecom Inc. TELEX 4932256 Kendecom 

23 Elm Park, Groveland, MA 01834 (508) 372-3442 
FAX 508-373-7304 

> 

5-1000 MHz PREAMPLIFIERS 
NF G P(1dB) $ 

WLA2lrn 3dB 13dB 8dBm 57 
WLA22rn 4 11 12 61 
WLA23rn 4 23 12 87 
WLA24rn 3 20 18 109 

430150MHZ CONVERTER 
RCX431 .15pV 20dB 99 

+$&* 6 
W I U M  TECHNOLOGY, Mv. of 

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

(315) 769-8334 
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THE RF CONNECTION 
"SPECIALIST IN R F  CONNECTORS AND COAX 
Pan NO. Ossrr~@~lon fflca 
321.11064.3 I I C  2 PST 28 rot1 c o l ~ l a l  f t l ty.  

I m o h m l  
Insertion IOU: 0 lo 0.15GHI. 
0 1068 
Pmsr mlln): 0 lo 0.SGlh. 100 
rills CW. 2 h p e a  
kolallon 0 I GHz 4Mb. 0.2 O M ,  $25 used 
40ab o 4 OH2 3561 !sled 

83 872 1'1 '5'1 l ~ l l l ~ n  l i , ~ ~ ~ l l l ~ n o l  1 ill 
PL 15BIS1 l l t l i  MalpS,lv~r lc,lli~n USA 1 ill 
UG 7lDIU N M:jl~. I1G 8. 213 714, Amphenol 7 !I5 
UG 21RIU N htale HG R ?13 714. Kinur 4 00 
9913iPIN N bl~la1'1n In! 9913 90R6 8714 

t11.11~ 11niu s uc ZIRIU N q 1 M 
UG 21019913 N h t m  lor HG 8 vtll l9913 Ptn 3 91 
UG 21Ri9913 N bl.llr lor H(i Rw~111!X113I'~n 4 i 5  
UG 146111 N hlnrv lu SU 1 3 1  Il'llrla USA 5 !XI 
LIG 83111 ~EI I I , I IP  t 0 s n  239 Ir l tnn 11sA 5 Mi 

"TMlS LIST REPRESENTS ONLY A 
FRACTION OF OUR HUGE INVENTORY" 

THE R.F. CONNECTION 
213 North Frederick Ave. #11 

Gaithersburg, MD 20877 

(301) 840-5477 
VISAIMASTENCARD Add 4% 
Prlcas Do No1 Include S h ~ o ~ l n a  

INTERNATIONAL 
RADIO A N D  

COMPUTERS, INC. 

Is pleased to  announce that we are 
now an authoriced dealer for ICOM 
Products. 

We service All ICOM products 
and, of course, use Factory 
Service parts. 
We provide a complete check 
for performance and function 
on each radio we sell. 
Call us for a quotation on 
your next ICOM purchase. 
Master, Visa, American Expresa 
cards accepted. 
Servicing Amateur Radio 
Operators for eight years. 

Send for your FREE Brochure. 

INTERNATIONAL RADIO AND 
COMPUTERS, INC. 

751 South Macedo Blvd. 
Port St.  Lucie, FL 34983 

(407) 879-6868 



We SpeCi~JIze tn Antennas & Towers. We Ship Worldwide. I 

I 

Ij ANTENNAS 
KLM 

W d '  Clara Admnnss for the S ~ ~ N M  Amatwrl  
KT34A ............... $395.00 KT34XA ............ $585.00 

Monobonderr: 80.10 Melonl  
Wlgh Pariarnsnca VHF 6 UHF anhnM.. 

hygaf 

Monobmdm 
204 BAS 203 BAS 205 BAS 
155BAS 153 BAS 105 BAS 
103 BAS 66 BAS 
VHF, OSCAR 6 VERTICAL ANTENNAS! 

N ~ W I  Hlph Psrlormonce 144 6 432 MHz Antannas. 
Call For Prlcesl 

QII)#Qo 
WINTER SPECIAL! The "A3S." 

The Popular A? W~III Sla~nless Steel 
Hardwarc JI J Specla1 RFE Price. 

A45 . . 
A744 Add on Kit . . . . . . . . . . . . . . .  

. . .  A3SK 8 A4SK Stainless Kits.. 
Av3 g AVSVerlical5. . . . . . . . . . . .  
AP8 8 APR I 8  . . . . . . . . . . . . . . . . .  

. . . . . . . .  40.2CD 2-el. 40 Mlr. Beam. 
~&nd.n For 10.16. & 20 I n  8-1 

.............................. 
....... 5 6 30 el 2 Mlr 

4218XL 8 3219 lor lU.140MHz 
...................... 8 AOP.~  satall~te System G 

......... 
2206. 4248 BOOMERS ...................... 
Lsrp. Inr.nlory 01 0th.r Anhnnas & l a n w d n  

BUTTERNUT 
HF8V ................. \HF2V ............... 
W K I K H  ............ + SrnllKn ................ * 
TBRI(ISCoH ...... c, SCJm)-...c,+ 

HF5B . . . . . . . . .  .CALL 

ALMIL#UA 
0X.A ..... $48.96 DX DD 84 95 OX-KT .... 27.50 

..... NWI DX.CC AII band dlpole $79.95 
Full l ~ n e  Alpha Della swllches 6 Trmso-trap01 

@?em0 
( $ E N . .  ...... $ 1 3  95 58TV . . . . . . . .  $124.85 
G61UB ............... 86.85 G7.1U ............ 114.W 

0 7  220 ........... 114.95 
Camp*(. HF Yobllm S*.t.nn. C U L l  

MOSLEY 
TA-33 CLASSIC 33 
TA-34 PRO-67 

TONNA I ANTENNA SPECIALISTS 

raoc 
MIUI(L.....UU 
T2X ............. OILL 
HAmN ....... CALI. 
C D I I I  ........ ULI 
A f u l  .......... ULL 

YAEUI 
G40(U4M)RC . . . . .  CALI. 

. . . . . . . . . .  GBM)RC. WLL I 
K R Z ~ R C  ........ CALL 
G5400B .......... CALL I 

. THANK YOU.. AND I 

TEN-TEC 

( 

MODEL581 CORSAIR II l l  

OTHER TXN.lEC PRODUCTS: 
Model '585 Paragon 
MDdel425 Titan Linear Ampllfler 
Model 229A 2KW Antenna Tuner 
~ode l2510  Satellite Station 

ASTRON POWER SUPPLIES 
Rack mount and soeaker models In stock! I 

FT.757 GXll All Mode Transceiver 

AMPLIFIERS & TUNERS I 

NYE-VIKING 
MB-V-A 

MAQNUS SOLID STATE HF LINEAR AMPS 

MFJ 
KEY ERS ACCESSORIES '"&ERS 

SPECIAL! 
9898 Tuner $275.00 

581) ELECTRONIC 6 MICROWAVE 
MODULES TRANSVERTERS, PREAMPS. 

6 ACCESSORIES. CALL1 I - - -- I 

HAPPY HOLIDAYS TO OUR CUSTOMERS AA 

TOWERS 
HYQAlN 

Crank.up, ~l f .nupporl lng, galvanlzsd s l w l  
towers. SS rated at 9 it: HO at 10 It. 

lE:gz CALL FOR PRICES !$ED 
ROHN 

Sell-supporting: Ratlngs: HOBX at I 8  fl, 
HEX at 10 it. EX of 8 11. - -  ~ 

........... HEX 40 HDBXU) + ........... ....... ........... HBX4.8 &\ HDEX 4.8.... O. ................. ........... HRX% G 6x84 6 - .. 
Ga vanlzed steel wlth b o w  and mtor plate. 
Today's tmsl buy Frelgnt addltlonsl but you save 
wlln our volume shlposr s d scounll 

OUYEO TOWER SECTIONS: 

25G. 45G. 55G Sections and All Accessories in 
Slock Call lor Cvnent Prlces. 

FOLDOVER TOWERS: 
............ ........... FK2-8 \ FK4S.U b 

FK2558 ........... FK4554 ............ d?) 
FK25B8 ............ F K 4 W  ............ 6 
Prlces 10.. hlghsr In western states. 

..... ROOFTOWERS&CUMBINQ BELTS ~ I I I  

TOWER HARDWARE 
............ Guyvlre:31l8EHSI '/a EHS,p.rll SO.lW.10 ...................... CCM Cable Clamps: 31101 '/a 0.3810.40 

..................... Turnbuckles: 318" E 6 EIE 6 J 8.057.85 .......................... ' / I"  E d  WE 6 J 12.95113.95 
......................... Thimbles: '/A" (3118 6 '/."cable) 0.39 

.............................. Earth Anchor: 4 11. Scrsw.ln 13.95 
............... Preformed "Blp Grlps": 3110 6 % 2.4912.88 

.......................... Guy Insulators: 500 Dl502 1.8812.88 

WIRE & CABLE 
BELDEN COAX 

.... 8813 low I o s s . ~ . 4 Y i t  ffi-8Y.m .o.m 
.. . RG.2131U(8287). .O.4.8 RG.llNU(@2'31) 0.41 

. . .  .. RGglU(823r) ,038 .RG.!MNU(8258) 0.15 
.. .. RG.BIU(82141.. .0.40 RG.5PU(8241). .Of0  

RO.21UWB20(n 52.2Yl1 
. . . . . . . . . . . . . . . . . . .  450 Ohm M d s r  Llne .O.IO 

COPPERWELD ANTENNA WIRE 
Sdld: 1 2 ~  .............. 0.10 14- ........................ O M  

...... Stranded 14 ga 0.10 
Pfw Wld. WoeNan I l luna.  Irmulata* CrC..Mdn 

ROTOR W I L E  
. ........ Sldl622.2.10 0.19 HY (bt8. 2-18). ,024 

.................. PL.2W: atdlollverneflon O.Wl.TY1.48 
................................. u G 2 I B ( m l l T y p e  N Mala 2ES 

T's. angles. adaplora. lacks. 6 ENC In stock1 

Q W ( A V ~ I I ) ~ ~ w m c  
C O N N ~  A r a t r n .  

l COAXIAL SWITCHES 

ANDIILW HLLIAX & CONNECTOR8 
./I.. LOFCWA ...... CALL 710" L O F W A  ..... CALL 

- 

IOUND THE WORLD 

R n m r r r U r r r ~ ~ ~  ~ c d d l t l ( * w  FAX M(111IfIt?ld, MN 56166. 
W & I m t O U H C ~ ~ w A R O e  Qpolp("ndd. T€LBt 

4B3am RFE W 27&166.sSw 
(Located at Jcn. Co. 3 & 19) 



It's a lesson you learn very early in life. Many can be good, some may be better, hut only one can be 
the best. The PK-232 is the best multi-mode data controller you can buy. 

1 Versatility 
The PK-232 should be listed in the 

amateur radio dictionary under the 
word Versatile. One data controller 
that can transmit and receive in six 
digital modes, and can be used with 
almost every computer or data ter- 
minal. You can even monitor Navtex, 
the new marine weather and naviga- 
tional system. Don't forget two radio 
ports for both VHF and HF, and a no 
compromise VHF/HF/CW intemal 
modem with an eight pole bandpass 
filter followtd by a limiter dis- 
criminator with automatic threshold 
control. 

The intemal decoding program 
( S I A M ~ )  feature can even identify 
different types of signals for you. in- 
cluding some simple types of RTTY 
encryption. The only software your 
computer needs is a terminal program. 

- 
I/ -. 
* 5 ,  - J .  .\ 

Facsimile Screen Display 

2 Software Support 
While you can use most modem or 

communications programs with the 
PK-232. AEA has two very special 
packages available exclusively for the 
PK-232 .... PC Pakran with Fax for 
IBM PC and compatible computers. 
and Com Pakratt with Fax for the 

3 Proven Winner 
No matter what computer or ter- 

minal you plan to use, the PK-232 is 
the best choice for a multi-mode data 
controller. Over 20,000 amateurs 
around the world have on-air tested 
the PK-232 for you. They, along with 
most major U.S. amateur magazines, 
have reviewed the PK-232 and found 
it to be a good value h d  excellent ad- 
dition to the ham station. 

No other multi-mode controller of- 
fers the features and performance of 
the PK-232. Don't be fooled by imita- 
tions. Ask your friends, or call the 
local amateur radio store. We're con- 
fident the PK-232 reputation will con- 
vince you that it's time to order your 
very own PK-232. 

Call an authorized AEA dealer 
today. You deserve the best you can 
buy, you deserve the PK- 232. 

Commodore 64 and 128. 

Each package includes a terminal Advanced Electronic 
program with split screen display. Applications, I ~ c .  
QSO buffer, disk storage of received P.O. BOX C-2160 
data, and printer operation, and a Lynnwood, WA 98036 
second program for transmis- 206-775-7373 
sionlreception and screen display of 
facsimile signals. The IBM programs 
are on 5 - 114" disk and the Com- 
modore programs are plug-in ROM 

PC Pakratt Packet TXBX Display cartridges. 
J 150 



A HOMEBREW 

By John Pivnichny, N2DCH. 3824 Pembrooke Lane, Vestal, New York 13850 

Build a smooth, 
low cost, 
accurate dial 
for your next rig 

odern transceivers require precision tuning 
with zero backlash. This analog dial has 
1-kHz markings and a 250-kHz tuning range. 

I used a commercial plastic circular disc protractor for 
the dial scale.' The dial can be constructed with home 
workshop tools. The information below can also be 
used to modify the dimensions, tuning ratio, tuning 
range, or tuning capacitor for your own homebrew 
equipment needs. 

string drive 
The dial's key feature is the use of dial cord and pul- 

leys for the drive mechanism. Selecting the proper 

pulley diameter makes almost any tuning ratio pos- 
sible. For example, I wanted to  use 250 degrees of dial 
rotation for a 0 to 250 kHz tuning range and 25 to 30 
kHz per turn of the main knob to give a good tuning 
rate. This is about a 14:l ratio. 

I also wanted to use 160 degrees rotation of the 
tuning capacitor for this 250-kHz range. The capaci- 
tor shaft rotates 1.6 times slower than the dial shaft. 
A larger pulley provides the right ratio. 

Calculations show that you need a 1116-inch shaft 
for the main tuning knob, a 2-inch pulley for the dial 
shaft, and a 3-1 14 inch pulley for the capacitor shaft. 

I used a variable capacitor, enclosed in a shield can 
with an oscillator coil, salvaged from the rear of an 
ARC5 Command set transmitter. Its ball bearing con- 
struction allows the shaft to rotate with very low fric- 
tion. Most variable capacitors will work, but try to find 
one of these. Check with the old-timers at your local 
club or Fair Radio Sales2 

pulley construction 
You'll have to make the pulleys, but this isn't hard. 

The raw material is PlexiglasTMsheets 3/16 or 114 inch 
thick available from glass supply shops. Pulleys with 
a diameter of 2-318 inch or less can be cut with the 
an electric drill hole cutter. The drill attachment (fig. 
1) found in most hardware stores has a series of 
removable blades. (Another style is also shown.) Cut 
larger diameters with a jigsaw, coping, or saber saw. 

0 # 
After cutting the disc, remove any imperfections 

and cut the groove in the outer surface. Enlarge the 
center hole to 318 inch diameter. Find a potentiometer 
with a locking shaft (fig. 2). It looks like an ordinary 
potentiometer, but the mounting bearing has four or 
six slots and a one-way locking nut with a tapered 

-.lrc diameter that can be tightened to secure the bearing 
to the shaft. You will also need five ordinary poten- 
tiometers. The resistance value doesn't matter 

Drill attachments for cutting pulleys. because only the bearing will be used." 
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of the file to cut the groove. Drill small holes as shown 1 (fig. 31 for the dial cord. This simple operation makes 
an excellent drive pulley. 

panel mounting 

'*.&".%B 
Bearings, salvaged from the potentiometers, are 

fixed in a section of sheet aluminum mounted 1-1/16 
inches behind the front panel. See fig. 4 for details. 

.- A 1 x 3 inch opening is cut in the main panel for the 
dial window. Two pieces of clear Plexiglas, 1 116 inch 
thick or less and 1-1 12 by 4 inches, are needed to cover 
the window opening and serve as a backup for the dial. 

Potentiometer's source for bearings. Note one on right has a Scribe a vertical line in the center of the front face on 
shaft-locking nut 

the rear Plexiglas piece. Fill the line with black ink to 

Pulley details. 

serve as a cursor. Use machine screws 4-40 x 314 inch 
to mount the Plexiglas parts to  the front panel. 

main drive shaft 
A shaft 1/16 inch in diameter used with the main 

tuning knob drives the dial cord. Make this with brass 
rod, available at hobby shops. Cut 6-32 machine screw 
threads with a die as shown. Then thread on 114 inch 
spacers to  fit the bearings and permit mounting the 
tuning knob. I used a 1-314 inch knob with two set 
screws.' 

dial 
Most of the circular protractors I have seen have 

two sets of numbers, one reading forward and one 

I 
Mounting panel. 

Gently extract the bearings from the potentiometers 
by removing a C-clip from the shaft and prying open 
the body. Tear away the top covers and discard the 
remains. 

Purchase a 3-1 12 inch length of 114 inch steel shaft 
from the hardware store. You will need about 2 inches 
for the capacitor drive pulley and about 1-112 inches 
for the dial shaft pulley. Long shafts from the poten- 
tiometers can be salvaged and used. Mount a rough- 
cut pulley on the locking bearing, lock it onto the 1- 
112 inch shaft, and place it in the chuck of your elec- 
tric drill. Clamp the drill body in a vise, turn it on with 
the locking button and start filing the outer edge. 

When the pulley is perfectly round, use the edge 

set of numbers. Paint it an opaque color. I also filed 
a small notch for the 0 and 180 degree markings. 

final assembly 
The capacitor drive and dial pulleys are assembled 

as shown in figures 5A and 5B. Complete the assem- 
bly by mounting three bearings in the mounting 
bracket and one in the main panel. This one must be 
aligned with the shaft in place; first tighten the front 
bearing, then the rear one. You may need to use emery 
cloth on the shafts to insure smooth operation. Finally, 
string the dial cord as shown in fig. 6. 

additional notes 
I used the capacitor mentioned earlier by mounting 

it 518 inch off the bottom panel on two brackets. 
My favorite oscillator circuit is one that always works 

with any combination of L and C.= Use silver mica 
capacitors in the tank circuit. 

You can do some calculations to determine how far 
off a linear frequency dial will be with a linear capaci- 
tance tuning capacitor (see Appendix). In my case I 
wanted to  tune 11.5 to 11.75 MHz. I calibrate the two 
ends of the dial, adjust L at the low frequency end and 
C at the high frequency end. The error at the center 
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will be theoretically 2.0 kHz low. You can improve this 
by calibrating the ends 1 kHz high. 

Because of the fairly large tuning capacitor I 
selected, I needed a very small inductor (about two 
turns on a 114 inch form). To allow for a more reasona- 
ble inductor, I modified the tank circuit to that shown 
in fig. 8. This reduces the effective capacitance by a 
factor of 4 and increases the allowable inductance by 

I I 

A. Pulley assembly. 

M. 51n. 
mmmm: 

t. 1,16.014 ORASS ROO 

6.32 THREADS 

!/I'  Dl. SPACERS 

6. Drive shaft. ~ 

Dial string diagram. 

NOVICES: NOW YOU CAN TRANSMIT 
VIDEO WITH OUR NEW TX23-1 

Did you know that you as well as all classes of 
licensed amateurs can easily transmit live action 
color and sound video just like broadcast TV with our 
TX23-1 transmitter. Use any home TV camera and1 
or VCR, computer, etc. by plugging the composite 
video and audio into the front 10 pin or rear phono 
jacks. Call orwrite now for our complete ATVcatalog 
including downconverters, transceivers, linear 
amps, and antennas for the 70,33, & 23cm bands. 

TX23-1 one watt ATV transmitter crystaled for 1289.25 
MHz runs on 12-14 Vdc @ .5A. PTL T/R switching. 
7~7~2.5" .  Transmitters sold only to licensed amateurs for 
legal purposes verified in the latest Callbook or with copy 
of license sent with order. - ( (81 8) 447-4565 m-f 8anu:mpm pt.  - a 1 
P.C. ELECTRONICS la (W~ORO) 
2522 Paxson Ln Arcadia CA 91006 M~~~~~ (WB6YSS) 

LET THE SUN DO 
THE WORK Charge balterles on 

stored machinery 
Light your tent 
Run fans 
Run remote trans- 
mitters 
Light signs 
Pump water for your 
animals 
Power for your motor 
home 
Run your radio without 
batteries 
Light your home 
Yard lights 
Charge flashllght bat- 
teries 
Light yourcabln 
Run electric fences 
Charge your boat 

from the battery 
Run appliances in your - Sun with home 
Charge hand held 

S ...C..31CC... radio batterles - - - - - - - - - - - Ez-E' ==== - - - - - - - -- - - - - - - - - - - Fish shanty llghts 
-=- --- -* V M  Charge your Cam- 

Solar Systems corder battery pack 

ALSO: OUTSTANDING PRICES ON IBM XT 
COMPATIBLE SYSTEMS! 

MmNOIWMNATYWI: FtUSElNCLUDE 10.h OFORDERFORSHIP- 
UNG AND HANDLING CHARGES IMINIMUM PY). MAXIMUM w m  U. 
NADlANORDERS.ADDS7Y)IN US F U N S  MICHIGAN RESIOENTSADD 
4% SALES TAX FOR FREE FLYER. SEND= STAMPOASLSE ~*'~h 
HAL-TRONIX, INC. (313) 281.7773 

Hours *+'@$ 
12671 Dlx.Toledo HwY 7 2 : ~ .  om EST ~ o n . ~ a t  "a 

P.0. BOX 1101 fl 152 "HAL" HAROLD C. NOWLAND 
Southgate. MI 48195 W8ZXH 



that same factor. Note, however, that the theoretical the high pulley ratio, no force is required to turn the 
error also increases to 4.7 kHz at the center of the dial. knob. In these respects the dial is equivalent to an 

measured results 
Table 1 lists actual frequency counter readings 

taken with the circuits in figs. 7 and 8. The + 2 to - 3 
kHz errors agree with the calculated figure of 4.7 worst 
case. 

Resettability is excellent. Returning the dial to 0 
degrees puts the output right back at 11,500. One turn 
of the main tuning knob covers 28 kHz. 

There is no backlash or slippage, and because of 

Oscillator circuit. 

- 

Modi f ied  tank circuit. 

I Frequency counter readings taken w i t h  t he  oscilla- 
t o r  and modif ied tank  circuits. 

I dial set t ing frequency error 
(degrees) (kHz) (kHz) I 

expensive zero backlash gear train drive like those used 
in modern transceivers. 

Give this homebrew dial a try. I'm sure you'll enjoy 
its economy and accuracy. 

references 
1. Available at most stationery supply stores in the drawing instru- 
ment section. 
2. Fair Radio Sales, Lima, Ohio. 
3. Other sources of bearings are phone jacks and rotary switches. 
4. The knob shown in the photograph is Electronic Hardware Cor- 
poration model EH71-4D skirted round Regent Series. 
5. Linear Data Book, National Semiconductor, June 1976, pages 
10-132. 

Appendix 
Assume you are using a linear capacitance variable which goes 

from C,,, to Cmin. (These values are not necessarily the maximum 
or minimum values but the ones used for the actual degrees of 
rotation.) 

The low frequency will be: 

and the high frequency: 

These two equations (1 1 and (2) can be solved for the required 
fixed capacitance C. 

(C + Ctnax) .u Flu2 = (C + Ctnin) .u Fhi* 13) 

C = 
Cnrax x Flo2 - Cnlin m Fhi2 

Fhi2 - Flu2 

Then at the center of the dial, the variable capacitor will be at: 

(C'IIIUV - Clrlin) / 2 + Ctnin = ( C I I ~ U . ~  + Ctnitr) / 2 (4) 

and the frequency will be: 

F m i d = I / Z ~ J ~ ( ~ + ( C t n a x + C m i n ) / 2 ]  (5) 

In my case C,,, = 220 pF, Cmi, = 60 pF, FI, = 11.5 MHz, Fhi 

= 11.75 MHz. 

C = 
220 x 11.52 - 60 x 11.752 (6) 

11.752 - 11.52 
C = 3580.43 

From equation (1): 

Flu = k /  J3580.43 + 220 (7) 

At Flo = 11.5, k = 708.9477 then: 

Fhi = 708.9477 / J3580.43 + 60 = 1 I .  74999 (8) 

Ftnid = 708.9477 / 43580.43 + 140 = 11.62298 

wh~ch  for a correct dial should be 11.625 MHz, error = 2.0 kHz. 

Article H HAM RADIO 

OCTOBER WINNERS 
A round of applause for Ronald Murdock, WBBFIX, our October sweeps 

winner and Joel Eschmann, KSMLD, author of October's most popular 
WEEKENDER - "Remote Tuner for 75-Meter Mobiles." Both will receive 
a handheld radio. To enter for December's drawing, send in the evaluation 
card bound into this issue, or submit a WEEKENDER project. You could be 

I 1 our next winner! Ed. 
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Harris introduces the RF-3200. a new series of 
HF-SSR high-performance, long-range voice-and- 
data comm~~nications transceivers. '131) RI:-3lOO 
Svries m ~ r t l  design, o~~tstantling rcl~jhility :~ntl minimal 
n~~~intcniuicc cos~\, 111:lkc tlirni i d 4  f w  

Fedrnl, state, and locxl ~gcancirs 
I'olice ant1 security forces 

RF-I!OO k,nv\ 'li-.l~l\n.n'~,r 
Foreiwi rmh;n$! conimuniations 
Satunl resource esplontion 
Rural development agencies 
I'l~hlic and private utilities 

ur.3311 I h\t %~l~d-Sr;~lc \mpl~ltcr Does your program need a low cost state-of-the-art 
with RI: ~ ? O O  transceiver system? Then call us today. (710) 244-5830, 

Extension 3681. Or write RF Communications Gn)up. 

RF.4281 I)ICII:~I \IIIVIIII.I I CII,~IIJ~ lnng  Range Radio Division, 1680 [hivenit)  Avenue, 
Rochester, New York 14610. 

FCC Type Accepted 9 HARRIS w 



HAM 
RADIO The Perfect 
MAGAZINE Holiday Gift! 

Every issue is chock-full of the kind of articles Hams are looking for. 
Each month there'll be at least two Weekenders - the kind of projects you 
really want to build. Extra emphasis is also given to excellent short technical 
pieces. In addition, HAM RADIO will continue to carry high 
quality technical articles. 

HAM RADIO Magazine has monthly columns from som 
of the best authors in the radio field: Bill Orr, WGSAI, on 
antennas and general radio subjects; Joe Reisert, 
WlJR, spotlighting VHFIUHF technology; Garth 
Stonehocker, KORYW's monthly propagation fore- 
casts; Joe Carr, K41PV, concentrating on equipment 
repair and Tom McMullen, WlSL, covering basic 
operating procedures and theory. 

You also get four, highly regarded, very special 
issues. January brings the Annual Construction 
issue - put together to exemplify Ham Radio's 
new emphasis on building. In May, there's our 
annual Antenna Special-antenna designs 
and ideas from some of the world's best 
antenna experts. July means VHF and UHF 
with the latest in state-of-the-art. And in November, you'll receive the annual 
performance designs and technology. They all come absolutely FREE as pal 

Receiver issue, full of high 
?t of your subscription. 

HAM RADIO Magazine also has new graphics, design and layout that enhance HR's readability and give it 
a pizzazz not found elsewhere in the Amateur Radio field. 

There's no time like now to give a HAM RADIO Magazine subscription as a present for that hard-to-buy-for 
Ham friend. While you're at it - why not renew your own subscription and take advantage of the special low 
one year rate. 

An attractive gift card will be sent 
if your order is received before December 16, 1988 

- - - -  

a~ Name Call - -  

Please enter my one year giftlrenewal % w Address - -- 

subscrlption(s) to HAM RADIO Magazlne as follows: a + 3 city State ZIP - 

First gift renewal $19.95 SAVE $3 1-1  NEW IJ RENEWAL 

Two or more $15.95 SAVE $7 
1-1 Start 1-1 Renew my Subscr~pt~on to HR 

o Name Call I I Enclosed IS a check or money order 
C-sr )  Charge: I I Mastercard 1-1 VISA 
Cn w Address s> Exp~res 

- State _ Zip -- 
Card # 

Y 3 City 
My Name 
Address - .. 

Name Call _ _ _  City - State Zip ___ 

z* 
--- HAM CALL TOLL FREE 

0 w Address 
o> 
w 4 ~ ~ t y  State ZIP -- RADIO 800-341-1522 
CnCn 

M F 8-9 EST Sat 9-5 
CI NEW O RENEWAL MAGAZINE 

GREENVILLE, NH 03048 
DATAT L L i )[( I ' 

FOR EXTRA FAST SERVICE. CALL TOLL FREE ORDERS ONLY 
. -  - 

TO ORDER YOUR GIFT SUBSCRIPTIONS OR BOOKS Prices U.S. only. Foreign prices upon request. 



YOU 
COULD 
WIN ... 

a hand-held radio. 
Here's how. 

Please fill out the 
Magazine evalua- 
tion card and mail 

it to us. We'll 
tabulate all the 

responses to see 
what you do and 

do not like. 

There will be a 
drawing of evalua- 

tion cards. The 
person whose card 
is picked will win a 

hand-held. Help 
us make the best 

Amateur magazine 
even better. You 
could WIN a radio 
for your efforts! 

Also, each month 
the author of the 

most popular 
WEEKENDER will 
be given a hand- 

held radio. 

MAGAZINE EVALUATION & SWEEPS ENTRY CARD 
Here's YOUR chance to comment on this issue of HR and enter our monthly radlo 
drawing. Carefully read all the articles in this issue. Then, rate each article in this 
Issue. Also let us know what you think of our changes to the magazine. Each article 
is marked with a letter on the last page. 

Article A B C D E F G H I  J K L M N O P Q R S T  

MAGAZINE OVERALL G O O D  OK NOT SOGOOD- I like the Old ONew HR Better 
Class 

NAME License Age 

ADDRESS 

CITY STATF- ZIP 

Please run more: 

Please run less: 
DEC. 88 

Subscribe to HAM RADIO today. Tap Into 
Amateur Radio's #I technical and building 
journal. You'll also save $7.05 off the news- 
stand price ($30 per year)! Fill out this card 
and mail it in. 
For even more prompt service, call TOLL 
FREE (800) 341-1522, Mastercard, VISA and 
Bill Me orders accepted. Phone lines open 
Monday thru Friday 8 a.m. to 9 p.m. Please, 
orders only. 

Bill me Payment enclosed 

Name . 
Address 

SPECIA L HOLIDA Y RATES City State 
First Gift or Renewal Check if this is a renewal DEC. 88 

$19.95, Save $3.00 Please allow 4-6 weeks for delivery of first issue. 
Two or more Gift or Renewals FOREIGN RATES: Europe via Air Forwarding Service 

$1 5.95. Save $7.00 $40 per year. All other countries $31.00 per year. 

HAM For FREE literature or more Informstlon, first 
locate the company number at the bottom of 

RADIO the ad. Circle the appropriatenumber on this 
card. affix oostaoe and d r 0 ~  into the mail. 
we'li hustle you; request i f f  to the com- Reader Service panies YOU are interested in! 

101 113 125 137 149 161 173 185 197 209 221 233 245 257 269 281 293 305 317 329 341 
102 114 126 138 150 162 174 186 198 210 222 234 246 258 270 282 294 306 318 330 342 
103 115 127 139 151 163 175 187 199 211 223 235 247 259 271 283 295 307 319 331 343 
104 116 128 140 152 164 176 188 200 212 224 236 248 260 272 2&1 296 308 320 332 344 
105 117 129 141 153 165 177 189 201 213 225 237 249 261 273 285 297 309 321 333 345 
106 118 130 142 154 166 178 190 202 214 226 238 250 262 274 286 298 310 322 334 346 
107 119 131 143 155 167 179 191 203 215 227 239 251 263 275 287 299 311 323 335 347 
108 120 132 144 156 168 180 192 204 216 228 240 252 264 276 288 300 312 324 336 348 
109 121 133 145 157 169 181 193 205 217 229 241 253 265 277 289 301 313 325 337 349 
110 122 134 146 158 170 182 194 2% 218 230 242 254 266 278 290 302 314 326 338 350 
111 123 135 147 159 171 183 195 207 219 231 243 255 267 279 291 303 315 327 339 
112 124 136 148 160 172 184 196 708 080 232 244 256 268 230 292 3W 316 328 340 

rim? r5inquriics per rwuest. 

NAME C A L t  

ADDRESS 

CITY STAT- ZIP 

PLEASEUSE BEFORE FEBRUARY 28,1989 DECEMBER 1988 
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PRACTICALLY 
SPEAKING 

Joe Corr. K4IPV 

Overview of 
Operational Amplifiers: 
Part 2 - lnverting and 
Noninverting Follower 
Circuits 
Last month I gave you the basics of 
the operational amplifier and other 
linear IC devices. I discussed the 
properties of the ideal op amp, and 
some common problems that 
represent departures from that ideal. 
This month I'll take a look at the stan- 
dard circuit configurations and the 
derivation of transfer functions. Let's 
start with the inverting follower con- 
figuration. 

lnverting follower circuits 
Figure 1A shows the inverting fol- 

lower circuit. It is characteristic of an 
inverting follower that the output sig- 
nal is 180 degrees out of phase with 
the input signal (photo A). The trans- 
fer function is A, = V,/Vin. 

The noninverting input is grounded 
in the inverting follow circuit, so you 
must treat the inverting input as if it 
were also grounded. Ideal property 
number 6 (see last month) requires 
that the inverting input be treated as 
if it were also grounded, as at zero 
volts potential. This gives rise to a 
somewhat confusing concept - vir- 
tual ground. The inverting input isn't 
actually grounded, but since it's at zero 
potential because the other input is 
grounded, you can say that it is "vir- 
tually" grounded. The concept is sim- 
ple; only the semantics are confusing. 

I I 

Inverting follower circuit. 

Input (top) and output (bottom) waveforms 
of a gain of - 1 inverting follower. 

Let's consider the currents appear- 
ing in node "A" of fig. 1. You know 
from ideal property number 3 (Zin is 
infinite) that 13, the input bias current, 
is zero. You also know from Kirchoff's 
Current Law (KCL) that all currents 
into and out of a junction algebraically 
sum to zero. Thus, 
If = -12 (1 1 
You also know from Ohm's law that 

If = Vin/Rf 
and, 
12 = V0/R;, (3) 
Thus, when you substitute these two 
equations into KCL: 
(Vin/RiJ = -(Vo/RJ) (4) 

You know that a voltage amplifier's 
transfer function is: 
A ,  = V0/V;, (51 

Solving eqn. 4 for the transfer func- 
tion (eqn. 5) yields: 
Vo/ V;,, = - Rf/R;, (61 

Thus, the voltage gain A, of the 
inverting follower is given by the ratio 
of two resistors: 
A = - Ry/Rin 

You can design the inverting ampli- 
fier by manipulating the values of these 
two resistors (see fig. 1). That's the 
exciting part of op amp theory, and 
what makes the device so simple to 
apply. 

There's a constraint on the mini- 
mum allowable value of Rin. Point A 
is virtually grounded, so the input 
impedance of this circuit is the 
resistance of Rin. One rule of thumb of 
voltage amplifier design says the input 
impedance of a stage must be five 
times (some people, myself included, 
prefer ten times) the source impedance 
of the signal source. 
Example: 

Design a gain of 100 inverting ampli- 
fier that has an input impedance of 10k 
or more. 
Solution: 

Since the input impedance must be 
10k, Rin must be 10k or more. Set it 
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at 10k. Solving the gain equation for 
Rf yields: 
Rr = A, x R;,, 
R, = (100) x (10,000 ohms) 
R/ = 1,000,000 ohms 

So, a 10k input resistor and a 1 meg 
feedback resistor yield a gain of 100. 
Since this is an inverting follower, the 
gain is actually - 100. (The " - " sign 
indicates the 180-degree phase rever- 
sal between input and output normal 
to inverting amplifiers. I 

Input (top) and output (bottom) waveforms 
of gain of t 2 noninvetting follower. 

1 1 
Unity gain noninverting follower. 

Noninverting followers 
The noninverting follower applies a 

signal to the noninverting input. The 
ou t~u t  signal is in phase with the input 
signal (zero degree) phase shift (photo 
B). There are two basic configurations 
for the noninverting follower: 

Unity gain noninverting follower 
Noninverting follower with gain. 
Figure 2A shows the unity gain 

noninverting follower. The output ter- 
minal is connected to the inverting 
input, producing 100 percent feed- 
back. The output voltage is equal to 
the input voltage. So of what use is a 

unity gain (i.e., gain of 1) voltage 
amplifier? There are three principal 
uses: buffering, impedance transfor- 
mation, and power amplification. 
Buffering means using an amplifier to 
isolate a circuit from its load. Some 
oscillators and astable multivibrators 
change frequency if the load impe- 
dance changes, so a unity gain non- 
inverting follower helps "buffer" the 
circuit. Also, some transducers with 
high source resistances load badly if 
not buffered by an extremely high 
input impedance amplifier; the crystal 
microphone is one.example. 

Impedance transformation occurs 
because the input impedance is very 
high, while the output impedance is 
very low. You can use this circuit when 
acquiring a signal from biological elec- 
trodes or chemical transducers, etc., 
where the source impedance is 
extremely high. A pH electrode, for 
example, has source impedances rang- 
ing from 10 to 100 megs. 

The voltage amplification is unity. 
This is illustrated by the fact that the 
voltage remains constant (V, = Vin). 
Consider also that the impedances are 
unequal. Obviously, since power is 
defined by P = VZ/R, reducing R while 
keeping V constant results in higher 
power (PI. 

The noninverting follower with gain 
circuit in fig. 28 retains the properties 
of the unity gain circuit, but produces 
voltage gain as well. Keep in mind that 
the inverting input (point A1 is at Vin. 
Analysis similar to the previously used 

I , .  V.+./R," .V,./*I. 

I A". *I,*,".# I 
Noninverting follower with gain. 
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method produces a voltage gain of: 
A,  = (Rf/RiJ + I 

verting gain follower is often used for 
audio microphone preamplifiers. 

The noninverting follower circuits 
are used wherever extremely high 
input impedance is needed, or where 
no phase reversal can be tolerated. In 
communications circuits the nonin- 

Operation from a single 
power supply 

Operational amplifiers are normally 
operated from a bipolar DC power sup- 
ply. Such a power supply has V + and 
V - voltages that are each referenced 
to common. This system essentially 
requires two independent DC supplies. 
In some cases, however, either ulti- 
mate use or other design constraints 
lead to the necessity of a single 
(monopolar) DC power supply. An 
example is + 13.8 mobile circuits. In 
this section I'll discuss simple methods 
for operating the amplifier from a sin- 
gle DC power supply. 

Some schemes exist for creating a 
split power supply from a monopolar 
one in order to mimic bipolar power 
supply operation. One scheme con- 
nects two zener diodes in series across 
the single supply, along with the 
necessary current-limiting resistors. 
The junction between the two zener 
diodes becomes the signal common. 
A severe limitation of this method is 
that the DC supply common can't be 
chassis referenced. 

Another scheme is to use the regu- 
lar monopolar DC power supply for 
V + , and a DC-to-DC converter circuit 
for V -  . Such a circuit is little more 
than an AC or square wave oscillator 
in the 20 to 500-kHz range, with its 
output signal rectified and filtered to 
produce the V - voltage. 

Figure 3A shows the method for 
biasing the operational amplifier inputs 
to permit single supply operation. This 
technique is based on the simple resis- 
tor voltage divider circuit in fig. 3A. 
The output voltage (V1) is given by the 
standard voltage divider equation: 

A 

R2/10 = (10k)IlO = Ik.  Solving the 
usual capacitive reactance equation for 

I C gives you: 

1 I 
Resistor voltage divider. 

Inverting follower operated from single 
supply. 

Noninverting follower operated from single 
SUPP~V. 

In most cases, the value of V1 will 
be one-half V+, so the operational 
amplifier has a quiescent output point 
that is midway between extremes. This 
bias level is achieved by making R1 = 
R2. The value of R1 and R2 is usually 
selected so that it falls between 1 k and 
100k. The capacitor shunting resistor 
R2 is used to decouple AC variations 
on the power supply line. The capaci- 
tance value is selected for a reactance 
value of one-tenth R2 (i.e., R2110) at 
the lowest frequency of operation. For 
example, suppose R2 = IOk, and the 
lowest frequency of operation is 10 Hz. 
If R2 is 10k, then the capacitive reac- 
tance of the shunt capacitor should be: 

c, = 1,000,000 
(2)(3.14)(10 Hz)(1000 ohms) 

CP = 15.9, ,~ 

The value 15.9 pF is non-standard, 
so you'd select a 16,20, or 22 FF stan- 
dard unit. 

Figure 3B shows the method for 
biasing an operational amplifier in the 
inverting follower configuration. In the 
bipolar supply version of this circuit the 
noninverting input is grounded (i.e., 
set to zero volts). But in single supply 
operation, you apply bias voltage V1 
to the noninverting input. This voltage 
(VI)  also appears on the inverting 
input, making DC blocking capacitor 
C1 necessary. The output terminal is 
biased according to the value of V1, 
and may also require a DC blocking 
capacitor (shown in fig. 3C) if such a 
voltage adversely affects the following 
stage. 

Select the value of capacitor C1 to 
have a low impedance at the lowest 
frequency of operation, using a pro- 
tocol similar to that discussed for the 
voltage divider shunt capacitor. A 
general rule of thumb is to regard 
RinC1 as a high-pass filter with a cut- 
off frequency, F,, equal to lf(6.28 
Ri,C1 1. The object is to choose a value 
of C1, given a value for Rin, that 
results in a value of F, lower than the 
lowest operating frequency. 

The circuit configuration for nonin- 
verting follower circuits is shown in 
fig. 3C. This circuit is the same as for 
inverting followers, except for resistor 
R3. The purpose of R3 is to maintain 
a high input impedance to signals 
applied to the noninverting input. The 
minimum value of R3 is at least ten 
times the output resistance of the driv- 
ing stage. In practical cases, however, 
the source impedance is usually low 
enough that it's possible to set R3 to 
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100 or 1000 times the source imped- 
ance. Typical values range from 10k to 
1 meg, with lOOk predominating. 

Select the value of C1 so that the 
cutoff frequency of the filter formed by 
C1 R3 is lower than the lowest operat- 
ing frequency. The same equation 
applies here as before. Use capacitor 
C4 and resistor R4 when the (V + ) I2  
bias on the output terminal will 
adversely affect a following stage or 
instrument. Again, the "lowest fre- 
quency of operation" rule is invoked 
when setting the value of C1, with the 
resistance being the input resistance of 
the following stage. 

Some common problems 
I find it almost impossible to wire up 

a circuit without making at least one 
mistake. Check your wiring before 
applying power to  the circuit. For- 
tunately, most op amps will survive a 
whole host of errors - except 
reversed DC power supply polarity! 

Before applying power you'll 
need to check a few things. Don't 
send a signal until after power is 
applied. Ground the input to simulate 
a signal of zero volts. Next, turn on the 
power and use a DC voltmeter to 
check the V -  and V +  power sup- 
plies. Make sure these potentials are 
proper. Now check the output termi- 
nal. It should be 0 Vdc if you use bipo- 
lar supplies, or at the potential set by 
the voltage divider if you do otherwise 
(112- (V + ) iq common). If all's well, 
turn on the signal and check the cir- 
cuit operation. If not, then turn off the 
power and look for the problem - 
you've probably miswired something. 
(An op amp from a "cheapie" source 
may well be defective.) 

Photo C shows the result when the 
amplifier inputs are overdriven for the 
circuit conditions. Three factors can 
lead to the clipping shown in the out- 
put signal (lower trace). The first is 
excessive input signal. (This situation 
can also be dangerous to the op amp's 
health.) The second is a value that's 
too low for the DC power supplies 
(e.g., f 6 Vdc when zk 10 volt output 
signals might be expected). The third 
factor is a gain that's too high for the 

Input (top1 and output Ibonoml  waveforms 
of a n  overdr iven amp l i f i e r  s h o w i n g  
"clipping." 

Ooops! Forgot the decoupling capacitors! 

power supply value (i.e., when the V- 
and V + supplies are maximum). 

Photo D shows oscillation superim- 
posed on a sine wave output signal. I 
took this photo from an oscilloscope 
connected to  the output of a 741 
amplifier in which the decoupling 
capacitors on the V - and V + power 
supplies were missing. The solution is 
to  place at least some decoupling at 
each op amp terminal as close as pos- 
sible to the body of the device. Note 
that 741 devices are called "uncondi- 
tionally stable" in some texts, so some 
people believe that they won't oscil- 
late. 

Conclusion 
Applying operational amplifiers is 

easy. The one simple rule to remem- 
ber is that the outputlinput transfer 
function is governed by the feedback 
network. For simple voltage amplifiers 
you need only remember that the ratio 
of the resistors is the determining fac- 
tor. For AC amplifiers you'll also need 

This article is based on my new 
book: IC User's Casebook (Sams No. 
224881, available from the H A M  
RADIO Bookstore for $12.95, plus 
$3.50 shipping and handling. I can be 
reached at POB 1099, Falls Church, 
Virginia 22041, and would like to have 
your comments and suggestions for 
this column. 
Article l H A M  RADIO 
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Get the most Multi-purpose test load is just a special purpose resistance 
substitution box. 

from your NiCds. 
8 8 :  

0 ne way to maximize the useful life of your 
NiCds is to  use them; they thrive on it! Part 
of this use should include full discharge and 

full charge cycles. 
Many devices using NiCds come with a charger. 

Proper charging is usually easy to accomplish; it's sim- 
ply a matter of charging them for a fixed period of time 
- often 16-20 hours. Proper discharge is not quite as 
easy to achieve. 

The multi-tapped resistor is the haan of the test load. Note 
My first experience with NiCds was in 1960. The the heavy-duty switch at the upper right for high amps. 

militarv used NiCd wet cells to Dower selected equip- 
ment. These NiCd power supplies were stored fully 
discharged and shorted. They were removed from 
storage periodically, checked for proper electrolyte 
level, and charged. Then they were discharged at a 
specific load for a specific time to test their capacity. 
Individual cell voltages were checked during the dis- 
charge cycle, and any cells which discharged prema- 
turely were removed and replaced. The battery was 
again charged and given the timed discharge test to 
be sure that it met the capacity requirements. A NiCd 
battery is only as good as its weakest cell. I have some 
of those early NiCd cells. They're now about 30 years 
old, but still usable! 

The first commercially available NiCds I purchased 
in the mid-sixties were C and D cells. I periodically ran 
discharge capacity tests, almost from the time I bought 
them. I dated and numbered each cell so that I could 
track its performance. Some of those cells lasted over 
10 years. I've found that neither age nor number of 

By W. C. Cloninger, Jr., K30F, 4409 Buck- 
thorn Court, Rockville, Maryland 20853 

Simple circuit for old-fashioned resistancesubstitution box. 

cycles is necessarily an indicator of when a NiCd cell 
needs to be replaced. 

For years I discharged NiCds with almost anything 
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that would place a suitable load on them. I used flash- 
light bulbs, automotive accessories, high-wattage 
resistors, and 12-volt automotive bulbs. I also used an 
assortment of clip leads, ammeters, voltmeters, and 
battery holders. It was a mess, but it worked! There 
are still times when I use a gang of automotive bulbs 
(photo A). 

I had known for years that it would be nice to have 
a clean, functional test load. I spotted a multi-tapped 
200-watt 6.50hm resistor in a catalog.' A year or so 
later I ordered two of the resistors. I looked at them 
for another year. Then, one weekend I finally con- 
structed my test load (photo B). 

The circuit shown in fig. 1 is simple; it's basically 
an old-fashioned resistance substitution box. But 
remember, all power from the discharge of the NiCd 
battery is dissipated in heat, so the resistors must be 
capable of handling the required power level. The 
power dissipation is calculated with either P = IE or 
P=  I'R. A 13.8-ohm load across 13.8 volts 

equals 13.8 watts (P= 1 x 13.8 = 13.8 watts). 
Because five resistors ( R l ,  R4, R5, R6, and R7) share 
varied amounts of the 13.8 watts, no resistor needs 
to be rated over 10 watts. Switch S4 is a shorting type; 
I used it because that's what I had in my junkbox. If 
you use a non-shorting switch, calculate the values 
and maximum load on any single resistor and use a 

Approximate resistance ranges of switch S4 when used 
with switch S3 for fine adjustment. 

Range 1 1.1- 7.0 ohms 
2 9.8-15.6 ohms 
3 16.6-22.4 ohms 
4 24.1-29.8 ohms 
5 31.2-37.0 ohms 

higher wattage resistor where required. Table 1 gives 
the approximate resistance ranges of switch S4, when 
used with switch S3 for fine adjustment. 

Construction 
There's nothing special about the construction 

(photo C).  Just about everything I used came from 
my junkbox. R1 is the only component purchased spe- 
cifically for this project. Even the wires with the ter- 
minals were "cut-offs" from disassembled equipment. 
Switches S3 and S4 were what I had available. The 
meter is a 0-1 mA movement with shunts for 0-1 and 

Foreground: Load resistor R1 before installation. Center: 10-A 
continuous-duty test load is guaranteed to brighten up your 
shack. 

R I 6 5 ohm ZOO wall mult#-lapped rerrrror' 
R1 100 ohm 10 wall 
R5 50 ohm I 0  walt 
R6 20 ohm 10 wall 
R 7  30 ohm 10 wart 
S3 10 pole mlary swllch 
S4 5 pole shonlng m a w  srltch 
S5 4 pole hlgh amp canmlc swllch 
Meter 0-1 m l .  or to rvll 
R2.R3 shvnf m s l s l ~ m  10 suit meter 
rll.JZ.Jl Jachl lo sulf needs 

' H  6 R Corponllon. 401 E. EN. Innu.. Phlladslphl~. k n n t y l v ~ n l .  19134 

Pan numbs, TM2.31513. $5.50 In December 19B8 c.la)og. I 
0-2 A. The shunts are lengths of resistance wire 
removed from some old wire-wound resistors. 

Start by connecting one end of the resistor wire to 
the meter. Use a clip lead on the other terminal of the 
meter, and slide the other end of the clip lead along 
the resistance wire until you get the proper reading. 
(Place another ammeter in series for reference.) Sol- 
der a wire to the resistance wire at this point, and con- 
nect the wire to the meter. I added switch S1 and 
another shunt resistor to  give the meter two ranges. 
The tip jacks for an external voltmeter were added as 
a convenience as was switch S2, which allows the load 
to  be turned off or on without disturbing the load set- 
tings. 

I also needed a high amp load capability to make 
power supply tests, so I added a second load circuit 
consisting of switch S5 and jack J3. The high amp sec- 
tion will handle loads of about 5 to  15 amps on a 13.8- 
volt power supply. Fifteen amps at 13.8 volts is push- 
ing the rating of R1 and is used only for short times. 

Using the test load 
The capacity of NiCd cells is usually stated for the 

1-hour discharge rate. That is, a 450-mAh (milliamp 
hour) AA cell will support a 450-mA load for one hour 
i f  it's fully charged and has 100 percent capacity. C 
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Discharge capacity test using adjustable banery holder 

and D cells are typically 1200 mAh (1.2 Ah). For capac- 
ity tests, I use the 1C rate (one times capacity); i.e., 
450 mA for AA cells. 

The first step is to discharge all cells. I use a home- 
made banery holder (photo D l  for single cells. It's 
easy to check each cell voltage individually with a volt- 
meter during discharge. One of the advantages of a 
NiCd cell is a relatively flat discharge curve. Notice, 
I said "relatively" flat. Voltage under 1C load will be 
about 1.2 volts for a long time. As it nears discharge, 
it will drop to 1.1 volts and - a very short time later 
- to 1.0 volt. The change in voltage at near discharge 
can take place in a matter of a few minutes, so watch 
the cells carefully. This isn't a "set it and leave it" test 
procedure. At 1.0 volt you can consider the cell dis- 
charged and pull it. However, don't let the cell drop 
below 1.0 volt, or it might reverse polarity and not 
recover when recharged. If you're disctiarging a fixed 
banery, like an HT banery pack with seven cells (8.4 
volts nominal), stop the discharge when the battery 
reaches 7.0 volts, or 1.0 volt per cell average. 

Fully charge the cells or banery as recommended 
and you're ready for the discharge capacity test. I con- 
nect a digital voltmeter to the jacks on the test load 
to monitor total voltage. If I'm testing an HT battery 
pack, this is the only voltmeter I'll need. If I'm testing 
a group of individual cells as shown in photo D, I use 
a second voltmeter to monitor and pull individual cells 
whenever they drop to 1.0 volt. 

Turn on the test load and set for 1.2 A (for 1.2 Ah 
cells). Be sure to log in the start time, or use a stop- 
watch or timer. You'll have to readjust the test load 
as voltage drops to maintain a constant load. If the 
first cell takes 45 minutes or 0.75 hours to drop to 1 .O 
volt, multiply the 1.2 A load times 0.75 hours. The 
capacity of that cell is 0.9 Ah or 75 percent of rated 
capacity. I pull each cell as it reaches 1.0 volt and cal- 
culate its capacity. Use the same timelload procedure 
to discharge a banery pack, but stop when the volt- 



age drops to  1.0 volt times the number of cells in the 
battery pack. The same quick calculation will give you 
the capacity of your banery pack. 

I keep records on my cells and battery packs. The 
original, and only, banery pack for my TR2500 HT is 
almost 4 years old but still has over 80 percent of its 
original capacity. As cells get older, they may not hold 
1.2 volts at load for as long, but may drop slowly to 
and through the 1.1-volt range. In other words, the 
cell can no longer hold the relatively flat discharge 
curve. Such cells may or may not be suitable, depend- 
ing on the type of equipment in which they are used. 
In any case they are "suspect," and should be 

.watched more closely than normal. 
You may also want to  let fully charged NiCds sit for 

up to 30 days, run a discharge test, calculate the 
capacity, and compare it to  the capacity of the cells 
or banery when just charged. The results of age or 
premature self-discharge can be quite noticeable here. 

Remember, your NiCds actually like this kind of test- 
ing. In fact, a couple of complete chargeldischarge 
cycles may actually improve their capacity. 
And,..you'll have the added benefit of knowing just 
what condition they're in! 
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WIJR p 110. May 84 

VHFIUHF World: stacking antennas, part 
1 

WlJR p 129. Apr 85 
VHFIUHF World: stacking antennas, part 

2 
WlJR p 95. May 85 

VHFIUHF world 
WlJR p 85. Dec 85 

VHFIUHF world: Designing and building 
loop Yag~s 
WIJR p 56. Sep 86 
Short clrcuit p 54. Jan 86 

VHF Yagi CAD Oi l  the C-64 
W4PFZ p 70. Sep 86 

VHFIUHF world: Yagi facts and fallacies 
WVJR p 103. May 86 

VHFIUHF world: optimized 2- and 
6-meter Yagls 
WlJR p 92, May 87 
Short circuit p 41, Aug 87 
Short circuit p 49, July 87 

December 1988 93 



aries-1.. . 
. i n l l l s  OAT1 / llUi lrom Computer IV! IW![NCY / LILY)[ lrom lronsrt i r t r  (crdam Kcnwood und lcom models) inlo h. 
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An Extremely useful program! Most Aries-1 Users "fire up" the program when- 

ever they are in the shack. Whether operating Voice, AMTOR, Packet or any other 
mode, you will enjoy having your Log available on screen simultaneously with 
your Terminal Unit and access to your other ham software just a keypress away. , VISA - - Our 10th Year o l  d f l l vmng Qual~ty Sollware l o  l h r  Inlernsttonsl market - - MaalerCard / 
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Signal Generators 
SG.1031U RM.25F 

I 0  kHz.54 MHI rn 8Bandr .Crystal Cdlhralor . SY~MISIOVOII 102V0ll RF O u t ~ u t  . Checkedoul witln . R ~ s i s f ! v ~ A ~ t ( l n u P ~ f  r c h e m s l l ~  

TS-497 BlURR 
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2 0 . 4 0 0 M H z I n 8 B a n d s  . S~b.MIcmrOll  l o  1 Voll RFOvIPvl . P8stonAllanualor 
Checked out w ~ l h  3chemaI I~  

SG-3361U-KAY 380 
Sweep Generator 
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.30r2QMH1Swee~Wldth . o c r y s t a  Mane, C ~ D ~ ~ I I ~ I Y I F I V ~  Equ lp~nd l  

Y~~IBDIB ~ a n e r  wtth Lxternal Oscillator . operalor. Manual ~ e v r t n j  a schematic I ~ C I U ~ W  rC lM 
N. E. Litsche 

P.O. Box 191 Canandaigua, NY 14424.0191 
716-394.9099 716-394.0148 

LOGWRITE" 

Inslanl  call stqn or prefix search 
- Pnnl. Edit, o r  Vlew records 
- Plenly o l  r m m  lor notes R atldrnsses 
- A ~ t o r n e t ~ c  l!meJdste stnmplng 

T ~ . I  I ~ , ~ , ~ ~  allnll~er ~ " r d  ump. hx~lpnrr csr 
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r o  ~ r e r  !our mp? nf L0l:WRITE. nmpctc woh imtrlrtxrn 
manual. wnd S249l lPn r n x k n l r  *M I 1  XI =In trill l N ?  

A e r n s p o r e  C'nnsult ing 
P.O. Hox 126. Gwynrdd. 1';1. I9436 

Or call I t W % h  U*.41%6 cxt 34 t w  cnrch7 slth \ ' m . > i ~ * t c r  
I m d  ~ f ' k w t  8 ~ c h  1 I crr ' 2' tnch rh,pp$ I 

MAKE CIRCUIT BOARDS 
THE NEW, EASY WAY 

. . 
WITH TEC-200 FILM 

JUST3 EASY STEPS: 
Copy c l r c u l l  on T E C - Z O O  f~lm uslng 
any pla~n paper c o p t e r  

Iron f~ lm on to copper clad board 
Peel off f~ lm and etch 

SATISFACTION GUARANTEED 
convenient 8'/r x 11 slze 

5-Sheets for $3.95 
10 sheets only $5.95 

add $1 25 poqlage - NY ros add sates lax 

The MEADOWLAKE Corp. 
DEPT K. P 0 Box 497 

Northport. New York 11768 

a l r e a d y  w o u n d  a n d  r e a d y  l o r  l n s l a l l a t l o n  tn y o u r  
t r a n s m a t c h  or y o u  m a y  e n c l o s e  t h e m  on a 
w e a t h e r p r o o f  box a n d  c o n n e c l  t h e m  d ~ r e c l l y  a l  
t h e  a n t e n n a  T h e y  a r e  d e s l g n e d  l o r  3-30 MHz Op. 
e r a l t o n  ( S e e  A R R L  H a n d b o o k  p a g e s  19.9 o r  
6-20 l o r  c o n s l r u c t l o n  d e t a l l s  I 

UnirerulTr.n.m.lmIXWII 1.9 1.w l I - n r l o n . ,  1 1  50 

Please send large SASE l o t  info 





Short circuit p 72. Jan 87 
New uses for old tuners 

W6WTU p 25 Jan 88 
Passlve audio filter design, part I de- 

velopment and analysis 
Niewiadomskt. S p 17, Sep 85 

Polymer film transforms mechanical 
energy to electrical energy 
WA4KFZ p 55. Dec 84 

Power FETs. trend for VHF amplifiers 
Peters. Dantel and W7PUA 

p 12, Jan 84 
Practically speaking: Keep 11 cool 

K41PV p 75. Apr 86 
Practically speaking: parts sources 

K41PV p 78. Nov 86 
Practically speaking: ground~ng and 

shleldlng, pt 1 
K41PV p 47. Apr 87 

Practically speaking: ground~ng and 
shleldlng, pt. 2 
K4IPV p 81, May 87 
Comments: grounding and shielding 
KABDKT p 6. Aug 87 

Practically speaking: drill and shin 
K41PV p 75. Jan 86 

Practically speaking: nolse, slgnals and 
amplifiers 
K41PV p 77. Feb 88 

Practically speaking: feedback 
K41PV p 60. May 88 

Practically speaktng: "ferrlting" out the 
problem 
K41PV p 72. Jun 88 

Practically speaking: non-ideal l~anear IC 
amplillers typlcal problems and how 

to solve them 
K41PV p 72, Jul 88 

Practically speaking: Overview of op 
amps-part 1 
K41PV p 100, Nov 88 

Practically speaking: Overview of op 
amps-part 2 
K41PV p 83. Dec 88 

Precision hlgh-voltage dc regulator 
AG6K p 75. Aug 88 

Quick flx for soldering irons (HN) 
W2YW p 62, Apr 84 

Reflected power limiter 
K4KI p 63. Jul 84 

Remote basels~mplex phone patch con- 
troller 
AA4NX and KK4LA p 54, Aug 88 

Rewinding transformers with CAD 
W6WTU p 74. Mar 87 

RF filters. Bu~ld narrowband 
WB4EHS p 10, Mar 86 
Short c~rcuit p 36. Jun 86 

Silk screen techniques, make your own 
board uslng 
W300M p 83. Nov 84 

Silverplating, safe, sensible 
K9EYY p 29. Feb 85 

Simple low-cost comb generator frequen- 
cy calibrator 
Martin, Larry p 78. Jul 88 

Simple recetvers from complex ICs 
W6VEH p 10. Nov 88 

Solar power for your ham station 
NH6N p 14, Dec 84 

Structural evaluation of Yagl elements 
K51U p 29. Dec 88 

Superhet coilset, design with a 
microcomputer 
Sterrenburg. FAS p 113, Nov 84 

The Guerri report: pc boards 
W6MGI p 109. Sep 86 

Tuning tndicator for RTTY and packet 
rad~o 
WMZR p 65, Sept 88 

Two in one: trace doubler for CRO, and 
square wave and pulse generator (HN) 
Tseng Liao p 26. Dec 88 

2-meter monitor 
WA3ENK p 64. Jul 88 

Universal analog breadboard. A 
Gruchella. Mlchael p 85. Jun 86 

ZX-81iTSlMX) controller: new use for old 
computers 
N9NB p 31. Dec 86 

DIGITAL 
TECHNIQUES 
Add a dlgital readout to the "poor man's 

spectrum analyzer" 
WA2PZO p 84, Sept 88 

Amateur FSK: A spectral analysis 
WA6NCX p 42 Dec 86 

AMTOR. AX 25. and HERMES: a perfor- 
mance analysis of three systems 
W9JD p 63. Dec 85 
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Comments, G3PLX p 9. May 86 
Annunciator bell for the Kantronics 

KPC-2 
KlZJH p 22, Aug 86 

Audio filter deslgn, 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" 
KF6CU p 38, Jan 88 

CAT control system for the Yaesu 
FT-757GX 
SM6CPI p 26, Nov 87 

Commodore 64. $100 printer (HN) 
W2QLl p 86. Aug 85 

Computer control of ICOM R-71, 271. 
471, and 751 radios 
NG6Q p 47. Apr 86 
Comments: Continuous phase tones 
G3VMR p 6. Aug 87 

Decoding data slgnals 
WB4GCS p 60. Dec 88 

Deluxe logic probe 
MWilde p74, Jan 87 

Dig~tal 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- 
modore 64 
W3NNL p 83, Nov 85 

Digital HF radio: a sampling of tech- 
niques 
KAZWEUIDJPLR p 19. Apr 85 
Short clrcuit p 121. May 85 

Direct synlhesis VFO 
W7SX p 10, Sept 88 

DTMF controller for repeaters 
WB4FXD p 47, Sep 85 

DTMF tone s~gnaling circu~l 
WV6A p 42, Sept 88 

Elmer's notebook: An introduction to dig- 
ilal communications 
WlSL p92. Jul 87 

Elmer's notebook: An introduction to 
AMTOR 
WlSL p 101. Sept 87 

Elmer's notebook: packet radio 
WlSL p 100, Oct 87 

Frequency synthes~s up to 2 GHz 
WA6DYW p 22. Apr 88 

Gel on SSN-with the C-64 
l2CAB and IPAED, edited by K9EI 

p 43. Oct 86 
Short Circuit p 97, Oct 87 

HP-IL serial loop 
Martin. Vaughn D p 101, Apr 84 

Improving the WBXEH programmable 
callsign identifier (hn) 
KL7XO p 82. Sept 87 

Comments: Packet board update 
VE3LNY p6. Jan 87 

Packet radio and area networking 
WBUZO p 38, Dec 84 

Packet radio, automatic frequency and 
deviation tester 
WB2OSZ p 41. Dec 85 

Packet radio prlmer 
WAlFHB p 30. Dec 85 

Packet radio, the software approach 
W4UCH p 63. Sep 84 

Packet radio TNC for the IBM PC 
VE3LNY p 10. Aug 86 

PL tone generator. a programmable 
WBWSZ p 51. Apr 84 
Short circult p 125, May 84 

Pract~cally speaktng: using the digttal 
frequency counter-some pltfalls 
K41PV p 47. Apr 88 

RAM drlve for packet rad~o 
AD1 B p 44. Dec 87 

RTTY reader, interrupt-drlven 
KN4L p 72. Sep 84 

Run RTTY on your Timex 
NU4V p 110. Apr 85 

Run RlTY on your VIC-20 
W5TRS p 120. Apr 85 

Satellite tracker, dlgltally-conlrolled 
KABOBL p 102, Sep 85 

Smith Chart impedance matching on 
your Commodore 64 
WA9GFR p 120. Oct 84 

Sohare plracy (letter) 
Forsyth. Mlke p 8. Sep 84 

Spread spectrum and d~g~la l  communlca- 
t~on techniques, a primer 
N9NB p 13. Dec 85 

The Guerri report compuler technology 
W6MGI p 54. Nov 84 
Short circuit p 8, Dec 84 

The Guerri report: signal processing 
W6MGI p 156. Dec 84 

The Guerr~ report 
W6MGI p 124. Jan 86 

The Guerr~ report 
W6MGI p 125, Apr 86 

Thumbwheel frequency selector for the 
Yaesu FT-757GX 
KASSNF p 33, Nov 87 

True frequency d~gllal readout for the 
HW-101 A 
NU4F p 8. Jan 87 
Short clrcu~l p 41. Aug 87 

Uslng an RTTY terml'77h the Heathklt 
HD 4040 TNC 
AABV p 59, Aug 86 

VIC-20 prlnter (HN) 
W20LI p 88, Sep 84 

FEATURES 
AND FICTION 
Electromagnetic jargoq generator, state- 

of-the-art 
N6TX p 75, Apr 85 

Ham radio techniques: Ever work a W10 
W6SAI p 43. Feb 87 
Short clrcutt: p 50. Apr 87 

Ham rad~o techniques: Xlnglang 
Province the last frontler 
W6SAI p 55. Apr 87 

Ham Radio technlques: the year was 
1923 ... 
W6SAI p 89. Jan 88 

Ham Radio technlques: "the greatest 111- 
tie magazlne in the world" 
W6SAI p 68. Feb 88 

One hundred years of eleclric waves 
KR6A p 22. Aug 68 

Radio addiction: case historv of an en- 
thus~ast 
W7SX p 52. Jan 88 

Reflections: Returning the spectrum to 
chaos. .courtesy of the FCC (General 
docket 87-389) 
W9JUV p6 .  Feb88 

Reflections: Novlce enhancement and 
the future of amateur radiod 
W9JUV p 6. Jun 88 

FILTERS 
Simple VHFIUHF multiple quarter-wave 

fillers 
WA3EWT p 37. Sept 87 

Automatically swltched half-octave filters: 
part 1 
WBUZO and Watkins. Lee R. p 10 
Feb 88 

Automatically switched half-octave filters- 
part 2 
WBUZO and Walkins. Lee R p 29 
Mar 88 

Top-down filter design 
VESFP p 41. Jan 87 

FM AND 
REPEATERS 
DTMF controller for repeaters 

WB4FXD p 47. Sep 85 
FM advantage 

WA9GDZ6 p 38. Sep 84 
FM repeater separation 20 kHz. Yes. 15 

kHz. NO 
WD51BS p 12. Aug 85 

Improved repeaterltransmltter nolse per- 
formance (HN) 
K lWH p 104. Apr 86 

Remote repeater programming using a 
compuler and a lelephone 
KD9BC p 89. Mar 86 

Repeater, high-lech: destgnlng and 
bulldlng an FM translator 
WAGCAY p 82. Feb 85 

Repeaters, speech synthesis for 
N9EE p 79. Mar 84 

Repeaters, three clrcuits for (HN) 
N9EE p 91. Jan 84 
Short clrcull p 10. Feb 84 
Short circuit p 10. Mar 84 

Tone burst generalor for European 
repeaters. A 
WA3EEC p 88. Jul 86 

ZIA connection: a multi-state 2-meter 
repeater link 
K5XY p 30. Oct 86 

HAZARDS 
AC line translent protection 

N6JH p 59. Apr 86 
Electrlc shock, the effects and treatment 

of 
NY6U p 85. Mar 84 

INTEGRATED 
CIRCUITS 
Low-pass filter, Inlegrated circuit 

WBZKTG p 59. Jan 85 
Statlc electricity and modern integrated 

circuits 
K4KEF p 33, Mar 84 

The Guerri Report: superchips come of 
age 
W6MGI p 126, Feb 85 

The Guerr~ report. 
W6MGi p 124, Jan 86 

The Guerri report: microchips 
W6MGI p 109, Jul 86 

KEYING AND 
CONTROL 
Call sign identtfler. programmable 

WB3CEH p 33, Feb 85 
Ham radio techniques 

W6SAl p 106, Oct 84 
lmprovlng the WBXEH programmable 

call slgn ~dentlfler 
KL7XO p 82. Sep 87 

Keyer, slmple, compact QRP 
(weekender) 
W5FG p 82, Oct 84 

Micros and VHF beacons transmlt mes- 
sages auromattcaily 
K9EI p 51. Jul 85 

Morse Code tutor 
N3SE p 45. Jun 85 

Morse keyboard, an easler approach to 
rnasterlng the 
WlKZ p 80. Apr 84 

Remotely controlled stations: a look at a 
successlul 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 1-1 sweep generator 

WZZUC p 101. Jan 87 
An rt voltmeter 

G4COL p 65. Nov 87 
Brldge measurements, the half-wave 

transmission line in (HN) 
K4KI p 108. Nov 84 

Build thls simple L C  checker 
W5FG p 19. Dec 88 

Calibrating series-resistance capacitance 
br~dges (HN) 
Caron p 27, Dec 88 

Continuity tester, slmple 
WD6GMB p 130, Sep 85 

Deluxe logic probe. A 
M. Wilde p 74. Jan 87 

Detailed look at probes 
Martln. and Dav~s p 75. Sep 85 

Detector, logartlhmlc, wldeband 
PAKXIDJSA p 75. Jul 85 

Dual wattmeter. 50~500 MHz 
WB4EHS p 67. Jul 85 

Elmer's notebook: power measurements 
w lSL  p 100. Jan 88 

Elmer's notebook: standing wave ratic- 
what does lt mean? 
WlSL p 98. Feb 88 

EMIIRFI shield~ng: new techniques part 
1 
Martln, Vaughn D p 72. Jan 84 

EMllRFl shielding: new techniques part 
7 

Martin, Vaughn D. p 85. Feb 84 
Extended-range VU meter 

WB6JNN p 59. Sep 86 



BEVERAGE ANTENNA 
HANDBOOK 

by Vic Misek. WlWCR New Edition 

WlWCR has spenl cn~~r!tlt~\\ hours develnplllq new 
antenna tdeas and ol~l~riiti~riq the SWA (Sleetable 
wave anlenna ) Mtsek delves deep ttito Ihe secrels 
of the stnqle wlrp Beveraqe wllh helpful hlnls and 
ltps on Ihow lo nlax1m17r performance based upon 
wlre srze, hp~ghl above ground. overall length and 
tmuc~iance malch~nq Also tncludes ~nlarmal~on un 

I THE 
BEVERAGE ANTENNA 

HANDBOOK 

FULLY 
REVISED 

- 

cenler led Beveraqes conslructed out ol several 1 
wlra lypes SMALL LOT OWNERS -- Beveraqe lor I 
vntl loot Callr3(l Itte MICIO SWA II IS IUSI 60 11 Please enclose $3.50 shipping 8 handling 

tong You g ~ t  excellenl d~r~~cltvrfy and null sleerlnq 
capahtltl~es Transkrttn~r d~stqn lnlorrnalton tlrr B) 
hoth lerni~nallon and leedllrlp nlalchlng IS com. 
ulelelv rev~slxi 1987 80 paqes R A D I O  BOOKSTORE 

VM:BAH Sonbound S14.95 GREENVILLE. NH 03048 603-878-1441 

1988 U.S. CALL DIRECTORY \ 
(on mlcroflche) 

Call Directory - by callsign .................... $8 
Name lndex - by last name ................... $8 
Geograph~c lndex - by stale/city ............ $8 

All lhree - $20 
$3 shipping per order 

BUCKMASTER PUBLISHING 
Route 3. Box 56 

Mineral. Vlrglnia 23117 
7031894-5777 visalmc 8001282-5828 
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Exclus~ve center off' (ground] posltlon 
Internally disconnects and grounds all 
antenna clrcults for maxlmum protectlon 
when operator IS away from the statlon 
- an Alpha Delta f lrst l  

9 Jncorporates the famous replaceable Arc- 
Plug' cartr~dqe for continuous protectlon 
of the actlve antenna clrcult Unused 

-- antenna clrcults are automatically 
grounded - an Alpha Delta first1 
The Model DELTA-4 Switch features a' Positive detent ball bearlng switch drive 
custom designed cast housing wlth tells you which posit~on you're in . . .  
constant impedance micro-strip cavity without guesslng . . .  wlthout looking. 
construction for outstanding performance DELTA4 handles full legal power. 
through UHF. No lossy wafer swltches Destgned and produced In the U.S.A. by 
are used. Alpha Delta. 

Model DELTA-4 (UHF connectors. 500 MHz) . . . . . . . . . . . . . .  $74.95 
Model DELTA-4IN (N-type connectors. 1.3 GHz). . . . . . . . . . .  $89.95 
Available from your local Alpha Delta Dealer or direct. Add 
$4.00 shipping and handling (U.S.A. only) Exports quoted. 

am 
See Data Sheet for surge limitations. 

I \ 

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 DACRON' 
ROPE TO YOU SEND YOUR NAME AND 
ADDRESS AND WE'LL SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION, 

Dr!aler lnqtllrles lnv~ted 

................ 2472EASTMPiNAVt .BUILDING21 
synthetic VtNTURA. CALIFORNIA93W3 
textiles.inc. (sm,sss 7903 

\ 
. . . . . . . . . . . . . . . . . . . . .  

C 

or Mockdatw 75PageMawal 
Tutond Cassette 

amceiver PC wilh 640K Pardlei Port 

by John Devoldere. ONIUN, for 
Apple Ile/c. MS-DOS, Commodore 
C-128 Apple Macintosh and Kaypro 
CPM Computers 
Here's a collect~on 01 30 super programs 
wrltten by ON4UN Just about every Interest 
or need IS covered-from antenna deslgn 
and optlmlzatlon lo general operating pro- 
grams. Antenna programs include. shunt 
and serles Input L nelwork des~gn, feedline 
Iranstormer. shunl network destgn. SWR 
calculat~on. plus 11 morel General Ham pro- 
grams ~nclude sunr~selsunset. great crrcle 
distances, grayline, vertlcal antenna des~gn 
program, sunrise calendar plus 9 more' 
Phew When you s ~ l  down lo use these pro- 
grams you'll be amazed at whal you have. 
The best value In computer sotlware ava~l. 
able today. . 1986. 

UN-Apple Ilelllc $39.95 ea. 
. UN-MS (MS-DOS) $39.95 ea. 
i UN-CPMIKaypro 539.95 ea. 
I UN-C-128 (COMMODORE) 539.95 ea. 
I UN-MAC (MACINTOSH) 549.95 

LOW BAND DX'ING 
by John Devoldere ON4UN 
NOW Avaslable' The new. 2nd edll~on of the 
de f~n~t~ve book on Low Band DX'lng. Based 
upan years of practtcal on-the-alr 
experience, learn the secrets 01 how 
ON4UN has been so successful on the low 
bands Extenswe coverage IS glven to trans- 
rnlt and recelve anlennas w~th clear conclse 
explanallons and plenty of Iltustratlons- 
d~poles, lnvened V's, slopers. phased arrays 
and Beverages-they're all In th~s book 
Also covered- propagatlon. transmitters. 
receners, operallng. software and an exten. 
sove Low Band btbl~ography. Go~ng to be a 
best seller1 Get yours loday. 1987 2nd 
Edltlon 200 pages 

AR-UN Sonbound $9.95 

BUY'EM BOTH 
SPECIAL OFFER 

Book & So f twa re  Reg. $49.90 
($59.90 for Mac) 

J u s t  $44.90 ($54.90 for Mac) 
I !UN-SO (specify computer) 544.90 
i UN-MSO Macintosh Special 554.90 

SAVE $5 
Please enclose $:I 50 shtpplng 8 handl~ng 

\ ham radio BOOKSTORE 
GREENVILLE. NH 03048 603-878- 1441 
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Field strength meter, sensitive 
K4KI p 51. Jan 85 

Filter tester, simple (HN) 
W6XM p 116. Dec 84 

Frequency calibration using 60 kHz 
WWVB 
W4ZPS p 45. Mar 88 

Frequency counter. "smart" 
WMVQK p 41. Ocl 84 
Short circuit p 126. Apr 85 

Frequency and level standard 
PAKX p 10. Jan 86 
Comments. WA8LLY p 9. Jun 86 

Ground rod resistance 
K4MT p 95. Jul 84 
Comments p 8. Sep 84 

Ham radio techniques: time and frequen- 
cy station WWVS 
W6SAI p 37. Jun 87 

High-frequency receiver performance 
G40BU p 33. Feb 84 

HP-IB greatly simplified 
Martin. Vaughn 0. p 65. Mar 84 

IF sweep generator, compact 
PAdCWDJdSA p 35. Jun 85 

L and C measurements 
WB6ZLN p 1 17. Oct 84 

Low-cost spectrum analyzer w~th Kilo- 
buck features 
W4UCH p 82. Sep 86 

Measuring noise f~gure 
K2BLA p 26, Jan 84 

Microphone calibration 
NY6U p 73. Jun 84 

Multi-featured function generator 
WA71RY p 9 Apr 88 

NBS time and frequency survey 
NBS p 45. Jun 87 

Ode to older oscilloscopes 
KR6A p 69. Jan 88 

Ohmmeter, wide-range 
Bailey, John T p 53, Jan 84 

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 
K4lPV p 43. Jut 86 

Practically speaking: using antenna 
noise bridge 
K41PV p 69. May 86 

Practically speaking: function generator 
circuits-part 2 
K41PV p 89. Jan 87 

Practically speaking: testing diodes 
K41PV p 65, Feb 87 

Practically speaking: build~ng "the poor 
man's spectrum analyzer. 
K41PV p 99, Mar 87 

Practically speaking: build your own 
timedomain 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 anoscilloscope 
K4IPV p 57. Oct 87 

Practically speaking: using voltage com- 
parators 
K41PV p 49. Nov 87 

Practically speaking: generating low i-f 
frequenc~es 
K4IPV p 49. Dec 87 

Practically speaking: uslng Ihe digital 
frequency counter-some pitfalls 
K41PVO- p 47. Apr 88 

QRP wattmeter (HN) 
W6XM p 110. Jul 84 

Receiver sweep alignment system 
WB6BlH p 124. Nov 84 

Reflected power limiter 
K4KI p 63, JuI 64 

Sensltlve LF or HF field-strength meter 
KlRGO p 67. Sep 86 

Simple low-cost comb generator frequen- 
cy calibrator 
Martin. Larry p 78 Jul 88 

Test DBMS for diode leakage 
WB6BlH p 86. Jun 87 

The Guerri report: signal processing 
W6MGI p 156, Dec 84 

Transmitter tunlng a~d: buffer your load 
wlth this resistive network (weekender) 
K4KI p 52. Feb 84 
Comments. K4KI p 11. Jan 84 

Tuneup, safe, silent 
K4KI p 123. DeC 84 

Two in one: Trace doubler for CRO, and 
square wave 
and pulse generator (HN) 
Tseng Liao p 26. Dec 88 

Two-tone signal generator 
YB9ATAMIA7AQN p 25, Feb 86 
Short circuit p 45, Apr 86 
Short circuit p 36. Jun 86 

23 GHz prescaler 
NWH p 21, Jan 87 

Understanding noise figure 
Gruchalla, M. p 89, Apr 87 

VHF noise bridge, a 
OE2APMIAA3K p 10, Jul 86 

VHFIUHF world 
WlJR p 55. Oct 84 

SWR bridges 
K2LB p 37. Mar 86 

Widerange RF power meter 
KMOBL p 24. Apr 86 

MISCEL- 
LANEOUS 
TECHNICAL 
ALC circuits, improving amplifier: part 1 

WABAJN p 40, Aug 84 
ALC circuits, improving amplifier: part 2 

WABAJN p 38, Sep 84 
Amateur FSK: A spectral analysis 

WA6NCX p 42, Dec 86 
Audio to microwave amplifier, build your 

own 
Gruchalla. Michael p 12. Mar 84 

Bicycle-powered station 
WlEG p 25, Dec 84 

Branch-line hybrid: part 1 
WA2EWT p 107. Apr 84 

Branch-line hybrid: part 2 
WAPEWT p 93, May 84 

Broadband ampldler-anenuator 
W7SX p 59, Jul 86 

Build a 1-1000 MHz amplifier using 
MAR-4 MMlCs 
WB6BIH p 33. Jul 87 

Build a QSO "beeper" 
KF6CU p 38, Jan 88 

Buying topo maps. Comments: 
K3SKE p 9. Dec 86 

Can I patent at? 
K 2 U  p 8. Mar 87 
Comments: changing fundamental 
constants of science 
W4SXK p 6. Oct 87 

Commun~cating on 474.083 GHz (light 
wave communications) 
WA6EJO p 10, Dec 86 

Decibel, defining the 
Gruchalla. M p 51. Feb 85 

Electromagnetic interference and the 
digital era 
K3PUR p 114, Sep 84 

Elmer's notebook: The mysterious "Q" 
WlSL p 11 0. Sepl 88 

EMlRFl shielding: new techniques part 1 
Martin, Vaughn 0. p 72, Jan 84 

EMlRFl shielding: new techniques part 2 
Martin, Vaughn 0. p 84, Feb 84 

Filter design, graphic 
WGNRW p 37. Apr 84 
Short circuit p 13, Jul 84 

Function Generator: circuits from your 
signal generator-part 1 
K41PV p 67. Dec 86 

Ham Radio techniques 
W6SAI p 63. May 84 

Ham Radio techniques, fifty years ago 
W6SAI p 58. Jun 84 

Ham Radio techniques 
W6SAI p 106. Oct 84 

Ham Radio techntques 
W6SAI p 75. Jan 85 

Ham Radio techniques 
W6SAI p 59. Feb 85 

Ham Radlo techniques 
W6SAI p 83. Mar 85 

Ham Radio techniques: electron-hole 
theory exposed as fraud 
W6SAI p 67. Apr 85 

Ham Radio techniques 
W6SAI p 66. May 85 

Ham Radio technlques 
W6SAI p 51. Jun 85 

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 p91. Sep85 

Ham Radio techniques 
WGSAI p 75. Oct 85 

Ham Radio techniques 
W6SAI p 67. Nov 85 

Ham Rad~o techniques: 9CXX revisited 
W6SAI p 83. Dec 87 

Ham Radio techniques: line voltage and 
power tube life 
W6SAl p 60. Jul 88 

Ham Radio techniques: the joys of TVI 
or, were you on the air last night? 
W6SAI p 70. Aug 88 

Harmonrs. Trapping stubborn 
NlRC p 99. Jan 86 

Impedance matching: a brief revlew 
WD4C p 49, Jun 84 

Intermittent recepllon due to lightning 
(HN) 
W2YW p 39. Sep BB 

Lightning location and detection 
W l C W  p 25, Sep 87 

Llnear amplifier. 3CXBOOA7 
K8R A p 17. Aug 84 

Low-pass filter, integrated circuit 
WB2KTG p 59, Jen 85 

Mobile theft deterrent: The Weekender 
W6WTU p81. Feb 87 

Modifying the Trio-Kenwoad TS930S 
WB9BXT p 67. Apr 86 

Monolithic RF amplifiers 
NWH p 22, Mar 86 

NE5205 wideband RF amplifier 
Gruchalla. Michael p 30, Sep 86 
Short clrcuit: p 72. Jan 87 

Neutralizing 5728 final at 1500 watts 
output (HN) 
W2YW p 63. Jun 84 

New uses for old tuners 
W6WTU p 25, Jan 88 

Noise cancellation circuit 
K l  RGO p 75. Mar 84 

Peaked lowpass: a look at the 
ultraspherical filler 
W7ZOI p 96. Jun 84 

Phase modulalor. PLL (HN) 
VE3FHM p 117. Jun 85 
Comments. KGKVX. Sample 
Martin. WD8AHO. WE4APT 

p 10. Feb 84 
Polymer film transforms mechanical 

energy lo electrical energy 
WA4KFZ p 55. Dec 84 

Power FETs: trend for VHF amplifiers 
Peters. Daniel, and W7PUA 

p 12. Jan 84 
Power speaker enhances mobile opera- 

tion (weekender) 
KIWH p 83. Jan 88 

Practically speaking: repairing flood 
damage 
K4IPV p 95, Oct 85 

Practically speaking: intermittents, pt. 1 
K41PV p 75. Nov 85 

Practically speaking: interminents, pt. 2 
K4IPV p 79. Dec 85 

Practically speaking: battery problems. 
pt. 1 
K41PV p 62, Jul 87 

Practically speaking: feedback 
K41PV p 60, May 88 

Practically speaking: Overview of op 
amps-part 1 
K41PV p 100. Nov 88 

Practically speaking: overvlew of op 
amps-part 2 
K41PV p 83. Dec 88 

Prerecorded messages help the hearing 
Impaired (HN) 
W2QLI p 87. Sep 84 

Quartz cryslal resonators 
Boddaert. Peter p 85. Feb 86 

Remedy for RFI (comment) 
K6WX p 9. Jul 88 

Resonant c~rcuits 
WD4C p 12. Apr 84 

RFI fllters, Bu~ld narrowband 
WB4EHS p 10. Mar 86 
Short circult p 36. Jun 86 

RFI, solving the problems of 
W2YW p 124. Sep 84 

Russian Woodpecker. the: a continuing 
nulsance 
KR7L p 37. Nov 84 

Solar power for your ham station 
NH6N p 14. Dec 84 
Short circull p 145. Mar 85 

The Guerr~ report computer technology 
W6MGI p 54. Nov 84 
Short clrcutt p 8. Dec 84 

The Guerrt report 
W6MGI p 124. Jan 85 

The Guerr~ report: superchips come of 
age 
W6MGI p 126. Feb 85 

The Guerri report 
W6MGI p 158. Mar 85 

The Guerr~ report 
W6MGI p 157. Apr 85 

The Guerri report: a busy signal from 
space 
WGMGI 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 Guerr~ report: RF effects the good 
and the bad 
W6MGI p 142. Oct 85 

The Guerr~ report 
W6MGI p 140. Nov 85 

Two-tone signal generator 
YB9ATAIWA7AQN 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 

Using CAD to rewind transformers 
W6WTU p 83, Dec 86 

Using spreadsheet programs 
AD1 B p 95, Dec 86 

Very sensitive LF or HF field-strength 
meter 
KlRGO p 67. Sep 86 

VHFIUHF world: the VHFIUHF primer an 
introduction to filters 
WlJR p 112, Aug 84 

VHF noise bridge 
OE2APMlAA3K p 10. Jul 86 

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 
Ham radio technique 

W6SAl p 59. Dec 86 
Elmer's notebook: novice enhancement 

WISL p 95, Jun 87 
Short circuit p 95. Aug 87 

Elmer's notebook: 220 MHz 
WlSL p91, Aug87 

Elmer's notebook:an introduction to 
AMTOR 
WlSL p 101, Sep 87 

Elmer's notebook: packet radio 
WlSL p 100. Oct 87 

Morse code computer tutor 
N3SE p 45. Jun 85 

New band prlvileges for Novice opera- 
tors (letter) 
KAmOE p 15, Sep 85 
Comments. W3YBF p 9, Jan 86 
Comments. KDOEV p 9. Jan 86 
Comments. WD5H p 9. Jun 86 

Novice prlvileges (letter) 
WBSIVR p 9, Oct 85 

Practically speaking 
K41PV p 79, Dec 85 

Radiotelegraph codes: there's not just 
one 
KR6A p 82. Sept 88 

Reflections: Novice enhancement and 
the 220 MHz band 
W9JUV p 4. Apr 87 

OPERATING 
Buying topo maps. Comments: 

K3SKE p 9. Dec 86 
Carrier complaint (comment) 

WDW p 9. Jul 88 
Carrier-operated CW reception limiter 

W6NRW p 113, Sep 85 
Comments: DARC awards information 
KlRH p 6. Jul 87 

Elmer's notebook: 220 MHz 
WlSL p 91, Aug 87 
Short circuit D95. Aua 87 

Elmer's notebook: an introd"'ction to- 
AMTOR 
WI SL P 101. Sep 87 

Elmer's notebook: packet radio 
WlSL p 100, Oct 87 

Elmer's notebook: "Q" signals 
WISL p 95. Jun 88 

Field Day-prepardedness or party time? 
(Backscatter) 
W9JUV and NIACH p 6. Sept 88 

December 1988 99 



Generation gap in Amateur Radio 
(comment) 
N3CCW p 94. Aug 88 

Ham bands under siege (Backscatter) 
N 1 ACH p 4. Oct 88 

Ham Rad~o technlques 
W6SAI p 58. Sep 84 

p 67, Jan 86 
p 65. Feb 86 
p 63. Mar 86 
p 42. Apr 86 

p 39. May 86 
p 30, Jun 86 
p 66. Jul 86 

p 43. Aug 86 
p 42, Sep 86 
p 38. Oct 86 
p 73. NOv 86 
p 59, Dec 86 

Ham Radio techniques: BY0AA revistted 
W6SAI p 53. Aug 87 

Ham Radko technlques: a new country 
for you 
W6SAI p41, Nov87 

Ham Radlo technlques: the joys of TVI 
or, were you on the air last nlght? 
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) 
XElMD p 9. Jan 88 

Legal usefulness of Amateur Radio 
(comment) 
WA7AQN p 9, Aug 88 

Locator field list 
SM5AGM p 74. Jul 87 

Locator field list 
SM5AGM p 89. Oct 87 

Market survey of amateurs a good idea 
(comment) 
WlFB p 9, p 94 Aug 88 

More informallon needed (comment) 
W3QQM p 9, Sept 88 

Operating etiquette (letter) 
W9MKV p 12. Jul 84 

Potential danger (Backscatter) 
NlACH p 4, Nov 88 

Re-discovering ham radio (comment) 
KCIJG p 9. Aug 88 

Service not hobby (letter) 
WSVSR P 8. Aug. 85 
Comments. KAl YE p 11. Jan 84 

TOM remembered (letter) 
WIESN p 11. Jan84 
Comments. K4KI p 11, Jan 84 

VHFIUHF world: operating a VHFIUHF 
m~cro-wave station 
WlJR p 38. Jul 87 
Short circutt p 97. Oct 87 

VHFIUHF World: Loose ends 
WlJR p 53, Sept 88 

Volunteer examiners: keep standards 
hlgh (letter) 
K8WX p 12. May 84 

OSCILLATORS 
Audio oscillator to pulse generator con- 

verslon (HN) 
WCOLQ p 50. Oct 84 

Better frequency stability for the Drake 
TR7 
HB9ABO p21. Aug87 

Direct synthesis VFO 
W7SX p 10. Sept 88 

Frequency synthesis by VXO harmontc 
selection 
W3MT p 12, Feb 84 

Frequency synthesis up to 2 GHz 
WAGDYW p 33. Apr 88 

High-stabil~ty BFO for receiver appli- 
cations 
KtWH p 28. Jun 85 

Local oscillators, hgh stability for micrc- 
wave receivers and other applications 
WB3JZO p 29, Nov 85 

Low-noise 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-nolse phase-locked UHF VCO part 
2: construction and testing 
WA9HUV p 25, Aug 86 

Oscillator, voltage controlled, uses cer- 
amic resonators 
KPBLA p 18. Jun 85 
Short Circuit p 27, Aug 85 
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PL tone generator, a programmable 
WBWSZ p 51, Apr 84 
Short clrcuit p 125. May 84 

Practically speaktng: drift and shift 
K41PV p 75. Jan 88 

Universal oscillator circuit 
VE6RF p 38, Apr 86 

VCO, 1800-2600 MHz 
WWTV p 21. Jul 85 

Wideband VCO des~gn 
WA4MGX p 49, Jul 84 

PACKET . 
Amateur packet radlo networktng 
and protocols, part 1 

KR3T p 33, Feb 88 
Amateur packet radio networking and 

protocols, part 2 
KR3T p 56. Mar 88 

Amateur packet radio network~ng and 
protocols, part 3 
KR3T p41. Apr88 

C-64 and GLB PK-1 interlace circui 
WPEHD p 87, Mar 87 
Comments: packet board 
update p 6. Jan 87 

Elmer's notebook: packet radio 
WlSL p 100, Oct 87 

Explor~ng packet radio with KlSS 
WABBXN p 9. Oct 88 

Formatted display of packet using KlSS 
WABBXN p51. Dec88 

4800 baud modem for VHFIUHF packet 
radio 
VE3DNL8VE3DNM,VE3DVV 8 
VE3LNY p 10, Aug 88 

Packetimer for the PK-1 
W2EHDIexWBKGN p 93, Mar 87 

Packet radio conference br~dge 
WD5HJP p 24, Apr 87 

Packet radio PSK modem for 
JAS-IIFO-12 
G3RUH p 8. Feb 87 

RAM drive for packet radio 
AD16 p 44, Dec 87 

TEXNET packet-switching network-pt 1 
system definition and design 
WBSPUC 8 N5EG p 29. Mar 87 

TEXNET packet-switching network-pt 2 
hardware design 
WB5PUC 8 N5EG p29. Apr 87 

TEXNET packet-switching network-pt 3 
software overvlew 
WB5PUC 8 N5EG p53. Jun 87 

Uslng macros with packet (HN) 
AD1 H p 82, Oct 88 

POWER 
SUPPLIES 
An easy-to-build NiCd pulse charger 

(weekender) 
AG6K p 18, Sept 88 

Battery-backed master power system 
K9ES p 17, Jan 88 

Battery charger. NiCd, constant current. 
a pulsed 
KPMWU p 67. Aug 85 

Battery storage (comment) 
W5JHJ p 6, May 88 

Get the most from your NiCds 
(Weekender) 
K30F p88.Dec88 

Low-voltage power suppl~es, designing 
W4MLE p 46, Mar 85 
Short Circuit p 121. May 85 

Precision high-voltage dc regulator 
AG6K p 75. Aug 88 

Power supply, SIX-output 
Martin, Vaughn D p 12. Oct 84 

Power supply, switching hlgh-voltage 
WSFG p 48. Apr 84 

Practically speaktng: bench power 
supply 
K41PV p 55, Mar 86 

Practically speaking: banery problems 
Pl 1 
K4lPV p 62. July 87 

Practically speaking: battery problems 
Pt 2 
K4IPV p 73, Aug 87 

Pulse width modulated dc-todc con- 
veners 
W3CZ p 65, Oct 87 

Regulated screen grid power supply, A 
AG6K p 51, Jun 86 

Storing lead-acid batteries (comment) 
N5OP p 9. Sept 88 

Baltaries on concrete (comment) 
N50P p 101. Sept 88 

Temperature control, automatic 
WB51RI p 75. Jun 85 

The Guerri report: RF power suppltes 
ach~eve h~gh eff~c~ency 
W6MGI p 157, Sep 85 

Transformers, wind your own Inexpen- 
sively 
W4GDW P 96. Jun 85 

PROPAGATION 
Ach~eve polarization diversity through 

var~able power splitting 
W3NGJ p 10. Feb 86 

DX forecaster 
p 83, Jan 84 
p 79. Feb 84 
p 93. Mar 84 
p 93, Apr 84 

p 119. May 84 
p 109. Jun 84 
p 103, Jul 84 
P 63. Aug 84 
p 79, Sep 84 

p 100, Oct84 
p 92, Nov 84 
p 63. Dec 84 
p 94. Jan 85 
p 75. Feb 85 

Short clrcuit p 117. Jun 85 
p 120, Mar 85 

p 84, Apr 85 
p 79, May 85 

p 102. Jun 85 
p 100, Jul85 

p 100. Aug 85 
p 122, Sep 85 
p 105. Oct 85 
p 92. Nov 85 

p 112, Jan 86 
p 78, Feb 86 
p 97, Mar 86 
P 99, Apr 86 

p 118. May 86 
p 101. Jun 86 

p 91, Jul 86 
p 90. Aug 86 
p 98, Sep 86 
p 92. Oct 86 
p 84. Nov 86 

Short c~rcuit: HORANT program. 
p 92. Oct 86 
p 9. Nov 86 

p 84. Dec 86 
DX forecaster: Winter anomalous ab- 

sorption 
K0RYW p 101, Dec 86 

DX forecaster: DX propagation 
KmYW p 108, Jan 87 
Comment. HORANT for CP/M 
K4GIO p 6. Feb 87 

DX forecaster: more DX propagation tips 
p 88. Feb 87 

DX forecaster; equinox problems 
p 106, Mar 87 

DX forecaster a spring DX solution 
p 97. Apr 87 

DX forecaster. 1986 propagatlon review 
p 105, May 87 

OX forecaster. sporadic-€ season 
p 66, Jun 87 

DX forecaster: summer thunderstorm 
no~se 

p78. Jul 87 
DX forecaster. summertime DX 

p 82, Aug 87 
DX forecaster: more sporadic-€ 

p 85, Sep 87 
DX forecaster. equinox season DX 

KWYW p 85. Oct87 
DX forecaster. wlnter DX 

KWYW p 57. Nov 87 
DX forecaster: dxlng vla the wlnter 

anomaly 
KWYW p 91. Oct 87 
Comments: low band DXing 
W e l l  p 6. Apr 87 

Dx forecaster: solar cycle update 
KbRYW p 96. Jan 88 

DX forecaster: transequalorlal DX update 
KWYW p 90, Feb 88 

3X forecaster: the ultimate antipode DX 
KWYW p 78. Mar 88 

)X forecaster: DX signal quality 
KdRYW p 80. Apr 88 

DX forecaster. 1987 propagation 
summary 
KWYW p 92. May 88 

DX forecaster: sporadic E season-1988 
KWYW p 88. Jun 88 

DX forecaster: summer thunderstorm 
nolse 
KWYW p 83. Jul 88 

DX forecaster: summer signal levels 
K0RYW p 88. Aug 88 

DX forecaster: high sunspot propagation 
problems 
KWYW p 104. Sept 88 

DX forecaster: hlgh sunspot propagatlon 
problems-part 2 
KdAYW p 96. Oct 88 

DX forecaster: Winter DX season 
KWYW p 108. Nov 88 

DX forecaster. Winter DX anomolies 
KdAYW p 1 10. Dec 88 

Dxing by computer 
NS8N and Buchanan. Walter 

p81. Aug84 
Elmer's notebook: propagatlon baslcs 

W l  SL p81, Aug88 
EME llnk calculator program 

KE8ZE p 9. Feb 86 
Comments. KCBOH p 70. Apr 86 

Graytine propagallon, fundamentals of 
KR7L p 77. Aug 84 

Ham Radio techniques: Dx is getting 
better and better! 
Here's why! 
W6SAI p 28, Apr 88 

Ham Radlo technlques: On our way up! 
WGSAI p 26. Sept 88 

Ham Radio techniques: New Zealand. 
Maui, and the solar cycle 
W6SAI p 22. Dec 88 

HF ground wave propagation 
WA9GFR p81. May 86 

How lo plot great circles on your favorlte 
map 
W4BW p 81. Aug 86 

L-band ground wave propagation 
program 
WA9GFR and JoseDh R Hennel 

p 103. Jan 86 
Comment, WA9GFR p 9. Apr 86 

Moon coordinates, determininq basic 
W2WD p38, Jan 85 

Moon-tracking by computer 
K6WX p 38. Mar 84 

New band propagation 
KKZXJM (W4MB) p 12. Jan 83 

Pathfinder-part two 
K3FR p 47. Oct 88 

Radio astronomy and the search for ex- 
tra terrestrial Intelligence 
WB3JZO p 10, Mar 85 

Return to the 360-degree propagatlon 
prediction 
N4UH p 41. Oct 87 

Russian Woodpecker, the: a continuing 
nuisance 
KR7L p 37. Nov 84 

Solar activity and the earth's mag- 
netosphere 
KR7L p 8, Aug 87 

Solar outages, predlctlng 
VE7ABK p 75, Mar 85 

Sporadic E and SOMHz transatlantic 
propagation during 1987 
G3NAQ p 10, Jul88 

360-degree MlNlMUF propagation 
prediction 
N4UH p 25. Feb 87 

VHF meteor scatter communications 
A17J p 69. Feb 84 

VHFIUHF world: improving meteor scat- 
ter communicat~ons 
WlJR p 82. Jun 84 

VHFIUHF world: the VHFIUHF Primer, 
an introduction to propagation 
WlJR p 14, Jul 84 

VHFIUHF world 
WlJR p 45, Sep 84 

VHFIUHF World: piopagation update 
WlJR p 86. Jul 85 

VHFIUHF World 
WlJR p 85. Dec 85 

VHFIUHF world: meteor scatter 
corn municalions 
WlJR p 68, Jun 86 
Short circuit p 87. Jul 86 

VHFIUHF world: PW and mm-wave 
propagation: part 2 
WlJR p 69. Aug 86 

VHFIUHF world: propagation update-part 
2 
WlJR p 39. Jun 88 

VHFIUHF world: propagation update-part 
3 
WlJR p 38. JuI 88 



RECEIVERS 
AND 
CONVERTERS 
general 
Cascaded staaes. IMD and ~ntercepl 

polnts of 
W3lMG p 28. Nov 84 

CB to 10-meter converslons, scanner 
W2FMY. KB2GA p 98, Nov 85 

Compact 75-meter monoband tran- 
sceiver 
KlBQT p 13, Nov 85 
Short clrcull p 66, Jan 86 

D~gital frequency readout uslng the Com- 
modore 64 
W3NNL p 83, Nov 85 

Elmer's notebook: recelver buzzwords 
WlSL p 100. Nov 87 

Extending receive coverage for the IC-02 
and IC-04 
WB6GTM p 77. Jul 86 

External product detector Improves 
recelver performance 
W6GB p 107. Nov 85 

Frequency calibration using 60 kHz 
WWVB 
W4ZPS p 45. Mar 88 

Ham radlo techniques: W h ~ t e  noise" 
technology bltes back 
W8SAI p 55, Jan 87 

Ham rad~o techniques: OOwhite nolse" 
revisited 
W6SAI p 79. Oct 87 

High dynamic range mixing with the SI 
8901 
KB6OJ p 11. Mar 88 

High-stability BFO for recelver appli- 
cations 
KlZJH p 28. Jun 85 

Mixer frequencies, graphical selection 
W2HVN p 41, Jun 85 

Noise discriminator, a pulsew~dth 
W6NRW p 23. Nov 84 

Noise, understanding and handllng 
DJ2LR p 10. Nov 86 

Preamp at work. Quiet! 
N6TX p 14, Nov 84 

Receiver input temperature (letter) 
WAGJTD p 13, Apr 85 

Receiver tuning mechanism selection 
PY2PElC p31, Nov86 

Receiver. 10 through 80-meter home 
brew 
NlBFV p 40. Nov 85 

S-meter, a callbraled 
W7SX p 23. Jan 86 
Short circuit p 45. Apr 86 

Spectrum analyzer, a handheld optical 
WA4WDL p 23. Apr 84 

Ten-Tec Argosy. Upgrade 
WB3JZO p 38. Nov 86 

True frequency digital readout for the 
HW-101 
NU4F p 8. Jan 87 
Short circuit p 41. Aug 87 

TS-930s headset audio, increase un- 
distorted (HN) 
W6FR p 128, Oct 85 

VHFIUHF world high dynamlc range 
receivers 
WlJR p 97. Nov 84 
Short circuit p 103. Jan 85 

VHFIUHF world, broadband amplifiers in 
receiver des~gn 
WlJR p91. Nov86 

VHFIUHF World: low-no~se receiver up- 
date pan 1 
WlJR p 77. Nov 87 

Better frequency stability for the Drake 
TR7 . . .. 
HB9ABO p 21. Aug 87 

CAT control svstem for the Yaesu 
FT-757CX 
SM6CPI p 26, Nov 87 
Comments KABSPE p 10, Mar 84 

Compact 20-meter CW recelver, A 
KlBQT p 8. Jun 87 
Short circu~t. p 6. Jul 87 
Short circult. p 81. Sep 87 

Designing a state-of-the-art recelver 
KA2WEUIDJPLR p 11 g. Nov 87 

Digital HF radlo: a sampling of tech- 
niques 
KA2WEUIDJ2LR p 19, Apr 85 

Short circuit p 121. May 85 
Frequency calibration using 60 kHz 

WWVB 
W4ZPS p 45. Mar 88 

HF superhet, 20-meter 
N3ECZ p 65. Nov 86 

Hiah dvnamic ranae mixina with the SI egol' 
KB6QJ p 11, Mar 88 

Hlrah-freauencv recelver performance 
G ~ O B U  . p 33. F R ~  84 

Pepperdyne recelver 
W6QlF p 33. Nov 88 

Receiver. Pocket-portable SSB 
WB6BIH p 55. Nov 86 

Receiver sweep alignment system 
WB681H p 124, Nov 84 

Shortwave receiver, portable 
PYPPElC p 67. Apr 84 

Simple direct conversion receiver 
WA3ENK p 9, Dec 88 

Slmple receivers from complex ICs 
W6VEH p 10. Nov 88 

Solld-state 75A-4 receiver 
KF7M p 67, Nov 88 

Superhet coilset, deslgn with a 
microcomputer 
Sterrenburg. FAS p 113, Nov 84 

SW recelver, a double conversion 
portable 
PY2PElC p 48, Nov 84 

Thumbwheel frequency selector for the 
Yaesu FT-757-GX 
KA9SNF p 33, Nov 87 

Transceivers, quasi-bilateral if lor 
KlZJH p 75. Dec 84 

Two-band receiver, extending the 
modular 
WA3TFS p 57. Nov 84 
Comments WA3TFS p 8. Sep 84 

Tomorrow's receivers: what will the next 
20 years bring 
W7SX p 8, Nov 87 

80-meter receiver, simple 
WB2EAV p 25, Nov 86 

vhf 
Extending recelve coverage for the IC-02 

and IC-04 
WB6GTM p 77. Jul 86 

Modular transmit and receive converters 
for 902 MHz 
NGJH p 17. Mar 87 

VHFIUHF world: VHFIUHF receivers 
WlJR p 42. Mar 84 

VHFIUHF World: low nolse receiver up- 
date-part 1 
WlJR p 77. Nov 87 

VHFIUHF World: low n o w  receiver 
update-pan 2 
WlJR p 72. Dec 87 

RTTY 
New MSO for RTTY (letter) 

N2EO p 12. Jul 84 
Short circuit p 10. Feb 84 

RTTY oscilloscope input using llne trans- 
formers (HN) 
W6XM p 87, Sep 84 

Run RTTY on your Timex 
NU4V p 110, Apr 85 

Run RTTY on your VIC-20 
W5TRS p 120. Apr 85 

TimexISinclalr newsletter (letter) 
AD1 B p 12. Jul 84 

Tuning indicator for RTTY and packet 
radio 
WHZR p 65, Sept 88 

VIC-20 printer IHN) . . 
WZQLI p 88, Sep 84 
Short circult p 145. Mar 85 

SATELLITES 
Demodulator, telemetry. PSK, for OS- 

CAR 10 
G3RUH p 50. Apr 85 

Elevation indicator, Inexpensive 
WUTL p 67, Jun 85 

F~rst HT-lo-HT OSO via OSCAR 10 
WAPLOQ p 32. Sep 84 

G.O.E.S. reception: a simple approach 
WA4WDL p 46. Jan 84 

Introducing satellite communications 
G3ZCZ plO, Apr 86 

Moon-tracking by computer 
K6WX p 38, Mar 84 

Packet radio PSK modem for JAS-1IFO-12 
G3RUH p 8. Feb 87 

Satellite tracker, digitally-controlled 
KABOBL p 102. Sep 85 

Slgnals from space, receiving 
KBUR p 67, Nov 84 

The Guerr~ report- super speed semicon- 
ductor 
W6MGI p109, Oct 86 

The Guerri report: communication 
satellites 
W6MGI p 108, Jun 86 
Comments. update on ACSSB 
level-one 
adapter, project OSCAR (Oct 86) 
WB6JNN p9, Nov 86 

Work OSCAR 10 with your HT 
WA2LOQ p 29. Sep 84 

CONDUCTORS 
Cooling semlconductors part 1, design- 

Ing and using heatsinks 
Martin. Vaughn D p 33. Jul 84 

Coollng semlconductors part 2: blowers 
and fans 
Martin. Vaughn D p 52, Aug 84 

High dynamic range mixing with the Si 
8901 
KB60J 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 
K4lPV p 66. Oct 86 

Practically speaking: non-ideal Itnear IC 
amplifiers 
typlcal problems and how to solve 
them 
K41PV p 72. Jul 88 

The Guerri report: super speed semicon- 
ductors 
W6MGI p 109. Oct 86 

Transistor bias~ng, back to basics 
WD4C p 91, Dec 84 

VHFIUHF world: the ubiquitous diode 
WIJR p51. Feb87 

VHFIUHF WORLD: The ubiquitous diode 
part 2 
WlJR p 55. Mar 87 

SINGLE 

ACSSB: a level-one adapter 
WBGJNN p 10, Oct 86 

Adjusting SSB ampl~fiers 
AG6K p 33. Sep 85 

Bener sounding SSB 
AG8K p 58. Feb 84 
Comments W2OZH p 13, Jun 84 

Development of Amateur SSB: a brief 
history 
K4KJ p 12, Sep 84 
Comments. AG4R p 8, Dec 84 

Elmer's notebook: power measurements 
WlSL p 100. Jan 88 

Elmer's notebook: SSB basics- 
generating the signal 
WlSL p 117, Nov 88 

Elmer's notebook: SSB basics-receiving 
the signal 
WlSL p 117, Dec 88 

Ham radio techniques 
W6SAI p 106, Oct 84 

Linear amplifier, HF solid-state kilowatt, 
mobile 
WA7SPR p 67, Feb 85 

Weaver modulation, 2-meter transmitter 
N 1 COX p 12. Jul 85 

SOFTWARE 
BASIC oroaram analvzes slmole ladder - . -  

networks 
W3NQN p 32, Aug 87 
Short circuit p 97. Oct 87 

Design a no-tune amplifier with your per- 
sonal computer 
W7DHD p8, Sep 87 

Design program for the grounded-grid 
3-5002 
W7DHD p 8, Jun 88 

EME link calculator program 
KE6ZE p 70. Feb 86 
Comments. KC8OH p9. Apr 86 

Get on SSN-with the C-64 
12CAB and IZAED, edited by K9EI 

p 43. Oct 86 
Great circle computations using LOTUS 

1-2-3 
AD16 p 31. Sept 88 

L-band around wave prooaqatlon . . -  
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-part 2 
K3FR p 47. Oct 88 

Using macros with packet 
AD16 p 82. Oct 88 

Uslng spreadsheet programs for amateur 
radio projects 
AD16 p 95. Dec 86 

TELEVISION 
A tour through an NTSC N station-pan 

1 (historical aspects) 
KL7AJ p 57. Dec 87 

Get on SSTV w~th the C-64 
K9EI p 43. Oct 86 
Short Circult p 97. Oct 87 

Remarks on television series (comment) 
KB9FO p 6. May 88 

Technology of commercial television-part 
2: hardware 
KL7AJ p 54. Jan 88 

TRANSMITTERS 

general 
Adjusting SSB amplifiers 

AG6K p 33. Sep 85 
Aural vco provides relative meterlng 

K l W H  p 97, Jan 87 
Design a no-tune amplifier w~th your per- 

sonal computer 
W7DHD pa. Sep 87 

Grounded-grid amplifier parasitlcs 
AG6K p 31. Apr 86 
Comment. NJCG p 9. Jul 86 
Comment. W2YW p 6, Jul 86 

Ham radio techniques: super cathode 
driven amplifier 
W6SAI p 73. Nov 86 

Ham radio lechnlques: "white noise" 
technology bites back 
W6SAI p 55. Jan 87 

Ham radio techniaues: "white noise" 
revisited 
WGSAI p 79, Oct 87 

MC1496, improved carrier suppression 
(HN) 
KlZJH p 78, Apr 85 
Short circuit p 74. Jul 85 

MMlC multiplier chains for the 902 MHz 
band 
NGJH p 72. Feb 87 
Short circuit p 64. May 87 

Practically speaking: noise, signals and 
amplifiers 
K41PV p 77, Feb 88 

RF switching, high power with pin 
diodes 
KN8Z p 82. Jan 85 

Three-tube 4CX250B linear amplifier 
YUlAW p 63. Apr 87 

True frequency digital readout for the 
HW-101 
NU4F p 8. Jan 87 
Short circuit p41. Aug87 

Amplifier. 3CX1200A7 10 to 80 meter 
K8RA p 75, Aug 85 

Better frequency stability for the 2:3ke 
TR7 . . .. 
HBSABO p 21. Aug 87 
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CAT control system for the Yaesu 
FT-757GX 
SM6CPI p 26. Nov 87 

Compact 75-meler monoband Iran. 
sce1ver 
K l  BOT p 13. NOV 85 

Convert a $25 CB HT for 6 meters 
KlZJH p 79. Aug 87 

Deslgn an ampllfier around the 
3CX1200A7 
W7DHD p 33. Dec 87 

Ham notebook curlng FT 10120 key 
clicks 
N5RM p 74. Feb 68 

Ham rad~o techn~ques 160-meter 
equipment 
W6SAl p 77. Mar 87 

Hlgh dynamlc range mlxlng wlth Ihe SI 
8901 
KB70J p 11, Mar88 

Llnear ampllfler HF, sol~d state kllowatt 
moblle 
WA7SPR p 67. Feb 85 

Thumbwheel frequency selector for the 
Yaesu FT 757GC 
KASSNF p 33. Nov 87 

TS-440 interface for keylng llnears w~th 
h~gh voltage blaslng (HN) 
W6WTU p 98, Nov 88 

Vacuum tube ampllfler, deslgn a toro~dal 
tank clrcult for 
W6YUY p 29, Aug 85 
Short clrcult p 66, Jan 86 

TROUBLE- 
SHOOTING 

GLA-1000 ampl~fter, stop blowlng ffnals 
G4CFY. G3ROG p 59. Aug 85 

Grwnded-grld amplifier parasltics 
AG6K p 31, Apr 86 
Comment. N J E  p 9, Jul 86 
Comment, W2YW p 6. Jul 86 

Practically speaking: coax velocity factor 
K41PV p 78, Nov 86 

Practically speaking: using the mul- 
timeter 
K41PV p 43, Jul86 

Practically speaklng: using the right mul- 
timeter 
K4IPV p 95, Jun 86 

Practically speaking 
K41PV p 35. Feb 86 

Practlcaily speaklng 
K41PV p 59. Jan 86 

TVI pr&lem. solving a difficult (HN) 
WZYW p 152. Sep 85 

VHF AND UHF 

A N  power amplifier, fast-scan 
WBdWP p 67. Mar 85 

Audio to microwave ampllfier, build your 
own 
Gruchalla. Michael p 12. Mar 84 

Bandpass filter design. ~nterdigital. 
computer-aided 
N a n .  Monemzadeh p 12. Jan 85 
Short cscuit p 117. Jun 85 

Brycle moblle 
NH6N p 38. Sept 88 

Converting mobile microphones for 
hand-held VHF transceiver 
KD8KZ and WB3JCC p 79, Mar 86 

Des~gning a mlcrowave amplifier 
Domanski, S P 30. Sep 87 

Dual wattmeter. 50-500 Hz 
WB4EHS p 67, Jul 85 

Duplexer, six cavity, home-brewed 
KSEYY p 12. Feb85 

EME link calculator program 
KE8ZE p 70, Feb 86 

Elevation indicator, inexpensive 
WUTL p 67. Jun 85 

Elmer's notebook: 220 MHz 
WlSL p91. Aug 87 

Elmer's notebook. IXX) MHz band 
WlSL p 113. Dec 87 

Gel on 6 meters the inexpensive way 
KBIKJ p 91. Mar 85 

GOES reception: a simple approach 
WA4WDL p 46. Jan 84 

L.band ground wave propagation 
program 
WAsGFR and Joseph R Hennel 

p 103. Jan 86 
Local oscillators, high stability for micro- 

wave receivers and other appllcalions 
WB3JZO p 29. Nov 85 

Measuring nase flgure 
K2BLA p 26. Jan 84 
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Micros and VHF beacons transmit me% 
sages automatically 
K9EI p 51. Jul 85 

Microstr~p impedance program 
KBUR p 84. Dec 84 

MMtC multiplier chains for the 902 MHz 
band 
N6JH p 72, Feb 87 
Short circuil p 64. May 87 

Modular transmit and receive converters 
for 902 MHz 
NWH p 17. Mar 87 

Monolithic RF amplifiers 
N6JH p 22, Mar 86 

Moon coordinates, determining basic 
WZWD p 38, Jan 85 

Moon-tracking by computer 
K6WX p 36. Mar 84 

Novice enhancement and the 220 MHz 
band. Reflect~ons: 
WSJUV p 4. Apr 87 

Power dividers, extendedlexpanded 
W5JTL p 73. Oct 84 

Power FETs: trend for VHF ampllllers 
W7PUA and Peters, Dex DL4VJ p 12. 
Jan 84 

Praclically speaking: parametric am- 
plifiers 
K4lPV p 65. Mar 88 

Preamp at work. Quiet! 
N6TX p 14. Nov 84 

Remote baselsimplex phone patch con- 
troller 
AA4NX 8 KK4LA p 54, Aug 88 

RF transmission cable, microwave appll. 
cations 
K3HW p 106. May 85 

Siiverplatlng, safe, sensible 
KQEYY p 29. Feb 85 

Simple VHFIUHF multtple quarter-wave 
flllers 
WA3EWT p 37. Sep 87 

Sporadlc E and 50-MHz transatlantr 
propagation durlng 1987 
G3NAO p 10, Jul 88 

The Guerr~ report signal processing 
W8MGl p 1 56. Dec 84 

The Guerri report: mm waves, part 1 
WBMGI p 109. Feb 86 

The Guerrl report: mm waves, part 2 
W8MGi p 11 7. Mar 86 

The Guerri report: fiber optics 
W6MGI p 141. May 86 

Trade off power for antenna galn al VHF 
WASGFR, Hennel p 32. Jul 85 
Comment. WASGFR p 9. Apr 86 

23 GHz prescaler 
NWH p 21. Jan87 

UHF antenna tower, iow-Cost 
KAGGVY p 30. Oct 84 

VHF amplifiers, canmr-operated relay 
WBUCC, KD8KZ p 45. Apr 85 

VHF meteor scatter communications 
Ai7J p 69. Feb 84 

VHF nolse brldge 
OEZAPMIAA3K p 10. Jul 86 

VHF signal generation, harmonic mixer 
KlWH p 40. Mar 85 
Short circuit p 121. May 85 

VHFIUHF world: the VHFUHF challenge 
WlJR p 42. Jan 87 VHFIUHF world 
Improving meteor scatter communi- 
cations 
WlJR p 82. Jun 84 

VHFIUHF world: microwave bands 
WlJR p 44. Jan 86 

VHFIUHF world: the VHFIUHF pnmer. 
an introduction to propagation 
WlJR p 14. Jul 84 

VHFIUHF world: the VHFIUHF Primer. 
an introduction to fillers 
WIJR p 112. Aug 84 

VHFIUHF worid 
WIJR p 45. Sep 84 

VHFIUHF world 
WlJR p 55. Oct 84 

VHFIUHF world low-noise GaAs FET 
technology 
WlJR P 99. DM 84 

VHFIUHF world. high power amplifiers: 
part 1 
WIJR p 97. Jan 85 

VHFIUHF woM: hlgh power ampllflers 
part2 
WlJR p 38. Feb 85 

VHFIUHF world: keeping VHFlLlHFers 
upto-date 
WlJR p 126. Mar 85 

VHFIUHF world: protecting equipment 
WtJR p 83. Jun 85 

VHFIUHF world: propagation update 
WlJR p 86. Jul 85 

VHFIUHF world: designing and building 
loop Yagk 
WIJR p 58. Sep 85 

VHFIUHF worid transmiss~on lines 
WIJR p 83. Oct85 
Comment, WSICZ p 9. Apr 86 

VHFIUHF world 
WlJR p 54. Nov 85 

VHFIUHF world 
WlJR p 85. L ~ c  85 

VHFIUHF world: rw and mm-wave 
propagation, parl 2 
WIJR p 69. Aug 86 

VHFIUHF world. meteor scatter commu- 
nlcatlons 
WlJR p 68. Jun 86 
Short circuit p 87. Jul 86 

VHFIUHF world: microwave bands 
WlJR p 41. Jan 86 

VHFIUHF world- 33 cm-our newest band 
WlJR p 83. Apr 86 
Short circuit (p 87. July 86) 

p 9. Aug 86 
VHFIUHF world. rf connectors, pan 1 

WlJR p 77, Ssp 86 
VHFIUHF world- r l  connectors, pan 2 

WlJR p 59. Oct 86 
VHFIUHF world' microwave and 

mill~meter-wave update 
WlJR p 63. Jan 87 

VHFIUHF world. 33 cm update 
WlJR p 74. Apr 87 
Short circuit p 81. Sep 87 

VHFIUHF world: mlcrowave portable 
operation 
WlJR p 75. Jun 87 
Short circuit p81. Sep87 

VHFIUHF world: minimum requlremenls 
for 2-meter EMEpt 2 
WlJR p 65. Sep 87 

VHFIUHF world. Operating a VHFIUHF 
mlcrwave statlon 
WlJR p 38. Jul87 
Short c~rcuit p 81. Sep 87 
Short circuit p 97. Oct 87 

VHFIUHF world: minlmum requ~rements 
for 2-meter EME-pt 1 
WlJR p39. Aug 87 
Comments, W7WRO p 9. Dec 87 

VHFIUHF World: impedance matchtng 
techniques 
WlJR p 27. Oct 87 

VHFIUHF world: loose ends 
WlJR p 82. Feb 88 

VHFNHF world. power splitters and 
summers 
WlJA p 80. May 88 

VHFIUHF world., IMD and splatter 
WlJR p 71. Ocl 88 

23 GHz prescaler 
N a H  p 21. Jan 87 

antennas 
Antenna insulators. PTFE VHF 

WUTL p 98. Oct 85 
Cheap and dirty 6-meter beam 

W5UO.J p 56. Jut 88 
Convert an inexpensive CB mag-mount 

antenna into a superb 2-meter whip 
K7DBA p 52. Oct 86 

Coiag~ antenna. The 
VE3BFM p 61. May 86 

Computer-aided deslgn of long VHF 
Yagi antennas 
VK4ZF p 28. May 86 

Cylindrical feedhorns revis~ted 
WASHU p 20. Feb 86 

D~rection-f~nding tool, the fox box 
KtWH p 25. Oct 85 

Ham notebook: 2-meter halo antenna 
NR5A p 63. May 87 

High-performance Yagis for 432 MHz 
KtFO p 8. Jul 87 
Comments: KLM balun 
Scott. W p 6. Sep 87 
Short clrcult p 97. Oct 87 

Long 2-meter colllnears a simple way to 
achieve gain (HN) 
WB3AYW p 95, May 86 

Open-wire line for 2-meters 
N4UH p 94. Jan 87 

VHFIUHF world: VHFUHF antennas end 
antenna systems 
WlJR p 46. Feb 84 
Short clrcuit p 54. Jan 86 

VHFIUHF world. stack~ng antennas. part 
1 

WlJR p 129, Apr 85 
VHFIUHF world: stacking antennas, part 

2 
WIJR p 95. May 85 

VHFIUHF world 
WIJR p 85. Dec 85 

VHF Yagi CAD on the C-84 
W4PFZ p 70. Sep 86 

VHFIUHF world. Yagi lacts and lallacles 
WlJR p 103. May 86 

VHFIUHF world: relktor antennas. pan 
1 
WlJR p51. Feb86 
Short circuit p 45. Apr 86 

VHFIUHF world: reflector antennas. parl 
2 
WIJR p 68. Mar 86 

Yagi, a hlgh-galn 7@cm 
WlJR p 75, Dec 86 
Short clrcult P 68. Feb 87 

VHFIUHF world: Optimized 2- and 
6-meter Yagi 
WlJR p92, May 87 
Short circuit p 26. Jun 87 
Short clrcuit p 49. Jul 87 
Short c~rcuit p 41. Aug 87 
Short c~rcuit p 81 Sep 87 

Yagi trlgon reflector, Optimizing 
WB3BGU p 84. Jan 86 

2-meter beam, podable 
KB5QJ p 11 3. Oct 85 

6-meter kilowatt amplifier 
KXW p 50. Jul 86 

receivers and 
converters 
Local oscillators, high stabllily for micro- 

wave receivers and other applications 
WB3JZO p 29. Nov 85 

TR-250012600 2-channel programming 

(HN) 
KQMLD p 128. Ocl 85 

VHFIUHF wo?d: VHFIUHF receivers 
WlJR p 42. Mar 84 

VHFIUHF world low-noise GaAs FET 
technology 
WlJR p 99. Dec 84 

VHFIUHF world 
WtJR p 54. Nov 85 

VHFIUHF World. tow noise updale, part 
2 
WlJR p 72. Dec 87 

Yaesu's latest VHFIUHF receiver, add 
general coverage 
W6MGI p 67. Oct 85 
Short circuit p 97. Oc187 

2-meter monltor 
WA3ENK p 64, Jul88 

1296-MHz low noise ampllf~er 
(Weekender) 
WASHUV p 60, Nov 88 

transmitters 
Amplilier, 432-MHz, 1500-wall 

W X N  p 40, Jul85 
Low-noise phase-locked UHF VCO part 

1. the noise problem 
WASHUV p 33. Jul86 
Short circuit p 9. Oec 86 

Low-noise phase-locked UHF VCO part 
2: construction and testing 
WASHUV p 25. Aug 86 

Temperature control, automatic 
WB5lRl p 75. Jun 85 

TR-250012600 2-channel programming 
(HN) 
KSMLD p 128. Oct 85 

VCO. 1800-2600 MHz 
WeON p 21. Jul 85 

VHFIUHF world: medlum power am- 
pllfiers 
WIJR p 39. Aug 85 

VHFIUHF world VHFIUHF exciters 
WlJR p 84. Apr 84 
Short circuit p 60, Ocl 84 

Weaver modulation. 2-meter lransmltter 
NlCOX p 12. Jul 85 

X-band beacons 
WA6EJO p 29. Jan 87 

microwave 
techniques 
Des~gnlng a stallon for the mlcrowave 

bands part 1 
N6GN p41. Feb88 

Des~gnlng a stallon for the mlcrowave 
bands pan 2 
N6GN p 19 Jun 88 
Short clrcu~t p 35. Oct 88 

Des~gn~ng a statlon for the mlcrowave 
bands pan 3 
N6GN p 17, Oct 88 

Radlal llne stub deslgn 
NIBEP p 65. Feb 88 

VHFIUHF world mlcrowave components 
and lerm~nology-part 1 
WlJR p 71 Mar 88 

VHFIUHF world mlcrowave components 
and term~notogy pan 2 
WlJR p 67. Apr 88 
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I! Antennas 
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VoComlM i rage lA l i nco  
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TUNERS STOCKED: I x. R 
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products 
lconrinued from page 701 

For more information contact Communica- 
tions Specialists, Inc., 426 West Taft Avenue. 
Orange, California 92665-4296. 

Circle C306 on Reader Service Card. 

900-MHz phase lock loop 
synthesizer 

RF PROTOTYPE SYSTEMS adds the PLLl to 
its QUICK BOARD product line. The board is the 
basis for a 900-MHz Phase-lock Loop Syn- 
thesizer. Several PLL configurations can be 
implemented with user selected divide ratios, 
VCO, loop filter, and associated components to 
be installed in the PLLl . The PLLl lets you build 
a PLL that allows you to optimize parameters, 
or produce a low cost frequency source. 

The design is based on the Motorola 
MC145152 dual-modulus, parallel-interface syn- 
thesizer IC and uses common dividers and op 
amps. The loop filter is laid out for a standard 
third order type 2 PLL. Frequencies are pro- 
grammed with parallel data input provided by on- 
board dip switches. 

The PLLl includesa circuit board, schematic, 
assembly drawing, and an application note on 
how to build a PLL using the PLLl QUICK 
BOARD. 

The price in quantities of 1-9 is S95.M). 
For more information, please contact RF PRO- 

TOTYPE SYSTEMS, (619) 5386771, 12730 Kes- 
trel Street, San Diego. California 92129. 

Circle on bader Service Cerd. 

Rad-Com Soft-Control 

the program lets you control the functions of 
your transceiver from a simple menu. Soft- 
Control also includes complete maintenance of 
the radio's memory channels. Memory data can 
be added, deleted, or edited and then saved to, 
or restored from disk. 

Available immediately for the Kenwood 
TS-440s and IBM PC or compatible, other r a d i i  
computer combinations are expected to be avail- 
able soon. The program can be purchased 
directly from Rad-Com and sells for $59.95. 

For more information, or to order contact: 
Rad.Com, P.O. Box 1166, Pleasanton, Califor- 
nia 94566. 

Circle m8 on Reader Service Card. 

4-digit sequence decoder 
and "QUAD" option 

The new model TSDQ 4-digit sequence 
decoder replaces the TSD decoder. Its features 
include a DPDT 2-A relay, on board Svolt regu- 
lator, digit valid indicator, and expansion con- 
nector. Connections to the board are via a 24- 
pin card-edge connector, which provides quick 
disconnect and expansion with the new Model 
"QUAD" 4-relay expansion card. 

The TSDQ operates as a stand-alone 2-4 digit 
touchtone sequence decoder. Output may be 
either latching or momentary control of the 
DPDT relay. All 16 digits are output to the card- 
edge connector and can be used for single digit 
commands. The relay turns on when it receives 
a 4-digit code and turns off when the code is 
received again. When the QUAD option is 
plugged in, four DPDT relays may be turned on 
and off with individual access codes. A master 
"on" code, followed by the relay number, turns 
on a relay; a master "off" code, followed by the 
relay number, turns the relay off. These relay 
onloff codes can be a total of 3-5 digits long. 
In addition to the relay outputs there are four 
transistor outputs to provae LED readouts of the 
relay states, or act as control voltage for other 
devices. All output connections are via a 24-pin 
card-edge connector which uses the same pin 
numbers for all inputs as the TSDQ card. This 
allows instant compatibility when the QUAD 
expansion card is added. 

Model "TSDQ" is $79.95 including 24-pin 
edge connector. Model "QUAD" is $99.95 
(requires "TSDQ"). Add $3.00 shipping. Califor- 
nia residents add 6 percent. 

Additional information can be obtained by 
contacting, Engineering Consulting, 583 Candle- 
wood Street. Brea, California 92621. 

Soft-Control software provides remote access 
to your radio's functions via a serial link from 
your PC. Using the radio's built-in command set. 

NCG Co. introduces new 
items 

NCG Co. has the following new items availa- 
ble: 

mSOOMHz mobile antenna. Model no. 
CMW3-71 is a 518-wave x 3-step wide-band 

antenna. Gain is 7.14 dB, maximum power is 50 
watts. Length is 2'7". Frequency for a 1.5 
VSWR is 910-940 MHz, the base has a fold-over 
design for low garage parking. 

*Dual-band UHFl1.2-GHz mobile antenna. 
The Model CHL-120 is a wide-band low VSWR 
mobile antenna for the high frequencies. Gain 
is 2.15 dB for UHF and 5.6 dB for 1.2 GHz. Max- 
imum power is 50 watts. VSWR is 1.8 or less, 
length is 1'2". Simulcast operation is possible 
when used with the CF-413 duplexer. 

-CM-900 M in i  Meter. Designed for the 900- 
MHz band, insertion loss is less than 0.2 dB; 
measurable power is from 0 to 120 wans. SWR 
is 1.0-5, power range 101120W accuracy is 
0 .55f ,  dimensions are 2.25"W x 2.55"H x 

1.1"D. 

-CM-3M) M in i  Meter. Designed for the 200- 
240 MHz, insertion loss is less than 0.2 dB; meas- 
ureable power is from 0-60 watts. SWR meas- 
urement 1.0-5 to 1. Accuracy is 0.50 + , dimen- 
sions are 2.25"W x 2 .557 x 1.1"D. The 
CM-300 is equipped with UHF connectors. 

*Low-loss coax mount ing kits. The CK- 
5LX is the 5DQEV + RG188Alu. The CK-5LX 
is usable from 1 MHz to 1.5 GHz. The CK-3LX 
is the 3.5DQEV + RG188Alu. The CK-3LX is 
usable from 1 MHz to 900 MHz. The loss for the 
coax is: 3.5DQEV at 400 MHz 3.5. at 1OOO MHz 
5.6 per 100 feet. 5D-QN at 400 MHz 3.2, at 1OOO 
MHz 5.3. 

For further information on any of these items. 
contact NCG Co. 1275 N. Grove Street. Ana- 
heim, California 92806. 

Circle /3W on Reader Service Card. 

Iconr~nued on page 1251 
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Ham Radio's guide to help you find your local k 
California 

A-TECH ELECTRONICS 
1033 HOLLYWOOD WAY 
BURBANK, CA 91505 
(81 8) 845-9203 
New Ham Store and Ready to Make a 
Deal! 

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

Colorado 
ALLIED APPLIANCE 8 RADIO 
4253 SOUTH BROADWAY 
ENGLEWOOD, CO 801 10 
(303) 761 -7305 
Rocky Mts AmateurlShortwave 
Specialists, Ten-Tec, Yaesu, JRC- 
NRD, Sony , MFJ, KLM, and other 
fine gear. New and used. VisaIMC. 
Antennas, books, discount prices too! 

COLORADO COMM CENTER 
525 EAST 70th AVE. 
SUITE ONE WEST 
DENVER, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu, Encomm, ICOM 

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

Delaware 
AMATEUR a ADVANCED 
COMMUNICATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-44 1-7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

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

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

- - 

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

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu, Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke. Belden. Astron, etc. 

ldaho 
ROSS DISTRIBUTING COMPANY 
78 SOUTH STATE STREET 
P.O. BOX 234 
PRESTON, ID 83263 
(208) 852-0830 
M 9-2; T-F 9-6; S 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on 
Hand 

-- 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Indiana 
THE HAM STATION 
220 N. FULTON AVE. 
EVANSVILLE, IN 47710 
(800) 523-7731 
(81 2) 422-0231 
ICOM, Yeasu, Ten-Tec, Cushcraft, Hy- 
Gain. AEA & others. 

Maryland 

MARYLAND RADIO CENTER 
8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1212 
Kenwood, Ten-Tec, Kantronics. Full 
service dealer. 
M-F 10-7 SAT 9-5 

Massachusetts 

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

Missouri 

MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821 -7323 
Missouri: (81 6) 741-81 18 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 

Nevada 

AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30. Sat. 9-3 

New Hampshire 

RlVENDELL ELECTRONICS 
8 LONDONDERRY ROAD 
DERRY, N. H. 03038 
603-434-5371 
Hours M-S 10-5; THURS 10-7 
Closed SunlHolidays 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 
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Amateur Radio Dealer 

New Jersey 
ABARIS SYSTEMS 
276 ORIENTAL PLACE 
LYNDHURST, NJ 07071 
201-939-001 5 
Don WB2GPU 
ARRL. Astatic. Astron, B&W. Belden, 
Bencher, Hustler, Kenwood, Larsen, RF 
Concepts, Tonnaand much, much more! 
Tues-Fri 10 am-7:30 pm 
Thurs 10 am-9:00 pm 
Sat 10 am-4:00 pm 
VlSAlMC 

KJl ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(201) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM, Mirage, ICOM, Lar- 
sen, Lunar, Astron. Wholesale - retail. 

-- -- 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 
- -- - 

VHF COMMUNICATIONS 
91 5 NORTH MAIN STREET 
JAMESTOWN, NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's flnest Amateur dealer. 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLlD AVE. 
WICKLIFFE, OH 44092(Cleveland Area) 
2 16-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30, Sat. 9-3 

DEBCO ELECTRONICS, INC. 
3931 EDWARDS RD. 
CINCINNATI, OHIO 45209 
(51 3) 531 -4499 
Mon-Sat 10AM-9PM 

Sun 12-6PM 
We buy and sell all types of electronic 
parts. 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featuring Kenwood, Yaesu, Icom, 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

I Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
21 5-357-1 400 
Same Location for over 30 Years 

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

I 

K COMM dba THE HAM STORE 

5707A MOBUD 
SAN ANTONIO, TX 78238 
51 2-680-61 10 
800-344-31 44 
Stocking all major lines. San Antonio's 
Ham Store. Great Prices - Great 
Service. Factory authorized sales and 
service. 
Hours: M-F 10-6; SAT 9-3 

MISSION COMMUNICATIONS 
11903 ALElF CLODINE 
SUITE 500 (CORNER HARWIN & 
KIRKWOOD) 
HOUSTON, TEXAS 77082 
(71 3) 879-7764 
Now in Southwest Houston-full line 
of equipment. All the essentials and 
extras for the "ham." 

-- - - 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
41 4-442-4200 
Wlsc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 Sat 9-3 

short circuits 
Wrong ZIP! 

The ZIP code for FAR Circuits (see 
W4ULD article, September 1988) was 
incorrectly shown as 60188. Please 
note that the correct ZIP is 601 18. Ed, 

Correct equations 
In equation 4, (see K41PV column, 

August 1988) R3 should have been R1. 
Equation 9 should have read: 

Xa = R2 
(Q2 + I) - (R I /R2) 

Equation 12 should have read: 
RI 

Ed. 

Corrected drawing 
Corrected version of fig. 1 for KOIF 
ham note "Easy Measurement of An- 
tenna Currents," Ham Radio, Septem- 
ber 1988, page 40. 

Ed. 

+ - 
H I G H - Z  
VOLTMETER 

The primary is the antenna feed under test. 
The split core opens up by compressing the 
clothespin type device to accept the 
antenna feed wire. For higher power, drop 
the secondary down to five turns. 
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HAM 
RADIO BOOKSTORE 

HOLIDAY GIFT IDEAS 
NEW BOOK PAGE 

ARRL ANTENNA BOOK 
by Jerry Hall. KlTO. NEW 15th Edltlon 
The all new 15th ed~ t~on  of t h ~ s  antenna classlc represents over 
two years of hard work by ed~tor KlTO It s doubled ln size too 

from over 300 to over 700 pages b1g1 950 l~gures and charts 
cover lust about every subject lmaglnable Some of the hlghl~ghts 
are Chapters on Loop antennas multl band antennas low fre 
quency antennas portable antennas VHF and UHF systems 
coupllng the antenna to the transm~tter and the antenna plus p I 
e-n-1 y more L ~ k e  the 1988 HANDBOOK and new OPERATING 
MANUAL the new ANTENNA BOOK IS golng to be a smash h ~ t  
Order yours today 15th ed~ t~on  900 + pages e l 9 8 8  
AR-AM Softbound $17 95 

NOVICE ANTENNA NOTEBOOK 
by Doug DeMaw W1FB 
Nov~ces have long wondered what IS the best all around antenna 
for them to Install Up untll now thls was a dlfflcult quesllon to 
answer A~med at the newly llcensed Ham OeMaw wrltes for the 
non englneer ~n clear conclse language w ~ t h  emphas~s on easy-to 
bu~ld  antennas Readers w ~ l l  learn how antennas operate and 
what governs performance Also great readlng for all levels of 
Amateur lnlerest 1 st Edltlon 9 1988 
AR-NAN Softbo~fld $7 95 

1988-89 ARRL REPEATER DIRECTORY 
B~gger and better than ever1 Over 13 300 l ~s t~ngs  lncludlng 1400 
d~glpeaters every Ham should have a copy of thls book ln the~r 
car or shack Handy resource book has llstlngs by frequency and 
locatlon Invaluable a ~ d  wh~le  travellhng c 1988 
AR-RD88 Softbound $4 95 
AR-2RD88 (Buy 2 &Save) $7 95 

ANTENNAS 
by John Kraus, WBJK, New 2nd Edltlon 
Kraus s classic antenna book has been extensively rev~sed and 
up dated to reflect the latest state-of the art ~n antenna des~gn 
and theory Includes over 1 000 lllustrat~ons and nearly 600 
worked examples and problem solut~ons Chapters rover baslc 
concepts pont sources and po~nt source arrays d~poles hel~xes 
broadband and frequency Independent antennas speclal appllca 
tlons and tons more of informat~on Also lncludes 5 appendices 
reference tables computer programs books and video lapes 
answers to problems and a problem supplement College level 
text tor the Amateur 2nd ed~ t~on  917 pages 1988 
MH-35422 HAROBOUNO $59 95 

1 9 8 8  CALLBOOK SUPPLEMENT 
The CALLBOOK SUPPLEMENT contalns all ot the new llcenses 
address and callslgn changes lrom all Ihe counlrles around the 
world It also lncludes all of the new postal rate changes current 
OSL bureaus and many other helptul handy features A must 
for the active Ham 11 s the unly way lo have a the current ad 
dresses and calls~gns 320 pages 1988 
CB-S88 Softbound $9 95 

EASY-UP ANTENNAS f o r  Radlo  Listeners 
and H a m s  
by Ed Noll W3FOJ 
Noll has long been rnown for easy to build anlenna articles for all 
levels ol Amateur operation Th~s  book covers bas~c do 11 yoursel 
antennas for SWLs AM and FM BCB ers present and prospec 
tlve Hams and scanner listeners lncludes d~poles verticals 
beams long wlres and several special types and configurations 
Also has llme savlng look up dlmenslon tables COnStantS and 
other helpful h~n t s  lor antenna des~gn It s nice lo have NOll back 
In privt as h ~ s  other two best sell~ng anlenna books have been 
out of prlnt lor years 1st ed~ t~on  164 pages 1988 
22495 Softbound $16 95 

THE 1 9 8 9  ARRL HANDBOOK FOR THE 
RADIO AMATEUFI 
Revlsed and updated w ~ t h  the latest ~n Amateur technology, now 
1s the tlme lo  order your very own copy of the world famous ARRL 
HANDBOOK In addltlon to belng the def~nlrlve reference volume 
for your Ham shack there are plenty of prolects lor every Interest 
~n Amateur Rad~o - from antennas tor every appl~cal~on to the 
latest state of-the-art projects - you I f ~ n d  11 all ~n the 1989 
HANOBOOK Order now and we will shlp as soon as the books 
arrive from the prlnter They make perfect g~f ts  for the hol~day 
season for your hard-to-buy for Ham fr~ends or for yourself Over 
1100 pages ~ ' 1 9 8 8  
OAR-HE89 Hardbound $20 95 

NGRJ'S ELECTRONIC SECOND OP 
f o r  MS-OOS computers 
by Jlm Ranarty NGRJ 
The world famous SLCONO OP IS now ava~lable ln a state of the 
art computer~zed data base Thls program wrltten for MS-OOS 
computers IS a must tor DX ers contesters and all Amateurs ~n 
terested ~n rellable OX communication Data can be displayed 
ellher ~n columnar format or In lull screen d~splays Unknown 
calls~gns can be entered and compared to the ITU callslgn allOCa- 
11on tor easy ~den t~ f~ca l~on  There s plenty more too such as 
postal rates beam head~ngs and OSL bureaus to name lust a few 
Great program to have ~n your shack Order your s today 
G I988  MS-OOS computers 5 %  and 3'/2 verslons ava~lable 

Please spec~fy on your order 
nCB-RJ (MS-DOS Computers) 

THE "GROUNDS" FOR LIGHTNING & 
EMP PROTECTION 
by Roger Block. PolyPhaser Carporallon 
Here s a subject thdl has never really been fully covered ln 
Amateur Illeralure Th~s  116 page text contalns a comprehenslve 
analys~s at proper groundlng and protection agalnst l~ghtn~ng and 
other EMP disasters lncludes lnforniat~on for all klnds of elec 
Ironic gear rad~os telephones computers Ethernet CATV 
TVRO and security systems to name lust a few Of speclal In 
terest to Hams are chapters on low inductance grounds and con 
nectlons guy anchor groundlng and how to ground lns~de the 
shack Every Ham <,hould have a copy I sl ed~ t~on  116 pages 

1987 
PP-GLEP Softbound $19 95 

GENIUS AT RIVERHEAD a prof i le  o f  
H .  H . Beve rage  
by Alberta Wallen 
Born at the very beqlnn~ng of the radio age Harold Beverage IS 

one of radlo s ploneers Most know h ~ m  from h ~ s  development of 
the Beverage or wave type reielvlng antenna I earn about the 
career of thls br~ l l~ant  englneer in this easy to read b~ography 
Starl~ng w ~ l h  GE In 191 7 and movlng to RCA In 1920 Beverage 
was involved In sonie ol the most excltlng aspects of radlo 01 
part~cular ~nterest 1. a reprlnt of the famous November 1922 OST 
art~cle describlna the wave antenna Includes 35 photos 130 
paqes 1988 
NH-BEV Hardbound $15.95 

SHORTWAVE DIRECTORY 
by Bob Grove, 1988 Edlllon 
Now lncludes both VLF and broadcasting ~nformatlonl Thls SWL's 
blble IS crammed w ~ t h  all the latesl up lo-dale frequenc~es and 
calls~gn ~ntormalion Covers 10 kHz to 30 MHz and has llstings 
for lust about every user posslble from the US Government to as 
many clandestine q,tatlons as you can tmaglne Most statlons are 
cross relerenced by agency and frequency tor rap~d ~dentlflcallon 
Also conlalns a glossary ol terms dcronyms and abbrevlatlons 
commonly heard on the alr 4th edltlon 500 + pages (c 1988 
GE-SO Soltbound $17 95 

(Ava~lable late November 1988) 

GF? 
1 9 8 9  RADIO AMATEUR CALLBOOKS 

NORTH AlYlERlCAN EDITION 
N*RS 

Fully updated and edlted to Include all the latest FCC and forelgn 
government calls~gns and addresses lor Hams ln North Amerlca 
lncludes plenty of handy operatlng a~ds  such as tlme charts OSL 
bureau addresses census ~nformatlon and much more Calls 
trom Northern Canada to troplcal Panama Now IS the tlme to buy 
a new Callbook when you II get the most use out of your lnvest 
ment 0 1 9 8 8  

ICB-US89 Softbound $25 95 

INTERNATIONAL EDITION 
OSL s are a very important part of our hobby All sorts of 
awards lnclud~ng the coveted DXCC requlre conflrmatlon of con- 
tact before the award can be Issued Of speclal Interest ad 
dresses are belrrg added dally lor Hams ln the USSR and other 
countrles Wh~le ~n no means complete 11 s a start and will be of 
tremendous help In gettlng OSLs Handy operatlng ads  round 
out t h ~ s  super book value 0 1 9 8 8  
UCB-F89 Softbound $28 95 

BUY ' E M  BOTH SPECIAL 
Reg. $54.90 Only $49.95 

SAVE $4.95 

MASTERING PACKET RADIO: the hands on guide 
by Dave lngram K4TWJ 
Packet rad~o continues to grow at a rate that boggles the mlnd 
Thls new book appeals to all levels of packet rad~o enthuslasts 
trom novlces lo  experts allke Full of lllustrat~ons and wrltten ~n a 
s~mple easy to understand style Toplcs covered Include a baslc 
prlmer home computers and data communlcatlons terminals a 
survey of equipment avallable how to set up a statlon plus much 
more Great compliment to the other packet books avallable 208 
pages 01988 1 st ed~ t~on  
1 122567 Softbound $1 2 95 

THE ARRL SATELLITE ANTHOLOGY 
Taken from the pages of the Amateur Salelllte News column ln 
OST lncludes the latest lnformat~on ava~lable on OCSARs 9 
through 13 as well as the Russ~an RS satell~tes Full coverage 1s 
glven to Phase I l l  OSCAR 10 and 13 satell~tes Also includes an 
unpublished art~cle deta~ l~ng UoSAT OSCAR 11 operation Olgltal 
modes tracklng antennas RUDAK m~crocomputer processing of 
telemetry plus much more 1s conta~ned ~n t h ~ s  valuable new 
volume 1 12 pages G 1988 

IAR-SA Softbound $4 95 

22nd CENTRAL STATES VHF SOCIETY 
CONFERENCE PAPERS 
Papers ln thls book were submitted tor the 1988 Central States 
VHF Soc~ety meetlng lncludes Microwave EME predlct~ng 144 
MHz Es openlngs match~ng versus noise f~gure trade offs ~n 
pre amps 902 MHz transverter power ampl~f~er and antennas 
how to measure your own K Index plus much more A must 
publlcat~on tor the active VHF er c\ l988 

AR-22CS Softbound S 11 95 

PASSPORT TO WORLDBAND RADIO 1989 E d l t ~ o n  
Brand new and fully rev~sed SWL s everywhere w ~ l l  wdnt a copy 
lor their library Expanded to 416 pages the book now lncludes 
a bigger and better buyer s gu~de an lntervlew wlth James 
Michener an excltlng real lhfe drama of one SWL s escape from 
r a n  plus much more Also Includes all the latest broadcast 
schedules from countrles around the world You re up to date lt 
you have a copy ot thls new book by your radlo 416 pages 1989 
Edil~on 1988 

IBS-RD189 Saftbo~nd $14 95 

CONFIDENTIAL FREQUENCY LIST 
7th EDITION now includes RTTY sta t ions 
Complled by Geoff Hull~geg 
Th~s  new ed~ t~on  IS jam packed w ~ t h  all the latest trequenc~es 
callsigns and other lmportanl lntormatlon lns~de you II l ~ n d  
Ihstlngs tor aeronaut~cal m~l~tary  embassy VOLMET INTERPOL 
weather and RTTY starlons Also Included IS a thorough dlscus 
slon on how to l~sten to RTTY staltons explanations of the ab 
brevlatlons used by utll~ty statlons the reasons behlnd lnterna 
Ilona1 lamming and much much more Every radlo enthus~ast 
should have a copy ~n the~r shack 1988 7th edltlon 376 
pages 
GL-CF Softbound $19 95 

HAM 
RADIO BOOKSTORE 
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Corth  Stonahockar, KORY W 

for instance) to catch these few hours. 
This same effect makes the one-long- 
hop transequatorial propagation pos- 
sible in the evenings. 

Last-minute forecast 
lower than normal winter signals. The The second and third full weeks of 
areas rotate 30 degrees (two time the month should have excellent 
zones) per day, while decreasing from higher frequency (10 to 30 meter) DX 
65 down to 30 degrees latitude in the band openings. Expect both long-skip 

Winter DX Anomalies five days of rotation. and extra DX transequatorial openings 
To take advantage of the decreased from high MUF build-up during the 

The winter DX season usually has absorption that provides strong DX day and evenings. Some short-skip 
higher signal strengths and lower thun- signals on east, west, and transpolar sporadic E openings might even help 
derstorm noise than the summer, par- paths, access WWV or the bulletin your DX. The lower bands should be 
titularly on the lower bands. Both of board to keep track of the daily best the first and fourth weeks. (This 
these conditions increase the signal-to- geomagnetic A value during the winter includes Christmas weekend for those 
noise ratio at our receivers, making (mainly January). Continue to keep trying out some new equipment from 
winter the enhanced DX season. track after each A value of 15 or under the tree!) Low bands are a great 
These geophysical conditions occur at higher, until a STRATWARM is given. way to spend these long nights by the. 
this time because the sun's subsolar Then, consult your map or globe to fire with friends. 
point (spot on earth directly under the find the 90-degree position between The Geminids meteor shower, 
sun) moves down to the Southern the location given for the STRAT- which peaks on December 13th and 
Hemisphere. The big thunderstorms WARM and its 180-degree compan- 14th, will provide the richest and most 
are located over the southern land ion. Coordinate your beam bearings reliable display of the year, with rates 
masses, so an added F-region hop is and the DX path control points (1200 of 60 to 70 per hour. Because optical 
needed to propagate to those of us in miles from the QTHs "on" the great observations may be difficult or impos- 
the northern mid-to-high latitudes. The circle) with the areas of lower absorp- sible to make during periods of poor 
amount of signal absorbed is related to tion on both ends, or at least one end. December weather, determine the 
the solar zenith angle present at the D- If the area isn't right for your DX on actual numbers by radio reception. A 
region transmit points on the signal's that particular day, you can forecast - smaller version of the shower will 
propagation path. The southern posi- at 30 degrees of longitude and lower occur on December 22nd. The full 
tion of the sun lowers this angle and, latitude per day - when you can moon appears on the 23rd, and lunar 
in turn, lowers the absorption. expect good results during the five to perigee happens on the 16th. Winter 

The anomally of this ordinarily six days to come. solstice is on December 21st at 1528 
improved wintertime signal is the five Another geophysical winter effect UTC. 
to six day periods of 20 to 40-dB that seems like an anomaly is the 
weaker signals (more like summertime) higher wintertime maximum usable Band-by-band summary 
through the mid-to-high latitude paths frequencies (MUFs). True, the D, E, Ten, 12, 15, and 20 meters will be 
providing our communication links to and lower F region have larger electron open from morning until early evening 
European, Asian, and Japanese Ama- densities in summer, but the maximum almost every day to most areas of the 
teurs. I've discussed the cause in detail density of the F-region (which usually world. The openings on the higher of 
in past December columns; it affects sets the day's MUF) peaks during the these bands will be shorter and occur 
those latitudes in 90 degree increments winter instead. This peak isn't as broad closer to local noon. Transequatorial 
of longitude. The latitudes directly (measured by hours of the day) as it propagation on the higher bands will 
opposite each other have higher than is in the summer - it's narrower and probably occur toward evening, dur- 
normal winter signals, and those oppo- higher. You have to be right there ing times of high solar flux and dis- 
site but on different longitudes have when the band opens (on 10 meters, turbed geomagnetic field conditions. 
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during "normal" hours 

'Look at next higher band for possible openings. 
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You'll find 30 and 40 meters useful 
almost 24 hours a day. Daytime con- 
ditions will resemble those on 20 
meters. Skip distances and signal 
strengths may decrease during midday 
on days that coincide with these higher 
solar flux values. Expect good night- 
time DX, except after days of high 
MUF conditions and during geomag- 
netic disturbances. Look for DX from 
unusual places on eastern, northern, 
and western paths during this time. 
The usable distance is expected to be 
somewhat less than on 20 in the day- 
time and greater than on 80 at night. 

Eighty and 160 meters will exhibit 
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. 
Article K 

H A M  RADIO 

WEATHER 
SOFWARE 

ACCU-WEATHER FORECASTER is a menu driven pro- 
gram that allows the user to tap into Accu-Weather's 
extensive computerized database. In addition to Accu- 

Weather's forecasts, you can get hourly updates from National Weather 
Service Offices nationwide. 

Maps, graphs, pictures, charts, and narrative descriptions are just part 
of what can be downloaded to your MS-DOS computer. To save 
telephone and hook-up charges, tell your computer first exactly what 
information you want. Then call ACCU-WEATHER; the computer will 
download the files you want and save them to disk. Information can be 
obtained for the entire United States or a specific geographical region. 

Several different services are available from ACCU-WEATHER. Price 
varies with the service and time of day that the computer is accessed. 
Add $3.50 for shipping and handling. 

MC-IBM $89.95 
0 MC-MAC $89.95 

Please add $3.50 for shipping and handling 

HAM 
RADIO BOOKSTORE m 

GREENVILLE, NH 03048 603-878-1441 

-- 
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5 0 0  kHz - 905 MHz 

CHECK PRICE N E W  ENGLANDX FiIC'70RY 
AUTHORIZED SALES & SERVICE 

FOR 

KENWOOD HIIcoMI 
A l s o  ilisplc~\i,i,y rlre p o p r t / t r r  1rc.c.o.v.ioric.v ~rc,c,clc,cl lo c .o t t r / i l r i~ ,  (I HAM SEATION . . . 

A R R L  PURI.ICATIONS AKA PRO1)CJCTS A M P H E N O I .  

SONY 
ICF-2010 

RFXEIVER 

AI.PHA I)EILTA ASTRON AUSTIN A N T E N N A S  AVANT1 
HEI.I)EN BENCHER R 81 W IIAIWA AI,INCO 

HUS'T1,ER K1.M 1,ARSEN MIRAGE ROHN 
TEI.I<X/HY-GAIN TOKYO H\'-POWlrR I.ARS 
T R A C  KKYE:RS VIRHOP1,EX WE1.Z IT('. r, 178 

1-1 

OPEN SIX DAYS A WEEK 1-1 WELCOMED 

GIVE YOUR EARS A BREAh 

Auto-Kar 
AK- I0  

. Corn(i11~1t. :+,,t<ly I,, it,.<. I r l M i  ,.IEIIYP call~nq unll . llw w~lh FM or AM 1ranvprvt.r %canner clc 
Bulll-ln *aka . Atllonlal~c Waker lml . Easy pragramnllnq wllh swtlchpr Call 11qhl . Unreslrrcted 3-dlyl code all 16 dlglls Wtonq rlufnbe! resl 

12 VDC nlob!leot base wtllc 117 VAC power pack Oncludn 

MoTron 
Electronics " $89.95 
695 W. 21 st Ave. -- 

I S  ! I l l ~  .iht11181~8i 

Eugene. OR 97405 H,~~!dl~~lg u 3 A I  

Call Toll ~ ree1-800-338-9058  or 1503)687.211 

r 5 
WORLD'S SMALLEST 

WEA THER STA TlON 

l!5- 
1 

?WE AMAZING IVFATHER COMPLl7ER THAT 
YOU O N  HOLD IN THE PALM OF YOllR IfAND. 

DIGITAR's nwlWR-3 M l m  Wealher Stallon Includes 
m cornpuler, pnririon *nd vane and s p e d  sen- mlh 
movnlinp hardware. and 40 feel or rshlr. For only m. Wilh the optional. ~olornsllr~rnplying RG-2 
Rain ('olleclor ($49.95) )ou ran wen rnnnllor ninrsll! 
r WINII SWED . IUINPNL IIWt-1, 
.WIND IIIWI'CTCIN .TIME UP ~ A Y  . WNII c1111.l. . nmr SCAN . WINU I;II\T mconn . MF.~ICI~,TINDARD . ,FMsTIIATIIIIE . NII'AU WADI . IIVIAIW TEMP ~COIID .ONE n.Aa WAIIIIANIV 

MACNAPIIASE INDUSTRIES. INC 
I.WZ PIKE STREFT N.W. 

M W I N U S A  *II.IIW.W* P6ml W h n S *  
ORDERS ONLY; MO~.722.1502 

I~RMAnON: 2067154374 FAX mCT)I*DU 
i 

BETTER PRICES! 
Big ads are costly Small ones don't let1 the 
whole slory but help us hold down the prices 
01 our foprated FOX TANGO 8-pole filters for 
Kenwood, Yaesu. Drake. Healh. and Colllns. 
Most are still only $60 - same as flve years 
ago. Phone or send an SASE for our complete 
Prtce Llst and Information Sheets. Or order 
from our drop-in Super-Speclals below. Llmll- 
ed stock: first come, f~rst served. No COD'S - 
phoned VlSAlMC orders get priority. Sh~pp~ng: 
US $5. Canada $6. Other $13. 

W e  Yodel: YodbB'd*rm IF Fmq. Ryl. S.k 

M A K E  
R-4C SSB-2 1 kHz 5695 MiHz S 65 SM 

HEATH 
SB.tMA CW.4WHz 3395 7kHz S 65 $35 
Olhsr sSB.1812 1 3395 *Hz S 65 545 

KENWOOD 
rsdm AM-6 OkHz 8831 5kH2 1 60 150 
TS520 888.2 1hHz 33950kR S €8 545 
75830 CW-4WH2 455 7hH $1 10 175 

YAESU 
FI-102 CW-2MHz 455 MiHz S 75 155 
n-lolm SSB-2 4kHz 8987 5kHz S 60 S45 
Fl107n071901-2 SSBPIhHz 8987 5kHlS 60 S45 

Use the above lo  improve your selectivity by: 
filter cascad~ng; replacing your present aging 
ftlter wlth one of narrower bandwldlh: or In a 
homebrew design. The bargain SB-104A CW 
can be used In any Heath rlg by changlng one 
low-cost crystal; instructions supplied. 

BONUS 
14.year Fox Tango Newsletter Index - 

Reg, $5. Now FREE 
(wlh purchase ol any taller lor a Yaesu rlgl 

FOX TANGO CORPORATION 
Box 15944. West Palm Beach. FL 33416 

Telephone: (407) 683-9587 



ELECTRONIC - INDUSTRIAL . Mtrru I 'hxe. .n!  Con!l,,i . <<,mpi,ic.rvL(l<*r"~. . l ~ V M t ~ . ~ \ u r ~ ~ r n ~ ~ ~ ~  

cwwmnom - REPUCEMENT . Md>#l?li  myltl~.>nrrl I I~mrnt.. 

AMATEURS 

COST EFFECTIVE 
MODERATE PRICING 

- . . . . . . . . . 

*l,,l*l.,l".l,l . ,,I. i.,!.1., 

I ,n,nn -<IN." <Auk., 

The P u k  of Dcpmdabk canrunicaiaa 
c ~ ~ ~ ~ L ~ t ~ i a l ~ , n t t m ~ . l l r ~ ~  rww 1 1  -FREE ~,, l .~ lcr lo l r~,~ld l% 
dnd m(,lldl"l, OfClllXl ,I.l""l lh ,n l !  .l,-.Lhl <OrnI"..r~"l~. 
manul.xllitnl b, rtw Idlnl ,wlnm,?ml ltrhlrllom lu;lllm 

CRYmK CORPORATlON 
lDlVl\lUN~l! W i l l l + < A ~ l  ~ l W l ~ l U A l ~ ~ l N  

115117171 Cwlal Ot - 6 1  MF,. I 1  11907 
P O  Ror06115 - 1 1  Mw,. t L  119066115 

lUl RE 1-800-237-3061 
(813) 936-2109 - TWX 510-951-7448 

v 184 
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NO TUNERS! 
NO RADIALS! 

NO RESISTORS! 
NO COMPROMISE! 

THREE EXCELLENT REVIEWS lUST 
DON'T HAPPEN BY CHANCE. 

CALL US FOR A FREE CATALOGUE. 
.<,., ,,,I,,, ,,,Il,! - 1  l ~ l l i l  

' \c l t l  - 1  l ' l l l5 'hl.trch - 1  1'181, 

NEW LOCATION! 
RllAL COMPANY 

d) 137 Manchestcr Dr. 
Florissanl, Colo. 80816 

(7 19) 687-0650 

f \ 
U.S. AMATEUR RADIO MAIL LISTS 

Labels, floppy disks. CPROM. mag tape. 
Newly licensed hams 

9 All upgrades 
Updated each week 

BUCKMASTER PUBLISHING 
Routs 3. Box 58 

Mlnsrsl. Vlrglnia 23117 
7031894.5777 v l d m c  8001282-S828 



You vt' w;llled .I lorlg tlrnr for i t  

slniple. rellat~le. low-cost 9600 
baud PACKET NETWORKING 
system. Now you've got ttl Our 
new M0.96 MODEM and dlrect 
FSK Transmitters and Recetvers 
for 220 or 440 MHz Interface 
directly with most TNC's. Fast 
diode sw~tched PA's output 15 
or 50W. Call for complete Info 
on the rlght system for your 
application. 

GaAs FET 
PREAMP 

ONLY $59! 
WlrsdMerted 

KIT, ONLY $675 
WIRED $975 
VHF OR UHF 

FEATURES: 
SENSITIVITY SECOND TO NONE1 GaAsFET front end on vhf 

models glves 12dB SlNADof 0.12uV(vhf). 0.15uV(220). UHFmodel 
0.25uV std. 0.luV with optional helical resonator preamp. 
*SELECTIVITY THAT CAN'T BE BEAT! Both 8-pole xtal filter & 
cerarnlc filter for > 18OdB atonly + 12kHr. Helical resonator front 

FEATURES: 
*Very Low Nolm: 0.7dB VHF. 0.8dB UHF 

*High Gain: 13-20d8, depending on frequency 
*Wide Dynamlc Range: to reslst overload 
*Stable: new-type dual.gate GaAs FET 

end to combat desense r; Intermod. 
*CLEAN. STABLE TRANSMITTER, up to 18W output standard: 50W spccrly ftmmg ran&- destred 26-30. 46-56, 

137.150, 150.172. 210.230. 400-470. or 
800-960 M H z .  w~th  accessory power ampllfler. 

*FCC TYPE ACCEPTED for commercial high band and uhf. 
*Courtesy beep, f~eld-programmable CWID, flutter-proof squelch. 
automattc frequency control to compensate for off-frequency trans- 
mltters (all standard features). 
*Full range of optlons ava~lable, such as autopatch, phone line or 
radlo remote control. sub-audible tones, duplexers. 

=COR-3 Kit. ~ontr>ckts and 
audlo mixers needed to make a 
repeater. Tall & ttme-out tlmers. 
local spkr ampl, courtesy beep 
. . . . . . . . . . . . . . . . . . . . . . .  $49 
-CWID Kit. Field programmable. 

. . . . . . . .  timers. the works $59 
= T D - 2  D T M F  D E C O D E R 1  
CONTROLLER Kit. Full 16d1gtts. 
swltches 5 functions, toll call 
restrlctor, programmable, much 
more. Great for selective calling 
too! . . . . . . . . . . . . . . . . . . . .  $79 
-AP-3 AUTOPATCH Kit. Use 
with above for repeater auto- 
patch. Reverse patch and phone 

. . .  llne remote control std. $79 
*AP-2 SIMPLEX AUTOPATCH 
TIMING BOARD Kit. Use wlth 
above for s~rnplex autopatch 

$39 WldIt&ed 
GaAs FET Preamp 
slmllar to LNG. except des~gned for low cost 
Itmall size. Only 518'W x 1.518.L x 314"H. 
Eas~ly mounts In many radtos. 

Specnfy lunzng range des,red 25.35. 35-55. 
55.90. 90.120. 110-150. 150.200. 200.270. 
or 400.500 M H z .  

*FM EXCITERS: 
K~ts  $99, Wlt $179. 2W 
continuous duty. TCXO & 
xtal oven optlons ava~lable 
*TA51 tor lOM, 6M. 2M, 
158-174,229 MHz. 
011451 for uhf. 
FCC tvpe accepted for commerc~al bands 

IN-LINE 
PREAMP 

ONLY $ 7 9 / k i t .  

*Call for latest ~nformation on 900 MHz transmitters. 
*VHF & UHF AMPLIFIERS. For FM. SSB. ATV. Output from 10 
to 50 Watts. Several models, kits startlng at $79. 

. . . . . . . . . . . . . . . . . . . . . .  $39 
. M O - 2 0 2  F S K  D A T A  
MODULATOR Kit. Run up to 
1 2 0 0  baud 'd lgi ta l  s ~ g n a l s  
through any fm transmitter with 
full handshakes. Radlo l ink 
computers, telemetry gear. *R144iR228 FM RECEIVERS for 21 

150-1 74. or 220 MHz. GaAs FET 
front end. 0.12bV sensitivity! 
Both crystal & ceramic 
filters plus helical resonator 
front end for exceptional 
selectivity: > 100dB at f l2kHz 
(best available anywhere)! 
Flutter-proof squelch. AFC tracks 
drifting transmitters. 

etc. . . . . . . . . . . . . . . . . . .  $39 
. D E - 2 0 2  F S K  D A T A  

GaAs FET Preamp with features sim~lar to LNG 
series, except automatically swltches out of 
llne durlng transmit. Use with base or mobtle 
transceiversup to 25W. 

DEMODULATOR Ktt for rcvr end 
of lltlk . . . . . . . . . . . . . . . .  $39 

.Spec,ly runmg range aestred 120.1 75. 
200.240. or 400 500 M H z .  

I,, 54 I.. 14" 

VHF 116 111 11 11) 

$4. lab 1* I" 
MODELS 14% 1.7 28 10 

  it $ f i g .  wn $229. 
*It451 UHF FM RCVR; Similar to above. Tuned l~ne front end. 
0.25uV sens. (0.luV with optional hel. res. preamp). Kit $149. 
wlt $229. 
*R901 FM RCVR FOR 900 MHz. Trlpleconvenion. GaAs FET front 
end. 0.2uVsens. Kit $169, wlt $259. 
*R76 ECONOMY VHF FM RCVR for 10M. 6M. 2M. 220. Without he1 
res or afc. K~tsonly $129. 
*Weather satellite & AM Alrcratt remlvem also avail. 

Lowrlolse preamps with helrcal resonators 
reduce intmod & cmsshnd interference In 
Crltlcal appllcatlons. 
MODEL HRA{'). $49 vhf, $84 uhf. 

UHF MODELS :::::: :::: 
llIlrlthCare $69 .,,,,, ,.. ,,. 
altlarsCarc $49 r l r r l s  m w  
Warcdwlcllc $$¶ :y9ti ,2:;ii 

9 V 2 9 2 1  410450 

Scccatafog for btlllnsol2w trmmltmng 
conwnerr lor*hl& uhl nrlr on!" $79 

LlnaarAmptIf#crs dvatl up lo  50 w 

' Spealy runrnp range desned 143.150. 150- 
158. 158-162. 162- 174. 213-233. 420-450. 
450 465, or 465 475 M H z  FCC TYPE-ACCEPTED TRANSMITTERS & RECEIVERS AVAILABLE 

FOR HIGH-BAND AND UHF. CALL FOR DETAILS. 
- -  - - -  yo- 

- .  



I EVERY DAY A HAM FEST 

BUY - SELL - TRADE 
ALL BRANDS NEW AND RECONDITI( 

I WE'LL BUY YOU~EXTRA RIG 
STATIONS-ESTATES ETC. 

Cell 91 3/381-5900 
FAX 91 3 648 30 

SEND S2 FOR CAl 
AND WHOLESAL 

i I I $ 1  $ 1 1 1  i l l i l i  b 1 I I 1  

' "ONLINE" U.S. CALL DlRECrORY 

Hamcall service gives you aN hams via 
your computer 8 modem. Updated each 
month! Only $29.95 per year. Unlimited 
use - you pay for phone call. 

BUCKMASTER PUBLISHING 
Route 3. Box 56 

Mineral. Virginla 23117 
7031894-5777 vlsa/mc 8001282-5628 

. FB~II )  hsllJco. Effc,.l~\< ~ n h n  or ~ 3 ~ 1 . .  \(one$ h a i l  gurrmlrr 
:A$ailnhlc for bnnd rrom 50 to U O  \IHz 

S 39qi rich r,,,S 650" .Wd $5 I' S H 
I.,..,...LW I.~~~.....~I A ~ I ~ C ! I I I L ? S I ~ ' L ~ S ~  

I&. iilffi?.kl Plnr.n 1 IT ~ l < d l i  /An1 \ 171.RA75 
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combined. Operating events and  over 30 
radio history dates, plus 10 pages of DX 
a n d  contest data, maps, Oblast lists, elc. 
Historic, DX, personality photo each ma. 

Discover 7 

H i  wire antennas 
Rugged new balans 

Conlacl Jlm. W4THU 
- lree dlscounl catalog 

Send 51 C calalop by Isl Class mall 
Box 6159, Porl~mouth. VA 23703 

IDralrr l"""lll"5 raCowl  

T 

1' 
8 choke 

ELIMINATES UP INTERFERENCE IN: T V  sets, 
R a e ,  HI-FI. I'A splcm, Tclephoncr. VCRs Tat  
cqu~pmcol, Rur lrrmd ~ i r c  alarms. ~ d c m .  ~ohilors, 
O,rnpulcn. ~ a 8 0  and TV ualbom, clc. 
EISYM USE: fiu ovcr and maps ontosmall, lar c and 
r i h o  cables. NO nccd to rcwirc u,oocctors. diquc, 
s p l ~  lcnilc wrc dcsip fils up lo RCXU coax cubics. 
WORKS IN 'COMMON MODE'. filters curren! in- 
d u l l  in l l~e brad c r l  shrcldcd wblcs and ground wrcal 

Spcl.1 rns1crl.I cRreU*e 0 3  - 100 MHz. 
DOES NUTVOID EQUIPhfENTWARRAYlY 

Awiluhlr m r &dcr 
wardrr &!rc,G: 

computeradio 
Box ZXZ. Pinc Rrook, NJ 07058 

$1 2.99 
Tcl: (MI) 227-0712 
Smd pcmonal chrck wilh order, we rhtp so,nc day Fin1 
Clarr. 3 0 . d ~  mmw bark vnnanry O u o n a ~  ,l~l,rrrvmlr 



SSB basics - receiving 
the signal 
This is the second half of a discus- 
sion of SSB begun in November. Last 
month I explained how SSB was 
generated and translated (hetero- 
dyned) to the Amateur bands, and 
touched on some benefits of using that 
mode of communication. This month, 
I'll look at how SSB is received and 
talk about the peculiarities of the mode 
that make receiver design a bit tricky. 

The first part of a receiver that SSB 
signals encounter after being picked 
up by the antenna is the front end, or 
RF amplifier stage(s). There are no 
unusual features making the front end 
for SSB any different from that for any 
other mode. The usual criteria apply - 
low noise, freedom from overload by 
strong signals, and enough selectivity 
to reject out-of-band signals. 

The next stage encountered is an 
i-f amplifier. Some receivers have two 
intermediate frequencies with an extra 
conversion to get from one to the 
other; others have only one conversion 
to a single i-f. Common frequencies 
are 10.7,9.0, and 5.5 MHz, but others 
can work as well. In either case, a local 
oscillator is mixed with the incoming 
SSB signal to produce the i-f. This is 
done in a heterodyning system, just as 
it was at the transmitting end to get 
the generated sidebands on the ham 
band of interest. In the example given 

NOTEBOOK 
Tom McMullen. WlSL 

A single-sideband signal as it appears in the 
receiver i-f stages is a band of audio fre- 
quencies covering approximately 300 to 3000 
Hz. This signal should be practically identi- 
cal to the one generated by the balanced 
modulator and filter combination discussed 
in last month's column. 

last month, a 19.5-MHz signal was 
mixed with 9.0-MHz SSB to produce 
output on 28.5 MHz. The same 
process works in reverse - mixing 
28.5-MHz SSB with a local oscillator 
of 19.5 MHz produces an i-f at 9.0 
MHz. These 9-MHz sidebands are 
pretty much carbon copies of the ones 
generated by the balanced modulator 
and then filtered before being ampli- 
fied and transmitted. In fact, many of 
today's popular transceivers use the 
very same filters for the i-f in receiv- 
ing a signal as they do for generating 
the sidebands in a transmitter. The 
filter is switched between the receiv- 
ing and transmitting circuitry by means 

of diodes and/or transistors, and thus 
made to serve double duty. The result- 
ing output from this filter is a range of 
voice "sidebands" that covers approx- 
imately 300 to 3000 Hz, just as in the 
transmitter. (See fig. 1.) 

Putting the carrier back 
At this point, a common diode 

detector like that used for AM signals 
wouldn't be able to translate these 
sidebands into anything useful. The 
next step is to add an RF carrier in 
exactly the same relationship as the 
one that was suppressed in the trans- 
mitter. This isn't hard to do. All it takes 
is an oscillator at the right frequency 
and a mixer to combine the sidebands 
with the signal from that oscillator. 
You'll then have an AM carrier with 
one sideband, which an ordinary diode 
detector can turn into audio. Some 
early attempts at receiving SSB with 
the AMICW receivers of the day 
showed how poor an idea this is. 

In the early days of SSB, the 
receiver's beat-frequency oscillator 
(BFO) used for CW reception was 
pressed into service to supply the miss- 
ing carrier, and the AM detector took 
over from there. The trick was to tune 
in the sidebands for maximum loud- 
ness (even if you couldn't understand 
the voice), then move the BFO around 
until you heard something you could 
understand. Hopefully, you could get 
a somewhat normal-sounding voice 
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COMPUTER CODE COURSE: Apple I1 + lc1elGS. C-641128. 
37 modes, graphics. 1-100 WPM, menus, proport~onal spacing. 
variaMe frequenry, mcfe 1$29.95). With word processor lC39.951 
Manual 1$10). ChecklMO. LARESCO. POB 2081-HR. Calumet 
City, IL M)409. 1-312-891-3279. 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter. 2697 Nickel. San Pablo, CA 41806. 

COMING EVENTS 
Activities - "Places to go . . ." 

UHF PARTS. GaAs Fets, mmlcs, chip caps, feedthrus. teflon 
pcb, high 0 trimmers. Moonbounce qualiiv preamps. Electronic 
sequencer boards. Send SASE for complete list or call I3131 753- 
4581 evenings. MICROWAVE COMPONENTS. PO Box 1697. 
Taylor. MI 48180 

-- 
KITS'PARTS'PLANS. We have hard to find parts1 Variable 
tunlng capacitors, tuning coils, crystal and magnettc head- 
phones. germanium diodes, crystal, shortwave and tube type 
kits. Very inexpensive. Send 25 cent stamp for catalog. Yeav 
Communications, 12922 Harbor #8WHR, Garden Grove. CA 
92640. 

- -- 
CUSTOM EMBROIDERED EMBLEMS, b Enamded Pins, your 
design, excellent qualtty, low prices, free booklet. A.T. PATCH 
CO, Box 682 Dept 19, L~ttleton. NH 03561. I6031 444-3423). 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICITY 
COORDINATORS: PLEASE INDICATE IN YOUR ANNOUNCE- 
MENTS WHETHER OR NOT YOUR HAMFEST LOCATION, 
CLASSES, EXAMS. MEETINGS. FLEA MARKETS, ETC. ARE 
WHEELCHAIR ACCESSIBLE. THIS INFORMATION WOULD 
BE GREATLY APPRECIATED BY OUR BRDTHERISISTER 
HAMS WITH LIMITED PHYSICAL ABILITY. 

INDIANA: January 7. South Bend Hamfest Swap & Shop, first 
Saturday after New Year's Day. Century Center downtown on 
US 33 Oneway Nonh between Trustcorp Bank Building and 
river. Four lane highways to door from all directions. Tables: 
$515fi. round. $1518~2.5 rectangular; $201811. wall locations. 
Talk in freq: 52-52. 9939, a-09, 34-94, 145.29. K9IXU 12191 W- 
5307. 

QUALITY HAM S O W A R E  for the IBM-PC and compat~bles. 
Many shareware and public domain disks for all aspects of ham 
radio. Business SASE for catalog. JKbS Dept HC. PO Box 
50521. Indianapolis, IN 46250 0521. 

- -- 
WISCONSIN: January 14. The West Allis Radio Amateur Club's 
17th annual Midwinter Swapfest, Waukesha Co. Expo Center 
Forum, 8 Am to 3 PM. Admission $2/advance: $3/door. 4' tables 
93ladvance; S41door. Elec $5. Dealers welcome. Amateur 
exams-write for details. For ttckets or informailon write 
WARAC Swapfest. POB 1072. Milwaukee, WI 53201 SASE 
please. 

- - 

COMMODOREIAMIGA ch~ps pdns olagnostlcs hara to f~nd  
nems Aulhor~zod sewace centel Fast repaus, low cost ley C64 
$49 49 plus UPS1 Heaw dctv power supplles for the C64 $28 00 
plus UPS KASARA MICROSYSTEMS Inc 24 West Street. 
Spr~ng Valley NY 10977 1 800 248 2983 loutsnde hYI or 914 
362 3131 FLEA 

MARKET 
- --- 

IBM-PC RTTYICW. New CompRtty II is the complete 
RlTYICW program for IBM-PC's and compatibles. Now with 
larger buffers, better support for packet units, pictures, much 
more. Virtually any speed ASCII. BAUDOT. CW. Text entry via 
built-in screen editor! Adjustable split screen display. Instant 
modelspeed change. Hardcopy, diskcopy, break-in buffer, select 
calling, text file transfer, customizable full screen logging. 24 
programmable 1OOO character messages. Ideal for MARS and 
traffic handling. Requires 256k PC or AT compatible, serial port, 
RS-232C TU. $65. Send call leners l~ncluding MARS) wlth order. 
David A. R~ce. KC2HO. 144 N Putt Corners Rd, New Paltz. NY 
10219. 

OPERATING EVENTS 
"Things to do . . ." 

December 3: The Everglades ARC will operate W4SVl 1400Z 
December 3 to 19002 December 4 from Flamingo, Florida. to 
celebrate the 416 anniversaw of Everglades National Park Send 
OSL and 2 unlt stamps for unfolded certificate to EARC. POB 
113. Homestead, FL 3333-0113. Nov~ce certificate for those who 
identify as Novices on 2 of 3 bands. No stamps requ~red. 

RATES Noncommercial ads 100: per word; 
commercial ads 600: per w o r d  both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-profit or- 
g a n i z a t i o n s  receive one free Flea M a r k e t  ad 
(subject to o u r  editing) on a space available 
basis only. R e p e a t  i n s e r t i o n s  of hamfest ads 
pay t h e  non-commercial r a t e .  

COPY No special layout or arrangements 
available. Material should be t y p e w r i t t e n  or 
c l e a r l y  printed (not all capitals) and must in- 
clude full name and a d d r e s s .  We r e s e r v e  t h e  

right to r e j e c t  u n s u i t a b l e  copy. Ham Radio can- 
not check each a d v e r t i s e r  and thus c a n n o t  be 
held responsible f o r  claims made. Liability f o r  

correctness of m a t e r i a l  limited to corrected ad 
in next available issue. 

- 
FLOOD YOUR MAILBOX1 You get 100's of radio and elec- 
tronics specialty catalogs. Serid $2, name and address to: Elec 
ironic List Services, Dept C, PO Box 1687, Brookline. MA 02146. 

December 17-23: The lowa Radiosport Soc~ety w~ l l  be oper- 
ating special event station K200RW in celebration of the Con- 
stitutional Bicentennial and the 1501h anniversary of Burlington. 
lowa as the first territorial capitol. CW and SSB. Special QSL 
cards will be available for SASE. SAE and IRC sent to 923 N. 
9th Street, Burlington, IA 52601. 

December 24: The Garland Amateur Radio Club will operate 
K200QHD from Garland. Texas. OOOlZ to December 30 23592. 
80-10m. CW, SSB and Digral. For a special OSL send your OSL 
and SASE to KFSPE, 2934 Cotton Gum Road, Garland. TX 
75014. 

HAMLOG COMPUTER PROGRAMS. Full features. 17 mod- 
ules, auto-logs. 7-band WASIDXCC. Apple $19.95. IBM or 
CPIM. KAYPRO. Tandy. C128 $24.95. HR-KAIAWH. PO0 
2015. Peabodv. MA 01960. 

- -- 
VHF-UHF-SHF. Large SASE West Coast VHFer. POB 685. Hol- 
brook, AZ 86025. 

CHASSIS & CABINET KITS. SASE. K3IWK. 5120 Harmony 
Grove Rd. Dover, PA 17315. 

CALL SIGN BADGES: Custom license plate holders. Personal. 
distinctive. Club discounts. SASE. WBJGND, Box 750. Clinton. 
MD M735. (3011 248-7302. 

THE MIT UHF REPEATER ASSOCIATION and the MIT Rad~o 
Soclew offer monthly HAM EXAMS All classes Novlce to Extra 
Wednesday. December 21. 7 PM. MIT Room 1 150. 77 Mass 
AYP~I IP  T~mhrndoe MA Reservat~ons rmuested 2 davs an 
advance ?intic;kin Hoffmann at (617) 464 2098 Exam fee 
$4 50 Br~ng a copy of your current l~cense 11f any) two forms 
of plcture ID, and a completed form 610 ava~lable from the FCC ANALOG AND RF CONSULTING for the San Franc~sco Bay 

area. Commercial and m~litary circu~ts and systems. James Long. 
Ph.D.. N6YB 14081 733-8329. 

in Outncy. MA 16171 770-4023 

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 R T Y  JOURNAL S1O.K. 
foreign slightly higher. Order from: RTTY JOURNAL. 9085 La 
Casita Ave. Fountain Vallev. CA 92708. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radlo AuElria Canada 
Karln Usber Sand orders to 

Posttach D 7850 Loerrach 2454 
Ham Radm Msgaane 
G~eenv~lle. NH 03048 USA 

West Germany P.#cer n Cnnad~an funds 
1 yr $41 85 2 yrs $74 25 
3 yrs $99 90 

Ham Raa~o Betglum 
SIe~eoholl.~e Ham Rada Italy 
~ r ~ ~ s e ~ ~ e s t e e n w e g  416 V8a Manlaqo 15 
H 9218 Gent 1-20134 Mslano 
Betglum Ilaly 

Ham Radio Japan 
Ham Radg Holland Kalsumt Eleclronic Co Ltd 

Postbus 413 27-5 lkegaml 
NL-7800 Ar Emmen 4 Chome, Ota-Ku 

Holland Tokyo 146. Japan 
Tetophone (03) 153 2405 

tiam Radlo Europe 
Ham Radso Swllrerlanu 

BOX 2084 
Karl" Ueber 

5-194 02 ~ppiands VasDy 
Posttach 2454 

Sweden 0-7850 Locrracn 
Wesl Germany 

Ham Radlo France Ham Radmo England 

SM Elsctron8c clo R S G H 
20 D~s .  Ave des Claronr Lambda HOU* 
F - a m  Aurerrs Clanborne Road 
France Pollers Bar 

Herls EN6 .WW 
England 

H a n  Radmo Germany 
Karln Ueber Holland Radla 

Po~tlach D 7850 ~oerracn 2454 
143 Greerlway 
Greens~ae Jo~annesburg 

We51 Germany RBpUDllC 01 So~lh A l r l L d  

DEADLINE 15th o f  second preceding 
month. 

SEND MATERIAL TO: Flea Market. Ham 
Radio, Greenville, N. H. 03048. 

- -- 
CHRISTIAN AIRCRAFT MECHANIC wants family out of big 
city Seeking farm, ranch, loggmg, other country opportunities. 
Call 15121 695-3006. N5MPW. 

- .- 
RUBBER STAMPS: 3 lines $5.00 PPD. Send check or MO to 
G.L. Pierce. 5521 Blrkdale Way. San Diego. CA 92117. SASE 
brings tnformat~on. 

- -- 
ELECTRON TUBES: Receiving, transmitting, mtcrowave ... all 
types available. Large stock. Next day deliverv, most cases. 
DAILY ELECTRONICS, PO Box 5029. Compton, CA 90224. 12131 
774-1255. 

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 equcprnent 
wqth a new Ham. Please send us a short descript~on of what 
you want to sell along wlth price, name, address and phone Inum- 
ber. We'll run it once in a speclal section of the classified ads 
under the head~no of BEGINNER'S RADIO CLEARINGHOUSE. 

- -- 

WANTED: Amateur related video tapes of large antenna arrays. 
unusual equipment or events, or anyth~ng out of the ordtnary 
for personal collection. Beta or VHS format. Will pay all costs 
involved. Ron Rollinson, NR80, 128 Julep. Cincinnati. Ohio 
45218. 

CUSTOM MADE EMBROlDERED PATCHES. Any size, shape. 
colors. Five patch minimum. Free sample, prices and order~ng 
information. HElN SPECIALTIES. Inc.. Dept 301,4202 N. Drake, 
Chicago. IL 60618 

Please Itmot vourad to 20 words or less. 

HELP! Budding Novice ~nherited Galaxy Xcvr wlout power sup- 
ply Desperately need supply or manual Please help. M.C Mac 
Donald. 333 No. 17th St. San Jose, CA 95112. 

BEGINNER needs MorseMaster II by Stone Mounta~n Engtneer 
ing. Adv~se your selling price. Roy Keeley, Rt3, Box 316. Theo- 
dore. AL 36582. 

WANTED: Mllltafy Surplus Radio Equipment. We need ARC- 
164, ARC-114. ARC-115. ARC-116. ARC-150, ARC-159. ARC- 
186 ARN-127 ARN-118 RT 1159A APN-171 AT-524iVRC. 
R T - ~ ~ ~ I V R C .  'antenna cbup~ers 490i-1. 490~-9, 4905-1, CU- 
1658AlARC. CU-1669lGRC. CU 937lUR. CU 2007lURR. Top 
dollar paid or trade for new Amateur gear. Wr~te or phone Blll 
Slep 17041 524 7519. SLEP ELECTRONICS COMPANY, High- 
way 441. Otto. NC 28763. 

SELL: NCX-3 transceiver with ac supply. 80-40-20 SSB. CW. 
$100 or best offer. Grant Zehr. WA9TFB 13091-662-8210. 

SWAP Hamerlund 180 Rcv, mmt. for Drake T4XC Ed 
Mal~nowsk~. Rt 1. Loyal. WI 54446. Phone 1-715-255-9958 
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A I 

RFC 
BFO IN 

Simplified versions of two product detector circuits. Diodes, as at A, involve the least number 
of components and offer great simplicity. The dots on T1 indicate wiring polarity. An in- 
tegrated circuit at B can provide gain and increased sensitivity. Bias and decoupling com- 
ponents for U1 are not shown. 

out of this. The poor quality, fre- 
quency drift, and constant "tweaking" 
to keep the signal tuned in, turned 
many hams away from this "new 
mode". 

Better circuits were not long in com- 
ing, and their improvements led to 
today's increased efficiency and bet- 
ter quality SSB. One of these circuits 
is called the "product detector." This 
type of circuit produces an output only 
when both inputs are present; that is, 
the BFO must be on and the SSB sig- 
nal must be present before the detec- 
tor provides an audio signal output. 
Diagrams of two types of product 
detector are shown in fig. 2. 

There are many versions of product 
detectors and most work quite well. 
Some equipment manufacturers are 
going for the simplicity of the diode cir- 
cuit; others are using integrated circuit 
types, often combining the detector 
function with an audio preamplifier or 
some other part of the receiver circuit. 
Another type of detector circuit uses 
JFETS or MOSFETS as the active ele- 
ment. 

Sounds good but ... 
Sometimes you get funny "audio" 

when you .tune in an SSB signal. To 
understand how this happens, let's 
look at fig. 3. In 3A, the carrier is 

placed in its correct relationship to the 
sidebands. In this example, the signal 
is upper sideband so the carrier is 
below, and the lower voice frequencies 
are closest to the carrier. The higher 
frequencies are farther from the car- 
rier, just as they were when the origi- 
nal sidebands were generated. 

Switch the carrier to the other side 
of the sidebands, as in fig. 38 and 
watch what happens. The higher voice 
frequencies are now close to the car- 
rier, while the low frequencies are far- 
ther away. The result is an "inverted" 
voice that's impossible to understand. 
The range of speech frequencies has 
been inverted. 

This "inversion" is something that 
receiver designers have to watch for 
when they heterodyne signals from the 
various Amateur bands down to an 
i-f, or mix generated SSB with a local 
oscillator to get to an Amateur band. 
For instance, look at my earlier exam- 
ple of mixing 28.5 MHz with 19.5 MHz 
to obtain 9-Mhz i-f output. You can 
also get a 9-MHz difference (i-f) by 
mixing 28.5 MHz with 37.5 MHz, but 
the signal will be inverted compared to 
that obtained with 19.5 MHz. The 9.0- 
MHz sidebands in your detector will 
sound just as scrambled as if you 
tuned them in wrong, or selected the 
wrong position of your uppertlower 

t INJECTED CARRIER 

LOWEST VOICE 
~ F R E O U E N C I E S  

I 1 -H IGHEST FREQUENCIES v a r r  

81 Ff 
INJECTED CARRIER-] I 

HIGHEST VOICE - 

FREQUENCIES 1 / 
LOWEST VOICE 
F R E i l l E N C l K S -  ( 1 

Placing the local carrier on the wrong side 
of the SSB signal can produce unintelligi- 
ble audio. At A, the carrier is correctly 
placed below the upper sideband signal and 
the audio is "right-side-up," If the carrier is 
placed on the other side, as at B, the audio 
is inverted; i.e., the higher voice frequen- 
cies are near the carrier and the lower ones 
are farther from it. The resulting inverted 
voice frequencies are unreadable. 

sideband switch. You can correct this 
inversion by selecting the other side- 
band to "uninvert" the audio. In some 
receivers and transceivers, just such a 
scheme is used in order to use simpli- 
fied circuitry for local oscillators. A 9.0- 
MHz SSB signal mixed with 5.0 MHz 
produces 4.0 MHz for 75-meter work 
(9.0 - 5.0 = 4.01, and can also 
produce 14.0 MHz for 20 meters (9.0 
+ 5.0 = 14.0). The sidebands will be 
inverted for one band, so the correct 
BFO crystal for generating (or receiv- 
ing) the signal must be used as 
required to produce audio that is 
"right-side-up." Some early receivers 
had colored dial and knob markings as 
a reminder to switch to upper or lower 
sideband to match the Amateur band 
you were listening to. Incidently, in the 
frequency-mixing example just used, 
the sidebands are not the only inver- 
sion - look what happens if you make 
the 5.0-MHz oscillator signal variable 
(VFO) to tune across the band. In the 
75-meter case, if you increase the VFO 
frequency to 5.1 MHz, subtracting that 
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Generate 
Your Own 

undreds 01 
~ l l~s l led  owners 

ate nnw us lq  tne WINDSTREAM" WlND 
GENERATOR lo prwrde per lor RVs weekend 
conaqes cats workshops remote Iml~ons emer 
p n r y  Mk up p i e r  and much m e  
Portable we~ghs only 20 lbs -easily lnslalled wllh cur 
Cmprehenslve ~nslallallon manual mtnlmum m~n len  
anrr lull warranty 

Themux Corpontlon H 
P.O. Box 3128. Burl~ngton, VT 05401-3128 

QRZ CONTEST!'" 
VHF C o n t e s t  Software 

for PC C o m p a t i b l e s  

$39.95 postage paid - C o v e r s  a l l  VHF a n d  UHF contes ts  - Inc ludes  t h e  70 MHz E u r o p e a n  b a n d  - M e n u  d r i v e n  a n d  u s e r  f r i e n d l y  
- C o l o r  a n d  o p t i o n s  u s e r  c o n f i g u r e d  - G r i d s  w o r k e d  d i s p l a y  on - l i ne !  - Full dupe c h e c k i n g  - C o m p l e t e  l o g  e d i t o r  i n c l u d e d  - Hand les  4000 contac ts  w i t h  5 12K - D e m o - v e r s i o n  ava i l ab l e  $5.00 
+ HF V e r s i o n  t o  be ava i l ab l e  soon!  

ATFAB Com~uten and Electronics 
P.O. Box 4766 

Mainevillc, OH 41019 

w 1 n A c c e p t e d  

NEW! 
The c l h i c  "Anlenna Blble" 

now i n  a Ihaough ly - rev id ,  much-enlarRcd 
cdil ion 

ANTENNAS 
2nd e d i t i o n  

by John Kraus, W U K  
Ohio Sb le  I!nlversily 

Covers both theory and 11s applications to practical 
systems. Over 1OOO ~llusnal~ons and nearly 600 
worked examples and pcoblems. Over 100 new 
lop la .  Complete w~ th  des~gn formulas, tables and 
relerences 

91 7 pages, hardcover. $51.95 
Add $2.50 per book for shipping and handling U.S., 
$5.00 elsewhere. 

CYGNUS-QUASAR ROOKS 
P.O. Box RS. Powell. Ohio 43065 

Tel. 614-548-7895 

Uncle Bill's 
Commodore C-64 
Computer Software 
by Bill Clarke WA4BLC 

CODE COURSE 
Thts compuler program IS broken into 
three user lrlenrlly parts Part one In. 
troduces lo Ihe beglnner the dillerent 
morse characters The studenl slmply 
presses a key and Ihe characler IS 
sen1 and displayed on the screen Parl 
two generates the morse character 
and the student IS requlred lo press 
the correcl key on the computer If 
the sludenl answers tncorrectly. the 
character IS automatically resent Parl 
three sends morse characters In ran. 
dom groups 01 ltve The sludent can 
lallor whal IS sent 10 lhetr particular 
needs. numbers only. lelters only or a 
comblnatlon ol  boM Speeds are from 
5 lo 20 groups per rnlnule The corn. 
puler can also be conltqured lo send 
Ihe Farnsworth method (hlgh speed1 
slow spactng code I V 2 2 

.UB.CC (For C.64) 19.95 

KOOE MASTER (for Novice. 
General or Extra Class students) 
Prepare lor your nexl code exam 
using compuler generated OSOs Each 
OSO conta~ns callslgns, names. OTH's 
equ~pmenl lnlo plus many 01 the other 
exchanges commonly lound In Ham 
OSO's OSO's can be displayed on the 
screen by one character at a tlme. by 
each sentence or alter the complelton 
01 the OSO lor checklng W11h a 
prlnler you can prtnl out a hard copy 
Avarlable In 5 wpm lor Novlces. 13 
wpm lor Generals and 20 wpm lor 
Exlra class students 

UB.KN Novice Class (lor C-64)$16.95 
UB.KG (tor C-64) 514.95 
UB.KE Exlra Class (lor C.64) $14.95 

ANTENNA SYSTEM 
Thls ntlly anlenna modellng and 
development program will help you gel 
Ihe most lrom your anlenna prolecls 
while ellmlnal~nq rnuch ol Ihe drudgery 
01 antenna calculat~ons Par1 one 
covers slandard destqn anlennas- 
dlpoles, verllcals and Yagl deslgns 
Part two des~gns shonened d~pole an- 
tennas for space lhmtled hams Great 
lor shortened 160180 meler anlennas 
All dlmens~ons are l~sted Al lhts prlce 
11's no1 an englneertng program bul a 
neat program to have around 

UB-AS (for C-64) $9.95 

RADIO AMATEUR CALLBOOK 
SUPPLEMENT 
(both NA and lnlernational calls) 
Invaluable operallng ald lo all classes 
of Radlo Amateur Includes all calls 
issued since publtcatlon of the 1988 
edltlon ol Ihe North Amencan and In- 
ternat~onal edlt~ons The ONLY way to 
be fully up.to.dale is to have Me Call- 
book supplement In your shack 296 
pages 1988 
I 'CB-SUP 88 Softbound S.95 

Please enclose $3 50 sh~pptng 8 handling 

HAM RADIO'S 
BOOKSTORE gs 
Greenville, NH 
03048 0 

603-878-1441 

ntennns W e s t  A , ~ ~ ~ ~ I  lnmpl.L sl 
01) 373-8425 I!+Y :m! tl, R..ro. 11 r ritmJ 

SPECIAL PURCHASE 
FROM THE PUBLISHER 
ALLOWS US TO 
SLASH THE PRICES 
ON THESE BOOKS 

PROGRAMMING FOR THE TI-59 AND 
HP-41 CALCULATORS 
by Paul Garrlsan 
To lahe lull tdv tnlage of your hand held calculators 
pow~r  you nt71'd to learn how lo program 11 Clear 
easy lo undprqland lnslructlons make programmlng a 
Snap' Over hall the book has practical programmlng 
app11caIlonF lhal wtll solve some very complex 
problem? 1987 294 pages 

7-1442 Was S12 95 SAVE $8 Sonbound $4.95 

SOFTWARE FOR AMATEUR RADIO 
bv Joe Kasser. GJZCZ 
~bckt.11 wltll lrracl~cal computer appllcaltons and 
lesled arld de-buqgrd programs that can be slmply 
adapted lo alnlosl ,tny mlcrocomprtler Includes BAS- 
IC proqrammltiq Collcepls as well as how lo Inter 
lace your conipuler to your rad~o, dlqllal 
communlcallons .tnd niou? 1984 284 pages 

1-1560 Was $15 95 SAVE S I I  W Softbound 54.95 

MICROCOMPUTERS IN AMATEUR RADIO 
by Joe Kasser. GJZCZ 
Colnpul~rs can b~ used In a number of d~fferent 
ways In your Ham shack They can be used to con 
lrol your r ~ q  predtct propagalton conlrol antennas 
and hundreds ol olher appltcaltons Kasser explores 
the posslbll~ltes tn th~s book Includes Interlace 110 
dewces system categories programmrng the mrcro 
compuler and much more Greal readlng 1981 
307 pages 

7-1305 Was $15 95 SAVE $4 95 Sonbound $4 95 

I BUY ALL 3 SPECIAL I 
$44.85 VALUE at retail 

T-SPB $1 0.95 
SAVE $33.90 WOW What a Deal!!! 

Please enclose $3 50 sh~pp~ng and handlnng 

HAM RADIO'S 
BOOKSTORE 
Greenv~lle, NH 
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from 9.0 shows that you are now 
tuned to 3.9 MHz. So to tune "down" 
the band, you increase the frequency 
of the VFO. For 20 meters, the oppo- 
site is true - 5.1 + 9.0 = 14.1 MHz. 
This is a case where you must keep 
your pluses and minuses straight! 

Happily, improved circuit design and 
manufacturing techniques make it 
easy to build oscillators and mixer cir- 
cuitry that is tailored to each band. 
Now it's no great chore to avoid this 
inversion problem in modern tran- 
sceiver design, unless you are striving 
for the minimum number of parts. 

Other modes 
An additional benefit of modern 

improved circuitry for receiving SSB is 
better reception of CW. The product 
detector, with its lower noise, helps in 
weak signal reception. The improved 
oscillator stability needed for constant 
voice quality also helps the CW signal 
stay put on the dial. The SSB filters 
used in the receiver i-f work okay for 
CW reception, but most people who 
use code a lot prefer an additional set 
of filters that narrow the "window" to 
only that necessary to receive a few 
hundred hertz of spectrum. Why listen 
to more signals than you absolutely 
have to? 

The product detector also works for 
AM reception; just turn off the local 
BFO and let the original carrier ride 
through. The narrow filter for SSB will 
restrict AM quality somewhat, but it's 
still adequate. Wider filters are availa- 
ble that can be switched into the i-f 
system for AM use if better audio qual- 
ity is desired. 

I'd like to thank those of you who 
have taken the time to write to me 
about what you've seen in this 
column, and on many other interest- 
ing subjects. I can't answer each let- 
ter personally, but each is carefully 
read. Your thoughts and comments 
are appreciated. The article about "Q" 
signals generated several interesting 
letters (as did the mention of "Z" sig- 
nals in that article). Some letters 
provided me with new information. 
Again, many thanks to each of you. 
Article L H A M  RADIO 

CALL FOR ORDERS 
1 (800) 231-3057 
1-71 3-520-7300 OR 1-713-520-0550 
TEXAS ORDERS CALL COLLECT 
FAX 1-713-771-7759 
ALL ITEMS ARE GUARANTEED OR 
SALES PRICE REFUNDED 
N I I ' Trade5 wanled 
I, llwiuwl 111 " , A  T P  '5AT Trndr m "our old HT 

k .  I "  I . I . , (  Call lor trade 

IC 781 Call 
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S11111e P44D 56 95 
I 11 IL RMln  Rtnnl MLe WIIIVI R tvsn (19 W 
HF IL HMS LIPzL Mmhe 67 W 

NYF MR5A T<iner %9 MI 
Alnna Drlla Transllr.3~ HV 3 3 W  
C:;l PI~VBIP Palcll IV 469 00 
Ameco 1'1 3 Pr? Arne '40 (W 
I RIU.~ 2 rn~ter on ~ l n s s  49 95 
AIIIKU?M 588 Matt Mour~t i n m r l  25 W 
van Gortlmn (;5HV 44 1x1 
Vdlol A55 rn~hll? 79 W 
T t i o u ~ ~ n ~ l \ o l  panel twters 3 95 up CALL 
Acunvc)r 1OOO I>I,,W V Iwrlthrouc!h can5 195 
Imnzlolmrr 1711 v Pr, IO!xiVllA (Srr # I 8  Wrt*) 50 W 
11m rnlcJi.45OV A~!~llCac, 7 10 
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ti? 6 1  N M.lr (An\prmoll 3 SO 
R? M12 I006 N M;41* 199 131 3 M 
Douldr krn~.llr% l l nF  1 00 
LIG 176 RGHX earn 40 
H~>c.e,vtnq l t i l r n  50 W b  of81841 1>r8ce Call 
S.mtm: Il<~om M~hrlHeadscl l t sk  ICOMI ?O O(1 
nutlr> SA 7% ti7 167 m$r%iilo m r r l  P~CII 125 00 

USED EOUIPMENT 
Ail ~ . ~ ~ t ~ ~ i u ~ . r w I  tn,.t.d clrar, n,th 90 clay warranty arlrl 30 
, I , ~ ~  ir,,,~ 5,. n~nntl>.i lull 1r:tdr r$c1a1n41 new cquil,mer~l Sale 
[lllrP IPII,I~,JCII 11 l l "1  * ~ l l d l ~ r t  

c,rli lo, lolon used gear 
(ROOi 271 305: 

Don'aCornsr: 
!!,we v,~li!r.vcl 11w r v i r  @*.Ira 1 r*-,r, Antenna? 
I l l i l V P  .,,I11 I1 ",,llkl lll,-'ttl 
Cl,ulnrl Ur*lal.w,rlrlnl~n',.l 

I' (1 ROT R06:l 
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SreCO JttnC- RtiHpliew 

GNU PROD 
IE Syslcrns 7m Amp 30 IF0 enn%GaA%In $??9 00 

POLICIES 
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the 75th anniversary of ARRL 
with a new Handbook! 

1989 marks the 75th anniversary of the founding of the League. 
There's no better way of celebrating this momentous occasion, than 

-with the new 1989 ARRL Handbook for the Radio Amateur! 
The 1200-page sixty-sixth edition contains over 2100 tables, 

figures and charts. The new Handbook is better than ever with 
revised information on phase noise measurement, direct frequency 
synthasis and spread spectrum communication techniques. The 
section on repeaters has been updated including a new CW identifier 
circuit. You'll find new spectrum analyzer and oscilloscope material, 
as well as several new projects in the test equipment chapter. 

As always, we've added a host of new construction projects to 
this new edition. Just some of the new projects include: A 500-MHz 
frequency counter, 160 through 10 meter legal limit amplifier, simple 
CMOS keyer project, digital audio memory keyer and a UQ meter for 
measuring coil inductance. 

But that's not all. You'll find many other popular construction 
projects that can be built in a weekend such as power supplies and 
VHF/UHF preamps. Forthe more ambitious builderthereare projects 
like the 1.8 MHz QSK transverter (there are VHF/UHF transverter 
projects too) and there are many amplifier designs to suit your needs 
from HF through microwaves. 

The Handbook has always been famous as a reference for 
component data and you will find an entire chapter devoted to 
everything from transmitting tube and transistor specifications to 
aluminum tubing sizes. Satellite enthusiasts will find that the digital 
TR sequencer will add operating convenience to your station. Of 
course, you'll find the most up-to-date information on digital 
techniques, and the video communications chapter is packed with 
information not only on SSTV. ATV and FAX but Weather FAX as 
well. QRPenthusiasts will find thefamous"Cubic incher" transmitter; 
not much bigger are the QRP SWR indicator and QRP Transmatch. 
There is also a VXO-controlled 6-watt CW transmitter for your 
favorite band between 80and 15 meters. Thereare a number of useful 
station accesories that you can build like DTMF encoders and 
decoders, PIN-diode TR switch, digital PEP wattmeter and SWR 
calculator, Transmatches and dummy loads. 

For $21, The ARRL 1989 Handbook for the Radio Amateur. 
remains an exceptional value for a hardcover technical publication. 
The price outside the US is $23. For postage and handling, add $2.00 
(or $3.50 for insured mail or UPS - please specify) 

Here is a description of what is covered in 
the Handbook: 
The first 5 chapters serve asan introduction 
and cover: basics of Amateur Radio, electri- 
cal fundamentals, radio design technique 
and language, and solid statefundamentals. 
Vacuum tube principles as they pertain 
primariliy to high poweramplifierdesignare 
also presented in these introductory 
chapters. There are 12 chapters devoted 
primarily to these radio principles: power 
supplies, audioand video, digital basics, mo- 
dulation and demodulation RF transmitters, 
receivers, transceivers, repeaters, power 
amplifiers, transmission lines and antenna 
fundamentals. Another 4 chapters cover 
voice, digital, image and special modulation 
techniques. The RF spectrum, propagation 
and space communications are covered in 
2 chapters. The construction and mainte- 
nance section has 12 chapters of useful 
projects ranging from power supplies and 
antennas through digital equipment. You'll 
find up-to-date component data that the 
Handbook is famous for. The final 5 
chapters cover how to obtain your license. 
station design and operation, interference, 
monitoring and direction finding. An 
abbreviations list, huge index and etching 
patterns make up the balance of the book. 

The American Radio Relay League, Inc., 225 Main St., Newington, CT 0611 1 USA 



the 230A Linear Amplifier 
Something new in a high power, high quality, HF linear amplifier 

The Advanced Radio Devices (ARD) 230 series represents a new generation in high power 
linear amplifiers. Utilizing microprocessor control, the 230 provides full "HANDS OFF" 
automatic operation. 

* Full power is always available Frequency: all amateur (1.8 - 21 MHz) 
m Completely automatic Drive: 50 - 80 watts for full output - Microprocessor controlled tuning Output: 1500 watts PEP 
m No time limit for QRO Input Impedence: 50 ohms unbalanced 
m Full QSK Input VSWR: 1.5:l (higher on WARC) 
m LCD metering Output Impedence: 50 ohms unbalanced 
m VSWR readout Harmonic Supp: greater than -45 dB 
m Microprocessor controlled protection Intermod prods: more than -35 dB down 
m Automatic tube monitoring Duty: CCS (cont. commercial svc.) 
*'Easy modification for 10 meters Tubes: EIMAC SCX800A7 (two) 
* RS-232C output for external control ALC: 0 to -6 VDC 
* Modular construction Output Configuration: Pi-L 
* Export/commercial versions available AC Power: 230 VAC at  20A 
m Remote antenna switching control Sire (WHD in inches) & Weight 
m Remote control up to  250 feet away Microcontroller: 1 0 x 6 ~ 9  at  5 Ibs 
m UPS shippable (3 boxes) RF/AC unit: 14x22~13 at 86 Ibs 

Orders: 800-368-3270 Local & tech info 
703-938-3350 

EEB Electronic Equipment Bank 
5 1 6H Mill St. NE, Vienna, VA 221 80 v Isn 

(just minutes from Washington, DC) 

R9100 SUPER ROTATOR 
The Advanced Radio Devices (ARD) R9100 is the heavy duty antenna rotator designed for the big gun with antenna loads to one 
ton. All components are designed and aelected for durability and long life, a quality often over looked. , 

The control system provides both analog and digital readout of direction to within f 1 degree. Provisions for external computer control 
which allows rotor positioning by the mere keyboard entry of a target countryb prefix. Software is provided for use with most 
popular computem. 

This quality rotor is the most capable and powerful unit designed for the amateur market today. You can pay more and get less. 
,. 2.- _1 -, 
'=pp 

SPECIFICATIONS 

&$+$ 
Rotating torque: 10,000 inch Ibs. 
Braking torque: 24,000 inch Ibs. 

--. - ,....-... Vertical load: 2000 Ibs. 
Mast sines: 2.0 to 3.5 inch O.D. 
Motor: 113 HP . Rotation speed: 1 RPM 
Weight: 230 Ibs. 
Sire: 14.9x25x15.1 inches (wlh) 

Write for complete specs and 
installation information 

Distributed Exclusively by EEB 

Orders: 800-368-3270 Local & tech info 
703-938-3350 

EEB Electronic Equipment Bank - 51 6H Mill St. NE, Vienna, VA 221 80 v 10) 

(just minutes from Washington, DC) 



~ * ~ ~ ~ $  YOUR HAM DOLLAR GOES 
FURTHER A T . .  . ' ~~~JJJJJ"'I" cAu ou w u m  mu smc,A, auou 

CALL US 
"AMERICA'S MOST RELIABLE AMATEUR RADIO DEALER" 

NOW! SELL-TRADE New & Reconditioned 

In 1937. Stan Burghardt (WPIT). because of h is intense interest in 
HAM EQUIPMENT 

Call o t  M uilc l:, F<>'l:ht kg81 i t  WLI,>IC! 
amateur radio, began selling and servicing amateur radio equipment you'll Find U. I<> hr CI~~BVIC~,U.. Rncnr Icdgcahle 
in conjunction with his radio parts business. W e  stand proud of this and tie~nrrt 
long-lasting tradition of Honest Dealing, Quality P roduc t s  and 
Dependable "S-E-R-V-I-C-E"! PHONE (605) 886-73 14 

A b o v e  all, we fully intend t o  carry on this proud tradition with even 
FAX (605) 886-3444 

. more new  product lines plus the same "fair" treatment you've come 
to rely on. Our reconditioned equipment is of the finest quality with 30, 
60 and even 90-day parts and labor warranties on selected pieces. 
A n d  always remember: no~oav m rmtoar 

o?lYsAlUloAl5 
- WE SERVICE WHAT WE SELL - 1.m 9 I ?.I 1csr1 

CLOl iD  
YI*oAls,*oLIoAIs 

AEA Belden lcom N Y ~  
A l ~ n c o  Bencher JeroldlDelhi Palomar 
Amer~tron B~rd Kant ron~cs  R a d ~ o  Ca l l bwk  

Amphenol Butternut KDWEncomm Rohn 

Amp Supply Centurion KLM TelexlHyga~n 

Antenna CES Larsen Ten-Tec 

Speclalists Cushcraft MFJ Tr~o-Kenwood - 
Astron D a ~ w a  M~rage LInad~HalReyco (-I 1 vm 
B & W  Hustler Moseley Yaesu 182 N Maple 

P.O. Box 73 
Watertown. SO 57201 

Get the most o f  HF Mob i l ~ng  

Y aesu FT-747GX 

SPECIAL OFFER! 

CALL TODAY 
FOR SPECIAL QUOTE 

DOWN EAST MICROWAVE 

MICROWAVE ANTENNAS AND EQUIPMENT . L w ~  Y q h .  Power O l W n  L lmr AmplUlsn - Complsts 
Array.. Y I C ~ W ~ Y C  Tmnsusners - GsAa FET Preemps 

TROW EYE -Weah Slgn.1 . OSCAR. 902-1259. 1296 
2304 - 2400.3456 MHz 

2345LY I loop 1agI 1296YHz 20681 SS? 
1315LV 45cl I w o V a g l  23OIMHl ?WE1 184 
3333LV 334 ImpY.gI 902Mnz 18.5dE1 197 
AWVO antenn~6 a m b I M  arid lssled Klla nuallaM 

/\dd Y1 UPS SIH. I1 I Werl ol !he Mlrsls,lppl 
MICROWVE LINEAR AMPLIFIERS SSB. 

A N .  REPEATER. OSCAR 
231OPA l r l n  l 8 r o u l  l 24O- I3OOYH~ 13.IV 1255 
2335PA tOwb35wou l  1240-I300MHz 13.IV 5305 
3 3 1 8 ~ ~  4w1n 2owau! 900930 MHZ 13.W 1255 
3335PA 1 O w ~ n ~ O W o u l  900.93OMMI 13.11V 1305 
23LNA preamp 0.7dB N.F. 1296MHI 1 80 
33LNA premmp 0.9dB N.F. PO2 MHz S 110 

AaaU-UPSl.0 

L I I I m . m l ( l - " ~ m l " - .  
rnamcnw 

DOWNEASTMICROWE 
Blll Olson. WSHQT 

Box 2310. RR 1 .  Troy. MF 04987 
(207) 948-3741 

HF-Amplifier arcs, 
pops or loud bangs 

are a t  normal. 
Alter hearmg one ol liil,';c unplras.rr~l nolses. have 
you ever dlscoverr!d a gr~d lo fllarnr:nt short In one 
01 your lubcs. burncd bandsw~lcll contacls. pllted 
tuning-capactlor plalcs. a shorted zener b~as  d~ode 
or other. kaput ampl~l~cr parls? I1 Ihc answer to one 
or more ol lhrse qul?sllons IS yes. the damage was 
almost certainly no! your laull. I1 IS very l~kely that 
y r  ampllljcr is not uncondilionally VHF stable 

h ~ s  problem can be corrected by replacing the 
slandard, hlgh VHF-01 parasltlc-suppressors wllh 
LOW V H ~  Parasi~rc~Su pressors For more 
inlormalion. see OST i a R a g a ~ n e .  Ocl. 1988. 

age 36. Cor i~ple lo.  a l l  rnatcrlals and 
Purnlshed. nothing else lo !oundup. Low v E ~  
Parasitic-Suppressor K ~ t s  arc now ava~l;lble 
lrom Ihe aulhor ol lh~s  arllclc. Complele k ~ l  + ~nlo. 
and d~agram lor up to two-lubes and 800mA 
maximum Ir, lor SSB CW duly-cycle. $12. shlppcd 
vla F~rsl Class Mal lh.  Add $2 lor Increased duty- 
cycle option. lncludc the ampl~ller-model, andlor the 
tube~type and uanllly used, plus your phone 
number. R. L. ;k~ch) Measures. AGGK, 6455 La- 
Cumbre Road. Somls. CA. 93066: n805-482- 
3034 Phone lor spec~al.rcqu~remcnl orders * : i :  

/ 202 

GALL ATlN 
RADIO SUPPLY 

Expe r t  repair o f  Ehrhorn ALPHA 
76A. 374A, 78 and 77D series 
amplifiers. 

Also specializing in state-of-the-art 
repair and modi f i ca t ion  of t h e  Collins 
KWMIHF-380 series radios. La tes t  

up -da tes  available. Fac to r y  
Authorized. You w o n ' t  believe t h e  
imp rovemen t  in your radio when it 
g e t s  back! 

Call tor mom inlomalion 
or to schedule your work. 

Gallatin Radio Supply 
Attn: Kirby Van Horn 

P.O. Box 60064 
Houston. Texas 77205 

(71 3) 320-2324 

Authorized MADISON Electronics repair lacility. 
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/continued from page 1041 

AVCOM's agile SCPC 
demodulator 

AVCOM introduces a Single Channel Per Car- 
rier Demodulator, the SCPC-3000E. 

The SCPC-3000E Demodulator features a 
high-performance synthesized 50-90 MHz tun- 
ing module. Frequencies are tunable in 800 steps 
of 50 kHz each. Standard expansions are 3:l and 
2:l. with other expansion formats available. 
Deemphasis is switchable belween 0.25.50. and 
75 microseconds. Selectable low-pass 15, 7.5, 
and %kHz audio filters are also standard. Wide- 
band and narrowband versions are available. 

The price of the SCPC-3000E is $1378: the 
SCPC-3000E is rack-mountable and available for 
immediate delivery. 

For more details contact AVCOM, 500 South- 
lake Boulevard, Richmond, Virginia 23236. 

Circle I J l O  on Reader Sarvice Card. 

Clamp-on multimeter 
accessory measures DC 
and AC current 

The new 80i-kW CurrentIPower Probe, from 
John Fluke Co., Inc., is a clamp-on multimeter 
accessory for measuring DC or AC current, and 
AC power in kilowatts. The probe accepts con- 
ductors of up to 2-1/4 inches in diameter. 

Measurement range of the 80i-kW is 1A to 
1300A DC, 1A to l p A  AC, and 0.5 kW to 330 
kW. The switch-selectable output signal is 1mV 
per amp or 1mV per kW. The power factor can 
also be calculated from data measured by the 
80;-kW. 

The probe comes with voltage test leads that 
have safety alligator clips. Designed specifically 
for the mi-kW, these test leads provide a volt- 
age input that, in conjunction with the current 
input, give a readout in kilowatts on the mul- 
tirneter. 

The 80i-kW comes with a carrying case with 
space for accessories. An instruction booklet. 
a battery, and quick reference guide are included 
in the case, which can also hold any Fluke hand- 
held multimeter, a Fluke 80TK thermocouple 
module, or one or more of the Fluke 80PK Series 
temperature probes. 

The 80i-kW is available for immediate deliv- 
ery at a U.S. list price of $395 from over 600 dis- 
tributor locations in the United States, or through 
Fluke's worldwide sales network. 

For more information on the Fluke 80i-kW Cur- 
rentlpower Probe, in North America and non- 
European countries write to John Fluke Mfg. 
Co., Inc., P.O. Box C9090. Everett. Washing- 
ton 98206 or call toll free 800-443-5853, ext. 77. 
In  Europe, contact Philips Test and Measure- 
ment, Building HFK, 5600 MD Eindhoven. The 
Netherlands. 

Circle Kt11 on Readar Sewice Card. 

New SMT trials kit 
OK lndustr~es has introduced the SMT-K1, a 

kit that enables those who work with surface 
mounted devices to evaluate, practice, or train 
on assembly, production, or rework techniques. 

The kit includes a full range of surface- 
mounted components including chip capacitors, 
transistors. PLCCs, and 100-pin gull-wing flat 
packs. The SMT-Kl also contains a trial board 
designed to accomodate a wide variety of com- 
ponents. The board and components come corn. 
plete in a reusable conductive tray. 

The list price for the SMT-K1 is $64.95. 
For further information contact OK Industries. 

4 Executive Plaza. Yonkers, New York 10701. 
Circle t312 on Reader Service Card. 

New series of Kelvin 
Probes 

O.K. Industries Inc. Electronics Division 
introduces a new series of Kelvin Probes. The 
TK800 Series probes are very low resistance, p re  
cision test lead kits ideal for LCR bridges or 
microhm meters. 

Circuit connection: 12) flat tweezers with spe- 
cial gripping surfaces ensure precise contact to 
the components to be measured. Contacts are 
gold plated for optimum electrical performance. 
An additional alligator clip, ground lead connec- 
tion is also provided. 

Instrument connection: (4) BNC or banana 
connectors with color-coded strain-relief boots. 
Specifications: 250V rms, 5A current with 0.8M 
cable length. 

The TK800 series is Ex-stock. The list price is 
$119.00. 

For details contact OK Industries. 4 Executive 
Plaza. Yonkers, New York 10701, 1-800-523- 
0667. 

Circla 1512 on Reader Service Card. 

Multi-mode autopatch and 
repeater controller 

Connect System Inc.'s new Private Patch V 
can be user programmed into four selectable 
operating modes: Sampling Patch lvox 
enhanced), Vox Patch [can operate through 
remotely located repeaters), Duplex Patch, and 
Repeater Controller with Duplex Patch (perfect 
for club systems). 

Private Patch V has a built-in keyboard and 
digital display that gives you complete control 
of all features and operating rnodes. Features 
include: a ninety number auto-dialer, last num- 
ber rediil, remote hook-flash, keyboard program- 
mable CW ID, toll protection. 1-5 digit access 
code. 2-5 digit secret toll override code. tele- 
phone remote base, remote controlled relay, and 
regenerated tonelpulse dialing. 

A plug-in CTCSS board that converts all 
rnodes to CTCSS operation (32 selectable tones) 
and an Electronic Voice Delay board which 
enhances performance in vox mode are optional. 

For more information, contact: Connect Sys- 
tems Inc. 23731 Madison Street. Torrence. 
California 90505. 

Circla 1513 on Reader Service Card. 
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ADVERTISER'S INDEX AND READER SERVICE NUMBERS 

Con t l nu inq  a 6 8  year t rad i t ion ,  w e  b r l ng  
y o u  th ree n e w  Cal lbooks f o r  1989 ,  bigger 
and  be t t e r  t han  ever!  

T h e  N o r t h  Amer i can  Ca l l book  lists t l l e  calls. 
names, a n d  address i n f o r ! na t i on  f o r  495.000 
licensed rad io  amateurs  I n  a l l  count r ies  o f  

N o r t h  America, f r o m  Canada t o  Panama 
l l n c l u d l n g  Greenland, Bcrhl l lda, and  t he  
C a r i b b e a n  islands p lus  Hawa i l  and the  
U.S. possessions. 

The  In ternat iona l  Ca l l book  lists 500.000 
llcensed rad io  amateurs i n  count r ies  outs ide  
N o r t h  America. I ts  coverage includes Sou th  
Amerlca. Europe. A f r ica ,  Asia, and t he  
Pacl f ic area (exclusive o f  Hawal i  a n d  t he  
U.S. POssessions). 

The  1 9 8 9  Ca l lbook Supp lement  i sa  n e w  idea 
i n  Ca l lbook updates, l i s t lnq  the  activity I n  
b o t h  t h e  N o r t h  Amer i can  a n d  ln ternat lona l  
Cal lbooks. Publ ished June 1 ,  1989 ,  t h i s  c o m -  
b i ned  Supp lement  w i l l  inc lude thousands o f  
n e w  licenses, address changes. and  cal l  sign 
changes f o r  t he  Preceding 6 months .  

Every  act ive amateur  needs the  Ca l l book l  
The 1 9 8 9  Ca i lbooks w i l l  be Publ ished 
December 1. 1 9 8 8 .  Order  ear ly  t o  avo id  
d isapoo ln tment  (last year's Ca l lbooks so ld  
o u t ) .  See y o u r  dealer n o w  or  o rde r  d i r ec t l y  
f r o m  t h e  Publ isher.  

n N o r t h  Amer l can  Ca l lbook 
~ n c l .  sh ipp ing w l l h i n  U S A  $29.00 
tncl. Shipping t o  foreiqn count r ies  35.00 

I rJ In ternat iona l  Ca l lbook 
~ n c l .  sh ipp ing w i t h i n  U S A  $32.00 
~ n c l .  sh ipp ing t o  fo re ign  count r ics  38.00 I 

o Cal lbook Supp lement .  pub l ished June 1st 
incl .  sh ipp ing w i t h i n  U S A  $13.00 
incl .  sh ipp ing t o  fo re ign  count r ies  14.00 

SPECIAL OFFER 
r> B o t h  N.A. & In ternat iona l  Cal lbooks 

incl .  sh ipp ing w i t h i n  U S A  $58.00 
inc l .  s l i ~ p p l n g  l o  fo re ign  count r ies  68.00 

* * * * * * * * * * * I  

111i11ois residents please a d d  6'h% tax. 
A l l  paymen ts  mus t  be  i n  U.S. funds. 

- 
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At The Right Price.. . Everytime 

Mastercard-VISA-Discover 

0 
ICOM 

IC.761 HF .-PERFORMANCE,. RIG 
160-t0MIGeneral Coverage 
Recelver 
Bu~lt.ln Power Supply and 
Automatic AntennaTuner 
SSB. CW. FM. AM. RTTY 
OSK to 60 WPM 

All Band. All Mode Trawceiver 
Direct Keyboard Entry 
Engineered for the OX-Minded 
and Contesting Ham 
Its Got It All! 

Add Optional 6m. 2m & 
70cm Modules . Dual VFO's 
Full CW Break-in 
Lots More Features 

Mobile 10 Meter Transceiver 
SSBIAMIFMICW 
25 Watts PEP 
Computer Controlled Operatlon 

SALE PRICED I 

1 I 0 
ICOM 2m and 220 MHz Arnpllf~ers 

GaAsFET Recelve Pre-Amos 

I I MODEL A 

and H ~ g h  SWR Shutdown 
Prctect~on 

144MHz S FT-736R VHF-UHF BASE STATION 

SSB. CW. FM on 2 Meters 
and 70 cm 
Optional 50 MHz, 220 MHz or 
1.2 GHz 
25 WattsOutput on 2Meters. 
220 and 70 cm 
10 Watts Output on 6 Meters 
and 1.2 GHz 100 Memories 

6,-140s AFFORDABLE DX-mg! 

HF Transceiver Wlth 
General Coverage Recelver 
All HF Amateur Bands . 100 W output 
Compact, Lots of Features 

IC.781 NEWEST SUPER RIG 

5 Function Display Screen 
Built-in Spectrum Scope 
150 WattsOutput 
Built-in PS and AT I I 2.211 21"11100"l 

3-312 30 rni120oul 
c 
E 

CALL D 

i 
I 0 ASTRON 

ICOM 

Remote Controller, Interface RS7A . . . $50 RS35M. .$I55 
A Unlt, Interface B Un~t .  

70 cm (438.000449.995 MHz) ,. RSt2A..  . $72 VS35M. ,5175 
Speaker. MIC and Cables 
, Band units to  Choose RS2OA . . . $92 RS5OA . . $199 

45 Watts on 2 Meters . Memories Per Band $ RS20M.. $109 RS5OM . . $225 

35 Watts on 70 cm Programmable Band Scan . VS2OM.. $129 RMSOM . $245 
Fiber ODtic Technology RS35A . . $139 VS5OM . . $239 

Suoer "Mini" 

Kct Kantronics 
POCKETSIZED 

AND POWERFUL 
Frequency Cover- 
age: 141-163 MHz 
(Rx). 144-146 MHz 
(Tx) 
Front Panel DTMF 
Pad 
5 Watts Output 
14 Memories 
TH-45AT Available 
for 440 MHz 

KAM 
Packet. WEFAX. ASCII. 
AMTOR, RTTY, CW 
Simultaneous Operatlon on 
HFandVHF 
Personal Packet MailboxrY 

SALE PRICED 

Lane K; 
sal 

rn -6pm l 
In Mis! - Mon.-Fri. 

souri Cal - D r n  Sat. 
11-81 18 

102 N.W. Business Park ansas City, MO 64150 Call Toll Free-9a 
Call For Best Trade-In DI 

HUSTLI 
MOST ORDERS SHIPPED SAME DAY 

ICOM 



POCKET SIZE 
 SIZE:^^! 14~3 .5~1  wxv  D 

MADE IN USA 

FREQUENCY 
'OUNTERS I 

1 
I 

TO 2.4 GHZ 
1 

WTA-106s 

. I 
8 LED DIGITS 2 GATE TIMES 

ALUMINUM CABINET 
INTERNAL NI-CAD BATTERIES INCLUDED 

AC ADAPTER/CHARGER INCLUDED 
H 

EXCELLENT SENSrrrVrrY 
& ACCURACY 

AC-DC PORTABLE 
OPERATION I 

into a shirt pocket, our new 1.3 GHz and 2.4 GHz 8 diglt frrquency canters are not toysl They 
can actually out perform units many times their size and price1 Included are rechargeable Ni-Cad batteries 
installed inside the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC 
adapter/charger supplied with the unit. 

The excellent sensitivity of the 1300H/A makes it ideal for use with the telexoping RF pick-up antenna; 
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police, 
firefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden 
"bug" transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe 
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmitters, 
signal generators and other devices to accurately monitor frequency 

The size, p ice  and performance of these new instruments make them indispensible for technicians, engineers, 
schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others. 

SrOCK NO: 
#13WH/A Model 13WH/A 1-1300 MHZCantawith prranp,stnSiUVk)l< ImV 

...... 27MHzto450MHzlncludesNi-Cad bmeriaandACadapter.. .S169.95 

#ZOOM Model 2400H 10-2400 MHz microwave canter includes Ni-Cad 
...................................... batteries and ACadapter . S m . %  

WCCA Modd CCA canter/canter, fudebugghg, ultra sedtivt, < 50 mlno 
volts at ISOMHzlI-600 MHzwith adjustaMe thmhdd, RFindicata 

. . . . . . . . . . . . . . . . . . . .  LED. Includes Ni-Cad batteriesand AC adapter .$-.a 

ACCEUORIES: 
.............. XTA-100s TelexOphg RF plck-up antenna with BNC c m n M a  .SlZ.OO 

................. #P-100 Probe, direct crnnrakm 50 ohn, BNC connector .SPO.OO 
#CC-12 Caryhg case. gray vkyl wlth zipper opmhg. Wl hdd a canter and 

#TA-1000s antenna. .......................................... .SlO.OO 

/ m  
ORDER CACrORT D I M  

FLA (305) 77l-2050 1-800-327-5912 AVAILABLE NOWI 

OPTOELE~RONICS INC- 
Orders to US and Canada add 5% of total $2 min, $10 max) 

5821 N.E. 14th Avenue Florida residents add 6% sales tax. OD fee $2. 
Ft. Lauderdale. Florida 33334 

(4 
Foreign orders add 15% 



You'll be hard-~ressed 
to beat the perfohance of 

Yaesu's newp~-4ll handheld. 
lat Yliesu's "next generation" handheld lighten your load! 

Picking up where our popular FT209R Series left off, t.ho 2-m~tcv 
FT-411 will amaze with its ast,ounding array of features! 

The brains of a base station. "Sophisticated operation" takvs 
on new meaning in the FT-411. You get 49 memories, plus dual VFOs for 
quirk band-hopping. Keyboard frequency entry. ;Automatic repeatt:r 
shift. DTMF autodialer with ten memories of up t,o 15 digits each. 
fhriil-in CiTLYSmcodeld~&. Selectable 
csharrnrtl st,eps: 5110112.5120125 kHz. Pro- 
grammable band scan with upperllower 
limits. Selectable memory scan. And 

ext.cnded receive coverage of 140-174 
MHz (MARSICAP permit required 
for transmit on 140-1511 MHz). 

Not bad for a handheld mea- 
suring just 55(w) x 32(d) x 139(h) 

mm (the same size as our FT-23R 
Series HTs)! 

Friendly operation. For ope- 
rating convenirncc, t.he FT-411's 

keypad feat,ures a "do-re-mi" audi- 
ble command verification. Rot.h the 

display and keypad can be backlit 
(brightly!) for night operation at  the 

push of a button. A rotary channel selec. 
tor allows fast manual tuning. Or key 
in t.he frequency directly. Operat,e VOX 

(with YH-2 headset option). Plus you get 
a bat,tery saver to conserve power 
while monit,oring. And a (dcfeatablc) a 
that shuts down your radio if you forget. to I.urr1 i t  ol'l'! 

High power capability. The FT-411 comes equipp~d wit,h the 
2.5-watt, fill-mAh FNII-I0 battery pack.Ry our optional FKR-12 

5-watt, 500mAh pack or tiny FNR-I) 2.5-wat,t, 200-mAh pack. Or 
get fi watts output by applying 1:3.8-volts DC from an t:xt(>rnal 
power supply. 

Swap options withYaesuS FT-23R Series. Our rugged 
best-sellor's chargers, batt,erit:s, and microphones are fully 
compat.ible with the FT-411. The FT23R is t,ho pc?rfrct com- 
panion for the FT-411, and at  a great price! 

'hyoutan FT-411 today. Ask for it now at your local Yaesr~ 
dealer. Or call 1-800-999-2070 for a free brochure. And cxperi- 

X ' & ? ? ? ~ % ~ ! 2 n c e !  y '  E S U 
Yseso USA 17210 Edw;~rds Rtrild. (!erriIlrs. CA I)O7llI (213) 40.1 27110. R~,p:~ir Srrvire: ( ? I $ )  404.4884. Parts: (?I :()  4fl.1-4x47 Pricrs ;ind s[)~.rifi~.nrirrns sl~hjt.l.l 
IO ,.II;III~I~ \VII hr,t~l r ~ o l i r ~ ~ .  Sp~~r i l i ra t i r )ns j iuarnnlr*~~tl  only within ;im;iltalrr h;lnds. 



- 
I-r;~h h?er6n.m-qCis Lfr "*.-qs~aiver 

r?\rnr?oo rnrnivnr Adjustable dial torque 
t i ' ( >  rnernorv channel5 

Kenwood's advanced digital know-how - S ~ o e r  10- ~ C ~ C ~ V P T  dvnnmic rano- Frequency and mode may be stored in 

brings Amateurs world-wide "big-rig" Kenwood DynaM~x" high sensitivity direct 10 groups of 10 channels each. Split fre- 

performance in a compact package. We mixing system ensures true 102 dB receiver quencles may be stored in 10 channels 

call it 'Digital DX-citement"-that speclal dynamlcrange.(500Hz bandwldthon20m) (01 repealer operation. 
feeling you get every time you turn the 8 10" 7 .':r'y c ~ : ~ -  transmittpr TU-fi CTCSS unit (optional) 
power on! Super efficient cooling permits continuous Superb interference reductioo 

' I  Amateur bhnqds key-down for periods exceed~ng one hour. IF shitt, tuneable notch f~lter, noise blanker. 
General coverage recelver tunes from RF input power is rated at 200 W PEP on all-mode squelch. RF attenuator. RITIXIT. 
100 kHz-30 MHz. Easily modlfied for SSB. 200 W DC on CW. AFSK. FM, and 110 and opt~onal filters f~ght ORM. 
HF MARS operation. W DC AM. (The PS-50 power supply is 0 hRC-dnS IIPlDCWr! mic. included 
Direct keyf~oard entry of frequeocv needed for continuous duty.) c;ornnu;~r rntc,rfnce port 
All modes t~uilt-in - .-. . .--~- .5 1'- f'lter ) functions 

USB. LSB. CW. AM. FM, Dual SSB IF filtering 
and AFSK. Mode A built-in SSB filter is 
selection is ver~fied in standard. When an 
Morse Code. optional SSB filter 
nt~i'.-in automatic (YK-88s or YK-88SN) is 
anrenna t o l ~ r  I. installed, dual filtering 
(o.i!;ona!) is provided. 
Covers 80-10 meters. \!OX, full or semi 
VS-1 voice svnthe- break-in CW 

s i ~ n r  (ostionnr* AMTO9 compatible 

Opt!, 
.AT-440 internal auto. antenna tuner (80 m 10 m) 

AT-250 external auto. tuner (160 m-10 m) - AT-130 compact mobile antenna tuner (160 m- 
10 m) * IF-232ClIC-10 level translator and modem 
IC k~t -PS-50 heavy duty power supply - PS-4301 
PS-30 DC power supply - SP-430 external 
speaker . MB-430 mobile mounting bracket 

YK-88C188CN 500 Hz1270 Hz CW lllters YK-88SI 
88SN 2.4 kHz11.8 kHz SSB lilters ' MC-60AI80185 
desk microphones . MC-55 (8P) mob~le micro- 

phone. hS-51617 headphones SP-40150B 
moblle speakers MA-SIVP-1 HF 5 band mobile 
hellcal antenna and bumper mount * TL-922A 
2 kw PEP lhnear ampltfler - SM-220 station monltor 

VS- 1 voice synthesrzer SW-100A/200A/2000 
SWRlpower meters. TU-8 CTCSS tone unit 

PG-2S extra DC cable. 

Kenwood takes you 
from HF to OSCAR! 

- 
KENWOOD U.S.A. CORPORATION - - -  - 

( 3 ,  r ~ l ( .  ser..re n a"J8lS are avadabre lor a!. 
dr , I W ~ O < I  ! , C V ~ C C  +'r!  .)no ,nos! arccsso, r s  

7% 1.. Domtngbez St. ~ o n g  Hrach.CA 90810 
socc rcC.,rlon\ . l r f < f i  r rrc arr ~, ,~ , rc r  lo chmqe wrlhour PO HOX 22745. Long Beach CA 90801-5 745 
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