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lCOM 
HAND 
HELDS 
WITH THE BEST! 

Reliable. ICOM's extensive line of reliable. 
field-proven handhelds and interchangeable 
accessories give you the most options for handheld 
communications. 2-meter. 220MHz. 440MHz or 
I.2CHz ... ICOM has your frequency covered. 

2-Meters. For 2-meter coverage, ICOM offers 
the IC-02AT and IC-2AT handhelds. The versatile 
IC-O2AT covers 140.000-1 5 1.995MHz. the IC-2AT 
141.500-1 49.995MHz ... both include frequencies for 
MARS and CAP operation. The IC-O2AT features an 
LCD readout. 32 PL tones standard. DTMF, direct 
keyboard entry. three watts output. (optional 5 
watts output with IC-BP7 batterv oackl. 10 memo- * .~ ~ .. - -  
ries and three scanning functions. The IC-2AT, the 
mnrt . ugged handheld on the market, has a DTMF 
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NOW - A U  KANTRONICS KPCs and KAM 
ARE TCP/IP NETWORKING COMPATIBLE 

INCLUDE THE PACKET MAILBOX 
AND COME WITH 32K RAM 

EXTRA FEATURES - 
NO EXTRA CHARGE 

That's right! Now all Kantronics packet units' include the 
Personal Packet Mailbox", come with 32K RAM, and are TCP/IP 
Networking compatible - ALL AT NO EXTRA CHARGE. And 
there's more. . . 

KAM and KPC owners" - you can add the Packet Mailbox 
and TCP/IP compatibilityfor the special low price of just $15.00. 

At Kantronics we're committed to keeping you current. 
Check below and see - we offer more features and the best 
customer support around. 

KPG2TM This low costlhigh performance Kantronics 
TNC feotures a built-in HF/VHF modem, the Personal Packet 
Mailbox, full duplex operation, and multiple connect capo- 
bility. The serial RS-232/TTL port allows easy interfacing with all 
computers, even Commodores. KPC-2 is TCP/IP Networking 
compatible, includes 32K RAM, and uses only five front pone1 
indicatorsfor easy operation. Like all Kantronics units, KPC-2 is 
fully cornpatible with existing TNCs. 

J<AMTM KAM is the fully programmable All Mode unit 
thot letsyou operateVHF Packet. HF Packet,CW/RTP//ASCII/ 
and AMTOR. But that's not all . . . 

Only KAM's dual VHF/HF radio ports work together for 
simultaneousConnects, Digipeating, andVHF/HF GATEWAY 
operations. And now KAM isTCP/IP Networking compatible. 
comeswith 32K RAM. and has the Personal Packet Mailbox 
ALL STANDARD. 

KAM includes watchdog timers on each port. an 
RS232/TTL serial port, and a borgraph tuning indicator for 
HF operation. KAM even comes with an external modem 
connection point for optional 2400 b/s packet operation. 
For the greatest degree of sensitivity and flexibility, turn to 
KAM. Kantronics All Mode. 

KPCm4TM Only KPC-4 features simultaneous 
Connects, Digipeating, and Gateway functions on two 
fully functional VHF radio ports - each of which includes 
a watchdog timer. What's more - you can add 2400 b/s 
operation to port 2 with Kantronics optional 2400 
Modem". 

KPCd includes the Personal Packet hAailbox and 32K 
RAM (expandable to 64K), and is TCP/IP Networking -- 

compatible. The RS-232/TTL serial port assures easy 
interfacing with any computer. Make KPCd your 
GATEWAY into pocket flexibility. g8 Kantronics 

RF Data Communications Specialists 
1202 E. 23 St Lawrence. Kansas 66046 (913) 842-7745 r, 10.8 

KAM. KPC-2. KPCd. ond KPC-24M units ship@ 7-31 4 7  a later 
" KFC-1 (Wcket Comrnuwota). KFC-2. KFCd. KFC-24M 



The new TS-940s is a serious radio 
for the serious operator. Superb 
interference reduction circuits and 
high dynamic range receiver com- 
bine with superior transmitter 
design to give you no-nonsense, no 
compromise performance that gets 
your signals through! The exclusive 
multi-function LCD sub display 
graphically illustrates VBT, SSB 
slope, and other features. 

10.~' ,, duly cycle trar)srn~tter. 
Super eff~c~ent cool~ng system using 
special air ducting works w~ th  the inler- 
nal heavy-duty power supply to allow 
continuous transm~ss~on at full power 
output for per~ods exceeding one hour. 
High stability, dual digital VFOs. 
An optical encoder and the flywheel 
VFO knob glve the TS-940s a posltive 
tuning ''feel:' 
Graphic display of operating 
features. 
Exclusive multi-funcl~on LCD sub- 

d~splay panel shows CW VBT, SSB 
slope tun~ng, as well as frequency. 
tlrne. and AT- 940 antenna tuner status. 
Low distortion transmitter. 
Kenwood's unlqlre transmitter design 
delivers top "quality Kenwood" sound. 
Keyboard en-ry frequency selection. 
Operating frequencies may be dlrectly 
entered inlo the TS-940s without using 
the VFO knob. 
ORM-fiqhtinc. features. 
Remove "rotten QRM" with the SSB 
slope tuning. CW VBT, notch filter. AF 
tune, and CW pltch controls. 
Built-in FM. plus SSB. CW. AM. FSK. 
Semi or full break-in (OSK) CW. 
A 0  memory ciarlnels. 
Mode and frequency may be stored in 
4 groups of 10 channels each. 
Programmab e scanning. 
General coverage receiver. 
Tunes from 150 kHz to 30 MHz. 
1 yr. limited warranty. 
Another Kenwood First! 
Optional ncc~:ssories: 
*AT-940 full range (160-10m) auto- 
matic antenna tuner * SP-940 external 

speaker w~th ciudio f~ltcr~nq YG 455C-1 
(500 HZ). YG-455CN 1 (250 HZ). 
YK-88C-1 (500 Hz) CW f~lters, YK-88A-1 
(6 kHz) AM f~lter VS-1 voice synthes~zer 

SO-1 temperature compensated 
crystal oscillator MC-43s UPIDOWN 
hand mlc MC-GOA. MC-80, MC-85 
deluxe base statlon mlcs * PC-1A phone 
patch 0 TL- 922A llnear amplifier 

SM-220 statlon rnonltor * BS-8 pan 
display e SW-200A and SW-2000 SWR 
and power meters 



Europe l 
Canada. 

All 

magazine 

contents 

8 tomorrow's receivers: 
what wi l l  the next 20 years bring? 
Robert J. Zavrel, Jr., W7SX 

17 designing a state-of-the-art receivc 
Ulrich L. Rohde, KAPWEUIDJPLR 

26 a CAT control system 
for the Yaesu FT-757GX 
Kjell W. Strom, SM6CPI 

33 a thumbwheel frequency selector 
for the Yaesu FT-757GX 
Brian J. Mork, KASSNF 

41 ham radio techniques: 
a new country for you? 
Bill Orr, W6SAI 

49 practically speaking: 
using voltage comparators 
Joe Carr, K41PV 

65 an r f  voltmeter 
Ian Braithwaite, G4COL 

77 VHFIUHF world: 
low-noise receiver update 
- part 1 
Joe Reisert, W l  JR 

100 Elmer's notebook: 
receiver buzz words 
Tom McMullen, W l S L  

106 advertisers index 98 ham mart 
and reader service 91 new produ 

6 comments 4 reflections 
57 DX forecaster 81 short circu 
96 flea market 

ICtS 

i t s  

November 1987 3 



ECT 

specs in secs: an idea whose time has come 
What's smaller than a bread box, lighter than a Bic pen, faster than a speeding bullet, and of interest 
to thousands of Radio Amateurs (or least it will be)? 

You guessed it. It's Motorola's solution to our transistor specification problem, all on a single floppy 
disk. Appropriately labeled Specs in Secs, that's exactly what you get when you load it into your IBM 
PC-compatible computer. 

In the program, Motorola has provided device information for over 1600 bipolar power transistors and 
TMOSTM Power MOSFETs, and included a user-friendly method of retrieving the data as well. It's not only 
extremely useful, but also fun to use. And because of its flexibility, you feel like you're making real design 
decisions - and you are! 

Did I just hear someone say "Now just hold on one dang minute! We're Radio Amateurs, not engineers. 
Why do we need this information, anyway?" 

I'm really glad you asked. First of all, some of us are engineers or technicians, in addition to being licensed 
Radio Amateurs. And even if you're not an engineer or a technician, I'm willing to bet that sometime in 
your Ham career you've designed some circuit, or at least wished that you could have. Specs in Secs won't 
do the circuit design for you (although there are software programs out there that will). What it will do 
is, through a few keystrokes, provide parts choices in seconds. 

"Great!" you say, with a little bit of sarcasm. Now you have 1600 or so power device specifications. 
But like most other Radio Amateurs, you're interested in rf circuits - oscillators, preamplifiers, etc. Well, 
don't sell a power device short before you look at its specifications - fT, for example, which is related 
to maximum frequency of operation. Some of these power devices provide real gain at frequencies that 
are of interest to us. 

Without dwelling on this point, let me mention that Motorola indicated in the brochure that accompa- 
nied this diskette that they're working on entering their entire semiconductor product line on a single 360K 
floppy disk, and that takes time. I should know; I've done something similar with my compendium of Amateur 
Radio article references, From Beverages Thru OSCAR - A Bibliograpliy (November 19801, and that only 
took me six years and eight diskettes, and I'm almost finished! 

"But is Specs in Secs easy to use?" you ask. 
It couldn't be simpler. You place the disk in any drive, type the letter M (Enter), and away you go. A 

menu provides a number of choices, including, in essence, an on-screen manual. Actually, the first thing 
you see is a "Start-up Screen" with a carefully chosen set of choices (defaults) that you'll probably want 
anyway. 

Here's where it really becomes useful. Selection "D" is called "Parametric Search." With this choice, 
you're given the opportunity not only to choose the important parameters, but their order and value as 
well. The more specific you are, the more quickly you'll arrive at the appropriate component. Motorola 
does, however, recommend that you also have the hard copy (selection guide) available for the final decision- 
making process. 

If you're reasonably sure of the component you want to use, just enter its part number after pressing 
Selection "C," appropriately labeled "Part Number Search." If it can't be found, you won't be hit over 
the head or knocked out of your chair by a loud noise. The program will just quietly tell you that it can't 
find that particular part number. Believe me, you still have many other choices. 

I could easily go on about its other features, but for $2 you can get your own copy and see for yourself. 
By the way, Parlez-vous Francais? Or German, Spanish, or Italian? The on-screen manual is written in these 
other languages as well, and you can print all of them out and have a copy at your side. 

For your copy of Specs in Secs (DKIOI I D ) ,  send a check or money order for $2 to Motorola Semicon- 
ductor Products, Literature Distribution Center, P.O. Box 20924, Phoenix, Arizona 85063. 

Rich Rosen, KPRR 
Editor-in-Chief 

4 November 1987 



A complete line of accessories Is available for all models. 
Cornplet~ Srrwce manuals are av~llable for all Kenwood trsnscelvers and most accessories 
Specil!cat,onsandprrcrs are Sublect lochsnge wlthout notrceoroblrgatron 

KENWOOD U.S.A. CORPORATION 
2201 E Dom~nguez St.. Long Beach. CA 90810 
PO. Box 22745. Long Beach. CA 90801-5745 



77-character long "opinion string" of 
Y's (like) and N's (don't like). 

I'll tabulate the answers and send 

Dean LeMon. KROV sure is! Dean 
got active in Amateur Radio when 
he was 16 years old and earned his 
Extra Classlicense in less than four 
years! "It's a facinating hobby and a 
great way to meet all kinds of new 
people from all over the world." 

Dean has cerebral palsy and got 
started in Amateur Radio with help 
from the Courage HANDI-HAM 
System. The HANDI-HAM System 
is an international organization of 
able-bodied and disabled hams who 
help people with physical disabili- 
ties expand their world through 
Amateur Radio. The System 
matches students with one to one 
helpers, provides instruction mate- 
rial and support, and loans radio 
equipment. 

Isn't it time you got radioACTlM 
with the Courage HANDI-HAM 
System? 

Call or write the Courage 
H A N D I - H A M  System 
WOZSW at Courage Cen- 
ter, 3915 Golden Valley 
Road, Golden Valley, Min- 
nesota 55422, phone (612) 
588-081 1. 

Dick Smith kits 
Dear HR: 

Perhaps you've'heard this, but in 
case not: I just found out that Dick 
Smith Electronics is no longer doing 
business in the United States. The 
Dick Smith kits are now being sold by 
American Electronics, P.O. Box 301, 
Greenwood, Indiana 46142. 

Joe  Moell, KOOV 
Fullerton, California 92633 

say what you think 
Dear HR: 

What a delightful guest editorial by 
Robert Zavrel, Jr., W S X  (September, 
1987)! Nearly everything listed was 
something I could identify with. How- 
ever, I had to move some of the "don't 
likes" into the "do likes" column, and 
vice versa. Not many, but some. 

That started me thinking. Wouldn't 
it be interesting to see how other read- 
ers felt? As Bob said in the article, 
"there comes a time when a guy's got 
to  say what he really thinks!" My mind 
started wandering. It would be really 
fun to see what men and women hams 
think about things! What about a 
checklist with an item per line, and a 
box for "Y" or "N" after each one? 

Bob listed 28 "really don'ts" and 49 
"really dos." That makes a total of 77 
things to feel strongly about. I would 
like readers to send me their opinions 
on any or all of these 77 "reallys," 
either by mail or by packet BBS (KZ10 
@ WBlDSW). The message could be 
kept sho r t  by  just sending a 

the results to ham radio magazine, 
because, as the last line of the editor- 
ial said I also like "magazines crazy 
enough to publish this." 

That's what the last "Y" in my opin- 
ion string stands for: 
YYNNNNYYNNNNNNNNNNNNNN 
NNNNNNYYYYYYYYYNYYYYYYY 
YYYYYYNYYYYYYYYYYYYYYYYY 
YYYYYYYY. 
I'm looking forward to hearing from a 
lot of readers! 

Dave Bushong, KZlO 
2 South Spring Street 

Concord, N H  03301-2424 

a word of caution 
Dear HR: 

Thank you for the article, "Solar 
Activity and the Earth's Magneto- 
sphere," (August, 1987). It's very well 
written, and Bradley Wells is to be 
congratulated. For the layman, it an- 
swered many questions regarding the 
sun's relation to radio propagation. It 
also provided a good summary of the 
mechanics of the lines of magnetism. 

There is one point I would like to 
bring to your attention, however. 
There are at least two instances where 
the phrase "may be visible to the 
naked eye" occur: on page 11, under 
the subhead "sunspots," and on page 
13 under "flares." 

A t  the risk of appearing overly cau- 
tious, it seemed to me that this implies 
that all one has to do is to gaze at the 
sun and these flares or sunspots would 
be apparent. However, readers who 
value their eyesight should be warned 
that "gazing" (my word) at the sun 
can be devastating. I'd therefore sug- 
gest a word of caution to the casual 
reader. 

I hope there will be many more 
pieces about the sun; with the Solar 
year apparently coming out of its 
"dip," we could all benefit from a 
greater understanding of solar 
phenomena. 

Rupert A. Wood, WB4ZOF 
Bethesda, Maryland 20816-1760 

6 November 1987 
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Matching 
TbSi-7"/?\/PfA - r\ \/YF/I a , , - m ~ d q  bpzr.  c+p+i0n5 

TheTS-711A 2 meter and theTS-W1A 
70 centimeter all mode transceivers 
are the perfect rigs for your VHF and 
UHF operations. Both rigs feature 
Kenwood's new Digital Code Squelch 
(DCS) signaling system.~ogether, 
they form the perfect "matching pair" 
for satellite operation. 

a t  7 :~ ta l  VFOs. 
The 10 Hz step, dual dlgltal VFOs offer 
excellent stab~llty through the use of a 
TCXO (Temperature Compensated 
Crystal Oscillator). 

Large fluorescent multi-function 
dispiny. 
Shows frequency. RIT shift. VFO AIB, 
SPLIT. ALERT, repeater offset, digital 
code, and memory channel. 

* 40 multi-function memories. 
Stores frequency, mode, repeater off- 
set, and CTCSS tone. Memories are 
backed up with a built-in lithium battery. 

tJroy~a~~l~r\;ct)lc, t ~ ; i r l c i  ,lnd nlc?rnory sc:;in 
(w~th chanr~el Ir~ck-out). "Center-stop" 
tunlng on FM. An "alert" functlon lets 
you l~sten for actrvlty on your prlorlty 
channel wh~le l~stenlng on another 
frequency. A Kenwood exclusive! 
RF powpr f q ~ t +  ,!:. c:.*'irc.;. 
Continuously adjustable from 2 to 
25 watts. 

A~ltomatic lr)!":' ,. . i 

You may select the mode manually 
using the front panel mode keys. 
Manual mode selection is verified in 
International Morse Code. 

* All-mode sqi!-lcti. 
Hioh rwr+o.-rr-nce noise htnnker. 
S ~ P P C ~  [)rocossor. 
For maximum efficiency on SSB 
and FM. 

* IF shrr!, 
4 "Cluick-Strn" t l r n i n q .  

Vary the tuning characteristics from 
"conventional VFO feel" to a stepping 
action. 

a T ? t ! ~ l ' - ~ r ~  rsC, nc : "~ ' . ~  sunplv 
Operation on 12 volts DC IS also 
posslbie. 
S e n 1 1  t v ~ a k - ~ r .  C\A/. mritf~ side tone. 

* \ IS- i  \(OICP ~\il.~tlresl;?c?r (ontionaf) 
MoreTS-711Al811A ~nformation is 
available from authorized Kenwood 
dealers. 

IF-1OA computer interface MC-48B 16-key DTMF, MC-43s UP1 
IF-232C level translator DOWN moblle hand rn~crophones 
CD-10 call sign display 
SP-430 external speaker 
VS-1 voice synthesizer 

= TU-5 CTCSS tone unit 
MB-430 mobile mount 

9 MC-GOA, MC-80. MC-85 
deluxe desk  to^ m~cro~hones  

SW-200AIB SWRIpower meters: 
SW-20014 1.8-150 MHz 
SW-200R 140-450 MHz - SWT-1 2-m antenna tuner 
SWT-2 70-cm antenna tuner - PG-2U DC power cable 

KENWOOD U.S.A. CORPORATION 
2201 E. Domlnguez St.. Long Beach. CA 90810 
PO. Box 22745. Lona Beach, CA 90801-5745 - -  ~ 
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tomorrow's receivers: 
what will the next 20 years bring? 

New techniques, technologies 
promise lower power, 

smaller size, 
higher performance 

I t  seems that with each new issue of ham radio 
and other journals, we witness new technological de- 
velopments affecting nearly every aspect of Amateur 
Radio. From time to time many of us ponder the ques- 
tions, "Where is it all going?" and "What will rigs look 
like 10, 20, or more years from now?" 

Predicting the effects of today's research on tomor- 
row's reality is always tricky business. But new tech- 
niques now in use in commercial and military radio 
systems are likely to find their way into Amateur ap- 
plications sooner or later. I've discussed some of these 
techniques here, emphasizing what I see as their im- 
plications for Amateur Radio design. 

Recent breakthroughs in technology may change 
some of the fundamental ground rules not only of 
radio engineering, but of electrical engineering in 
general. Consequently, two levels of development will 
be addressed here: first, those techniques in current 
use and second, those which may be possible in the 
near future. 

Figure 1 shows a block diagram of a typical radio 
receiver. This is the familiar superheterodyne design, 
which has been predominant for nearly 60 years. Most 
commercial receivers on the market today use this 
same architecture - and in truth, there's been little 
improvement in radio performance for the past 30 
years!' 

Other characteristics have certainly changed for the 
better, however: size, power consumption, 12-volt 
operation, frequency stability and accuracy, and ease 
of operation, for example. Yet the basic receiver func- 
tions remain the same; an rf signal down to the sub- 
microvolt level must be amplified, converted, filtered, 

amplified again, demodulated, amplified again, and 
then converted into acoustic audio. There's nothing 
to suggest that the principle of rf input and audio out- 
put will change as a basic function for radio engineers. 
Rather, it's how you get from point A to point B that's 
undergoing a quiet revolution. 

Perhaps the most striking developments have been 
in miniaturization. There's a continuous trend towards 
developing components with excellent specifications 
but with smaller sizes and lower power consumption. 

rf amplifier 
The first stage of a receiver largely determines the 

noise figure. Up to about 15 or 20 MHz, there's little 
advantage in using low-noise amplifiers because at- 
mospheric and galactic noise are more significant than 
the noise figure of the typical first mixer stage. For this 
reason the preamp has actually disappeared from 
many hf receivers. Diode ring mixers typically have 
about a 7-dB noise figure, which is quite adequate for 
most hf receivers. The preamp also lowers the dynam- 
ic range of a receiver as it increases the rf level to the 
first mixer. At VHF and higher, the atmospheric noise 
drops and the receiver noise figure becomes one of 
the most important system specifications. At VHF fre- 
quencies and higher, the GaAsFET has dramatically 
reduced receiver noise figure specifications. This trend 
will continue as GaAs technology improves and prices 
decline. 

first mixer 
The most common rf mixer is the passive quad 

diode ring. It has a relatively low noise figure and the 
limitation to dynamic range is mainly a function of LO 
power used. A generalization can be made about the 
LO power necessary to handle a given rf power level: 
the ratio of maximum rf input power to minimum LO 
power is about 1:lO. That is, for a diode mixer to 
handle 100 mW of rf, the LO power must be at least 
1 watt. 

By Robert J .  Zavrel, Jr., W7SX, P.O. Box 
23447, Tucson, Arizona 85734 

8 November 1987 
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fig. 1. Typical present-day superheterodyne receiver. 
- 

There have been two major developments in mixer 
technology during the past few years. The first is the 
passive FET ring, exemplified by the Siliconix Si8901. 
With this device, gate voltage rather than a forward- 
biasing current turns the switches "on" and "off." 
Since the gates represent high impedances, voltage1 
power ratios can be increased, thus lowering the LO 
power requirements dramatically. Indeed, to handle 
the same 100-mW rf power in our diode ring exam- 
ple, the Si8901 requires about 25 mW of LO power 
instead of the 1 watt mandated by the diode rings. The 
other critical specification is the third-order intercept 
point, which is necessary for defining the useful dy- 
namic range. Again, the Si8901 greatly surpasses the 
old diode ring mixer.2 

Working from the same empirical thinking that led 
to the development of the Si8901, a passive GaAsFET 
ring should surpass the performance of the silicon 
Si8901 by perhaps a 7-dB increase in third-order in- 

I r a N J  OC 
-- COLLECIOR RETURN 

___C) 

-- - 0 

LO L  0 

tercept point specification. Since the GaAs devices 
would be used as switching elements rather than ac- 
tive amplifiers, the I I f  noise limits of these devices 
wouldn't be an issue. They could be used at sub-audio 
frequencies with comparable noise performance at hf. 

Although purported as a passive mixer, the Si8901 
should also make an excellent active mixer. Using the 
same concepts as the old U350, the DMOS Si8901 
should outperform its JFET cousin. The smaller geom- 
etry SD201 DMOS family made excellent VHF low- 
noise amplifiers before Signetics discontinued its 
DMOS line several years ago. Siliconix and the other 
DMOS manufacturers have chosen not to build these 
smaller devices, although both mixer and amplifier per- 
formance could be enhanced by such a modification. 

As the world of digital integrated circuits has shift- 
ed its attention to faster CMOS technologies, ad- 
vances in analog bipolar IC techniques have quietly 
proceeded. A fundamental bipolar mixer circuit is the 

0 
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COMMUNICATIONS EQUlPMENT,INC. 

:]I FNI; 12863 I.:.ri, I DF'FT -14 Hznl 1 ~ t .  1 :  1~ 

FEATURES INCLUDE: 
SWITCH SELECTABLE - ELEVATION FROM 0' - 90' AND O0 - 180' . -ELEVATION SCALING XI OR X2 ' 

-NORTHERN OR SOUTHERN HEMISPHERE 
• - MANUAL OR AUTOMATIC MODE 
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100 PAGE DETAILED MANUAL 
CABLE FOR KENPRO'S'V "A" SERIES CONTROLLER 

P.O. BOX 1000 MORGAN HILL, CA 95037 

"MTI" ISTHE ONLY SMART INTER- 
FACE BOX THAT WORKS WlTH SILI- 
CONE SOLUTIONS'" SOFTWARE. 

"MTI" OFFERS AUTOMATIC TRACK- 
ING OF ANY ORBITING BODY. 

"MTI" KEEPS ANTENNAS AIMED 
CORRECTLY AT ALL TIMES. 

"MTI" COMES WlTH A ONE YEAR 
WARRANTY FROM MIRAGEIKLM. 

"MTI" OFFERS ONE YEAR SOFT- 
WARE SUPPORT TO REGISTERED 
OWNERS. 

"MTI" IS AVAILABLE FROM 
MlRAGElKLM ONLY. CALL FOR 

... MORE DETAILS 

(408) 779-7363 or outside CA, 
(800) 538-21 40 
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COMMUNICATIONS EOUlPMENT,INC. 

P.O. BOX 1000 MORGAN HILL, CA 95037 
(408) 779-7363 
(800) 538-21 40 (outside CA) p ~ ~ ~ m T S  
440-6X 5 NEW  AN^^^^^ .-. 

- 
ELECTRICAL: 

BANDWIDTH ...................... 420460 MHz 
........................................... GAIN 8.9 dBd 

VSWR ................................................ 1.5:l 
FIB ............................. .- .................... 20 dB 
BEAMWIDTH ..................... .. ............... 60° 

..................................... FEED IMP 50 ohm 
...................... BALUN ............. 2 4:1 coax 

MECHANICAL: 
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............................. BOOM LENGTH 28" 
.................................... TURN RADIUS 28" 

WINDLOAD ..................... .--- .2 Sq. 11. 
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....................................... BALUN 4: 1 coax 
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. . . . . . . . . . . . . . . . . . . .  WINDLOAD 4 sq. n. 
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CALL YOUR DEALER 
TO ORDER ONE NOW! 

ELECTRICAL: 
....................... BANDWIDTH 144-148 MHz 

............................................. GAIN 1.8 dBd 
VSWR ........................................ -.... 15:l 

.................................... FEED IMP 50 ohms 

NO GROUND PLANE REQUIRED 

MECHANICAL. 
........................ .................. HEIGHT .. 61" 
........................................ WEIGHT 2% IbS. 

.......................... ......... MAST .. 1 0.d. 

CJ220 

......................... 
ELECTRICAL: 

BANDWIDTH 220-224 MHz 
............................................ GAIN 1.8 dBd 

................................... 
VSWR 
FEED IMP 50 ohms 

NO GROUND PLANE REQUIRED 

M 

CJ440 
ELECTRICAL: 

........... ....... BANDWIDTH ... 420470 MHz 

.................................. FEED IMP 50 ohms 

NO GROUND PLANE REQUIRED 

MECHANICAL: 

ALL CJ ANTENNAS INCLUDE 4 rW WEIGH 
INSULATED SUPPORT MAST 



Gilbert Cell (fig. 2). Though the most familiar Gilbert 
Cell lCs are the Motorola MC1496 and MC1596, there 
are many manufacturers of these devices today. Over 
the past few years there have been several variations 
on this original commercial design. Good noise per- 
formance has been achieved with the Signetics NE602, 
but it can't handle the higher input levels necessary 
for good hf first mixer design. The NE602, however, 
is perhaps the finest mixer available among low power 
consumption mixers. Advances in bipolar processing 
are pushing noise figures down and power handling 
capabilities up in simulation models as well as in newly 
available devices. If this trend continues, the diode ring 
may become an endangered species. 

local oscillator 
Perhaps the most dramatic advances in receiver 

technology have been in the design of local oscillator 
circuitry. Very exotic mechanical assemblies evolved 
for LO tuning in the 1950s. (Remember the NC300, 
HQs, and Collins receivers?) Permeability tuned oscil- 
lators (PTOs) simplified things in the 1960s with the 
SB300, R4, and S-lines. Today, PTO LO performance 
remains difficult, if not impossible to duplicate with 
PLL synthesis, given the constraints of typical Ama- 
teur budgets. Synthesizers offer distinct advantages 
in that they can be directly controlled by microproces- 
sors and don't require special mechanical rigidity or 
moving parts. A single crystal oscillator frequency is 
divided down to some low value and then "phase- 
locked" up to the desired LO frequency. At the out- 
put of the VCO, a multiple of the reference frequency 
equal to the reference frequency times the divider's 
"N" value appears (see fig. 3). This represents a sim- 
ple phase-locked loop synthesizer, but it contains all 
the necessary building blocks of a more sophisticated 
system. If the reference is 1 kHz and the divider is set 
to N =7005, the VCO output will be 7005 x 1 kHz, 
or 7.005 MHz. Discrete frequency steps of 1 kHz will 
be possible because only division by whole numbers 
is possible in this system. N determines the output fre- 
quency because the dc control voltage feedback will 
"lock" the VCO to the output frequency that provides 
equal frequency inputs to the phase detector. 

Another type of synthesizer - the "direct digital 
synthesizer" or DDS - holds great promise. To 
understand how DDS works, two concepts must be 
understood: first, the concept of how digital-to-analog 
converters function and second, the Nyquist Theorem. 
I'll discuss each of these very briefly. 

A digital-to-analog converter (DAC) takes a binary 
number and "converts" it into a discrete voltage or 
current value. An eight-bit DAC, for example, can 
have a maximum of 256 different voltage outputs. The 
digital eight-bit "word" can be generated by a micro- 

MICROPROCESSDR 

I 1 
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VCO 

fig. 3. Simple digital PLL frequency synthesizer. 

fig. 4. Sine wave digital approximation. 

processor or memory circuit. A sine wave or any oth- 
er waveform can be approximated by discrete steps 
as shown in fig. 4. For LO applications, sine wave ap- 
proximation is preferred because sine waves have the 
lowest harmonic content. (A  perfect sine wave will 
have no harmonic content. 

The Nyquist Theorem states that a sine wave can 
be derived if at least two discrete amplitude samples 
per period are obtained. Thus, if we want to synthe- 
size a 5-MHz sine wave with a DDS, we'll need an up- 
dating clock rate of at least 10 MHz. With DDS, a 
constant sample rate can be used to synthesize any 
frequency up to half the sample rate with excellent fre- 
quency resolution (0.1 Hz typical). Figure 5 shows 
how 1- and 2-MHz sine waves can be generated by 
a 10-MHz clock and a DAC. The microprocessor com- 
putes the values to be sequenced by the DAC for a 
given frequency output and a given clock rate. This 
special processing function is called a phase accumu- 
lator. Higher clock rates allow for more samples per 
period. More samples, in turn, allow for better approx- 
imation of the sine wave shape. Also, the greater num- 
ber of bits allows for more discrete amplitude steps, 
which also enhance the accuracy of the sine wave 
approximation. DAC integral linearity affects wave- 
form accuracy and harmonic levels. Indeed, the major 
efforts in DAC development are directed towards 
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fig. 5. DDS sinewave synthesizer. Any frequency can be synthesized up to 112 the sample rate by changing the digital 
numerical value at each sample point. 

better resolution (i.e., more bits) at higher update 
speeds. Off-the-shelf video-speed DACs now allow 
excellent performance for DDS circuits well into the 
hf spectrum. The Burr-Brown DAC63 is such a device. 
As DACs become faster and more accurate, the phase 
noise and harmonic performance improve. 

Compared with PLL synthesizers, DDS offers oth- 
er advantages. Since all the parameters of the wave- 
form (frequency, amplitude, and phase) are digitally 
controlled, frequency hopping, or QSY, is almost in- 
stantaneous. PLL systems, on the other hand, have 
some finite settling time. In addition, nearly any type 
of modulation is possible if the applicable parameter 
is changed in accordance with a modulating wave- 

form. Outstanding linearity is possible even at very 
wide bandwidths - in fm, for e ~ a m p l e . ~  To achieve 
the necessary low spectral noise densities demanded 
by hf LOs, more work is needed; however DDS holds 
great promise as a replacement for PLL synthesizers. 

Figure 6 shows a direct conversion phasing SSB 
receiver. Traditional analog phase and amplitude null- 
ing techniques employing all-pass active filters could 
yield 40-dB image rejection at best. The problem of 
this nulling is compounded by the need for broadband 
90-degree phase ~ h i f t e r s . ~  However, if we digitize the 
two signals the phase and amplitude nulling can be 
performed using a digital signal processor (DSP). 
Small errors in phase and amplitude can be removed 

, 
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fig. 6. Direct conversion SSB receiver. 
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fig. 7. Digitized radio of tomorrow. 

and the ultimate image rejection will correspond to the 
bit resolution of the analog-to-digital converter ADC. 
A 16-bit ADC, for example, could provide 96- dB im- 
age rejection using an ideal DSP. This would make 
an excellent receiver. Very sharp analog audio filters 
would be required before the ADCs. Philips has pro- 
duced such a dual-channel filter in monolithic form, 
but it's not yet commercially available. More traditional 
upconversion schemes using DSP are discussed in an 
outstanding new t e ~ t b o o k . ~  

Once the demodulated audio baseband signal is digi- 
tized, digital filtering techniques can be used. Very 
steep skirt notch and bandpass filters can be arranged. 
The amplitude coefficients can be manipulated to al- 
low idealized audio AGC. Alternately, an AGC volt- 
age can be provided through a DAC which controls 
an rf stage gain. Finally, the digitized audio can be con- 
verted back into analog form via a DAC, in much the 
same way as compact disc players function. The Burr- 
Brown PCM54 is an excellent 16-bit DAC for this ap- 
plication. 

Figure 7 represents a daydream of where radio en- 
gineering state of the art might be within 20 or 30 
years. A bandpass filter from 0.5 to 30 MHz tunes the 
entire hf spectrum. A futuristic 16-bit ADC with a 
75-MHz sampling rate provides a 96-dB dynamic range 
over the bandwidth. The entire spectrum is digitized. 
All filtering, demodulation, AGC, and such, is per- 
formed in the rather sophisticated DSP. A PCM54 is 
then used to output the audio to an audio amplifier. 

superconductors 
In April the news media reported that a group work- 

ing at an IBM facility in Switzerland had developed 
a new material that remains a superconductor up to 
85 degrees K. This material, by itself, makes super- 
conductors possible at liquid nitrogen temperatures, 
thus dramatically lowering the costs of using this class 
of material. Perhaps of far greater importance is that 
this work represents a crucial breakthrough for treat- 

ing better superconducting materials. There is even 
talk of superconductors at room temperatures. What 
can this mean? 

Superconductors are created when a material is 
cooled down to a critical temperature. Below the crit- 
ical temperature the material exhibits zero electrical 
resistance. When superconductor offers literally no 
resistance at room temperature, electronic device 
technology could advance dramatically. Josephson 
junction or SQUID digital circuits could render even 
the fastest computers now available obsolete. For 
analog and rf circuits, zero resistance could have great 
implications for speed and noise specifications. Ther- 
mal noise disappears in superconductors as 
V2=4KTRB. Never mind Boltzman; R is now zero. 
With zero resistance, charge mobility - a limiting fac- 
tor for the speed of any semiconductor material - be- 
comes quite high. 

With superconductors, storage "battery" technol- 
ogy would be revolutionized. Imagine an electromag- 
netic car battery the size and weight of a donut! 
Charging efficiency would approach 100 percent. 

Superconducting antennas and transmission lines 
would improve efficiency and lower system noise 
figures. Can you imagine 160-meter loading coils with 
zero resistence? 

This is the most exciting development in solid-state 
physics since the invention of the transistor. The im- 
plications may by far outweigh the transistor's effects 
on the world. Electronic and electrical power engineers 
will have to rewrite all the books - again. 

what to watch for 
The radio art is in constant evolution. Here are some 

of the trends to watch for between now and the ad- 
vent of the twenty-first century: 

Continued miniaturization of all components, thanks 
to higher levels of circuit integration and advances in 
wafer processing techniques. 

Lower supply voltage and current requirements for 
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MFJ 
MFJ, Bencher and Curtis team up to give you America's most popular keyel 
in a compact package for smooth easy CW 

9 The best d all CW d s  - a deluxe MFJ Keyer using a Curtis 8044ABM chip in a 
compact configuration that tits right on the Bencher iambic paddle! 

Thls MFJ Keyer 1s small in size but big tn features. It features Iambic keying. 
adjustable we~ght and tone and has front panel volume and speed controls (8-50 WPM). 
dotdash memories, speaker, sidetone and push button select~on of semi-automaticltune 
or automattc modes. It's also totally RF proof and has ultra-rel~able solld state wtputs 
that key bath lube and solid state rigs. Uses 9 V battery or 110 VAC with MFJ.1305. 

! 1 19i::keyer mounts on a Begher paddle to lorn a small (4 118 x 2 5/8 x S1/2 imhes) 
attractive combination that is a pleasure to look at and use. 

America's favorite paddle, tpe Bencher, has adjustable gold.plated silver contacts. 
luccte paddles, chrome plated.brass. and a heavy steel base wlth nowskid feet. 

You can buy lust the keyer assembly. MFJ-422BX, for only $79.95 to mount on pur 
Bencher paddle. I 

MFJ's best selling TUNER 
MFJ-9410 $99.95 

The MFJ-9410 is MFJ's best selling (and probably 
thc world's best selling) 300 W PEP antenna tuner! 
Why? Because 11 has more features than tuners 
costlng much more and matches everything horn 

30 MHz lor your state Or lube rlg: 
dipoles, lnverled vees, random wlres, verllcals. 
mobile whips, beams, balanced and coax Itnes. 

New dual-range SWR wattmeter reads forward 
and reflected power In bath 30 and 300 watt 
ranges. Conven~ent hont-panel mounted 6-position 
antenna switch lets you select 2 coax lines, direct 
or through tuner, random wlrelbalanced llne or tuner 
bypass for dummy load. New, larger. more efficient 
a~wound inductor gives lower losses and more 
watts out. plus , , . built-in 4:1 balun for balanced 
lines. 1000 V capacitor spacing, brushed aluminum 
front panel on all-metal Cabinet. 1 1 x 3 ~ 7  inches. 

RX NOISE 
BRIDGE 

8 

whether to shorten 
MFJ-202B $59.95 or lengthen antenna 

lor mlntmum SWR. Also measure resonant 
frequency, rad~ation resistance and reactance. 

~ x c ~ u s ~ v e  teatuns: individually calibrated 
reststance scale, expanded reactance range, built.in 
range extender lor measurements beyond scale 
readings. 1-100 MHz. Uses 9 V battery. 2 x 4 ~ 4  in. you, scanning 2 
1 KW DUMMY LOAD $4:g5 meter handheld ~nto a hot PolicelFinl .- 

Tune up fast, extend Rte Weather band scanner! 144 148 MHz 
d finals. reduce ORM! Rated handhelds recelve Poi~ceIF~re on 154 

-158 MHz wlth dlrect lrequency read. Impedance match your antenna to your nceivar 
out. Hear NOAA maritime coastal lo increase your signal stnngth wlth thls MFJ 9598 
plus more on 160.1 64 MHz. Mounts and you rnay hear stgnals that you didn't even know 
between handheld and rubber ducky. 

- 
were there. A 20 dB preampl~f~er with gain control 

Feedthru allows simultaneous scanning -" boosts weak stat~ons and a 20 dB attenuator 
ol boll, 2 meters and Pol~celFire bands. MFJ-313 prevents overload. It has sw~tches lor selecting 
No mlssed calls. Crystal conlrolled. $39.95 between two receivers and two antennas Covers 
Bypa<slMI swltch allows transmitting (lo 5 Watts). 1.8 to 30 MHz. 9 x 2 ~ 6  ~nches. Uses 12 VDC or 110 

OROEfl ANY PROOUCT MFJ AN0 TRY IT-NO 
OBLIGATION. IF NOT SATISFIED RETURN WITHIN 30 
DAYS FOR A PROMPT REFUND (less shipping). 

One year umonditlonal guarantee Add $5.00 

over 100 products. 

MFJ . . . making quality affordable 
November 1987 ~ 2 5 0  

INDOOR ACTIVE ANTENNA1 MFJ's smallest VERSA TUNER 

Tune. Band. Galn. On-off 
bypass controls. 6 x 2 ~ 6  
inches. 9V battery. 9-1 8 . . . - and your budget IS limited. Matches d~poles. 

VOC or 110 VAC with - - inverted vees, random wlres, verl~cals, mob~le 
MFJ.1312. $9.95. MFJ-lO20A $79.95 W ~ I P S .  beams, balanced and coax hnes from t .8 

-30 MHz Excellent lor matching solid state rigs to 
Grandmaster MEMORY KEYER tinears. Efflclent alwound 4:t balun, 

MFJ-484C $1 39.95 - .-9_ 
RTTYlASClllCW 

The MFJ-484C "GRANDMASTER" memory keyer 
is THE cholce ol CW contesters Why? Because 
it's so easy to use. 11's second nature . . . you 
don't have to learn complex commands . . . and it 
has all the features you'll ever need lor easy CW. 

k a t u n s  like these . . . store up to twelve 25 
character messages plus a message of up to 100 
characters. Or use a switch to combine 25 char- 
acter messages lor up to three 50 character 
messages, Repat any message continuously or 
pause between and change or into 
a playing message by simply ~~d you 
don't lose your settings when you lose power. 

The MFJ.484C is RF proof, sends 8.50 WPM 
and measures lust 8 x 2 ~ 6  ~nches. It uses 12 to 
15 VoC or 110 VAC with MFJ-1312. $9.95. 

POLlCElFlRElWEATHER 2 M 
HANDHELD CONVERTER 

Fee MFJ RTTYIASCIVCW s o ~ w a n  on disk and 
Cable for VIC.20 or C-64. Send and receive 
Computerized RTTYlASClllCW with nearly any 
personal computer (VIC 20, ~ ~ ~ l e .  TRS-80. ~ ta r i .  
TI 99. Commodore 64, 128 etc) use ~antronics or 
most other RnYlCW software. CoPles both ma* 
a" Space. any shift (including 170. 425. 850 HZ) 
and any speed (5.100 WPM RnYICW. 300 baud 
ASCII). Sharp 8 pole act~ve f~lter lor CW and 170 Hz 
sh~lt. Sends 1 7 0  850 Hi shtft Normall~veme 
swltch eliminates retuning. Automatic nolse limiter. 
Kanlronics compatible socket plus exclustve general 
Purpose socket. 8 x 1% x 6 inches. 12-15 VDC or 
110 VAC with adapter. MFJ-1312, $9.95. 

RECEIVER ANTENNA 
TUNERIPREAMPLIFIER 

MFJ-9598 $89.95 



comparable performance and improved performance, 
generally among all building-block components. 

Increased use of digital techniques in LO circuitry, 
and use of DSP for filtering, demodulation, and other 
functions. 

Appearance of data conversion devices, first at base- 
band, then at the i-f, and then moving closer to the 
antenna circuitry. 

Dick Tracy's two-way wrist radio will become a real- 
ity by 1995. 

Putting predictions into print preserves the prophet's 
prognostications for posterity. It might be amusing, 
in the year 2007, to dust off your yellowed, musty copy 
cff this issue to see just how far off the mark we were. 
Happy dreams! 
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designing a 
state-of-the-art receiver 

Readily understood 
- though not greatly 

utilized - concepts 
mean better performance 

The state o f  thear t  in h f  receiver design using semi- 
conductors has improved greatly. The use of either 
CATV-type transistors and double-balanced mixers us- 
ing hot carrier diodes or double-balanced mixers with 
switch-type FETs has eased the large-signal handling 
problem of just a decade ago. 

One weak link in the chain, however, remains; this is 
the synthesizer, with its inherent noise contributions. To 
a large extent the overall architecture of the receiver and 
the synthesizer determines its performance, and even 
the best high-performance components - placed in the 
wrong sequence - can cause a good design to fail. 

systems approach 
Because military and commercial users depend on 

high performance receivers for surveillance and/or 
point-to-point communication, it's inevitable that these 
same technological advances will filter down to the Am- 
ateur community. In fact, in a cursory examination, the 
spec sheets of both commercial and Amateur commu- 
nications receivers look quite similar. 

Besides providing the "essentials," modern commun- 
ication receivers offer additional features, sometimes re- 

ferred to as "bells and whistles"; these features include 
improved user interfaces or computer interfacesfor re- 
mote control. Since the commercial and Amateur mar- 
kets are price-sensitive and also very sensitive to proof 
of performance, any claims of lower capabilitiesare no- 
ticed. Consequently, when on-the-air tests of some late- 
model receivers suggested poorer performance than 

1 previous models, this raised the question of why, despite 
the knowledgeacquired in recent years, such an incon- 
sistency should occur. 

Figure 1 is a functional block diagram of a modern 
microprocessor-controlled communication receiver. 
This diagram is representative of most modern design 
approaches and can be used to evaluate possible advan- 
tagesand weaknesses, and to point out areasof poten- 
tial difficulty. 

operation 

1 The rf signal is introduced into the receiver in one of 
' two ways: 

at the input of a 30-MHz low-pass filter via a variable 
attenuator, which is controlled by an overload detection 
circuit activated at the first and second i-f level; 

or for receiving frequencies below 400 kHz, via a vari- 
able attenuator and low-pass filter combination. 

The first mixer, which is responsible for the third-order 
intercept point, is driven by an extremely pure synthe- 
sized local oscillator. To terminate thedouble-balanced 
mixer properly, a diplexer (high-passllow-pass filter) is 
used to absorb energy outside the crystal filter passband. 
The input impedance of the crystal filter rises significant- 
ly outside the passband of the crystal filter. 

By Ulrich L. Rohde, KA2WEU/DJ2LR, 52 Hill- 
crest Drive, Upper Saddle River, New Jersey 07458 
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P.C. ELECTRONICS 2522 PAXSON LANE ARCADIA CA 91 006-8537 USA 
TOM (WGORG) & MARYANN (WBGYSS) O'HARA (81 8) 447-4565 

ELECTRONICS 
THE N E W  "KREEPIE PEEPIE" ATV TRANSMITTER 

1. New final transistor typically gives more than 1.5 watts output on sync t ip  with 13.8 vdc applied. 
2. Now you can see your own transmitted video with the on-board RF detectorlmonitor 1 v output. 
3. Final RF output test point for setting up  blanking pedistal with a voltmeter. 
4. Improved lower distortion subcarrier sound generator IC for cleaner audio and 4.5 mHz stability. 
5. All this at no increase i n  price! Single freq. KPA5-c board sti l l  $159 delivered*. Two freq. $174. 

NEW TX70-1 ATV TRANSMITTER contains the KPA5 and TIR relay ready t o  go i n  a small 6x5.2x2.5" 
shielded cabinet. Has both the 10 p in  "VHS" camera & RCA phono jack videolaudio inputs. If you 
are one of those with just a downconverter, saw some pictures and was bitten by the ATV bug, then 
this ATV transmitter i s  for you. No need t o  sell your downconverter and get a transceiver, just 
connect i ts  input to  the downconverter BNC connector on  the back of the TX70-1. $229 delivered. 

13 board 

$159' 
NEW TX70-1 $229 delivered 

KPA5-c 70CM ATV XMTR BOARD FEATURES: KPA5 APPLICATIONS: . >1 WATT P.E.P. RF OUTPUT ON SYNC TIP. PORTABLE CORDLESS TV CAMERA. Think of it as a video 
Run barefoot for portable. Output properly matches Mirage HT. Place the KPA5 in one of the Hammond Dicast 
D15N 15 watt or Mirage D24N-ATV 50 watt linear amp for full aluminum boxes, 114 wave (6.5") whip on top or half wave at 
output and the M~rage DlOlON-ATV to over 50 watts P.e.P. the end of 50Q coax attached to a headset. Plug into a 12- 

FULL COLOR AND SOUND on a small 3.25~4" board 14 v source such as the Radio Shack 12v 5Ah battery power 
Wired and tested board runs on external 13.8vdc @ pack (23-182). Depending on terrain & receiving antenna DX 
300ma. supply or 12 V battery is typically over 1 mile. With KLM 440-27s at both ends DX is 

Accepts composite video from cameras, VCRs, 22 miles snow-free line-of-sight. 
computers, etc. Transmit the video to a remote VCR rather than lug it. 

2 audio inputs, one for low Z dynamic mic. & One line . Great for public service events: marathons, parades. 
level from most cameras & VCRs damage accessment, search & rescue, CAP, etc. 

Supplied with one xtal on 426.25,434.0, or 439.25. Mount in a RIC airplane or robot to enable remote control 
2nd xtal add $15. Specify freq. when ordering, check when the vehicle is out of sight. 
with local ATVers. ARRL Repeater Directory or call us. Put it in your own cabinet for base, portable or mobile. 
Only 2 channels available in any given area due to video When more power is needed, connect to either the Mirage 
bandwidth of 9.1 mHz. D15N for over 15 walls or to the Mirage D24N or Dl01 ON- 

* Price still $159 delivered via UPS surface in ATV amps for over 50 watts. 
contiguous'USA. Transmitters sold only to licensed Place a KPA5 in a dicast box with a VOR (video operated 
Technician class or higher amateurs for legal PurPoses. We relay) to make a hill top video repeater. Repeat other 
verify name, call letters. 8 OTH in the Callbook. If recently A T V ~ ~ ~ ,  weather radar or space shuttle video. 
licensed or upgraded send a copy with order. 

WHAT IS REQUIRED FOR A COMPLETE OPERATING SYSTEM? Either a NC-2G or NC-4G 
downconverter connected lo any TV set tuned to channel 3, and coax cable to a good 70cm antenna to receive. Connect 
up the TX70-1 or package up the KPA5, add 12 to 14 vdc, antenna, and any home TV camera, VCR, or computer with 
composite video output. It's that easy! 

ACCESSORIES: 
TVC-2G GaAsfet downconv. board wired & tested.. . . $59 

varicap tuned. 420-450 MHz to ch3. Req 12vdc 
TVC-4G (NC-2G in cabinet with 120vac supply). . . . . $99 
TVCX-70 crystal controlled GaAsfet downconv ... ..... $99 

specify in freq. 8 out on ch 3 or 45mhz IF. 2 freq.. . . . $1 1 4 
Hammond 1590D Use for KPA5. 7.3~4.7~2~. ...... $1  7 

1590C 4.6~3.6~2" aluminum box. Fits TVCX-70 ..... $1 1 
800J 10 pin VHS color camera chassis connector.. . . . . $10 

MIRAGE D15N-ATV lin 115 out all mode amp ..... $1  19  
MIRAGE D24N-ATVlin / 50 out all mode amp .... $219 
450 ISOPOLE ornni 4dbd vert. gain antenna ......... $65 
KLM 440-6X 8.9dbd ant.. 28" boom. >50 deg BW .... $51 
KLM 440-10X 11.2dbd, antenna, 64' boom .......... $65 
KLM 440-27 14dbd, 36 deg. BW antenna ........ $1 07  
SAXTON 8285 100it 50 ohm coax 3.5dblC loss ..... $41 
UG21 type N male connectors for larger ID wax.. .. ..... $5 

VOR Video (horiz sync) operated relay board.. . ..... ... $2 5 

HAMS! Ca l l  o r  w r i t e  f o r  o u r  f u l l  l i ne  ATV ca ta l og  ... Downconve r t e r  b o a r d s  s ta r t  a t  only $39 
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While most commercial or military high-performance 
receivers employ the input stage combination, most 
Amateur equipment usesa double-balanced mixer that 
incorporates adjustable-gain JFETs. As a result of its 
sensitivity to output impedance changes, the mixer 
suffers reduction in large- signal performance. The re- 
cent trend in mixer design involves the use of termina- 
tion-insensitive mixers whose cleverly designed bridge 
circuits ignore the effects of reactive terminations. 
Passive mixers use hot carrier diodes; switching-type 
mixers use FETS - for example, a pair of matched SD 
100 transistors - and achieve intercept points between 
+35 and +45 dBm. 

Following a six- to eight-pole crystal filter is an ampli- 
fier stage which has medium gain and high dynamic 
range. This is typically achieved through the use of rf 
feedback. In addition, it is worthwhile to incorporate an 
AGC circuit between this amplifier and the mixer. 

The signal, which is now in the 75- to 100-MHz fre- 
quency range, isconverted toa low i-f frequency - for 
example, from 200 kHz to 2 MHz - by the second mix- 
er. The second mixer must also have high dynamic 
range, but it can be a passive double-balanced mixer. 
(The latest advances in receiver design have included the 
use of careful filtering of the local oscillator synthesizer 
outputs, thereby reducing spurious responses. The am- 
plifier that follows this mixer compensates for the sec- 
ond i-f mixer losses. This, in turn, isfollowed by a popular 
frequency range crystal filter that is readily available from 
a number of manufacturers. 

gain distribution is important 
Each of these stages has very little gain - typically less 

than 12 dB. The main amplification of the signal takes 
place in the i-f sections. (This is different from what hap- 
pens in Amateur receiver designs.) The problem with 
designing most of the gain into the i-f stages has to do 
with the ability to build the i-f amplifier circuits stable and 
free of unwanted oscillations. To minimize in-band in- 
terrnodulation distortion, differential-type amplifiers 
with AGC stages are used. In many cases this requires 
a great deal of shielding and careful selection of grounds, 
since up to 100-dB open loop gain in the i-f section may 
be required. 

One sign of good receiver design isevident when the 
noise of the first mixer, with no antenna connected, al- 
ready showsslight AGC action, which can be monitored 
on the S-meter of the receiver. If signals of 1 -pV or bet- 
ter are required before any S-meter action occurs, then 
the above design guidelines have not been followed. 

Although I've noted these things thoroughly and 
repeatedly in previous articles, very few companies have 
followed through with this concept because it's much 
less expensive to move the gain towards the antenna 
than to build high-gain i-f stages. 
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fig. 4. Architecture of the internal computer system found in a modern fully synthesized receiver. 

Interestingly enough, the NRD 525 receiver, which 
follows these recommendations but is still fairly inexpen- 
sive, is one of the better designs. Figure 2 shows a typi- 
cal block diagram with the various noise, gain and 
intermodulation distortion products specified. Such an 
analysis must be carried out and should be published 
together with the receiver specifications. 

In fig. 1, the internal bus forthe receiverthat controls 
a variety of functionstransfersdigital data streams that 
consist of short-duration pulses with fast rise times. Con- 
sequently, significant shielding is required in thissection 
in order to isolate the digital circuits and their concom- 
mitant switching spikes from the analog portion of the 
receiver. Many modern receiverssuffer from thiseffect, 
in which background switching noise masks lower lev- 
el signals. To make things worse, the synthesizer can 
also pick up some of the switching signals. 

synthesizer design 
Modern receiversshould incorporate fully synthesized 

local oscillators and provide between 1 -and 10-Hz reso- 
lution. All of the auxiliary frequencies in the design must 
be derived from the master (oscillator) standard. 

The frequency synthesizer in this example uses two 
main loops in its multi-loop design. VCOI, which oscil- 
lates between 127 MHz and 139 MHz, is phase locked 
in steps of 1.2 kHz; its output is then divided by 120 to 
an output frequency of approximately 1 MHz, which is 
then mixed with the 79.2-MHz standard. The difference 
frequency components are introduced into a 78.1-MHz 
crystal filter which removes all unwanted signals. The 
other portions of the synthesizer provide auxiliary fre- 
quencies. The areas where the phase detectors are lo- 
cated are heavily shielded; fairly high frequenciesfor the 
reference detectors are used for best noise performance. 

Figure3 showsa synthesizer that utilizesthisdesign 
approach. In this design, analog and digital circuits are 
carefully separated. Thesectionsof thesynthesizer most 
vulnerable to picking up extraneoussignalsare the lines 
going into the output VCO (VC02). 
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Depending on the type of phase detector used, the 
linesthat feed the tuning diodescan be either very high 
impedanceor low impedance. Inexpensive solutionsfre- 
quently lead to such high-impedance feeding points, 
which then become "antennas" collecting all theswitch- 
ing noise. The use of circuits incorporating microwave 
transistors allows the design of discrete low-impedance 
amplifiers for this purpose. If the driving point im- 
pedancesforthetuning diodescan be heldat 100ohms 
as opposed to the 100-k line impedance typically found, 
the sensitivity for pickup of stray signals is reduced by 
a factor of 100,000. 

Another reason fornoisysynthesizersis the use, in the 
synthesizer loops, of operational amplifiers that are too 
noisy. Wherever possible, either discrete low-noise am- 
plifiers or Darlington stages must be used. 

use of microprocessors 
Today's microprocessor-controlled receivers feature 

built-in clocks, frequency scanning with variable scan 

I .yrtc;mr I tions such as the serial RS-232 or IEEE-488 bus remote 

HERE'S A NEAT GIFT IDEA I 
When we first saw the Casio PQ-40U Portable World Time 
Clock, we knew instantly that Ham Radio Bookstore cus- 
tomers would love this one. 
This time piece is more than a simpleclock. Besides all the 
standard features, alarm, snooze, lightweight portable 
des~gn and digital readout. this clock gives you time at 21 
different locations around the world at the twist of a dial. 
DX'ers will delight at being able to get rid of their cumber- 
some manual time calculators: determining band and path 
to use will be greatly simplified. Contesters can simultan- 
eously display both local and UTC times for logging pur- 
poses. In fact, every Amateur will find at least a dozen uses 
lor this nifty clock. You can take it with you when you go on 
vacation-business trips-set the alarm and get out of 
meetings early-anywhere you need a clock, the PQ40U 
can go with you. Get a couple of them and give them as gifts. 
one for the house, car, office. just about anywhere you need 
a clock, the PQ-40U can go with you. Quantities are 
limited4rder now and avoid disappointment. 

Please enclose $3.50 shlpplng and handling I 

is the linearization of the transfer characteristic of the 
tuning rangeof the oscillator and the linearization of the 
S-meter. The microprocessor can also switch the tun- 
ing rates to correspond to the operating mode and se- 
lect the appropriate bandwidth receiving crystal filters 
required for that same mode. Digital implementation of 
signal analysisallowsdemodulation of RTTY and Morse 
code. Many other novel approaches are.possible. 

Figure 4 shows the architecture of such an internal 
computer system. One of the frequent mistakes made 
in this context is the use of only one microprocessor, 
which gets overloaded, or the use of four-bit  
microprocessors. I n  better radios, eight-bit 
microprocessors, which can handleall these functions 
efficiently, are used. The best approach is parallel 
processing. 

summary 
By following these simple guidelines and using ar- 

chitecture similar to that illustrated in figs. 1 and 2, it is 
possible to build receivers that come close to the limits 
of physics, yet still remain cost- effective. 
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a CAT control system 
for the Yaesu FT-757GX 

C-64 BASlC routine 

tunes popular transceiver 

A n  earlier article on  the  CAT system, based on the 
Tandy TRS-80 Model 100, attracted the attention of a 
considerable number of users of Commodore 64@ 
microcomputers.' But while it was a relatively simple 
task to convert the TRS-80 program for other micros 
with a standard RS-232C port, it wasn't aseasy to con- 
vert the program for the popular C-64. 

Converting the unique Commodore "inverted TTL 
level" format is no problem because the CAT system 
also works with TTL levels. But the standard baud rates 
of the C-64stop at 2400, and CAT works at 4800 baud. 
(In this case, baud and bps give the same number, so 
we'll stick to "baud," since that's what's used in the 
Commodore and Yaesu literature.) 

It's possible to obtain the proper parametersfor4800 
baud using a two-step formula for calculating "user- 
specified baud ratesw2 Checking the output with an 
oscilloscope looked promising, but in practice the data 
transfer wasn't reliable, and bytes sometimes were lost 
on their way from BASlC to the radio. Commodore 
specialists have several explanationsfor this. Some say 
that it dependson the physical layout of the printed cir- 
cuit board; others contend that Commodore BASlC has 
problems handling the NUL character. Whatever the 
reason, the data didn't always reach the RS-232C out- 
put buffer in good order. 

In this program these problems are avoided by replac- 
ing the BASlC RS-232C statements with routines writ- 
ten in machine language. The parameters are POKEd 
into temporary storage in memory locations 52592 to 
52596. The command byte (see table 1) goes into loca- 
tion 52592. The frequency number is sliced into four 
bytes(i.e., 12,345.67 kHzconvertstoOl,23,45and67), 
which are stored in the next four locations. 

Another problem has also been solved in machine lan- 

guage. The frequency bytes just mentioned are in the 
CAT Binary Coded Decimal format, and ideally would 
be passed as such to the RS-232C port. But the Com- 
modore BASlC interpreterexpectsall numbers to be in 
decimal form and converts them into hexadecimal when 
the program is executed. A look-up table is used to 
reconvert the hex into the proper BCD format. The five 
bytes are then sent out one by one, starting from the 
highest address, as required by the CAT system. 

1 BASlC program 
The BASIC part of the program (fig. 1) isstraightfor- 

ward and can be segmented as follows: 
The program is initialized in lines 100 to 220. A title 

screen at lines 3000 to 3160 (subroutine) is displayed 
while the machine language part in lines 4000 to 4114 
(subroutine) is being loaded. SYS 52480 is similar to 
OPEN File No. 1 for4800 baud, eight bits per byte, two 
stop bits, and no parity. Line 210 determines the start- 
ing frequency. 

The main screen isset up in lines 1000to 1150(seefig. 
2). The keys available for commandsare indicated within 
brackets. The upper row on the keyboard is used for 
general commands; the lower row - plus "A" and ";" 
- fortuning in stepsof 10 Hzto 100 kHz. "F" isforsteps 
of any size and "0" for quitting the program. 

Note that Band Down and Band Up have different 
functions, depending on whether the FT-757GX is in 
Amateur Band or General Coverage mode, and 
whether or not MRIVFO has been activated (see the 
FT-757GX Operating Manual). This short program 
doesn't take into account frequency changes made with 
Band Down or Band Up, so in order to get the correct 
screen display, you'll need to reinitialize the program by 
pressing "F" and entering the actual frequency before 
using the Fine Tuning keys. This isn't a problem, since 
you can still go directly to any frequency with the "F" 
command. 

By Kjell W. Strom, SMGCPI, P.O. Box2,I-28041 
Arona, Italy 
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Table 1. Command byte codes. 

function hexadecimal decimal 
Band Down ( m u l t i f u n c t i o n )  08 8 
Band Up ( m u l t i f u n c t i o n )  07 7 
Dial Lock ( o n l o f f )  04 4 
Clarifier ( o n i o f f )  09 9 
Spl~t Frequency ( o n / o f f )  01 7 
Switch between VFO A and B 05 5 
Transfer VFO to Memory 03 3 
Transfer Memory to VFO 06 6 
E x c h a n g e  between VFO and 

Memory 00 11 
T e m p o r a r y  check of Memory 02 2 
Frequency Set 0 A 11 

fig. 1. BASIC language program for CAT control of Yaesu 
FT-757GX. 

1 0  REM .............................. 
2 0  REM CAT CONTROL FOR YAESU FT-757GX 
3 0  REM AN0 COMMODORE 6 4  
4 0  REM BY KJELL W. STROM, SM6CPI 
5 0  REM JUNE 5 ,  1 9 8 7  
6 0  REM .............................. 

7 0  REM 
100  REM *** LOAD ML AND OPEN F I L E  FOR 4 8 0 0  BAUD *** 
1 1 0  GOSUB 3000:GOSUB 4000:SYS 5 2 4 8 0  
2 0 0  REM *** SET I N I T I A L  FREQ ( 1 0 0 0 0  KHz )  *** 
2 1 0  A=10000  
2 2 0  GOSUB 2 1 0 0  
1 0 0 0  REM *** MAIN SCREEN *** 
1 0 1 0  PRINTCHR$( 147 ) "CRVS l  YAESU FT-757GX CAT PROGRAM BY SM6CPI " 

1015  PR1NT:PRINT:PRINT 
1 0 2 0  PRINTUNEW FREQUENCY [ F I  QUIT [ Q l "  
1 0 3 0  PR1NT :PR INT :PR INT :PR INT"  F I N E  TUNING" 
1040  PRINT"  << - <KHz> t > > "  
1 0 5 0  PRINT" [A ]100  loo[ ; ] "  
1060  PRINT 
1070  PRINT"10  5 1 . 1  .O1 .O1 .1  1 5 10"  
1 0 8 0  PRINT"[ZI [XI CCI  [ V I  CB I  [ N I  [ M I  [,I [ .I  [/I" 
1090  PRINT"[DOWN] 
1 1 0 0  PRINT" [ I1  BANO DOWN [ 2 1  BANO UP" 
1110  PRINT" [ 3 ]  D I A L  LOCK [ 4 1  CLARIF IER"  
1 1 2 0  PRINT" [ 5 1  SPL IT  FO [ 6 1  VFO A/B" 
1130  PRINT"  1 7 1  V=>M [ 8 1  M=>VM 
1 1 4 0 P R I N T "  [ 9 I V = > / < = M  [ O l  MRIVFO" 
1150 PRINT N ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  KHZ" :PRINT"[UPI~~A 
1160  GET C $ : I F  C$=""  GOT0 1160  
1170  I F  C$="B1'  THEN A=A-.Ol:GOTO 1 6 0 0  
1180  I F  C$="NU THEN A=A+.Ol:GOTO 1 6 0 0  
1 1 9 0  I F  C$="V" THEN A=A-.l:GOTO 1600  
1200  I F  C$="MV THEN A=A+.l:GOTO 1600  
1 2 1 0  I F  C$="C" THEN A=A-1:GOTO 1 6 0 0  
1 2 2 0  I F  C$=" . "  THEN A=A t l :GOTO 1 6 0 0  
1230  I F  C$="Xn THEN A=A-5:GOTO 1 6 0 0  
1 2 4 0  I F  C$="."  THEN AzAt5:GOTO 1 6 0 0  
1 2 5 0  I F  C$="Z" THEN A=A-10:GOTO 1 6 0 0  
1260  I F  C $ = " / "  THEN A=A+lO:GOTO 1600  
1 2 7 0  I F  C$="AN THEN A=A-100:GOTO 1 6 0 0  
1 2 8 0  I F  C$=";"  THEN A-At100:GOTO 1600  
1 2 9 0  I F  C$="FN THEN GOSUB 2800:GOTO 1000  
1300  I F  C $ = " l "  THEN POKE 52592 .8 :SYS 52526:GOTO 1 1 6 0  
1 3 1 0  I F  C$="ZN THEN POKE 52592,7:SYS 52526:GOTO 1160  
1320  I F  C$="3 "  THEN POKE 52592 .4 :SYS 52526:GOTO 1 1 6 0  
1 3 3 0  I F  C$="4 "  THEN POKE 52592,g:SYS 52526:GOTO 1160  
1340  I F  C$="5 "  THEN POKE 52592 , l :SYS  52526:GOTO 1 1 6 0  
1 3 5 0  I F  C$="6" THEN POKE 52592,5:SYS 52526:GOTO 1 1 6 0  
1360  I F  C$="7 "  THEN POKE 52592.3:SYS 52526:GOTO 1 1 6 0  
1 3 7 0  I F  C$="8"  THEN POKE 52592 ,6 :5YS  52526:GOTO 1160  
1 3 8 0  I F  C$="9 "  THEN POKE 5 2 5 9 2 , l l : S Y S  52526:GOTO 1160  

i 

1 3 9 0  I F  C$="OH THEN POKE 52592.2:SYS 52526:GOTO 1 1 6 0  
1 5 8 0  I F  C$="QU GOT0 2 9 0 0  
1 5 9 0  GOT0 1 1 6 0  
1 6 0 0  REM *** ROUND OFF AN0 CHECK RANGE *'* 
1 6 1 0  A=INT(A*100+.5) ' .01 
1620  I F  A<500 THEN A.500 
1630  I F  A,29999.99 THEN A=29999 .99  
1640  GOSUB 2 1 0 0  
1 6 5 0  GOT0 1 1 5 0  
2100  REM *** SL ICE  FREQ AND OUTPUT *** 
2 1  10  A$=MID$(STR$(A)  . 2 )  
2 1 2 0  I F  A = I N T ( A )  THEN A$=A$ t l ' . "  
2 1 3 0  A$="OOO"tA$t"OO" 
2 1 4 0  FOR 1.1 TO LEN(A$)  
2 1 5 0  OP$=MID$(A$.  I, I )  
2 1 6 0  I F  OP$="." THEN OP=I:GOTO 2 4 0 0  
2 1 7 0  NEXT 
2 4 0 0  A$=MIO$(A$,DP-6,6)tMIO$(A$,OP+l . 2 )  
2 4 1 0  F l=VAL(MIO$(A$ ,  1 , 2 ) )  
2 4 2 0  F2=VAL(MIO$(A$ ,3 ,2 ) )  
2 4 3 0  F3=VAL(MIO$(A$ ,5 ,2 ) )  
2 4 4 0  F4=VAL(MIO$(A$ ,7 ,2 ) )  
7 4 5 0  POKE 5 2 5 9 3 , F l  
2 4 6 0  POKE 52594 ,FZ  
2 4 7 0  POKE 52595 .F3  
2 4 8 0  POKE 52596 ,F4  
2 4 9 0  POKE 5 2 5 9 2 , l O  
7 5 0 0  SYS 5 2 5 1 2  
2 5 1 0  RETURN 
2 8 0 0  REM *** NEW FREQUENCY *** 
2 8 1 0  INPUT"[OOWNI[DOWNl[DOWNlFREQUENCY KHZ8' ;A 
2 8 2 0  Ao INT(A*100+ .5 ) * . 01  
2 8 3 0  I F  A4500  THEN A=500 
2 8 4 0  I F  A>29999.99 THEN A=29999.99 
2850  GOSUB 2 1 0 0  
2 8 6 0  RETURN 
2 9 0 0  REM *** REM CLOSE F I L E  AN0 QUIT  *** 
2 9 0 5  PR1NT:PRINT:PRINT 
2 9 1 0  PRINT" ARE YOU SURE?" 
2 9 2 0  GET C $ : I F  C$-""  GOT0 2 9 2 0  
2 9 3 0  I F  C$="YU THEN SYS 52578 :PRINT  CHRS( l47 ) :ENO 
2 9 4 0  GOT0 1000  
3 0 0 0  REM *** T I T L E  SCREEN WHILE ML I S  LOADING *** 
3 0 1 0  H I $ = "  C A T P R 0 G R A M F 0 R" 
3 0 2 0  HZ$=" Y A E S U F T - 7 5 7 G X u  
3 0 3 0  H3$=" BY KJELL W. STROM, SM6CPIN 
3 0 4 0  PR1NTCHR$(147):PRINT:PRINT:PRINT:PRlNT 
3 0 5 0  FOR 1=1  TO L E N ( H l $ )  
3 0 6 0  PRINT M I O $ ( H l $ , l , l ) ;  
3 0 7 0  NEXT 
3 0 8 0  PR1NT:PRINT 
3 0 9 0  FOR 1.1 TO LEN(HZ$) 
3 1 0 0  PRINT M I D $ ( H 2 $ , l , l ) ;  
3 1 1 0  NEXT 
3 1 2 0  PR1NT:PRINT:PRINT 
3 1 3 0  FOR 1 x 1  TO L E N ( H 3 I )  
3 1 4 0  PRINT MIO$(H3$ .1 ,1 ) ;  
3 1 5 0  NEXT 
3 1 6 0  RETURN 
4 0 0 0  REM *** LOAD ML ROUTINES *** 
4 0 1 0  FOR 1.52480 TO 52696:READX:POKEI,X:NEXT 
4 0 2 0  RETURN 
4 1 0 0  DATA 169,1,162,2,160,3.32.186.255,169.4,162,104.160,205 
4 1 0 1  DATA 32,189,255,32,192.255.162,3,189,108,205,149,247,202 
4 1 0 2  OATA 16,248,96,162,3,188,113.205,185,117,205.157,113,205 
4 1 0 3  DATA 202,16,244,162.1,32,201,255.173,14.220.41.254,141 
4 1 0 4  OATA 14,220,162,4,189,112.205,168,173,161.2,41.1.208.249 
4 1 0 5  OATA 152.32,210,255,202.16,238,173.161,2,41,1,208.249 
4 1 0 6  OATA 32,204,255.173.14.220,9,1,141,14.220,96,169,1,32 
4 1 0 7  OATA 195,255.96,0,0,2,0,0.206,0,207,75,87,83,56,55,0,~.2 
4 1 0 8  DATA 3.4.5,6.7,8,9.16.17,18,19.20,21,22,23,24,25,32.33 
4 1 0 9  OATA 34.35.36.37.38,39,40.41,48,49,50.51,52.53.54,55,56 
4 1 1 0  DATA 57,64,65.66.67,68.69,70,71,72.73,80,81.82.83.84,85 
4 1 1 1  OATA 86,87,88.89.96,97.98,99,100.101.102,103,1(14.105,112 
4 1 1 2  DATA 113,114,115,116,117,118,119,120,121,128,129,130,131 
4 1 1 3  OATA 132,133,134,135.136.137,144,145,146,147,148,149,150 
4 1 1 4  OATA 151 ,152 ,153  
1 0 0 0 0  REM *** 'RUN 1 0 0 0 0 '  F IRST  TO CHECK ML OATA L I N E S  *** 
1 0 0 1 0  S=O:FORI=52480T052696:REAOX:S=S+X:NEXT 
1 0 0 2 0  I F  S<,22360 THEN PRIN1"CHECK ML OATA!":ENO 
1 0 0 3 0  PRINT1'ML DATA OK! "  

READY. 
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RF POWER AMPLIFIERS 
Lowest NF GaAs FET Preamp 

Finest Quality Military Construction 
' a*- -,, 

Off-The-Shelf Dealer Delivery 
-- ; a- -- 

SPECIFICATIONS 
For the past five years, Amateurs worldwide 
have sought quality amplifier products from TE 
Systems. Renowned for the incorporation of 
high quality, low-noise GaAs FET preamplifiers 
in RF power amplifiers. TE Systems offers our 
fine line of products through select national 
distributors. 

All amplifiers are linear (all-mode), automatic 
T/R switching with adjustable delay and usable 
with drive levels as low as % Watt. We incor- 
porate thermal shutdown protection and have 
remote control capability. All units are de- 
signed to ICAS ratings and meet FCC part 97 
regulations. Approx. size is 2.8 x 5.8 x 10.5" 
and weight is 5 Ibs. 

Models aiso available w~lhoul GaAs FET preamp(deleleG sullix on model I t ) .  All  unlts Cover 
Consult your local dealer or send directly for IUII amaleur band - spec~~y  10 MHZ bandwidth lor 420450 MHZ amol~lier. 

further product information. Amoliller capabilities: 100-200 MHZ. 225.400 MHz, 1-2 GHZ. Mnlilary 128W. Commercial. 
elc, aiso available- consull factory. 

TE SYSTEMS 
P.O. Box 25845 
Los Angeies. CA 90025 
(213) 478-0591 

MAKE CIRCUIT BOARDS 
THE NEW, EASY WAY 

WITH TEC-200 FILM 
JUST3 EASY STEPS 

Copy clrcutt on TEC-200 f~lm ustng 
any pla~n paper copler 
Iron ftlrn on to copper clad board 
Peel off film and etch 

SATISFACTION GUARANTEED 
convenient 8% x 11 size 

5-Sheets for $3.95 
10 sheets only $5.95 

4<1<1 $1 1111~1~1 1 ~ 1 t  - NY rw ad$> ~ { I P ,  14" 

The MEADOWLAKE Corp. 
DEPT H P 0 Box 497 

Norlhport New York 11768 

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

I Repeater Controller I 
I iorunder$6OO , 1 
I 

/Field tested for over 2 years i - 
I Y Full 2 year warranty I 
I F R E E =  I 
I 

- 

Free FLIII C:oIor [~~I)CIILI~C I 
C a l l  Tol l -Free I j [ 1-800-011-838'7 I 

( \ ext.244. h . t~n  - 5 I,II~ ~IC)IIII~:III) T!mr ( 
1 ( ), \Y',,tc. I 
I I 

A better way to deslgn 
and analyze Long wires, 

Vee8s, and Rhombics. 
* 

.* 

4 + 
L O N G  W I R E  P R O  

Easy to use, menu driven, select wire length, 
height, frequency, ground type, and get o color 

coded sinuso~dol prolectlon of your HF ontenna. 

DOS 2 0 or higher, 2561, color required 

Price $35.00 
IBMIMS-00s COMPUTERS 
E P S I L O N  C O  

Box 715, Trumbull CT, 06611, (203) 261 7694 
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fig. 2. Screen display. 

Commands entered from the keyboard are decoded 
by lines 1160 to 1590. SYS52526sends the bytes to the 
radio without converting from hex to BCD, since this 
isn't required for the single-byte commands. 

Verification that the frequency is inside the range of 
the FT-757GX is accomplished with lines 1600 to 1650. 

In lines 2100 to2510 the frequency parameter issliced 
into four bytes, as described above, after having been 
converted into a string and having found the position of 
the decimal point. SYS52512 is the call for sending out 
the frequency byte after a hex-to-BCD conversion. 

The frequency input subroutine used with the "F" 
command is contained in lines 2800 to  2860. 

The subroutine for the QUIT command is in lines2900 
to  2940. 

The last part of the program containssubroutinesfor 
the title screen and for loading of the machine language 
part, as mentioned before. 

The numbering of the program lines may seem 
haphazard; this is because some numbers were inten- 
tinnnIIv nmi t t~d  in nrrlnr t n  r e d ~ ~ c n  the time n n ~ r i n d  fnr tiallv harmful interference from one connected unit from 

J1 2Cposit~m cerd edge connector lor Cammodare user port. 
J2 3pols Mole. sonnector(aral1sble from Yaerv dealers). Other Yseru models 

may have differen1 lypes of connectors 
01 TILT 11 oplocoupler(orequiva1snt) 
R l  33Oohms 
U1 7404 her inverter buffer 

J I - 2  + 5 V  
R I  

51-J2 

' . -. . . -. . . , -. . . . . - - -. - . . . - . - - . - -. . - - -. - - - . , - - . . . . - . . - - - - - . - . 
some of the GOSUBs and GOTOs. Renumbering to a 
tighter sequence may slow down the program a little. 

After typing in the program, SAVE it and type R U N  
10000 /RETURN/ to confirm that the DATA lines have 
been entered correctly. Otherwise, if there's a mistake 
in the DATA and you try a RUN, you may lose the 
program! 

T 

interface 
An interface circuit serves two purposes: it translates 

the input level to a suitable output level and stops poten- 

3 3 0  

- . - . . , . . -. . . . . . - . . . . . - . . - . - . - - . . - 

reaching the other, and vice versa. 
Both the C-64 and the FT-757GX CAT system work 

with the same TTL levels, but the current needed to pull 
the CAT SI line to low, through a 680-ohm resistor, is 
probably higher than can be considered safe for thedeli- 
cate C-64 CIA chip. We also want to minimize the pos- 
sibility of computer noise reaching the receiver and of 
transmitter rf reaching the computer. 

The Yaesu FIF-232C interface does thisjob. It accepts 
the inverted TTL level format from the C-64 if the inter- 
nal switch SO1 is set to the position opposite from nor- 

2  

14 

J I - M  I  GNO-JZO 

YAESU C A T  
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4  

J I - A  

COMMODORE 
USER PORT 

CONNECTOR 
UI 7 4 0 4  

NOTE CONNECT UNUSED INPUT PINS (3.5. 9 A N D I I )  

ON UI  TO GROUND TOGETHER WITH P IN  7 .  

fig. 3. Schematic diagram. 



I "~merica's Weekly Guide to Satellite N" I 
The best in satellite program- 
ming! Featuring: *. Over 120 
channels listed + Weekly, 
Updated Listings *. Magazine 
Format *. Complete Alpha- 
betical Movie Listings 
+ Sports Specials * Prime 
Time Grids *. Specials 
*.Programming Updates! 

l Only $45.00 per year (52 weekly issues) 
l 2 Years $79.00 (1 04 weekly issues) 
l $1 .OO for sample copy 
'NC Res~dents must add 5'b Sales Tax 

Subscribe Today! 
call toll free 1-800-234-0021 
V~sa" and Mastercard' accepted 

OnSat PO BOX 2347Shemv. NC 28151-2347 

The new STV Guide con- 
tains valuable information on 
zoning regulations, scram- 
bling, plus technical tips for 
installing or updating a satel- 
lite system-and now a pre- 
cise monthly guide to satel- 
lite TV with the latest pro- 
gram listings for over 90 
channels! 

All this in each complete issue of STV Guide! 

I O n l y  $48.00 per year (12 monthly issues) 
$2.00 for a sample copy 

'NC R e s ~ d e n t s  m u s t  a d d  5O. s a l e s  t a x  

I Subscribe Today! I 
Call toll free 1-800-234-0021 
V~sa' and Mastercard " accepted 

STVGulde PO Box2384Shelby, NC28151-2384 

mal. Since it also works with standard RS-232C format 
and with the two-way CAT systems of the FT-980, 
FT-757GX 11, and FT-767GX. it can beregardedasavev I 
flex~ble solution, especially since it has its own built-in 
power supply. 

For our purpose we can also use the simple interface 
circuit shown in fig. 3. It receives 5 voltsfrom the C-64 
and can be assembled on a small IC-spacing perforated 
board as close as possible to the 24-position user port 
card edge connector. The cable from the TIL111 op- 
tocoupler output side should be shielded, with the 
screen connected to ground at the transceiver side only, 
not to computer ground. Connect all unused input pins 
on the 7404 IC to ground, together with pin 7. 

summary 
This article has been intended to show how easily you 

. can interfaceand use the CATsystem with the Commo- 
dore 64 and the Commodore 128 in C-64 mode. It also 
offers four machine language routines you can use in 
much more powerful programs, thereby adding your 
own special features to one of today's most appreciat- 

) ed transceivers. 
references 

1. K.  W.  Strom. SMGCPI. "ACATControlSystem."(7ST.Octoher. 1985. page 
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ham radio 

The solut~or i  to n ~ o s l  ~ n t e r f e r e n c e .  ~ n t e r n i o d ,  and deserise 
I I problems in AMATEUR and COMMERCIAL systems. I 

.?J .n U . Stze 1 6 x 2 6 x 4 75" exc conneclors 
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T y p ~ c a l  r e l e c t r o n  Prlce CALL blpolar wlRCA lacks 
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Now! In America 
For the first time, the AR2002 is 
available in the U.S.A.! Acclaimed 
worldwide for its full spectrum 
coverage, its superior sensitivity, 
excellent selectivity and convenient, 
compact design; it has all the features 
a sophisticated and discerning public 
service band radio user desires. 
Experts in Europe, and around the 
world report excellent performance in 
independent lab tests. For example: 
sensitivity across all bands will 
typically exceed .3  microvolts in NFM. 
And now the AR2002 is avai!able to 
you exclusively through this offer. 

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

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

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

Yet Convenient to Own 
The AR2002 is available exclusivel tr through us - so call us direct, T LL 
FREE. We'll be happy to answer any 
questions you may have. And if you 

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

The AR 2002 
The Professional Monitor Recehrer 

10707 East 106th Street, Indianapolis. IN 46256 

Call Toll Free 800-445-7717 - V~sa and Mastercard - 
COD sllghtly hlgher -' 
In IN 317 842-7115 Collect 

Warehouse 22511 Aspan S t M .  Lake Forest. CA 92630 

(7'ND x 55h'W x 3'NH Wt. 2 I ~ s . .  10 02.) 
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TURBO PC/XT COMPATIBLE I 
$649.00 

PRICE INCLUDES 
COMING SOON 

PHOENIX BfOS BBS SERVICE & 
HI-RES SAMSUNG MONITOR FAX SERVICE I 
2 DISK DRIVES DS/DD 360K 
DELUXE KEYBOARD nm== 
MS DOS 3.1 WITH 
PRINTER P O R T  
SERIAL P O R T  
GAME P O R T  /&ki 
CLOCK CALE-NDER 
256K MEMORY 
4.77 OR 8MHZ OPERATION 
EXPANDABLE T O  640K 
8 S L O T  MOTHER BOARD 

FREE SOFTWARE WE STOCK 

AZOTIC INDUSTRIES INC. 
I 

2026 W BELMONT 
I CHICAGO ILL 60618 HARD DISK DRIVES 

1 YEAR WARRENTY ON DRIVES MONITORS 
KEYBOARD POWER SUPPLIES. 
90 DAY WARRENTY ON MOTHER BOARDS 
AND V O  CARDS. EXTENDED WARRENTY 
AND MAINTANCE AVAILABLE. 

MONITORS CABLES 

I/O CARDS MODEMS 

OCR PC-FAX EGA 

* 126 I SERVICE h REPAIRS I ( 

The RADIO WORKS * 
ll.r .I ncra n o w  nrwmatlve m. catmw * 

st ( r e + m ~ * e )  1+ 
Box 6159. POCtsmOUlh, VA P3T03 (001) 484-01- * 

IC-735 
IC-761 New Top of L n r  
IC-735 Gen. Cvg. Xcvr 
IC-751A Gen. Cvg. Xcvr 
R7000 Gen. Cvg. Rcvr. 
R71A Gen. Cvg. Rcvr. 
IC-28AIH FM Mobile 25w145w 
IC-37A FM Mobile 25w 
IG900 Super Multi-Band Mobile 
IC04AT UHF HT 
IC48A UHF 45w 
IC-38A FM Mobile 25w 
IC-OZAT FM HT 
IC-pPAT Micro HT 

L ~ s t  Juns 
2499 00 Call $ 
$999 00 Call 8 
1649 00 Call $ 

1099.00 Call $ 
949.00 Call $ 

4291459 Call $ 
499.00 Call $ 
589.00 Call $ 
449.00 Call $ 
459.00 Call $ 
459.00 Call $ 
399.00 Call $ 
329.00 Call $ 

TS-430s Gen. Cvg. Xcvr 
TS-711A All Mode Base 25w 
TR-751A All Mode Moblle 25w 
TS-440SlAT Gen. Cvg. Xcvr 
TM-2530A FM Mobile 25w 
TM-2550A FM Mobile 45w 
TM-2570A FM Moblle 70w 
TH-205 AT. NEW 2m HT 
TH-215A. 2rn HT Has It All 
TH21BT 2M HT 
TH31 BT 220 HT 
TM-3530A FM 220 MHz 26w 

a1 9 95 Call $ 
899 95 Call $ 

599 95 Call $ 
1199 95 Call $ 
429 95 Call $ 
469 95 Call $ 
559 95 Call $ 
259 95 Call $ 

34995 Call $ 
259 95 Call $ 
269 95 Call $ 
449 95 Call $ 

t I / 3 / b A  

FT-757 GX Gen Cvq Xcvr 
FT-767 4 Band New 
FT-211 RH 
FT-290R All Mode Portable 
FT-23 R m  M l n ~  HT 
FT-209RH RM Handheld 5w 
FT-726R All Mode Xcvr 
FT-727R 2M170CM HT 
FT2700RH 2M170CM 25w 

$995 00 Call $ 
1895 00 Call $ 

459.95 Call $ 
579.95 Call 16 
299.95 Call $ 
359.95 Call $ 

1095.95 Call $ 

479.95 Call (6 

599.95 Call $ 
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a thumbwheel frequency 
selector for the Yaesu 
FT-757GX 

If you happen to own a Yaesu FT-757GX transceiver, 
this one-evening project will make its operation more 
convenient and enjoyable. If you don't own one, you 
may find that this article will show the ease and simpli- 
city with which features of modern computer-con- 
trollable radios can be accessed. 

Because the 757's minimum incremental tuning is 
in 500-kHz steps and the tuning dial moves only 10 
kHz per rotation, any frequency change in other than 
500-kHz steps takes several presses of the button and 
an average of 12-112 knob rotations! This project al- 
lows thumbwheel entry of any frequency, in or out 
of the current band. The design makes no modifica- 
tions to the radio and connects to it with only two 
plugs on the back panel. A circuit board layout is given 
for those who wish to etch a board; the design can 
also be wire-wrapped, with no degradation in perfor- 
mance. All normal radio functions - including tuning 
with normal front panel controls - are still available. 

design considerations 
It's best to think of the thumbwheel frequency selec- 

tor (TWFS) as a unidirectional data source. Yaesu 
provided an interface to accept commands from an 
external source on the back panel of the 757, which, 
among other things, accepts serially encoded binary 
data as requests for frequency selection options; these 
are documented on page 10 of the 757 Technical Sup- 
plement Manual. In addition to duplicating front panel 

Brian 3. Mork, KASSNF, 215 Paddock 
Drive East, Savoy, Illinois 61874 

operations, a command is provided for loading any 
specific frequency. Using this command, discrete 
frequencies may be entered without all the front panel 
dial spinning. The 757 never sends data, so no provi- 
sion needs to be made for data flow from the trans- 
ceiver. 

This circuit sends a prepackaged stream of 50 bits 
to the radio at 4800 bits per second every time you 
push a "load" button. The outputs of six BCD thumb- 
wheel switches are part of the 50-bit stream and indi- 
cate what frequency is requested. The thumbwheels 
provide frequency selection with a resolution of 100 
Hz. A two-wire data cable goes from the TWFS to the 
radio back panel and connects to pins 1 and 2 (the 
left and middle pins as viewed from the back) of a 
three-pin connector formally designated as J12 or the 
EXT CNTL jack. (See pages 9, 10, and 40 of the 757 
Technical Supplement Manual for additional details.) 

This pair of data wires, carrying TTL voltage levels, 
is the only connection to the 757 radio that's neces- 
sary. But in order to operate the TWFS, a power 
source providing 5 volts is also required. One additional 
connection to the 757 back panel provides 13.8 vdc 
at 800 mA through an RCA phono plug. Using a three- 
terminal fixed regulator to convert the 13.8 volts 
provided by the transceiver to a regulated 5 volts, the 
prototypes were measured to draw 165 mA from the 
radio. If no other accessories use this connection, it 
may be used to power the TWFS. 

design details 
The schematic for the TWFS is shown in fig. 1. The 

555 provides the clock pulses to the 74LS393 at a fre- 
quency of 19.2 kHz. The internal Q, and Ob stages 
of the 393 divide the signal frequency by 4 and the 
remaining six count-stages provide a 6-bit binary num- 
ber updated at the rate of 4800 Hz. The frequency 
adjustment of the 555 is done with a ten-turn rheo- 
stat. Frequency stability of the 555 is sufficient in this 
application because of the short bursts of data that 
are sent. For instance, assume that the Yaesu can 
tolerate a 118 bit error in order to read the data cor- 
rectly. A 118 bit error on the 50th bit implies 0.25- 
percent relative error, allowing a frequency range of 
the 555 from 19.152 to 19.248 kHz. 

The 393 is configured as a 6-bit counter that auto- 
matically shuts itself off when it gets to a count of 50. 
Every time the load button is pressed, the counter is 
reset to zero and counts to 50 one more time. The 6-bit 
binary number generated by the 393 is interpreted by 
the three 74150 and one 153 multiplexers so that one 
of 50 TTL levels are sequentially provided at the out- 
put of the 153. 

When no data is being sent (i.e., you haven't 
pressed the load button recently), both address lines 
to the 153 are high and the HALT signal on pin 13 of 
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74150C 

fig. 1. Schematic for the TWFS. Connections for these 48 pins are given i n  tables 2 and 3. 

Table 1. Wiring and data description. 

Bit Data Wire Bit Data Wire 
no. source t o  Description no. source t o  Description 

0 741 50A - 8 0 partial bit 
1 - 7 1 start 26 741508-21 P20 1 MHz-1 
2 - 6 1 10 Hz-1 27 - 20 PI9 1 MHz-2 
3 - 5 1 10 Hz-2 28 - 19 ~ 2 2  1 MHz-4 
4 - 4 1 10 HZ-4 29 - 18 P2 1 1 MHz-8 
5 - 3 1 10 HZ-8  30 - 17 0 stop 
6 - 2 P4 100 Hz-1 3 1 - 16 1 start 
7 - 1 P3 100 Hz-2 32 74150C - 8  P24 10 MHz - 1 
8 - 23 P6 100 Hz-4 33 - 7 P23 10 MHz-2 
9 -22 P5 100 Hz-8 34 - 6 P26 10 MHz-4 

10 - 21 0 stop 35 - 5 ~ 2 5  10 MHz-8 
11 - 20 1 start 36 - 4 1 100 MHz-1 
12 - 19 P8 1 kHz-1 37 - 3 1 100 MHz-2 
13 - 18 P7 1 kHz-2 38 - 2 1 100 MHz-4 
14 - 17 PI0 1 kHz-4 39 - 1 1 100 MHz-8 
15 - 16 P9 1 kHz-8 40 - 23 0 stop 
16 741508 -8 PI2 10 kHz - 1 41 -22 1 start 
17 - 7 Pl 1 10 kHz -2  42 - 21 1 
18 - 6 PI4 10 kHz-4 43 - 20 0 
19 - 5 PI3 10 kHz-8 44 - 19 1 
20 - 4 0 stop 45 - 18 0 
21 - 3 1 start 46 - 17 1 
22 - 2 100 kHz-1 47 - 16 1 
23 - 1 100kHz-2 48 - HALT - command 
24 - 23 PI8 100kHz-4 49 -HALT - to load 
25 -22 P1 7 100 kHz-8 50 - HALT - frequency 

NOTE: The column headed "Wire to" lists either a header pin number, a "0," or a "1 ." Header pin numbers 1 and 2 are grounded. 
Each of the remaining 24 header pins must have a 10k pullup resistor. "0" bits are wired to ground and "1" bits are wired to the 
580 -ohm pullup resistor. The column headed "Description" indicates how the bit will be interpreted by the 757 transceiver. Rernem- 
ber that the 150s invert the data. 
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ANTENNA POLA Rl N SWIlCHER MODEL A PS-1 m ~ ~ @ s ~ ~ ~  

, - 
The APS-I IS a self-contained control head deslgned to allow 
remote polar~ty swltchlng of clrcular antennas such as the 
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a lowcurrent stabilized variable voltage source is required. 

SPEClFlCA TIONS: F 4 c r ~ R y  
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' I R E C ~  

............................... 
Power Requirement (DC) 11-16 VDC 500 mA 

$50.0~ 
............................... 

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

Total output current 500 mA with AC transformer that is included, 1 amp with optional high current transformer or exter- 
nal DC supply. This unit has our popular five (5) year warranty. 

P.O. BOX 1000 MORGAN HILL, CALIFORNIA 95037 (408) 779-7363 
OUTSIDE CALIF. (800) 538-21 40 fl 130 

MODEL 
144-ZP 
144-4P 
220.1P 
220.4P 
430-2P 
430.4P 
902.1P 
902.4P 

1296.2P 
1298.4P 

nerlccrdanipnsdlora~ongr~rr~ra 
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PRICE 
551 0 0  
55800 
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548 00 
556 00 
$48 00 
$56 00 
$49 0 0  
557 0 0  
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Components for thumbwheel frequency selector. 

Integrated circuits 
1 7805 
1 555 
1 74LS00 
1 74LS10 
1 74LS393 
1 74LS153 
3 74150 

Resistors (all 1/4 watt) 
1 580-ohm (pullup for 17 TTL lines) 
26 1Ok (thumbwheel and two switch p u l l u p s , 3 ~ 9 ~ ~ ~ ~ )  
1 10k miniature ten-turn potentiometer 
1 3k (555 timing) 
1 10k (555 timing) 

Capacitors 
7 O.Ol,rF (IC decoupling) 
1 O.OlpF (555 timing, mylar) 
1 50pF (decoupling of 13.8-volt supply, electrolytic) 
1 6.8pF (decoupling of 5-volt supply, tantalum) 

Hardware 
1 7805 heatsink 
1 Pushbutton switch, 1-pole, 2-throw 
6 BCD thumbwheel switches 
1 RCA phono plug (power, 757 connector) 
1 3-pin SIP socket (0.1-inch spacing, 757 connector) 
1 26-pin, 0. 1-inch DIP header and socket 
1 3-pin 0.1-inch SIP header and socket 
2 2-pin 0.1-inch SIP header and socket 
1 Cabinet 

the 153 is available as data - a TTL high level. As 
soon as you press the load button, the 393 counter 
clears to zero and pin 8 of 74150A is sent out as data. 
Because your button presses aren't synchronized with 
the clock, this first bit of data may or may not be held 
for a full 208.3 ~ s e c  (1 14800). That's OK because it's 
a TTL high signal - the same as the quiescent volt- 
age level. In effect, the bit sequence has started but 
the 757 doesn't care that the first bit is too short be- 
cause i t  doesn't recognize the TTL high level as the 
first bit. 

The next 40 bits (bits 1-40) encode the thumbwheel- 
selected frequency digits. Data is sent in four 8-bit 
chunks. Each chunk is prefixed with a start bit (TTL 
low) and followed by a stop bit (TTL high), yield- 
ing a total of 40 bits. Within each 8 bits, two BCD 
numbers are sent least significant bit first. These 
numbers are read directly from the contacts of the 
thumbwheels, necessitating selection of thumbwheel 
switches with BCD outputs. The frequency is sent 
least significant digit first. The 100-MHz digit and the 
10-Hz digit are permanently wired as zero. The 10-MHz 
through 100-Hz digits are read from the thumbwheels. 

The last 8-bit value sent is decimal 10, which indi- 
cates to the transceiver that all the previous data 
should be interpreted as a frequency. The start bit and 
the first 6 bits of this data are retrieved through the 
150/153 multiplex chain as all other bits were. The last 
3 bits (0,0,1, sent in that order) actually reflect the 
status of the counter HALT signal. During the last 3 

bits (48-50) the HALT line, which goes high to disable 
the counter when a count of 50 is reached, is fed 
through the 153. During counts 48 and 49, i t is false 
(TTL low); on the 50th count, it goes true (TTL high). 
Because 555 pulses are locked out with this same sig- 
nal, the data line stays indefinitely high. 

Note that the 150 chip inverts data before passing 
it to the 153. This is the way most BCD switches work 
- grounding the logical true pins. Bits 0-47 are sent 
through the 150s and so are wired inverted. Bits 48-50 
(the HALT line) are not inverted by the 153 alone. 

construction 
The artwork for a double-sided circuit board is 

shown in figs. 2 and 3. A parts list is provided. The 
entire prototype was built using available components, 
though substitutions may be made. The only critical 
parts values are in the 555 timer circuit, and even these 
values could be recalculated to allow use of what you 
have in stock, following the formulas provided in man- 
ufacturers' data books. Although low-power Schottky 
integrated circuits are called for wherever possible, 
standard TTL chips would suffice. The power supply 
drain will increase, but no difference in o~erat ion will 
be noticed. 

The circuit is simple enough to be wire-wrapped by 
hand; in fact, the prototype was wired on two small 
prototype boards with all the little holes. Provision is 
made on the pc board for a 7805 voltage regulator and 
its two bypass capacitors, assuming the 13.8 volt sup- 
ply from the radio will be used. This portion of the cir- 
cuit is not shown on the schematic. Refer to a 
manufacturer's data book or the ARRL's Radio Hand- 
book for details about the 7800 family of regulators. 
The connections to the 48 data lines of the 150s are 
listed in table 1. 

Power connections and unused pins for all ICs are 
tabulated in table 2. 1 advise the following general 
order of construction and check-out. Using IC sock- 
ets, wire the entire circuit, including all non-IC com- 
ponents. Component placement - following the 
markings on the circuit board - should be straight- 
forward. Each of the IC positions is marked with a 
square pad to indicate pin 1. Three columns of ten 
holes provide a mount for the SIP resistor packages. 
If SIPS aren't available, mount nine 10k resistors on 
end, then connect all the tops of the resistors together 
and into the tenth hole (5 volts). Three holes are pro- 
vided for a horizontal-style ten-turn potentiometer. 
Two holes relatively close together provide a mount for 
a radial lead, 13.8-volt decoupling capacitor, but a 
larger axial lead capacitor can be mounted by doubling 
one lead back next to its casing. 

Four off-board connections need to be made. The 
power and data connections are each made with two 
wire cables. The load switch connects to the board 
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Table 2. Power connections and unconnected pins for 
ICs. 

IC + 5  volts Ground Not Connected 
555 8 1 5 
74LS393 14 7 3,4 
74LS10 14 7 8-1 1 
74LSOO 14 7 8-10 
74LS153 16 8 1.3-7 
74 150 24 12 None 

with three wires. Each of these connections can use 
0.1 -inch space header strips for neatness. The con- 
nection to the thumbwheels is made with a 26-pin 
0.1-inch space dip header. Twenty-five pins are need- 
ed (24 BCD data lines and one common ground line); 
they're listed in table 1. 

Install the 7805 regulator. A mounting hole is provid- 
ed for laying the regulator flat on its back, but it can 
be left upright if you wish. In either case, a heatsink 
is suggested. Apply power and verify that the correct 
voltages are applied to the proper IC socket pins. With 
the power off, insert only the 555. Then -- with the 
power back on -- check to see that pin 14 of the 
74LS10 socket is receiving an oscillating TTL signal. 
Adjust the ten-turn potentiometer until a frequency of 
19.20 kHz is obtained. Turn the power off. 

Install the 393, the 10, and the 74LS00. Apply power 
again and confirm that pins 2 and 12 of the 393 are 
stable at a TTL low level. Pressing and holding the load 
switch should make these pins go to a high level. As 
you're holding in the switch, pin 1 of the 393 should 
be receiving an oscillating signal. Release the load 
switch. Pin 1 should stop oscillating in approximately 
10.4 msec (the time needed to send 50 bits). If a dig- 
ital event counter is available, measure pin 5 of the 
393. It should be low while the load button is de- 
pressed and count 25 low-to-high transitions when the 
load button is released. Many frequency counters can 
be used as event counters by locking their count gate 
open. 

With the power off, install the remaining four ICs. 
Turn on the power one last time, using the plug on 
the back of the radio if that's your final intention. At 
this point, the data output (pin 9 of the 153) should 
be stable in a TTL high state and a valid 5-byte se- 
quence of data should appear whenever the load 
switch is pressed and released. Connect the ground 
side of the data connection to the left side and the 
data line itself to the center pin of the three-pin con- 
nector on the back of the 757 (J12). Dial a valid 
Amateur band frequency on the thumbwheels and 
press the load button. The radio should switch directly 
to that frequency! 

If the transceiver doesn't switch to the requested 

Table 3. Bit sequences for two  sample frequencies: (A)  
10.000 MHz, and (B) 29.999 MHz. The data sent by the 
TWFS will be interpreted by a normal ASCII computer 
terminal as the characters listed. TenH bit groups must 
be sent with a maximum of 100 msec betwwen them in 
order to be interpreted correctly by the transceiver. 

/A)  10.000 MHz 
bits 1-10: 0 0000 0000 1 cntrl-@ 

11-20: 0 0000 0000 1 cntrl-@ 
21-30: 0 0000 0000 1 cntrl-@ 
31-40: 0 1000 0000 1 cntrl-A 
41-50: 0 0101 0000 1 line feed 

(81 29.999 MHz 
t i t s  1-10: 0 0000 1001 1 cntrlLP ( 8  bit set) 

11-20: 0 1001 1001 1 cntrl-Y (8  bit set) 
21-30: 0 1001 1001 1 cntrl-Y (8 bit set) 
31-40: 0 0100 0000 1 cntrl-B 
41-50: 0 0101 0000 1 line feed 

frequency after you release the load button, most likely 
one of the data lines into the 150 multiplexers has been 
wired incorrectly. If, after careful checking, everything 
looks correct, the following procedure may reveal the 
problem. Disconnect pin 3 of the 555 from its IC socket 
(bend it out horizontally) and plug a slowly oscillating 
TTL signal (about 4 Hz) or a low-pulse generator into 
pin 3 of the socket. Press and release the load switch. 
A TTL high level should be available as output data. 
Every four oscillations of the signal generator should 
cause pin 5 of the 393 to change and the data line to 
the radio should update. Set the frequency to 100000 
and confirm the bit sequence shown in table 3(A). 
A frequency of 299999 should provide the bit sequence 
shown in table 3(B). 

conclusion 
This should be a fairly simple project for anyone who 

has worked - even just a little - with digital logic 
circuits. The idea of simply multiplexing hard-wired 
data sequentially out a data line is about as simple a 
cornmunication scheme as possible. I hope others will 
expand this concept to enable a computer to provide 
data to the radio. I know useful commercial programs 
are available, but designs that add greatly to operat- 
ing convenience don't need to be difficult to do 
yourself! 

Ironically, although I've had fun designing the cir- 
cuit and building several copies of it, I no longer have 
a 757 with which to use it. Therefore, I wish to ex- 
press thanks to Gary LaPook, KASUHH, for the use 
of his radio during the design of the project and for 
proofing the first prototype under actual use condi- 
tions. There's a hamfest coming up. I wonder what 
a iaed 757 might cost? 

ham radio 
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ham radio 

a new country for you? 
We were sitting on the beach in 
front of the luxury hotel. As cool trade- 
winds caressed us, we enjoyed a 
second tall, iced glass of Long Island 
lced Tea (113 each vodka, gin, and 
white rum, with a splash of cola for 
color). 

"How about going on a DXpedition 
to a new country?" I asked The Big 
DXer. 

"No way," he replied. "Look at the 
cost of the Bear lsland trip. Activating 
a new country is too expensive these 
days." 

I gestured toward the horizon. 
"There's your new country - only a 
few miles away. You can spend your 
nights right here in this dandy resort, 
living it up, and helicopter over and 
back each day. A 15-minute trip to a 
new country! Think how many hams 
you'd make very happy!" 

The Big DXer stared at the island. 
"It looks easy," he said. "What's the 
trick? Why hasn't it been activated 
before?" 

"Well," I replied, "there's a little 
problem . . . . I I 

The barren island of Kahoolawe lies 
a scant dozen miles south of the island 
of Maui, Hawaii. Uninhabited, it has 
no water or electric power. Jurisdiction 
rests with the United States Navy, 

much as in the case of Midway Island; 
the same reasons that Midway is ac- 
cepted as a separate DX country, then, 
should be applicable to Kahoolawe. 

The "little problem" is that this is- 
land is known as the "bombing island" 
because it's used by the military for 
bombing and assault practice. The 
whole surface of the island, it is said, 
is covered with unexploded ordinance. 
There's a boat dock, however, with an 
area around it that's considered safe 
for occupancy. Armed with a gasoline 
generator, a transceiver, and a port- 
able antenna, DXers could conceivably 
operate from this area -- if they could 
obtain permission to land. 

Squinting at the island, The Big 
DXer admitted, "It would be nice to 
know who in the Navy to approach. 
Maybe a DXpedition to Kahoolawe is 
in the cards after all. I'll have another 
Long lsland lced Tea." 

the 10, 18, and 24-MHz 
bands 

As a result of an ITU conference 
some years ago, Radio Amateurs were 
granted operating privileges in narrow 
bands in the 10, 18 and 24-MHz re- 
gion. Let's look at these bands as they 
appear in the fall of 1987, together with 
some simple antennas that will get you 
on these bands quickly. 

Although the 50 kHz-wide 70-MHz 

band f10.100 to 10.150 MHz) has en- 
joyed a modest amount of CW activ- 
ity over the years, it's still largely 
ignored by most Amateurs. One or 
two loud commercial stations operat- 
ing in this range must be avoided, but 
otherwise the band is good for DX - 
if activity can be found. 

It seems to me that in order to 
awaken general interest in the band, 
a portion of it should be opened to 
sideband operation. I therefore pro- 
pose that the top 25 kHz be opened to 
sideband. Before the band became 
available for general Amateur use, I 
operated sideband on 10.105 MHz 
with an experimental license for several 
months; I can attest to the fact that 
allocating even a small segment of this 
assignment to sideband would be of 
great benefit to  Amateur Radio. How 
about a petition in this regard, ARRL? 

Although available to Amateurs in 
over 40 countries, the 78-MHz band 
(18.068 to 18.168 M W  is barred to 
United States hams because of alleged 
use by the military. But a number of 
operators monitored this frequency 
region for several months during the 
early summer of 1987 - see fig. 1 for 
a summary of the results of their work. 

There's a small amount of overseas 
Amateur CW operation from 18.068 to 
18.075 MHz. Sometimes there's a 
RTTY signal on 18.070. When it's ac- 
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tive, that frequency is avoided. This 
signal isn't on often, however, and 
when it's on, it's usually in "idle" 
mode. The BBC overseas service is 
quite active on 18.08, and there's a 
cluster of RTTY and FAX activity from 
18.088 to 18.093 MHz. 

Two RTTY weather signals are quite 
active near 18.104, with a multiplex 
signal slightly higher than 18.120 MHz. 
Near 18.130 there's a FAX transmis- 
sion with a "piccolo" signal just above 
it. There are CW signals near 18.140 
and 18.150. A t  the top of the range, 
there are several RTTY stations near 
18.165 MHz. 

I t  isn't clear that any or all of these 
stations are United States military. In 
fact, some of the signals sound as if 
they're arriving from overseas. None 
of them are on continuously except for 
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the BBC relay transmission on 18.080 
MHz, which is very active. 

Amateur sideband operation takes 
place around 18.10 MHz. Stations in 
Europe, Africa, South America, and 
Australia have been logged from time 
to time. 

After observing the 18-MHz band 
for over four years, it seems to me that 
the military's need for this span of fre- 
quencies makes for a pretty thin argu- 
ment. I propose that the burden of 
proof of usage be placed on those 
opposing the presence of United 
States Amateurs in this band. Merely 
stating that the band is in use by the 
military, without proof of occupancy, 
should not justify the FCC's withhold- 
ing the band until 1989. 

Australia had several government 
and military assignments in this fre- 
quency range. When they opened the 
band to VK hams, they merely identi- 
fied certain small spots as "off limits" 
to Amateur operation. Our govern- 
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antenna cut to the dimensions shown 
in fig. 2. Even if you can't transmit on 
these bands, I urge you to listen, just 
to get the "feel" of propagation in 
these interesting portions of the radio 
spectrum. 

WOSVM's mini-dipole 
Amateurs have used miniature an- 

tennas on 40 meters for years. The 
smallest antenna that comes to mind 
is the loaded 40-meter mobile whip. 
Some hams who've placed two of 
them back-to-back to form a compact 
dipole (about 16 feet long) have found 
that the mini-antenna works quite well 
if it's mounted up in the air. 

Even so, the 16-foot antenna is still 
too big for some hams who are un- 
lucky enough to be handicapped by 
location. How about an indoor 40- 
meter antenna? 

Jack Sobel wrestled with this idea 
for some time and finally came up with 
the antenna shown in fig. 3. He decid- 

fig. 1. Spread of non-Amateur signals in 
the 18.068- to 18.168-MHz range. 
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fig. 2. A "quickie" dipole for 10, 18, or 24 MHz. Feedfine is wound into choke at point 
it attaches to antenna. Waterproof coax end at antenna. 
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ment could do the same thing if it 
wanted to! 

The 24-MHz band 124.89 to 24.99 
MHz) is in good use and, as the sun- 
spot cycle rises, will quickly become 
one of the better DX bands. Overseas 
DX signals pound in, even from sta- 
tions running low power. Make sure 
you operate this band during the fall 
and winter DX season! 

You can get on the 10, 18, and 
24-MHz bands quickly with a dipole 

ed to use a long, thin radiating coil, or 
helix. Many hams frown on the helix 
antenna, but Jack and others have had 
good luck with the configuration. 

Since material was at hand to make 
an antenna about 2 feet long, he 
decided this length would be a good 
place to start. The idea was to wind 
the antenna into a helix, or coil, and 
then place a matching coil at the 
center. Because the radiation resis- 
tance of the helix was bound to be 
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very low, Jack chose a tapped match- 
ing coil technique to approximate a 
match to a 50-ohm line. And since 
antenna Q would be very high, he 
decided to use a Transmatch at the 
station end of the transmission line. 

construction details 
The antenna can be wound on a 

cardboard mailing tube. Coils L1 and 
L2 are 10 inches long and wound at six 
turns per inch (60 turns per coil of No. 
12 AWG insulated wire). Coil L3 is 5 
inches long and wound at six turns per 
inch (30 turns) of No. 12 tinned wire. 
Coil L3 is wound in the direction oppo- 
site to the direction in which coils L l  
and L2 are wound. The braid of the 
coax line is attached to the center 
point of L3, and the center conductor 
is tapped out until a match is found to 
provide the lowest value of SWR at 
the resonant frequency of the antenna. 
Resonance is established with the aid 
of a dip meter before the antenna is 
attached. The tap point is about 213 
the distance from the center to one 
end of L3. (The exact point depends 
upon the coupling between the an- 
tenna and nearby objects and the ex- 
act spacing of the windings.) 

The antenna is fed with an electri- 
cal half-wavelength of RG-58lU coax. 
The line can be coiled up if it's too long 
to fit the available space. 

The passband of the antenna is 
quite sharp, and if operation across the 
40-meter band is desired, a i rans- 
match is necessary at the transmitter 
end of the line. 

The antenna should be sprayed with 
a transparent polyurethane material or 
"corona dope" (a cellulosic resin such 
as General Cement's No. 10-4702). So 
far, the antenna has been run only at 
low power levels; since there may be 
danger of corona discharge at the 
outer ends of the windings, it's best to 
use the spray coating to help prevent 
this. 

The antenna should be mounted as 
high in the air as possible and placed 
in a position where it can't be touched. 
There's very high rf potential at the 
ends of the little antenna, and an un- 
suspecting person could get a nasty rf 
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fig. 3. The mini-antenna of WOSVM. Adjust coax tap for best SWR at resonance. 
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fig. 4. Communications network speaker system. 

burn during transmitter operation. 
If more space is available, two mail- 

ing tubes can be epoxied together and 
the turns-per-inch increased so that 
the antenna covers more length along 
the longer tube. The winding will have 
to be readjusted to frequency with a 
dip meter if this change is made. 

So far, Jack's contacts have been 
limited to a few hundred miles on 40 
meters. He says it isn't as good as a 
full-size dipole, but it's small and can 
be used in an apartment. 

a communications speaker 
system 

Tired of listening to that annoying 
high-frequency "monkey chatter" that 

seems to sneak through the receiver 
filter system? It can be extremely tiring, 
especially in a DX contest. The VK 
boys seem to have a handle on that 
problem. Rodney Champness, VK3UG, 
writing in the March, 1987, issue of 
Amateur Radio, the publication of the 
Wireless Institute of Australia, shows 
a simple audio filter that can be placed 
in the speaker line (fig. 4) to  substan- 
tially reduce frequencies above 2500 
Hz. A switch on the filter allows nor- 
mal wideband reception to be retained. 

The I -mH inductor should be able 
to carry the audio current in the speak- 
er circuit (something less than 1 
ampere). 

ham radio 
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Because you never know 
who's listeninga 

Why just dream of talking 
beyond earth:' 

Wit,h Ydesu's new FT-736R 
VHFIUHF base station, you 
can discover some of the best, 
DX happening in ham radio. 
Via moonbounce. Pope. Aurora. 
Mct,eor scat,t,er. Or ~at'ellit~es. 

You see, the FT-736R is the 
most complet.e, feature-packed 
rg ever designed for the serious 
b'HFI IJHF operator. Hut you'd 
expect t,his of t,he successor tn 
our legenday FT-72BR. 

For start,ers, the FT-736R 
comes factory-equipped for 
SSB, CW and FM operation on 
2 meters and 70 cm (430-4.50 
MHz!), wit,h two additional slots 
for optional 50-MHz, 220-MHz, 
or 1.2-GHz modules. 

Crosshand full duplex capa- 
bility is biiilt. into ei7ey1 FT-736R 
for satellit,e work. And t,he sat.el- 

Iito t.rxc2lii~ig f'unc.1 io11 (non11~11 
ar2Cl rev(?rs(! modes) keeps you 
on target t h r o w  a transponder. 

The FT-7:3(iR delivers 25 
wat,ts RF o ~ ~ t ~ p u t  on 2 meters, 
220 MHz, and 70 cm. And 10 
watts on Ci meters and 1.2 GHz. 
Store frquency, mode, PL 
frequency, and repeater shift 
in each oft he 100 memories. 

For serjorls VHFIUHF work, 
use t,he RF speech processor. 
IF shift. IF notch filt'er. CW and 
FM widelnarrow IF filt,ers. 
VOX. Noise blanker. Three- 
position AGC selection. Preamp 
switch for act,ivat,ing your 

tower-mount preamplifier. Even 
an offset display for measuring 
ohsenred Doppler shift on 
DX links. 

And to custom design your 
FT-73BR station, choosc from 
these popular optional accesso- 
ries: Iambic keym module. 
FTS-8 CTCSS encodekdecode 
unit. FTVS-1 voice synthesizer. 
FMP-1 AQS digital message 
display unit. 1.2-GHz An'mod- 
ule. MD-BH desk microphone. 
E-73fi DC cable. And CAT 
(Computer Aitit4 Transceiver) 
system software. 

Discovcr the FT-736R at 
your Yaesu dealer today But 
first make plenh of mom for 
exotic QSL cards. Because 
you nullr.r know who's listening. 

YAESU 

-r - %s~L&AfiZN E U W ~ ~ S  R ~ B ~ ; ~ P ~ ~ ~ O S . , C A D O ' ~ O ~  (219) 404-2700 Repair %wire: (218) 404 4884 Part.. . (213) 104 8 4 7  
Clochati Sedce ( 0 (;ol(! Pdrk 1)r1\ t,, tl; I 15011 (513) $74 '310 
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We Serve Hams B e t t e r 4  
With DISCOUNT Prices 

w ~ t h  Antenna Tuner 
Order Hours M-F 9- 7 

E G C  NEW ENGLAND 
' i i  Sltlec Ro,rd 
i \aleni New Hamprhlre 0307? 
New Hampshire Orders. 
111111 8. Sf'rv11.e lh03l 898-3750 H F  Tr,~nsc.lvrr w ~ t h  
'.tore Hotlrs MTuWF 10- 5 

' Th 10-R General Coveraqe Receiver 

Sal 10-4 
I '  'Order h we 11 rredll you $1 lor Ine call 

: acornbe. Loulsrana 70445 
n l o  8 Servtce 15041 882-5355 

1 Terms : : , r r \ , r  i , , ' c c k ~  asrepled 
I Cvct r ,  ,,. I: ,nri,ii>i. <ntmsnq U P S  

, ' flil If", 1.' 3'1 0l.r P ~ ~ C T O P  Rrcer are 
, . ,,nIP(t 10 ( hanq~ wnrnour n o n w  01 

.-u,riaarmn Aurnorrreo rsrurns are sub. 
~ r r  m ., rs<; rerrocxmq anti hmdbnq General C o v e r ~ u e  Rece~ver 
'CP 2nd Credcl w ~ l l  De rrrupd lor use on 
8 our nee1 purmase fGF s u w l r  1h.e 
~ ~ , a n ! , l ~ ~ I u ~ ~ r s  warranlres 10 OF1 a 
s mv of a warranry prnor lo oorrnapp. 

FT 757GX Mark II 
HF Transceiver w ~ l h  

General Coveraqe Receiver 

lor Zm! 220  M H z 1 4 4 0  MHz 

I :L I \~ I  1,111 Rutlernul. KLM.  
Mosey.  Hy-Gain. M I ~ I  

S p e c ~ a l ~ s l s .  Centurion. Smtley 

and Handhelds 

wlre,  antennas, rotators, etc. 

Also. . . 
Antennas lor Scanners. CBs. 

Marrne. Commercial. a n d  
Snor l  Wave L~s ten lng  

I ' ---- _ . . - --_- - 
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Torold Corns. 
lron Powder 
6 Fenlte. 
Ferrlte Beads. 
Ferrlte Rods. 

Free catalog and wlnding chart on request. 

COMMUNICATIONS RECEIVERS 

T H E  VACUUM T U B E  ERA:  
50 GLOROUS Y E A R S  

1932-1981 

Book covers industry t ~ i s t o r ' v  
Spc?r:s on 7 0 0  receivers 
51 cumpany histories 
112 photos 
F u r  collectors, c o n r i o i s ! ; e u r s  
and admirers o f  r e c c ! i v e r s  

$14.95 plus 57 P/S, SASt fol' 
details. 
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RSM C o m m u n i r : a t i o r l s  

U o x  718-H. Norwood. MA U7067 

This publication is 
available in microform 

from University 

! Plnnre rend t n l o r m ~ l ~ o n  ~hou l  Ihase llllse: 

- . . . - - - 

- 

Nemc -PA - 
<:~,mpanv~lnslitutlnn 
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I : I I v -  - - 
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Phone 1- -1 - 
Cull IOU-frm B(Xl.521-3044 In Mnch~yan. 
,&lorLi, ~nncl l l i lv~n ~"ll ~.nUtrl 31:J-761.47W 0 1  
mnti Inqetrr. 11, I:nlvt,rs!l\ \tirn,l!lms Inl8?rnnllunal. 
1,XI North & ~ : b  Ronrl. Ann Artmr. kt1 481116 

Now that 
you can speak, 
talk to Larsen. 
Novice Enhancement opens up a 

whole new way for novices to com- 
municate. To make the most ofit, talk 
to Larsen Electronics. 

We'll tell you how Larsen antennas 
can greatly improve your powers of 
communication. We'll also explain 
how Larsen 220 and 1296 MHz 
antennas are designed to give you 
the best performance. 

Talk to your Larsen amateur dealer 
today, and see if Larsen performance 
doesn't speak for itself. 1) rl 

The Amateur's Professional" 
Seepur I .~v<,r~te a l l i d l cu t  d c a l c r  or w r l r r  101 <I I r c c  . Ima t ru r  catalog 
IN USA: Lanen Electronics. Inc.. 11611 N.E. 5Mh Ave.. PO. Box 1799. Vancouver. WA 98668.206-573-2722 
IN CANADA: Canadian Larsen Eledronlcs. L td .  149 West 6th Avenue, Vancouver. B C. V5Y 1K3 604-872-8517 

lron Powder and Ferrite 

TOROIDAL CORES 
Shielding Beads, Shielded Coil Forms 
Ferrite Rods. Pot Cores, Baluns, Etc. A 

Small Orders Welcome 
Free 'Tech-Data' Flyer 

AM'D?,N& since 1963 

1 12033 Otsego Street, North Hollywood, Calif. 91607 ( 
ln  Germany Elerlrnn~kiaoen Wllhelm - Mell~er Slr 88 4930 Delmolo 18 Wesl Germany 
~n JaDan Tayomura itectron+cs Comoany LIO 7 9 2 Cnome Sola randa Cnty0Oa.K~ Tokyo Japan -.- 
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No other repeaters or controllers match 
Create messages just by talking. Speak any phrases or 

Mark 4 in  capability and features. That's words in any languages Or dialect and your Own voice 
whv Mark 4 is the ~erformance leader at is stored instantly in solid-state memory. Perfect for 

~ - 

amateur and ~ ~ ~ ~ e ~ c ~ ~ l  repeater sites emergency warnings, club news bulletins, and DX 
around the world. Only Mark 4 gives you 
Message Masterru 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 receiver winners. 

MICRO CONTROL SPECIALTI 
TELEX 4932256 Kendecom 

Division of Kendecom Inc. A 
23 Elm Park, Groveland. MA 01834 (617) 372-3442 FAX 61 7-373-7304 1 

BLACK DACRON@ POLYE!TER 
ANTENNA ROPE 

UV-PROTECTED 
HIGH ABRASION RESISTANCE 
REQUIRES NO EXPENSIVE POTTING HEADS 
EASY TO TIE 8 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 

Dealer ltiqutrtes lnvtled 
In Auslral~a contact 

ATN Antennas B ~ c h ~ p .  V~clorta 
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Conlacl us for all 01 your amaleur radm 
neeas FEATURING- 

ICOM. AEA. LARSEN. VAN GORDEN. 
VIBROPLEX, NYE.VIKING. FALCON 
COMM. LEADING EDGE. ARRL PUBLI. 
CATIONS. KAGLO. HAMTRONICS. 

C 0 M M U N 1 CAT 1 0 N S PROWRITER. ELEPHANT DISKS, 
DEECO. TRIONYX 

I 

915 North Main Street w - k w , ~  -hef 

Jamestown, New York - 14701 pH. (716)664-6345 

NO RADIALS! 
NO RESISTORS! 

t' NO COMPROMISE! 
THREE EXCELLENT REVIEWS IUST 

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

'\,.tVI4,,,,,,, I f , ,  1, t - (  l ~ t t : . l  

! - I !  '\I.,,, I, - d  I'ItII, 

N E W  LOCATION! 
HlLAL C O M P A N Y  

@ 1117 Manchcclcr Dr. 
Floriss.int, Colo. 80816 

(30:s) 687-0650 

I Invitation to Authors I 
ham radio welcomes manuscripts 
from readers. If you have an idea for 
an article you'd like to have considered 
for publication, send for a free copy 
of the ham radio Author's Guide. 
Address your request to ham radio, 
Greenville, New Hampshire 03048 
(SASE appreciatedl. 



using voltage 
comparators 
A voltage comparator is basically an 
operational amplifier (or derived from 
the op amp) that has no negative feed- 
back network (see fig. IA). The open- 
loop gain of the op amp is very high 
- on the order of 50,000 at the low 
end to more than 1,000,000 for many 
devices. Thus, with no negative feed- 
back the operational amplifier func- 
tions as a very high-gain amplifier with 
an output that saturates with only a 
few millivolts input potential. For ex- 
ample, with a gain of 100,000, and a 
maximum output potential of 10 volts, 
the amplifier will saturate with only 10 
volts/ 100,000, or 0.1-mV input. 

So what use is an amplifier that sat- 
urates with only a few millivolts of 
input voltage? The comparator is used 
to compare two input voltages and 
generate an output that denotes their 
relationship. In fig. I A ,  potential V1 is 
applied to the inverting input, and V2 
is applied to the noninverting input. If 
V1 = V2, then V, = 0. Otherwise, the 
output voltage obeys the relationships 
shown in fig. 16. The transfer func- 
tion of the comparator is shown in fig. 
16. According to the normal rules 
for operational amplifiers, when V1 is 
larger than V2 (see fig. IA), it looks 
as if a positive input has been applied 
to the inverting input, so the output 
potential saturates at V - . Alternative- 
ly, when V1 is smaller than V2, it looks 
like a negative input potential, so the 
output is V + . 

Typical Amateur examples include 

over- and under-deviation alarms on 
repeater receiver detector outputs, and 
over-temperature alarms for electronic 
equipment. For example, some form 
of alarm is needed at unattended re- 
peater sites. The comparator can be 
used to let the control operator know 
by telephone or radio telemetry link 
that something is amiss. Other appli- 
cations will occur to most readers in 
the light of their own special needs. 

There is a small hysteresis band 
around zero, however, where no out- 
put changes occur. This is an unfor- 
tunate defect in practical op amps, and 
seems to fly in the face of the theory 
when that hysteresis band is larger 
than the potential needed to saturate 
the output terminal. 

Several years ago, while working in 
a hospital electronics lab, I measured 
the hysteresis band on a number of 
operational amplifiers and IC compar- 
ators (LM-311). Not surprisingly, the 
741-family devices had terrible hystere- 
sis levels, on the order of 25 mV. The 
LM-311 devices had 8- to 10-mV hys- 
teresis, which surprised me. Also sur- 
prising was the fact that then-premium 
devices such as the pA-725 had 10 to 
20 mV of hysteresis (I haven't tested 
modern high-performance units). The 
overall best device was a non-premium 
device that is readily available to 
Amateurs and other hobbyists: the 
CA-3140 (a BiMOS operational ampli- 
fier), which uses the industry standard 
"741" pinouts, as shown in fig. 1A. 

The LM-311 device (fig. 2A) is a 
low-cost voltage comparator in 1C 
form. Although based on op amp cir- 

November 1987 49 

0 
t v  
0 

Y J7iv1 'b 

'4 

~ P '  0 

- v  

0 + vo 

d 
a" 

- YIN - 

- 

t HYSTERES 'S  + Y I N  

MlLLlVOL T S  

"0 

fig. 1. IA) Simplified diagram of voltage 
comparator; (B) comparator transfer 
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GAAS-FET PREAMPS 

, - 
0 < .  9 

" ".&" t . - , '@ , 
SPECIFICATIONS 

,\* - .l 

- - MV144SOl 2 Meter GAAS-FET Preamp 
Freq. Rarige 744- 746 MHz 

' - - -  - -- Noise Ftg~rre -- 0.5 dB 

- -  . .- , 
Garti Iititernal adjustable1 15-25 dB 
Max Thrfr Power 1030 watts 
Corirtectors N female 
Max Mast Dia. Mourit 5BMM I2 % "I 

Price S 199.00 

SSB ELECTRONIC, WEST GERMANY M V432SOI 432 MC GAAS-FET Preamp 
Freq. Rar~ge 430-440 MHz 

T i e  SSB Electronics preamplifiers represent a realprogress it1 pre- 
amplifier desigti. Both the MV744S and MV4232S preamlx use 
geriuitie microwave GAAS-FETS. 

The ihput circuit tratisforrnation results in exce~~tionally low noise 
fi<grtres with overallgain of preamps being interrlally adjtrstahle from 
15 to25 dB. The MVl44S and MV432S are built i r i  a solid alumrnun~ 
case wrth stainless steel hardware throughout, with flanges of coax 
corinectors and fastenmg screws coated with silrcorie grease to 
prevent corrosion. A MV7296S modelisalso available. 

The DCW75A sequericer conta~ns an electronically timed controller 
that M a y s  the turii of a power amplifier until thepreamp has turrted 
off. Power for rhe preamps Is supplied automatically thnr the coax 
cable. The sequencer is switched thru the push to talk line of the TIR, 
wrth addir~onnl relay outputs. 

Noise Frq~ire 0 7dB 
Gatti Irnterrialadlustahlel 75-25 dB 
Max Thrfr Power 500 watts 
Connectors N female 
Max Mast Dra Moutit 58MM I2 % "I 

Prrce $799 00 

DCW15A Sequencer Controller 
Max Thru Power 2M- 10% watts 

4 3 2 - m  watts 
23 CM.200 watts 

ltisertiori Loss Less than 0. IOB 
Operattrig Voltage 13.8 VDC @ 400 M A  

laiterrial fuse1 
Price $79. 00 
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fig. 2A. LM-311 voltage comparator. 

fig. 2B. Zeners improve transfer charac- 
teristic and speed, and limit output vol- 
tage of the comparator. 

cuitry, this device is specifically 
designed as a comparator. Contrary to 
op amp practice, it has a ground ter- 
minal (pin 1) and requires an output 
pull-up resistor (R) to a positive vol- 
tage. The output terminal can drive 
loads such as relay coils, lamps, and 
LEDs to potentials of 40 to 50 volts (de- 
pending upon the type of device) and 
50 mA. If the LM-311 is operated for 
compatibility with TTL digital logic, the 
pull-up resistor should be terminated 
at a + 5 VDC potential, and R should 
be 1 to 3.3 k .  

A means for limiting the output level, 
improving the sharpness of the trans- 
fer function corners (see fig. 161, and 
improving speed by reducing latch-up 
problems, is shown in fig. 2B. In this 
circuit, two zener diodes are connect- 
ed back-to-back across the output line. 
When the output voltage is HIGH, it 
is then limited to VZ1 + 0.7 volts; 
when LOW, it is VZ + 0.7 volts. 
These potentials represent the zener 
voltages of CR1 and CR2, plus the nor- 
mal forward-bias voltage drop of the 
alternate diode. 

Figure 3 shows a means for increas- 

ing the drive capacity of the compar- 
ator. In this circuit a switching 
transistor (a 2N3704, 2N2222, etc.) is 
used to control a larger load such as 
the relay coil shown here. The output 
voltage (V,of the comparator )is used 
to set up the bias for the NPN transis- 
tor. When the comparator output is 
HIGH, the transistor is biased hard-on 
and the load is grounded. Alternative- 
ly, when the comparator output is 
LOW, the transistor is reverse biased 
and the load remains ungrounded. 

The diode across the relay coil is 
essential for any inductive load. When 
the magnetic field surrounding a coil 
collapses the counter EMF generates 
a high-voltage spike that is capable of 
damaging components or interrupting 
circuit operation (especially digital cir- 
cuits). Though the diode is normally 

t i' 
Li 

fig. 3. Addition of switching transis- 
tor allows higher current loads to be 
controlled. 
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fig. 4. Two methods of reducing the hys- 
teresis band effect: zero offset control 
and current mode operation. 

reverse biased, it is forward biased for 
the counter EMF spike. The diode 
therefore clamps the spike to about 
0.7 volts. 

Figure 4 shows two methods. One 
is a zero-offset control used to reduce 
the effects of the hysteresis band, 
while the other is the so-called current 
mode. The offset control (R4) slightly 
biases one input to a non-zero level so 
that it's ready to trip when the other 
input is non-zero. In this particular case 
the inverting input is grounded (V2 = 

01, but could as easily be a non-zero 
voltage. 

Current mode operation is usually 
faster and less prone to latch-up than 
voltage mode. For this reason, current 
mode comparators are sometimes 
used in high-speed analog-to-digital 
converters (AID).  Assume that the 
noninverting input is grounded. In this 
case, the output potential V, will 
reflect the relationship of the two cur- 
rents. If II = 12, then V, = 0. This cir- 
cuit is, to the outside observer, a 
voltage comparator in that II = V11R1 
and l2 = V2/R2. Of course, it's also 
useful for current output devices such 
as the LM-334 temperature monitor IC. 

0 

G-- 
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O I.- 
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fig. 6. Window comparator triggers on 
two different reference levels being 
exceeded. 

Figure 5 shows a zero-crossing de- 
tector circuit. In this case a compara- 
tor is connected with its noninverting 
input grounded. When Vi, is non-zero, 
then the output will also be non-zero. 
But when the input voltage crosses 
zero, the output briefly goes to zero, 
producing the differential output pulse 
shown. 

A window comparator is shown in 
fig. 6. This circuit consists of two 
comparators connected so that one or 
the other input is activated when the 
input voltage Win) exceeds either posi- 
tive or negative limits. The limits are 
determined by setting V1 or V2 refer- 
ence voltages. An over- and under- 
deviation alarm, as heard on some 
repeaters, is a possible application for 
this circuit. The output of the fm 
demodulator is a voltage that is 
proportional to deviation, so this cir- 
cuit is a natural for that use (although 
the demodulator voltage will probably 
require some amplification). The circuit 
is also used for over- and under-tem- 
perature alarms, and other such appli- 
cations where a range of permissible 
values exists between two forbidden 
regions. 

Figure 7A shows a method for 
biasing either input to a specific refer- 
ence voltage. Although in this case the 
noninverting input is biased and the 
inverting input is active, the roles 
can just as easily be reversed. Two 
methods of biasing are used: resistor 
voltage divider and zener diode. If R2 

is replaced with a zener diode, then the 
reference potential is the zener poten- 
tial. In that case, R1 is the normal 
current-limiting resistor needed to pro- 
tect the zener from self-destruction. In 
the case where a resistor voltage 
divider is used, the bias voltage V1 is 
set by the voltage divider equation: 

R2 (V+) V I  = (11 
Rl + R2 

For example, suppose R1 = R2 = 
10k, and V +  = 12 VDC: 

VI = (IOk) (+ 12 VDC) 
(IOk + IOk) 

V + 

0 

0 

; - R* R2 

fig. 7. (A) Method of biasing comparator 
to a specific reference voltage; (B) over- 
temperature sensing circuit is biased by 
R,/R2 resistor combination. 

Figure 78 shows an over-tempera- 
ture circuit based on fig. 7A. In this 
circuit the inverting input is biased by 
R1/R2, while the noninverting input is 
set by another voltage divider, R4/ 
RT1. Resistance RT1 is a thermistor, 
which has a resistance proportional (or 
inversely proportional in some types) 
to the temperature. Potentiometer R4 
is used to set the trip point tempera- 
ture. The values of the resistors de- 
pend upon the set trip point desired 
and the resistance of the thermistor 
over the range of temperatures being 
monitored. 

an invitation 
I'd like to hear what you think of this 

column. I also welcome your sugges- 
tions for future topics. You can reach 
me at P.O. Box 1099, Falls Church, 
Virginia 22041. 

ham radio 

CONFERENCE 
PROCEEDINGS 

21st Central States VHF Society 
Conference held in Arlington, Texas, 
July 23-26, 1987. 28 papers covering 
everything from use of TVRO dishes 
for moonbounce to a solid state 
amplifier for 5.7 GHz. 166 pages. 

6th ARRL Computer Networking 
Conference held in Redondo Beach, 
California, August 29, 1987. 29 
papers (approximately 150 pages) will 
appear in the proceedings booklet. 
Copies will be available at the 
conference or from ARRL after Sep- 
tember 1. 

MICROWAVE UPDATE 1987 held in 
Estes Park, Colorado, September 10- 
13, 1987. 15 papers (approximately 
100 pages) appear in the proceedings 
booklet. Copies will be available at 
the conference or from ARRL after 
September 14. 

Proceedings booklets are $10.00 each 
plus $2.50 per order for postage and 
handling ($3.50 for UPS.) 
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Now vuu can nava rne DCP I in a radra aara cornrnun~cat~ons rennrnal with the NEW DS-3200. 

Recognl: 

DX static 

-. -- - 

ring thecl . - .. t.ln RS-232C serial port allows the use of the 
compu~er-~aseo rermlnals IS nrl generanon ano sus- vs.szw with an external demodulator such as the HAL 
ceptibility, HAL has designed the fully-shielded DS- ST-5000, ST8000, or STS000. Or, add the HAL PCI-2000 
3200 foroperation in the radio datacommunications en- for a completely self-contained RTWICW terminal and 
vironment. No longerdo you have to QRT when that rare demodulator. Also, with the use of a second RS-232C 

I dips near the nolse level! -3200 can be used with your favorite 

rne o s - 3 ~ ~  IS provided with an extenslve RT 
ware package which emulates the operation ot our 
MPT31001DSK3100 combination for message process. 
ingand handling. Continuous save todisk of all recelved 
text, direct transmlsslon of selected flies from disk, and 
fuiledltingcapabillty arejust afewof thefeaturesof thls 
"user-friendly" software package. Plus, we have 
ed the latest releaseof MS-DOS with GW BASIC 

The DS 

Write or 

serial pa 
TNC on I 

~ r t  the DS, 
'acket! 

The DSJMOwith Its IBM PC XT-stylearchitectureglves 
you virtually unlimited flexlblilty for future expansion. 
Here is a list of just some of its hardware features: 8088 
CPU, 640KB RAM, RS-232C Serial Port, Parallel Printer 
Port, CiockICalendar with Battery Back-Up, Two 360KB 
Floppy Disk Drives OR One 360KB Floppy and One 
20MB Hard Disk Drive, HERCULES-compatible Mono- 
chrome Graphics Adapter wlth High-Resolutlon 12 Inch 
Monochrome Video Monitor. 

i-3200 Is THE choice tor modem radio data communications. 

Ir complete s pecific 

rp. HAL Communications COI 
Government Products Divisi 
Post Office Box 365 
Urbana, lL 61801 
(21 7) 367-7373 TWX 91 0-245-0784 

:ations on the NEW DS-3200. 
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MS.DOS. Mlecwon ~ o r p a n t l ~ ,  
OW BASIC. rmlcmwn Cwpontlon 
HERCULES. Henx~lea CornputerT.chnoiagy 



Cont#nuauslv movlng a r e a s  ol day and nlghl 

GREAT PRICE. CALL change nr you watch 
Handles 10 sq It at 511 rrlrlh Mounlr earlly on a wall Sue 342"xZTh" . PI,.ases nctghl?c#r< ~ 8 t h  

I U ~ U I O ~  s~rcom~tned 10111 51295 DELIVERED IN U.S. 

Handles 18 9q I t  at M mph 
No guylng requured 
Extra-strength Conslructlon - Can add ra#s#nQ and molor 
drive accessor8es -..mwqn.~ 

U.ld la,.ln- Sw. Dual Band 
IN STOCK FOR OUlCK DELIVERY 2ml440 MHz 

220 MHz FM Transceiver. OTHER MODELS AT GREAT PRICES 

ARE YOU READY FOR 
220 MHz OPERATION? 

Model DELTA-4 
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YOU CAN OPERATE SIX BANDS 
WITH ONE CONTROLLER1 

2 MTR 25 45W 440 MHz I l l  MTR. 6 MTR. 
220 MHz 8 1 2 GHz 10 MEMORIES 

I ,  : . , ' -.,, 
ARl:  Y i3d  i ' E / ? , - '  L'R 
7.2 G H z  OPEPATIOAI? 

IC-28A (25wJ IC-28H (45w) 

L O W  PRICE! IC-O3AT IC-3AT 220 MHz 
IC-04AT IC-4AT, 440 MHz 

The Latest I n  

I N  S T C C Y  F O R  
FOPLOW. LOWPRICE IMMEDIATE DELIVERY 

8 ,  I 1  <.! ,,,ii .'I,~:!I.II.',II1I I '  i: ' .  8 , '  I , 1  
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FOR ECAST 
Garth Stonehocker, K0RYW 

winter DX 
With the fall DX season (September 
and October) behind us, the winter DX 
season (November through February) 
is about to begin. Wintertime DX is 
characterized by: 

Better signal strengths on all bands 
most of the time - but especially 
during daytime on the lower frequen- 
cies, particularly in low sunspot years. 

Nighttime DX openings earlier in the 
evening. 

More frequent transequatorial paths, 
with higher MUFs and longer distances. 

Lower incidence of local thunder- 
storm-generated QRN conditions. 

More stable signal strengths and 
fewer geomagnetic field disturbances. 

There are two main reasons for the 
first four characteristics: the tilting of 
the Earth's axis away from the sun, 
which results in shorter, colder days; 
and less ionization in the lower iono- 
sphere, which results in less energy 
absorption as signals travel through 
the D region. 

The amount of absorption per hop 
is related to the zenith angle to the sun 
at the location of each D region cross- 
ing. In working DX, it pays to use a 
higher frequency band to obtain more 
distance per hop (resulting in fewer 
transits) for less total signal loss. This 
is why we generally think of 6, 10, or 
15 meters for DXing. 

But in winter, particularly near sun- 
spot minimum, we have the opportun- 
ity to work DX on the lower frequency 
bands with lower signal loss, day or 
night, than at any other time of the 
year. You can't always count on it, 

however; signals traveling a high lati- 
tude path may be poor for several days 
at a time. This is known as the winter 
anomaly. 

Along with lower signal attenuation, 
QRN decreases as fewer local thunder- 
storms pass through. As the large 
thunderstorm areas near the equator 
move further south, their noise 
decreases by about 6 to 8 dB. This is 
particularly noticeable on the 160, 80, 
and 40-meter bands. 

Even though ion production in the 
D, E, and lower F regions is lower, ions 
are better able to diffuse and drift 
upward along the geomagnetic field 
lines into the F region. This layer is 
the major factor in defining the maxi- 
mum usable frequency and maximum 
on each side of the geomagnetic equa- 
tor, as shown in my October, 1983, 
column. These maximums, which are 
reached most evenings at about 2200 
local time, eliminate one whole earth 
bounce and its accompanying double- 
D region transits for one-long-hop 
propagation. 

The fifth characteristic of winter DX 
conditions - the increased stability of 
signal strengths and the decrease in 
the number and intensity of geomagne- 
tic field disturbances -- is attributable 
to the eccentricity of the Earth's orbit. 
When the Earth is closer to the sun, 
the solar flux pressure on the magne- 
tosphere surrounding the earth tends 
to hold the magnetosphere steadier. 
This means that the geomagnetic field 
is least disturbed during November and 
December. This manifests as least var- 
iation of the magnitude and direction 

of the geomagnetic field lines in an 
hour's time, translating into fewer per- 
iods of OSB during these months. 

last-minute forecast 
The higher-frequency bands are ex- 

pected to be best during the first two 
weeks of the month because of the 
probability of higher solar flux at that 
time. The new Il-year solar cycle is 
also expected to be well underway, 
with higher solar flux from the more 
active regions. More potent geomag- 
netic storms may accompany this in- 
creased activity, but they're not really 
expected during this quiet time of the 
year and at this point in the sunspot 
cycle. The most probable times of the 
month are November 2, 11, and 20. 
The lower bands are expected to be 
best the third week of the month. 
Thanksgiving weekend should be a 
good one for the whole frequency 
range. 

The Taurids meteor showers will 
occur from October 26 to November 
22, with a maximum count of ten per 
hour from the 3rd through the 10th of 
November. Lunar perigee is on the 5th. 

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

day-only DX bands, are nearest the 
MUF for southern hemisphere paths. 
They will be open most days when the 
solar flux is above 75 during the 3- to 
5-hour period centered on local noon. 
These bands open on paths toward the 
east and close toward the west. The 
paths are up to 4000 km (2400 miles) 
in single-hop length, and on occasion 
double that during evening transe- 
quatorial openings. 

Fifteen meters, a day-only DX band 
open most of each day, has lower 
signal strengths and greater multipath 
variability than 10 and 12 meters. It will 
be best when the MUF is resting just 
above this band, until i t drops below 
it - a transition period that occurs 
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The ~tal~clzed numbers stgntfy the bands lo  try durlng the trarrsotoon and early mrna,g hours, whole the standard type provides MUF dur~ng "normal" hours 

'Look at next higher band for poss~ble openings. 
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11% jumpers and a modem dtsconnecl 8nstalled We use 
only premium components llke GOLD dual b a r n  IC 
SOckelS and a batlery sockel You'll be assured lhat 
our Ou.ll1y. Rellablllly. Slyle 1s llke no olher 

'Standard R S 2 3 2  compuler interlace 
'12W baud FSK modem wllnpul llller 
'TAPR doc~menla l~on . EASY hookup 
'12 vdc powered. CMOS avatlable - - - - - The WORLDWIDE SImndmrd - - - - - 

*ASSEMBLED . . . . . . . . . . . . . . . . .  169" 
Includes the lollowlnp EXTRAS 
48 hour burn-8n. I ear "replacement" uafantee 
FREE SHIPPING (3bS BROWN lo 48 U!A States) 

. . .  135" 
. . . . . . . . . . . . . . .  Bare Board and ~ a n u e l s  38" 

OPTIONS . 32 K RAM add . . . . . . . . . . . . .  8" 
llncludes version 1 1 4 soltwarQ 
-ALLCMOSadd . . . . . . . . . . . . . . . . . . . . . . . . . . .  0" 

DON'T FORGET. WE ALSO SUPPLY: 
' IBM PC.XTr CLONES FROM . . . .  579- 

lR.qulres Only a monlta mnd e o l k n n l  

California Packer Concepts 
P 0. Box 952 

Coalinga, CA 93210-1247 
209-935-3846 

Call M.F 5 m to 10Dm PST lCollect 101 ordersl 
Telex 6563&318  ("la Weslern Unlon Inlerfacel 

Cal8lornta addresses must aad 6% 
In\! 13 a tegbslercd trademark 01 

Inrcrnnlr~~nal I l c r ~ r r t ~ ~ ~  \ l a c h $ n e  
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TRANSMISSION LINE TRANSFORMERS 
A new ARRL Publication by Dr. Jerry Sevick, W2FMI 

NOW AVAILABLE! 
Despite the popularity of transmission line transformers in 

both commercial and amateur applications, little practical 
design information has been published concerning these 
devices. The lack of data was made abundantly clear to Jerry 
Sevick, W2FMI when he began designing matching trans- 
formers for the short vertical antennas that are the subject of 
his classic series of articles that appeared in OST. In order to 
fill in the gaps of available knowledge, Jerry decided to study 
the subject of transmission line transformers in depth and the 
results of his findings are contained in this new ARRL 
publication! 

Transmission Line Transformers covers types of windings, 
core materials, fractional-ratio windings, efficiencies, multi- 
winding and series transformers, baluns, and limitations at 
high impedance levels. There is also a chapter on practical 
test equipment. This book is must reading for everyone 
interested in antenna and transmission line theory. Copyright 
1987, 128 pages $1 0 hardcover only. 
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"The RC-850 Repeater 
Controller 

... still the leader of the pack!" 
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cvrn 11rrtl ;I phonr l inc ;it your sitr! Thc 250 oSkr scc.urc acrrss lo  srlc*c.trtl Il~nc.lions to 

coml~lr lc ly prr\rcnt horsrplav. 

(Icc advanced 
computer .l'hr intlust~-\r's lo[)-of-tile-linr c.ontrollcr, now 

controls, inc. 11rttc.r th;~n c\'cr, lor !lour rcl)c;tlc.r. 

2356 Walsh Avenue. S a n l a  Clzlra. CRl~ lor l l la  95051 
(4081 727-3330 



New rigs and old favorites, plus the best essential accessories for the amateur. 

CALL FOR ORDERS ~ , I C O M ~  ~- 
1 (800) 231-3057 
1-713-520-7300 OR 1-713-520-0550 i 
TEXAS ORDERS CALL COLLECT 0 

ALLITEMSARE GUARANTEEDORSALES 
PRICE REFUNDED o 
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ACCESSORIES 
II,%W VI! Wi, l r i l iANTTNNA T l IN lR  89 $15 
11,.,1 1IC 1 111:5 
tI,.,I FiMlU Ilcnrn M8kr~hc;trlsr~l 
118 t i  '1lmOA R ~ r n o l ~  t'llcrnr. 
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ANTENNAS 
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OTHER ANTENNAS 
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AMPHENOL 
tl !lh1' 1'1 :?5~~s,l"c,~~l,, l ,~ 
l l G 1  16 li.11uri.r RG4i  
R1 IJ  Dou1,lr k ~ ~ r n ~ l . ~ l J H F  
R? 61 L1 M.11c 
8: 9 7  N I ~,nlalp B~riklir~.a11 
8: 63 Irllt,i,.F,~,,,;,l'. N 
117 !IH N 111110~. 
tlLa :'(17 l ( l l l6  14 M,tIts CI!>l:l 
21 L'12BNC RG59 
31 Z'lfi UG?O1 Acll N Ms l r  RN(J 
3 1 :' RNC HG58 
:1.40?5 N M,iIc RGSR 
3.11?5 N Frf~ l : l l r?UtIF !!tala? 
2l:'U BNC f ~ ~ ~ ! ~ . ~ I ~ ~  IIL?SrJ 
~ : ~ l l X l  N M;rtr !;O 23'1 
? ~ 0 0  RNC SO .?3'1 

TUBES 
ClilIr;,, R Drab. Rc~, la i l~mc~$~ l  18,lr~.. 
C,I 111.16R 

PACKET POWER 
AI A r ' h  :'i: .:.II, i,,.v; wx  AX ?!ICI on 
h,tlllllliil, ,. XI1- 11 l i l * )  no 
M I  J I:'?,, 1 1:) UII 
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right after sunrise and just before sun- 
set. Transequatorial openings will 
occur, with distances similar to 10 and 
12 meters. 

Twenty, thirty, and forty meters are 
both daytime and nighttime DX bands. 
Twenty is the maximum usable band 
for DX in the northern directions dur- 
ing the day. In combination with 30 
meters, it provides nighttime paths for 
the day-only bands. Forty meters be- 
comes the main over-the-pole DX day- 
time band, with some hours covered 
by 30 meters. This path may be affect- 
ed by anomalous absorption during a 
few days of the month. 

Eighty and one-sixty meters, the 
night-only DX bands, exhibit short-skip 
propagation during daylight hours, 
then lengthen at dusk. These bands 
follow the darkness path, opening to 
the east just before local sunset. 
swinging more to the norh-south near 
midnight, and ending up in the Pacific 
areas for a few hours before dawn. 
Remember the DX windows of 3790 
to 3800, 1825 to 1830, and 1850 to 
1855 kHz. 

ham radio 

THE 1988 

AWRL " I 
I HANDBOOK I 

NEW 
EDITION 

The 1988 ARRL Handbook For 
The Radio Amateur carries on the 
tradition of the previous editions 
by presenting 1200 pages of com- 
prehensive information for the 
radio amateur, engineer, tech- 
nician and student. Clothbound 
only. $21 in the U.S.. 523 in Canada 
and elsewhere. 
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Rill hrval .  KSllGM (#IN- 
i, ing. T w o ,  nurttrrl VlTF 

hiutnry nn .lune 14. 1WUS 
lw meking the nml ever 
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tact rltnrir~g the .June VHF 
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Boomer XL is "the antenna for ing the nywent technology 

2 meter D X .  More than 3 
t , r  llem Hadin. W r  r,fFcr 
mcm reoultw t o  make ywlr 

years of design. antenna range hc,~d,y mctn. f i n  
tests, and on-the-air contesting 
have been combined to produce 
the 4218XL's higher gain and 
cleaner pattern. This antenna SPECIFICATIONS 
is designed to survive. It frequency range 144-145 MHz. 
features step tapered boom. 1 8  elements, boomlength 28.8 ft., 
tubular support braces and all typical SWR 1.2:l. 500 T-match. 
stainless steel hardware. The beamwidth 2 x 13". 
new 4218XL is the only 60 dB side lobe attenuation. 
a ~ i t h  this great turn radius 16.7 ft. 
c ion of features to windload 3.5 ft.2. I 

n r 2 meter activity Excellent gain. FIE - w 
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New PK-232 Breakthrough 

Six Digital Modes - Including Weather FAX 

Your home computer (or even a simple terminal) 
can be used for radio data communication in six 
different modes. Any RS-232 compatible com- 
puter or terminal can be connected directly to the 
PK-232, which interfaces with your transceiver. 
The only program needed is a simple terminal pro- 
gram, like those used with telephone modems, 
allowing the computer to be used as a data ter- 
minal. All signal processing, protocol, and 
decoding software is in ROM in the PK-232. 

The PK-232 also includes a no compromise 
VHFlHFlCW modem with an eight pole bandpass 
filter, four pole discriminator, and 5 pole post 
detection low pass filter. Experienced HF 
Packeteers are reporting the PK-232 to have the 
best Packet modem available. 

Operation of the PK-232 is a breeze, with 
twenty-one front panel indicators for constant 

status and mode indication. The 240 page manual 
includes a "quick start" section for easy connec- 
tion and complete documentation including 
schematics. Two identical back panel radio ports 
mean either your VHF or HF radio can be selected 
with a front panel switch. Other back panel con- 
nections include external modem disconnect, 
FSK and Scope Outputs, CW keying iacks, and 
RS-232 terminal interface. 

The RS-232 connector is also used for attaching 
any Epson graphics compatible parallel printer for 
printing Weather Fax. Weather maps and satellite 
photos, like the one in this ad, can be printed in 
your shack. 

Contact your local AEA dealer today for more 
information about the one unit that gives you six 
modes for one low price, the PK-232. 

Brings you the Breakthrough 
2006-196th St. SW 
Lynnwood. WA 98036 
(206) 775-7373 



WELCOME-- 

NEW ENGLAND'S FACFIY)RY- 
AUTHORIZED SALES & SERVICE 

FOR 

KENWOD mIIcoMI 
Al.vo c/i.sp/c~yit~,r: /he, poj~rcltrr trc~c.c~.s.soric~.\ t~c~c.clc,tl lo c~ot~rl~lalc. tr HAM STATION . . . 

ARRL P U R L K A T I O N S  AEA PRODUCTS A M P H E N O L  
A L P H A  DELTA ASTRON AUSTIN ANTENNAS AVANT1 

BE;LI)EN BENCHER R & W D A I W A  AI.INCO 
HUST1,ER K L M  LARSEN M I R A G E  R O H N  

TI<I.t;X/HY-GAIN T O K Y O  HY-POWI':R I.ARS 

KENWOOD & TWAC KKYERS VIRROPI.EX WEI,% KTC. r, 161 

I ICOM I OPEN SIX DAYS A WEEK 

MICRO.13 23n41144 XVRTH O SVl i;,tAslel Z1?9 
M1CRD.X 103681144 Xvrlr 0 IW I;.,Ailel 55'4 
OX serir> low ~ U I V  GaA\lrl s!ramus ComS12Y 

SerlEC r l  CIIVI IS Gl/3\fl'l llbM fr0" St19 

TR~WJVLRTERSUWUM~ED 
1220128 220 MHz Xvrlt 780, M IF. 20 W St20 
1144128 144 ~ h z  Xvrtr 28 or MIF. 25 W 1199 
PA33700 902 MHz 2 lube PA. 2 W  + $499 
PA23llrO 129621ukPA. I N +  W 
PA1325 2304 Ilube PA. 25 + W 
HF400 Htqh power relay 7Kw nt 144MHz $129 
RK5W Medlum Wwer relay IKW a1 144 MHz S 69 

Faclory Authorized Dealer l o r  SS8 Electronics 
lor  Nonh America 

TRlNSWERTfflS UNLIMITZO TRINSWRTERS UNUMITIO 
BOX 6786 STATION A 
TOROhTO ONIAHIO P 0 BOX 178 
CANAltA MSW 1P3 NI W HOSTON, NH COO70 

GIVE YOUR EARS A BREAK! 
,c.UlAS 

spE~ \~L !  

AUTO-KALL 
AK-10 
s79.95 

" O K , ,  . 2 4 ,  um r .  ., .,Inom.* I l ,o - l r%omr, l *md 
(P,.r. ,.I. unri.. \*I iirsi I t # . , *  ... .r< ".** err *,,v,c.r..lr*mrn., 
I . ~ r m . ~ ~ , w n o n ~ , r u r  jr $ lair* r o + i m  lnr, nrrmmr 
, .WIN I., , d n n , n > " r , o . . r r  . r r  .*C*,"* .8llnr!,rn R,,l ~'."rnrr.,"!\ 
lo  ,*am IN, I , ,  ,.mr% I*" m nalr nrm< r r ,  ..lion "l 

m p v ,  nc!, nr 
&.uwuarmrarar tn ,,v ,our emnrca i ~ , n m n s  r,!n rnril ,wnr 

<*>,incr l o , u n L . \ , o , o l d n  . s p l . r I r r l > l i , l a m * ! < r * ~ l , t r ~ ~ ~ * 1 1  ilrnl0Vrnd 

V..*r .m i t 0  nn I,, r, "0 ,  .nu. , c , m r , u  ,,l,.,, 8 ",,,..we ..dl 9, lt" It* 

01 . d I 5  bDC CMOS <*I I,r.l eorlm I ~ X  ur- r.,.,vn, ,wrlm*,  Rum83 ,,, 
m.., t.,nn,, 3w*r* ,r , 48%. 0,  ,,., MO . " I d  ..,. mu., W.l" ! . . 1 . 5 
,wrn  . Onilbsrmt 16d.v.l. 

Molron Eleclronlcs AUTO-KALL AK- I0  
695 W 2151 
Eugene OR 97405 
503.611.2111 IOj 1 I7 rrc p o w t   YO^ mnt 
' i  ,,. i.,,. < ,  4*1U.."I I , & '  M I 0  P,,C" core I"tlYH( 

THE MULTIPLE RECEIVER SOLUTION 

4 Channel Signal-to-Noise Voter . €rpand.llli~ li, I;'l:l~.~ h ~ l l l  l ly hi. 1 A111111111 (:.,fa5 . C~lltllll l l l l l~. V,lllllli . 
LFll lndtcalot\ 01 COR and Vale4 Slgaal5 
8utll IN> C:+I#h~alo~ - R~rnntP V<~trcl ll1d511111< Psrt1114 lltol 
4,. 1600t~hlp S~cle<lGnld Plalrn .I4 Pfn Cnld 
Remote n~\abl!. li>nt#li 
MIIHL 

B u ~ l t ,  tested and callbraled w~th  manual 
$350.00 

Telephone ttilurtace now ava~lable 
Fol mure ~n lo r rna l~on  call or wrlte 

HALL ELECTRONICS 
Voter  D e p a r t n ~ e n l  

815 E. Hudson Street  
Colutnbus. Ohlo 4321 1 

(614) 261-8871 

'/ 164 
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EASY DOES IT! 
At last, a Circuit Analysis System that you cannot afford 
to be without - at a price you can afford ... 

from Western Systems Corporation. 

- EASY gives you the power to quickly explore new electronic designs on 
your personal computer with state-of-the-art software. 

W Pull down Menus 
W Full interactive graphic editing 
W Linear and non-linear circuit elements 

tt' 
W Graphic and tabular display of results 
W Frequency and Time Domain Analysis 
W Data Sheet Capture, 

... and much, much more! 

EASY is remarkably simple to use. 
W Analyze complex or simple circuits 
W Allows up to 100 nodes and 400 components 

EASY ... the affordable ELECTRONIC ANALYSIS SYSTEM. Order TODAY from 
Introductory price $8 95 Western Systems Corp. 

6536 Simms Street 
Arvada, Colorado 80004 
(303) 422-6002 

VISA & MASTERCARd accepted. 
Colorado residents add 3% tax. 

Available for the IBM PC, XT,AT and full compatibles. EASY requires a minimum 
H 167 of 256 k-bytes of memory and a CGA or EGA graphics env~ronment. 



an rf voltmeter 
Don't let its 

apparent simplicity 
fool you 

- this instrument 
has many uses 

Many o f  us w h o  experiment with circuits need to 
measure the level of signal sources such as oscillators, 
amplifiers and multipliers in transmitters, and local 
oscillator systems in receivers. The voltmeter design 
described in this article came about when I wanted 
to  measure the voltage reflection coefficient of an- 
tenna systems using a return loss bridge at low levels 
so as not t o  interfere with other band users. 

The common method of measuring signal levels is 
through the use of a simple diode detector. In its basic 
form, however, it has a number of shortcomings, 
some of which can be easily overcome. 

voltmeter requirements 
This voltmeter covers a range from less than 70 mil- 

livolts to  greater than 3 volts rms (equivalent to - 10 
to +23 dBm in a 50-ohm system), covers a frequency 
range from 10 kHz to  150 MHz, and provides readings 
accurate to within -12 dB without calibration - i.e., 
as built and tested. Its input impedance is set by the 
input resistor; a value of 50 ohms was used in the 
models shown. Its output is linear; if an analog meter 
is used, no special marking of the meter scale is neces- 
sary. An external general-purpose meter can also be 
used. The meter draws less than 15 mA from a pair 
of 9-volt transistor batteries. 

diode detectors 
The characteristics of an ideal linear voltage detec- 

tor are illustrated in fig. 1. This mythical device con- 
ducts current in one direction only, with a low and 
constant resistance when forward biased and an in- 
finite resistance in the reverse direction. The constant 
forward resistance is maintained right down to 0 volts, 

fig. 1. Ideal detector characteristics. 

DETECTOR 
CURRENT & 

0 

By Ian Braithwaite, G4COL, 28 Oxford Avenue, 
St. Albans, Herts, AL1 5NS, England 

WIG* REVERSE 
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TELEWAVE ANTENNAS 
CABLES 

BEFORE YOU BUY YOUR NEXT ANTENNA 
.... OR CABLE DIAL : 

THE RF CONNECTION 
"SPECIALIST IN RF CONNECTORS AND COAX" 
Pall NO. Danlpllon mm 
321.llOU.3 BWC 2 PST 28 mll marla1 n lsy .  

h p h n o l  
lnsanlon lorr: 0 lo O75GSClh. 
0 IWB 
Power R I I m l :  0 10 0.50m. 100 
wans cw. 2 kw peak 
Irolallon: 0.1 Gb4Sdb .  0.2 0th. 125 used 
40db 0 4 OH2 35db l a t e 0  

83-82? PI ."14 lellnn Arnpnenol I d 5  
PL 259 ST Ut l I  Male Sliver lcllon USA 1 30 
UG ZIO'U N Ma* I lG 8 213 214 Arnphronl 2 95 
UG718 U N Mnre HG 8 213 214 Kings 3 i s  
9913 PIN N Male Pin lor 9913 9085 8214 

lllr 111;->ID U (I UG.218 U N r I 3 0  
Ut.ZID9913 N Male lor RG-8 wvlh 9913 Pin 3 95 
UG-218 9913 N Male IUI RG-8 wllh 9913 P8n 4 i s  
UG 146 U N Male l o  50-239. Tellon USA 5 00 
UG-83 U iernalr to  S0-739 Tallon US4 5 00 

"THIS LIST REPRESENTS ONLY A 
FRACTION OF OUR HUGE INVENTORY" 

THE R.F. CONNECTION 
213 North Frederick Ave. #11 

Gaithersburg, MD 20877 

(301) 840-5477 
CASH PRICES 

CELIILEX - I  SIR" - 1 114" - 718" - 112 " 
RELDEN RG-213 Rc RG-214 Type 

CONNECTORS VAILARLE 

* ANTENNAS * 
COLLINEAR - YACI - DIPOLE 

We are major suppliers of : Carilies. Duplerers and Antenna Combining Sy~lcms 

TELEWAVE, INC. 
1155 TERRA BELU.  MOUNTAIN VIEW CALIFORNIA910d3 

J 
l t . i t ( l i l U I M .  T W X  RID37PYIS', . FAX P1519681741 ?. 

YN1 CALIFORNIA CALLERS DIAL 1415) 968 4400 -7 

1500 + WATT TRANSMATCH KIT $154.95 OTHER KITS 
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TO METER 
(HIGH lMPED4NCE 
GREATER THAN 

TEST 

0 

VOLTS \ /  . --- TIME 

I \ I 1  

fig. 2. Unbiased single diode detector: (A) schematic (B) 
waveforms a t  "a" and "b." 

I fig. 3. Two-diode biased detector. I 
with an abrupt transition to the reverse region. Such 
a device used as a rectifier would deliver a dc output 
proportional to the ap~ l ied  ac. 

Real diodes, however, don't behave this way. Most 
do not conduct appreciably in the forward direction 
until the input voltage across them exceeds a thresh- 
old or "knee" voltage, which for an ordinary silicon 
junction diode is around 0.7 volts. The threshold volt- 
age for germanium and Schottky diodes is lower - 
0.2 to 0.4 volts. Real diodes also conduct slightly in 
the reverse direction (the so-called reverse leakage 
current). 

The transition between the conducting and noncon- 
ducting states is not sharp, but occurs over a region 
where the diode is said to have "square law" behavior 
and the dc output is proportional to the applied power 
(voltage squared), rather than the signal voltage. This 
is used to advantage in low-level diode power meters. 

To see how real detectors behave, I made some 
measurements on a few types using a crystal oscil- 
lator signal source at 10 MHz, and a power meter and 
attenuator to give a range of calibrated levels. Figure 

2 shows the first test circuit, a simple peak detector 
using an HP2826 Schottky diode. The right-hand plate 
of the input capacitor is clamped at the diode knee 
voltage below ground on negative input swings. If this 
knee voltage were actually zero, the average voltage 
on the diode would equal the peak of the input volt- 
age, but the real diode produces less. The resistor and 
capacitor filter the rf present on the diode, leaving the 
dc component. This can be measured by a high impe- 
dance meter which reads the peak of the rf voltage 
minus the diode knee voltage. 

A dc forward bias current can be used to improve 
the sensitivity of the diode detector. If the diode is fed 
from a high resistance with a current of a few PA, its 
forward junction voltage will sit around the knee volt- 
age. This potential no longer has to be supplied by the 
rf, which sweeps the diode's nonlinear characteristic 
and is detected. Direct current bias is used in the more 
sophisticated circuit shown in fig. 3. Two diodes are 
used. Both are biased, but rf is fed to only one of 
them. An op-amp subtracts the diode voltages so that 
the output of the circuit can be set to zero in the 
absence of an rf signal. With the diodes connected 
together, with no rf, the op-amp offset is nulled. The 
500-k pot is then adjusted to give zero output with the 
circuit exactly as drawn. The circuit works best with 
matched pairs of diodes, since these track well with 
temperature. 

The performance of these detectors is described 
graphically in fig. 4. This shows the improvement in 
sensitivity achieved with bias. Also shown is the curve 
for the voltmeter design, which indicates further im- 
provement in sensitivity and linearity, gained by using 
just one additional technique. 

The complete rf voltmeter is shown in the block 
diagram in fig. 5. Two detectors are used. One 
receives the incoming rf signal, while the other, a 
"mimic" detector, is fed with a low frequency signal. 
This signal is an internally generated sinusoid, derived 
by chopping the dc output of an integrator to give a 
square wave which is then filtered, leaving the fun- 
damental frequency component. 

The integrator input is the difference of the two de- 
tector voltages, and its output will change (or "slew") 
when this difference (the feedback loop's error signal) 
is other than zero. The action of the negative feed- 
back loop around the mimic detector in fact causes 
the integrator to try to achieve this zero-error condi- 
tion, at which point, if the detectors are well matched, 
the low frequency signal will have the same amplitude 
as the rf signal. Because the low frequency signal is 
produced by chopping and filtering the integrator's dc 
output, this latter voltage is proportional to the rf in- 
put voltage, and can be scaled and metered to pro- 
vide readings in "rf" volts. 

Through the use of well-matched and closely spaced 
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diodes, their temperature and I-V curve variations are 
minimized. Of course, since the mimic detector mea- 

- 

SOUARE WAVE 
GENERATOR 

BANDPASS 
FILTER 

APPLIEO RF VOLTAGE t r n v  RMSI sures only a fixed low frequency signal, no frequency 
fig. 4. Detected dc output versus applied rf input: (A) sin- response compensation for the input detector is pro- 
gle unbiased diode detector; (B) biased diode detector; vided. Therefore, it's best to choose the diode that 

has the flattest possible response. 
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fig. 5. Voltmeter block diagram. 
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fig. 6A. Voltmeter schematic diagram. 
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circuit descri~tion output signal so that a rough check can be made on . - 

RF enters the instrument via socket SKI. R5 and 
R6 provide a good impedance match to %-ohm cable. 
Two 0.5-watt metal film resistors (or any other com- 
bination providing 50 ohms and a 1 -watt rating) should 
be used. Diodes CR1 and CR2 form the detectors: CR1 
is supplied with rf, and CR2 with the internally gener- 
ated 25-kHz sine wave. They should be Schottky di- 
odes and, if possible, should be reasonably well 
matched in terms of forward voltage at around 10pA. 
Many types will do, among them the HP2800 and 2826 
and the Thomson BAR28. The forward voltage will be 
in the region of 250 mV, and a pair matched to within 
a few millivolts can often be found from a small batch. 
Circuitry around U4 performs subtraction of the two 
detector outputs with a gain of 10. R14 allows U4's 
offset voltage to be nulled. Because this is a relatively 
high gain stage, the remaining stages do not need to 
be nulled, and can be grouped into a quad package. 
U5B is wired as an integrator, and CR3 and buffer U5C 

the switching signal with a crystal earpiece at test point 
C. The chopped dc from U3, now a 25-kHz square 
wave with a peak-to-peak amplitude equal to the U5C 
dc output, is filtered by active filter U5A (second order 
bandpass) so that CR2 receives a fairly sinusoidal sig- 
nal. L1 was included to stop hf oscillations in the out- 
put stage of U5A when the connection to the detector 
was completed via several inches of ribbon cable (the 
adjacent wire being grounded). It consists of four turns 
of enameled wire on a single-hole ferrite bead (I used 
an FX1115). and has no measurable effect at 25 kHz. 
R18 and R19, buffered by U5D, attenuate the dc by 
a factor of 0.45 (see appendix for derivation), which 
provides scaling to units of volts rms. An external volt- 
meter plugged into SK2 will then read the rf input volt- 
age. R21 and R22 with switch S2 allow the use of a 
meter to read 1 and 10 volts full-scale. With 9-volt sup- 
plies from batteries, the maximum voltage that can be 
read will be around 3 volts. 

prevent the CMOS switch U3 from being driven nega- ~ 0 n ~ t r ~ ~ t i 0 n  
tive. The buffer's dc output is chopped by switch U3, 

I have built three instruments according to the de- 
which is operated by 25-kHz square waves from U2, 

sign described in this article (see fig. 7). The outer two 
a divide-by-2 flip-flop fed from U1, a 50-kHz oscilla- 

are battery powered (internally); the "economy model" 
tor. U2 could be omitted and U1 run at 25 kHz, but 

in the center uses an external power supply and meter. 
U2 does achieve a perfect square wave (1 :1 mark-to- 

Details of the unit on the left are shown in figs. 8A. 
space ratio) at small cost. U2B provides a 12.5-kHz 88. and 8C. Construction is straightforward and can 

TLO74 

1 ~ 0 7 1  

OFFSET 
-"s 

NULL 

(013 4016 

- vs - "s 

fig. 6B. Voltmeter integrated circuit pinouts. 

be done with ordinary hand tools.  he only critical area 
is the detector, which carries rf. The other areas in- 
volve only low frequency circuitry. As shown in fig. 
8C. I built the input circuitry, consisting of the two 
detector diodes and U4, on a small piece of double- 
sided, copper-clad glass-fiber board, using a coun- 
terbore tool to provide pads for the components. 
Frankly, this method of construction - with the com- 
ponents mounted rats-nest style above a copper 
ground plane, will work at least as well and probably 
better than a pc board, and is certainly much faster. 
Those willing to make a pc board for the voltmeter are 
welcome to do so - I'm afraid I'm too lazy! 

The rest of the circuit is wired on a perforated bread- 
board with copper strips on the underside (known in 
the UK as "Veroboard"). As the photo of the detec- 
tor board shows, the signal connection from the front 
panel socket was made using RG-178 coaxial cable. 
The only place it's important to keep leads as short 
as possible is in the detector area. Try to mount the 
two diodes close to each other for good thermal 
tracking. 

alignment and testing 
Check the 50-kHz oscillator and divider by placing 

a crystal earpiece or high impedance audio amplifier 
between test point C and ground. The frequency can 
now be adjusted to coincide with the bandpass filter. 
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fig. 7. Three different packaging approaches for the same 
voltmeter. 

Turn R9 or R14 so that U4 output is slightly negative, 
which will cause the integrator U5B to slew to the posi- 
tive limit. This should result in a healthy square wave 
output from U3 (pins 1 and 2). A high impedance . 
meter should read a voltage (dc) here that is half that 
at the U5C output. If the meter is transferred to the 
anode of CR2, it should be possible to peak this volt- 
age by adjusting the oscillator frequency control R4. 

The detector circuit can now be set up with no in- 
put. Ground test point A to stop the 50 kHz oscilla- 
tor. Connect CR1 and CR2 so that the subtractor sees 
the same voltage at both its inputs. Set test point B 
to  zero volts with R14. Remove the connection be- 
tween the diodes, and again zero-test point B, this 
time with R9. 

If rf is now applied, U5C should go positive, and the 
voltage at the output socket SK2 should be 0.45 of 
this. The meter is now ready to use. 

performance 
The absolute accuracy and linearity of this meter is 

illustrated in fig. 4, which was constructed from meas- 
urements made at 10 MHz. The flatness with frequen- 
cy was measured at 1 mW, 224 mV rms (0 dBm), and 
the results are shown in fig. 9, which represents a re- 
spectable performance of within + 3 percent up to 150 
MHz. This could no doubt be improved to extend the 
useful range to 70 cm and beyond. 

To verify the repeatability of these measurements, 
I tested the three units against each other using the 
same source, a 10-MHz crystal oscillator. Referring to 
the units by position in the photo, the results were: 
Unit Reading on external voltmeter 
Left 268 mV 
Center 244 mV 
Right 258mV 
Obviously, three is only a small sample, but consider- 
ing that the voltmeters had received only the simple 
dc setup procedure described earlier, I was quite 
pleased with the outcome, and I hope that this sort 
of performance will be adequate for your applications. 

further suggestions 
I hope that readers who build this voltmeter will find 

it a handy instrument to have around the shack. Those 
who like to experiment and develop their own hard- 
ware might enjoy exploring the following options: 

fig. 8. Internal views of the rf voltmeter: (A) internal power 
provided by two 9-volt batteries; IB) "clean" construction en- 
hanced by use of Veroboard; (C)  "rf" section of voltmeter. 
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fig. 9. Flatness w i t h  frequency a t  0 dBm. 

The design can be simplified by omitting the divider 
U2. The oscillator could then be run at 25 kHz, or 
the filter redesigned for 50 kHz. (The choice of fre- 
quency was somewhat arbitrary, being high enough 
to use small coupling capacitor C3 and low enough 
for active filtering. U2 does guarantee an excellent 
square wave, but the oscillator alone may well be 
adequate.) 

The detectors can be built into a high-impedance 
probe for circuit tracing, rather than a %-ohm instru- 
ment. Keep CR1 and CR2 physically and electrically 
close together, though. 

By paying attention to the detector matching and 
circuit offsets, particularly around U4, the useful range 
could be extended downwards. With attenuators, the 
range could be extended upwards. 

Careful selection of devices and construction could 
greatly extend the frequency range. 

The filtering of the square waves could be improved. 
The units I have built tend to read slightly high, and 
this could be because the active filter output is not a 
pure sinusoid, giving a slightly wrong scaling factor. 
Why didn't I just feed CR2 with a raw square wave? 
Well, when I tested a diode detector using an accurate 
function generator, the peak readings were different 
between sine and square waves - i.e. the diode ap- 
peared tp clamp at slightly different voltages, depend- 
ing on the waveform. I wish I knew why; in any case, 
the results might be worth repeating. If CR2 gave the 
same response to square waves, the active filter could 
be omitted. U5C output would then be the peak in- 
put voltage, and scaling by 0.707 would give readings 
in volts rms. 

fig. Al .  Relationship between a square wave and its fun- 
damental sinusoidal component. 

appendix 
h o w  readings are scaled t o  volts rms 

The voltmeter works by making an internally generated sine wave 
derived from filtering a square wave equal to the rf input. The square 
wave, then, is generated by chopping a dc voltage. As illustrated 
in fig. Al ,  Fourier theory tells us that the fundamental (sinusoidal) 
component of a square wave has a larger peak amplitude than the 
square wave itself (don't worry. there is less power in this sine wave). 
If we call the peak amplitude of the sine wave V,,, and the peak- 
to-peak amplitude of the square wave V, then: 

V,,", = I_v 
T 

But in the voltmeter circuit, the peak-to-peak square wave ampli- 
tude is equal to the integrator's dc output voltage V,,, that is: 

v = v,,. 

We want to make the voltmeter read rms volts. If the applied rf has 
an rms voltage V,, then the feedback loop makes: 

v,,,, = J2 I:,, 

So, the quantity we want to measure, Vi, is given by: 

V, ,  = V ,,, = J2 V , .  = 0.45 V,,,. 
- - 
-J2 T 

This is why the dc produced by the integrator is scaled by 0.45. 
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low-noise receiver 
update: 
part 1 

"You can't work 'em if you can't 
hear 'em" is an old adage that's still 
very true. Building bigger and better 
antennas helps, but sooner or later the 
antenna size limitation places the bur- 
den on the receiver. 

Only a decade ago, most Amateurs 
were using bipolar transistor preampli- 
fiers on the front ends of their VHF and 
lower UHF band receivers. On the 
upper UHF and lower SHF bands, 
diode mixers without preamplifiers 
were common - with typical noise 
figures of 6 to 10 dB! That's all 
changed now, first with the arrival of 
low-noise silicon bipolar transistors 
capable of operation into the GHz 
region, and then with the introduction 
of GaAs (Gallium Arsenide) FETs in the 
late 1970s.' 

Since reference 1 was written, there 
have been many new and startling 
developments in the area of low-noise 
devices and techniques. Noise figures 
are still dropping; device prices have 
stabilized. So this seems like an appro- 
priate time to update the earlier mater- 
ial and to present state-of-the-art 
(SOA) information. 

This month's column will serve as a 
quick review and update of the present 

SOA in low-noise receiver technology. 
Next month's column will be devoted 
more to low-noise circuit techniques, 
recommended devices, testing, and 
optimization. With all this information 
in place, you should be right on the 
cutting edge of low-noise receiver 
technology. 

a quick review 
The SOA in VHFIUHF and micro- 

wave low noise figure Amateur re- 
ceivers and preamplifiers is now 
dominated by GaAsFETs, which are 
technically classified as Metal Semi- 
conductor FETs (MESFETs). The term 
MESFET is used in the professional 
community because the gates of a 
GaAsFET are formed using aluminum, 
which is a metal that is in direct con- 
tact with the semiconductor material. 
Thus a Schottky barrier diode is 
formed in the N-type material as 
shown in fig. 1A. 

When the lowest noise figure is re- 
quired above about 100 MHz, GaAs- 
FETs are favored over silicon bipolar 
transistors because they have up to 
five times faster electron mobility. 
Hence, GaAsFETs have much higher 
cutoff frequencies and gain than sil- 
icon bipolar transistors. Furthermore, 
they typically have much lower noise 
figures. 

Reference 1, an introduction to low- 
noise GaAsFET technology, gave de- 

tails on preamplifier designs for 144, 
220, and 432 MHz, with suggestions 
for higher-frequency operation. When 
this material was published in 1984, 
the GaAsFET was king, but that's no 
longer true; lower-noise devices and 
new breakthroughs in technology now 
threaten to decrease noise figures so 
far that they will no longer be the 
primary limitation to communication 
capability. Stay tuned. 

In addition, during the last few years 
there's also been a proliferation of 
"mast-mounted" low-noise preampli- 
fiers using GaAsFETs. These preamps 
almost completely eliminate the losses 
associated with feed lines, and virtu- 
ally eliminate the mismatch loss asso- 
ciated with feed line l o s s e ~ . ~  This is a 
major problem with low-noise preamp- 
lifiers because they often have high in- 
put VSWR. 

latest developments in 
devices 

GaAsFETs were originally used in 
commercial and government low-noise 
amplifiers operating above 2 GHz. 
Amateurs were in the forefront of 
developing low-cost GaAsFET pre- 
amplifiers to frequencies as low as 30 
MHz, but these devices were practical 
mainly on 2 meters and above, where 
ambient and sky noise are low.3 

GaAsFETs are now being used com- 
mercially through 40 GHz and possibly 
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higher. New lower noise figure, higher 
gain, and cutoff frequency devices 
seem to be appearing almost month- 
ly. Needless to say, if you want to be 
on the cutting edge of technology, you 
might as well use any premium-quality 
devices you have in your desk drawer 
as soon as possible - before they be- 
come obsolete! GaAsFETs with noise 
figures less than 1.0 dB are now avail- 
able through 4.0 GHz! SOA GaAsFET 
noise figures versus frequency are 
shown in fig. 2. 

Probably the most important recent 
improvement in the SOA in low-noise 
devices is the development of the 
HEMT (high-electron-mobility transis- 

Sometimes referred to as TEG- 
FETs (two-dimensional electron 
GasFETsI6 or heterojunction FETs 
(to avoid infringing the copyright on 
the name HEMT in Japan). Techni- 
cally speaking, the HEMT is a heter- 
ojunction superlattice device that was 
first described in 1978 and demonstrat- 
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ed by Fujitsu and Thompson-CSF in 
1979. 4.5.6 It is very similar in structure 
to the GaAsFET except for the two- 
dimensional electron gas as shown in 
fig. 1B. 

The HEMT's major feature is, typi- 
cally, its higher transconductance with 
a cutoff frequency twice that of a com- 
parable GaAsFET, with higher gain 
and noise figures as low as half those 
of typical GaAsFETs! Cutoff frequen- 
cies well above 100 GHz have been 
reported. HEMTs with less than 1 .O-dB 
noise figures are now available through 
X band (12 GHz). The SOA in HEMT 
noise figures is shown in fig. 2. 

Right now, however, most HEMTs 
are laboratory devices, and the lowest 
noise devices are very scarce. Only a 
few HEMT types are available com- 
mercially, and these devices are expen- 
sive -- typically more than $150 each! 
However, remember that GaAsFETs 
were in the same price range in the 
mid-1970s, and better devices are now 

G  D  

available for less than $5! HEMTs are 
known to be manufactured by Fujitsu, 
GE, Gould-Drexel, NEC, Sony, Thomp- 
son-CSF, Toshiba, TRW, and Varian 
Associates. Other suppliers and even 
lower noise figures are promised! 

Unlike other innovations in technol- 
ogy, the HEMT is compatible with 
existing GaAsFET dc biasing and rf 
characteristics. HEMTs usually use the 
same packages and can be virtual 
"drop-ins" for GaAsFET circuits. The 
primary difference is that the HEMT's 
optimum source impedance is generally 
higher than an equivalent GaAsFET's. 
Therefore, an adjustable input- 
matching circuit similar to the one 
described in reference 1 is recom- 
mended so that the optimum source 
impedance can be achieved. 

One major MESFET anomaly should 
be stressed. As pointed out in refer- 
ence 1, GaAsFETs (as well as HEMTs) 
have a very high noise figure in the so- 
called l If or low-frequency region. This 

I I , : N + + j  

L- - -J  A L - - - A  

I I N S U L A T I N G  
U N D O P E D  Gg AS 

G,AS S U B S T R A T E  

T W O - D I M E N S I O N A L  
E L E C T R O N  GAS L A Y E R  

fig. 1. Typical physical structures (not 
shown to scale) of GaAsFETs and 
HEMTs: (A)  depletion mode GaAs FET; 
(B) depletion mode HEMT. 

0  I  0 0 2  0 0 5  0 .1  0 . 2  0 . 5  1.0 P O  5 0  10 2 0  3 0  

F R E O U E N C Y  ( C H I )  

----- D E N O T E S  F S T I M A T E  

fig. 2. Typical 1987 state-of-the-art noise figures of bipolar transistors, GaAsFETs, and 
HEMTs: (A) uncooled bipolar transistor; (B) low-frequency GaAsFET at room temper- 
ature; (C) high-frequency GaAsFET at room temperature; (Dl HEMT at room tempera- 
ture; (€1 GaAsFET cooled to 12 degrees Kelvin; (F) HEMT cooled to 12 degrees Kelvin. 



means that the noise figure increases noise figure. This is shown mathemat- 
not only as you increase frequency, 
but also as frequency is decreased! 
This effect is shown in fig. 2. 

The amount of noise figure increase 
and the frequency where it begins to 
increase (below the normal operating 
frequency) depends on the device 
type. Generally speaking, the ideal rf 
operating region for GaAsFETs and 
HEMTs is over a one decade-wide fre- 
quency range referenced down from 
the specified operating frequency (not 
the F,,,). 

For example, a device specified for 
1-GHz operation at the top of its oper- 
ational frequency range will probably 
be well suited for operation down to 
about 100 MHz. However, a device 
specified for 10 GHz will probably have 
a higher noise figure if it's used much 
lower than about 1 GHz! 

Therefore, don't expect that a very 
low-noise GaAsFET specified for 10 
GHz will be a super low-noise device 
at 144 MHz. A low-noise 10-GHz HEMT 
may well have a higher noise figure at 
432 MHz than a much less expensive 
device specified for operation through 
4 GHz. This is why so many Amateurs 
have been able to demonstrate incred- 
ibly low noise figures on 2 meters using 
GaAsFETs costing no more then $5 
to $lo! 

Also, the higher the cutoff frequency 
of a GaAsFET or HEMT, the narrower 
the gate; hence, the susceptibility to 
static burnout increases. Furthermore, 
higher frequency devices are more 
prone to oscillate when operated at 
lower frequencies. So don't "read into 
the specifications" anything that isn't 
there. For optimum performance ver- 
sus cost, operate MESFETs in the fre- 
quency range recommended by the 
supplier. 

noise figure limitations 
I'm often asked the question, "What 

limits noise figure?" It should be intui- 
tive that part of the limitation on noise 
figure is in the actual device itself. 
Furthermore, for the lowest possible 
noise figure in a receiver, the gain of 
the first stage must be high and the 
second stage should also have a low 

ically by the following equation.' 

where F is the overall noise factor of 
the receiver, F1 is the noise factor of 
the first stage, F2 is the noise factor of 
the second stage, F3 is the noise 
factor of the third stage, GI is the 
numeric gain of the first preamplifier 
and GZ is the numeric gain of the 
second preamplifier. Note that noise 
factor and gains are in numerics, not 
decibels, so they often have to first be 
converted from decibels to numeric 
values before using them in eqn. 1. 
After the final noise factor is deter- 
mined, you'll probably want to convert 
noise factor back to noise figure using 
the following equation. 

N F  = 10 log I; (2) 

For example, refer to fig. 3, a block 
diagram of a typical Amateur front 
end. In example 1, if the noise figure 
of the first stage of a receiver is 0.5 dB 
(noise factor = 1.1221, with a gain of 
13 dB (gain = 20) and the second 
stage noise figure is 4.0 dB (noise fac- 
tor = 2.51 ), with a gain of 15 dB (gain 
= 31.6) -- ignoring the third stage 
contribution and assuming it to be 
negligible) - the overall receiver noise 
figure will be 0.78 dB (noise factor = 

1.1971, a significant 0.28-dB increase 
over the first stage alone. 

Now if we reduce the noise figure 
of the second stage to 1.75 dB (noise 
factor = 1.496) [example 21 or in- 
crease the gain of the first preamplifi- 
er to 8 dB (gain = 63) [example 31, the 
overall noise figure will be 0.59 dB 
(noise factor = 1.461, only 0.09 dB 
above the preamplifier alone, a small 
penalty to pay. 

These calculations are often laborious 
and prone to error. For this reason, it's 
best to program eqn. 1 and eqn. 2 into 
a computer or scientific calculator to 
simplify the calculations and decrease 
the possibility of human error.' 

Finally, don't get carried away with 
gain. Increasing the first stage gain too 
much may lead to intermodulation dis- 
tortion or instability, thus limiting the 

ability to use the inherent low noise 
Therefore, with the low 

cost of devices today, it's preferable to 
design for a reasonable first stage gain 
(15 to 20 dB) and use a similar type 
second stage with a moderate noise 
figure (1 .O to 2.0 dB typical). This pro- 
vides an inexpensive and useful 
cost/performance tradeoff. 

POST- 
S Y S T E M  

A M P L l F l E R  

other noise figure 
limitations 

E~ample I 
Nose figure (noore lactor) 0 5 (1 122) 
Gatn dB (gmn m numcrrcs) 13 (20) 

Example 2 
Notre Iquce (na,re Iack7,) 0 5 (1 122) 
Gatn dB (gam tn numertcr) 13 (20) 

Example 3 
Name hgure (notre lactor) 0 5 ( I  122) 
G . m  dB (gar" m numerics) I 8  (63) 

Another noise figure limitation is 
incurred by operating a preamplifier 
at room temperature (more on th~s  
shortly). However, the major limita- 
tions on Amateur receivers attaining 
very low noise figures commensurate 
with device specifications are losses 
associated with the input impedance- 
matching circuitry. 

Amateur preamplifiers are usually 
designed for a single frequency band. 
Typically the circuits employ some 
form of input tuning. This is a 
preferred technique since the input 
network will not only allow the device 
to be optimized for the lowest possible 
noise figure at the frequency of in- 
terest, but will also act like a filter and 
prevent strong out-of-band signals 
from entering or causing IMD. 

Most Amateur preamplifier input cir- 
cuits, especially below 500 MHz, use 
an inductor and capacitor tank circuit 
similar to those shown in figs. 4A and 
48. Figure 4A has one less compo- 
nent, but it also requires the tap to be 
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fig. 3. Block diagram of a typical 
Amateur front end showing the effects 
of tradeoffs in gain and noise figure (see 
text). 
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fig. 4. Some typical recommended input 
matching circuits for Amateur low-noise 
GaAsFET preamplifiers operating below 
2.5 GHz: (A) tapped inductor; 18) capa- 
citor transformer; (C) lossless feedback. 

carefully chosen. This can be very 
tedious and time-consuming, especially 
if you want to achieve minimum noise 
figure. Therefore, the input impedance- 
matching circuit shown in fig. 4B 
is recommended for 500 MHz and 
below.' 

Sometimes I see Amateurs and 
commercial designers alike using an 
abbreviated type of input matching 
similar to that shown in fig. 48,  but 
with the shunt capacitor, C2, removed. 
This is not recommended because if 
the lowest possible noise figure is 
wanted, the inductor also has to be 

tuned, and that can be a tricky job. 
(And what do you do for tuning if the 
GaAsFET has to be replaced?) 

By now you've probably surmised 
that the minimum noise figure isn't 
only a function of tank circuit align- 
ment, but more likely due to losses in 
the components themselves. All capa- 
citors and inductors have loss, espe- 
cially as you go above 100 MHz. The 
higher the Q of the components in the 
input-matching network, the lower the 
insertion loss and hence the lower the 
noise figure. 

Probably the "lossiest" component 
in a low-noise preamplifier is the induc- 
tor. A typical inductor in the 100- to 
500-MHz range has an unloaded Q 
(no external components attached) of 
300 to 500, depending on wire type, 
diameter, form factor, and proximity 
of other components and shielding 
structure." 

As explained in reference 11, there's 
a definite insertion loss relationship 
between the unloaded Qu of an induc- 
tor and the loaded or "in-circuit" QL 
of the same as follows: 

insertion loss (dB) = I0 log (3) 
I1 - ( Q L / Q u ) J ~  

where QL and Qu are the loaded and 
unloaded Qs, respectively. 

How do you determine the loaded 
Q of the inductor? If the preamplifier 
is one of the types that uses a broad- 
band output network as described in 
reference 1, the half-power or 3-dB 
bandwidth of the preamplifier can be 
easily measured. The Q of the preamp- 
lifier (and therefore the loaded Q of the 
inductor) is then determined as 
follows: 

where fo is the center frequency in 
MHz, fH is the upper half-power fre- 
quency and fL is the lower half-power 
frequency. For example, if we have a 
432-MHz preamplifier with half-power 
frequencies of 440 and 423 MHz re- 
spectively, the loaded Q will be 
432/(440 -423) or 25.4. 

Now, if we assume that all other 
components contribute negligible loss, 
we can determine the approximate in- 

put circuit losses attributable to the in- 
ductor's Q. Using eqn. 3 and 
assuming a good inductor with an un- 
loaded Q of 500 and a preamplifier with 
a loaded Q of 25.4, we have an input 
circuit insertion loss of approximately 
0.45 dB. 

Typical GaAsFET preamplifiers using 
input tank circuits of this type have 
noise figures of 0.5 to 0.75 dB. There- 
fore, with a 0.45-dB input loss, the 
overall noise figure of the preamplifier 
is almost entirely due to the losses in 
the input network and the GaAsFET it- 
self must be virtually noiseless! 

To show the QU/QL losses more 
graphically, I've prepared the graph in 
fig. 5 and scaled it for low loss and 
hence low noise figure conditions. 
(Check fig. 5 for the 432-MHz pre- 
amplifier case above.) For a Qu/QL 
ratio of 500125.4, or approximately 20, 
you'll see that the insertion loss is in- 
deed 0.45 dB. 

Also note in fig. 5 that to get the 
input losses down below 0.1 dB, the 
unloaded-to-loaded Q ratio must be 
equal to or greater than 90. This means 
that the unloaded Q of the inductor in 
the preamplifier just described would 
have to be over 2000! If you want a 
very low-noise preamplifier, you're 
going to have to use some pretty low- 
loss inductors - such as a large (1- to 
3-inch diameter) coaxial cavity reson- 
ator - and possibly have them silver 
plated. 

Figure 4C is a different input circuit 
topology which eliminates the tank cir- 
cuit per se by using a series input in- 
ductor and "lossless feedback" in the 
source lead.' This type of circuit def- 
initely has lower input losses and 
potentially a better input VSWR. How- 
ever, it's more prone to out-of-band 
interference and therefore is more 
appropriate for use on the microwave 
bands. It will be discussed further in 
next month's column. 

other component losses 
Don't forget that there can be other 

losses besides the input inductor. 
Tuning capacitors can also have loss- 
es. Only the lowest loss, highest Q 
tuning capacitors should be used in the 
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ALL TRAP ANTENNAS are Ready l o  use Factory assembled 
-Commercial Ouallly Handle lull power - Comes comptele 
wllh Ik luxe l l r p r  Deluxe center connecto!. 14 pa Stranded 
Copperweld ant ware and End lnsulalors lllomaltc Rand 
Swllchlng Tuner ~suslly nevel requlred For all Iransmtt 
l e r r  Receivers & Transcewerr Fo! al l  class amaleurs One 
leedllne uorur all brndr lnslruclvons tncluded 10 day 
money back guarantee' I SINGLE BAND DIPOLES ( K I  form): 

re* 8.- ~.nm m 
1" c, 

I Includes assembly !nlrucllonS. Deluxe center conneclor. 14 
ga Stranded COppBlWeld Antenna wtre and Fnd lnsulalors 
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I 

OELUXE ANTENNA TRAPS: Comptelrly sealee B 
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fig. 5.  Insertion loss of an inductor (or capacitor) due to the effects of unloaded and 
loaded Q. 

input-matching network. The air-vari- 
able type capacitors manufactured by 
Johanson and others are a preferred 
type. They not only have low loss and 
high Q, but also good tuning resolu- 
tion with little or no backlash. Further- 
more, they often have special sealing 
caps that can be placed over the tuning 
mechanism to help keep out moisture 
and prevent inadvertent mistuning. 

The minimum Q of a Johanson-type 
5200 air variable, one commonly used 
by Amateurs, is 5000 at maximum cap- 
acitance at 100 MHz. This figure de- 
creases rapidly to less than 1000 above 
300 MHz! Higher Q types such as the 
Johanson 5700 and 5800 are recom- 
mended, but they have lower maxi- 
mum capacitance so they're useful 
only for higher frequencies and for 
series connections where lower 
capacitance values are required. 

Chip capacitor losses can also be 
considerable, especially when used in 
source bypassing or in the rf path. In 
critical low-loss circuits, the porcelain 
types are highly recommended despite 
their higher initial cost. Be careful, 
too, of resistor types. The older 118- 
or 114-watt carbon composition types 
are recornmended. However, the non- 
carbon or film types that are becom- 
ing so popular are usually quite reac- 
tive and lossy, and are therefore not 
recommended. 

Finally, coaxial connectors - espe- 
cially type N, TNC, and SMA - -  are 
highly recommended for low-noise pre- 
amplifiers because they have low loss 
and a very positive mating mechanism. 
On the other hand, BNC- and UHF- 
type connectors should be avoided be- 
cause their impedance isn't constant, 
and they have questionable mating 

2-30 MHz 12V ( ' 28V) 
P N Rating Net Ea Match Pr 

MRF421 Q lOOW $24.00 $53 OC 
MRF422' l5OW 38.00 82.0C 
MRF433 12.5W 11 00 26.00 
MRF449. A O 30W 12 50 30.00 
MRF450. A O SOW 14.00 31 00 
MRF453. A O 60W 15.00 35.00 
MRF454. A O BOW 15.00 34.00 
MRF455. A O 60W 12.00 28.00 
MRF485' 15W 6 00 16.00 
MRF492 O 90W 16.75 3750 
MRF492A O 90W 19.75 43.50 
SRF2072 (1 65W 13.50 31.00 
SRF3662 O l l O W  25 00 54.00 
SRF3775 Q 75W 13 50 31.00 
SRF3795 O 90W 16.00 37.00 
3800 O lOOW 18.75 41.00 
2SC2290 O BOW 19.75 45.50 
2SC2879 0 lOOW 25.00 54.00 

0 Selected High G a ~ n  Matched Ouads Avarlable 

VHF UHF TRANSISTORS 
Ratlng MHz Net Ea. Match Pr 

MRF237 4W 136-174 2 70 - 
MRF240. A 40W 136-174 15 00 35.00 
MRF245 80W 136-174 30 00 68.00 
MRF247 75W 136-174 27.00 63.00 
MRF248 BOW 136-174 33.00 71.00 
MRF641 15W 407.512 20.00 46.00 
MRF644 25W 407-512 24 00 54.00 
MRF646 40W 407-512 26.50 59.00 
MRF648 60W 407-512 31.00 69.00 
2N608O 4W 136-174 6.25 - 
2N6081 15W 136-174 8 0 0  - 
2N6082 25W 136-1 74 9 50 - 
2N6083 30W 136-174 9.75 24.00 
2N6084 40W 136-174 13 00 31.00 

PARTIAL LISTING OF MlSC TRANSISTORS 
MRF134 $16 00 MRF497 $14 25 
MRFI 36 21 00 MRF515 2 50 
MRFl37 24 00 MRF607 2 50 
MRF138 35 00 MRF630 4 25 
MRFl4O 87 50 MRF754 15 00 
MRF148 34 00 MRF843.F 22 50 
MRFI SO 87 50 MRF846 43 50 
MRFl71 34 50 MRF873 24 50 
MRF172 62 00 MRF1946 A 15 00 
MRF174 80 00 CD2545 16 00 
MRF208 11 50 2N1522 11 95 
MRF212 16 00 2N3553 7 25 
MRF221 11 00 2N3771 3 50 
MRF224 13 50 2N3866 1 2 5  
MRF226 14 50 2N4048 11 95 
MRF238 13 00 2N4427 1 2 5  
MRF239 1500  2N5589 7 25 
MRF260 7 00 2N5590 10 00 
MRF261 8 00 2N5591 13 50 
MRF262 9 00 2N5641 9 50 
MRF264 13 00 2N5642 13 75 
MRF309 29 75 2N5643 15 00 
MRF317 56 00 2N5646 13 00 
MRF406 12 00 2N5945 10 00 
MRF458 20 00 2N5946 13 00 
MRF475 3 00 2N6255 2 50 
MRF476 2 75 OUTPUT MODULES 
MRF477 12 00 SAU4 55 00 
MRF479 10 00 SAV6 48 00 
MRF492A 19 00 SAV7 48 00 
40582 7 50 M57712 M577337 use 
NE41137 2 50 M57737 SC1019 SAV7 

We stock RF Power transistors for Atlas. KLM. Collins. 
Yaesu. Kenwood. Cub~c .  Mlrage, Molorola, Regency, 

Healhklt. Drake. TWC. Wilson. GE, etc. 
Cross-reference o n  CD. PT, SO. SRF. JO, and 2SC P Ns 

Orders recelved by 1 PM are shlpped UPS same day. 
Mln~rnurn order twenty dollars. COD VISA MC 

Fore~gn Orders Accepted 

Call: (619) 744-0728 
FAX: (619) 744-1943 
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tolerances and known insertion losses. 
Connector types and losses are dis- 
cussed further in references 12 and 13. 

lower noise techniques 
Cooling is probably the last resort 

when i t  comes to really low-noise pre- 
amplifiers. Bipolar transistors generally 
don't work well below about 70 to 
80 degrees Kelvin. However, many 
GaAsFETs and HEMTs seem to do 
quite well when cooled even as low as 
12 degrees Kelvin, the temperature of 
liquified Helium. 

The National Radio Astronomy 
Observatory (NRAO), in Charlottes- 
ville, Virginia, has been building low- 
noise preamplifiers for many years. 
Their preamplifiers are used in radio 
telescopes where the sky temperature 
is as low as 3.5 degrees Kelvin, almost 
absolute zero. By 1980 they were using 
GaAsFET preamplifiers cooled to 
about 13 degrees Kelvin in a Dewar 
with liquified Helium.14 

seems to be one of the most reliable 
for low noise figures. Since this is one 
of the most popular types used by 
Amateurs seeking the lowest possible 
noise figures, it may be a place to start. 

summary 
In this month's column, I've at- 

tempted to bring you up to date on the 
SOA in low-noise receivers for VHF 
and above. Noise figures are still drop- 
ping, but at some frequencies can't go 
lower unless we change the circuit tech- 
niques we're presently using. In next 
month's column, we'll discuss some 
circuit and device recommendations. 

acknowledgments 
I'd particularly like to thank Bill 

Lakatosh, AA4TJ (ex K3QCQ and 
KJ4QI), of NRAO for their input on 
SOA noise figures and cooling tech- 
niques. 

new records 

November 14- 15 

November 17 

November 21 
November 24 
December 13 

December 20 
December 2 7 

December 22 

December 22 

references 
1. Joe Reisert, WlJR, "VI 

ARRL EME Con- 
test (second 
weekend) 
Predicted peak of 
the Leonids 
meteor shower at 
1500 UTC 
New moon 
EME perigee 
Predicted peak 
of the Geminids 
meteor shower at 
1900 UTC 
New moon 
+ month. Winter 
peak of sporadic E 
propagation 
Predicted peak of 
the Ursids 
meteor shower at 
2200 UTC 
EME perigee 

iFIUHF World: Low-noise 

At first NRAO used GaAsFETs be- ln last monthrs column we men- GaAsFET Technology." ham radio, December 1984. 
2. Joe Reisert, WlJR, "VHFIUHF World: Impedance- 

cause they noticed that the transcon- tioned the outstanding sporadic E ham radio, October 1987, 
ductance would often increase - occurrence during the ARRL June 3. Joe Reisert. W ~ J R ,  "VHFIUHF World: Minimum 

sometimes by as much as 50 percent VHF QSO party and asked for any new Requirements 2-meter part I-" ham radio- 
August 1987. 

- as temperature was decreased. At record claims. Shortly after the contest ,, ,, ,.High Electron Mobility Transistors 

the same time, the noise figure would was over, I received and authenticated (HEMTI." MTT-S, Summer 1984. 

drop. However, the optimum source a new North American 2-meter, double- 5. J. "HEMTTechnolOgy Gains On mm- 
waves." Microwaves and RF, November 1985. 

impedance changes at low tempera- hop sporadic E record. The new record ,, Derewon,o Daniel Delagebeaudeuf, 

tures and oscillations may occur. Con- holders are Jim Poore, KD4WF, in "Thompson Continues Work on 18-40 GHZ 'TEG- 

sequently the preamplifier has to be Savannah, Georgia (EN92LK) and Jim FETs,"' Microwaves and RF, 
7. Joseph H. Reisert. Jr., WlJAA, "Ultra Low-Noise 

optimized at the cold temperature. Frye, NW7017, operating portable ham radio, March 1975, . . 

Recently, NRAO noticed the Same from Mount Po~os~,  southern Nevada 8. Joe Reisert, WIJR, and Gar; ~ield. WAIGRC, "RF- 

effects with HEMTs. (DM25GV). Their contact took place CAD Electronics Design Program." (Available for IBM 
PC from ham radio's Bookstore, $39.50 plus $3.50 ship- 

Because the cryogenic coolers used on June 14, 1987, at 1704 UTC and ex- ping and handling., 
by NRAO cost about $5000 each, tended the existing record by almost 9. Joe Reisert, WIJR, "VHFIUHF World: High D V ~  

they're not really practical for Ama- 90 miles for a new record of 1980 miles Range Receivers," hamradio, November Igw. 
10. Joe Reisert. WlJR. "VHFIUHF World: High 

teurs. Other less expensive coolers (3186 km). Congratulations to both Dvnamic Ranqe on Meters,,, ham radfo, November 
such as the thermo-electric type are Jims. 1985. . . 
available ~0mmercial ly. l~ However, l-he North American 1 o - G ~ ~  DX 11. Joe Reisert, WlJR, "VHFIUHF World: The 

VHFIUHF Primer: An Introduction to Filters." ham 
they use diodes that may generate record has also been broken; more on radfo. lgw. 

noise, so be cautious if vou use them. that in next month's column. 12 Joe Re~sert. WIJR. "vHFIUHF World RF Con 

It should be sufficient to mention that nectors - Part 1," ham radio, September 1986. 
13. Joe Reisert, W l  JR, "VHFIUHF World: RF  con^ 

if you have an antenna-mounted pre- important VHF/UHF events nectors - Part 2," ham radio. October 1986. 
amplifier, especially for EME, YOU November 3 Predicted peak of 14. D. R.  Williams, w. L U ~ ,  and S .  Weinreb, "L- and 

should mount it so that it won't be 
heated excessively by the sun. 

Finally, of the GaAsFETs tested by 

the Taurids Cryogenically Cooled GaAsFET Amplifier." Microwave 
Journal. October 1980. 

at 15. Charles A.  Wheeler, "Cool It - for the Ultlmate 
2200 UTC in Low-no~se Amplification." Microwaves. April 1973. 

NRAO, the MGF 1412 seems to have November 3 Predicted peak of page 42 

consistently low noise figure at room the Cassiopids 
temperature. Futhermore, at cryogenic meteor shower at 
temperatures, the MGF 1412 type 2200 UTC ham radio 
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BEAM ANTENNA HANDBOOK 
Complelely revlsed and updaled w~lh Me latesl cornpuler generaled ~nlorma. 
tlon on BEAM Anlenna des~qri Covers HF and VHF Yag~s and 10. 18 and 24 
MHz WARC bands Everylhlng you need lo know 204 ~llustralrons 268 
paqes 1985 Revlsed I 5 1  edlllon 

RP-BA So(fbaund 19.95 

Subscribe Today To The 
World's Leading Magazine For 
Shortwave & Scanner Listeners! . Inlemallonal Broadcasting 

Ulillty Monitoring 
Scanners 
Shoewave and Lmgvave 
Salelliles 
Eleclronic Pro@& 
Lislening Tips 
Frequency Lists 
Equlpmenl Rwievn 
News-breaking Ar t lc ln  
Fealure Arlicles 
Exclusive lnlervlews 
Insights by Ihe Experh 
New Producls 

Each month MONITORING TIMES, the first wide- 
spectrum listener's publication and still the best, brings 
you 64 giant tabloid pages of late-breaking information 
on every aspect of monitoring the radio spectrum. 

Fast-paced and information-packed. MONITORING 
TIMES consistently scoops the publishing industry. 

ORDER YOUR SUBSCRIPTION TODAY before 
another issue goes by: only $15 per year (U.S. and 
Canada). $22 per year (foreign) or send $1 for a sample 
issue (foreign send 2 IRCs). 

MONITORING TIMES 
P.O. Box 98 Brasstown, N.C. 28902 

+ 

SIMPLE LOW-COST WIRE ANTENNAS 
Prlrner on how to bu~ld gmple low cosl wlre anlennas Includes lnvtslble 
deslgns lor apartmen1 dwellprs Full ol dlaqrams and schemallcs 192 
paqes 1972 2nd edlt~on 

RP-WA Sotlbound 19.95 

ALL ABOUT CUBICAL OUAD ANTENNAS 
S~~nple to bu~ld. Ihqhfwelght. and hlgh pertormance make Me Ouad al DX'ers 
deilghl. Everylhing lrom Ihe s~ngle element to a multl.elemenl monster A 
wealth 01 ~nlormal~on on conslrucllon. leedlng, tunlng and lnstalllnq the 
quad antenna 112 pages 1982 3rd edltton 

IRP-CO Softbound $7.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
A wealm of prolecls thal covers verticals, long wlres, beams as well as 
plenry of orher lnlerestlng des~gns I1 lncludes an hones1 ludgement ol garn 
Iloures. how to slte your anlenna for Ihe best perlormance, a look at Ihe 
~aql-Ouad conlroversy. baiuns, slopers, and della loops Practical anlenna 
prolecls lhal work' 190 pages 1978 Is l  ed~l~on 

RP.AH Solmound 8.95 

Please endose U 50 lor sh~pp~ng and handlng I -- 
ham 
 radio-,-^^ BOOKSTORE 1 - - - -- - - 
GREENVILLE. NH 03048 16031 8181411 
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The Magazine 
For Amateur Radio and Computerists 

Whv You Should Subscribe! I 
I head what our subscribers say! I 

It's in the fine print! 
*Your magazine is rhe finest innotorion rhar I have seen in 
ham radio since 19S3-excepr. . . mavhe the all-solid srare 
rranceiver. Carl Soltesz, WUPFT . . .have mosr ceminlv 
received mv money? wonh in sofrware.. . Michael Regan, 
KSWRB ... void have found a nice niche for CTM in 
packer. . . you have me  erring inreresred. . . Charlie Curle, 
A M F  Chattanooga, TN 7be packer compurer info 
convinced me to subscribe. John Skuhick, KUJS 
Enclosed is mv check for renewal of my sul~.vcriprion. I enjov 
rhe down ro earth and homey sfyle of vc~ur magazine 
and the manv fine computer anirles.. . Andy Knsiorek, 
Lakewood, OH I was both pleased and di .~mved upon 
becoming acquainted udrh your magazine ar HAM-COM. 
Pleased rhar I discovered vour magazine--dismayed rhar 1 
didn't long before now. Bill Lathan, AKSK . . .CTM 
gives the finest coverage fo packer rc~dio rhar I have seen in 
any of rhe computer or amateur radio magazines. 11 wv~uld 
appear that CTM has jusr rhe right blend of packer amateur 
radio artic1e.v and computer anicles. Barry Siegfried, WMF 
Of the three HAM ma,qa:ine.~ I received each tnorrrh C T M  is rhe 
onlv one I read from mtrr ro cover and car? with me during my 
rrave!s abroad. Most of the rime ir remains in rhar countw. Buck 
Rogers, K4ABT 

U.S.A. $18.00 1 Yr-$10.00 6 Months (Limited 
Offer) $33.00 2 Yr 

Mexico & Canada $32.00 1 Yr (Surface) 
Other Countries (Air) $68.00 (Surface) $43.00 1 Yr 

U.S.FUNDS ONLY 
Sample Copy & Rack Issues-$3.50 

1 Mail to: 
Circulation Manager 
1704 Sam Drive 

1 Birmingham, AL 35235 
l(205) 854-0271 

1 Name I 
I Call Sign I 
I Address I 
1 City S T  ZIP I 

I Signature I 
L - l l w l I 1 l w l l l l J  
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Special 
OUTSTANDING PRICES 

ON IBM X r w  * 
COMPATIBLE SYSTEMS! 

SYSTEM #1 $299.00 
MOTHERBOARDWITH BIOSAND 
ZERO K OF RAM UPGRADABLE 
TO A FULL 640 K RAM FLlP TOP 
CASE XTlAT LOOK ALIKE KEY 

/ BOARD 150 WATT POWER SUP 

I.., ' W.4 l< a REGISTERED lRADEMARK OF 
INTERNATIONAL BUSlNESS MACHINES CORP 

-- 
Seagala ST.225.20 MMz hard drive with 
control card available with any system 
lor 1319.W. Olfar good thru 12131187. lr 

PLY WlTH ALL THE POWER 
NEEDED TO RUN EXTRA DRIVES 
AND CARDS 

SYSTEM #3 $799.00 
MOTHERBOARD WITH BlOS 
CONTAINING 640K OF RAM FLlP 

Call lor curlomized;ystems. I- I ~ O P  CASE XTlAT LOOK ALIKE 

SYSTEM #2 $499.00 
KEYBOARD 150 WATT POWER 
SUPPLY COLOR GRAPHICS 

MOTHERBOARD WlTH BlOS AND CARD WlTH RGB AND COMPOS- 
$E ERST 256K OF RAM UP 
GRADABLE TO A FULL 640K OF 
RAM FLlP TOP CASE XTlAT 
LOOK ALIKE KEYBOARD 150 
WATT POWER SUPPLY DUAL 
DlSK DRIVE CARD WlTH CABLES 
ONE FLOPPY DRIVE DS DD 360K 
A COLORGRAPHICS CARD WlTH 
RGB AND COMPOSITE OUTPUT 
IALLYOU NEED IS A MONITOR) 

ITE OUTPUTS MULTI 110 CARD 
WlTH TWO DlSK DRIVE PORTS. 
ONE PARALLEL PORT. ONE 
SERIAL PORT AND ONE SERIAL 
PORTOPTION. ONEGAME PORT. 
CLOCK AND CALENDAR WlTH 
BATTERY BACKUP TWO FLOPPY 
DlSK DRIVES DS DD 360K AND A 
COMPOSITE MONITOR 

ry Award, Contest 
Charnoionshiv contest. 

I "Your publication is superb! Keep i t  up!" Joc Rcisert. Y1.R I 
"Your V2PV a r t i d e s  a re  priceless. Your magazine is super!" 

Rush Drake. Y7UM 
"Let me cotu?ratulate you on a very imprmsive rnzeszine. Just 
what I've been looking f o r  as a DXer and Contester!" 

Dick Moen. N7AO 
"RADIOSPORTING, once received, cannot be tossed aside until 
i t  is read from cover to cover. Then reviewed again and 
again" Chas Braming, U4PKA 

Subscrip tion rates: I year USA $18. Canada CDNS26. Ovemeas 
USS23; 2 years $33. $48. $42 respectively. Single issue $2. 
USA First Class Mail add $Elyear, DX A i r  Mail add S15lyear. 

TRY US! SUBSCRIBE OR SEND $1 FOR YOUR SAMPLE COPY. 
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1988 ARRL HANDBOOK FOR THE 
RADIO A M A T E U R  
by ARRL Stall 

AVAILABLE IN HARDBOUND ONLY IN 1988 
v!tit,u 11 IW!I~>, tn han~~hn<s+'. I!),., I , ,  one ,votomr ,'rr~r v+' 
~ l n t  10 havt, 811 yo111 l ~ l l $ , t ~ y  l.ho, i 1 ~ ~ 1 1  01 all lllr I,ill~sI 11.1-h 
rrolnqy pialrcl5 dnd ~rlrzas l l ,~ r i l~ .  droultd ltle v~rl l l l l  lPCl~l1 
1 1 1 n  llic ARRL HANI1HlIOK ,I<, Ill? hnok 10 Iiavt' I'lUll'rl,. 
,,lo ltorn ,.llrlplP mr 1% 11, lh.tvt~ .wnttnn 1111, \hark \I,llll~rl 
,IIIIS I(> rl,~tr. ($1 1111 ,!!I I,,III~~I.,~~V~~~, A I x  rq,t',!l t~'l+'!t'!l~:r 
tool and lea rh tn~~  nltl Nnvv rZ. anrl f r l r , ~ ,  ,11!kr, wcll 111lrl 
.III\W~IC 11) d l i ~ ~ i l , . ~  ,~ny a~rc-.l~rlll Ihry niay h.~vi' 1'187 
Ovrr I I f lO p,t~rt% ~,IV~II,I!~II~ 1,rIr t l r l o h r ~ l  
AR.HB88 Hardbound reg 52095 

Pre-publication special 318.95 SAVE $2 
r,;i,ll., I ~~IIVPII,II+~, - 

BEVERAGE ANTENNA HANDBOOK 

R~!vernqr Anlennas M~srk  delves deep Into Ihe ,,!.I 1t.15 o l  
the stnqle wlrr Heveraqc and SWA [Steerable Wavr Anlen. 

LOW BAND DX-ING COMPUTER PROGRAMS 
by John Devoldere. ON4UN 
for Apple 11. MS.OOS. Commodore C.128 and Kaypm 
CPM Computers 
Hrt+' .I r~illi'c !#on 01 30 super programs wrrllen by 
ON4IIN Jurl .~lrout evefy lnlcrest or need 1s covered-from 
anlpnna derqn and opllmllatlon to general operatlnq pro. 
qrdnls Anlenna proqrams ~nclude shunt and senes Input L 
rielwork d e w y  teedl~ne lrarlslormer. shunt network 
drrrqn. SWR calculat~on, plus I 1  morel General Ham pro- 
grarris rnrlude sa~nr~seIsunsel. qreal clrcle drstlnces, qray- 
Ihne, verlrcal antenna deslon proqram, sunrise calendar plus 
9 more1 Phew Whrn you sll down to use these proqrams 
you'll he amazed a1 wlial you have The besl vallle In com. 
puler software dvallahlc loday 1986 

UN.Apple $19.95 
UN-MS (MS.OOS) S19.95 
UN.CPMIKaypm 319.95 
UN-C-128 COMMODORE) $19.95 
.UN-MAC (MACINTOSH) $24.95 

Program pr ices go ing  up Jan. 1. Order now save! 

LOW B A N D  DX'ING 
by John Devoldere ONIUN '" EOITloN 

Now Ava~l,l:llI~' l h r  n r a  2nd edltron of Ihe d e l ~ n ~ l ~ v e  book 
on Low R,III~I OX tnq Hazed upon years of pracllcal on-lhe- 
air experience. learn Ihr  recret\ o l  how ON4UN has been 
so SUCCCS~IUI 011 Ihe low bands Exlens~ve coverage IS 

qlven lo lransmll and recelve antennas w ~ l h  clear conclse 
rxptanattons and plenty 01 ~llustrat~ons-d~potes. Inverted 
V s ,  sloperr. phased array5 and Hpverages-lhey'rc all In 
this book Also covered propaqalron Iransmlltrrs. 
receivers. operating, softwarr and an exlensrvt' Low Band 
h~bllography Go~nq In b r  a besl srller' Grl yours loday 
1987 2nd Ed~t~on 700 paqes 

AR-UN Soflbound 59.95 

BUY 'EM BOTH SPECIAL OFFER 
Book 8 Software Reg $29 9 0  ($34 96 lor  Mac) 

Just $24 90 ($29 90 for Mac) 
UN.SO (speclty computer) $24.90 
uN-Mso Macintosh Specla1 SAVE SS 529.90 

- - 
1988 N O R T H  AMERICAN R A D I O  
A M A T E U R  CALLBOOK 
f ,.,,ll.l,yl.. II~Vll.ll,l N : .  I 111~ l .~ l rs l  calls~qnr and i :  ' ' ,  '.r 
e, I C I ~  Ar,~,,lrur,, 111 ! l t ~ ! l l ~  A#rrrr~c,l Also 1nc111drr 11,10~1~ 
op~r,llrrru ‘lid$ ~ u c h  '$5 l lmr rharlr OSL h l l l ~ d ~ l r  rr,l".117 
~nlormaltnn hv \!at? ~ n d  Ihcenrr clar5 lUSl alld Counllv 
anri n111rh mnrr [;PI yuul \ lrlrlay lqH7 
CB.US88 Sonbound S24.95 

1988 INTERNATIONAL RADIO 
A M A T E U R  CALLBOOK 
111, I 1 ~ ~ .  1 1  I no 1 ~ 1 ~ 5  ( I . '  !IP 01 North Am~rlca an,. 
h r t l l  rrvlS.rd ~ 1 1 1 1  ,311 1111. l , $ le~ I  cdllr and addrrsst~~. ,. i 

na) with helplul hlnls and llps on how lo  marlmlfr pertor- 
mance basrd upon wlrr sl?e, he~ght above qround, ovelall 
lenqtti and ~mpedance matcnlnq AISO ~ncludes ~ntorrnat~on 
on cenlrr led Heveraqes constructed out n l  several wlle 
types CITY LOT OWNERS Note M~sek has devrlopc~l a 
Rrveraqe lor you t r~o'  Called the M~cro-SWA. 11 15 111st 60 
It lonq You qel exrcllclrl dlrecllvlty and null slrerlnq 
capab~lllres Tmnslr~rrnr'~ dcsrqn rnlormalron lor both term- 
Inallor1 and leedl~ne mltch~nq IS completely tevlsrd 

1987 80 pages 7nd 1 dlllrtn 
VM-BAH Sollbound $14.95 

HAMLOG (MS-OOS Computer) 
by R~ck Marlin. WAJYLD 

ahlt, Ih15 ir Ihr only ,avall.!hlr hook o l  115 klnd aoll I '  , an 
~nva l~~ah l r  atd to qr11111q I:IJY~.I~O [IX OSL carrl: Include5 
pir8nty 111 extra lntn~rnal~orl I~III Orrlrr yosrr oow' 108 i  
CB.FB8 Sonbound 526.95 

ORDER BOTH AND SAVE 55 
REG. S51.90 JUST $46.90 

Books avai lable late November 

II,IIII~~,~ IIIV Ipnv,rt III YIIIII MS flns complllt~r W I I ~  1h15 
6th ARRL COMPUTER N E T W O R K I N G  I r~ r l r t l  .1n11 provrn prorlr.im HAMLOG tc 11dlv menu drlven 

CONFERENCE # anrt t ~ ; ~ ~ u ~ r \  t;t\t rrcrlrrt te t~~rva l  ,inrl d,stllay C, I~ tlr rcjlt 
111 a1 ,dny 11mr .lnd ,illowr h.lrd copy prlnl ollts by CnllSlqn 

A U ~ U S ~  1987 t l d l r  or ,I n r ~ ~ r ~ b r ~  01 n l t l e~  p.~ran~r l r r \  Alcr~ ~nclude', h1.1~ 
I'I, ,*,I r . , , ~ i  15 qrow~nq at a ~rhenolrlrnal rat? Thtc, r ~ l l l r r  101 ttrrlurncy dttrl(.,Itlllll I,II~IPS hy 1ken~.r r.1.4rs .III~I thlt,~ 
t~t>o 01 [1,11)1't% q w n  ~n Auqu5l l lR7 a1 Redondo Hrarli [~,rrly r ~ ~ ~ ~ ~ r ~ ~ ~ ~ n ~ \  101 lral l~c handlr~r  
rrml~rr.;rnt,. Ihr  r r i t l~nq edqr3 o~ packet lechllolnrlv :"I RM.HL (MS.DDS) 
~;IIIPIS rov@:r every (utrlrrl trnnl pllucprnrnl drCI!iIII anll 

$49.95 

I I I I~~ I~YPI I~P~I  and d~qt ta~ ~~qr iat~rrq r~rr~cers~r iq 111 thr I,IIPS! 
~rc~tri~quc:, In dala Ir,~rtsler AM I I I~~ book Irr ynul cnttiv: DlGlPAC II (MS.OOS Computers l  
Iton ol rarlll!r C r l l n ~ ~ r l ~ ~ r  Ne1w111k I:on1~1rricr - b r  l [ I I l ' i~  by Kall Assoc. 

ARRL OPERATING MANUAL up lo dale and PICLPI colllp,~litlIr 19Ri II!qpri.~~: I1 ~ o ! r ~ h ~ n e s  a lull leallrred cornpillel c o n l l n l ~ l ~ ~  

7111s book has hcen crlmpll~lt~ly ~rv lsed and up-dated' Or* ,  AR.CNC6 Softbound S9.95 IIO~S praqram wllh a pawerlul mescaqe ed111nq anrl IIII!'I.II 

600 paqes are cr.~mmed 11111 01 the ~nlormallon every hdrri 
llnil pmqlam drs~qnrd lor lral l~c harlrll~rlq l l lc  rrlrsr,Illl, 

should tiave a1 lhelr I~nqert~(ls In add~lron lo messaqe han- 
prnqtam IP.IIuII~~. ,II~~IC~,I prl!<t:Is CIIIII~II:IP '~U~SC~IIIIII~II 

diuig. emergency operallnq, repeaters and contesllng, l t l f r  2 1 ~ 1  CENTRAL STATES VHF I n < m  pron~pl\ .lnd pop up hr,111 and ~,I'lrrllnn n l l ~ n l l ~  11111 

hook lncludrs reclrons wrlllen by noted OX err W9KNI and July 1987 ~ r r r  dr11n~i1 1ir11i vyC.1r2n~ plus mnrr Ill? crrmni~~n~cattnns 

ViH4ZNH a new section on parret tar110 and ovrr 60 (;,, IIreI ,,,, qlvr,l at the 1987 nlerI,,l,i 
oln~ran1 h , ~ \  nllllllv 111 IP~ Iu~P~ 1110 nllllll levrl alcli'll mlllll 

paqes In lull Color descrlhlnq npPra11nq awards !:om around Ihp Crnlral Slntrs VHr Snct~ly COVI~IS sub~eclr ,Is t l I v ~ r ~ P  "rl""" 'IU1' rnl'l 'Ir rr'call ' 'lSrr llroqrt"rir'lahlr tl'net'on 

Ihc world 1087 688 paqrs .IS usmq TVRO rl lrhrr lo! FMI allcl .I stale of lllc al l  
kr,y.- In namr lort a 1r.w hlo rl ial le~ wll.rl ynlrr Inlr~lr5l In 

AR-OG sonbound 514.95 :' 7 GHI snllrl 5l.llr~ . ~ n i p l ~ l ~ r :  Inc l~ ! r l r~  cchemaltrs draw - lrr'"l 'all lo tr"t"e ll"rrd"llq - ttl" 

cmqs atld otlier 1i1'1[11111 ~~~u<~,a~cr ins  I d~~lna11nq 1r.1d1riq tnr 'I"1111 Is lor ynll 

Vlfk'rrs 116 paqrX. 1987 KA-DPll (MS-DOS Compulen) $49.95 
WIFE'S A N T E N N A  NOTEBOOK && A R - C ~  Sollbound 59.95 
by Doug OeMaw. WlFB 
Antrnn,lr 11,t.i. trrrtt, 1,111' o l  I1rbMaa s p.trsron.. ~n Amdtt,'. 
Hadlo UP 11,1., ~ .orkrd ?(~th c ~ ~ r r l l r s s  dr>',lqnr 01 all 'illdllt". 

and c o n l l q l ~ r a l ~ n ~ l ~  Thls 111lly ~lIu~lr.11~1l l~ooh qlvrs yllll 
t111w In ~ n \ l r ~ ~ r l ~ o n s  nn a n l l ~ l l l ~ ~ ~ r  111 d~flercl l l  vilrr and vrrll 
ell an1rnn.1.. In, IfiO throuirt! 10 rrtrlrr.. Alro 1ncludr5 (n 
lormat~r~rl on r.ldlal ~vsl t ' l l l~ .  II~IIPI\ 11dlurl'. .llld IIIIIIIY~.~IICP 
Iran~.loi~rrrrr I .t\y and Ion rrh,~rl~nrt 1987 170 l~,lr;rS 
AR.AN Softbound 57.95 

TRANSMITTER HUNTING: RADIO DIRECTION 
FINDING S l M P L l F l E O  
by J 0 Moelt. KOOV and T.N. Curlee W86UZZ 
~ I I O . :  ? I ,  ,,#:. 1 ,  , . i ,  r l l~, ' r l~or l  llr\rltrlrl e~ l l~~ l l l~ l l ! l l l  c.ln ht' 
1111[11111,1111 .idrirl~~irl In yliiir Ham \11Il,, fl~"dlr'. Ihv tr~ri 
a :  k t  r or 1 llunll!iq ~1111 millhl \nmed.lv be 
cd'irrl luprlti lo dss~sl'a (earrh dnrl IPSCIIP qrnlln ..avl, I I V ~ S '  
\'!~ltlrn hy twri I11 prperl i  tlrrr brlnk I,, 11111 nt lh~111l11l 
hlnl, 1111'. .lfirl \11qqrs1!01is In~111tlf~'i how lo rqt~tO vnllr 
r r l l  wr,rh sl~jllal l i!~ll~ rqlllpnlplll you can lllllld lo 
opltm,,r ytr~,! 1~11011\ hl~nlrnrl t r r l i n ~ q ~ ~ r s  plu5 IIIIIC~ nlrllf' 
l v in  RASIl: COIII~IIIPI ~III~II.I~I~\ .II~ ,iI\o ~nr:lrtd~d wlln 
c 1 n 1 1 1  1 1  I 1 , t 1 1 1 , 1 o  1087 373 paqrs 
1.2701 Sonbound 517.95 

MICROWAVE UPDATE 
Seplember 1987 
T n , , r  11.111rrr ,vere presented at the Seplember 198; : , ' 
~nr) lhpltt ~ r r  I $IF\ Park Colorado 15 Paper5 lnclude 1111. 
la l f~s l  $ t i  l r ch~ l r~ lo  y de511jll\ .llld microwave tCChlllqllf". 
I 0 0  paqrr 1917. ' ' 
AR-MU Sonbound 59.95 

NOVICE VOICE-CLASS OUlCK COURSE &@ 
by Gordon West. WB6NOA and Fred Mala. W5YI 
I: VII~I r ,in t ~ I I , ~ $ ~ C , ~ I I ~  ,qi3 10 111~1 vir !;I IiA[lIIl ',[:HOI 
thp next besl rlloicr. (5 lo ~tr!. n n i  ol lhrzr cuslllni 
drsrqnrd hnrnr chtriy cnur5rBr [)rslqnrd 101 thr snldrnt 
%no Iha, no knowledqe 01 Ar l la l r~~r Had10 Ihr  Novice 
coiarse ltrr l  leach?< !lie Morrt. rode ~!r lnq two lono playlnq 
cd~selle tap?% IN! a coml~!l lat~l~! rary lo lcarrl lachlnn The 
c11:arly wrtlfen and krlly 11l11slr.1ted lheory book cnvrrs 
rvrrylhmq ~OII need lo krrow 111 lrass Ihe Novlcc lpsl as 
wt.11 .I\ lnrludlnq an ovrrv~rw n l  Ihr  Amatr~rr R;ld~n rrt- 
vlrc Inclitrlcr cdmple Novlcv exarrl and lC(; Iritm 610 
Lalcsl rdl l i i~ri r l i ~ p ~ e d  t'lA7 
GW.ON 519.95 

OSO-PRO (MS-DOS) 
by Mark and Mary Morland 
Not l ~ l i l  anolh~,r 111t11;!rl11 ~lroqrani WrlllCn wllh Ihe arl l i t  
tlam In mi~nd IIII,, M'; ll(lS proqlarn has heen prnle:,.~t,rl.ll 
ly der~qnrd to 11nlr~.r~,l1 1111 pnlrnllal 01 Ihe MS nOS colll 
pulrr Il?r$ a loq~r,~ l  slarldard~refl data entry lorni.11 and 
allows r d ~ t ~ n q .  rrlr l  .rnd ~l~li!cttotl 01 rlata Powcrltll prnqran 
a1 a very rraronahlr prlce 
MM-OP (MS.DOS Computen) Reg. 39.95 Special $34.95 
(spec~al  exp~rcs  December 1. 1987) 

ULTRA-HAM Contest Logger 
(C-64 COMPUTER) 
ULTQA H:il.r I,. .I 1~1~werlu1 proqram I1 ~ncludcs lor.< ., : 
l o r e ~ ~ n  coi~~rv,l lor),. a d~sk lormall~nq roullne and .I 1 1 . 1 ~ ~ 1  

Inq proqr.~:n Easy lo  US? and 11111 01 helplul promplr tl.lrns 
trom Extras to Nrmrces w~ l l  lmd lhts lo h r  a qreat add~rlon 
In lhc~r soltware lhbrary Other lealures lncludr autllln.ll!c 
n11rr1llPrtnrj st1pf:r 1.1~1 dupe chechrr aulornat!c IJTC clock 
aulnniat~c disk savlnq evrry e1o111 OSOr rtrilnlnq scnrr 
101.i1.r ~IIIS much more Also rrrcllldes cdlt~nq capahtlllirs 
RC-UH (lor C.64) 539.95 

RF-CAD ELECTRONICS DESIGN PROGRAM - 
Version 3.7 Includes Intermodulation and 
O i s t o r l i o n  Program 

by Joe Re~sed.  WlJR and Gary Field. WAICRC 
For IBM PC and compalable c0mpulef~ 
Th~s .~ i l Iwar r  [I,ICL,IIII, 11.1~ been w ~ ~ l l e r l  by electronic enql 
news ,IIIII conla~1i5 ~nrarly 40 leslr'd drld proven programs 
Illat wctl help thr Hadlo Amateur or cnqtneer deslqn Inany 
common ~ypes 01 r.1111o ~ ~ r c t ~ ~ l t v  i m ~ l ~ a s ~ s  has heen 
placed upon ease ol llse Wherever poss~hle, menus o l  
chorces wllh examples are displayed Should Ihe user be 
computer lhlerale. Ihr  programs are not copy protected so 
lhry can be mod~ l~ r r l  lo rneet y011r s p r c ~ l ~ c  requ~rrniPrits. 
(lull dncttmenlal~riri IS also prov~ded ) Pfoqramr ~ncludr 
F!llers LC act~vr LP.HPRP Inductor drrlqn torrolll 
solenold stra~qhl ware. Malch~nq ri~tworks Cryslat o5c1lla 
tors. M~crosl r~p Transm~ss~on lhnes. Antrnnas. Yaqf Uda. 
hel~x, dish, hocn elelnenl scallnq PI and T altenllatorr 
Also ~ncluded Radio Path calculattons. I M  mod~~ la l~on  
arialysrs. Mtscellaneous conversrons. Genslalronaty ~alell l le 
polnllnq. Maori lrackrnq ads. Recelver nolsc llqure calcula- 
Irons and Spurlous rrrelver response prrd~cllon Reqwres 
IRMPC w ~ l h  at lrasl one lloppy drlvc arld 12Rk 01 RAM 

1985 
RF.CI0 (MS.DOS) 539.95 



SHOPPING I 
RADIO HANDBOOK 23rd Edition COMPUTER PROGRAMS FOR THE RADIO 
by Bill Orr W6SAI AMATEUR 
Here are some o l  the highlights 01 this exciting new edi- Book currently unavailable. 
tlon New easy.to-use charts lor Chebyshev and elliptic by Wayne Overbeck, NBNB, and Jlm Stelfsn. KC6A 
filter configurations, new data on power MOS-FETS. how to n r r l  ,ti,. Iht, best comptlier programs lor the Radto 
use stale-of-the.art DP.AMPS, and home compuler RTTY to Am.tteui available. G~ves you programs lhal wt11 help you 
name lust a few examples New Prolects Include. GaAsFET to. Itr~term~ne sunrtseisunset tlmes. track Ihe Moon s path 
Preamps for 902 and 1296 MHz. easy-to-bulld audio CW across the sky, use Greyllne propagallon and set up record 
filter. lconomv two 3-5002. 160 meter arnpllller. multlband S~SI I ! I~S lor WAS. DXCC and VUCC, or any other award 
amp UslW N o  3CXBOOA7's. and a deluxe amPllfier with Take lull advantage o l  your computer with well wr~tten and 
the 3CX1200A7 tube New antenna prolects ~nclude: tested programs 1984 
efficient Marconi design tor 160 and 80 meters, Computer Program LlrUnp generated d~mens~ons lor HF-Yagls. and a 2 meter slot Mpmt, beam Get your copy today. 23 edition " 1986 Logs. Awards Data Base. Gridlocator 
I !22424 (Rep. $29.95) s26.95 LatltudelLongltude Pmgnms 

# Data File, Eeamhead~ngs DX Display Sunrise Chart. Grey- 
Re-CODE-nition CLASS (Apple 11) Ihne. DX Checker 
Sound recognrtton has been proven ttme aner tlmc 11) l i t ,  

Contest and Duping 
the most etf~c~ent method lor learntng the Morse c o r l ~  te. Dupechecker. General Contest Logper. 
CODE-n!t~on,uses a computerized der~vallon o l  the la~lious Field Day Logger. Sweepstakes Logger. Log Print 
"Farnsworth" HI speed - slow spactng code teach~ng Antenna Programs 
method us~ng  a word game approach to learntng. I ~ I S  pro- Antenna Scaler. Matching Evaluator. Vertical Panern Plotter 
gram qtrlves to ellmtnale the drudgery o l  learntng the EME 
code You can cusloni deslgn code practlce by entertng EME System Calculator. Sky Locator. Moontracker 
text owl use data ttles on dlsk I Program dlsk $19.95 
MD-CC (Apple II. Ilelc) 539.95 specify computer (see list below) 

Disks ava~lable lor: Apple II (DOS 3 3). IBM PC-DOS. 
HAM RADIO LICENSE STUDY COURSE TRS-80 Model 111 and Commodore C-64. Please mark Your 
by Diamond System (MS-DOS Computers) $@ order wlth the program disk you want. 
Use you! honie conipuler to study fowl your Amaleu~ fi.t[lio 
L~cense Duesttons and answers are laken lrom the V I  I: 
standard syllabus for each lrcense class you can ett1ir.r TUNE IN THE WORLD WITH HAM RADIO 

7th EDITION study the whole questton pool or one 01 the lnd~v~dual sub- by ARRL slan 
elerrielirs. Novtce. General and Extra programs also ~nclude NOW INCLUDES TWO C-90 CODE STUDY TAPES1 

M A S T E R  L O G  
Ovr! tlirri3 ye,tt\ of developmen1 went Inlo this program It 
crcates a l ~ l e  ul2100 lndtvldual records wlth up to 13 dlllerenl 
erltrles per record Master  LO^ can do a search and select 
based upon Ilme. lrequency, mode or any of llwle other varlable 
parameters 11 keeps trackol DXCC and WAS stalus. prtnts 
OSL labels and can search 11s whole file ~n less than 5 se- 
conds' Complete docunlentalton ts~ncluded to help you learn 
and use thls truely state-of-the-art loqqlng program 

HD-ML (For C-64) 528.95 

DX TOOL Kn 
This handy toot kt1 should be In every ham's shack Programs 
tncludrd are Propagatton chart. Beam headlng. Grayltne and 
Sunrtse The Propagatton chart uses the NOSC M1n1mul3 5 
alqor~thm to compule both MUF and FOT lor any OTH The 
Beam headtng allows you to create a cuslom~zed chart of both 
long and short path beam headlnqs Glayl~ne selects and sorts 
countr~es on the Grayl~ne lor your localton The Sunrtse rou- 
llnc wlll help you pred~cl upcomlng OX openlngs 

HD-DX (For C.64) 124.95 

ANTENNA DESIGN 
Th~s sell-prompltng program coversdipoles. Yagls. long 
W I ~ ~ S ,  rhonibtcs, qunds. loops, verticals and other antennas 
You slmply enler the lrequency you are designing an antenna 
lor, Ihe antenna you wan1 to make. and the computer wlll glve 
you all Ihe wln~t~al des~gn spec~l~cattons you need The results 
can be stored on drsk for permanent retention 

HD-AD [For C-64) 59.95 

a Morsp code program that w ~ l l  allow you to bone up on ~111s package has been revtsed to cover new d~gwllal 8 voice / P R O P A G A T I O N  CHART 
your code The program can ellher generate code randomly Novtce requlremenls and conta~ns THE goodtes needed by Invaluable add~t~on to any Hamshack The Propagahon Chart 
or trorn a text l ~ l e  state-01-me-art learning MS-DOS only the beglnner to get started In Amateur Radlo Assumtng / allows yoit to determine the maxtmumusablelrequency IMUF) 
DS-N Novice (with code sludy) 539.95 that you have no pr~or knowledge 01 radto. the reader 1s 
OS-G General (with code study) 534.95 taught how to pass the Novtce exam. both code and 

DS.A Advanced theory, and how lo set up a statlon. Unlque code study 

DS-E Extra (with code study) E:::; method makes learnlng Ihe Morse code easy as 1-2-3 And 
it's lull 01 ~llustrat~ons to help clarify d~l t~cul t  techn~cal 

HAM RADIO LOG BOOKS 
polnts 160 pages 1987 7th edit~on 

sonbound $14.95 
back by popular demand!! 
Room lor over 2100 OSO-that's over twlce as many ,I\ AMECO STUDY GUIDES 

and the o p t t m ~ ~ m  lrequency IFOT) between your OTH and any 
spot on Ihe globe You can get etther a screen dlsplay, a prlnt. 
ed tabular llst over several days. or a prtnted graph of  MUF and 
FOT You also gel automatic beam headlngs and dlstance to 
Ihe OX stallon Covers 160.10 meters and the new WARC 
bands 

HD-PC [For C-641 $16.95 

SUPER LOG 
the other log book For contesters. each page contatris JO Super log glves you all the advantages of a computerimd data 
OSO's tor east counts You also get the lalest up-to-date OeSigned lor VEC base wllhout stgnwll~cantly changtng the lrad~t~onal loq lormat 
frequency spectrum chart, ITU callstgn list and ARRL DXCC AMFCO Study Gutdes are taken lrom the latest FCCNEC I For contesters. Super Log can bccontlgured toeltt'er manual- 
ltst Splral boutd to lay llat on your desk Unquesttonably Exalt1 questlon pool Each hook has the latest questl0ns 
the best log book value around 1986 along with the ARRLNEC niulltple chotce answers. tmmed. 

HR-LB Spiralbound 52,95 lately followed by a full dlscusslon explalnlng each ques- 
tlon Whlle noth~ng can guarantee that you wtll pass. 

HR.3LB Special buy 3 prlce Save 22%Gel 3 oner 56.95 AMECO study gu~des WIII make sure that you are lullv pre- 
pared and ready to go Wr~tten In Clear conclse, easy-lo- 

RADIO COMMUNICATION HANDBOOK 
read format, each questton 1s fully explained Novlce and 
General books are cross referenced to AMECD's 102-01 for 

by RSGB 5th Edition a more thorough explanallon 

ly or aulomat~cally enter contact number as well as t~me 01 
contacl Make an error and you can eastly go back and e d ~ l  the 
entry Super Log also allows you to print out ellher selected 
contents or the whole log Wtll prtnl OSLs 

.HD.SL (FO~C-64) 519.95 

CONTEST LOG 
Th~s d~sk contatns lour dinerent contest programs: ARRL 
Sweepstakes. F~eld Day. Universal WW Contest log. plus a 

Here <. an tnslde look at Arpateur Radlo wlth the Brttlsh 27.01 Novice Class 
verslon o l  the ARRL Handbook. Full o l  prolects. theory and 112.01 Technician,Genenl Class other helplul lechrircal lnformatlon Also rncludes antennas. 
propagatton. satellites plus much more1 1982 23 chap- 26.01 Advanced Class 
ters 1 25" thrchl 17.01 Extra Class 
RS-RCH Sonbound 521.95 i102.01 Radio Amateur Theory Course 

___________________-------------------------------- 
1441 BASEBALL CAP 

How aboul an anractlve BASEBALL style cap 
lhat has name and call on 11 It glves a 
jaunty alr when worn at Hamlests and 11 IS 
a great help lor tr~ends who have never 
met to spol names and calls lor easy, 
recognltlon Greal for birthdays, annlver. 
sar!es.special days, whatever occaston 
Hats come tn the lollowtng colors 
GOLD, BLUE. RED. KELLY GREEN 
Please send call and name 
(maxlmum 6 lcrters per Ilne) 

UFBC-81 $6.00 - 
1.0. BADGES 

- 
I 

No ham should be wlthout an I D badge 

A d d r e s s  
It 's lust the thlng lor club rneettngs. 
conventions, and gel.togethers. and you have a 

City S t a t e  - Zip w~de cholce 01 colors Have your name and call en 
l I Check or Money Order Enclosed graved In efther standard or scrlpt type on 

1_1 VISA I 1 M a s t e r c a r d  Need ~~~~~h a one 01 these plastlc lamtnated I 0 badges 
sepa,areD,rreorpaperan~mar~ Ava~lable ~n the lollow~ng color combtnattons 

Card U Expt res  !he handy enclosedenvelope (badge/lenerlng) whllelred. wood- 
gra~nlwh~te. bluelwh~te. wh~telblack. 
yellow/blue, redlwhlte, greenlwh~te. rnelall l~ 
goldlblack. metall~c s~lverlblack 

UID Enqraved I D Badqe 



- -~ 

lWCLUDES2HOOK-ON PROIIES '369.95* 
20 MHz DUAL TRACE 
F.. i ~ u t * ~  t ~umi,olltuil It.\linqLl!i 11'1 lr11 ~1~~1~10rs .capac l lors .  
d i ~ ~ l a l i ~ 1 c i ~ ~ l ~ a n d d l l l l ! t ~ 5 - I V \ y 1 1 ~ t l t e l - h 1 q h S e n S l l l V l l y -  
Zaxis X Y  lrladc l ~ ~ , i l l  ~~ic;tlibr.~luf 5 X  hort1onlal rnaqnltler 

I n c L u o ~ Z  nwK-on CnoaEs ~q99.65* 
35 MHz DUALTRACE 
*ti!r. t r t . ~ ~ t  n i y  11 i n< t * i  1111- n i> l~m.~I  s ~ i i s ~ t ~ v ~ ~ y  -delayed 
lriqaerlilr) iw fep  l i r ~ l r : ~ l I - -A l  1 It~qllfr-single sweep TVsync 
5X ! n d q t ~ ~ l ~ ~ a t ~ o ~ ~  rY ill XYZ~iur ra lnn-  HFiLF nolsereducllon 

r - 1  - 5449.95' lWCLUOES2HWK-ON PROBES 

15 MHz DUALTRAQ PORTABLE 
F ~ i . I d l 1 ~ ~ ~ ~ ~ ~  Il ,dpp r ~ l t < ~ , i . l  - L i ~ l ~ l t  ~ ~ ~ L l l i l r q r i  d r l i !  l i  t1tv.i (1,lck 
-uaIr,: l~au isopr~,n l~ i~nper  ch,~rqe-5XIlor11nn:aI 
rnann~t~ra l~on-h lgh h~~qhlnrssCRI- f ront  "ant. trace rotalor 

USEABLE 
VERTICAL MAXIMUM MLXlMUM 

MOOEL U A I ~  mnu Y TRACES CEIZE SENSITIV~ TRIGJREO LIANOWIO~H 

;, I l< , l l l l \ t~"  l l ,  1 IIIII'.~ ,I[,,., l ' . , l i l l l ' ~  lll\lll~l<l'.~lt'lll~ll.lll:I'ili ill1 121 AxIOCM ?,tuV ;$qvr O<v ,l',MtI, 4 ,  l,t/(: 

u l l : ] ~~~ l I , l l l l c  p l c c  lil Ilt.,liy r l l l t y  ~oil',lllli 111111 I ~ 1 1 ~ ~ , l l l ~ ~ l l l l , l l l ~ f :  15 MHz 121 3 5 1nrh 
1 l l l V  1~1.1 l l lv X%HI ." MH, 

for I loh l ly  SI:IVII:~ ,111il ~11111l1ll 111111 r l [ l p / 1 ~ d l 1 0 1 1 ~  (2) 8rlOCM t nlV ;I?! {ltv YiMHl l i t  C ~ H Z  

'Add an additional S1O.Mlor each unil  lor shipping. 

y, -r-Tl 

-- 1 
AII lncluoc hlgh'puallly I:I. IDI hrrm n probn. tn:t~~on/:ew~cs m~nual W I I ~  rchemallc and capnent IIW. I p r  warranty 

MINI-100 COUNTER CT-70 7 DIGIT 525 MHz CT-909 DIGIT600 MHz CT-50 8 DIGIT 600 MHz CT-1259 DIGIT 1.2 GHz 

> 8 emc - - 
$1 19-95 C H l l l "  *ltr(lUrnNfL $1 39.95 :?i%E:"'s 5189.95 E'E.%Y' 

RAMSEV 0-4100 RAMSEV 0-5100 54495 rI1,.m 2 i 8 d ~ a l  to, mcaiurlno weakslgnals 
l,,rn,nrlud81 Iron) l0 t0  1 (YXIMHI. tla125ilbga1n* BNC 
rc,nlujaf connectors orpal lor sn~ l lwq  RF  deal 
,,,,, uS,5 tecetve~!TVp~eamp 

PS-2 AUDIO MULTIPLIER 
Ih*. PS-21\ lh,tooyl~i~ h~g11~1:sn11~11nnaud10 
re.;olulloi\ rtwnioremelils, milllll l l lesUpIn 

IICIYdes PrOBCS 
I Year Warrnnll 

$69" twl l l~ency . grc.al tor R lonemeasurements 
w"*' . nlilll~ples hy t0or I W  -0 01 H/ resolullon 

PI .  rm, 549.5 R b ~ ~ ~ l t - l n  rlqlldl p~ea~nplcond~t~oner  

I :  I , : I  I ~h~ l t l yandaccu~acy  Ha., llllll:ll HOI I1 feature to  allow read. 
111,- I ~ . l l t l ~ o t , ~ l  I I I I I I I I I ~S IC I~~S I~~  l l l s ln  Ings 10 11,' 1hIrjqf:d or referred lo belore 

PS-1OB 1 GHz PRESCALER 
y ~ i , ~ ,  I ) ~ ~ , . ~ ~ . I  ~ i i t ~ ~ . m t a k c ~ ~ a n y w h c r e  It 

Extend, l l~eranquol  you! plI's~'r1lruunIer lo  
maklnq I h r  nr7xt read~ng. Up to 10 AMP 

Ir.rlu~.~\l.ilIovc~lo,11lpr01ec110n 3 
I [;HI ?rlaqe~~rt.amp. r l~v~r luhy IWOclr- 

cutrertl cdpalrlllly and a conltnulty lunc. 
d(~ j11 L ~ : n ~ t ~ , t t l ~ i ~ I  ~ f c f ! s t ~ ~ d ~ n p ~ ~ I l a c k s  

cirllry . 511pe1 \ ~ ~ ~ t ~ I ~ v e ~ % m V l y p l c a l l  

cafely lpfulres i l ~ ~ ~ I ~ c l l c ! ~ k l ~ l l ~ l ~ n n  
t ~ n n  whlch ht:cps on zero Ohms ";;"A:';- RNC c o n n " c t ~ ~ s  I G H H ~  NU> 1 M H l  nut 

d l i v ~ s  any Counler 



AEA weather FAX mod for 
the PK-232 

Over the past few years, packet radio has 
arown from a rather esoteric part of Amateur - 
Radio to  one of the fastest growing segments 
ever. There must be at least ten manufacturers 
of TNCs. all sellina basicallv the same product. - 

REVIEW 
One way of selecting a TNC is to look closely 

at the features each unit offers. Do you want to 
go beyond packet? How about R T Y ,  AMTOR, 
ASCII, CW and weather FAX (WEFAX)? How 

about SIAM, Signal Identification and Acquisi- 
tion Mode? If you want all these features in a 
single unit, your only choice is the AEA PK-232. 

All currently manufactured PK-232s have the 
FAX and SIAM option installed. The unit we 
reviewed earlier (see page 81 of the July. 1987 
issue) was one of the first units off the line and 
needed to be modified to work on WEFAX and 
SIAM. 

When I learned of AEA's modification for 
WEFAX, I immediately called and placed an 
order for the kit. Because demand was enor- 
mous, it took a few weeks for my kit to arrive. 

Besides the parts and instructions needed to 
perform the mod, AEA also supplied an adden- 
dum for the operator's manual and a pre-made 
computer-to-TNC to printer cable. The cable 
alone is more than worth the $40 price of the 
modification kit. 

AEA is currently supporting most parallel 
graphics, and your dealer will have a complete 
list of printers that AEA has tested with the 
PK-232. 

Four simple steps were all that were required 
to make the modification: remove the unit from 
use, disconnecting all cables: prepare a clean, 
static-free work area; remove six screws and 
open the unit: remove and replace EPROM U2 
and install EPROM U3, then screw the cover 
back on. That's all there is to it. You're ready 
to reconnect and get back on line. 

Sometimes it's hard to b e l i e  that the EPROM 
is as powerful as it is. Without EPROMS, the 
unit can't operate. Yet they can be installed in 
less than a heartbeat. 

operation 
I'll break th~s section into two parts: WEFAX and 
SIAM. 
WEFAX. While WEFAX is basically a service for 
ships and aircraft, it offers a wealth of informa- 
tion for amateur meteorologists too. Stations 
transmit weather maps that show actual condi- 
tions and prognostications, satellite photographs 
of the earth's surface, taken from geosyn- 
chronous and orbiting satellites, and plenty of 
additional information. Of particular interest to 
me has been the hurricane maps that are sent 
during the hurricane season here on the East 
Coast. 

Transmitting stations are located around the 
world, with each transmitting information for its 
own geographical area. Here in the Northeast, 
Halifax, Canada and Norfolk. Virginia provide the 
most reliable reception and information. I haven't 
had much luck with European or West Coast 
stations, but this is more a problem of time on 
the air and propagation. 

The PK-232 represents the third generation of 
WEFAX equipment I've operated. Of the three 
units I've csed, it's by far the easiest to set up 
and the most convenient to use. No special 
paper is required. There are no noxious fumes, 
the unit is easy to transport and install - it's 
really a pleasure! 

From the time the modifications were finished. 
the cables installed, the computer hooked up and 
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conclusion 
product \ Typ~cally, AEA has ~ncluded a well wrttten 

owner's manual that describes the operation of 
- - 

REVIEW 
both WEFAX and SIAM modes fully. In case of 
difficulty. AEA has listed a number of common 
faults and the appropriate fixes. They also offer 

hooted, to the reception of the first pictures, a 
grand total of 15 minutes passed. 

Because you're using a dot matrix printer, you 
can't resolve shades of gray and therefore can't 
reproduce satellite images with pure photograph- 
ic quality. The images, however, are very good 
and quite usable. Since maps and charts are 
hlack on white, their reproduction quality is 
excellent. 

All vou need to do is tune to a station trans. 
rnirting FAX (with digital readout radios, tuning 
the PK-232 is no more complicated than sub- 
tracting 1.7 kHz from the transmitting station's 
published frequencyl. That's a heck of alot easier 
than it was with the old Hammerlund Ha-1 10's 
"coarse" and "fine" tuning controls. Then just 
configure the PK-232 to FAX mode. turn on the 
printer, and Bingo! Out come the maps and 

excellent advice by telephone if the manual and 
a little bit of work fail to solve the problem. 

If you have a PK-232 and haven't yet mod- 
ified it, you're missing out on a treat. I wouldn't 
just walk - I'd run to place the order! 

AEA. 2006 196th Street SW, Lynnwood. WA 
98036. 

Circle C302 on Reader Service Card. 
NlACH 

QSO PRO 
I'rnpram Fnr l o u r  

MS-DOSB Compatible Computer 
+Complete Cursor Control 
+Room to store complete 

address informotion 
t A Real-Time Log 
+ Totol QSL's by State 
* 900 QSO's on floppy, hard 
disk limited by spoce available 

I n l m l u r t o w  Offer 

95* 

5% soles tax. 
M;~i ; l .  ( 'lrc.<.l<s I'iiyablc .I'<,: 

MOI<LAN SOFTWAItE 
P.0. 130s 2400 

I:;~st I,i\.rroor~l. Ohio 4:3920-0400 
charts you've been waiting for. 

I I 

You can also transmit FAX pictures. Frankly, 
hecause transmitting FAX requires a special pro- 
gram, I d~dn't try thls option, so I can't comment 
on the PK-232's capabilities in this area. AEA is 
currently developing an MS DOS program for 
FAX transmission. Details are too sketchy to re- 
port. However, early versions include FAX dis- 
play on screen, transmission capabilities, and a 
number of other features. Availability is sched. 
trled for late fall or early winter. 
SIAM. One of the first things you notice when 
you tunc across thc hf bands is the variety of 
different digital signals. Even if you were an 
expert and could tell by sound alone. it would 
take time to configure the PK-232 l o  receive 
these signals. With SIAM. the PK-232 analyzes 
the signal and identifies the type of transmission 
and its speed. The operator can then decide 
whether to receive the station or continue on 
with a band search. 

SIAM will decode a number of different digi- 
tal codes: ASCII, ARQ, and FEC AMTOR and 
Baudot. It will also decode the Russian Cyrillic 
and Japanese Katakana codes. 

To use SIAM, all you do is type in the com- 
mand OPMODE SIGNAL. confirm that the re- 
ceive IOCD) LED IS lit, and wait approximately 
10 seconds. The PK-232 will respond with a baud 
rote indication and a confidence of mode fac- 
tor. In another 15 seconds. the PK-232 will iden. 
tify the s~gnal. To copy the signal, all you do is 
type in the command OK. If the SIAM analysis 
is correct, you'll start seeing text. If not, the 
PK-232 will give you a ?bad prompt. 

If the text is decoding but seems to be en- 
crypted. you can try setting BlTlNV to 0 
through 31, if only simple bit-inversion encryp- 
tion is being used. If none of these 32 settings 
will decode the station, chances are another 
more soph~sticated encryption system is being 
used. 

miniaturized DTMF 
encoders 

des~gned for custom ~nstallat~on In rad~os or sys , . IVIINI- 
P I . 1  D U l W  I.1-I ..w 

tems that are exoosed to harsh or abus~ve en 1 -  
- 

.It, I* I,, 6 In 

Pipo Communications has introduced the P-7 
and P-8 series of miniaturized DTMF encoders 

WHOLESALE PRICES ON CCTV 
,,,, , , ;>  ,,- ....,. 

1 ,ni* 2 r u n  .tim I 
brlr l r  1 a -,,or 

vironments. Built'with steel keys and sealed gold 
dome contacts to ensure reliability and long life, 
the P-7 and P-8 encoders will fit most radios. 

' U s u , ~ , l i r ~ " l l ~  

Il-s* 9' l,.sml - l l b l  
I W  I,?. -,",,a 

,s-,<* 12. 11.1. rrm MI 
m I,?. -1,,m 

~~'~~~ yn;'tT, 
' ' T ' ' t M  

.,,mu, ,m 
,Y U,*,L ,,n,- , I . , a m m  ?.st. d. 1.1,' 

. , th I* I,,.& Irn 
w-mru .,.,,I. srss 

TUL **rKImFS Y**nl Y Em* 911v rn rm - rm u 

d 
eBMr l lE  LI I  SI51f6  1 CDPOL.TS 

mEWRO'Y:YI - -  w 5 1  nm 5.P.S.t. ru us1 

DETECTION DYNAMICS 

Y 1Y.l 
measurina 2.16 inches bv 1.5 inches bv 0.20 

The P-7. a 12-key touchtone encoder, comes 

" 

inches. The P-8, a 16-key touchtone encoder, 
is available in a vertical IP-8VI format only; it NEW 
measures 2.16 inches by 1.9 inches by 0.20 

NEW 
inches. Both are available in black or dark brown. 

For more information, contact Pipo Commu- 
nications, P.O. Box 2020, Pollock Pines, Califor- 
nia 95726-2020. 

Circle n 0 3  on Reader Service Card. 

4700 LOYOLA LANE, SUITE 119 
AUSTIN, TEXAS 787E3 
t s 1 2 1  346-8401 

PLENTY OF BOOKS LISTED IN THE 
BOOKSTORE'S HOLIDAY CATALOG- 

power strip spike protector TURN TO PAGES 88-89. SAVE TIME 
TDP's Model IuPSIOI Power Strip Voltage AND MONEY. SHOP BY MAIL FROM 

Spike Protector has been specifically designed YOUR # 1 SOURCE OF AMATEUR 
to guard solid.state circuits against potentially BOOKS AND SOFTWARE. 

in vertical IP7V) or horizontal IP-7H) formats . Am- 
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damaging voltage spikes by absorbing and dis- 
sipating them through two 50-joule MOVs with- 
out interfering with normal current flow. All six 
outlets are circuit-breaker protected and rated 
at 15 amps. 

In addition, the lOPSlOl features a bi-direc- 
tional noise filter to eliminate both RFI and EFI 
interference. The noise filter functions over a 
broad band 11OOKHz to20 MHz): high-frequency 
signals in this range are attenuated by up to 30 
dB for improved equipment performance. 

UL-listed and American-made, the lOPSlOl 
has six NEMA-type plug-ins and a heavy-duty. 

three-wire grounded 6-foot power cord. MOV 
working status is confirmed by a built-in indica- 
tor lamp. 

For more information, contact TDP Electron- 
ics. 11 1 Old Bee Tree Road. Swannanoa, North 
Carolina 28778. 

Circle 1#)4 on Reader Service Card. 

all-mode 440-MHz base 
station transceiver 

lCOM has introduced the IC-475A 440-MHz 
base station transceiver. This deluxe all-mode 
hase receives from 430 to 450-MHz and has 99 
tunable full-function memories, passband tun- 
ing, a notch filter, noise blanker, built-in SWR 
bridge, semi or full CW break-in, and a multi. 
function meter. The new IC-475A also has a 
velvet-smooth tuning knob and easy-to-read am- 
ber LCD readout with variable backlight. 

Measure Up With Coaxial Dynamics Model I 
83000A RF Peak Reading Wattmeter I 

sales ne 

Take a PEAK with Coaxial Dynamics "NEW' Model 83 
to measure both FWDIRFL power in CW 
and FM systems simply and quickly. 
Then with a "FL IP  of aswitch. 
measure "PEAK POWER" in most 
AM, SSB or pulse systems. Our 
Model 83000A features a complete se- 
lection of plug-in-elements plus a 2 
year warranty. This makes the 
Model 83000A an Investment worth 
looking at. So go ahead, take a 
"PEAK, you'll like "WATT" you see! 

Contact us for your nearest autho- 
rized Coaxial Dynamics representa- 
tive or distributor In our world-wide 

twork. 

15210 lndustrlal Parkway 
Cleveland, Ohio 44135 
210267.2233 
1800.COAXIAL 
Telex 964630 

Service and Dependabil~ty.. . a Part of Every Product 
See us at Dayton h t h  M00-401 - 

1, 194 

~----~----~---~~-~-----IIIIIIIIIIIIIIII* 
8 
! THROW AWAY YOUR FALCON CATALOGS : 
I Falcon Commun~cations, 

L, 
I 

I I 
1 ee  THE source for qual~ty, I 
I Amer~can made, MOS- I 
I 1 

I 
I FET repeater, base sta- I 
I tion and mobile power I I 

a m p l ~ f ~ e r s  announces a I 
major re-des~gn of our ! 

See your dealer, or con- I 
I 
I I tact the factory, for the 
I 
I latest ~n fo rmat~on  on our 
I 
I 

new MOSFET and bl- 
polar power a m p l ~ f ~ e r s  

I 
I 

COMMUNICATIONS (714) 760-3822 J 

Four scanning systems are available: band, 
programmable, mode, and memow scan that 
scans 99 memories in five seconds, with selec- 
table lock-out. The IC-475A features exciting 
new options such as a tone squelch unit, speech 
synthesizer. and OSCAR module that allows 
tracking with a companion IC-275A or IC275H; 

~ t l r t l l  md \to&pc. ucl Ilr i l r t  I in the \Vest 
lhc I>,?crpmc\ I 'rcl rc,nmill, 
VKV Ifd l  Ill all 11.111dLlnl I,rm1,1I 
\r;!lcd anlenna. r;mpbcl I.nnnrh kt!. '11' 
R<~.KI. I fdl melrr ;td:lptrr. :$I1 hnnd 1 / 1 , ~  

rlloslerp~~rr. ?lXl'rolpm,l d.!l.rcln 
S n l h ~ n ~  more ncrdnl h r  k VYV I.lrl. 
O n c ~ r \ c n  ~nrldl\~n I(nttn\ \ 

r /  185 
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2x42 BASE 

THE HIGHEST GAIN DUAL BANI 
BASE/REPEATER ANTENNA 

HIGH POWER 200 WATTS 

FREQUENCY: BROADBAND 
140-1 70 MHz 
410-470 MHz 

GAIN: 
VHF - 8.2dB 
UHF - 1 1.5dB 
VSWR - 1 .-1.2 or less I 
CONNECTOR: 
N TYPE FEMALE 11 
LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT. 
WEIGHT: 5 LBS. 3 OZ. 
WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN. 
MAST 
CAN SIMULCAST ON 
BOTH BANDS 

WATERPROOF 
CONNECTING 
JOINTS 

AMATEUR SPECIAL 

1275 NORTI I  G R O V E  ST. 
ANAHEIM, C'Al.lF. 9zXof1 
(714) 00-4531 

('AH1.t:: Y.XI-('Ol.(;l.% 
F\1(714) b.lB702J 

/ 2W 
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IF YOU BUY, SELL OR COLLECT 
OLD RADIOS, YOU NEED ... 

ANTIQUE RADIO CLASSIFIED 
Antique Radio's Largest-Circulation 

Monthly Magazine 
Anlcles - Classifieds - Ads lor Parts 6 Sewlces 

Also: Early TV. Ham Equip.. Books. 
Telegraph, 40's & 50's Radios 8 more... 

Free 20-word ad each month. Don7 miss out! 
Sample - Free. &Month Trial - $10. 

l-Year: $18 ($24 by 1st Class). Foreign - Write. 

products 

UNEARlTY k w r  SPEClAUrY 

10 - 900 MHz Preamp 

G=13dB NF=JdB IP=20dBm 
--,- . ----- -- - 

w 
W O M M  ELECTRONICS INC. 

PO Box 5174. MASSENA. N Y 13662 
(315) 769-8334 

an FL-83500 HI. 10 749 MHz CW filter. and an 
AG-35 mast mounted pre amp. 

All subaudible tones are built in, and the ac- 
tual subaudible frequency is displayed. Standard 
repeater splits are also built in, and odd splits 
are programmable. The 25-wan IC-475A is simi- 
lar in design to ICOM's compact base station 
line: the 1C.735. IC-275A. IC-275H and IC-575A. 

The IC-475A is priced at $1.999.00. More in- 
/ lg8 formation is available from ICOM America, Inc., 

2380 116 Avenue N.E., P.O. Box C-90020, 
Bellevue, Washington 98009-9029. 

Circle IJ)5 on Reader Service Card. 

1 SPECIALIZED 
COMMUNICATIONS 
FOR TODAY'S RADIO AMATEUR! 

Since 1967, covering a l l  modes of  
A m a t e u r  R a d i o  " s p e c i a l l y "  
communications: Fast Scan TV. SSTV. 
FAX, Packet Radio, Computers. R.ITY. 
Ahl'M)H, Satellilt.;. TVRO, ?vlicrowave, 
1,asers and more! 10 issues per year. 
Hark issues ;~\ailahle. SASE hrings 
'I'RSXOC, C64, lHhl  soflwarr c a t a l ~ ~ .  
I'.S. suhscril~ers SZOIyear. Foreign 
slightly higher. Add $2.00 for Index 
I~SIIC. 
SPEC-COM Communications & 
Publishing Group 
P.O. Box H, 
Lowden, Iowa 

YISAI 
'- 

52255 '>",, M<I+.cI 
- 

CTCSS encoder 
Communications Specialists of Orange. 

California has introduced a small programmable 
CTCSS encoder for use in handheld radios and 
other size-restricted applications. Dubbed the 
SS-32SMP, this new encoder measures only 
0.53 x 1.00 x 0.16 inches, and offers full-tone 
versatility and high audio level. 

Any 32 tone frequencies between 0.01 and 
256.0 Hz may be selected for storage into a 32-bit 
EEPROM memory. These tone frequencies may 
be standard or nonstandard, and may be 
changed at a later date if desired. The required 
tone frequency may then he selected by solder 
ing binary coded jumpers on the tone board. The 
SS-32SMP may also be ordered to work as a six 
tone encoder (no switching diodes are neces~ 
saryl at no extra charge. Multiple tone switch- 
ing over six tones can be done with switching 
diode nelworks or a binary switch. Tone frequen- 
cies above 255.0 Hz may be ordered for a slight 
additional charge. 

The SS-32SMP features a low.impedance, 
low.distortion, adjustable sine wave with ade- 
quate audio level to provide sufficient deviation 
for most handheld radios. It operates on 6 to 15 
Vdc so that voltage dropping resistors should 
never be required. 

Priced at $27.95. the SS-32SMP is covered 
by a one-year warranty and is available for im- 
mediate delivery from factory stock. A catalog 
is available on request; contact Communications 
Specialists. Inc.. 426 West Taft Avenue. Orange, 
Californ~a 92665-4296. 

Circle 1306 on Reader Sewice Card. 



YOUR HAM DOLLAR GOES 

CALL US 
NOW! 

"AMERICA'S MOST RELIABLE AMATEUR RADIO DEALER ' 
K 

In 1937. Stan Burghardt (WgIT), because of his intense Interest in 
amateur radio, began selling and servicing amateur radio equipment 
in conjunction with his radio parts business. We stand proud of this 
long-lasting tradition of Honest Dealing. Quality Products and 
Dependable "S-E-R-V-I-C-E"! 

Above a//, we fully intend to carry on this proud tradition with even 
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 pleces. 
And always remember: 

- WE SERVICE WHAT WE SELL - 

AE A 
A!. 1 MCO 
AME'I! rR !m 

A!'OHEFIOL 
A'IJ zijDG:\ 

A\?:' 
AYTEk!VA 

SPFi lAL15TS 
ASTRON 
R i i  w 

BELUEN 
BENCHER 
8190 
RUTTERNVT 
CENTIIRIOh 
-::< 
I : I ~ ~ ; ! - ? A C T  

IUAWA 
Ehlrnr ii I 
H?ISTLER 

lCn i l  
J j C  
K A N i W N l i S  
kDK 
hLFl 
LAR jEN 
MF? 
l l l~+l-?2,?3~!<:r5 
iiiP4C1F 
PI I tSEL E >  

NVE 

PA?O?IAQ 
R 4 3 l U  ;A. I A 3 I i  
RITROLI 
ROHN 
T E L E k / H r ' ; A I N  
TEN-TfC 
TRIO-VENvIUOD 
U?i4D1LLA/REY130 
YAESIJ 

SELL-TRADE 
New & Reconditioned 

HAM EQUIPMENT 
Call or M ' t i l c  I \  ruda\ 1-r,! ;r Ouule! 

uu'll Find I13 to hrCcrurreotrr, Krr<,tvlrdgrahle 
end Hunrsl 

PHONE (605) 886-7314 

WlOIIl,*OIIOIIs 

PAKRAllm Model PK-232 

AEA'S FINEST 1 . . No. Atml!&.le - Espechf ly  For You! 
P.0 Box 73 

1mNonh Maole S t m t  OR WRITE FOR SPECIAL QUOTE 
Watertown. SD 57201 

NEMAL ELECTRONICS --B== 

.Complete Cabk Assembly facilities MILSTD4S208 
*Commercial Accounts wehmc- Quanlily pricing Same day shippiw mod ordcrs 
*Fartoq authorized distributor for Alpha, Amphenol, &Iden, Kings, Times Fiber 

Call NEMAL for computer cabk, CATV cabk, Rat cab@ semi-rigid cabk, tekphom cabk, 
crimping tools, D-sub connectors, heat shrink, cabk ties, high voltage connectors 

m chape **r orden of UO a m, a d a earl 01 $4 wilh cmd# agmnrf md wd,tpg orda. 

NEMAI, ELECTRONICS, INC. 122.40 NE 14th Ave. N. Miami, 1.1, 33161 
(305) 8933924 Telex 6975377 t lhr  FAX (305)8954178 fl 196 

R-7000 W i d e s p o n  Panodap to r  

Panadaptor especially designed 
for the  R-7000 receiver. For use 
w i th  a standard scope. Variable 
span wid th  f rom 1 t o  10 Mhz. 
Uncover unknown elusive signals. 
Complete w i th  a l l  cables, 8 90 day 
warranty. $349.95 Shipped. Pa. 
res. add 6%. 

GTI Electronics 
RD 1 BOX 272 

Lehighton, Pa. 18235 
7 1 7-386-4032 
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ENGINEERS reqdt2sl free :dtaloq u l  E tlonlcs Suftwnrr Cot 
runt dflal\\ls f l l rr  deslgfl qrapnlt r el, BV knrjlnrrr ng 2200 
B ~ . s ~ ~ ~ e s s  Wov. S,,tt. 207 R.rersota. CA 92501 ,114, 781 0252 

CONNECTICUT: November 15. SCARA Indoor Hani Rdd~c) a r~d  
Computer Flea Market. N. Haven Park and Recreat~or~ C~:nter, 
7 L~nsley St. N. Haven Sellersadm~tted at 7 AM. buyers fronl 
9 AM to 3 PM6 Tables are $10 In advance, $15 at the door Gener 
al adm~sswn $2 per person. Talk~n on 146.61 MHz Reservauons 
for tables must be prepatd by Novernber 4, 1987and no rr~serva 
tton by phone. For lnformatlon or reservatlons SASE to. SCARA. 
POB 81. N. Haven, CT 06473 or call Brad at (2031 265 6478 be 
tween 7 PM and lOPM 

flea market 
REMEMBER TROLLEY CARS? Trol lr ,~ Treasures Ttre War- 
bme Ve.iis In New Jersey 11939-19471, a 4~volun1e ~ h o t o -  
documentary htstory, Includes 1600 unpubl~shed, or~glrial 
photogral~hs plus extenslve hstor~~.al notes Volume I. The Corn 
prorncse Roof Cars o f  Pubhc Serwce Coord~nated Transporr, 
ready now. SASE for detalls. To order, contact Trolley Themes. 
A.W Mankoff. 2237-3 Woods~de Lane. Sacramento, CA 95825. 
1$14.95 plus $1 50 SbH) .  

ILLINOIS: November Rockford Hamfest, Fatcst Hills ILodge. 
9900 Forest Htlls Rd, Rockford. 8 AM to 4 PM Tickets $3 ad 
vance, $4 at door. Amateur Rad~o arid computer dealers, ~r~door  
flea market, outdoor tallgatlng, rad~olcomputer forums. ARRL 
speakers, exams, free parktng. All or1 one level WHEELCHAIR 
ACCESSIBLE. For advance tlckets SASE to Rockford Hari~fest, 
6514 Swansdown dr~ve. Rockford, IL 61 11 1. For booth/ table 
reservatlorls SASE to Roger Sawvell, KDSMQ, 6514 Swansdown 
Dr~ve. Rockford, IL 61111 or call (8151 282 1283 

RTTY JOURNAL-Now trl our 35th year. Jotn the c~rcle of 
RTTY frlends from all over the world Year's subscr~pt~on to 
RTTY JOURNAL, $10 00, fore~gn $15.00 Send to. RTTY JOUR 
NAL. 9085 La Cas~ta Ave . Fountam Valley. CA 92708. 

IMRA Int~?rnat~onal Mlsslon Radlo Assoc~at~on helps mlsslon- 
arles. E q ~ ~ ~ p ~ n e n t  loaned Weekd'ly net. 14.280 MHz. 1 3 PM 
Eastern N~ne  hundred Amateurs ~n 40 rountrles Rev Thomas 
Sable. S J , Un~vers~ty of Scr~nton,  Scranton, PA 18510 

RATES Noncommercial ads 100 per word; 
commercial ads 60C per word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-profit or- 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

NORTH CAROLINA: November 21 and 22 The 7th . ~ ~ u ~ u a l  
Greensboro Hamfest Franklin Blvd. Natjonal Guard AIIIIOIY 
Sponsored by the MARK IV Radlo Club 9 A M  to 5 PM r~ckets 
$4 advance. $5 at gate New tallgate area. T~cket plus $2 per 
space Walk tn FCC exams. Inforrnat~on/reg~strat~on. Fred Red 
mon. N4GGD. 3109 Goodall Dr~ve. Greensboro. NC 27407 I9191 
852 9244 from 01002 to 03002. Tlckets only Henry Hughes, 
KA4LPA. 2811 Gwaitney Rd, Greensboro. NC 27407 FCC 
exams. Hugh Brunson, AE4N 1919) 852 1087. 

ALABAMA: November 14 and 15. The Montgomery ARC'S 10th 
annual Central Alabama Montgomery Hamfest. Ed i rague 
Arena. Central Alabama State Farrgrounds near Coliseunl Free 
adm~ss~on, free park~ng. Overn~ght RV park~ng w ~ t h  hookups 
S5Inlght. Flea market and dealer setups Fr~day 7 to 10 PM Sdtur 
day and Sunday 6 AM. Tables $5 eachlday or $7 eachlboth 
days. No reservatlons needed. Doors open to public 9 to 4 PM 
FCC l~cense exams both days starung 9 AM. For lnforn~atton 
Montgomery Harnfest. POB 3141. Montgomery. AL 36109 or 
call Randv 1205) 832-4598 or Ken 12051 271-0028. 

BACK ISSUES HR Magartne f r o r  Vol 1 No  1 thru 1986. ex 
cept 2 Issites $1 Wfor all postpa~d Also I1opTron,cs, RE. 73 back 
to 1961 $15 001full year Wrlle wlth your needs. Bfll Fossnian, 
632 Wettnure, Everett, W A  98201 

MARCO: Medlcal Amateur Rad~o Cou~lc~ l .  Ltd, operates dally 
and Sunday nets Meducally oriented Amateurs Iphyslclans, den 
t~sts, veterlnarlans. nurses, physlother,~ptsts, lab technlc~ans. 
etc.1 ~ n v ~ t e d  to loin Presently over 550 members For ~nforma- 
tlon write! MARCO. Box 73's. Arme, PA 15610. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in- 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can- 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

FOR SALE: ARCOS 2 meter K W RF deck us~ng 8930 tubes 
Unit was built by ARCOS then tt,sted .jnd not used s~nce. RF 
deck, manual and blower all new. $650 Call NSSM at 317- 
832~2229, and leave message Mark Pu111ll1. Box 117, Blanford, 
Indiana 47831 

HAM L A B  PROJECT. Want several pleces HP G-382A vatla- 
ble attenoator. W ~ l l  consgder any repa~r;~ble cond~t~on.  KGGOX. 
PO Box 10. O'Neals, CA 93645 I2091 8633548 Collect 

- ~ 

COLORADO: November 29. The Denver Radio Club's an- 
nua l  Hamfest and ARRL State Convention. Jefferson 
~ o u n t ~ ~ a ~ ; ~ r o u n d s .  6 th  Avenue and  lndl&a. Golden 9 
AM t o  2 PM Swap tables, seminars, code  contests Non- 
ham events Admlsslon 52 Tables SS Talk In  on 147 93/33 
and  146 52 Contact Dean Haworlh. ACOS 1303) 279-4956 

30 YEARS PROVIDING OSL's  Fu I ct, or Ola Glorv. C3rtoon 
A.so Parrhmenr, Godell ta( j~t,  JI 11  utrwrb Free sampe'q SASE 
apprcclalcu R..spr nt. RI 1 Box 363 dR S11r I I ~  h I KS 6tjOH3 

for more  inlormation. 
SUPERFAST MORSE CODE SUPEREASY. Subl~m~nal cas 
sette. $10 Learri Morse Code In 1 hour. Amaz~ng new supereasy 
techn~qut? $10 Both $17. Moneyback guarantee. Free catalog 
SASE Bahr, 2549-H7 Temple, Palmbay, FL 32905. 

~ -- 

SAT  TRAK I1 - A complete advanced self~contained satell~te 
tracker w ~ t h  AZIEL rotor control. Enter Kepler~an data once via 
RS-232 w ~ t h  termlnal or computer Memory for 12 satell~tes. Ac- 
curate Solld state AZIEL drive. Available from ADA, PO Box 
10184. Sarasota. FL 34230. I8131 378-3410. 

FLORIDA: November21 and22 South Flor~da ARRL Suncoast 
Convention sponsored by the Flor~da Gulb Coast ARC Counc~l. 
St. Petersburg Hiiton and Towers. Hugh flea market. Amateur 
exams. Saturday QCWA luncheon. Tech talks and demos 
Registrat~on t~ckets $4 to November 13. $51door. For conven 
tion lnformat~on write FGCARC. 1556 56thAvenue North, St. 
Petersburg. FL 33703. 

WISCONSIN: hovr~>>ner  14 Tn,. M lwaukee Re1,ealvr CIC.~ 05 
svollsurlnq l l t r  Inuu dntiua 6 91 krlerlrl y Frst Svru h., l 5151 
dlid Ok ar8onl.a A v t ' t ~ ~ c  8 AIII Iu  1 PM St,I r rs  7 AM A 1 011 

TEST EQUIPMENT WANTED. Don't watt - we'll pay cash 
for LATE MODEL HP, Tek, etc Call Glenn, N7EPK, at Skagltron 
~ c s  Co 1800) 356 TRON 

TELESCOPE 10" Meade, dr~ve motor, lens. lhke new $750. 
Trade TS 430, FT 757 K6KZT 1805) 528 3181 ground floor wlth easy access. Ra~n or sh~ne. On site Arnateur 

exams T~ckets $3. 4' tables $4. Save $1 per t~cket or table- 
SASE w ~ t h  payment to Milwaukee Repeater Club. PO8 2123, 
M~lwaukee, WI  53201 by November 7. 1987. Talk In on 146 91 
and 146.52. 

TEN-TEC, Now sh~pp~ng  new boxed USA made latest factory 
models. 561 Corsa~r 11. 525D Argosy II, and Century 22 trans- 
celvers. RX 325 general coverage receiver. Model 2510 Mode 
B Satelllt,: Station, TT92D Alrband Aviat~on handheld transcelver, 
Model 2298 2 kw antenna tuner, Model 425 Titan 1.5 kw hea r  
ampl~fier. plus accessories and antennas, also booking orders 
for Para!(oti delivery. For best deal, wrlte or phone Bill Slep 
704-524-1513 Slep Electronncs Company. Hlghway 441. Otto, 
NC 28763. 

"HAMLOG" COMPUTER PROGRAMS. 11 InoO.. cs JUIU oy, 
5olls / Il;sml vVA5 UXCC 6 . .  11.~11 .I*, App L. $19 95. HM o r  
CP M 524 95 K A l A W h  POB 2015 P~:,IIIUU) MA 01960 

RV OPERATORS are lnvfted to check ~n Sun 2 PMC. 14 240 
t 5 Tues Thurs 8 PMC 3 880 + 5 Good Sam RV Net Info 

SASk KJ4RO 

MASSACHUSETTS: November 21. The Honeywell Bull 1200 
Radio Club and the Waltham Amateur Rad~o Associatlorl w ~ l l  
hold their annual Amateur Rad~o and Electronics Auctton, 
Honeywell Bull plant, 300 Concord Road, Billerlca. Snack bar 
and barga~n parts store. Doors open 10 AM. Free admissaon and 
parking. Talk In on 147.72112 and 146.04164 repeaters. For In- 
formation Doug Purdy. NIBUB. 3Visco Road. Burlington. MA  
01803. 

YAESU FT-727-R COMPUTER INTERFACE. For Info wrlte 
Gerald Hogsett Consultlng, 1581 Woodland. Palo Alto. CA 
94303. RUBBER STAMPS: 3 llnes $4 50 PPD Send check or MO to  

G L P ~ e r ~ e ,  5521 Bnrkdale Way, San D~ego. CA 92117 SASE 
brlngs lnformatton NJ-NJ-NJ-NJ-NJ-NJ-NJ-NJ A Full-Serv~ce Ham-SWL~CB 

Scanner store In NJ.  Discount Grand Open~ r~g  Prlces. Top per 
forrntng radio systems for cvery budget New 10 meter and 
VHFIUHF r~gs  ARRL. Amphenol. Astat~c. Astron, Arden. 
Bt tW,  B~lal Belden 9913. Butternut. Clear Channel, KLM. Lar 
sen, MFJ. Mirage, MII Spec Cables, much more Open M-F 10 
A M  9PM Sat 10 A M  7 PM. Buy and sell used gear and have 
qual~fled repalr faclllty. ABARIS SYSTEMS. 276 Orlental PI, 
Lyndhurst, NJ 07071 1201) 939 0015 

GEORGIA: October 31 and November 1. Hanl Rad~o & Com- 
puter EXPO '87 sponsored by the Alford Memor~al Radm Club 
Gwlnnett County Fairgrounds. Lawrenceville. 20 mlnutes NE of 
Atlanta. VEC exams both days, covered flea market, free  park^ 
Ing, RV sites with hookups, convenient lodging $5 adm~ss~on 
~ncludes Saturday night cookout. For more ~nformarion EXPO 
'87. POB 1282. Stone Mounta~n, GA 30086 

MINNESOTA: December 5. The annual Hand~ Ham Winter 
Harnfest. Eagles Club, Far~bault. Registration starts 9 AM Handi- 
Ham equlpnient auctlon. Dinner at noon. Program follows 
License exams Talk in on 19179. For Information: Don Franr, 
WOFIT. 1114 Frank Avenue. Albert Lea, MN 56007 

. 

ELECTRON TUBES: R~.LI.w ny. II~IIISIIIII~III~. nl,crowav(. d l  
lypr, 10 ;ll)le d r g r  slocn hex1 0.7, (lc very  rnosl cases 
DAILY EI.ECTROhlCS. PO Box 5029. Complon, CAW224 1213, 
774 1255 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape. 
colors. F~ve patch m,nirnurn. Free sample, prices and ordermy 
inforrnatlon HElN SPECIALTIES. Inc., Dept 301. 4202 N Drake. 
Chlcago. IL 60618 

-~ - -  

RECONDITIONED TEST EQUIPMENT $1.25 for catalog 
Walter, 2697 Ntckel. San Pablo. CA 94806. 

CODE PROGRAMS APPLEIC-64 37 nlouvs LARESCO PDB 
2018 t20U RII Ro.so CdI, nrt I C I" - 60409 1 312 891 3219 

IBM-PC RTTYICW. New CompRtty II 1s the coniplete 
RTTY 'CW proqrarn for IBM PC's and co~npat~bles Now w ~ t h  
larger buffers, better support for packet undts. pictures, much 
more. V~rtually any speed ASCII, BAUDOT. CW. Text entry vla 
bu~lt- in screen ed~tor! Adlustable sollt screen d~solav, Instant 

OHIO: November 22. The Masslllon ARC w ~ l l  sponsor AUC 
TIONFEST '87. Massillon K of C Hall. off Rt 21. 8 AM to 5 PM. 
Sellers setup 7 AM. Adm~ssion $3.50 advance and $4ldoor 
Tables available $718' space. Refreshments ava~lable. Free  park^ 
Ing. Auct~on starts 11 A M  Talk in on WBNP. 147.781.18. For 
advance regjstration and information SASE to MARC, POB 73. 
Mass~llon. Ohto 44646. 

modejspeed change. ~ a r d c o ~ y ,  dlskcopy, break-in buffer, se 
lect call~ng, text file transfer, custorn~zable full screen logg~ng, 
24 programmable 1OOO character niessages Ideal for MARS and 
traffic handl~ng. Requlres256k PC or AT compatible, serial port. 
RS 232C TU $65. Send call letters l~ncludlng MARS) with or 
der Ddvld A. Rlce, KC2HO. 25 V~llage V~ew Bluff. Ballston Lake, 

MEASURE VSWR, antenna patters, match c ~ r c u ~ t  impedances 
from 100 kHz to 2 GHz wlth portable scalar network analyzers. 
Write for details. Direct Convers~on Technique. 3132 North 
Lowell Avenue. Ch~cago, l l l ~no~s  60641 1312) 283~1690. 

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

COMING EVENTS 
Activities - "Places to go . . ." OPERATING EVENTS 

"Things to do . . ." 
TELEVISION SETS made before 1946, early TV parts, l l tera~ 
ture wanted for substantla1 cash. Espec~ally Interested In "m i r~  
ror ~n the Ild" and splnnmg d m  tv's Ffnder's fee paid for leads. 
Arnold Chase. 9 Rushle~gh Road. West Hartford. Conn. 06117. 
12031 521~5280 

November 8: Armored Forces Amateur Rad~o Net w1l1 com- 
WHEELCHAIR ACCESSIBLE THIS INFORMATION WOULD 
BE GREATLY APPRECIATED BY OlJR BROTHERISISTER 
HAMS WITH LIMITED PHYSICAL ABILITY 

mmmorativet~ran's Dav 06002 rnru W& hov ii 24002 80 40. 
20 15% For certrf~cate send large SASE to WBIDWR. 16 Berk- 
elv Clrclc, hcwnngtor~. CT 061 11 
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November 8: To obs~rve Vcletanr Wrek. rnr.tnbers ol the 
H.#fr~lo\lc.r Rild80 Club. Chcayo, w~ll owrate front thp Hlnn VA 
H~.:.tul,$l s N018~rt K "P~PI)Y" Wad? K9CDH. Mmmoraal Ham 
Sl8.d L I~S~IIO Hlrlf.5 ~1181) c.111 K9WFN I W Z  10 03MZ 40. M. 
2n,  i M  and 203 US8 Fo! a commt~mor.b!wc certtt~~:nle. wnd 
051, 050 rnurnlwr and 9x12 SASE wlrl, 19 cerlla purldue ur 
$ 1  la lo Hnmt~stsrr Radm Club. Inc . Chc.qo, r o Rol~.rt K 
"Paplpv ' Wadc Memor8sl Ham Shack. 81d 8 Honer VA blorp, 
1.4 bllnrs. 11 60141 

Novambcr 25: Cacor Keeltng Island Lsten lor Hans. FBGVD 
.dt\,I Vrc t c r r  G3AAG For rwo wrks No rper~lac IIL.(IIIPI!< v or 
Ilnl<, px<t.pl laqt 10 mtnules of the hour they wlll sl.lnd by lo# 
DHP st.ll~ons only md  at halt hour lor handtcaprwd o(r.#,lors 
O'.L vc.~ OSL n,.lnagrr VK9YC or dtrerl lo F6CiVD 

HAM EXAMS: The MIT UFH R~watw AssOeBIH)n and Ih? MIT 
Ra,!fo S o ~ w l v  o l l r  monthly Ham Exams All classes Navace to 
E n ' 1 . 8  Wntr!ew(nv Noventlxr 18. 7 PM. MI1 Room 1 1M. 77 
M.w A",,. Cl~nrlrtrl!~. MA Reu*u;m!son~ vequv,l~~I 2 cl.8vr ~II 

.~clu.~r?cr~ Conlilct Ron Hottmat>n al 16111 646 1M1 t x i u r l  f w  
24 75 Rlln!~ a cclpv of vour curvenl I # < r n r  1st srrvi. two tnrmr 
ol uaclurc ID. anrlacornplclad lor#n610ava#labt~ tram the FCC 
I#! OIIII><V, MA t B l l l  7704023 

P 

CHARGE 
YOUR CLASSIFIED ADS 

to your * mc or VISA * 
wr~te or call 

HAM RADIO MAGAZINE 
Greenville, NH 03048 

(603) 878-1 441 

l l  p o s s ~ b l e  let us k n o w  lou r  t o  SIX weeks 
be lo re  y o u  m o v e  and we wi l l  m a k e  su re  
your  H A M  RADIO M a g a z ~ n e  ar r lves o n  
schedule .  Just remove  the  maillng label 
f r o m  t h ~ s  magaz lne and aff ix be low.  
Then  comp le te  your  new address (or any 
other  c o r r e c t ~ o n s )  in the  space prov ided 
and we'll take c a r e  of t he  rest.  

Allow 4-6 weeks  for  
cor rect ion.  

Maoazine 

by John Devoldere. ON4UN. f o r  
A p p l e  Ilelc. MS-DOS. C o m m o d o r e  

C-128 A p p l e  M a c ~ n t o s h  a n d  Kaypro 
CPM C o m p u t e r s  
Here s a collpclmn of 30 super programs 
wrltlen by ON4UN Just about every tnlerest 
or need IS covered-from antenna deslgn 
and optlmlrallon to general operatlng pro- 
grams Antenna programs ~nclude shunt 
and serles ~npu t  L network deslgn. feedl~ne 
transformer, shunt network deslgn. SWR 
calcutat~on, plus 11 more' General Ham pro- 
grams ~nclude sunr~selsunsef. great clrcle 
dtstances, grayl~ne vertlcal anlenna deslgn 
program, sunrise calendar plus 9 more1 
Phew When you s ~ l  down to use these pro- 
grams you It be amazed at what you have 
The besl value In computer sottware ava~l. 
able today 1986 
I UN-Apple Ilell lc 519.95 
I UN-MS (MS-DOS) 519.95 
I lUN-CPMIKaypro 519.95 
I IUN-C-128 (COMMODORE) 519.95 
I UN-MAC (MACINTOSH) $24.95 

~ r e e n v l l k .  NH 03048 

Thanks for helping us to t e n s  p u  bstter. 

- -'L-, 
r - -  

LOW BAND DX'ING 
by John Devoldere ON4UN 
Now Ava~lablr l  Thr new 2nd e d ~ t ~ o n  of the 
de l~nt t~ve book on Low Band OX Ing Based 
upon years of pract~cal on-the-a~r 
experience, learn the secrets of how 
ON4UN has been so successful on the low 
bands Extenswe coverage IS glven to trans- 
m ~ t  and recelve antennas wlth clear conclse 
explanations and plenty of Illustrattons- 
dipoles, ~nvened V s, stopers, phased arrays 
and Beverages-they're all In t h ~ s  book 
Also covered propagat~on, transmitters. 
recetvers, operatlng software and an exten- 
slve Low Band b~bltography G o ~ n g  to be a 
best seller' Get vours lodav 1987 2nd 

. . 
V) 
V) 

2 
u - 

I E d ~ f ~ o n  200 pages 
AR-UN Softbound 59.95 I I Q 7 i BW'EM BOTH I SPECIAL OFFER 
Book & Software Reg. $29.90 

($34.96 for Mac) 
Just $24.90 ($29.90 for Mac) 

LJUN-SO (specify computer) $24.90 

I IUN-MSO Macintosh Special $29.90 

-0 5 rn 0 

3 
Q) 
C z 
V) - 

SAVE $5 
Please enclose $3 50 s h ~ p p ~ n g  8 handllng 

ham radio BOOKSTORE 
GREENVILLE. NH 03048 603-878-1441 

YEAR-END CLEARANCE 
Al l  starred ( ) Items 20% 011; a l l  others 10%. 

Rlces are each except as noted. All liners 8-pols. 
Sale ends December 31.1987. 

FILTERS FOR KENWOOD. Reg. SW except not&. 
8.83MHz IF lor models TS120 through 15940 
Bandwidths 2M. 400. 1800. r 21W. BWOHz 
TS440 + Pelrl400HzCW.2 lKHr SSBI Rep $120 
TS430 +T~Iple(Balhaboveplur AM1 . . .Reg.$lBO 

455KHz IF lor R820.TS83019301840 . . . . . . .Reg. $1 10 
Bandwodlhs Ava~lable, CW + &XIHI; SSB +2.1KHz 

Matched FIItmr Pala lor Above . . . . . . . . Rag.Sl7Opr. 
(8 83MHz and 455KHZI SSB. +?tWHl. CW +&XIHZ 

3395MHz IF lor TS520. TS511. R5W. 
Bandwldths Available' 250. 400. +Im, 21WHz 

Flfler Caeude IHI wnh RRa m d  ampwrr 
For +TS4M $85. r TSSm $80. + TS820 - Reg. $70 

FILTERS FORVAESU . . . . . Rag. SM)excepleenotad. 
3.18MHz IF lor FT-101 Series excepl ZID. 
BWS 250. MOHz. 18. +2.1. +2.4. 6OKHz 

8.2MHz IF lor FT.102. FT.7571787. 
Bandwldlhs Available. +2M. 500.21WHz 
45dKHz IF lor FT-102( +250,5WHz). . . . . . . .Reg. S75 
455KHzIFlorFT.102( t2.1KHz1.. . . . . . . . Reg.SllO 

8.9MHz for FT~lOlZO110717071901~2. FT.980. FT.77 
BWS: 250. SOOHz. 1.8, 2.1, r2.4.6OKHz 
10 78MHz IF tor all but 980. BWs: 2 1. +?.4KHz 
455IFfor FTWOonly BW +2.lKHz . . . . . . .Reg.SllO 
455.8 IF lor FT.980. FT728 BW + 500H1. . Reg. S 75 

9.OMHz IF lor Tempo I (or FT.2M)). FT.301. FT.718 
BWS: +2W.5WHz. 1.8. r2.1.24.8OKHZ 
NOTE: Above are our "homebrewers' lavorltes"! 

FILTERS FOR ICOM I a u c l  np leummts l  
455 IF lor IC730l74W7451751. R70r7l elc 
Bandwldlhs: FL44AtSSB +2.4KHl). . . . . . . .Rsg.$lO9 
FL52A1500Hzt. FLYA12MHzI . . . . . . . Reg  185ea. 

FILTERS FOR HEATH .ALL MODELS . . . . . . Rq.SE5 
Bandwldlhs Avallable: 250. 400HZ + 1.8. 2.1KHz 
For SB.104 Only +4WHz (3395 7 IF1 

FILTERSFOR DRAKE R.4C . . . Rag.MS#xc. me noled 
GUFl - Replaces orlginal 1st IF 4.pole unlt 
2nd IF 125 ($75). 250. 4WH2, 1.8. + 2.1KHz 
FILTERS FOR DRAKE TRIIR7.eIc. . R.o. $65 
BWS Avallabte 250. 400Hz. 18. r2.lKHz 

LIMITED QUANTITIES - ORDER NOW! 
%I#% prlcae ere beead on our pmment etock. Order8 
lor any exhmueled type o l  Illter e n  subject to l 6.wa.k 
delay. Order by phona lo chack evellabllltyl 
SPECIFY Make and Model Number 01 your Rlg. 

Frequency and Bandwidth 01 filter(s) 
ORDER by Mall or Phone - VlSAlMC or COD OK. 
SHIPPING: $5 US and Canada. $13 elsewhere. 

GET THE BEST &POLE FILTERS 
FOR LESS! 

FOX-TA NGO CO~P. 
Box 15944, W. Palm Beach, FL 33416 

Telephone: (305) 683.9587 

1986-87 CALL DIRECTORY 
It,,, ,"l~lbl,l I , , . ,  

Call Doreclory 
Name Index 
Geographnc Index 

All Ihree - $20 
Shlpptng per order $3 

BUCKMASTER PUBLISHING ~1 
Mlncral. Vtrglnla 231 17 

703-894-5777 
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I 2 2 5  I 

I 
r-7 

al 

I AFFIX 
I 

- ... 
Ready lo llr Toup11 Full Legal b u r r  
I.awst Inuall fkxthlc No Lorry Traps 
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Ham Radio's guide to help you find your locz AH& 
AMATEUR ELECTRONIC SUPPLY 

lurrrra 1 621 COMMONWEALTH AVE. ..Is., J.u..U 

ORLANDO. FL 32803 
Calif - -- :- 1 1 Marvlan~ 

A-TECH ELECTRONICS 

I I 
.... .. . . -. . .. .JIO CENTER 

1033 HOLLYWOOD WAY 305-894-3238 8576 LAURELDALE DRIVE 
BURBANK. CA 91 505 Fla. Wats: 1 (800) 432-9424 LAUREL. MD 20707 
(81 8) 845-9203 Outside Fla: 1 (800) 327-1917 301-725-1212 
New Ham Store and Ready to Make a Hours M-F 9-5:30. Sat. 9-3 Kenwood. Ten-Tec, Alinco. Azden. Full 
Deal! service dealer. 
JUN,S El -----...-- M-F 10-7 SAT 9-5 

3919 SEI 
CULVER 

L t G  I MUNlLS 

'ULVEDA BLVD 1 Georuia I -~ - -. 
CITY. CA 90230 

3- -- 

21 3-390-8003 I DOCS COMMUNICATIONS I Massachusetts 
800-882-1343 Trades 
Habla Espanol 

Colorado 
COLORADO COMM CENTER 
525 EAST 70th AVE. 
SUITE ONE WEST 
DENVER. CO 80229 
(303) 288-7373 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu. Encomm, ICOM 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD. CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 

702 CHICKAMAUGA AVENUE 
ROSSVILLE. GA 30741 
(404) 866-2302 1 861 -561 0 
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. 

Idaho 

TEL-COM. INC. 
675 GREAT ROAD. RTE. 119 
LITTLETON. MA 01460 
6 17486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Michigan 
ATLANTIC SOLAR POWERIENCON 
(SINCE 1979) 
37279 W. SIX MILE RD. 
LIVONIA. MI 48152 
(31 3) 591-7745 
Solar Electric Power for Repeaters. 
Ham Shacks. Packet Radio. 
Call Paul. W D ~ A H O  

at prices you can afford. ROSS DISTRIBUTING COMPANY 1 78 SOUTH STATE STREET I Missouri 

Delaware 
-- 

AMATEUR & ADVANCED COMMUNI- 
CATIONS 
3208 CONCORD PIKE 
WILMINGTON. DE 19803 

Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE. DE 19720 
302-328-7728 
800-441 -7008 
Icom. Ten-Tec, Microlog. Yaesu. 
Kenwood. Santec. KDK, and more 
One mile off 1-95. no sales tax. 

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 8 Fri: 
9:30-8:00 Thurs: 9:OO-3:00 Sat. 

Florida I Indiana 

MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY. MO 641 50 
(800) 821 -7323 
M~ssouri: (816) 741-81 18 
ICOM. Kenwood, Yaesu 
Same day service, low prices. 

-- - -  

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 

Nevada 

THE HAM STATION 
220 N. FULTON AVE. 
EVANSVILLE. IN 47710 
(800) 523-7731 
(81 2) 422-0231 
ICOM. Yeasu. Ten-Tec, Cushcrafl. Hy- 
Gain. AEA 8 others. 

AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS. NV 89106 
702-647-31 14 
Dale Porray "Squeak." AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30. Sat. 9-3 

New Hampshire 
RIVENDELL ELECTRONICS 
8 LONDONDERRY ROAD 
DERRY. N. H. 03038 
603-434-5371 
Hours M-S 10-5; THURS 10-7 
Closed SunIHolidays 

YOU SHOULD BE HERE 1 OO! Dealers: c ontact Ham Radio now for co171pIe t e details. 
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New Jersey 
ABARIS SYSTEMS 
276 ORIENTAL PLACE 
LYNDHURST. NJ 07071 
201 -939-00 15 
Don WBPGPU 
Astatic. Azden. B&W. Butternut. Larsen, 
MirageIKLM. Kenpro, Nye. Sanlec. 
THL, and many others. 
M-F 10 am-9 pm 
SAT 9 am-7 pm 
VISAIMC 

KJI ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE. NJ 07009 
(201 ) 239-4389 
Gene KPKJl 
Maryann KZRVH 
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 
915 NORTH MAIN STREET 
JAMESTOWN. NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 

Ohio 

AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE. OH 44092(Cleveland Area) 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30. Sat. 9-3 

DEBCO ELECTRONICS, INC. 
3931 EDWARDS RD. 
CINCINNATI. OHIO 45209 
(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. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
21 5-357-1 400 
Same Location for over 30 Years 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON. PENNSYLVANIA 18509 
71 7-343-21 24 
ICOM. Bird. Cushcraft. Beckman. 
Larsen. Amphenol. Astron. Belden. 
Antenna Specialists. W2AUlW2VS. 
Tokyo Hy-Power Labs. WEU. Daiwa. 
Sony. Saxton. Vibroplex. Weller. 

Tennessee 
MEMPHIS AMATEUR ELECTRONICS 
1465 WELLS STATION ROAD 
MEMPHIS. TN 38108 
Call Toll Free: 1-800-238-6168 
M-F 9-5: Sat 9-12 
Kenwood, ICOM. Ten-Tec, Cushcraft. 
Hy-Gain. Hustler. Larsen. AEA. 
Mirage. Ameritron, etc. 

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

KENNEDY ASSOCIATES 
AMATEUR RADIO DIVISION 
5707A MOBUD 
SAN ANTONIO. TX 78238 
51 2-680-61 10 
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 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558541 1 
M-F 9-5:30 Sat 9-3 

Foreign Subscription Agents 
for Ham Radio Magazine 
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Tom McMullen, WlSL 

receiver buzzwords 
Because this is the annual receiver 
issue, I'II try to clarify some receiver- 
related terms you might be wondering 
about. Who knows? This information 
might even help you choose a rig from 
among the many available. 

One of the biggest problems an 
Amateur faces is interference from 
other signals, so I'II emphasize tech- 
niques that help reduce that problem. 

RIT stands for Receiver Incremen- 
tal Tuning, a way of tuning the receiver 
without disturbing the transmitter fre- 
quency. This feature is useful if the 
station you're listening to drifts slight- 
ly, or if you have to tune just a wee bit 
off frequency to minimize the effects 
of interference. In the earlier days of 
single-VFO transceivers without RIT, 
when you moved your receiver dial 
you also moved your transmitter. The 
other station then had to move to tune 
you in. Then you'd move again - and 
so on. This led to the two stations 
"walking" each other across the band; 
if they weren't careful, they could wind 
up out of bounds. With RIT, you can 
leave the transmitter alone and move 
the receiver a few Hz to keep the other 
station tuned in. 

A direct conversion or single 
conversion receiver is perhaps the 
simplest type of heterodyne receiver in 
use. It's basically a local oscillator 
(usually a very stable VFO) and a bal- 
anced mixer. The rf signal and the 

VFO are both fed into the mixer, and 
when the two frequencies are the 
same (zero-beat with each other), any 
audio present on the rf signal becomes 
a product of the mixing process. This 
audio is fed to audio amplifiers to drive 
a headset or a speaker, as needed. An 
rf amplifier is often used ahead of the 
mixer, and an audio filter after the mix- 
er to prevent hearing the beat notes 
produced by nearby signals. Many 
low-power or portable stations use this 
type of receiver because of its sim- 
plicity, light weight, and low power re- 
quirements. While direct conversion 
isn't directly related to interference 
problems, it's worth knowing about 
this type of receiver in order to under- 
stand other discussions to come. 

If a single-conversion receiver con- 
verts once - from rf to audio fre- 
quencies - then it follows that a 
double-conversion receiver converts 
twice. The first conversion mixes an rf 
signal with the first local oscillator, 
which produces an intermediate fre- 
quency signal, abbreviated i-f. (Notice 
the hyphen; it's there so you'll know 
not to read "i-f" as the word "if.") 

The second conversion mixes the i-f 
signal with a second local oscillator to 
produce . . . Uh, here's where our 
nice, neat scheme falls apart! 

Older receivers, designed to handle 
amplitude modulation (am) ,  used a 
diode detector at the end of the i-f 
amplifier circuit. The second local 
oscillator would produce another i-f 

signal, which would then be detected 
by a diode, to produce audio, etc. In 
this case, it's a double-conversion 
receiver. However, newer receivers, 
designed to handle single-sideband 
(SSB) signals, needed a different ar- 
rangement. Diode detectors are prac- 
tically useless for SSB detection, so a 
circuit called a product detector, 
amazingly similar to the single-conver- 
sion scheme I mentioned earlier, was 
developed. This circuit includes a local 
oscillator that mixes with the i-f signal 
to produce audio output. The product 
detector works well with a-m and CW, 
and really shines with SSB signals. 

So whether a receiver is double or 
triple conversion really depends on the 
definition of the detector circuit. For 
example, a receiver that uses a VFO to 
produce an i-f of, say, 9 MHz, and 
then a second oscillator and mixer to 
produce a lower i-f at, perhaps, 455 
kHz, which is followed by a diode de- 
tector, is clearly a double-conversion 
receiver. 

Does changing the diode detector to 
a product detector make the receiver 
triple conversion, then? The purists 
will say yes, but many manufacturers 
just don't mention it. (And it really isn't 
important unless you need to know the 
definition in order to prove a point!) 

Double-conversion receivers are im- 
portant, however, in solving image 
problems. To follow me through this 
one, image rejection, you'll need to 
look at fig. 1 and check the arithmetic. 
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If the signal you wanted to listen to 
was the only one on the band, life 
would be simpler. But there are plenty 
of signals out there, and most of them 
aren't the ones you want to hear. A 
simple receiver (such as a single- 
conversion type) is capable of receiv- 
ing all sorts of things you don't want, 
many of them signals that aren't in the 
Amateur bands. Let's say you want to 
tune in a signal at 28.205 MHz. Your 
i-f is 455 kHz, so your VFO is at 27.750. 
This produces the right i-f, but if 
there's a loud signal at 27.295 (as there 
often is), it too can mix with the VFO 
to produce 455 kHz. 

This intruder is called the image 
signal. An interesting thing is that the 
image signal is always twice the first 
i-f away from the signal you want. In 
the case above, 2 x 455 = 910, and 
28.205 - 0.910 = 27.295. If you know 
that, you can track down suspected 
image interference. 

How do you get rid of it? There are 
a couple of common tricks: one is to 
place the VFO above the signal - at 
28.660 to receive 28.205 MHz, for ex- 
ample. This would place the image at 
29.115, which means that the signal 
would be from an Amateur station - 
but that's not much help if it buries 
your QSO. 

A more practical method is to use 

0 0 0 

a double-conversion receiver and make 
the first i-f high - perhaps 9, 10.7, or 
even 70 MHz. The high i-f places the 
image quite some distance away from 
where the receiver front end is tuned, 
and it's easier for simple tuned circuits 
to reject a signal that's far removed 
from its design frequency. For in- 
stance, a 10.7-MHz i-f will place the 
image of 28.205 at 49.605 MHz, as 
shown in fig. 1. Even a mediocre front 
end can reject that one. 

Another common cure is to build 
filters (special tuned circuits) that pass 
only a narrow range of frequencies, 
say from approximately 27 to 31 MHz 
for the 10-meter band, but greatly at- 
tenuate anything outside that range. 
Many modern solid-state receivers use 
this technique on all bands, along with 
broadband rf amplifier sections, to pro- 
vide good performance and require 
minimum attention from the oDerator. 

SlNAD isn't a remedy for sinus 
trouble; it's a test commonly used to 
determine how well a receiver hears a 
weak signal. SlNAD is an acronym for 
signal + noise + distortion to noise 
+ distortion ratio. (Aren't you glad 
they shortened it?) This is what it 
means: 

If you disconnect the antenna from 
your receiver and turn the audio gain 
up, you'll hear a hiss or rushing noise. 

a 
h 
h 
RI 

ti 
a 

That's the "noise" part of the formula. 
It takes a certain amount of signal 
strength to be heard through that 
noise. The level of that signal is the 
"signal" part of the formula. The "dis- 
tortion" part comes in because a sig- 
nal can be loud but not clear. 

The signal generator used for this 
test is modulated, and the recovered 
audio from the receiver is compared 
with the modulation waveform to see 
if it has been distorted - and usually, 
it has. Thus, the test will determine 
how strong a signal it takes to produce 
some specific output above the noise, 
and how badly the i-f filters, audio am- 
plifiers, and even the power supply 
hum have distorted the audio output. 

Fortunately for us, the test results 
are neatly summed up on a meter on 
the test equipment, and we don't have 
to spend a lot of time calculating ratios 
and such. The test instrument, natur- 
ally enough, is called a SlNAD meter. 

The usual method of rating a re- 
ceiver under this test is to state a sig- 
nal strength that's required to meet a 
particular dB SlNAD ratio: for example, 
0.5 pV for 12-dB SINAD. The lower 
the microvolt ( p V )  number, the better 
the receiver, and 12 dB is an industry- 
wide benchmark used in the test. 

An i-f notch filter (or i-f notch 
tuning) is another device used to 
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fig. 1. Image rejection is often poor in receivers with a low-frequency i-f, as at A. When the first i-f is high, the image moves away 
from the receiver front-end response, shown at C. 
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reduce the effect of interference. It 
consists of a high-Q circuit that works 
within the "window" or passband of 
the i-f amplifier. Instead of acting as 
a bandpass device, however, it's a 
band-stop circuit designed to attenu- 
ate greatly whatever frequency it's ad- 
justed for. This is most useful if you're 
listening to a weak signal (or even a 
moderately strong one) and someone 
pops up close enough to create an ear- 
splitting whistle or lots of "splatter" on 
top of the signal you want to hear. By 
adjusting the i-f notch, you can often 
reduce the commotion to a level you 
can live with. 

An i-f notch filter will have limited 
usefulness, however, because any 
notch deep enough to really eliminate 
an interfering signal will also reduce 
the strength of the signal you want to 
hear. 

Interference suppression can also be 
handled by an audio f i l ter that cuts 
off all audio tones outside a narrow 
range. This is great for CW signals, but 
voice (SSB) tends to sound hollow 
and distorted if the audio passband 
gets too narrow. There is an equiva- 
lent to the i-f notch filter called the 
a u d i o - n o t c h  f i l t e r  or aud io -  
rejection fi lter. A piece of electronic 
trickery that uses op amps to create a 
phase shift that will cancel the offend- 
ing tone, it works quite well, and usu- 
ally consists of one or two integrated 
circuits, a potentiometer or two, and 
a few resistors and capacitors. Both 
the frequency of rejection and the 
degree of rejection (depth of the 
notch) are adjustable. The audio-notch 
filter is a great add-on for direct- 
conversion receivers. 

Another neat bit of electronic 
sleight-of-hand is i-f shift. I t  takes 
some of study to figure out how it 
works, but it's really quite simple. In 
essence, it works this way: when a sig- 
nal is in the same i-f passband as the 
one you want to hear, you just move 
the passband "window" over a bit un- 
til that signal is outside it. You can do 
the same thing by slowly tuning your 
receiver until the interference is out of 
the passband, but when you do that, 
the signal you want is moving also, 
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and might end up as a tone that's not 
easy to hear (on CW) or as duck-talk 
(on SSB). 

Perhaps fig. 2 will help clarify this. 
At A, both the interfering signal and 
the wanted signal are in the i-f pass- 
band. By adjusting the i-f shift, you 
can move the interfering signal out of 
the passband, as at B, and leave the 
wanted signal in. Now, the only trick 
is to get the wanted signal back into 
the center of the window again, as at 
C. 

How do they do that? By adding 
two more conversions in the i-f ampli- 
fier chain, and using the same beat- 
frequency oscillator (BFO) to mix with 
the signal twice. For example, you can 
mix a 455-kHz signal with an 8.0-MHz 
BFO to produce an 8.455 i-f. This i-f 
signal then passes through a filter and 
into another mixer. There, the 8.455- 
MHz signal mixes with 8.0 to produce 
the original 455 kHz i-f again. 

Now to exercise the cranium a bit 
more - with the help of f ig. 2 - and 
get more specific: let's say that the sig- 
nal you want comes through the i-f 
amplifiers at 455,000 Hz (455 kHz). 
The one that's bothering you comes 
through at 455,500 Hz. This produces 
the normal result at A, with both sig- 
nals inside the i-f passband. By detun- 
ing the 8.500-MHz VFO a few Hz to 
8.499, and mixing with the i-f signals, 
you can change the wanted signal to 
8.044, and the interference is at 8.0435 
MHz, as shown at B. 

The 8-MHz i-f filter will pass 8.044, 
but not 8.0435, so the interference is 
gone! When 8.044 is again mixed with 
8.499, the difference is 455 kHz, which 
is right back in the middle of your i-f 
window (at C), just where you want it. 

Of course, this is a greatly simplified 
example of how it works, and I've 
made the frequency separations large 
to make the example easier to follow, 
but you get the idea. Many manufac- 
turers use more complex circuits to 
accomplish this, and some use phase- 
locked loop (PLL) circuits to move the 
signals around and reject the unwant- 
ed ones. No matter how they do it, the 
results make it worth looking for this 
feature in a receiver. 
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fig. 2. I-F shift, or i-f tuning, can move 
an interfering signal out of the i-f pass- 
band, then place the wanted signal back 
in the low-freqency i-f window for clear 
reception. This example uses approxi- 
mately 8 M H z  for a passband filter, then 
converts down to a conventional 455- 
k ~ z  i-f for further amplification and de- 
tection. 



conclusion 
The degree of interference rejection 

you need depends upon the type of 
operating you do. On most of the hf 
bands, crowding is a way of life, and 
the best DX is usually buried beneath 
several layers of loud signals. It seems 
to be magic when an experienced 
operator can peel away those layers to 
leave an S1 or S2 signal standing 
alone, perfectly readable among S9 + 
"locals." By carefully choosing your 
interference-fighting weapons, and 
with some practice, you too can be- 
come a magician. 

Next month, I'll explore the possibil- 
ities of 1200 MHz. 

ham radio 

~ J ~ I I  I L . T W I F - I . I ~ J ~  . 

U N F I R  

The ORIGINATOR of the VHF AMP/PREAMP COMBO! 
YOU KNOW THE LUNAR NAME...NOW OWN THE BEST. 

Solld State Amplifiers for 50. 144. 220.440 MHz 

N E W! G ~ A S  FET Receive Pleamp ~uitt -~nt 

NEW! UHF Models of Latest Design, 

N E W! MOM ~2-500 (or NO Met-.. 
500 Watts Output in a Deluxe Package1 

See your 1, I I . . I# II m r l *  I I; Full line of 
dealer or call U N A R  separate preamps 

COMMI IN81 ATIONS 6 SYSTEMS OIVISION 
available 

7930 Arjons Drlve San Dlego. CA 92126 Telephone (619) 549-9555 Telex 181747 

SAY /bm 
YOU S A W r a d j o  

IT IN m m z * w , m  

~ Qf i  28th ANNUAL 

TROPICAL HAMBOREE 
ARRL HAMFEST OF THE AMERICAS 

FEBRUARY 697,1988 
DADE COUNTY YOUTH FAIR GROUNDS 

Tamiami Park, 10901 S.W. 24 Street (Coral Way), Miami, Florida 

FREE PARKING 15,000 VEHICLES LICENSE EXAMS 
1,000 INDOOR SWAP TABLES PACKET RADIO PROGRAMS 

300 CAMPSITES WITH FULL HOOKUPS DX FORUM 
200 COMMERCIAL EXHIBIT BOOTHS RCA FLORIDA SECTION LUNCHEON 

COMPUTERS & SOFTWARE TECH TALKS 
HAMBOREE DEALER SPECIALS ACTIVITIES FOR NON-HAMS 

Registration: $5.00 Advance - 56.00 Door. Valid both days. (advance deadline Jan. 30th) 
Swap Tables, P days: 516.00 each. Power: 510.00 per user. 

All swap table holders must have registration ticket. 
Campsites: 512.00 per day, includes water, power, sanitary hook-ups, showers. 

(All RV vehicles, tent campers, vans, trailers welcome - no ground tents, please.) 
Headquarters Hotel: Miami Airport Hilton, 5101 Blue Lagoon Drive. 

Special Hamboree Rates: 555.00 Single or Double. 
Reservation forms available through Dade Radio Club December 1st. 

Make checks for Registration, Swap Tables & Campsites payable to: 
DADE RADIO CLUB, P.O. BOX 350045, MIAMI, FL 331 35 

Exhibit Booth 
Information: 
Evelyn D. Gauzens, 
W4WYR. Chairman 
9780 N.W. 3rd St. 
Miami, FL 33195 
Telephone: 
(305) 649 -41 39 

&Page Brochure 
Available . . . 
December 1 st 

November 1987 103 



more. We'oe mined this amazing unit! NOM: for 
the first time, you can stock one unit that will 
decode all calls in a 1000-cdl paging system with 
+ .2Hz crystal accuracy. T h e  EEPROM on-  
board memory can even be programmed for cus- 
tom tones. and every unit includes group call. 
Universal switched outputs control your c:~ll 
light, squelch gate and horn. The SD-1000 can 
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MADE IN USA I 

I 
' COUNTERS 1 TO 1.3 GHZ 

"\ AC ADAPTER/CHARGER INCLUDED 
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EXCELLENT SENSITIVITY 
& ACCURACY 

-DC PORTABLE 
OPERATION 
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CHARGER 
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ANODIZED ALUMINUM CABINET 

/ INTERNAL NI-CAD BAmERlES INCLUDED 

Small enough to fit into a shirt pocket, our new 1.2 GHz and 1.3 GHz, 8 digit frequency counters are not toysl 
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for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmit- 
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. . . . . . . . . . . . . .  #TA-100s Telescoping RF pick-up antenna with BNC connector 512.00 
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#CC-70 Carrying case. black vinyl with zipper opening. Will hold a counter and 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  accessories 510.00 
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Yaesu's mini HB. 
The smallest, smartest, 

towest radios. Anywhere. 

Whether you're a Novicc or Extn~ 
(:lass ope!ratnr, you'n! sure tn al)pn!c:i- 
3t.c t,he: high power, dun~hilily ant1 sizc 
of Yacsu's FT-23R Seric!s rnini.1 ITS. 

lh bcgin wit.h, yorl'll find ;I modt:l 
that's right on your wi~~(:l(!ngth.l'h(! 
2-mckr FT2SR.Thc 220-Mf Iz FT-:1:1R. 
Or the 440-MHz FT-7:11Z. 

Whichcv(!r you choosc, you boric!. 
lit from incredibly small pac:kaging. 
(%kc a look at the actual sizc  hob.) 

You can c.hoost. the. n~ir~i;ltun~ i2-u)lt, 
2~tvatt pack slio\vn in tlic.  t tin to 
t)ulo~! Arid all t);~tt(~ry [);~cks ;trrQ inlvr 
c~linr~ge~;~t)l~~, l,oo. 
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ctlll 1rallrr.v cast* krr ri Ah)\-sizr erlls. 
Dry ( , c l l l  I);~t,ti!ry (*r~so for (; ,\A-sizcb 
c,rlls. I)(: cxr ;~d;~l)lclr/c.harg~~r. I'ro- 
*~~iiriiahl~: C'IYXS ( 1'1, tr)nc1) t ~ r ~ c ~ t d c ~ l  
docod(1r. I)ThlF k(,yl);~d c~ric~od(~r. 
Mol)ilcb hii~igor t)r;tc,kc>l. F:stc~rn;tl 

~Vurninurn-alloycases t.h;il.pn)vc! ll~om- s l ) t~ako r /~ i~ i ;~~o l ) l~o~~(~ .  1211tl loon). 
sclvcs mliablt: in a onc-nictrlr dn)p Cllclc:k out thcl FT-2:IR Scbricls 
tr:st. onto solid concretn. Ant1 mnistun!. at your 'uilosu tl(~:il(>r Iorl;~y. Hc~c*;lusc~ 
n?sistant, seals t,hat really hc'lp ktxp i~ l t l~o~rg l~  wc1 (*an t(1II yo11 al~out 
bhc rain out,. I hclir inc.nldil)l(, pc.rfor~~~;~~~(.c>, Ioilgh- 

fhrt pt~rhaps hest of 311, each ntBss and ~111i1ll sizcb. 
radio t)l~!nds sophisticatr:d, 1nic.n)- 
1)rocessor-contro1Ie:d j)crfornl;lncc 
with surprisingly siniplo ol)t>r,l- 
t.ior1. In f;ic:t., it, takes only nlinubs 
Ir) master all these fcatun:~: 

I ? n  nic?rnories t.hat ston: frc:- 
quency, offset. and PL tan(!. Mnrn- 
ow sc;m at 2 frcqucncics pcr 
soc:ond. 7k offst?t storage?. I'riority 
c:hannel scan. Ctiannrl selrct.ion vir 
t.uning knob or upldown huttans. PI, 
tnno t)o;ird (opt.ional). PL tlispli~y. Ind(!- 
pendent PL mtmory per rh;innc~l. 1'1, 
c!ntx)da and decode. [,(;I) p)wc:r orlt.prlt. 
; ~ n d  "S'nlclcr display. !y.Rat.tr!~-~i~vc~r 
cnirc:uit.. I)ush-t)ullr~n squc~lch o~t!rrid(~. 
E:ight.kcy cont.rol pad. Krypatl lock. 
Iligt~llow powor switch. 

T l ~ c  FT-2:JR comes wif,h a 72-volt, 
2.5-wat.1. bnt,tr!ly pack.The FT-7:lR with 
;I 72-volt., 2-wa1.t pat:k. And tlir FT:l:IR 
wit.h a powcrfrrl 12-volt, 5-wa1.t p;lck. 
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Affordable DX-ing! 
w 

TS-140s M. CH/VFO CH sub-dtnl. 10 kHz step 
t ~ ~ n ~ n g  for qutck OSY :rl l'l 0 mode, and 
UPIDOWN memory cli;~rinel for easy ', 

HF transceiver with general operat~on. 

coverage receiver. Selectable full (OSK) or semi , , , ) 

Compact, easy-to-use, full of oper- break-in CW. 

ating enhancements, and feature 31 memory channels. Store Ire- ., 

packed.These words describe the quency, rnodr? and CW w~dehiarrow , 

new TS-140s HF transceiver. Setting selectton. Spl~t frequenc~es may be 

the pace once again, Kenwood intro- stored In 10 channels for repeater i 
duces new innovations in the world operat~on. 

of "look-alike" transceivers! RF power output control. 
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