


ONLY ICOM COULD BUILD IT! 
A new micro-slzed 2-meter hand- programmable memories with odd off- Accessories. The Micro utilizes 

held wlth all-the performance and rell- set cqpability, i)n LCD readout on the, existing ICOM handheld accessories 
abilltv vou've come to expect from an plus it hosts a new line of battery packs 
ICO M! - long life to  alkaline battery cases. 

The ICOM Micro. A breakthrough 
that ends every amateur radio opera- 
tor's quest for that one true, do-any- 
thing, go-anywhere 2-meter handheld. 

Miniaturization. The Micro gives \ k 
you all the advantages and performance 
of a larger handheld. in a package so 
small. so refined, so well built that only 
ICOM could bui ld i t  like this. top panel for easy readability, u p  to  

Measuring only 4.6" high by 2.3" three watts of output loptionall. 32 . .- 

wide, by 1 . 1 "  deep, the Micro fits in built-in subaudible tones AND wide- 
your pocket or purse as easily as a cas- band receive coverage from 138 to  
sette tape. This miniaturization doesn't 166.995MHz in 5kHZ steps for 
compromise ICOM quality. It's exactly MARS/CAP operation and weather 
what you'd expect from ICOM: high broadcasts. There's also a simple to  
performance in a micro package. 
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use digital Touchstep Tuning System 
Full Featured. And ICOM hasn't for fast shirt-pocket frequency adiust- 

compromised features for size. The ments. An IC-fl2A version is also avail- 
IC-p2AT DTMF version includes ten able without DTMF. 
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Get It I i , - 
&. Together With 

KAM gives you CW, RTTY, ASCII, AMTOR, HF and VHF 
PACKET all together in one unit. 

We combined the features of 
our UTU-XT and KPC-2 to give 
you the true all mode unit you've 
been asking for, the Kantronics All 
Mode IKAMnl. 

KAM features bargraph tuning 
and user programmable MARK 
and SPACE tone's for RTTY and 
HF packet, as well as limiter/ 
limiterless operation on HF for 
weak signal operation. 

KAM's CW demodulator is also 
programmable for both center 
frequency and bandwidth. 

KA M's RS-232/ TTL terminal 
interfacing provides universal 
compatibility to aN computers, 
including Commodores and PC 
compatibles. 

If you're looking for increased 
sensititivily and the greatest 
amount of flexibility in an 
all mode unit, look to Kantronics. 
We've got i t  all together in the 
Kantronics AN Mode. 

Suggested Retail $3 19.00 

- 

Transmit and receive CW 6-99. 
RTTYIASCII 45300 baud, ARQ, FEC. 
SELFEC. ListenARQ. VHF and HF Packet. 

HF and VHF radio ports. 
Command driven by your computer with 

over 100 software commands. ' 
User programmable baud rates for RTTYI 

ASCII-selectable in onebaud increments. 
9 U,ser programmable MARK and SPACE 
tones on HF, you choose the tones. 

Selective RTTY Autostart operation. 
Separate CW demodulator filter with pro- 

grammable center frequency and bandwidth. 

Separate CW keying relay for positive or 
negative keying. 

12-pole programmable switched capac- 
itance input filtering. 

Quartz synthesized AFSK or direct FSK 
operation. 

RS-232 or TTL level operation by jumper 
selection. 

16KRAM (expandable to 32K). 256K 
EPROM, EEPROM for parameter storage. 

Compatible with any computer having an 
asynchronous serial 110 port. 

FCC Pan 15 compliant. 

2 4 0 0  BPS Packet Video or Basic Packet Video 21s 

h,. ih! 
VHS or BETA- S25(includes shipping) 

,>(,l i ' l \ - n  
UTU-TERM/PACTERM for IBM and compatibles. 

Works with UTU, UTU-XT, Packet units, & K A M. 
Disk- $29.95 retail. 
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All m,lli,, scl,le.l matic mode selection, versatile anrl R I l  scanning functions, illuminated multi- E;lsv~tr I &-;I  ,, 

function LCD and status lights all 
contribute to the rig's ease-of- 
operation. All this and more in a 
compact package for VHF stations 
on-the-go! 
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144 0 144.1 14.15 145 8 1.160 148 0 MHz 
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13 exciting years: looking back 
It's been exactly 13 yearssince Skip Tenney suggested that Amateurs might welcomea short-lead time "newsletter" to cover current 
news pertinentto Amateur Radio. Skip, Jim Fisk, and I thensettowork, andjustovera month laterthefirst issueof "HR Report,"dated 
January 2, 1974, was handed out at the SAROC Convention in Las Vegas. 

Needless tosay, Skip was right. Thirteen years later, HR Repoltisstill going strong as Westlink Repolt, under the direction of Bill Pasternak 
and Burt Hicks. And today, despite a couple of HR Report's early would-be competitors having dropped by the wayside, the Amateur 
fraternity supports two additional broad-coverage newsletters plus a host of others devoted to one special interest or another. 

Reviewing the past 13 years through the pages of HR Report, WestlinkReport, and Presstop (ham radio's newspage, originally dis- 
tilled from HR Report but independently written andproduced since 19821, one is tempted to say that these have to have indeed been 
the mostexciting 13 yearsin the history of AmateurRadio. Just consider these AmateurRadio happeningsreportedin HR Report during 
its first two years: 

The first thing you'll notice is that while some things change a lot, others change very little or not at all. In the very first Ham Radio 
Report, we reported that CB wasthreatening 220 MHz and the Emergency Medical Service wasafter part of 70cm, FCC license process- 
ing was taking 8 to 10 weeks, and a planned SY5MA Mt. Athos operation had been scrubbed. Later that first year Ham Radio Report 
also reported on the initial effortsthat led toour getting new bandsatthe 1979 World Administrative Radio Conference, licensing of the 
first ATV repeater, FCC elimination of log-keeping requirements, the launch of OSCAR 7 in November, and in December, the FCC's pro- 
posed "top-to-bottom" restructuring of the Amateur Service (Docket 20282). 

1975 saw Amateur and CB license fees reduced, "environmental impact" and OSHA became Amateur concerns, and the FCC ban 
on 27-MHz (but not "all-band") linears (and the quick introduction of 4-watt drive all-band "Amateur" linears by various CB suppliers). 
Dick Baldwin, W1 RU, replaced John Huntoon, W1 RW, as ARRL General Manager, and the FCC proposed an Automatic Transmitter 
Identification System for all 25-960 MHz transmitters (except Amateur). The WARC-791WGlAM (Working GrouplAmateur Radio) had 
its first meeting in May, the FCC reported CB license applications arriving at 15,000 per working day, off-shore navigation systems en- 
croached on 70 cm, the FCC OK'ed special events callsigns, attendance at Dayton exceeded 10,000, QSTand ham radio (and later 73) 
announced a change to 8 1 I 2  x 1 1-inch formats effective January, 1976, and Texas proposed restricting all rf radiation. John Johnston 
(then K3BNS, nowW3BE) became Chief of the FCC's Amateurand Citizens Division and announced that hiswould bea "deregulatory" 
policy (which began by greatly reducing repeater license paperwork), new specific mm-wave Amateur bands through 250 GHz were es- 
tablished, and Amateurs got a nice Christmas present from the FCC when it dropped the minimum operating time and code proficiency 
requirements for license renewal. 

Each succeeding year records an equally diverse list of happenings. Here's just a sampling of someof Amateur Radio'sexciting events 
that occurred during that time: 

Inspace, AMSAT's relatively primitive (but effective) OSCARs6,7, and then8werejoined by the comparable Russian RS birds, and 
later on, by thevery sophisticated OSCAR 10 (whose elliptical orbit finally made worldwide Amateur satellite communication possible) 
and Japan's "Fuji." Amateursthemselvesfinally got on theairfromspacewhen W5LFLand WOOREoperatedfrom the Space Shuttle. 

The U.S. Amateur Service itself grewata fantastic rate, at least during the CB boom years. Atthe end of 1974therewere only 253,357 
licensed Amateur operators in the United States. Today therearemorethan421,000! Much of thatgrowth paralleled the CB boom, which 
at its peak had usersvariously estimated at from 15to30 million. From 1975through 1982, an averageof over20.000 new Amateurswere 
licensed each year, but that died quickly to the present thousand or soa year after CB lost itsappeal. The FCC's "restructuring" proposal, 
which included a no-code "Communicator" class license, also died when the League found strong opposition among its membership. 

At  Geneva we did get the three new hf bands our volunteer group had worked so hard for, despite the warnings of "gloom-and-doom" 
advocates who claimed we'd be lucky to come out of WARC '79 with any Amateur bands at all. All the Amateur monthlies increased 
not only size but price - when HRR began, all had cover prices under a dollar; today, all cost between $2.50and $3.00 a copy. A court 
ruled that Amateur and CB license fees were illegal, then made the FCC give back all the fees it had collected. Ever-tightening federal 
budgetsforced the Commission into seriouscost-cutting, and one of the more positive results is thevery successful Volunteer Examina- 
tion program that's made access to taking Amateur exams easier than it's ever been before. 

The very face of Amateur Radio has changed drastically in the past 13 years. In 1974 vhfluhf fm, though popular, supported fewer 
than a thousand FCC-licensed Amateur repeaters; ARRL's latest repeater directory lists well over 10,000! The separate "WR" repeater 
license, along with secondary station licenses and new club and RACES licenses, all fell victim to FCC "deregulation." Computer tech- 
nology became an integral part of Amateur Radio and is, indeed, an integral part of many Amateur radios. New computer-based hard 
copyldata communications modes such as AMTOR and Packet, unheard of just a few years ago, have far eclipsed their predecessor, 
RTTY, in their number of enthusiastic users. 

On the Amateur bands, DXers, vhfluhf "weak signal" buffs, traffic handlers, and rag chewers alike have enjoyed the benefits and 
suffered through the depths of a little over one complete sunspot cycle. For hf DXers, there's been the first legitimate activity from BY 
and YI for many decades, along with a fair number of brand-new "new ones" to keep Honor Roll members and aspirants close to their 
shacks. We've reported on earthquakes, hurricanes, floods, tornadoes, blizzards, forest fires, and even a volcanic eruption during the 
past 13 years, and of the contributions of the countless thousands of Amateurs who've responded with skills and equipment to help al- 
leviate the resulting human suffering. 

It has indeed been an exciting 13 years for Amateur Radio - though one must wonder if it's really been all that much more SO than 
any similar period of time in the 1920s. 1930s, or post-war years. After all, exciting things have always happened in Amateur Radio, and 
will, we trust, continue to happen. It's been fun being part of it, as both a participant and a reporter. 

Thus it is, with a real feeling of regret, I'm retiring as editor of Presstop. After 13 years on the reporter's beat for ham radio, a new op- 
portunity outside of Amateur Radio has forced me to relinquish that aspect of my Amateur Radio involvement. That doesn't mean I'm 
giving up either Ham Radioor hamradio - you'llstillfind me on theair enjoying the former and, when timeand my New Hampshirecol- 
leagues permit, on the pages of the latter. 

73, 
Joe  Schroeder, W9JUV 

4 5 December 1986 



Three Choices for 2m! 
TMI -2 57OA12 55OA12530A Big multi-color LCD and back-11, 

Feature-packed 2m FM 
transceivers 

The all-new "25-Series" gives you 
three RF power choices for 2m FM 
operation: 70 W, 45 W, and 25 W. 
Here's what you get: 

8 Telephone number memory and 
autodialer (up to 15 seven-d~g~t phone 
nun~bers). A Kenwood exclusive! 

H ~ g h  performance GaAs FET front end 
rec.Plvel 

23 channel memory slores offset. 
frequency, and subtone Two pairs 
may be used for odd spltt operation 

16-hey DTMF pad w~th audlble mon~tor 

Extt'nded frequency coverage for 
MARS and CAP (142 149 MHz. 141-151 
MIi? modtf~able) 

Center-stop tltn~ng-a Kenwood 
exclusive! 

New 5-way adjustt~ble mount~ng 
system 

Autornat~c repeater offset selectton 
another Kenwood exclusive! 

D~rect keyboard frequency entry 

Front panel progra~nnlable 38-tone 
CTCSS cncodrr includes 974 Hz 
(optional) 

controls for excellent vls~btllty 

The TM-3530A 1s a 25 watt verslon 
coverlng 220-225 MHr The l~rst full 
featured 220 MHz r ~ g l  

Introducing.. . 
Digital Channel Link 

Cornp;ltlble w~th Kenwood's DCS 
(D~gttal Code Squelch), the DCL system 
enables your rlg to automatically OSY 
to an open channel. Now you car1 auto- 
matically sw~lch over to :I s~rnplex 
channel after repealer contactl Herr's 
how ~t works: 

The DCL syslern searches for an 
open channel, remembr3rs ~ t ,  returns 
to the ortglnal frequencv and transmrts 
control ~nformat~on to another DCL- 
equ~pped statton that swltchcs both 
rad~os to the open channel. M ~ c r c ~ ~  
processor control assurs-s fast and 

rellable operatton. The whole process 
happens In an ~nstnnl' 

Opt~vnal Accessories PS-50 {I(:  18, ,~vk!f W I ~ J [ ~ I ~  1, 11 11"; : " I ~ O ~ ~  

TU-7 !P  lc8ilp (:I C:;'; pnr.iiclpl MC-60A/MC-801MC-85 I f :Sl  1111(.5 

MU-1 DCL ~iinric>n~ lrnll MC-488 + i l r : ~  l111,.11 1111, WII~I UF1/I>WII,I SWII( h 

Actual size front panel 

CD-10 r ;~l l  sign i l ~ ~ [ > l ; ~ y  SW-200A/SW-2006 SWRl~iouv6.1 ~ I~> IP I?  TRIO-KENWOOD COMMUNICATIONS 
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CHALLENGING IDEAS FOR AMATEUR RADIO'S FUTURE, particularly wi th  respect to t h e  concept of 
"personal communications," are  contained i n  t h e  recently released FCC Office of Plans and Policy 
Working Paper No. 20. With respect to t h e  Amateur Service, author  James  McNally, WBBAPV, notes 
t h a t  Amateur Radio is  i n  a slow growth phase t h a t  could continue for many years under  present limi- 
tations,  t h e n  suggests such revolutionary ideas as  relaxing t h e  l imits on "permissible communica- 
tions," permitting a n  Amateur's immediate family limited use of his or he r  station on portions of t h e  
VHFIUHF bands, and/or creating a combined Amateurlpersonal radio service on par ts  of t h e  33- or 
23-cm bands. Also discussed a t  length is  t h e  GMRS service, which he  also urges be greatly expanded 
and  made more flexible. 

This Fascinating And Very Thought-Provoking Study should be required reading for anyone who is 
concerned wi th  t h e  fu tu re  direction of t h e  Amateur Radio Service. 

NOVICE "ENHANCEMENT" PROBABLY WON'T APPEAR IN ANYONE'S XMAS STOCKING th i s  year,  
despite optimistic predictions from several sources. Though t h e  proposal to give many new privileges 
to Novices (and Techs) is  enjoying broad Amateur support,  t h e  usual  timetable for seeing a significant 
proposal through FCC procedures makes such a short  turnaround seem unlikely. A more realistic esti- 
mate would pu t  Commission action into early 1987. 

FCC HAS PROPOSED 40-METER NOVICE BAND EXPANSION TO INCLUDE 7050-7075 kHz i n  Alaska 
and  U.S. Carribbean and  Pacific islands, due to interference i n  t h e  7100-7150 kHz Novice band. Com- 
ments  on t h e  NPRM, PR Docket 86-397, are  due  December 22; Reply Comments by J a n u a r y  21. 

Automatic Control Of VHFlUHF Packet Stations using ARRL AX.25 protocol has  been approved by 
t h e  FCC, effective November 24; automatic HF digital operation wasn't  decided. 

The Effective Date For VECs To Be Responsible For Maintaining t h e  Amateur examination question 
pool was still pending a t  presstime. I t  should, however, be before year's end. 

The Comment Due Date For FCC's Automatic Transmitter Identification System proposal (see October 
Presstop) has  been extended to J a n u a r y  19, 1987; Reply Comments to February 16. 

ALLEGATIONS OF FRAUD IN AMATEUR EXAM ADMINISTRATION ARE CASTING A PALL over t h e  
VEC program. Serious questions have been raised about certain VE teams i n  Texas, Puerto Rico, North 
Carolina, and southern California, and  all are  believed under  FCC investigation. I n  a t  least one case 
there's also reported to be a "repeater war" between some of those involved t h a t  may be related to t h e  
accusations, b u t  there  also appears to be grounds for belief t h a t  a t  least some limited "selling" of 
Amateur licenses has  taken place. 

WSYI Reports Two Newly Licensed Amateurs Examined by one of his  VE teams were called i n  for 
reexamination by a DeVry VE team a t  FCC request,  a n d  t h a t  he's removed t h e  accreditation of another 
of his  VEs i n  ~ a l i f o r n i a .   ort tun at el^, i n  t e r m s  of t h e  VEC program's size, t h e  improprieties involve 
only a very small minority of t h e  participants. 

THERE'S SOME ENCOURAGEMENT IN THE FCC's LATEST AMATEUR GROWTH FIGURES, which 
show another  all-time high of 421,082 U.S. Amateurs a t  September's end, though that ' s  only a 2 per- 
cent increase over a year  ago. What's more encouraging is  t h e  number  of new Amateurs licensed dur-  
ing t h e  past 12 months - 20,979, u p  20.75 percent over t h e  preceding year.  I n  t h e  same period 
dropouts decreased by 15.13 percent, to 12,484. By class, Extras are  u p  by 7.38 percent, Advanced 
4.73, Tech and  Novice 3 .6  each, while t h e  only decrease was for General, down 0.5 percent. 22,228 
Amateurs upgraded during t h e  year,  a 1 0  per cent increase. 

"ARCHIE'S HAM RADIO ADVENTURE," THE INDUSTRY-GROUP-INSPIRED comic book designed to 
pique youngsters' curiosity about Amateur Radio, is  now available i n  quant i ty .  The story line i n  th i s  
very well done 36-page booklet manages to include HF and  VHF fm, DX, OSCAR, autopatch and  even 
packet radio while maintaining a n  entertaining and  coherent story line. Educators and  others i n  a Po- 
sition to  place copies i n  t h e  hands of youngsters i n  t h e  targeted 10-14 year  old age group should con- 
tact Viki Armentano a t  t h e  ARRL. 

WESTLINK REPORT'S FIRST "YOUNG HAM OF THE YEAR" IS SHAWN WAKEFIELD, WKSP, a 
16-year old Eagle Scout from Bartlesville, Oklahoma. Not satisfied wi th  getting five of his fellow Scouts 
into Amateur Radio, Shawn led efforts to  set  u p  Radio Explorer Post 103 and also organized a radio 
club i n  his  high school, where he's a n  honor s tudent .  Active i n  RACES, he also set u p  and  r u n s  a 
7274-kHz railroad buffs' net  on alternate Tuesdays a t  0000z. 

Shawn Was The Judges'  Unanimous Choice, despite strong competition from several other nominees. 
He was to  receive t h e  award, which includes a complete Yaesu station, a t  t h e  HamlWest Convention 
banquet i n  Las Vegas November 8. 

PRESSTOP EDITOR JOE SCHROEDER, WSJUV, IS RETIRING as  of th i s  issue, and ham radio's editors 
have decided not to continue t h e  monthly Amateur Radio news column without him. Joe's jus t  pur- 
chased a small gun  collecting book publishing firm, and expects his  new responsibilities there  to keep 
h im fully occupied. He will, however, remain on t h e  ham radio masthead to  contribute editorials and 
a n  occasional feature article. 

6 December 1986 
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power on! 
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AFFORDABLE PACKET RADIO FROM NFJ  
MFJ's TAPH TNC 2 rlonc in a new cabinet with addctl fe;,tures.. .for a n  incr-eclihle $139.95! 

You get lnterfaclng cable termlnal software on tape or dlsk and 
F' complete lnstructlons evervthlng you need to get on packet rad~o 

Order MFJ-1282 fdlskl or MFJ-1283 ftaoel $19 95 each 

-. - -- 

ORDER ANY PRODUCT FROM MFJ AN[, TRY IT-NO 
OBLIGATION. IF NOT SATISFIE:: RETURN WITH- 
IN 30 DAYS FOR PROMPT REFUND ,less shipplngl 

One year unconditional guarantee Add $5 00 each 
sh~pplng/handltng Call or wrlre for lree catalog 
over 100 products 

, , , . .  ~ 

Ib. .OD 
Unlike machine specific TNC's you never have to worry about your 

I....-&- @ = % ;  * 1 MFJ-1270 becom~ng obsolete because you change computers or because 
packet rad~o standards change. You can use any computer with an 
AS-232 ser~al port and an appropriate termlnal program. If packet radio 
standards change, software updates will be made available as TAPR 

Join the exciting packet radlo releases them. 
MFJ-1270 revolution and enjoy error-free com. Also speeds in  excess of 56K bauds are possible with a suitable ex- 

$1 3gg5 
munication. . .for an incredible ternal modem! Try that with a mach~ne speclfic TNC or one without hard. 
$139.95! MFJ brings together effi. ware HDLC as higher speeds come into widespred use. 
ctent rnanulacturlng and TAPR's (Tuc- You can also use the MFJ-1270 as an excellent but inexpensive 
son Amateur Packet Radlol leading edge dig~peater You can use 12 VDC lor portable operation or 110 VAC for fix- 

technology to bring you top quality and affordable packet rad~o. ed stallon operation. 
You get MFJ's highly acclaimed clone of the industry standard It features AX.25 Level 2 Version 2 software, hardware HDLC for full 

TAPR TNC 2. Its in a new cab~net and lncludes a TTL ser~al port and duplex, true Data Carrier Detect for HF. 16K RAM, simple operation plus 
an easily replaceable l~thium battery lor memory back-up. more. 

All you need is  your rig, home computer wlth a RS-232 serial port Help make history! Join the packet radio revolution now and help 
and a terminal program. If you have a Commodore 64. 128. or VIC-20 spread this exciting network throughout the world. Order the top quality 
vou can use MFJ's optional Starter Pack to aet on the alr ~mmedlately. and affordable MFJ-1270 today. 

MFJ ENTERPRISES. INC 1 Call 601 323 >8bY 111 MISS .I~I,I OUISI~~, - 
R~~ 444 M,~, , ,~ , ,~ ,~ ,  slrllf: ~ 5 3 9 7 6 2  1 tOnllnental USA Telex 53-4590 MFJ STKV 
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Here are ME'J's latest and 

The MFJ-484B "GRANDMASTER" Memory 
Keyer IS THE choice of CW contesters. M y ?  
Because 11's so easy to use 11's second 
nature. . .you don't have to remember how to 
use complex commands. . .and il has all the 
features you'll ever need for easy CW. 

Features like these.. . you can store up to 
twelve 25 character messages that you can 
comblne and send at whatever speed you want. 
you can repeat any message continuously or 
pause between repeats, you can change or in- 

into a playing message by simply sending 
and much more. 

The MFJ-484~ is  RF proof, sends 8.50 
WPM and measures just 8 x 2 ~ 6  inches. 11 uses 
12 to 15 VDC or 110 VAC with MFJ.1312,$9.95. 

HF SWRDVATTMETER 

to  maximize your 
antenna performance? 

The MFJ.81Bis our smallest -4'/2~2'/4~3 
inches-(and most affordable) SWRMlattmeter 
that lets you read SWR, forward and reflected 
Power (301300 watt scales) from 1.8 to 30 MHz. 
Uses toroidal current pickup for uniform sensitivity. 
CROSS-NEEDLE SWR/WATT 
METER ~ ~ ~ 4 1 5  $59.95 

MFJ's cross-noadlo 
SWRlWattmeter glves 
you SWR, forward 
and reflwtad power 
-all at a slngle 
glance! SWR IS auto- ' 
martcdlly computed 
-no controls to adjust t d s y  ![i UIF; ~ U S I ,  

buttons Select three power ranges that glve you 
ORPto full legal limit power readlngs Reads 201 
2M)IZWO Wforward. 5/50/500 W reflected and 1 1 

ed meter. Needs 12.V +to% lull scale accuracy 
to 1:s SwRon easy-to-read twoco~or scale Light- 

6% x 3% x 4'/2 inches. 
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hottest prnducts for improving your station's performance. 
2 KW COAX 
SWITCHES ' MFJ-lm 

1nsu.N s**t a. $19.95 

: , " ~ ~ ~ , " : ~ ~ \ , b ~ r I  
ganlzes coa cables 
and ellmlnates plug- 
glng and unplugging 
Unusea terminals are gives you a luner, cross-needle SWR 'Wanmeter. 

SO 23A Convenient desk or wall mounllng 
MFJ.lm, H9,95. * posltlons, Cast alumlpurn 

carlty coqstructlor, glves excellent performance 
up lorn MHz with rhallM)dB1mlarinn at 
450 MHz Heavy duty. low loss swlt~Qhas less 
than20milltohm contact resistance. less than 0 2 

loss alld W"vV below 1 1 2 2 x 2'12 x 1 inches 
MFJ-lml, $29.95. 6 posltlons. 'Nh~te markable 

surface for record~ng ant poslltons 8'/7 x ll/? x 3 ln 

ANTENNA CURRENT 

M F J - m  579.95 
Thts new bmkthru MFJ Antenna 

Curmnt Pmbe lets you monitor RF 
antenna currents-no connections 
neededt Determlne current d~strl- 
bution. RF radiation panern dnd 
polarlzalilr antennas, transmls- 
sion Ilnes, grouna leaas. bullding 

,,. ~ . wlring. guy wires and enclosures 
lndluta tnnrmlrrlon line ndlatlon due to high 

SWR. poor sh~elding or antenna bnbalance. 
Detect rbr8dlatlOn from rain gutters and guy 

wires thal ca:~ dlstort antenna rield patterns. 
Detwt RF ndlatlon from ground leaas. power 

cords or bulldlng w n g  thal can cause RFI 
Determlne If ground system IS etlect~ve 
Plnpolnl RF leakage In shlelded enclosures 

* Locate the Best place 101 you. moolle antenna 
Use as tuned tlelfl strenght meter 

Mantton RF current by sensing mapnetlc field 
Uses dr, electrosta~tcaily shielded ferr~te :we. FET 
R F  ,mpllfler, op.arnp meter clrcult excellent 
sensltlvlty, Selectlvlty, ,8.30 MHz. Has sensl. 
tlvity, bandswllch, tune controls, telesmplng an. 
tenna for !leld jtrenghl meter 

SWR, forward and reflected power-all at a sin- 
gle glance SWR 15 auromallcally computed with 
no controls to set. Has 30 and 300 wan scale. 

Run up to 300 watts RF out~ut-and march co- 
ax, balanced ltnes or random wares from 1 8 thru 
30 Tune out SWR on dipoles, vees, long 
wires, verticals, whips, beams/~uads, 10x3~7 In 

RF PRESELECTOR 

IS your transceiver or  receiver "hearing" 
all i t  could? Add~ng a MFJ-1040 RF preselector 
can make "lost" stgnals readable while reduc- 
ing troublesome images and out-of-band 
signals. It adds 20 dB of low noise gain with a 
strong, sharp tuning front end and covers all 
HF amateur and shortwave bands through 
lower VHF from 1.8 to 54 MHz. 

A built-in 20 dB altenuator prevents receiver 
overload. It has automatic bypass for transmit- 
ting, works with 2 antennas and 2 receivers. Is 
8 x 2 ~ 6  inches and uses 9-18 VDC or 110 VAC 
w~th optional MFJ-1312. $9.95 

MOBILE ANTENNA MATCHER - - ,  

MFJJIO 519.95 
Lower your SWR and 

power 
Your whip lor - 
solid signals and more 
OSOS Your sold state 
rig PUR out more power and generates less heat. 
For 10-80 meter whips. Easy plug-in ~nstallatlon. 
Com~lete instructions. Fits anvwhere. 2'/7~2'/?tn. 



buying top0 maps 
Dear HR: 

Here's some updated information re- 
garding the purchase of topographic 
maps from the United States Geologi- 
cal Survey. 

First, the headquarters of the Unit- 
ed States Geological Survey has been 
moved to Reston, Virginia 22092. All 
mail orders, however, should be ad- 
dressed to the Distribution Branch, 
United States Geological Survey, Box 
25286, Federal Center Building 41, 
Denver, Colorado 80225. 

For a copy of the USGS index to 
topographic maps, call 703 648-5830. 
Request the index for a specific geo- 
graphic region - for example, Mary- 
land, Delaware and the District of 
Columbia, which are grouped togeth- 
er. Each regional index lists local retail- 
ers who carry USGS maps as well as 
a variety of special maps, including 
state maps, satellite image maps, and 
maps showing national parks, rainfall, 
population distribution, and similar in- 
formation. 

I hope this information will be use- 
ful to those seeking that ideal site on 
which to place their "Giant Killer Con- 
test Stations." 

Dan Szymanski, K3SKE 
Frederick, Maryland 21701 

cheers from 
down under 
Dear HR: 

Received July's ham radio yesterday 
and was fascinated by K2RR's 
"Reflections" ("The Phone Call," page 
4). 

The problems discussed have also 
been part of an investigation by the 
Redcliffe Radio Club. . . . We also dis- 

cussed the problem a few weeks ago 
and came to a very interesting conclu- 
sion, which is probably worth follow- 
ing up in the USA as well. 

Attracting youngsters to Amateur 
Radio is pretty difficult, what with all 
those distractions - including com- 
puters. It's easier, especially if one has 
access to a modem, to use the 
600-ohm twisted pair. Then too, Aus- 
tralian school kids are generally not in- 
terested in studying extra-curricular 
subjects because they don't count as 
academic credits. Why work hard for 
something that doesn't count? 

A far greater source of new Ama- 
teurs would appear to be those ap- 
proaching retirement age, who are 
trying to find something to do besides 
fishing, hunting, or annoying the "mis- 
sus." This last suggestion has been 
based on past experience within the 
Club. We found that most of the adult 
students persevered and finally passed 
the Novice exam and within a year up- 
graded to either Limited License (your 
Technician License) or General 
License, while out of ten young stu- 
dents (under 20 years) only three or 
four made the grade; all the rest all 
dropped out. 

Due to the nature of the Amateur or- 
ganization in Australia - where, be- 
cause of the cost, most work is done 
by volunteers, and not much can be 
done by either the Federal Council of 
the WIA or the State Councils - 
much depends on the Clubs. And of 
those, only a handful are trying their 
hardest to recruit more Hams. 

There is one danger [in recruiting 
new hams], however. A club specializ- 
ing in classes for newcomers may tend 
to forget those who passed the exami- 
nations simply because all the volun- 
teers are involved in training or other 
work to keep the Club afloat. 

I would like to hear of US Clubs who 
have been able to keep licensed 
Amateurs interested enough to remain 
active in the Club. 

Thanks for a magnificent magazine 
- and 73 from Down Under. 

John Aarsse, VK4QA 
Nambour, Australia 

short circuits 

Digi-Key address 
In the October, 1986 article, "Get on 

SSTV-with the C-64," the address of 
Digi-Key, Inc., was stated incorrectly 
(f ig. I ,  page 45). The correct address 
is Digi-Key, Inc., P.O. Box 677, Thief 
River Falls, Minnesota 56701-9988. 

low-noise U H FIVCO 
In part 1 of m y  article, "Low-Noise 
Phase-Locked UHF VCO" (July, 
1986, page 33) the noise floor i n  fig. 
3 was shown as - 142 dBc/Hz for 
N = 1. To label the curve shown with 
V = I, however, is ambiguous, since 
the phase detector compares 1152 
MHz with the 32nd harmonic of the 
reference crystal oscillator. 

Reference oscillator noise increases 
by 20 log N where N in this case is 32. 
Therefore, the noise floor of the 1152 
MHz VCO should be moved to about 
- 130 dBc/Hz, if the effect of refer- 
ence multiplication and noise in the 
loop is taken into consideration. This 
puts the noise floor corner at about 20 
kHz, with noise rising at 20 dB per de- 
cade to around - 100 dBc/Hz at 200 
Iiz. These numbers compare favora- 
bly with those of commercial syn- 
thesizers currently available. 

The UHF VCO PLL discussed in the 
article is a "direct" type, meaning that 
the phase detector corrects VCO 
phase at 1152 MHz, not some submul- 
tiple of 1152. It is difficult to achieve 
better phase noise performance by any 
other means. - WA9HUV 

vhfluhf world 

The schematic shown in fig. 3 of 
WlJR's November, 1986 column, 
"VHFIUHF World: Broadband Ampli- 
fiers in Receiver Design" (page 91), 
should be positioned in fig. 4. Like- 
wise, the schematic shown in fig. 4 
should be positioned in fig. 3. Only the 
art should be switched; captions are 
correctly placed. 

December 1986 9 



communicating on 474,083 GHz 

Explore a 

new frontier 
with your own 

lightwave station 

Although w e  might  w ish  for bigger slices of the HF 
or VHF spectrum, Amateur Radio's frequency alloca- 
tions extend over 23,600 MHz. 

In assigning frequencies, the FCC didn't terminate 
our allocations at some obscure, arbitrarily chosen 
microwave band. Instead, they specifically gave us 
everything above 300 GHz. And although Amateur 
communication above the 24-GHz band isn't yet very 
practical, there is a narrow segment where it's really 
quite easy to work: that is, of course, light. 

background 
I made some of the first Amateur two-way laser con- 

tacts during ARRL VHF contests. At that time (June, 
1979) the ARRL didn't recognize contacts above the 
normal microwave bands, even though the FCC regu- 
lations did. These contacts, however, were rejected. 

I figured that the League would be more ready to 
accept lightwave contacts if specific guidelines for 
such contacts were available. With the encouragement 
of Louis Ancioux, WBGNMT, I began drafting recom- 
mendations. In mid-1980, I sent the ARRL Contest Ad- 
visory Committee several suggestions for rules. 

This is what was ultimately adopted: 
Above 300 GHz, contacts are permitted for contest 
credit only between licensed Amateurs of Technician 
class or higher, using coherent radiation on transmis- 
sion le.g., lasers) and employing at least one stage 
of electronic detection on receive. . . 

The rule also state that while no minimum distance 
is specified for contacts, equipment should be capable 
of real communications (i.e., able to communicate 
over at least a mile). This was no problem at light fre- 

quencies; my first laser contacts were over a 15-mile 
path! 

It should go without saying that all equipment used 
for contest points or records should be Amateur- 
owned, if not also Amateur-built. After all, there would 
be no technical challenge or achievement in borrow- 
ing a NASA dish to make a 432-MHz moonbounce 
contact. 

what is light? 
Light is a part of the electromagnetic spectrum. 

Visible light starts at around 400 Terahertz; 1 THz = 

lo6 MHz. The low-frequency, long-wavelength end of 
the visible spectrum appears to us as the color red. 
The high-frequency, short-wavelength end is violet. 
Green, in the center of the visible spectrum, is the 
wavelength to which our eyes are most sensitive. 

Like "regular" radio waves, light has a wave nature 
with an electric field and magnetic field component. 
It also has an associated frequency (which is only rare- 
ly referred to) and wavelength (the more customary 
measurement). 

A variety of length measurement units are used to 
describe light wavelength. Green light, for example, 
corresponds to approximately 5500 A (Angstrom Units 
where 1A = I x 101° meters), 550 nanometers, 0.55 
microns, or a frequency of 545 THz. But even though 
it follows many of the same rules as rf, light isn't just 
a radio wave of extremely high frequency. What sets 
light apart from lower frequency emissions is its par- 
ticulate nature. Light exists in discrete units called pho- 
tons and can be made to travel in a very narrow beam 
with very little divergence or spreading. It's wonder- 
ful for point-to-point communications. 

Frequency multiplication via a non-linear varactor 
is a phenomenon well known to the UHF enthusiast. 
432 MHz is conveniently reached by tripling 144 MHz. 
What is both amazing and not commonly known, 
however, is that light frequencies can also be multi- 

Steve J. Noll, WAGEJO, T ic  Scientific, 1288 
Winford Avenue, Ventura, California 93004 
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plied in a special non-linear crystal! But light can not 
only be multiplied in frequency; it can be mixed. It's 
possible to direct two laser beams into a special crys- 
tal and produce a third beam of a different frequency 
as a result of the mix. It should therefore be possible 
to build some sort of an optical superheterodyne re- 
ceiver. It's also possible to build a light "amplifier." 
though the necessary crystals and lasers are very 
specialized and expensive. 
ceiver. It's also possible to build a light "amplifier," 
though the necessary crystals and lasers are very 
specialized and expensive. 

light transmitters 
. The laser was conceived in 1958 and built in 1960. 
"Laser" is an acronym for Light Amplification by 

Photo A. Four types of lasers: from top (clockwisel, gas laser 
(helium neon): solid-state laser (ruby rod); semi-conductor 
laser (infrared pulsed diode type); and dye laser (dye cell filled 
with organic laser dye Rhodamine B.) 

Photo B. This Helium Neon laser uses the power supply cir- 
cuit shown in fig. 7. Power supply and battery are housed 
in a tool box. 

. P U I P I I L '  
t n e r ( y  (?I* 1 1 1 a s h 1 1 1 1  0 1  11ec11 ,c  c u r r e n t  

photons  s p o n l t n e ~ u ~ l ~  '7 r e f l , ~ l , d  p h ~ l e n  back  - 
1011 p h o l o n l  d o  for l u ~ l h r r  a 
not  c o n t r ~ b u l e  p h o l o n s  r t l e a r t d  " ~ 1 s ~ a c ' t 2 0 n  
l o  Laser o u l p v t  by  s t , n u l a t o d  e b , r t , o n  

T L O j i R  l l I O l l  < $ e l a d .  L l g u r d  o l  L l s l  t 
18112 P a r t r a l  

R .~1 .< l11  R l f  l l ~ t 0 1  
F a b c q - P ~ ~ o l  R e s o n t t o r  

fig. 1. Basic laser operation. 

Stimulated Emission of Radiation. 
This is how lasers work (fig. 1). A gas, solid, or liq- 

uid is contained in a cavity. Two mirrors, one at each 
end of the cavity, are positioned to face each other. 
Energy is transferred to the atoms inside the cavity that 
do the actual "lasing"; depending on the kind of la- 
ser, the energy can come from a flashlamp, an elec- 
tric current, a chemical reaction, other energized 
atoms or molecules, or another laser. 

The goal is to  raise a lot of the electrons of the las- 
ing atoms to a certain higher energy level. At this lev- 
el, the atoms are unstable and won't stay there long. 
When the electrons "fall down" to a lower energy lev- 
el, they give up this excess energy, which is released 
in the form of photons. This release of photons - ran- 
dom in time and direction - is called spontaneous 
emissign. 

If one of these photons strikes an atom that hasn't 
yet generated its photon, the impinging photon stimu- 
lates the atom to produce another photon identical to 
the first. The result is two photons of the exact same 
frequency and phase, traveling in the same direction. 
If everything is just right, this process continues 
through the lasing medium. 

Some of the photons bounce between the mirrors, 
traveling through the medium, stimulating more co- 
herent photons to be generated. These, then, also 
bounce between the mirrors, continuing the process. 
One mirror is partially transparent to let some of the 
energy escape. Thus is born the laser "beam." 

Although most people have heard of the ruby laser 
and the Helium Neon (HeNel laser that's commonly 
used in supermarket scanners, a great number of other 
materials have been used to make lasers. Most can 
be categorized as gas, solid-state, liquid, or sernicon- 
ductor (Photo A).  

gas lasers 
Output wavelengths range from infrared to ultravio- 

let. Some are tunable. Power outputs vary from ex- 
tremely weak to strong enough to burn through steel 
plate. Outputs vary from a few short pulses per sec- 
ond to a continuous wave. Sizes vary from as small 

December 1986 11 



POYER SUPPLY h 
BREYSTiR  

YlHOOY 
ELECTRODt -r 

PLDSMP l U B E  P R R l l P L  
R f l l E t l O R  REFLECTOR 

fig. 2. Basic gas laser. 
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fig. 3. HeNe laser plasma tube packaged in PVC pipe. 

as a pencil tip to  room-size. And cost ranges from a 

close to a long flashlamp tube. Mirrors may be exter- 
nal or deposited directly on the rod's ends. The ruby 
laser puts out short, high-power pulses of red light. 

The ruby laser may be the most well-known solid- 
state laser, but the Neodymium YAG laser finds the 
most use. Capable of continuous output in the 
100-watt range, its output is invisible infrared. As with 
the ruby, the NdIYAG laser is optically pumped with 
flashlamps or continuous arc lamps. It is used for cut- 
ting and drilling, trimming resistors, and surgery. 

liquid lasers 
Liquid lasers are often called "dye lasers" because 

the active material is usually an organic dye dissolved 
in a liquid solvent. The liquid laser's claim to fame is 
that it is tunable over a wide frequency range. 

In the simplest form of dye laser, the dye is held in 
a length of glass tubing, its ends sealed with windows. 
The external mirrors form the lasing cavitv and a flash- 
lamp serves as the pump source. CW-output dye 
lasers are available. Power levels are generally under 
5 watts. 

semiconductor lasers 
Electro-optically similar to Light Emitting Diodes, 

semiconductor lasers are often called diode lasers or 
injection lasers. Output is typically in the infrared, 

few dollars (for surplus semiconductor lasers) to 
hundreds of thousands of dollars. 

Known for its high-power infrared output, the car- 
bon dioxide laser is capable of burning through met-. 
al. The Argon laser can generate several watts of green 
and blue light. The Nitrogen laser has an ultraviolet 
output and so much gain that cavity mirrors are not 
needed. 

Most gas lasers (fig. 2) are electrically excited by 
applying high voltage to electrodes at the ends of the 
cavity, also known as the "plasma tube" (fig. 3). 
Sometimes windows seal the ends of the tube to let 
the light through to strike external cavity mirrors. Of- 
ten there are no windows, and the mirrors are attached Photo C. This helium Neon laser is housed in a 2%-inch di- 

ameter PVC pipe, which also contains a commercial 12-volt directly to the ends of the plasma tube. Gas lasers 
inverter power supply. 

usually have lifetimes expressed as a few thousand 
hours, after which time some kinds may be cleaned 
and refilled with a fresh charge of gas. 

solid-state lasers 
In this application, "solid-state" doesn't refer to 

semiconductors, but instead to lasers made of crystal 
or glass. One of the better known of these is the ruby 
laser, which consists of an Aluminum oxide "host" 
with a tiny bit of Chromium mixed in. The laser may 
take the appearance of a pink ruby rod measuring 
114-inch diameter and a few inches long, positioned photo D. Components of a poftable HeNe laser. 
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ShackMaster" puts your home station in the palm of Exchange electronic mallbox messages with your 
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or around town you'll be linked through your handheld family directly through Shackpatch", with you in remote 
to your high performance equipment at home. Even call control of your home station. Report traffic accidents or 
home from any Touch-Tone phone and operate. disabled motorists through your home phone while 

Scan the bands, change modes, select antennas, turn Or ponable with 

gear on and off - all from your Touch-Tone keypad. All the power of your home station (and more) really can 
Check into nets, work skeds, ragchew and DX without follow you anywhere.. . to f~nd out more about 
being tied down to the shack. ShackMasterm just wr~te, send us your QSL, or call and 

talk with us at 408-749-8330. 
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computer 
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fig. 4. Diode laser in a typical stud package. 
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fig. 5. Modern HeNe laser tube. 

measuring a few milliwatts CW or several watts 
pulsed. 

A common package is a stud-type with a window 
on top to let the radiation out (fig. 4). Lasing action 
is achieved by running current through the tiny diode 
"chip." Mirrors are formed directly on the chip by 
cleaving opposing ends of the chip square. 

This kind of laser doesn't produce a beam as nar- 
row as most other lasers. Pulsed infrared diode lasers 
are presently on the surplus market - often for less 
than $25.00. We expect to see many surplus units in 
the future because of the growing fiber optic commun- 
ication and compact audio disk markets. 

making the choice 
It's not difficult to  narrow down the wide choice of 

lasers to a few suitable for our use. Many lasers are 
quite expensive, costing several thousand dollars or 
more. Some are quite bulky because of large power 
supplies or cooling apparatus. Some produce short 
bursts of light only at a very low pulse rate. A few are 
downright dangerous, emanating invisible beams 
capable of burning through almost any known ma- 
terial. 

For communications use we need a laser with the 
following properties: 

It must be inexpensive, or at least so once it reaches 
the surplus market. 

It must offer reasonable lifetime - at least a thou- 
sand hours between refurbishment or replacement - 
consistent with its cost. 

It should be small, portable, and not consume a lot 
of power. 

It must be reasonably safe to operate and work with. 

Although an infrared output that matches readily 
available infrared detectors would be usable, a visible 
beam is preferred. 

A continuous wave output is most desirable. A 
pulsed output with a very high repetition rate could 
be used. 

There should be a way to modulate the output and 
then electronically detect the result. 

Solid-state lasers are generally quite expensive, in- 
frared, pulsed, and not often available on the surplus 
market. The liquid lasers are also rather expensive and 
not available as surplus. They usually have a visible 
beam, but tend to be bulky. 

Semiconductor lasers present some possibilities. 
The smallest of all lasers, they're inexpensive, readily 
available, and offer long life. They can be battery- 
powered. Power output is generally low enough to be 
considered safe. 

Their biggest disadvantage is that the affordable di- 
ode lasers put out only infrared radiation; visible light 
is much easier to work with. Luckily, infrared detec- 
tors are plentiful. 

The beam from a diode laser is broader than most 
others and requires shaping by additional lenses or mir- 
rors to make it travel a long distance without too much 
divergence. The surplus units are usually pulsed only, 
but the repetition rate is high enough to be useful. 

There are many choices of gas lasers, but only a few 
meet our criteria. The CO,, Argon, Krypton, and metal 
vapor units are typically expensive, not available as sur- 
plus, large, short-lived, energy-hungry, and danger- 
ously powerful. 

One candidate looks especially good, however: the 
HeNe laser, known as the "light bulb" of the laser in- 
dustry (fig. 5, Photo B). Luckily, the laser that's one 
of the most suitable for Amateur use is also one of 
the most common on the surplus market. 

Actually, what one usually finds is the plasma tubes, 
not complete lasers. The choice of a power supply and 
packaging are left up to the buyer. 

The HeNe laser is fairly affordable - under $300 for 
a small, brand-new, complete unit. Surplus plasma 
tubes, with integral mirrors but without a power sup- 
ply, often sell for under $100, and sometimes as little 
as $30. The HeNe's lifetime is many thousands of 
hours, i.e. a few years. Its size is reasonable, and pow- 
er consumption is under 30 watts for the smaller units. 
The plasma tube itself generally requires up to 2000 
volts dc and up to 10 mA. A starting voltage of 10 kV 
may be required. The high voltage requirement of the 
plasma tube is perhaps the greatest hazard associat- 
ed with the HeNe laser. 

The common off-the-shelf HeNe lasers have pow- 
er outputs rated from 0.5 mW to 5 mW. The beam 
power of the under I -mW models is high enough to 
cause blindness. The higher power units will definite- 
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ly require reasonable care in handling, but they're still 
not capable of burning through things. 

The HeNe's beam is bright red, continuous, and 
very narrow - perfect for Amateur uses. (It's the one 
I've chosen to work with.) Beam diameters are typi- 
cally 0.5 to 1 mm and divergence is typically 1 to 2 
milliradians, which is extremely tight. Plasma tube 
sizes are usually 6 to 15 inches long and 1 to 1-112 
inches in diameter. Don't buy from anyone who won't 
guarantee that the laser works. If the plasma tube is 
dead, there's nothing you can do to fix it. 

The only other major item necessary is a power sup- 
ply, which, of course, can be homebrewed. There are 
some nice commercial modules that run from 12 volts 
dc and supply the starting voltage as well as the high 
voltage running current. 

If you're starting with a plasma tube, a good way 
to package it is inside a length of PVC pipe. An excel- 
lent insulator, PVC pipe is easy to work with and in- 
expensive. A diameter of 1-1 I 2  or 2 inches is about 
the right size (see Photos C, Dl. 

HeNe lasers require a ballast resistor which can be 
mounted in the non-output end of the pipe, inside of 
an end cap. You might be able to fit the whole power 
supply in one end of the pipe. 
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modulating lasers 

151 
l o  

There are two ways to impress information on a la- 
ser beam. One is to modulate the laser itself - that 
is, to make it generate light in varying amounts. The 
second way is to insert something the path of the un- 
modulated beam. 

An obvious way to modulate the generation of la- 
ser light would be to modulate the power source. In 
the case of the HeNe laser, this would mean modulat- 
ing the nominal 2-kV dc power supply. 

Unfortunately, this approach doesn't work as well 
as we'd like. The HeNe laser - sort of a glorified Neon 

- 

sign - is built around an electrical gas discharge. Per- 
haps you're familiar with the operation of the com- 
mon Neon pil.ot light. The NE51, for example, has a 
threshold beneath which it will not light. If much more 
than the rated voltage is applied, however, the lamp 
will be ruined. It doesn't like its power supply voltage 
or current to vary very much at all. 

Modulation can be achieved via the power supply, 
but the percentage of modulation will not be high. 
Even some commercial modulated HeNe lasers, which 
are specifically made to be modulated, offer only 15 
percent modulation. 

Power supply modulation does offer some advan- 
tages. It won't, for example, distort the laser beam 
shape. This is very important for long distance at- 
mospheric communications where an extremely nar- 
row collimated beam is necessary. 

One form of power supply modulation is to place 
a modulation transformer in series with one of the 
high-voltage lines leading to the laser plasma tube. I've 
tried this using a Collins modulation transformer. A 
loud signal was picked up by the 931 photomultiplier 
receiver, although the modulation level was less than 
1 percent. Attempts to increase the modulation level 
simply extinguished the plasma; apparently the modu- 
lation causes the high voltage to drop below the plas- 
ma threshold. A complete receiver is shown in fig. 6; 
a laser power supply schematic is shown in fig. 7. 

Modulation in the beam path avoids the previously- 
mentioned power supply problems. 100 percent modu- 
lation is achievable. There are a variety of objects that 
can be used as modulators. 

A "chopper" usually takes the form of a disk with 
notches or holes cut into it (Photo El. Powered by 
a small electric motor, the spinning disk cuts the beam 
of light. While this may seem like a crude approach, 
such devices are serious laser tools and can often be 
seen advertised in the laser-related trade magazines. 

0 

fig. 6. Schematic, electro-optic receiver. 
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Photo E. Optical chopper made from a small dc motor and 
tin can lid. 

A chopper certainly provides 100 percent modula- 
tion. The beam is either on or off, and is not distorted 
or deflected. With a reasonable motor speed and 
enough holes or slots in the disk, the beam will be in- 
terrupted at an audio rate. The audio-modulated beam 
then can be interrupted to produce type A2 modula- 
tion, modulated CW. The Morse code interruption of 
the beam can be done with a solenoid activated by 
a telegraph key or simply by hand. 

I used this simple chopper method of modulation 
for my first contacts. The chopper disk was made from 
a 3-inch diameter tin can lid. I cut two dozen slots in 
the perimeter with tin snips, then soldered the center 

of the lid to a toy electric motor shaft. I clamped the 
assembly to the side of the laser housing and powered 
it with a 9-volt transistor radio battery. The resulting 
audio tone-modulated beam was interrupted by hand 
to achieve the final Morse code modulation. This crude 
scheme worked quite well and resulted in a very loud 
signal over a 15-mile path! 

Several kinds of electro-optical modulators use spe- 
cial glasses, crystals, or liquid cells. When high volt- 
age, rf, or a magnetic field are applied, the polarization 
of light passing through the modulator is rotated. Un- 
fortunately, prices for these devices run from several 
hundred to tens of thousands of dollars. 

Liquid crystal displays are light modulators that have 
become part of our everyday life. Wrist watches, port- 
able computers, and electronic gear of all kinds use 
LCDs as light valves to display informalion. It's possi- 
ble to modulate light by beaming it through a trans- 
missive type LCD or a reflective LCD with the reflector 
removed (Photo F). The main drawback is speed; the 
spec sheet for one common display lists the turn-on 
time as 100 milliseconds and the turn-off time as 200 
milliseconds - rather slow for audio frequency modu- 
lation. Faster LCDs may become available in the fu- 
ture as the need for rapid graphics displays grows. 

the receiver 
Unlike trying to modulate light, receiving modulat- 

ed light presents no serious problems. 
Like a simple radio receiver, a light receiver has an 

antenna for gathering energy, a "front end" filter for 
selecting the wavelength of interest, a detector for - - 
converting the photon energy to electrical energy, and 
miscellaneous electronics for amplification of the fi- 
nal signal (fig. 8). 

the "antenna" 
As with radio receivers, the antenna of a light com- 
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munications receiver presents the best opportunities 
for system improvements. ("The bigger the better" ap- 
plies here also.) The purpose of the light antenna is 
to gather as much light from the desired source as pos- Photo F. A common LCD is used as a laser light modulator. 
sible, concentrate this light onto the detector, and re- Laser beam is seen entering at bottom left. 
ject light coming from unwanted sources - i.e., the 
sun, moon, street lights, and other sources of ambient 
light. Lenses or curved mirrors mounted in an appropri- 
ate tube or holder make a complete antenna system. 
Obviously, what we need is something like a telescope, 
though we needn't bother trying to obtain an actual 
detailed image of the light source. We need merely 
to gather as much light from the source as possible. 

Large-diameter lenses make good antennas. Be- 
cause of weight and cost, 3 to 4 inches in diameter 
is about the largest size in which glass lenses are com- 
monly found. The diameter of surplus lenses under $20 
usually doesn't exceed 3 inches. (Mirrors take over 
from there.) One source of large-diameter lenses is sta- 
tionery or office supply stores that sell. magnifying 
lenses for reading small print. These lenses may be 
made of plastic instead of glass and will require a lit- 
tle more care in handling to prevent scratches. Also, 
watch flea markets and other sources of used equip- 
ment for Luxo-type magnifying work lights. 

Fresnel lenses are flat lenses, often plastic and less 
than 118 inch thick. One side is smooth while concen- 
tric ridges are molded onto the other side. Fresnel 
lenses won't form much of an image, but they will 
gather a very large amount of light for their cost and 
weight. I use a 10-inch diameter Fresnel lens mount- 
ed in a metal duct pipe to serve as an antenna for one 
of my portable photomultiplier receivers. 

Parabolic and spherical curved mirrors make excel- 
lent light antennas, as witnessed by their heavy use 
in optical astronomy. Swap meets and garage sales 
may be good sources for old reflector telescopes built 
around such mirrors. A small telescope with a photo- 
sensor mounted in place of the eyepiece would make 
a great light communications receiver, but a large Fres- 
nel lens would probably gather much more light. 
Curved sheet-glass mirrors and spun aluminum para- 
bolic reflectors measuring 1 to 2 feet in diameter may 
work well in spite of their inaccuracies at optical 
wavelengths. 

Photo G. Portable laser communications receiver uses a 
10-inch diameter Fresnel lens for the "antenna" and 931A pho- 
tomultiplier tube as the detector. 

If only nighttime communication is anticipated, op- 
tical bandpass filtering can be dispensed with. But day- 
light communications is a different story; sunlight can 
swamp the photodetector, limiting your communica- 
tions range. A very narrow bandpass filter is required. 
Luckily, dielectric filters, sometimes called interference 
filters, fit the bill. These filters are made by deposit- 
ing multiple thin layers of chemicals on a glass sub- 
strate. (Edmund Scientific1 sells these filters for about 
$20 each.) The specifications for their HeNe laser fil- 
ter state a half-power bandwidth of only 1.7 percent! 
The drawback is that the filter insertion loss is 55 per- 
cent, which isn't too bad considering the bandwidth. 

detectors 
As it is with lasers, there are a large number of differ- 

ent photo detectors available. There are photodiodes, 
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sive and fast enough for audio detection and their 
"capture area" is very large, this is not an advantage 
in situations where lenses or mirrors are used to gath- 
er light. They are also easily overloaded by sunlight. 

Photoresistors are inexpensive and have good sen- 
sitivity at red light, but are too slow for detecting 
modulation. 

There are several kinds of photodiodes. PIN pho- 
todiodes and Avalanche photodiodes are the best 
kinds for communications. The Avalanche photodiode 
is the most sensitive and the fastest. Unfortunately, 
it is also the most expensive and is generally not found 
on the surplus market. 

The PIN photodiode is an excellent choice. It has 
a response time on the order of one nanosecond and 

Photo H. Photomultiplier tube communications receiver. A 
its sensitivity at red light is good. The Motorola 

3-inch diameter lens is housed in the long PVC pipe. MRD500 and MUD510 diodes sell for about $3.50. The 
Motorola Optoelectronics data book describes these 
two diodes specifically as being suitable for laser de- 
tection and light demodulation. 

In the category of phototransistors, there are bipo- 
lar phototransistors, photo Darlington transistors, and 

photoFETi photovoltaic cells (solar cells), photoresis- 
tive cells, avalanche photodiodes, PIN photodiodes, 
photo Darlington transistors, and even photo travel- 
ing wave tubes! 

Next to cost, there are three other important areas 
of concern. The first is spectral response. Does the 
device function well at the wavelength of light we are 
dealing with? Presumably we will be mainly concerned 
with the red output of a HeNe laser. Many kinds of 
detectors do not perform well at this wavelength. The 
second is sensitivity; the light sensitivities of the differ- 
ent kinds of sensors vary by at least a factor of 1000. 
Speed, the third, is mainly a concern with short pulse 
width applications such as receiving light generated 
by a diode laser. It is not a concern with audio or mcw 
continuous output lasers (HeNe). 

Solar cells are not considered to be especially good 
for light communications. Although they are inexpen- 

Photo I. Solid-state photodetecton. Left to right: photo FET. 
bipolar photo transistor, photo Darlington transistor, photo 
diode. Bottom: photovoltaic (solar) cell. 

phototubes, photomultiplier tubes, phototransistors, 

Photo J. 931A photomultiplier tube. 
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photoFET (Photo I). Phototransistors are more sen- 
sitive than photodiodes since they have gain. This gain 
is achieved at the price of speed, although they are 
still fast enough for audio detection. 

Bipolar phototransistors are cheap and commonly 
available. A search of electronic parts catalogs yield- 
ed no fewer than 15 different devices available with 
prices ranging from 30 cents to less than $3. The re- 
sponse time is around 2 to 20 microseconds and sen- 
sitivity to red light is good. They can be saturated by 
too much light and care should be taken to prevent 
this by optical shielding and filtering. 

The photo Darlington transistor contains a light- 
sensitive transistor as in the bipolar phototransistor and 
an additional transistor that amplifies the output of the 
first one. These devices are very light-sensitive. Speed 
is correspondingly slower, in the 10 to 100 microse- 
cond range. The Motorola MRD360 photo Darlington 
is one of the best units and sells for under $5. 

Photomultiplier tubes are bulky and fragile, require 
high-voltage power supplies, cost more than most of 
the common solid-state devices, and can be hard to 
find. Their spectral response is usually not the best 
at red. So why use them? Gain. Lots of gain. Gain into 
the millions. The gain is developed inside the tube and 
without excessive noise. Rise times of 3 nanoseconds 
are typical. Photomultiplier tubes can detect extremely 
low levels of light and are linear over wide ranges of 
light intensity. The popular 931A (Photo J) is linear 
within 3 percent over a change in light intensity of 
10,000,000. 

The Avalanche photodiode is the closest solid-state 
equivalent, but it is even more expensive, extremely 
temperature-sensitive, and requires a highly regulat- 
ed high-voltage power supply. If Avalanche photodi- 
odes were ever to become low-priced surplus items, 
they might then offer some advantage over the pho- 
tomultiplier. But for now, the "hottest" optical front 
end is the photomultiplier tube. 

The common photomultiplier tubes look similar to 
a glass envelope octal base radio tube. They typically 
have eleven or more base pins, depending on the num- 
ber of stages. There is no filament. The 931A and 71 17 
are two of the more common tubes. The peak sensi- 
tivity is at 4000 A (violet) and is unfortunately less than 
10 percent at red wavelengths. With a 1000-volt sup- 
ply, the current amplification for the 931A is 800,000. 

These tubes were once used in automatic headlamp 
dimmers, so one source of them would be auto wreck- 
ing yards. The Allied Electronics2 catalog lists the 931A 
at $34 (new) and Fair Radio3 sells used units for un- 
der $10. 

propagation 
Obviously propagation is limited to line-of-sight. The 

range depends on laser power, wavelength, and diver- 

gence. The wavelengths we're dealing with travel very 
well through the atmosphere. The beam divergence 
is typically one milliradian, which means for every 1000 
feet the beam travels, i t  spreads out by 1 foot. A mile 
away, the beam is 5 feet in diameter. The range also 
depends on receive antenna size and detector sensi- 
tivity - and, of course, upon the clarity of the at- 
mosphere. I figured that the theoretical range of a 
1 -miltiwatt, I -miltiradian laser and a photomultiplier re- 
ceiver with a 3-inch lens would be 624 miles. In real 
life, atmospheric turbulence would limit this. Neverthe- 
less, it's fair to  say that if you use a decent receiver, 
the range is quite far. 

Aiming a laser on a target several miles away is no 
small problem. Turning a 1-milliradian divergent laser 
by only 1 degree will move the 5-foot diameter beam 
almost 100 feet at a receiving site 1 mile away. 

The laser must be mounted on a very stable tripod. 
I fashioned a micrometer-type mount to provide fine 
aiming adjustments. A rifle scope mounted on the la- 
ser will also help. 

I made several contacts with the KGMEP contesters 
when I was with the Los Padres Microwave group. 
I was usually on Mt. Pinos, while MEP was on Reyes 
Peak, about 15 miles away. I used a 4-mW homebrew 
laser and KGMEP used a Spectra Physics laser owned 
by WGOAL. Both my unit and the MEP device used 
chopper modulation. I built both receivers around 
931A photomultipliers. One used a 10-inch Fresnel lens 
(Photo G )  and the other a 3-inch glass lens (Photo 
H 1. We made contact by slowly sweeping the lasers 
back and forth across what we believed to be the 
receiving site (the target was too far away to recog- 
nize by eye). The receiving site gave a yell on 2 meters 
when they saw the beam flash by. (The beam at that 
distance at night appears very bright; it is even visible 
in daylight.) Then the fine tuning began. 

a word of caution 
Do be very careful when using lasers. They can cause 
blindness. Don't ever point one at aircraft; it's not only 
dangerous, but illegal. Several people have been ar- 
rested for doing just that. 

Special glasses and goggles that block the passage 
of the red output of Helium Neon lasers area availa- 
ble and are strongly recommended for anyone who 
experiments or works with lasers. 

Compared to the other Ham bands, the usefulness 
of the world above 300 GHz certainly has its limits. 
But the purpose of Amateur radio is not to find the 
most efficient band, the most practical mode, and the 
most expedient QSO form. We are here to explore, 
to experiment, and to investigate. 

As it is with the 432-MHz and higher bands, most 
lightwave communications activity will probably ten- 

ter on ARRL VHFIUHF and microwave QSO parties 
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and contests. But undoubtedly some practical uses will 
be found. One might be for links between split-site 
repeaters, for example. 

The age o f  the inexpensive laser is here now. 
Receivers are simple t o  build. Effective and afforda- 
ble modulation methods are all that remains to  be de- 
veloped. Perhaps one of the readers of this text will 
discover a viable technique. 

1. Edmund Scientific, 101 East Gloucester Pike. Barrington. NJ 08007. 
2. Allied Electronics. 401 East 8th Street, Forth Worth. TX 76102. 
3. Fair Radio Sales. 1016 Eaw Eureka Street, Lima, Ohio 45802-1105. 
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(1) POWER Swltch (2) Volume Control (3) 11" Helical Antenna (4) BNC Antenna Connector 
(5) Squelch Control. Features both manual and automatic modes. (6) Earphone Jack (7) AM Ex. 
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lustration above) (10) Counter Keys. Used to program frequencies for direct tun~ng and 0 
memories, and also to recall memories. (11) EXECUTE Key (12) SCAN Keys. Used for scan tuning 
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struction. AND DON'T FORGET. . .IT'S A SONY! 
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advanced CW processor 
essential capability of synchronous detection without Enhance reception 1 itscomdexity. 

with limiterlfilter 
building blocks 

The proper sequence and configuration of volt- 
age amplitude limiters, bandpass filters, and catalytic 
carriers can enhance CW reception. Figure 1 shows 
a series of blocks I have cascaded that work well to- 
gether. A t  first glance this sequence may seem 
strange, but let me explain. To understand the rea- 
sons that these blocks help each other, it's best to start 
from the output end and work toward the input - ex- 
cluding the power amplifier, which is conventional. 

carrier-activated limiter 
A technique referred to in part of fig. 1 as CAL, for 

Carrier Activated Limiter, was completely described 
in a previous article.' The heart of this device is a wide- 
band limiter that's constantly switched into upper and 
lower saturation by a high-frequency square wave car- 
rier. Output from the limiter is then fed to a filter that 
passes a desired signal frequency and removes the 
square wave carrier. The carrier serves only as a cata- 
lyst to create a system that provides an S-shaped non- 
linear gain characteristic with a well-defined output 
amplitude level. Figure 2 shows the basic performance 
curve. 

With this system, signal and/or noise voltage am- 
plitudes only a few dB below the nominal 0.5-volt p-p 
designed signal level requirement will begin to be sup- 
pressed. If signal and/or noise voltages are 10 dB or 
more below the 0.5-volt level, they will be suppressed 
a nominal 14 dB below what they would otherwise be. 
In a similar manner, the ringing residues caused by the 
100-Hz filter, when confronted by the typical rise time 
of a keyed CW signal, will also be suppressed from 
a normal 15 to 20 dB below the "dit-dah" level to 
around 30 or 35 dB below. Because of this feature, 

The referenced article also carefully explains why 
the narrow filter in front of CAL is necessary to re- 
duce the problem encountered when more than one 
signal enters any amplitude limiter function. But also 
consider what happens when the 100-Hz bandwidth 
filter is struck by a noise pulse. 

vulsed 100-Hz bandwidth filter 
This filter is included in the CAL article. Figure 3 

shows the output that results when it receives a noise 
pulse from the 500-Hz bandwidth filter. You'll note that 
the peak ringing amplitude from the 100-Hz bandwidth 
filter is about 1 /6th that of the short pulse that caused 
it. This phenomenon is present for impulse types of 
noise any time you have a narrow filter following a sig- 
nifican tly wider bandwidth system. What basically 
happens is that a tall, short-duration burst of energy 
is transformed by the narrower filter to become a low- 
amplitude, long-duration burst of energy that rings 
mostly as a sinusoid at the narrow filter's natural geo- 
metric center frequency. However, because of our 
logarithmic hearing characteristic, we cannot detect 
much difference between the two - perhaps, in part, 
because the total energy content difference between 
the input and resulting output pulses isn't nearly as 
great as the difference in voltage amplitudes. 

But the CAL system doesn't care about energy con- 
tent. It cares only about instantaneous voltage ampli- 
tude; so, for example, if a 0.5-volt p-p pulse arrives 

I at the narrow filter's input, its resulting output of less 
than 0.1 -volt p-p is low enough to be reduced by more 
than 30 dB by the CAL system. This illustrates why 
the present system already does quite well in control- 
ling noise pulses that are no more than one or two 
times a properly adjusted signal amplitude. However, 
when confronted with noise pulses whose amplitudes 
are above three or four times the 0.5-volt p-p level, 
little suppression results. The stretched noise pulse is 
held to the maximum output level of the CAL design, 

it is actually possible to reduce the preCAL filter band- 
width to as little as 20 or 30 Hz without losing the abil- By Don E. Hildreth, WGNRW, 936 Azalea Drive, 
ity to copy relatively high speed CW: you get the Sunnyvale, California 94086 
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if more than one signal enters a limiter. But how about 
those times when ORM isn't too heavy? During these 
opportune times, a front limiter can force noise pulses 
of very large amplitudes to be held to a value that can 
be acted on by the CAL's suppression factor. At the 
same time, a desired signal at 0.5 volts p-p slides right 
under the "limiter, filter, CALM system unscathed. 
However, if a full 3 kHz to 5 kHz or so of audio band- 
width from your receiver is connected to this first 
limiter, then the number of opportunities for using the 
limiter may not be too favorable. Now we get to the 
500-Hz bandwidth filter. 

fig. 1. Synergistic sequence. 
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fig. 2. CAL gain curve. 

fc- OUTPUT FROM THE 4 0 0 - 9 0 0 H z  F ILTER IN 
RESPONSE T O  A LARGE NOISE  P U L S E  

Now this may seem a bit strange. A 400- to 900-Hz 
filter will pass a signal to the 750-Hz, 100-Hz bandwidth 
filter because it embraces that band, but its center fre- 
quency is 600 Hz, the geometric center of the band 
edges. Its residual ringing will be at around 600 Hz, 
which is outside of the 700- to 800-Hz passband of the 
100-Hz bandwidth filter. The combined effect of the 
wider bandwidth and the offset center frequency en- 
ables a filter - restricted to only a 500-Hz bandwidth 
- to provide the 116th impulse-to-ringing signal am- 
plitude ratio out of the 100-Hz bandwidth filter, as is 
shown in fig. 3. 

An empirical equation used to design this system is: 

Where BW1 is the 3-dB bandwidth of the first filter 
and BW2 is the 3-dB bandwidth of the second filter 
(narrow 8th-order filter). 

This calculated minimum usable bandwidth for the 
first filter is used simply to increase the potential per- 
centage of time when the first limiter can be used. The 
first limiter can be used with good results directly be- 
tween your receiver and the 100-Hz bandwidth filter 
for impulse noise control, but when signal density is 
high it will often have to be switched out, especially 
if you are listening to a weak signal that requires high 
gain from your receiver. The filter shown here provides 
what I believe to be the best available compromise be- 
tween potential use time and the degree of impulse 
noise suppression when the CAL is included. In addi- 
tion to the use factor, another trade-off must be con- 
sidered because of the more likely noise sources. 

I  - & f l f lA , -  OUTPUT F I L T E R  4 0 0 - 9 0 0 H z  R E S U L T I N O  FROM F ILTER T H E  7 0 0 - 8 0 0 H z  FROM I N P U T  T H E  

noise types 

- 

The efficacy of a noise limiter is strongly influenced 
but it can still be heard. Now, suppose a voltage am- by the preceding filter's bandwidth because of the 
plitude limiter set at a limit level of 0.5 volts p-p is length of time by which a filter stretches impulse noise. 
placed in front of the 100-Hz filter. An empirical approximation of this for the main ener- 
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limiter addition 
gy burst coming from a filter following an exciting 
pulse is given by the equation: 
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The CAL article carefully documents what happens 
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(For flat top filters with six, eight, or more poles, the 
undulation ringing can greatly exceed tp given by this 
equation; see reference 2). 

This filter behavior tends to place a limit on how 
close together in time noise pulses can be before the 
system starts to become ineffective. If, for example, 
a train of pulses that are too close together to allow 
the filter response to decay between pulses comes 
along, then a continuous output will build up at the 
filter's center frequency (this implies another benefit 
brought about by offsetting the first filter's center fre- 

'quency). In this design, the first filter's tp is just slight- 
ly longer than 2 milliseconds, so it cannot easily be 
undone by two of our most ubiquitous noise sources: 
the woodpecker and those offensive light dimmer con- 
trols. The repetition rate of the woodpecker is fairly 
slow and, although its pulse duration is longer than 
most noise forms called "impulse," it is still short 
enough to be suppressed by this system. Dimmer con- 
trol pulses are very short when they output from a typi- 
cal receiver, but they come twice per cycle at the 60-Hz 
power line rate, or every 8.3 milliseconds. To avoid 
this prevalent noise type, the first filter should have 
a bandwidth preferably three or four times 120 Hz and 
should avoid a center frequency at or close to three 
times 120Hz in particular. Calculations indicate that the 
system is effective against most automobile igni- 
tion noise up to 2000 or 3000 RPM for most modern 
autos. If you're in an area with heavy, multiple-auto 
ignition noise, it may be advisable to increase the 
bandwidth of the first filter in this system. 

Noise from those devices that pass current through 
brushes to an armature, such as some motors and 
generators, probably can't be helped because the arc- 
ing often.produces very high repetition rate random 
impulse-like electrical noise. 

Figure 4 is a detailed schematic of the complete se- 
quence. 

operating strategies 
I have always tried to limit the number of controls 

in any add-on device as much as possible. But if the 
number of controls must grow, at least most of them 
should be functions that require infrequent attention. 
In the CAL system, marketed as Model 10, there is 
just a Mode control and an output power level con- 
trol, which are rarely adjusted. The system shown here 
adds only a toggle switch. For me, it has resulted in 
a significant improvement: I can now have ear pro- 
tection in any position of the mode switch. If I'm listen- 
ing to a strong signal that isn't being battered about 
by QRM, I use the wide band position, include the first 
limiter, and adjust the input level from my receiver to 
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place the signal just at the edge of limiting. If QRM "dimpled" by the interference, I toggle out the front 
appears, I switch to the 100-Hz bandwidth position, limiter. I bring in the CAL only if a signal is quite weak, 
then if - and only if - my desired signal is being or if the keying is fast and I want to reduce ringing. 
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fig. 4. CW processor schematic. 
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Receiver AGC is off and/or defeated by a moderate- 
to-low rf/i-f gain setting. 

As you can imagine, using the CAL for a weak sig- 
nal with OSB can be quite a chore - and sometimes 
impossible (see fig. 2). If not too much ORM is pres- 
ent in the 500-Hz bandwidth filter, the first limiter can 
iron out this OSB very nicely by advancing the signal 
level from your receiver to absorb the variations. By 
this action, the signal level fed to the CAL is forced 
to remain in the optimum region. Using these tech- 
niques, I've been able to copy some DX signals that 
I couldn't read any other way. 

final comments 
So what about the bad news? Certainly there always 

has to be some bad news. Well, this is it: because the 
CAL system suppresses signals on the skirts of the 
100-Hz bandwidth filter, the system starts to tune more 
like 70 or 80 Hz with extremely steep skirts: This can 
make tuning difficult unless you have plenty of band- 
spread, very little backlash, and a frequency-stable re- 
ceiver. Using a Kenwood TS-820S, whose tuning rate 
is around 20 kHz per 360 degrees of knob rotation, care 
is required - but it's not difficult with a 100-Hz band- 
width filter. I found that the approximate limit for oper- 
ation with this tuning rate was a 40-Hz bandwidth 
Gaussian filter in place of the 100-Hz Bunerworth cas- 
cade unit. . . and knob control is very demanding with 
that! 

Based upon my observations, the limit on how nar- 
row our useful bandwidth can be for copying most CW 

signals is determined by the ~revalent mechani- 
cai/electrical tuning (bandspread), frequency stabili- 
ty, and inherent bandwidth requirements based upon 
transmitted information rates. Limitations for most 
equipment are in the order given, with the mechani- 
cal problem about ten times worse than the stability 
factor and the stability limit about ten times worse than 
the information bandwidth limit. To test this, a spe- 
cial multi-pole 10-Hz bandwidth filter was prepared. 
Copy was nearly impossible with the straight filter, but 
quite good when using CAL. Tuning was next to im- 
possible, but once a signal was tuned, it usually re- 
mained in the window for the duration of a typical 
QSO. 

Now that frequency synthesizers have found their 
way into our gear, the 10-Hz bandwidth will become 
more and more practical. To make these narrow filters 
easier to work with, and for more other subtle reasons, 
visual aids to aural-only detection should be a ~ p l i e d . ~  
One thing I can tell you for sure: the bands seldom 
seem crowded when you're using these very narrow 
bandwidths! 
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the ZX-81 ITS-1 000 controller: 
new use for old computers 

Four ICs 
in interface circuit 

link computer 
to outside world 

I f  you've been t o  a hamfest lately, or read the back 
pages of any ham magazine, you've probably seen 
used Sinclair ZX-81 or TimexISinclair 1000 computers 
selling for less than $20". During their heyday several 
years ago, these computers - which originally sold 
for $150 - led the way for the personal computer rev- 
olution. Although the Sinclair was somewhat of a mar- 
vel at the time, many users soon became disenchanted 
with it, either because of the small membrane key- 
board or the difficulty of interfacing it with peripherals. 

Perhaps you've stashed a Sinclair away in your junk- 
box in hope of someday finding something to do with 
it. Or perhaps you've toyed with the idea of picking 
one up at a hamfest but decided otherwise. Never 
mind. Get one. 

This small, cheap-looking computer has computing 
power comparable to much more expensive computer 
systems. The key to harnessing this power is simply 
finding an application that takes advantage of its 
strengths. For while it's admittedly disappointing for 
some applications - such as word processing - it's 
ideally suited for control functions and can be easily 
programmed for a host of controller applications. 

'TS 1OOO computers ($19 951, manuals 1'52.951. and accessorkes arr  avail 
able lrom Hal Tronix. Inc.  Den'l HR. P O .  Box 1101. Southqale. Mich~gnn 
48195 ,313 285 17821. 

I In this article, a simple circuit using only four ICs 
will be presented, along with a detailed example of 

. how to program your ZX-81 or TS-1000 computer for 
I10 applications. 

With this simple interface circuit attached to the 
memory port of either the ZX-81 or TS-1000, you in- 
stantly gain the ability to communicate with the out- 
side world. All sorts of applications - including satel- 
lite rotor controls, digital voltmeters, morse code send- 
ing and receiving, educational demonstrations, and 
many others - easily follow once you have an I10 
interface. I developed this circuit as part of a school 
project a few years ago when I used the TS-1000 
computer to send and receive RTTY.'Since then, I've 
been selling the information contained herein at cost 
to Sinclair computer enthusiasts at local hamfests and 
by mail. If you've been wondering how to make your 
ZX-81 or TS-1000 perform some useful tasks and are 
interested in a neat one-evening construction project, 
then read on. 

what is a controller? 
While many computers are used for computation, 

word processing, or data management, many "small" 
computers, composed of just a microprocessor and 
a handful of special-purpose chips are built strictly for 
controller applications. For example, microprocessor 
circuitry is now being installed in automobiles. A 
microprocessor is programmed with a simple looping 
program which does nothing more than continuously 
monitor various data lines and then branch to a par- 

By Ted S. Rappaport, NSNB, Box 283, Electri- 
cal Engineering, Purdue University, West 
Lafayette, Indiana 47907 
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ticular part of the program when specific lines change 
state. These inputloutput ( I /O)  lines are connected 
to hardware such as the fuel level sensor, the climate 
control console, and thermal sensors under the hood 
and inside the passenger compartment. When the 
driver wants to raise the car's interior temperature to 
75 degrees, he or she simply presses a button, enter- 
ing the desired temperature. The program in the micro- 
processor is continuously looping, searching for any 
changes on the input data lines. Finding that the driv- 
er has activated the climate control console line, the 
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program then branches to the subroutine designed to 
effect the desired climate change. In this case, the in- 
formation (75 degrees) is read into the microproces- 
sor as digital data and a control signal is then sent out 
to the appropriate hardware (in this case, the heater 
onloff switch). While this is an overly simplified ver- 
sion of what is actually done in today's automobiles, 
it illustrates one typical application of a controller. 

Of key importance is the fact that in such applica- 
tions, the computer is programmed to handle a var- 
iety of input signals from external hardware and issue 
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fig. 1. Schematic diagram for interface circuit. 
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Table 1. Parts l ist fo r  lnterface Circuit (f ig. 11. 

Schematic Designator Description 
C1 4.7 pF electrolytic capacitor 
C2 0.01 pF capacitor 
C3 0.01 pF capacitor 
EC1 2 row x 23-pin edge connector; 

0.1-inch spacing, pin length at 
least 0.75-inch. 

P1 DB-25 D-connector 
U 1 74LS32 Quad two-input OR chip 
U2 74LS00 Quad two-input NAND 

chip 
U3 74LS30 Eight-input NAND chip 
U4 8255 Programmable Interface 

Chip 

Miscellaneous: 
Single-sided circuit board 
Jumper wires (at least 10) 
Project box (UNIBOX UB270-130) 

control signals to  external hardware. Because the con- 
troller's program is simple and repetitive, it doesn't re- 
quire much memory. The 2K of memory in the ZX-81 
and TS-1000 is more than enough to  program even 
a very complex controller. W e  can also take advan- 
tage of the computer's high-level (BASIC) capability 
to  simplify programming the computer for controller 
applications. An  understanding of machine language 
is important, though, since the 1/0 interface must al- 
low exchange of data on a level lower than BASIC; 
this is done through the PEEK and POKE commands. 

description of interface circuit 
With the interface circuit connected to  the port of  

the ZX-81 or TS-1000, very fast data signals which ap- 
pear on the data bus of the computer can be latched 
by the interface circuit and sent as control signals to  
external hardware (110 devices). Similarly, in conjunc- 
tion with the interface circuit, the computer can read 
in very fast asynchronous signals from external hard- 
ware and use the received signals to make decisions 
in software. 

Figure 1 is the schematic diagram of the 1 /0  inter- 
face. A complete parts list appears in table 1. Note 
that no power supply is needed for the interface; all 
four ICs are conveniently powered by the computer's 
internal &volt supply (the voltage is made available at 
the computer port). 

The heart of the interface circuit is U4, the 8255 
programmable peripheral interface (PPI) chip. U1, U2, 
and U3 serve to  decode the address signals generat- 
ed by the computer. After much trial and error, I found 
that it's possible to access four I10  address locations 
not used by any of the internal computer circuitry. 
These address locations - 115, 119, 123, and 127 

Table 2. Operation o f  8255 PPI chip (U41. 

I 1 0  Instruct ion 110 Address Operation 
IN 115 Read from Port A 
IN 119 Read from Port B 
IN 123 Read from Port C 
OUT 115 Write to Port A 
OUT 119 Write to Port B 
OUT 123 Write to Port C 
OUT 127 Write to Control Register 

(decimal) - may be used to  activate any external de- 
vice connected to  the computer port. For my  inter- 
face circuit, these four address locations are used to  
access U4, which in turn directs the f low of data be- 
tween any external I10  device and the computer. In 
table 2, I've shown the addresses used to  control the 
various registers of U4. While some of the basics on 
how to  use U4 will be spelled out later, more details 
can be found in any Intel databook or in Goldsbrough's 
Microcomputer Interfacing with the 8255 PPI Chip.2 

When laying out a circuit board, I decided that i t  
would be nice to  have the ability to  add components 
or connectors in the future. ( I  call the upper portion 
of the board, where there are several inches of 0. I -inch 
spaced holes, the "playground" area.) By adding com- 
ponents and appropriate jumper wires, it's possible to  
expand the interface circuit. The single-sided board 
negative I used, shown in fig. 2, requires ten insulat- 
ed jumper wires, which should be installed on the foil 
(non-component) side of the circuit board after all of  
the components are mounted (see table 3). Pads are 
available on the circuit board to  permit easy soldering 
of each jumper. I used 16 additional jumpers to  route 
all eight of the port A pins, four of the port B pins, 
and four of the port C pins from U4 to molex pins at- 
tached on the top of the "playground" area. These 
molex pins mate with headers that allow for easy de- 
tachment of the data lines from I10 hardware or from 
a case-mounted connector. You may wish to  use just 
one pin or all 24 pins available on U4 for 110 data ex- 
change. Use as many data lines as you need. 

The component layout for the circuit board (fig. 2) 
is shown in fig. 3. When mounting the ICs, be sure 
to use a low-wattage soldering iron since the pads are 
delicate. I strongly recommend the use of sockets for 
each of the four ICs. 

All of the components are easy to  acquire at ham- 
fests or electronic shops, except, perhaps, for the 
46-pin connector used* to  attach the interface board 
to  the computer memory port. The connector type is 
the same as that used on ZX-81 and TS-1000 peripher- 
als such as the 16K RAM-pack, and is a 46-pin, double- 
sided edge connector with 0.1-inch spacing between 
contacts. I found that you have to buy a sturdy con- 
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fig. 2. Single-sided circuit board artwork for I10  interface circuit. 

I-" --- 1 
Table 3. Jumper wires needed for single-sided circuit 
board. These connections should be made after all other 
components are soldered in place. 

Jumper between: U 1, pin 11 and U4,  pin 36 
Jumper between: U 2 ,  pin 5and EC1, pin 19B 
Jumper between: U 2 ,  pin 6 and U 3 ,  pin 1 
Jumper between: U3, pin 2 and EC1, pin 78 
Jumper between: U 3 ,  pin 3 and ECl, pin 88 
Jumper between: U 3 ,  pin 8 and U 4 ,  pin 6 
Jumper between: U3,  pin 16 and U1, pin 16 
Jumper between: U4,  pin 8and EC1, pin 108 
Jumper between: U4,  pin 9and EC1, pin 98 
Jumper between: U4,  pin 27 and EC1, pin 1A 

nector and be prepared to use a Dremel tool or a small 
saw to cut a larger connector down to correct size. 
But be careful: I bought a 60-pin, double-sided con- 
nector for less than $1 .OO from a military surplus dealer 
at a hamfest. Eagerly, I took the new connector home, 
cut it to length, and soldered it onto the board. After 
a couple of trial fits on the memory port of the com- 
puter, the connector crumbled into tiny bits! It was 
a real pain to have to chop off the faulty connector 
and resolder a new one onto the board! You may no- 
tice from the accompanying photographs that the con- 
nector must be soldered on the foil side of the board, 
and protrudes from that side of the board as well. 

The entire cost of components is well under $20. 
The construction time is fast - one evening should 
be sufficient. 

I was able to find attractive plastic boxes made by 
UNIBOX3 at a local Radio Shack for less than $4.00 

0 F4 
C i  

I------------- 
I ECI  

1 +n 
I 

L ------------ 2 

fig. 3. Component layout for interface circuit - view from 
component side (EC1 mounted on FOIL SIDE). 

each. The circuit board fits neatly inside, and only two 
rectangular holes have to be cut into the box: a 0.5 
x 2.5-inch hole to allow the 46-pin edge connector to 
protrude from the circuit board, and a 0.5 x I .O-inch 
hole on the other side of the box to allow I10 wires 
to be fed to a D-connector mounted on the exterior 
(see fig. 4).  

interface software 
You can add all the hardware in the world to a com- 

puter, but it won't serve any useful purpose unless you 
know how to program the computer effectively. In this 
section a programming example for an application of 
the interface circuit is given, and a review of how to 
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use the ZX-81 and TS-1000 PEEK and POKE com- 
mands is presented. 

In order to perform data exchanges between I10 
devices and the computer, it's first necessary to set 
up the I10 format on U4. U4 has 24 pins which are 
usable for data exchange. These pins are partitioned 
into three groups of eight pins. Each group of eight 
pins is called a port. 

Any program written for I10 control should begin 
with an initialization stage. This initialization sets the 
data flow of the ports on U4. For example, you may 
want to program the eight data lines of port A for out- 
put (data sent to the 110 device from the computer) 
and have the eight data lines of port B programmed 
for input (data sent from the 110 device to the com- 
puter). While ports A and B require that all eight pins 
be either input or output, Port C allows for four pins 
to be input and four to be output. Of course, Port C 
may also be programmed for all eight pins to be either 
input or output. 

While it's beyond the scope of this article to teach 
assembly language and machine code programming, 
let me assure you that mastering them is not difficult. 
If you find the example in this article insufficient, you 
may wish to read Chapters 1, 2, and 5 in Hordeski's 
easy-to-read Microprocessor C o o k b o ~ k . ~  

The following example details the simplicity of con- 
troller software. Consider an alarm system that moni- 
tors the status of eight windows around the house. 
Three wires (ground, + 5 volts, and data status line) 
could be routed to each of eight windows. A small 
switch could be mounted by each window so that if 

fig.4. Thecircuit board fitsinto the project box. Besure to use 
an edgeconnector with at least l/r "of pin length toallow clear- 
ance when the circuit is plugged into the computer port. It is 
convenientto havea connector on the back of the box foreasy 
access to the I10  lines. 

the window is shut, a low-logic level (0 volts) exists 
on the status line. If any of the windows are open, 
we want the computer to recognize this and sound 
a bell. For this case, we may use all eight pins of Port 
A for input (to read the status of each of the eight win- 
dows), and may use Port B for output (although we 
need to use only one of the eight pins to output a con- 
trol signal for the alarm). Since we're not using Port 
C, we don't care what it's programmed for! By con- 
necting the status line of each window to individual 
pins of Port A, we can read the status of each win- 
dow into the computer. If we use a simple transistor 
switch to activate the bell, one of the pins from Port 
B can be connected to the gate of the transistor 
switch. When a window is discovered to be open, the 
computer then sends out a high-logic level (5 volts) 
to the alarm pin (as well as the unused pins) on Port 
B, thus sounding the bell. 

The programming steps for the window alarm ex- 
ample would be as follows: 
1. Initialize data flow on Ports A, B, and C. 
2. Look at input data from windows. 
3. If any of the input data bits is "1." sound alarm. 
4. If the input data is all "0," then go to step 2. 

Notice that once the data flow is initialized on U4, no 
further action is required unless the power is un- 
plugged or U4 is reprogrammed. The assembly lan- 
guage program for this example follows (comments 
are included in parenthesis): 

(Initialization): 
LD A, 144 (144 = 10010000. This programs Port A for 
input, Ports B, C for output. We load 144 into ac- 
cumulator. 
OUT 127,A (Send contents of accumulator 144 to the 
U4 control register, which is located at ADDR 127.) 

(Monitor window data): 
loop IN A, 115. (Read in the eight-bit data at ADDR 

115 - Port A - and place data in the ac- 
cumulator. ) 

JRZ,  loop (Compare the eight bits of data in accumu- 
lator to the all-zeros data word 00000000; 
if all eight bits of data are zeros, then jump 
back to loop and continue to monitor.) 

(If program gets to this point, then sound the alarm!): 

LD A, 255 (Load accumulator with all-ones word, 
11111111) 

OUT 119, A (Send the accumulator contents out to 
Port B: this sounds the alarm). 
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The preceding assembly language program, when 
written in machine code, requires only 13 bytes of 
memory! It's entered into the computer via the POKE 
command. The conversion from assembly language 
mnemonics to machine opcodes is given in the ZX-81 
and TS-1000 user's manual appendix. For the previ- 
ous program, the machine code that would be POKEd 
is given in table 4. 

Although not illustrated in this example, it's simple 
to monitor your I10 activity by going back and forth 
between BASlC and machine code. In this case, it 
would have been easy to see on the computer moni- 
tor which particular window (or windows) were 
opened by simply passing the Port A data to the b-c 
register pair in the machine code program, and then 
by returning to BASlC by way of the USR command 
and printing the value of the USR function on the 
screen. 

machine code within BASlC programs 
To store a machine code program in the computer, 

you must first set aside some memory by using a REM 
statement (usually the first line in your BASlC pro- 
gram). The REM statement sets aside successive 
memory locations which are never written over, there- 
by allowing you to store machine code programs safe- 
ly. Machine code programming may be saved on tape 
by using the SAVE command. 

A machine code program is run in sequence by us- 
ing the USR command, where the argument of the 
USR command is the address location of the first ma- 
chine language opcode. The computer returns to the 
BASlC program once the return opcode (201) is en- 
countered, and assigns the decimal value of the b-c 
register contents to the variable name to which the 
USR function is equated. In this manner, it's possible 
to pass data from machine code programs (and con- 
sequently data from external I10 devices) to BASIC. 
Or you may use the PEEK command in a BASlC pro- 
gram to retrieve data from dedicated memory locations 
in your machine code storage area (REM statement). 
Either way, it's a simple chore to transfer data from 
"real world" devices to your computer. By using the 
POKEcommand in a BASlC program, you may place 
data from BASlC into data locations of machine code 
programs. Note that this allows you to make keyboard 
entries and have these entries correspond to control 
signals for I10 devices. 

When you're ready to enter a machine code pro- 
gram into the computer, clear the computer's memo- 
ry and begin as if you were writing a new BASlC 
program. Enter l ine 1 as a REM statement, filling in 
as many letters in the REM statement as the number 
of bytes required in your machine program. It doesn't 
matter what you put in your REM statement, because 
after you POKE in your machine code, the REM state- 

Table4. Machine code for programming example. 
Assembly language instruction Machine code 

LD A, 144 62 
144 

OUT 127, A 21 1 
127 

INA, 115 219 
115 

JRZ, -4 40 
252 

LD A, 255 62 
255 

OUT 119, A 21 1 
7 79 

RETURN TO BASIC 201 

ment appears as gibberish on the screen. For the 
TS-1000 computer, the first usable memory slot once 
a REM statement is entered is 16514. Use the POKE 
command to place the machine code in sequential 
memory locations starting with 16514. Upon complet- 
ing the entry of your machine code, place the opcode 
201 in the very next memory location following your 
last program opcode. A t  this point it's a good idea to 
save your program on tape (even though it's only a 
single REM statement). That way if anything happens 
- for example, if junior unplugs your computer - you 
don't have to re-POKE your entire program! For the 
machine code in table 4, the following would be en- 
tered into the computer: 

POKE 16514,62 (press enter) 
POKE 16515,144 (press enter) 
POKE 16516,211 (press enter) 

. . . .  
POKE 16524,211 (press enter) 
POKE 16525,119 (press enter) 
POKE 16526,201 (press enter) 

To verify that the opcodes are in memory, you may 
use the PEEK command to see what the computer has 
stored. 

In order to execute your machine code, you must 
have a BASlC statement that contains the USR func- 
tion. For the window alarm program, your next pro- 
gram line (following the REM statement) could be: 
2 LET WINDALARM = USR (16514) 
By running this simple two-line BASlC program, your 
Sinclair computer executes the machine code and is 
able to communicate with external devices through the 
use of the interface circuit! If the machine code was 
written so that the Port A data was placed in the b-c 
register pair, then the value of the variable WIND- 
ALARM, which can be viewed on the monitor with 
a simple print statement such as 
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3 PRINT WINDALARM, 
could be displayed to indicate (in decimal) the win- 
dow status. 

When using the Sinclair computer as a controller, 
more than one machine language program can be 
used. It's often convenient to write several subroutines 
in machine code, and store them all in succession in 
the first REM statement. (Remember they're separate 
to the computer when they end in the opcode 201). 
In this manner, your BASIC program can consist of 
various calls to the subroutines by using USR func- 
tions with the appropriate memory addresses in the 
REM storage. 

conclusion 
In this article I've discussed the hardware and soft- 

ware needed to provide a communication path be- 
tween your Sinclair ZX-81 or Timex/Sinclair 1000 
computer and any 1/0 device you might wish to con- 
trol or monitor. With the price of these computers so 
low, even those with the tightest budgets can afford 
to experiment with computer control! By now, you 
may already have an idea for a controller application 
in your shack. If you take an evening out to build this 
circuit and spend a few hours reviewing machine lan- 
guage programming, you'll be amazed at what your 
small but mighty computer can do! 
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amateur FSK: 
a spectral analysis 

The increasing use o f  digital communications 
techniques in Amateur Radio, be it in RTTY, packet 
radio, AMTOR, or spread spectrum, makes it increas- 
ingly important for the Amateur to understand the 
characteristics of digital transmissions. This article dis- 
cusses frequency-shift-keyed (FSK) waveforms, the 
simple technique of associating one frequency with 
one level of a digital code and another frequency with 
the other level. In essence, the binary code switches 
a carrier between two frequencies, a method well- 
known in the 19201s, when radio teleprinting first 
became popular. 

This article investigates the spectral characteristics 
of FSK signals - that is, the way an FSK signal 
occupies a segment of the radio frequency spectrum. 
Spectral analysis is invaluable for assessing interfer- 
ence levels, deciding on adjacent channel spacings, 
and more recently for spread spectrum experimenta- 
tion. Although two computer-simulated and experi- 
mental studies of some FSK signals have appeared in 
the Amateur press, neither study was based on mathe- 
matical analyses of the waveforms, and consequently 
encouraged little further investigation among the Ama- 
teur community.'~' Here, the mathematical results will 
be provided, thus encouraging readers to experiment 
with FSK waveforms on their personal computers. 

generating an FSK signal 
There are two basic ways to generate an FSK sig- 

nal. Referring to fig. 1, we see two oscillators running 
at frequencies fi and f2, with a switch to choose one 
or the other as an output. The switch is controlled by 
the ones and zeros of a digital bit stream: fi is sent 
for a zero, f2 for a one. The resultant frequency-shift- 
keying waveform has discontinuous phase at the tran- 
sition times, meaning that when a bit changes from 
one to zero or zero to one, the phase of the fl oscil- 

Experimenting with 
spread spectrum? 

Try this technique to assess 

interference levels and 

determine channel separation 

lator is completely unrelated to the f2 oscillator phase. 
Some Amateur modems generate FSK this way, 
usually from two separate switched audio oscillators 
fed into the microphone input of an SSB transmitter. 

In fig. 16, the FSK waveform is generated by feed- 
ing the digital bit stream to a single voltage-controlled 
oscillator. The oscillator is instantly pulled from fi to 
f2 and back again, but because there's only one oscil- 
lator the phase is continuous at the bit transitions. The 
old trick of FSKing the VFO of a transmitter by tying 
an element of the oscillator tube to the keyboard also 
yields continuous-phase FSK (CPFSK). Modern radio 
modems generating audio FSK using an integrated cir- 
cuit like the XR2206 can also generate CPFSK. The 
difference between discontinuous phase FSK 
(DPFSK) and CPFSK is illustrated in fig. 2, where the 
bit stream and the two frequencies it controls are plot- 
ted. Note the sharp-edged transitions in DPFSK when 
the carrier switches between fi and f2; these are not 
present in the smoother CPFSK waveform. As shown 
later, the spectral responses of these two kinds of FSK 
are quite different. 

overview of spectral analysis 
An easy-to-understand time-domain representation 

of FSK signals, that is, how they would look on an 
oscilloscope, is shown in fig. 2. However, it's much 
more interesting to consider what these signals look 
like in the frequency domain. Questions such as how 
much bandwidth they occupy, why some seem to 
splatter more than others, and what kind is better for 
radioteleprinting than for spread-spectrum communi- 
cations are answered. It's important to realize that we 
have a couple of parameters to play with here - the 

By Richard Ferranti, WAGNCX, 116 Franklin 
Street, Arlington, Massachusetts 02174 
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CONTROLLINO OSCILLATOR 
BIT STREAM 

fig. 1. Two methods of generating frequency-shift-keyed 
signals. 

TIME I t l  - I 
fig. 2. Continuous and discontinuous phase FSKasviewed 
on an oscilloscope. 

words per minute or baud rate, and the frequency shift 
(from fi to f2 in Hertz)." For instance, an 850-Hz shift, 
60 wpm Baudot FSK signal has a different spectrum 
than the same signal shifted by only 170 Hz. By explor- 
ing different shifts and data rates, it's possible to 
optimize FSK for one's particular needs. 

The time-domain representation of an FSK wave- 
form is converted to a frequency spectrum by a mathe- 
matical operation known as a Fourier transform. How- 
ever, the Fourier transform of one sequence of 
characters differs from the transform of other 
sequences of characters. What we really want is a spe- 
cial average (called an ensemble average) that smooths 

'Strictly speaking, there's really only one parameter in FSK, i.e. the phase 
change per bit, but Amateurs usually speak of frequency shift and wpm or 
baud rates. With respect to the center radian frequency (wi +wz)l2, the phase 
change per bit $ is expressed in radians as $ =  T x  shift x a where T is the 
data bit length in seconds, and the shift is in Hertz. 

5 REV Xt*X PROGRAfl FRnGVENT FOR 
CALCULATING SPECTRAL DENSITIES X t t X  

10 DIR XC2003,Yt2001 
20 PI=3.14159265:T=0.022:SHIFT=170:W1=90 
83.3X2XPI:W2=C9083.3+SHIFTl*2*PI:WS=C908 
3 , 3 + S H I F T / 2 - 1 0 8 0 l t 2 f P I  
30 fiL=CW2+Wll/2:BE=CW2-W1)/2 
40 FOR 2=1 TO 200  
50 REN X X t t  DISCONTINUOUS PHASE CASE 

--- USE LINES 6 0  TO 120 X t X f  

I 60  A=WS+2%20XPI-Wl:B=WS+21(20XPI+W1 :C=WS+ 
Z*20XPI-W2:D=WS+2*20*PI+W2 
70 Al=iSINCAXT/2))*CSIN(AtT/2ll 
80 B l = C S I N C B X T ~ 2 l l t C S I N C B ~ T ~ 2 3 3  
90 CI=CSINCCXT/2llXCSINCCXT~2lJ 
I 0 0  Dl=CSINCD*T~2llXCSINID1:T~2ll 
110 E=fi1/CA*A3+B1~CB*BI+Cl/CCXCl+Dl~CD*O 
1 
120 YC21=10XCLOGtEl:XC2J=t2-1001X10 
130 REtI * X t X  CONTINUOUS PHASE CASE 
---- USE LINES 140 TO 280 X t t *  

140 W=C2*PIX2*101+WS 
150 A=W-Wl 
160 B=W-W2 
170 C=W+Wl 
180 D=W+W2 
190 E=W-AL 
200 F=U+AL 
210 G=2XSINCA*T/2l$SINCA$T/2l*SINCB*T/2) 
*SINCBXT/21 
220 H=2XSINCCIT/21*SINCCLT/2l*SINCD*T~21 
*SINtDtT/23 
230 I = C l / A - l / B l f ( l / f i - I / B l  
240 J=Cl /C- I /DJtCl /C-1/01 
250 K=Tt(l-2tCOSCEtTlXCOSCBE*TI+COSCBE*T 
ILCOSCBE*T)l 
260 L = T $ C l - 2 $ C O S t F X T l X C O S C B E t T l + C O S ~ T  
lLCOSCBE*T)) 
270 V=GtI/K+H*J/L 
280 Y~2)=10%CLOG(flJ:XC2I=C2-100l*10 
290 NEXT 2 

fig. 3. Atari BASIC listing for calculating thespectral den- 
sity of FSK signals. Thetrig functions evaluate their argu- 
ments in radians (not degrees). 

the results of all the possible Fourier transformed bit 
streams that you could send. In a sense, this kind of 
ensemble averaged Fourier transform (now called a 
power spectral density or simply a spectrum) best 
represents the FSK spectrum of any message, because 
it's the average of the spectra of all possible messages. 
This spectrum, then, tells you how much power exists 
in a given bandwidth anywhere near the center fre- 
quency of the FSK signal. 

There are at least three ways to evaluate the 
ensemble-averaged Fourier transform of an FSK sig- 
nal. The first, a mathematical approach, uses a 
description of FSK (either with discontinuous or with 
continuous phase at the bit transitions), to calculate 
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Table 1. Equation for power spectral density of discontinuous-phase - frequency-shift-keying. 

(w + w1)T 

DPFSK (w)  = S'f lp  -- - 

(w - w1)2 (w + w1)2 (w - w2)2 (w + w2)2 

where: 
w = radian frequency w2 = z i f fz  
wl = 2nj-1 T = the data bit time or the reciprocal of the 

baud rate 

Table 2. Equation for continuous phase - frequency-shift-keying. 

2 sin2 CPFSK (w) = - - 

T/l - 2 cos/(w - a ) T J c o s p T  + cos2OTj w - W I  w - k'' 1 2  
+ 2 sin2 

- - 

T / I  - 2 cos/(w + a)TJcos@T + cos2OTJ w + w' 

w2 + w1 

I' 
w2 - WI 

where w i ,  w2, and T are as in the DPFSK case, and (Y = 
2 B = 2 

the spectral density equation.> The techniques are 
powerful and the equations are easily plotted and 
evaluated. 

The second method for evaluating the spectra of 
FSK signals is to simulate a time-domain FSK signal 
on a computer, take its Fourier transform using a well- 
known algorithm, and repeat the process several times 
using different bit streams. The results are ensemble- 
averaged so that a spectral density begins to emerge 
from all the individual Fourier transforms. This method 
requires considerable computer memory and must be 
repeated every time you want to try a new bit rate or 
shift. 

The third method for obtaining FSK spectral densi- 

ties is to use an FSK modulator and spectrum analyzer. 
However, once you use the equations and come up 
with a shift and baud rate that you like, you can bor- 
row a spectrum analyzer and see how well your the- 
ory meets with practice. (See the two examples at the 
end of the article). 

mathematical analysis 
The spectral densities of DPFSK and CPFSK have 

been calculated by an exact mathematical analysis. 
These results are then easily plotted on a home com- 
puter, in fact, we'll give some BASIC listings to help 
you along. The equation for the power spectral den- 
sity of discontinuous-phase frequency-shift-keying is 
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shown in table 1. The equation for continuous-phase 
FSK is shown in table 2. 

Frequency shift is simply f2 - fi (Hz), or w2 - w i  in 
radians per second. Note that if your frequency shift 
is in a whole number of Hertz, then w2 - w l  is never 
an integer. 

T, the data bit length, can be found for Baudot or 
ASCll data rates and speeds in any recent edition of 
the ARRL Handbook. For the ASCll case, the data 
pulses and stop pulses are the same length (T=3.333 
mS) for the data and stop bit lengths with 300 baud 
ASCII, so the spectral density results are exact. How- 
ever with Baudot, the stop pulse is often 50 percent 
longer then the data pulses. Since there are five data 
pulses for each stop bit, and the longer stop pulse 
would only result in a narrower spectrum than the 
faster data pulses, I use the data pulse time for the 
following plots. For example, 60 wpm Baudot (baud 
rate is 45.45) had T=22 mS. This should be suffi- 
ciently accurate for any practical purpose. 

An Atari BASIC program listing for both these equa- 
tions is provided in fig. 3. The program calculates 
either the DPFSK spectrum (use lines 60 to 120 and 
delete 130-2801 or the CPFSK spectrum (use lines 
130-280 and delete lines 60 t o  120). The result is 
placed in array Y (in dB), with the frequency (in Hz) 
in the X array. The shift and bit times can be changed 
in l ine 20; they are shown for 170 Hz shift, 60 wpm 
Baudot. If you link this program fragment with your 
machine-specific plotting package, you can generate 
plots like the ones that follow. Atari BASIC is suffi- 
ciently generic so that the listing should run on nearly 
any personal computer with few changes. 

spectral plots 
The spectral density plots, figs. 4 through 13,, are 

for two cases: the FSK signal with discontinuous 
phase, and the same signal with continuous phase at 
the bit transitions. The magnitudes are relative and are 
intended for comparison purposes only - for instance, 
to show how sidelobe levels compare from one spec- 
trum to another. It may be puzzling to some that there 
are no lines in these plots, no periodic signals or car- 
riers, particularly at fi and f2. Recall, though, that this 
is a frequency-modulated waveform with a random bit 
stream as its input, and in general this kind of modu- 
lation result is in a purely broad spectrum with no car- 
riers. The only exceptions occur when special relation- 
ships between fi, f2, and Texist, e.g. w2- wl ,  w2+w1 
are integers or 2aT or 2/3T are odd multiples of aI2. 
For these so-called degenerative cases, the reader is 
referred to the original Bell Labs paper.3 

Note particularly how, in each case, the continuous- 
phase FSK spectrum rolls off much faster than its dis- 
continuous phase counterpart; in fact, this is a charac- 
teristic of all continuous-phase signals. This means 
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that more energy is concentrated near the center fre- 
quency of a CPFSK signal, with less energy further 
from the center frequency that might cause interfer- 
ence with another band user. In short, CPFSK signals 
are generally more spectrally efficient than DPFSK 
ones, though spectral efficiency is subject to many 
definitions. This CPFSK advantage is very evident in 
the 300 baud, 170 Hz shift ASCll case, where the 
DPFSK signal is splattered all over the band, and the 
CPFSK spectrum begins to look like an ideal flat- 
topped bandpass filter! We'll return to this case 
shortly. 

cumulative power 
One advantage of having the mathematical expres- 

sion for the spectral density is that operations such 
as integration or differentiation can be performed that 
would be less accurate and more time-consuming 
using any other method. Using the expressions given 
above, the cumulative power in any FSK spectral den- 
sity can be calculated. By "cumulative power," we 
mean the following: imagine a frequency window, 
located at the center frequency of the spectrum, and 
ever-widening. Each time you widen the window a lit- 
tle, you stop and ask how much of the total power 
in the spectrum is outside your window's frequency 
limits. For example, when the window is very narrow, 
nearly all the spectrum's power is outside. As you 
widen it, less power is outside the window and your 
answer gets smaller and smaller. This is then an excel- 
lent measure of how well your spectrum concentrates 
its power in a given bandwidth. It can, for example, 
be used to estimate the interference levels a given 
number of Hertz from your signal, or even to design 
an optimum receiver filter that will capture as much 
signal power as possible without sacrificing adjacent 
channel interference rejection. 

The cumulative power is obtained by integrating the 
power spectral densities obtained above. This was not 
done mathematically, but instead numerically on a 
computer using the short Atari BASIC listing given in 
fig. 14. The idea is to evaluate the spectral density at 
ever-widening frequency points, each time adding up 
the result and scaling by the frequency increment. 
Numerical integration can be a subtle and tricky busi- 
ness, especially in computer-aided circuit analysis, but 
these spectra are nicely behaved and the algorithm 
shown works fine. Note that you use either lines 110 
and 120 (DPFSKI or lines 140 and 150 (CPFSK); the 
shift and bit times are given in line 60 (here 170 Hz 
shift, 60 wpm Baudot). The results (in dB) are placed 
in the Y array, and the window width in Hertz is in 
the X array, ready to pass to your plotting routine. 
Finally, notice how simple the formulas for the spec- 
tral densities become when compared to those in fig. 
3; this is the result of some clever substitutions made 
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by sliding the spectra down to a center frequency of strewn here and there over the band. The question 
0 Hertz (DC).4 is, which waveform spreads the energy best? If you 

The plots given in figs 15 and 16 compare the look at fig. 13, the 170 Hz shift, 300 baud ASCII 
DPFSK and CPFSK cases of cumulative power for a 
Baudot and ASCll waveform. As one would expect 
from the previous plots, the curves with the faster roll- 
off are for CPFSK spectra. Note how just a few hun- 
dred Hertz away from the center frequency, the 
CPFSK signal has over 20 dB less power in it than the 
DPFSK one, an important consideration for evaluat- 
ing adjacent channel inteference. Other shifts and 
speeds can be explored using the listing in fig. 14. 

applications 
There are many additional issues one could raise 

concerning Amateur FSK transmission. One example 
is the receiver/demodulator design. It was suggested 
that the receiver filter could be optimized for minimum 
signal power loss and maximum adjacent channel 
interference rejection by using the cumulative power 
plots for a particular FSK waveform. However, the 
demodulator also has filters in it; the classical Ama- 
teur design uses two narrow bandwidth filters centered 
on fl and f2, respectively. This type of demodulator 
filtering makes good sense when receiving FSK trans- 
missions of the kind illustrated in figs 4-11, because 
the filters match the power peaks in the signals, also 
centered on fi and f2. However, the 170 Hz shift 300 
baud ASCll FSK in figs. 12 and 13 are another story; 
here the signal energy is very broad and peaked at the 
center frequency of the signal, not at f~ and f2. 
Hence, as illustrated in fig. 17, the conventional Ama- 
teur FSK demodulator filters waste signal power; their 
sharply peaked fi and f2 responses no longer match 
the spectral density. That many Amateurs shy away 
from 300 baud ASCll on the air begins to make sense 
. . . their non-optimal modems ignore so much signal 
energy that they experience high error rates under the 
usual noisy band conditions. Solutions could involve 
anything from a radically different 300 baud demodu- 
lator design (using a signal correlator, perhaps) to the 
simple expedient of changing the frequency shift to 
a new value large enough so that fl and f2 peaks 
reappear in the spectrum. Of course this will take up 
more bandwidth, and the former filters will have to 
be retuned for the new shift, but a definite improve- 
ment would be noted over present 300 baud ASCll 
error rates. 

Another issue raised in our spectral analysis of Ama- 
teur FSK is its application to spread spectrum com- 
munications. The "direct spreading" approach dis- 
perses the signal energy so broadly that it lies below 
the noise level; the signal hides in the mush and goes 
undetected by conventional narrowband receivers. 
The spread spectrum receiver is constructed so as to 
reconstitute the signal from all those bits of energy 
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fig. 13. FSK spectrum, continuous phase 170 Hz shift for 
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5 REN XtX PROGRAM FRAGMENT FOR 
CALCULATING CUMULATIVE SPECTRA tXX 
10 DIM XC160J,YC160l 
20 PI=3.14159265 
30 INC=PI/60 
40 NJ=480 
50 SUM=@ :PT=0 :NZ=3 : Z=0 
60 SHIFT=170 :T=0.022 
70 A=PIXSHIFTLT 
80 FOR J = l  TO NJ 
90 B=CJ-0.5lXINC 
100 REfl XXXt DISCONTINUOUS PHASE CASE 
--- USE LINES 110 AND 120 XtXt 
110 YF=2LSINCCB+Al~2lXSINCCB+Al~23/CCB+A 
ltCB+Al 1 
120 YF=YF+2*SINCCB-AJ/2lXSINCCB-A)/2l/CC 
B-AlXCB-All 
130 REfl XX** CONTINUOUS PHASE CASE 
--- USE LINES 140 AND 150 tXL% 

140 YF=Z$AXCCOSCAl-COSCBll/tA%A-BXBJ 
150 YF=YFtYF/CI+COSCAlXCCOStAl-2XCOSIBJl 
I 
160 SUfl=SUU+YFXINC/PI 
170 Z=Z+l 
180 IF Z=NZ THEN YF=1-SUfl :PT=PT+l:YCPTl= 
I0ICLOGCYFl:2=0 
190 NEXT J 
200 FOR L=l TO NJ/3 
210 XCLl=LLNZtINC/CPIfTl 
220 NEXT L 

fig. 14. Atari BASIC listing for calculating the cumulative 
spectra of FSK signals. The trig functions evaluate their ar- 
guments in radians (not degrees). 
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fig. 16. Cumulative spectra of discontinuousand continu- 
ous phase FSK for 110 Baud ASCll RTTY, 170 Hz shift. 
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CPFSK spectrum, you'll begin to get a hint. It can be 
shown that if you want to fill a given channel or band- 
width with signal energy, the most efficient way to 
do it is with a rectangular spectral density, because 
every chunk of available spectrum space will be filled 
with an equal amount of signal power. Coincidentally, 
a flat rectangular spectrum also looks most noiselike 
over the given channel (the spectrum of noise is flat). 
Now turn to fig. 18. It's still 300 baud CPFSK ASCII, 
but we've changed the shift to  190 Hz. Most striking 
is the nearly rectangular main lobe, which ideally meets 
the requirements outlined above. Of course, if you 
really want to spread your signal energy around and 
hide the communications under the noise, you can 
scale everything up by any number you choose; 
although a 199-Hz shift, 300 baud signal has the same 
spectral shape as a 19-MHz shift, 30 Megabaud 
CPFSK signal, it's 100,000 times wider. You could, 
with this CPFSK waveform and the proper hardware, 
carry on communication over the entire 420-450 MHz 
Amateur band and no one except your intended 
receiver would know you were there! 

To demonstrate that these spectral density ideas 
really work, I generated that rectangular main lobe 
CPFSK signal and used a sophisticated spectrum 
analyzer to both ensemble- average and record the 
resulting spectral density. Shown in fig. 19, it nicely 
confirms the theory of f ig. 18. The slight raggedness 
on the spectrum comes from my not averaging every 
possible bit pattern, which would have taken an infinite 
amount of time! But this CPFSK spectrum, and all the 
ones shown here or that you may choose to inves- 
tigate on your own, can indeed be generated in the 
laboratory - even the one with that remarkable flat 
top. 
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fig. 18. FSK spectrum, continuous phase 190 Hz shift for 
300 Baud ASCll R m .  
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MULTIFAX 

A COMPUTER PROGRAM THAT WILL COPY: 
WEFAX FROM GOES SATELLITES 
HF FAX FROM NAVY WEATHER BROADCASTS 
APT FROM NOAA POLAR ORBITING SATELLITES 
WEFAX REBROADCAST FROM TV TRANSPONDERS 

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

Elmer W. Schwittek, K2LAF 
429 N. Country Club Drive, Atlantis, FL 33462 
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suggestions for FSK systems 
We can summarize this investigation of Amateur 

FSK spectra with a few suggestions and an invitation. 
One suggestion is that all Amateurs use continuous- 
phase FSK in their transmitter modulators. As amply 
demonstrated above, CPFSK causes much less inter- 

NEL-TECH LABS. INC. ference and occupies much less bandwidth than the 
28 DEVONSHIRE LANE LONDONDERRY. ~ ~ 0 3 0 5 3  discontinuous-phase waveform. Fortunately, many 
603.434.8234 modern audio-shift modems already provide phase- 

continuous signals. Another suggestion is that 
Amateurs work on FSK demodulator designs which 
better match the spectral properties of the signal 
they're trying to receive. This will become increasingly 
important as bit rates continue to  rise, whether in 
ASCII or in packet communications. Any spectral mis- 
match in demodulator filtering simply wastes the avail- 
able (and precious) signal power. 

A final suggestion is that Amateurs interested in 
spread spectrum communications look closely at the 
family of FSK signals as good candidates for a direct 
spreading waveform. System performance could sig- 
nificantly improve once the waveform's spectrum is 
matched to the spreading requirements. 

Much more could be said about Amateur FSK - 
in receiver and transmitter design, in error rate per- 
formance, and in application to new types of commu- 
nications systems. This simple binary keyed waveform 
carries with it several elegant and easily explored spec- 
tral properties, characteristics outlined in this article. 
I invite the Amateur community to investigate further 
and make their own fascinating discoveries and con- 
clusions. 
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Join AMSAT.. .Today 
Amateur Radio Satellite OSCAR 10 

provides: 

A New Worldwide DX Ham Band 
open 10 hours a day. 

Rag Chew With Rare DX Stations 
- in an uncrowded, gentlemanly fashion. 

Popular Modes In Use: 
SSB, CW, RTTY, SSTV, Packet 

Full Operating Privileges 
open to Technician Class 

licensee or higher. 

Other A M S A T  Membership Benefits: 

Newsletter Subscription: 
Dependable technical articles, satellite news, 
orbital elements, product reviews, DX news, 
and more. 

Satellite Tracking Software 
Available for most popular PCs. 

QSL Bureau, AMSAT Nets, Area Coordinator 
Support, Forum Talks 

Construction of Future Satellites For Your 
Enjoyment! 

AMSAT Membership is $24 a year, $26 out- 
side North America. VISA and MC accepted. 

AMSAT 
P.O. Box 27 

Washington, DC 20044 

301 589-6062 
i/ 190 

references 
1. Terry Conboy, "From CW to Computers A Dig~tal Modulation Pr~met." 
73. December. 1978. I T h o ~ ~ g h  not explictly slated. Conboy's experimental 

results are lor continuous-phase FSK.1 

2. J.T. Dijak. "Data Bandwidths Compared." Itam radio. Decemher. 1962. 
lSee also letter from R. Simpson in Jtmn. 1983, ham r#r(,n, concernang Otjak's 
article. I 
3. W.R. Bennett and S.O. Rice. "Spectral Dpnstly and Autocorrelation Func 

lions Associated with Binary Frequnncy Shift Keying." The BellSysrenr T w h  
rrtml Journal. September. 1963. 
4 These lormulas and thls routine were sltggesled by  Dr.E.J. Kelly anrl tlsed 

by the author i r l  "KFSK: A High Perlormance Waveform lor Spread Spec- 

trum and Comm~tneat~ons Applicat~ons." M.S.E.E. Thesis. MIT. 19M. 

ham radio 

I K.V.G. 
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PRODUCTS I 
9 MHz CRYSTAL FILTERS 

Appll- Ran& 
YODEL cation width Poln PIlm I 

SSB 
SSB 
LSR 
US8 
SSB 
AM 
AM 
FM 
CW 
CW 
CW 

IF nose 

2 4 kHz 
2 4  kHz 
2 4  kHz 
2 4  kHz 
2 4  kHz 
3 75 kHz 
5 0  kHz 

120 kHz 
500 HZ 
5W HZ 
250 Hz 

15 kHz 

10.7 MHz CRYSTAL FILTERS 
WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS 
Expon lnqulrles lnvtted Shlpplng $3 75 

MICROWAVE MODULES EQUIPMENTS 
U\P YOU, e~tsllnq HF Or 2M r19 on olher VHF or UHF bands 

RECEIVE 
CONVERTERS 

MMk 1691 137 W9 95 
MMk 1296-146G 189 95 
MMc 439 ATV 94 95 
MMC 432mfsl 69 95 
MMC 144-281HP) 74 95 
MMc 144-78 54 95 

LINEAR 
TRANSVERTERS 

MMt 12lt1 1116 Jl,q 95 
MMr 1 x 8  144 .'no 95 
MMI 43) 7WSI 7R1) 95 
MMI 1 4 1  ?RWI 3411 95 
MMI t4.1 ?n IR~I 95 

1 LINEAR POWER AMPLIFIERS 1 
2M 70cm 
MML 144-M.LS 144 95 MML 432.30.L 21995 
MML 144.50-S 129 95 MML 432.50 229 95 
MML 144-1W-S 224 95 9 95 
MML 144.100-LS 24995 
MML 144-Mo-S 

ANTENNAS 
9M 

3. 191 
170 'Ii> LOOP YAGIS 

7OIMBM28 144 95 
I WBLY 

701MBM48 64 95 
t%LY 
1691.LY 

701MRM88 94 95 
59 95 

DY10 900 MHz 74 95 
order lcnp yagl connector extra 

I Send 6M 13 slampsl lor lull detatls 01 all our VHT L UHF equ~pmenls and KVG cryslal 
products 

Shpplng Mtl Concord. Mass 

ERNATIONAL, INC. 
ost Office Box 1084 



Or This Inexpensive 

It Really Shouldn't Be This Easy 
Remember just a few years 

ago, how it took a roomful of 
equipment just to work RTTY. 
And if you wanted more than one 
mode it took a dedicated com- 
puter system costing thousands 
of dollars. The new AEA Pakratts 
are proving it doesn't take lots of 
equipment or money to enjoy 
working all bands in five different 
modes. 

First, A Good Idea 
The idea behind the Pakratt is 

very simple. One controller that 
does Morse, Baudot, ASCII, AM- 
TOR, and Packet, and works both 
HF and VHF bands. Of course the 
decoding, protocol, and signal 
processing software must be in- 
cluded in-the unit, and connec- 
t ion to  the comDuter and 
transceiver have to be easy. The 
unit also has to be small and re- 
quire only 12 volts, so it will work 
both in the shack and on the road. 

Second, Computer Compatible 
It doesn't matter what kind of 

computer you have, we have a 
Pakratt for you. The PK-64 works 
with the popular Commodore 64 
or 128, and the PK-232 works with 
any other computer or terminal 
that has an US-232 serial port. 
The PK-64 doesn't require any ad- 
ditional programs. Simply con- 
nect to  the computer and 
transceiver and you're on the air. 
The PK-232 needs a terminal or 
modem program for your com- 
puter. The one you're using with 
your telephone modem will work 
just fine. 

PAKRATTtm Model PK-64 

PAKRATTtm Model PK-232 

Third, Performance and Features 
The real measure of any data controller is what kind of on-air perfor- 

mance it gives. While the PK-64 and PK-232 use different types of 
modems, both give excellent performance on VHF. The optional HF 
modem of the PK-64 uses independent four-pole Chebyshev filters for 
both Mark and Space tones, and A.M. detection. The HF option can be 
factory or field installed. 

The PK-232 uses an eight-pole bandpass filter followed by a limiter 
discriminator with automatic threshold correction. The internal 
modem automatically selects the filter parameters, CW Fc=800 Hz, 
BW=200 Hz; HF Fc=2210 Hz, BW=450 Hz; VHF Fc=1700 Hz, 
BW = 2600 HZ. 

The PK-64 uses on screen Indicators to show status, mode, and 
DCD (Data Carrier Detect) while the PK-232 uses front panel in- 
dicators. Both units use discriminator style tuning for HF operation. 
And that's just the tip of the iceberg. Features like multiple connects 
on packet, hardware HDLC, CW speed tracking, and other standard 
AEA software features are included in both the PK-64 and PK-232. 

Fourth, AEA Quality and Price 
Not many manufacturers like to discuss quality and price at the same time. AEA thinks you want high 

quality and low price in any product you buy, so that's what you get with the Pakratts. Ask any friend who 
owns AEA gear about our quality. The people who buy our products are our best salespeople. As for price, 
the PK-64 costs $219.95, or $319.95 with the HF option. The PK-64A, an enhanced software unit with a longer 
flexible computer cable, costs $269.95 or $369.95 with the HF option. The PK-232 costs $319.95 with the HF 
modem included. All prices are Amateur Net and available from your favorite amateur radio dealer. For more 
information contact your local dealer or AEA. 

Prices and specifications sublect to change without notice or obligation. 

AEA Advanced Electronic Applications, Inc. 
P.O. Box C-2160, Lynnwood, WA 98036-0918 
206-775-7373 Telex 6972496 AEA INTL UW 



HF TRANSCEIVER 

GREAT PPICE, CALL  I 
KENWOOD r I 

rND-HELDS 
1 AT/31 ATf41AT 

Compact. Only 
2.4"W. 4.74"H. 

1t"D. Outstand- 
tng performers ' 

In  an ,deal 
package sue. '7- 

TR-2600A/3600A 
Deserves 11s wel learned 
reputatlonasthe lead~ng HT 

CALL  FOR PRICE  

Volunteer Exam 
F& TAPES 

'N BOOKS 
/ T h e  ~otbplete ~ o v i c e  549.95 

T~POIV I ?  Iapes 2 books). Code ('1 
taprs) Practlce CW Osc~llator. Exam 8 
Tcsl Packaq? 

The Complete  General $49.95 
Theory 14 tripes. 2 D(loks1. Speed (4  
tapes). 5-13 WPM All FCC Paperwork 

The Complete Advanced $49.95 
Theory 1.1 l.lpes 2 hooksl. Codr (4  
tapes) Sprclly Grnrmt o r  ExIra class 
cod? 

The Complete Extra $49.95 1 Theory ( 4  tapes 1 honks) Speed (4 
laprs) 13 20 WPM All FCC 8 VEC 
P ' I ~ P ~ w o ~ ~  

The Complete !&& Novice 
All new nlatrrlal tur Ihr rlrw novlcl 
YOICB class lhc~nsr - L I ~ ~ R I C ~  lor 1'411. I 
Call lor delacls I 

. -- 
, , , , , " * .  

MA-40 
40' TUBULAR TOWER 

rZ45 SALE. $549 

MA-550* 
55' TUBULAR TOWER 

~ S f i  '.?? $899 
Handles tOsq II al 5U nlph . Pl~i ls r r  netghnorq WIII~ 

IuI~uI~I streamloned look 

CTX-455 
55' FREESTANDING 
CRANK-UP 

Handles 18 aq. It a150 mph 
No guying requrred 
Extra-strf.ngth Construcllon - Can add ramslng and motor 
drive ~ C C P S S O ~ ~ ~ S  --_n-,_~ 

*."V ,,.,<>. "." 
IN STOCK FCR Q U I C K  DEL IVERY 

OTHER MODELS AT GREAT PRICES 

I b y -  , . flflFm 
GRbi *AKl?P SALE! 
Single Strength 
(handles 9 sq. f t . )  
HG37SS - 37' Tower 
HG52SS - 52' Tower 

Heavy Duty 
(handles 16 sq. ft.) 
HG54HD - 54' Tower 
HG70HD - 70' Tower 

A l l  steel 
Includes base  8 r o t o r  
p la te  
No guylng r e q u ~ r e d  

\ H o t  d ~ p  g a l v a n ~ z e d  
A c c e s s o r ~ e s  a v a ~ l a b l e  

CALL FOR PRICE! 
5 

HF T R A N S C E I V E R  
1hU m I0 I l l ~ m  ArnalPur Rand 
I(0-kHz lo 30-MHI General 

LOW PRICE! 

Dual Band 
CALL FOR PRICE I:, 

WATT METER 
& Elements 

Yht7 

GREAT PRICE! I!'I 

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

LOW PRICES 
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1.2 GHz Transceiver: 
The First Full-featured 

1240-1300 MHz Transceiver 

SALE! CALL FOR PRICE ARE YOU READY FOR 
1.2 GHz OPERATION? 

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

LOW PRICE! 

2!j MHz-1300 MHz MINI HAND-HELD 
11\1 STOCK F O R  

IMMEDIATE DELIVERY GREAT PRICE! 

A l  Mor KGYHA 
b.t,> IIIIYIII t w y  

STORE HOURS 
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MacGyver of the '30s 
how Amateur ingenuity 
saved the day 

In many man-made and natural 
emergencies Amateur Radio has 
proven itself again and again. Here's 
the story of how Henry Jenkins, 
W7DIZ, responded when one of the 
heaviest storms of the 1930s hit the 
Oregon coast and blinded the Tilla- 
mook Rock lighthouse. 

The lighthouse, which protected 
coastal shipping from the dangerous 
shoals, was under the control of the 
Department of Commerce. The light 
atop its tower was perched 85 feet 
above the ocean. Power for the light, 
the radio, and the small dwelling of the 
lighthouse keeper was derived from a 
gas generator in the basement. 

The year is 1934; the month, 
October. . . . 

About I0 p. m., October 20, a fresh 
southeast wind was blowing with light 
rain. During the night, the wind in- 
creased to gale force and changed to 
the southwest. About 3 a.m. the seas 
ran extremely high, swells hitting the 
base of the rock from the southwest 
with the spray coming over the rock. 

At 9:30 a. m. I was awakened with 
a sudden jar, completely covered with 
water. All my clothes and bedding 
were soaked. The seas at this time 
were washing over the entire tower, 
pounding against the window shutters 
of my room. The window catch let go 
and the entire room was flooded. At 
this time the wind was blowing at an 
estimated 100 miles per hour, seas 
covering the lighthouse, carrying with 
it large rocks, debris, and fish which 
were smashed through the lantern 
plate glass - 85 feet above sea level 

- breaking 76 panes and flooding aN 
quarters. In endeavoring to replace 
glass panes with emergency wooden 
panels, the Keeper's right hand was 
deeply cut. While assisting dressing his 
wound, I read the barometer, which 
was 28.92 inches, and dropping. Each 
time the tons of water would cover the 
building, coming down with terrific im- 
pact on the roof, the barometer would 
drop immediately to 28.72 inches, 
returning as soon as the impact was 
over. 

The impact from the water and 
rocks would occur about every three 
seconds. About 10: 15 a.m. a terrific 
impact occurred and the tower and 
building were enveloped with giant 
seas. The large 80-foot derrick and tel- 
ephone cable to the mainland had 
been swept away. 

A 6-foot section of the west end of 
the rock was broken off and carried 
away, hurling rocks weighing as much 
as 50 pounds through the tower and 
to the roof, smashing shutters made 
of half-inch planking. All floors were 
flooded, breaking the piping and heat- 
ing system, thereby cutting off the 
heat, which was badly needed. We 
were soaked, sloshing in salt water, 
and extremely tired. The lantern and 
fog signal were inoperative. Both of 
these were greatly needed by 
mariners, and now we had no means 
of warning them of the rocks and 
shoals around the light. Finally, we 
were able to erect a crude, white fight, 
which we hoped somebody could see. 
But what was needed was a means of 
informing the Superintendent on land 
of the damage and the fact that the 
light was useless. 

What was needed was a radio to 
communicate to land. Since the pow- 
er was out (and the government radio 

equipment had not yet been delivered 
and installed), it was up to me to do 
the job. A radio had to be built. AA// that 
was at hand was a collection of parts 
from an old Atwater-Kent broadcast 
set, a few dry batteries and scraps of 
tinfoil, copper, and brass. 

When the storm abated a bit, 
W7DIZ went to work: I got two pieces 
of relatively dry wood. Not having any 
tube sockets, I drilled holes in each 
board to take a tube and with the aid 
of a gas torch, soldered leads on the 
tube prongs. 

On the transmitter board I placed a 
coil which I wound from wire taken 
from an audio transformer. The coil 
was wound on the cardboard case 
taken from a No. 6 dry cell. I used 14 
turns. The tuning capacitor was sal- 
vaged from the old broadcast receiver. 
Capacitors were made of tinfoil and 
wax paper taken from a loaf of bread. 
Since no resistors were at hand, none 
were used. An rf choke was made 
from a broadcast coil by removing 100 
turns. This junk, when finally assem- 
bled, completed a TNT ftuned-not- 
tuned) oscillator, but had no grid con- 
denser or grid resistor. The batteries to 
power the transmitter were taken from 
the defunct telephone system. Eighty 
volts was available. For a key, I sim- 
ply broke the battery connection with 
my hand. Later, I found a piece of 
spring brass and made a hand key. The 
antenna consisted of 40 feet of sal- 
vaged wire from a broadcast coil. 

The receiver was next. For a coil, an 
old telephone receiver was used as the 
form and 45 turns of wire stolen from 
one of the broadcast coils was wound 
on the form. This made the grid coil. 
Twenty turns were added at one end 
for the plate cod There was no con- 
denser available to control oscillation, 
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ANTENNA POLARITY SWITCHER MODEL APS-7 

The APS-1 is  a self-contained control head designed to  allow 
remote polarity switching o f  circular antennas such as the 
Mirage/KLM range of crossed yagis. 

Thc. APT-1 may t)r powrrrd by ~ h r  power adaptor (~nrlud~sdl or may .tltrrnatc.lv he powrrrd from a vrhtrlr- or  other 13-17 VDC source. 

In add~t~on to rw~tch.lhle outputs lor two antennas. thc. APS-1 .~lro rontalnr .I 6-13 volt regulated DC powrr supply Th~r ft.aturcs 1s 

dc-\~gne(l for powerlng 1tern5 such as prt.drnpl~f~crt. VHF/LIHF convc,rterr. r t t  . but may also he usrd whenever a low-rurrrnt ,tab1l17e(l 
varldhlr vol~agr tourrr 15 rrqulred 

SPECIFICATIONS: 

Power  Requirement (AC)  . . . . . . . . . . . . . . . . . . .  .117V ? 10% A C  50/60 Hz 15  Watt  
Power  Requirement (DC)  . . . . . . . . . . . . . . . . . . .  .11-16 V D C  500 m A  

Ou tpu ts . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Two  1 2  V D C  unregulated, sw i tched (antenna relay supply). 
O n e  6-13 V D C  variable regulated auxi l iary supply. 

Total output rurrcxnt 500 rnA w~ th  AC lranrformrr rhal 15 ~ncluclc.d. 1 amp w~ th  opt~onal h~gh current ~ransformrr or cwr rna l  DC supply. 
Ih15 untt has our popular l l v r  (5)  vear wdrrdrilv 

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

MADE IN 
USA 

1429 95 
delivered 

..... 

f you are ACTIVE in F S N  
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mitter! W C X K  said the audio quality 
was excellent, provided Henry didn't 
move around very much! 

While the new radio equipment was 
being installed, W W R  and W C X K  
were hired by the Lighthouse Service 
(at 50 cents an hour) t o  provide com- 
munication with the light, using the 
special calls KCBC-2 and KCBC-3. This 
lasted about four months, running 
three schedules a day. Many private 
messages to the families of the men on 
the isolated lighthouse were handled 
and, as W C X K  says. "Many hours 
were spent trying to keep the men 
from going stir-crazy on the rock. I t  is 
unbelievable what a few months of 
isolation out there could do to a per- 

Photo A. After the terrible storm. WlDlZ rebuilt his "junk box"'radio station. At left 
is the one-tube transmitter, with the copper tubing tank coil. In the center, in front son's mind." 

of the tool box, is the one-tube receiver. A heavy brass hand key is positioned on the Eventually, the lighthouse came un- 
table near the transmitter. With this simple, home-made equipment. W D I Z  maintained der the supervision of the Coast 
schedules and kept the Tillamook light on the air, in the ham bands. Guard. In the mid 1960s, the light was 

so enough turns were put on the plate 
coil to keep the circuit oscillating at all 
times, For the antenna series condens- 
er, iwo feet of insulated wire were 
twisted together. A tinfoil condenser 
was used for the grid condenser, but 
there was no resistor for the grid leak. 

The tuning condenser was made 
from two brass plates removed from 

tendent of Lighthouses, advising him 
that the light was out of service, and 
that all shipping should be warned. 
W C X K  immediately sent the message 
via Western Union to the Superinten- 
dent in Seattle and within minutes the 
powerful Department of Commerce ra- 
dio stations up and down the Pacific 
Coast flashed the news that the Tllla- 

no longer required, so it was sold. But 
as recently as 1971, the buyers of the 
light had done nothing to  it, and it 
looked much the same as ever. 

MacGyvers of the 80s7 
- a "make-do" hamfest 
event 

Does the "Make-do" spirit still 
exist in Amateur Radio? I like to think 

the door knob. One plate was screwed mook light was inoperative. that it does. In this regard, I want t o  
to the wood board and the other And that's how Henry Jenkins, propose a "Make-do Event" at your 
placedatop it, separated by apiece of W D I Z ,  succeeded in building an en- next local hamfest or convention. 
waxed wrapping paper. Tuning was tire radio station from salvaged pieces Volunteer hams split up into three or 
accomplished by shoving one plate of junk, put the rig into operation, and four teams, three hams to  a team. At 
over the other with a pencil. effected communication with other hand is a large junk box full of old 

By cut-and-tv, Ifinally heardsignals Amateur stations in an emergency of parts, perhaps a defunct TV set, and 
in the80-meter band. The first station great import to the shipping lines along one or two old radios. Each team has 
heard was W7RT in Seattle. ISince the western coast of the United a small number of appropiate tools - 
most stations in those days were States. a screwdriver, wirecutters, and pliers 
crystal-controlled and remained at one Within the next few months the light - as well as a small collection of nuts, 
spot in the band, W7DIZ immediately was repaired and the Lighthouse Sew- bolts, and woodscrews. 
knew where he was. - WGSAII ice, seeing the need for radio commu- Now the contest begins. It runs for 

Inext heard W7CKX, a station rela- nications at the Tillamook light, a given period, say, three hours. The 
tively close to  the light. I left the provided a new, more powerful gener- goal is t o  build, literally from junk, 
receiver tuned to that spot and tuned ator and radiotelephone equipment. A radio transmitters and receivers and to 
the makeshift transmitfer to the same lighted buoy was placed near the light. effect communication between two 
spot by listening to CKX with the Jenkins rebuilt his ham gear (see groups. The groups that get on the air 
transminer running. Finally, about 6:30 Photo A), still using only a single tube and establish communication first are, 
p.m. I called W7CXK. No response. in the transmitter and receiver. of course, the winners. 
But the station CXK was working - At one time, W D I Z  took a tele- Details have to be worked out. Is it 
W7WR- told CXK that somebody phone microphone, connected it to the permissible to scavenge for wood or 
was calling him! And the contact was transmitter tank coil via a loop and other chassis material? I vote yes. Can 
made. lsenta message to the Superin- made the little rig into a phone trans- a soldering iron be used? I vote no. I 

December 1986 61 



t 
1 to 1000 MHz 180 

SIGNAL GENERATOR 

-* "* & , , 

Amplifiers, Ftlten. Mlxers. Etc. 
60 Hz FM Is Less Than 20 KC Wlth 
Sweep OH 
Alter 30 Minutes Warm Up Slable * 100 KC For 5 Mlnutes 
Sweep Adjustable 1 To 1000 MHz 

ROENSCH MICROWAVE 
RR $1, Box 156 B. 816-895-5431 
BROOKFIELD. MO 64628 

* 

62 a December 1986 

-. .. - ~ -- 

IF YOU COLLECT OLD RADIOS, 
r /  179 YOU NEED 
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Also: Earl TV, Ham Equip., Books, 
Telegraph, 4b.s & 50's Radios & more... 

Free 20-word ad  each month 
Sample Copy - Free 

6-Month Trial Subscription (US) - $9.00 
A.R.C., PO Box 2-A1, Carlisle, MA 01741 

also vote that the transmitter be 
crystal-controlled, to keep all activity 
in the ham bands. Alternatively, a low- 
power "standard frequency" signal 
could be emitted by the managers of 
the contest so that contestants can 
"find the band." 

With a little thought, a viable and 
exciting contest can be created. I hope 
such a contest will prove that the spirit 
of "Make-do" still exists in Amateur 
Radio today. 

The original story of Henry Jenkins, 
W7DIZ. was told in the January, 1935 
issue of "Radio" magazine. Addition- 
al details of the incident were given to 
me in private correspondence from 
Henry Goetze, W C X K ,  who was a 
witness and participant in the incident 
at Tillamook Rock. 

ham radio 
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MlCROWAYf MODULES TRANSVERTERS 
MMT179611441~ 1796 IWRMH,. 14411 7w.GPSISRT $369 
MMT43?178 S 431 437MH; 7811 1Cw $779 
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Under New Ownership 

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

.5 year warranty prompt U.S. service and assistance 

RF AMPLIFIERS WAIT/ SWR METERS 

2 METERS-ALL MODE 
B23 2W in-30W out 
(useable in: 100 mW-5W) 

B108 10W in =SOW out 
(1W =15W, 2W =30W) RX preamp 
B1016 10W in= 160W out 
(1W =35W. 2W =%W) RX preamp 
B3016 30W in = 160W out 
(useable in: 15-45W) RX preamp 
(low = 100W) 

220 MHz ALL MODE 
C106 10W in-60W out 
(1 W=15W. 2W =30W) RX preamp 
C1012 10W inZl20W gut 
(2W =45W, 5W =%W) RX preamp 
C22 2W in =20W out 
(useable in: 2OGmW-5W) 

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

peak or average reading 
direct SWR reading 

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

430-450 MHz ALL MODE 
D24 2W In = 40W out 
(1 W =25W) 
Dl010 10W in = l00W out 

(1W=25W. 2W=50W) 

Available at local dealers throughout the world. 
d/ 177 

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



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

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



for a lot less than he'd pay at 
the dealer closest to home - 
the North Pole! Why not take 
a  ti^ from Santa, shop 



HF / VHF Terminal Node Controller 

KIT 
The TNC-220 is a new, low-cost Packet 

Terminal Node Controller evolved from 
the Pac-Comm TNC-200 (TAPR TNC-2). 
It uses more large scale integrated cir- 
cuits and fewer components to provide 
greater functionality, reliability and 
sensitivity with reduced size and cost. 
The singlechip modem usedfor both 300 

-baud HF and 1200 baud VHF operation 
has two radio ports. Switching between 
ports is done entirely in software and no 
cable changing, no switch setting and no 
retuning is required! The HF port has an 
active bandpass filter and provideseither 
FSK or AFSK keying. Anoptional tuning 
indicator slides inside the cabinet. A 
standard modem disconnect header will 
connect accessory high-speed or satellite 
modems. 

$1 59.95 
ASSEMBLED 

The TNC-220 has the famtl~ar TAPR - -r command set and AX.25 Level 2 Version 

l Two radio ports 
7910 single-chip modem 

l 300 and 1200 bauds 
l Enhanced command set 
l Multi-color status LED's 
l Supports RS-232 and 

TTL computers 
l Active HF bandpass filter 
l Tuning indicator option 
l 12 volt DC operation 
l Premium quality case 
6 " w x 2 " h x Y d  
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2 protocol running on a 2-80 processor 
with 32k bytes of EPROM and 16k bytes 
of battery-backed RAM. A Zilog 8530 
SCC performs all packet HDLC in 
hardware. The terminal port can select 
either RS-232 or TTL for your C-64/128, 
VlC.20 or other l T L  computer. Five 
large, color-coded LED's clearly indicate 
status at a glance. The power switch is 
now located on the front panel. The 
TNC-220 is enclosed in a rugged ex- 
truded aluminum cabinet with an attrac- 
tive two-tone blue front panel. All indi- 
cators and controls have large, clear 
labels. 

Tech Line (813) 874-2980 
Write For Free Packet Catalog 

0 - B  - rn - : 8 8  I - - - o ~ ~ ~  V I Y  

u - * I a i P m  
Pac-Comm Packet Radio Systems, 3652 West Cypress St., Tampa, FL 33607 

12124 Hour Time Piece. 
ha1 O~al Lrld lime Clock. 

M3111 L,S, Easy to read local tlme in cilia around 

. ,,,i,li, DaylightlNighlime shown on 24hr. dial. 
pime lpndronoly Accuracy assured to+ 15semnds per monlh 

Guaranteed lor one year. 

ORDERS ONLY C A L L  24HRS/7 D A Y S  

1-800-835-2246 
r... 0.  0 
t X l . L I O  

Florida restdenls add 5% sates lax. 
Within IheConttnenlal U S A pleaseadd'2 50 

shlpplng and handllng 

WORLDTECH PRODUCTS INC. 
'74.95 1233 Kapp Dr.. Clearwater. FL 33575 

Ren '89 95 (813) 442-5862 



"function generator" with the correct integrator compo- into the circuit, the oscilloscope 

circuits from V O U ~  nents. When a 400-Hz sine wave sig- showed the trace in fig. 5, which is the 

signal generatbr: part 1 
Many readers o w n  sine wave or 
square wave generators, or can make 
them using simple circuits. In this ar- 
ticle, I'll show how to make a function 
generator out of simple audio signal 
generators. First, we'll look at making 
square waves out of sine waves, and 
then follow up with generating trian- 
gle and sawtooth waveforms. 

nal was applied to the input, the 
oscilloscope showed the waveform in 
fig. 2. Note the thickening of the 
trace; the fuzziness indicates oscilla- 
tion at high frequency. Expanding the 
trace demonstrated that the oscillation 
was at a frequency somewhat higher 
than 20 kHz. (fig. 3). 

The CA-3140 operational amplifier 
has a higher gain-bandwidth product 
than the older 741, and requires the 

correct trace. Beware! Always follow 
good shop, lab, and design practices. 

square waves from 
sine waves 

Figure 6 illustrates a method of con- 
verting sine waves into square waves. 
The circuit is an operational amplifier 
connected as a comparator. Because 
the op-amp has no negative feedback 
path, the gain is very high; with typi- 

keeoina the circuits stable bypass capacitors shown in fig. 4. cal op-amps gains of from 20,000 to 

In preparing this article I had to 
breadboard several circuits (integra- 
tors) to check out the principles 
presented. Ordinarily, common 741 
operational amplifiers are used for my 
casual projects because those devices 
are both low-cost and well-behaved. 
Unfortunately, their "well-behaved" 
quality is due to their unconditional 
stability; in other words, the frequen- 
cy response is rolled off so much that 
there's little chance of oscillation. That 
fact makes it qasy for the builder to be- 
come slack in such matters as power 
supply bypassing. The 741 will usual- 
ly operate normally with the power 
supply leads unbypassed, but op-amps 
with higher frequency responses (such 
as the CA-3140 BiMOS device, with its 
8-MHz gain-bandwidth product) will 
become unstable and oscillate if the 
power supply is unbypassed. 

Figure 1 shows the first circuit that 
I connected. Because the integrator 
circuits being checked are based on 
the inverting follower, I first connect- 
ed an inverting follower with a gain of 
1 (R1 = R2 = 470 k) to test the op- 
amp from my iunk box and the bread- 

When I connected those capacitors 2$; 
,,Oh 

-12" 

fig. 1. An inverting follower tests the 
op-amp from junk box and the bread- 
board connections. 

2,000,000. Thus, a voltage difference 
across the input terminals of only a few 
millivolts will saturate the outputs. 
From this behavior, we can understand 
the operation of the circuit and the 
waveform in fig. 6. 

The input waveform is a sine wave. 
Because the noninverting input is 
grounded, the output of the op-amp 
is zero only when the input signal vol- 
tage is also zero. When the sine wave 
is positive, the output signal will be at 
- Vo; when the sine wave is negative, 
the output signal will be at + Vo. The 
output signal will be a square wave at 
the sine wave frequency, with a peak- 
to-peak amplitude of 2Vo. An output 
level control, variable gain post- 
amplifier stage or an attenuator net- 
work can be used to reduce the signal 
to a usable level. 

Before we turn our attention to cir- 
cuits for generating other waveforms, 
let's investigate the topic of operation- 
al amplifier integrators. 

integrators 
Electronic integrators must find the 

time average of the input waveform. 
. . 

board connections. The idea was to fig. 2. 400-HZ output with The simplest form of integrator is the 

then replace the appropriate resistors 20-kHz oscillation. resistor capacitor (RC) network shown 
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ASTRON 
CORPORATION 

INSIDE VIEW - RS12A 

'r 

MODEL RSSOA 

I RM-A Series 

MODEL RM-35A 

RS-A SERIES 

MODEL RS-7A 

RS-M SERIES 

MODEL R S 3 5 M  

VS-M SERIES 

MODEL VS-20M 

RS-S SERIES 

- 
MODEL AS-1 2S 

9 Autry Canadian Oistriburor: 
Eastcom Induslries. Ltd. 

Iwine, CA 92718 430 Signet Drive 
(714) 458-7277 Weston. Ont. Can 49L 216 

ASTRON POWER SUPPLIES 
HEAW DUTY HIGH QUALITY RUGGED REUABLE 

RS md VS SERIES 
SPFCIAL FEATURES PERFORMANCE S ~ C I ~ C A ~ O N S  

SOLID STATE ELECTRONICALLY REGULATED INWT VOLTAGE: 105 - 125 VAC 
FOLDBACK CURRENT LIMITING Pmkts Power Supply OUTPUT VOLTAGE: 13.8 VDC i 0.05 wits 
fmm excessiw current L mtinuous shorted outpll. (Internally Adjustable: 11-1 5 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all Mu% RIRLE: Less than 5mv peak to peak (full bad 
except RS-4A. & low line) 
MAINTAIN REGULATION L LOW RIFPLE at kw line 
input Voltage. 
HEAW OUrY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTY M A E  IN U.S.A. 

I 

MODEL RS-SUM I MODEL VS-SUM 
19,* x 5 %  RACK MDUW POWER suPPLln 

Continuous ICS ' Shr (IN) skipping 
M A 1  Duty (AMPS) (AMPSI HXWXD Wt. (lbs.) 

RM.35A 25  35 51/4 x 1 9 x 12'h 3 8  

3 7  
??',"r% Volt and Amp Meters 

5 0  5 l / s x 1 9 x 1 2 ' / 7  5 0  

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

RM-50M 3 7  5 0  5 ' / s x 1 9 x 1 2 ' / z  5 0  

Continuous ICS* Slza (IN) Shlpplng 
MODEL Duty (Amps) (Amps) H x W X D  W (Ibs) 
RS-4A 3 4 3% ~ 6 %  x 9  5 
RS- 7A 5 7 3 % x 6 % x 9  9 
RS-78 5 7 4 . 7 % .  10'1 10 
RS-IOA 7.5 10 4X7'/2 X10% 11 
RS-12A 9 12 4% ~ 8 x 9  13 
RS-20A 16 20 5 ~ 9 ~ 1 0 %  . 18 
RS-35A 25 35 5 x  11 x 11 27 
RS-5OA 37 50 6 x l 3 % x l l  46 

Swnchable volt and Amp meter 

Continuous ICS' Slze (IN) Shlpplng 
MODEL Duty (Amps) (Amps) H r W x D  W (Ibs) 
RS-12M 9 12 4 ' / 2 ~ 8 ~ 9  13 
RS-20M 16 20 5 ~ 9 ~ 1 0 %  18 
RS-35M 25 35 5 ~ 1 1 x 1 1  27 
RS-5OM 37 50 6 x 13% x 11 46 

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

Contlnuws Duty ICS' 
(Amps) ~Amps) Slza (IN) Shlpplng 

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

Built In speaker 

Conlnous ICS* SIze (IN) Shlpplng 
MODEL Duty (Amps) Amps H x W x D  WI (lbs) 
RS.7S 5 7 4 x 7% x 10% 10 
RS.lOS 7.5 10 4 x 7% x 10% 12 
US-lOL(For LTRI 7.5 10 4 . 9 . 1 3  13 
AS-12s 9 12 4 X x 8 x 9  13 
RS-20s 16 20 5 ~ 9 ~ 1 0 %  18 



fig. 3. Expanded trace shows oscillation 
signal. 

in fig. 7. In this circuit, the output vol- 
tage change is related to the capaci- 
tor's rate of charge. The rate of 
increase in Vo depends upon the input 
voltage and the values of R and C. If 
you recognize the circuit as a low-pass 
filter, you are correct. The integrator 
also functions as an LPF with a roll-off 
of - 6  dB/octave above the -3 dB 
knee frequency (1 16.28 RC). 

An active integrator is shown in fig. 
8. The active element is an operation- 
al amplifier, and it has a capacitor in 
the feedback network. This circuit is 
basically the inverting follower with the 
feedback resistor (R2) replaced by a 
capacitor. Thetransferequation of this 
circuit isgiven by theexpression shown 
in  fig. 8. In  this expression, the 
resistance is in ohms, and the capac- 
itance is in farads. The term "a" is a 
constant that represents the initial 
charge on the capacitor, which could 
be zero. The constant factor - 1 indi- 
cates that the circuit is inverting, so a 
positive-going input voltage produces 
a negative-going output voltage, and 
vice versa. 

The gain of this circuit is - 1/RC. 
Keep in mind that with small values of 
R and C, this gain can be very, very 
high, with resulting problems for the 
designer. Consider this example: what 
is the gain of an inverting integrator in 
which R = 10 k and C = 100 pF? 

GAIN= - I/RC 
GAIN= - 1/((10,000 ohms) x 

(100 x 10 l 2  farads)) 
GAIN = - 1/0.000001 
GAIN = - 1,000,000 

At a gain of 1,000,000 we find that 

- 

fig. 4. CA-3140 op-amp requires bypass 
capacitors, as shown. 

b 

fig. 5. "Cleaned up" waveform from correct- 
ed circuit. 

with a small error or dc offset in the 
input signal, the output will be tremen- 
dous. For example, suppose we have 
a l-volt peak-to-peak sine wave that 
has a 10-mV dc offset (not very much). 
This dc offset will be integrated with 
a gain of 1,000,000 so that 10 mV be- 
comes (10mV) x (1,000,000) = 10,000 
volts. Of course, the output of the op- 
amp is limited to about 10 or 12 volts, 
so the output will saturate quickly. The 
normal offset of a 741 will saturate the 
output of such an integrator so fast 
you'll think it's shorted! In general, the 
rule of thumb is to make the time cons- 
tant of the RC network long (i.e., 5x1 
relative to the period of the input 
signal. 

Figure 9 shows some common elec- 
tronic signals at the input and output 
of an electronic integrator. In each 
case, the upper trace is the input and 
the lower trace is the output. For the 

case of the sine wave shown in fig. 9, 
the output is phase-shifted 90 degrees 
to become a cosine wave. Thus, the 
output is in quadrature with respect to 
the input signal. Although only a few 
Amateur uses for quadrature signals 
exist, there are some, so an example 
is included. 

The integrator action on square 
waves is shown in fig. 10. Because the 
amplitude of a square wave is cons- 
tant, the integrator output will rise at 
a constant rate until the square wave 
drops low again. At that time, the 
slope of the output waveform changes 
and starts decreasing. Thus, the in- 
tegrator makes a triangle waveform 
out of a square wave. Incidentally, this 
technique is used in commercial func- 
tion generators to  form triangle 
waveforms. 

, IEV 
0 

0 

SINE WAVE ----O 
INPUT SOWRE I 4 V E  

ourPo r 

- 12" 

? 

'- +V0 

''6 

fig. 6. Method of converting sine waves 
into square waves: (A1 circuit, IB) wave 
forms generated. 
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next month 
In part 2 we'll examine a practical in- 

tegrator circuit and some practical 
sawtooth generator circuits. 

more on flood damage 
After my column on flood damage 

appeared in ham radio (October, 1985, 
page 95). 1 used some of the same 
material, presented differently, in a ra- 
dio/TV repair trade magazine. One 
reader, a former Naval officer who had 
supervised electronics technicians on 
shipboard, endorsed my advice and 
added some of his own. 

He described an unusual manner of 
repairing salt water-soaked equipment. 
A sailor would take the damaged 
equipment into the' shower and slosh 
it down thoroughly with warm water 
(distilled or softened water is preferred, 
though not always available). He'd 

P 
-. -- - I---- 4 

q* "0 

o - ~ -  -- LIP, 
fig. 7. Simplest form of integrator uses 
two components - a capacitor and a 
resistor. 

C 

tu ,"rn,l"", "..d #"us C :en, 
Y n , 9 8 1  *,"$ r ,\,",nu,, 

fig. 8. An active integrator uses gain 
stage plus capacitor and resistor. 

L-\ \ then take the desalinated equipment to = . . 

the galley and dry it out in the ovens 
with low heat and good air circulation. 

The retired officer also suggested 

of household ammonia, 4 to 6 ounces 
of a cleaner such as Mr. Clean'" or 
Ly~o l , ' ~ '  4 to 6 ounces of acetone (the 
ingredient in some fingernail polish 

fig, 9, Common input,output signals inte- 
removers), and enough distilled (or grated-sine wave becomes cosine wave 
softened) water to make One gallon of (90-degree phaseshift). 
solution. Dunk the equipment into this 
mess. (For larger equipment, propor- 
tionally larger amounts can be used.) 
He also recommended using an old 
Water Pik" tooth-cleaning device to 
hose off equipment too large to dunk; 
the equipment is then dried in an oven 
set to 140 to 150 degrees F (note: 
some plastics used in Amateur equip- 
ment will melt at temperatures over 
130 degrees, so beware) for 4 to  5 
hours. All lubricants in switches, po- fig. 10. Square waves become triangular 

tentiometers, and air-variable capaci- waves. 

tors must be replaced after this 
treatment. can be easily removed from chassis by 

The black asphalt-like goop that using either freeze spray or a blast 
- .  

oozes out of transformers from a CO2 fire extinguisher. (Use one 
that needs refilling; don't waste your 

.Mixinn ammonia with anu rleanina ornduct (such as fire protection On 'leaning jobs') The . . . . . . .. . - . . . . . . - . . . - . . . . . -.., - -- = - - - - ~  ~ ~ 

I chlorine bleach1 that contains sodium hypochlorite brittle, frozen gOOp Can be flaked off 
I produces chlorine gas. Always check the label of any ~lsino a dental tool or soiderino tool. 

household cleaner before combining with ammonia. 
and be sure ventilation is adequate. 

., 
ham radio 
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a high-gain 70-cm Yagi 
The Yagi is surely the king of 
antennas below 450 MHz. There have 
been tremendous strides in Yagi 
design in the past decade; they 
include, but are not limited to, 
increased gain per unit of boom 
length, very long boomlength designs 
(5 to 20 wavelengths), improved side- 
lobe patterns, wide bandwidth, and 
improved front-to-back ratios. 

Last May's VHF/UHF World sum- 
marized many of the facts and fallacies 
about Yagi design. It also described 
some of the history associated with 
Yagi design and presented data on 
approximate gain and boom correction 
factors. That column1 should be 
reviewed before reading this month's. 

That column also mentioned using 
computers to optimize Yagi designs. 
Understandably, many Amateurs have 
neither the specific expertise nor the 
computer capabilities needed to design 
their own Yagis. These Amateurs pre- 
fer either to purchase commercial 
antennas or build a tried and proven 
design. The latter is the subject of this 
month's column. 

metamorphosis of a 70-cm 
long Yagi 

In the mid-1970s I became interested 
in designing a long Yagi to replace my 
extended expanded c~l l inear.~ The 
NBS 4.2-wavelength Yagi was used on 
tropo and EME, but more gain per 
antenna was still de~i red.~ Proven 
designs with high gain were lacking 
and I didn't have the time to "roll my 
own" design. 

In 1977, Giinter Hoch, DLGWU, 
published an article on long boom 
Yagis, but I didn't give it much thought 
at the time.4 However, in 1981, deter- 

mined to beat the NBS designs, I 
decided to see if Hoch's claims were 
valid. The day before leaving for Sioux 
Falls, South Dakota, to attend the 
Central States VHF Conference, I built 
and partially tested a hurriedly- 
designed 28-element, 21-foot boom, 
432-MHz model. 

The reaction of other participants in 
the antenna measuring contest was as 
expected: "What's WIJR trying to 
prove now?" "Will it work?" "What a 
monster!" But it pinned the test meter 
in the antenna measuring contest. 
Tension mounted as this design beat 
all other entrants by almost 2 dB! The 
topic of conversation quickly changed 
from "Will it work?" to "How can I get 
a copy of the dimensions?" 

In this particular design, docu- 
mented in reference 5, elements were 
placed through the boom using ohmic 
contact with NBS boom  correction^.^ 
The boom was made from a 21-foot 
length of 314-inch square aluminum 
left over from a previous project. 
Several Amateurs quickly duplicated 
the design with great success. Other 
Amateurs used four of these Yagis 
successfully on 70-cm EME. Perfor- 
mance seemed to equal that of eight 
of the then-popular shorter boom- 
length designs, but with far less feed 
system loss and complexity. 

When DLGWU updated his de~ ign ,~  
I decided to use the new information 
to build an improved model, particu- 
larly in terms of improving the mechan- 
ical design. I wanted insulated 
through-the-boom elements because 
they're easier to work with and don't 
require set screws to get good ohmic 
contact to the boom. 

With the help of the new electrical 
design information, I built a 21- and a 

24-foot boom model using a I-inch 
square boom. The boom corrections 
for insulated through-the-boom mount- 
ings had been determined earlier on a 
similar antenna design. The larger 
boom was much stronger than the pre- 
vious design and easier to build 
because it didn't require all the drilling 
and tapping.' 

These new designs had higher gain 
and an even cleaner pattern than the 
previous models. Closer observation 
showed that in addition to slightly 
higher gain on the 24-foot model 
(which was as expected), this model 
also had a better front-to-back ratio. 
Had the sought-after long Yagi 
antenna design at last been found? 

further development 
Just about this time computer-aided 

Yagi design programs became availa- 
ble.9 Stan Jaffin, WBSBGU, and Steve 
Powlishen, K1 FO, wasted no time in 
trying to see if this Yagi had all the gain 
seen on the antenna ranges. It did, but 
they noticed that the sidelobes, while 
as good as other moderate-to-long 
Yagi designs, weren't as good as re- 
quired for EME. The antenna also ap- 
peared to be tuned higher in frequency 
than desired. Additional range testing 
seemed to show that the sidelobes, 
while not down as far as desired (16 
to 18 dB below the main beam), were 
also not as poor as the antenna 
program indicated. 

Then the MlNlNEC program was 
obtained and tried by several antenna 
designers. Voila! Using this program 
and modeling with eight segments for 
each element, the computer generat- 
ed patterns that were amazingly close 
to those measured in actual tests. 

The pattern of the original 24-foot 
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fig. 1. The computed radiation pattern of the original 24-foot boom, 432-MHz Yagi. Note 
that the E (horizontal) plane is on the right-hand side of the plot and that its first side- 
lobe is approximately 15 dB below the main beam. The H (vertical) plane is on the left- 
hand side of the plot and its first sidelobe is approximately 14 dB below the main beam. 
Gain is approximately 19.15 dBi. 

Yagi shown in fig. 1, using data from 
MININEC, seems to very accurately 
predict the pattern and yain measured 
on an antenna range. Gain was calcu- 
lated to be approximately 19.15 dBi 
with the first sidelobes at 15 and 14 dB 
in the E and H planes, respectively. 
Gain on the test range was just above 
19 dBi or very close to the predicted 
value. 

Although I still wasn't happy with 
the pattern, I didn't have a suitable 
program or computer with which 
I could try to improve the perfor- 
mance. Because he was designing a 
new EME array for NC1l,1° Steve 
Powlishen, K1 FO, was quite interest- 
ed in the problem. He tried one of his 
automatic optimization routines on my 
31-element design, and after many 
hours of computer time, found that the 
first and the last few directors were too 
short. When these directors were 
lengthened slightly, the gain increased 
about 0.25 dB, but the pattern im- 

Just prior to the 12th annual Eastern 
VHFJUHF Conference in May 1986, 1 
built the new model. At the antenna 
measuring party at this conference, 
the gain was indeed near the predict- 
ed value, 19.4 dBi. However, what 
was even more comforting was that 
the first sidelobes in the E plane were 
nearly 18 dB down, right where the 
computer had predicted they would 
be. At last, the "almost perfect" long 
Yagi was working near the theoretical- 
ly highest possible gain.' 

I obtained my own version of 
MININEC and now have it running 
on a large computer. The plots com- 
puted for the optimized 24-foot boom 
Yagi seem to match the measured pat- 
tern closely. Because I can't measure 
H-plane radiation patterns convenient- 
ly, it's quite valuable to have the com- 
puter do the pattern work for me. 
Figure 2 shows the computer- 
predicted patterns for the optimized 
Yagi. 

proved considerably with the sidelobes 
in the E and H plane at approximately other considerations 
18 and 17 dB, respectively. Recent tests by many Yagi builders 

have debunked the theory that long 
Yagi antenna designs are very critical.' 
In fact, if there is a sufficient number 
of directors and the original design is 
duplicated correctly, the opposite may 
be true. The 1-dB bandwidth may be 
very large, exceeding 1.5 to 2 percent. 

Furthermore, weather conditions 
such as rain, ice, and snow tend to de- 
tune the frequency downwards be- 
cause the elements become larger in 
diameter. During extreme icing condi- 
tions in past years, I've actually seen 
the gain of some of the popular Yagi 
antennas drop almost to zero dB while 
the antenna actually had more gain off 
the rear than off the front! 

Therefore, it's best to design a Yagi 
to a slightly higher frequency than the 
desired operating frequency; 0.7 to 1 
percent (3 to 4 MHz at 432 MHz) 
seems to be a good compromise. Also 
remember that most Yagi antennas 
show a gain characteristic similar to 
that of a lowpass filter. That is, they 
tend to roll off more slowly in gain as 
frequency decreases but roll off very 
rapidly above the design frequency. If 
the elements are a little shorter than 
optimum, the gain will be decreased by 
only a few tenths of a dB at most and 
the pattern may actually improve at the 
operating frequency. 

high-gain Yagi construction 
Figure 3 shows the mechanical de- 

tails of my latest high-gain 432 MHz 
Yagi described above. It was original- 
ly patterned after the DL6WU model 
using his recommended element spac- 
i n g ~ . ~  However, the element lengths 
shown have been computer-optimized 
by K1 FO. The computer pattern is as 
shown in fig. 2. Four of these Yagis 
will do very well on EME and eight will 
be approximately equivalent to 16 of 
the typical 12- to 15-foot models 
presently in use. 

The boom uses I-inch square stock 
with 0.062-inch wall thickness since 
this is easier to drill and has the equiva- 
lent strength of much larger diameter 
round tubing. Round tubing 1 inch in 
diameter can be substituted if neces- 
sary, but it will be more difficult to drill 
properly in a home workshop and its 

76 December 1986 



strength will be less than that of a 
square boom of comparable diameter. 

The boom was chosen to be 24 feet 
long (10.5 wavelengths) because at 
this length the DL6WU Yagis have 
good gain and a naturally high front- 
to-back ratio, as discussed in reference 
1. Also, 24 feet is a standard length of 
square tubing in the United States and 
Canada. (21 feet, 1 inch is also a stan- 
dard length in the United States and 
can be used by joining with an addi- 
tional 3-foot section if desired.) 

The elements are all made from 
3116-inch diameter aluminum rod and 
are insulated from the boom as dis- 
cussed earlier. Elements should have 
about a 0.032-inch bevel (easily ac- 
complished with a file) at the end of 
the elements instead of a straight cut. 
Also, all elements should be held in 
place with "keepers." If the electrical 
performance is to be retained, it's im- 
portant to use this mounting method 
because this design has a built-in 
boom correction factor unique to this 
particular model. Some Amateurs 

2 

have used teflon inserts that don't re- 
quire the keepers." Although these are 
satisfactory, they may require a differ- 
ent boom correction factor that I 
haven't yet determined. 

K9KFR and K31PWe can each sup- 
ply the proper insulators and gal- 
vanized keepers. Galvanized keepers 

,. 
0 

90 90 

I00 

fig. 2. The radiation pattern of the computer-enhanced 24-foot boom, 432-MHz Yagi. 
Note that the E plane is on the right-hand side of the plot and that its first sidelobe 
is approximately 18 dB below the main beam. The H plane is on the left-hand side of 
the plot and its first sidelobe is approximately 17 dB below the main beam. Also note 
that the magnitude of the sidelobes on both the E and H planes are 3 dB lower than 
those of the original Yagi shown in fig. 1. Gain is slightly higher at approximately 19.4 dBi. 

are adequate, but tend to rust out af- 
ter extended exposure to moisture. 
Despite the increased cost, I prefer 
stainless steel keepers for long-term 
performance. The model 6100-18 re- 
taining ring from Industrial Retaining 
Ring Company is the type I use, but 
other suppliers may have suitable 
equivalents." 

The feed system uses a "T" match 
because it's well balanced, easy to ad- 
just, and very efficient. A 4:l balun us- 
ing semi-rigid 0.141-type coax,12 
patterned after one of my previous 

'Bob Johnson. KSKFR. RR4, Road WIN. Columbia 
City, Indiana 46725: Tom Rutland, KBIPW. 1703 War- 
ren Street, New Cumberland. Pennsylvania 17070. 
"Industrial Reta~ning R~ng Company. 57 Cordier 
Streel. Irvington. New Jersey 071 11. 

guaranteed 
sadngs plan. 

Fluke70 Series AnalogAtigital multl- 
meters are like money in the bank. Buy 
one, and you're guaranteed to save both time 
and money. 

Money, because you get longer battery life 
and longer warranty coverage - 3 years vs. 
1 year or less on others. 

And time, because 70 Series meters are 
easier lo operate and have more automatic 
measurement features. 

So before buying any meter, look beyond the 
sticker price. And takea closer look at the new 
low-priced $79 Fluke 73, the $99 Fluke 75, and 
the deluxe $139 Fluke 72 In the long run, they'll 
cost less, and give higher performance, too. 

And that, you can bank on. 
For a free brochure, and your nearest distrib 

utor, call toll-freel-800-227-3800, ext. 229. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 
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designs, is also used. It's very impor- 
tant that a wide (0.25-inch) strap be 
placed between the center pin on the 
coax connector and the one side of the 
balun if the balance of the feed system 
is to be retained. 

All dimensions shown in f i g .  3 
should be copied as closely as possi- 
ble if performance is to be duplicated. 
Changing the boom diameter, mount- 
ing methods, or element diameter will 
require the entire design to be modi- 
fied accordingly and performance can 
no longer be guaranteed. 

This long Yagi will have about 3 
inches of sag if constructed from the 
materials shown. While lack of boom 
support will only slightly decrease gain, 

l i i i i l l I l 1 l l l l l 1 l I  

the mechanical strength will suffer 
with wind or ice loading. Therefore, I 
recommend that you support the 
boom by using either PhyllistranTM or 
equivalent cable or truss the boom 
with two pieces of aluminum tubing at 
least 6 to 8 feet long. 

l l l l l l I l l l  

stacking recommendations 

\VOIR 1  

3 6  7  8 9  10 11 12 13 ( 4  15 16 17 I 8  19 2 0  21 2 2  2 3  2 4  25 26 2 7  28 2 9  

DE 

R E F  

DRIVEN E L E M E N T  A S S E M B L I  ( S E E  N O T E  3 1  

1 /2"~1Z.7rnm1 WIDE S T R A P  

NO 14 AWG W I R E  

DIRECTOR / R E F L  EC TOR MOUNTING 

1 / 4 " ( 6 . 3 5 m m 1  WIDE 

S T R A P  (SEE T E X T )  

' -TYPE U G Z I  C O A X  C O N N E C T O R  

( 6 4  P L A C E S )  
INSULATOR ( 6 4  PLACES1 

fig. 3. The construction of the high-performance, 31-element, 432-MHz, 24-foot boom long Yagi described in the text and plotted 
in fig. 2. Any deviations from the construction details, dimensions, or the materials specified may decrease performance unless prop- 
er compensations are made. 

This particular design should stack 
very well. Beamwidth is approximately 
20 to 22 degrees in both the E and H 
planes. The sidelobes are low (17 to 18 
dB below the main beam). Therefore 
the maximum stacking distance (as 
calculated per reference 13) should be 
approximately 2.7 wavelengths (74 
inches) in the E plane and 2.6 

wavelengths (71 inches) in the H 
plane, but isn't that critical. 

For optimum stacking results the 
phasing lines should be made from 
low-loss coaxial cablev2, be as short as 
possible, and be cut in odd multiples 
of quarter wavelengtht4. Recom- 
mended feeding configurations are 
described in reference 14. The esti- 
mated gain of four of these Yagis 
properly stacked is 24 to 24.5 dBi, or 
approximately equivalent to a 16-foot 
diameter parabolic dish. 

summary 
Long boomlength Yagi antennas are 

now a reality without compromising 
gain or sidelobe levels. Although bet- 
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(pan of fig. 31 

Element Length in  Spacing in inches 
inches (Note 11 (Notes 1 b 2) 

Reflector 13.858 0.000 
Driven Element 13.500 5.000 
Director 1 12.795 6.913 
Director 2 12.362 11.830 
Director 3 12.126 17.732 
Director 4 12.008 24.617 
Director 5 11.890 32.294 
Director 6 11.654 40.573 
Director 7 11.535 49.234 
Director 8 11.496 58.277 
Director 9 11.378 67.731 
Director 10 1 1.260 77.567 
Director 11 11.221 87.812 
Director 12 11.221 98.249 
Director 13 11.181 108.877 
Director 14 ' 11.102 119.697 
Director 15 11.063 130.707 
Director 16 11.023 141.718 
Director 17 11.023 152.729 
Director 18 10.984 163.739 
Director 19 10.906 174.750 
Director 20 10.748 185.761 
Director 21 10.630 196.771 
Director 22 10.630 207.782 
Director 23 10.630 218.793 
Director 24 10.551 229.803 
Director 25 10.551 240.814 
Director 26 10.551 251.825 
Director 27 10.472 262.835 
Director 28 10.472 273.846 
Director 29 10.472 284.857 

Note 1: All lengths are given in  inches to 0.001 inch. For best performance, tolerances 
should be kept to 20.01 inches maximum, with 20.02 inches preferred. 

Note 2: All spacings are referenced from the reflector to  prevent tolerance buildup. 
It is suggested that you first mark off  the reflector position about 1.0 inches from the 
rear of the boom. Then measure all the spacings from this reference point as shown 
in  the table. 

ter designs may be forthcoming, they 
won't significantly increase the gain or 
decrease the sidelobe levels of this 
design if the boomlength is kept the 
same. 

Properly designed and constructed 
Yagi antennas offer very high gain 
without the windload of a parabolic 
dish offering comparable gain. In fact, 
backyard 70-cm EME operation with 
four of these Yagis is now possible 
without arousing your neighbor's sus- 
picion! 

The antenna described in this 
month's column is a real performer. 
Easily duplicated by any interested 
Amateur, its cost is moderate, espe- 

cially if local Amateurs join together to 
buy the materials in quantity. Just 
think of the satisfaction you'll have in 
building your own high-gain antenna 
system! 
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new records 
At the end of last month's column I al- 
luded to a new 23-cm (1296 MHz) DX 
record. Since then I have been able to 
verify that a new record was indeed es- 
tablished on August 13, 1986, when 
WBGNMT, in San Diego, had a two- 
way SSB QSO with KHGHME, who 
was operating from the side of Mau- 
na Loa on the island of Hawaii. This 
extends the 23-cm DX record world- 
wide to 2528 miles. Congratulations to 
Louis and Paul. 
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rewinding transformers 
with CAD 

Let your computer 

design your next 

power transformer 

Ever have a project that made you feel frustrated, 
yet pleased? Aggravated, but delighted? Unless you've 
had plenty of experience, all of these emotions will 
arise the first time you try to rewind a transformer. 

Rewinding a transformer by hand is practical if the 
transformer's output voltages are below 300 to 400 
volts. Winding for voltages below 50 is safe and more 
suitable than winding for voltages above 500, which 
creates a series of circumstances not addressed by this 
article. High-voltage transformers should be wound 
only by those with previous experience. 

Although rewinding transformers presents an in- 
teresting challenge, books and magazines rarely offer 
sufficient information on the subject. The computer 
program included here (fig. I), however, should help. 

selecting core material 
Before any winding project can begin, core materi- 

al must be selected. This can be a problem, since new 
core material is usually not available in quantities of 
less than 85 pounds." One pound or less is usually 
sufficient for most homebrewed transformer projects. 

Core material is rated according to type, thickness, 
tongue width, and the number of flux lines it will sup- 
port. Soft iron (usually silicon steel1 is most commonly 
used for power transformers because of its lower mag- 
netic retentivity. ("Lower retentivity" means that the 
material retains very little magnetizing orientation af- 
ter the magnetizing force - i.e., the primary input 
power - is removed.) 

The number of magnetic flux lines per unit area 
represents the magnetizing force. Flux ratings are typi- 

"Ram Sales, 14823 Aetna, Van Nuys. California 91411. sells 29-M6 silicon 

cally given in kilogauss (BM) per square centimeter. 
(If given in inches, the rating would be in kilolines per 
square inch.) The flux density of silicon steel typically 
ranges from 12,000 to 20,000 lines per square centi- 
meter. A flux density rating for a used core from a 
power transformer could safely be placed at about 
15,000 kilogauss for calculations. 

Core material should be thin to keep eddy currents 
to a minimum. Eddy currents are currents induced into 
the metal core material, causing a residual leakage cur- 
rent to flow in the primary winding. A changing mag- 
netic field around the core material, which is a 
conductor, will induce a voltage into the core, caus- 
ing a current to flow if there is a closed circuit path. 
Making the material thinner and insulating its surface 
increases the resistance to eddy current flow. The use 
of E and I cut material takes advantage of the higher 
resistance path in addition to making it easier to in- 
stall the laminations into the finished coil. Transform- 
er efficiency is increased by reducing the power lost 
to eddy-current core heating. Power lost in the core 
is power drawn from the source but not delivered to 
the load. 

Core material is usually measured along the tongue, 
or center leg or element of an "E." Tongue widths vary 
from about 118 to  4 inches. 

The application and amount of transformer power 
dictate the core size to use. Data specific to a 
manufacturer's core material must be obtained from 
the appropriate data sheet. Table 1 shows a compar- 
ison of typical core data as a function of tongue width. 
The data listed represents M6 silicon steel lamination 
0.014-inch thick in an interleaved square stack. The 
volt-ampere (VA) rating indicates the amount of power 
the core can handle in a square stack. (In a square 
stack, core height is equal to tongue width.) Core area 
(ACJ in the table is the numerical square of the tongue 
width. The remaining values of core loss (CL), cop- 
per regulation (CR), and copper loss (RC) were de- 
veloped in parallel with the VA and tongue width 
values to support the computer program calculations. 

steel lamination material In one-pound increments. Tongue widths available: 
318. 112.518.314.718. I, and 1-314 inches. Prices range from $1.50 to $3.60 By Hugh Wells, WGWTU, 1411 18th Street, 
per pound. Manhattan Beach, California 90266 
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fig. 1. Power transformer design program. 
(For enlarged copy of program, send SASE to 
ham radio, Greenville, NH 03048.) 

I0 REM POWER TRANSFORMER DESIGN DATA 
20 REM DEVELOPED BY HUGH YELLS DEC 1985 
30 BM-14.4:REM FLUX DENSITY IN XILOGAUSS 
4 0  REM 
SO COT0 120 
60 R E M  uIRe TABLE 
70 IF CM<-8 THEN YS-1I:TI-250:SF-0.85:RETURN 
8 0  IF CM<-10 THEN YS-LO:T1-239:SF-O.8b:RETUsW 
9 0  IF CM<-12 THEN YS-39:TI-215;SF-D.B6:RETURN 
100 IF CM(.16 THEN YS-38:TI-193:SF-0.81:RETUsW 
110 IF CM(120 THEN WS-37:Tl-llD:SF-0.81:RETURN 
120 IF CM<-25 THEN WS-36:TI-155:SF-0.81:RETURN 
130 IF CM<-31 THEN YS-35:TI-140:SF-O.BB:RETUII 
160 IF CM<-40 THEN US-34:TIl124:SF-0.88:)ETUsl 
150 IF CI<-SO THEN WS-33:T1.110:SF-0.88:RETURN 
160 IF CM<-61 THEN YS-32:T1-98:SF-0.88:~ETURN 
I10 IF CM<-80 THEN VS-31:TI-88:SF-O.B8:RETURN 
180 IF CM<-100 THEN YS-30;Tl-80:SF-0.89:IETURN 
190 IF CH<-128 THEN WS-29:TI-7l:SF-0.89:RETURN 
200 IF CM<-160 THEN YS-28:T1-64:SF-0.89:RETURN 
210 IF CM<-202 THEN Y S - 2 1 : T I - 5 1 : S F - 0 . 8 9 : R E T U R N  
220 IF CM(1253 THEN YS-2b:TI-52:SF-0.89:RETURN 
230 IF CM<-320 THEN WS-2S:TI-47:SF-0.9:RETURN 
240 IF CM<-LO4 THEN YS-24:Tl-12:SF-O,9:RETURN 
250 IF CM<-SII THEN WS-23:TI-31:SF-0.9:RETURN 
260 IF CM<-640 THEN YS-22:TI-33:SF-0.9:RETURN 
270 IF CM(-812 THEN YS-2I:TI-3O.SF-0.9:RETURN 
280 IF CM<-I020 THEN Y S - 2 O : T I - 2 ~ : S F - O . 9 : R E T U R N  
290 IF CMC-1290 THEN WS-19:T1-23:SF-0.9:RETURN 
300 IF CM<-1620 THEN VS-I8:TI-2L:SF-0.9:RETURN 
310 IF CM<-2050 THEN YS-17:TI-19:SF-0.9:RETURN 
320 IF CM<-2580 THEN WS-l6:TI-I7:SF-0.9:RETURY 
310 IF CM<-3260 THEN US-15:TI-IS:SF-O.9:RETURN 
340 IF CM<-4110 THEN YS-14:T1-13:SF-0.9:RETUIN 
310 IF CM<-5111 THEN US-1I:TI-12:SF-0.9:RETURN 
360 IF CM<-6530 THEN YS-12:TI-IO:SF-0.9:RETURN 
370 IF CM<-8234 THEN US-II:TII~:SF-0.9:RETUln 
380 IF CM<-10380 THEN WS-ID:TI-B:SF-O.9:RETURH 
390 IF CM<-13100 THEN US-9:TI-l:SF-0.9:RETURN 
400 IF CM>L3100 THEN WS-0:RETURN 
410 REM CORE RATINGS 
420 IF A<-0.02 THEN AC-O.OLb:VA-O.O2:AW-0.03:CL-O.OI:CR-9B:RC-220:RETURN 
430 IF A<-0.04 THEN AC-O.O~~:VA-O.O~:AY-O.O~:CL-~.~~:CRR~~:RC-I~~:RETURN 
L4O IF A<-0.07 THEN AC-0.063:VI-O.2:AV-0.I?:CL-O.OS:CR-96:RC-6O:RETUPI 
450 IF A(-0.15 THEN A C . ~ . ~ ~ ~ : V A - ~ . ~ : A Y - O . I ~ : C L - O . ~ : C R - ~ ~ : R C I ~ O : R E T U R N  
460 IF A,-0.27 THEN AC-O.25:VA-3:AY-O.19:CL-0.3:CR-l5:RC-44:RETURN 
LlO IF A(m0.33 THEN A C - O . ~ ~ : V A - L . S : A W - ~ . ~ ~ : C L - O . ~ : C R R ~ ~ : R C . ~ ~ : R E T U R N  
480 IF A(-0.4 THEN A C - ~ . ~ ~ : V A - ~ : A Y - O . ~ ~ : C L - O . ~ : C R R ~ ~ : R C - ~ ~ : R E T U R N  
190 IF A<-0.5 THEN A C - O . L ~ : V A I I O : A Y - ~ . ~ ~ : C L L O . ~ : C R R ~ ~ : R C C ~ ~ : R E T U R N  
100 IF A<-0.6 THEN AC-0.56:VA-14:AV-0.42:CL-l:CR-3O:RC-26:RETURN 
510 IF 1<-0.8 THEN A C - O . ~ ~ : V A - ~ ~ : A W - O . ~ ~ : C L - I . ~ : C R - ~ O : R C - ~ ~ : R E T U R N  
520 IF A(-1.1 THEN AC-I:VA-4O:AY-0.75:CL-2.3:Cs.L5:RC-19.8:RETURN 
530 IF A<-1.3 THEN A C - I . ~ ~ : V A - ~ O : A W - ~ . ~ ~ : C L - ~ . ~ : C R I I ~ . ~ : R C - ~ ~ . ~ : R E T U R N  
540 IF A<-1.6 THEN AC-1.5b:vA~l00:AW-l.17:CL-4.l:CR~lO:RC-L(.2:RETURN 
550 IF A<-? THEN IC-~.~~:VAII~O:IY-I.~~:CL-~.~:CR-~.~:RC-~~:RETURN 
560 IP A(-2.3 THEN AC-~.~~:VA-~OO:AY.I.~~:CL-~.I:CR-~:RC-ID:RETURN 
510 IF Ic.3.1 THEN I C - ~ . O ~ : V A - ~ ~ ~ : A Y - ~ . ~ : C L - I ~ . ~ : C R R ~ : R C C ~ . ~ : R E T U R N  
580 IF A<-4.6 THEN A C - ~ . ~ : V A - ~ ~ ~ : A W - ~ . ~ ~ : C L - ~ ~ . I : C R - ~ . S : R C - ~ . ~ : R E T U L H  
590 IF A<-5.1 THEN A C - ~ . ~ ~ : V A ~ ~ O ~ ~ : A Y - ~ . ~ : C L - ~ ~ . ~ : C R R ~ : R C - ~ . ~ : R E T U R N  
6 0 0  IF A(-6.3 THEN A C - ~ . ~ ~ : Y A - I ~ ~ ~ : A Y - ~ . ~ ~ : C L - ~ ~ . ~ : C R R ~ . ~ : R C - ~ . I : R E T U I N  
610 IF A>7 THEN PRlNT "CORE IS TOO LARGE FOR THIS PR0CRAM":END 
620 REM CALCULATE WINDOWILAYER DATA 
630 HA-SQR(AYI3.S):REM CILC WINDOW HEICHT 
640 WB-3.S'HA:REM CALC WINDOU WIDTH 
650 HA-INT(HA~1000t0.5)/1000 
660 UB-INT(WB~1000+0.5)11000 
670 TL-WB*TI.SF:REM CALC I TURNS PER LAYER 
LBO TL-INT(TL-0.5) 
690 LA-NN1TL:REM CALC I LAYERS 
700 LA-INT(LA*lO)IIO 
110 RETURN 
720 PRINT CHRIl125):REM CLEAR SCREENIHOME 
130 PRINT :PRINT :PRINT POWER TRANSFORMER DESIGN DATA" 
740 PRlNT :PRINT ENTER THE VALUES AS REQUESTED---" 
750 PRINT :PRINT "CORE TONGUE DIMENSIONS IN INCHES ---" 
760 PRINT TONGUE WIDTH '::INPUT U 
770 PRINT " HEIGHT "::INPUT H 
180 PRlNT :PRINT "ENTER PRIMARY VOLTAGE ";:INPUT EP 
790 PRINT :PRINT "ASSUMING A SINGLE SECONDARY WINDING." 
800 PRlNT "ENTER THE DESIRED OUTPUT V0LTAGE"::INPUT ES 
805 IF ES>300 THEN PRlNT :PRINT CAUTION: HIGH VOLTAGE IS DANGER0US":PIINT 
"FOR HOME TRANSFORMER WINDING. 
810 PRINT :PRINT "ENTER SERVICE RATING I --" 
B2O PRINT " 1 - INTERMITTANT DUTY (15C RISE!." 
830 PRINT '' 2 - COMMERCIAL DUTY (50C RISEL. 
Bk0 PRINT " 3 - MILITART DUTY (25C RISE). 
850 PRlNT :PRINT "ENTER I ";:INPUT SE 
860 IF SE-1 TPEN PR-300 
810 IF SE-2 THEN PR-500 
880 IF SE-3 THEY PI-1000 
890 IF SE<l OR SE>3 THEN 810 
900 A-H*Y:GOSUB 110 
910 REM PERFORM CALCULATIONS 
920 NP-(3.49*1000*EP)/(60°AC~0.9*BM):REM CALC PRIMARY TURNS 
930 LB~VAI3O:LB-INT(LB~100)/100:REM CALCULATES APPROX CORE WEIGHT 
940 CPI(~.RC*(NPA~)*(IP~~)):RE~ CALCULATES COPPER LOSS 
950 EF~(VA~IOO)/(VA+CL+CP):EFFINT(EF~IOO)~~OO:REM CALC EFFICIENCY 
960 IP-(VA)l((EF/lOO)~EP):REI CAL PRIMARY CURRENT 
910 CH-PR*IP:COSUB 60:REM CAL WIRE SIZE 
980 NS-NP*(ES/EP)'((CR/100)+l):REM CAL SEC TURNS 
990 NP-INT(NP~1O)IIO:NS-INT~NS~1O)lLO 
1000 IP-INT(IP~1000)/1OOO 
1010 TV-NP1EP:TV-INT(TY~IO)/lO:REM CAL TURNS PER VOLT 
I020 IS-VA/ES;IS-INTl1S.1000)11000:REM CIL SEC CURRENT 
1030 NN-NP 
lOL0 GOSUB 620 
1050 PRlNT CHRI(I2!):REM CLEAR SCREENIHOME 
lob0 PRINT :PRINT POWER TRANSFORMER DESIGN DATA. 
1070 PRlNT :PRINT 'RATING IS ". 
1080 I F  SE.I THEN P R I N T  ~.INTERI;ITTANT DUTY (ISC RISE)** 
LO90 IF SE-2 THEN PRINT "COMMERCIAL DUTY (5OC RISE) 
1100 IF SE-3 THEN PRINT "MILITARY DUTY 125: RISE) 
1110 PRINT :PRINT "PRIMARY VOLTAGL - ";LP: VOLTS." 
1120 PRINT "PRIMARY CURRENT - ":IP:" AMPS." 
il3U PRINT " #  PRIMARY TURNS - ";NP 
1140 PRINT "PHI TURNS PER VOLT- ";TY;" : I" 
11>0 PRINT '"PRIMAXI U l Y L  SIZE - lX;US 
(16" PRINT LA;" LAYPRS Of ";TL;" TUYNSILAYER." 
IllU PRlNT :pH-LA/Tl:REM CALCULATtS HtliHT OF PRIMIRY 
ll8U PRlNT "SECONUARY VOLTAGE - ";Eh:" VOLT?." 
llYU PRINT "MAX St.( CllRRfNT - ";IS:" AMPS." 
1200 PRINT " I  SECONDARY TURNS - ";NS 
121U NN-NS 
I220 Cn-PR.(VAIES):REU CALC SECONDARY WIRE SlZE 
1230 GOSUB 60:REM CALC SECONDARY WIRE SIZE 
1240 GOSUB 620:REM CALCULATL TURNSILAYER 
1250 PRINT "SECONDARY MIRE SlZE - #":US 
1260 PRlNT LA; LAYERS OF ";TL:" TURNSILAYER." 
1170 SH-LA1TI:REW CAI.CIJLATES HEIGHT OF SECONDARY 

1280 TII-PH+SH:REM CALCULATES TOTAL HEICHT OF YlNDlNG 
1290 IF TH>-(IIA*O.B) THEN PRINT :PRINT "WARNING: YINDOW HEIGHT EXCEEDED-." 
1300 RLM TH-TOTAL HEIGHT - 201 OF SPACE ALLOYED FOR INSULATION 
1310 PKINT :PRINT "ENTLR 1 TO CONTINUE RAT1NGS"::INPUT L 
1320 PRINT LHRSl12S):REM CLEAR SCREENlHOME 
1330 PRINT :PRINT '"LLNERAL TRANSFORMER RATINGS" 
1340 PRlNT :PRINT "APPROX POWER RATING - ":VA:" VA." 
135D PRINT "LFFICIBNCY - ":EF;"Z" 
1360 PRlNT "COPPLR REGULATION - ";CR:"l" 
1310 PRINT "APPROX CORE LOSS - ";CL;" WATTS." 
1380 PKINT "APPROX CORE YLICHT - ":LB;" LBS." 
1390 PRINT "ASSUMED FLUX DENSITY- ";BM:" KILOGAUSS" 
1400 PRlNT "SOURCE FREQUENCY - 6 0  HERTZ." 
1410 PRINT "ASSUMED CORE WINDOY RATIO - 3.5:l" 
1420 PRlNT "WINDOW AREA - ";AY:",,SQ INCHES." 
1430 PRINT "WINDOW WIDTH - ";YB; INCHES. 
1440 PRINT "WINDOY,,HEIGHT - *;HA:" INCHES." 
1450 PRlNT :PRINT DO ANOTHER? I-Y 2-N ";:INPUT Z 
I460 IF 2 0 2  THEN RUN 
1470 END 

The window area (i.e., space allowed for the coil) 
of a core, another important measurement, usually fol- 
lows the tongue width in size. Although window width 
and height may vary from one manufacturer to anoth- 
er, window area appears to remain fairly uniform for 
a given core size. 

The program assumes the typical width-to-height 
ratio of 3.5:l. For instance, if the winding width is 
0.875 inch and the window area is 0.219 square inches, 
the window height will be 0.25 inch. The number of 
turns-per-layer and the number of layers is determined 
from the window width and area. For example, the 
number of turns-per-layer is found by multiplying win- 
dow width by the number of turns-per-inch and by the 
winding space factor. Then the number of layers is 
found by dividing the total number of turns-per- 
winding by the number of turns-per-layer. Ultimate- 
ly, the number of turns of wire that can be wound onto 
the core will be determined by wasted space, wire 
bulging, and insulation thickness. This may sound like 
a lot, but one must keep in mind that only so much 
window area is available to accommodate the wire. 

salvaging a used core 
Though it's possible to start from scratch and build 

your own transformer, it's more fun to tear down an 
old transformer and rewind the old core. Recovering 
an old core, however, can be tricky. Perhaps the 
slowest, most time-consuming chore is cleaning out 
the old potting compound. Most transformers have 
been vacuum-impregnated with material that affords 
protection from moisture and keeps laminations from 
"singing" by gluing them together. If it's one of the 
tougher materials such as Hysol or one of the new ure- 
thanes, it's not easily removed by anything short of 
a jackhammer. Such transformers are best set aside 
- perhaps for use as door stops. 

Transformers potted in wax are the easiest to sal- 
vage. Wax and some varnishes can be removed by 
soaking the transformer in paint or varnish remover, 
andlor a suitable solvent. It's necessary to soften the 
potting compound sufficiently to allow the laminations 
to be removed; vacuum impregnation is very efficient 
and lengthy soaking may be required before the lami- 
nations will be ready to slide apart, even with the ad- 
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Table 1. Core table for silicon steel. 

Tongue Sq stack Volt-ampere Sq inch Copper Copper Loss 
Width Core area Rating Window area Core Loss Regulation Factor 

Ilnches) IAC) IVA) (Awl ICLI ICRI (RCI 

0.126 0.016 0.02 0.03 0.01 98 220 

0.187 0.035 0.08 0.05 0.02 97 129 
0.25 0.063 0.2 0.12 0.05 96 60 

0.375 0.141 0.9 0.17 0.2 95 50 

0.5 0.25 3.0 0.19 0.3 75 44 
0.566 0.32 4.5 0.24 0.4 62 39 
0.625 0.39 7.0 0.29 0.6 52 35 
0.686 0.47 10.0 0.35 0.8 44 32 
0.75 0.56 14.0 0.42 1 .O 30 26 
0.875 o.n 25.0 0.57 1.6 20 22 
1 .O 1 .O 40.0 0.75 2.3 15 19.8 

1.125 1.27 60.0 0.95 3.4 11.5 15.7 

1.25 1.56 100.0 1.17 4.7 10 14.2 

1.375 1.89 150.0 1.42 6.8 6.5 11 

1.5 2.25 200.0 1.69 8.1 6.0 10 

1.75 3.06 350.0 2.3 15.9 5.0 9.5 
2.125 4.5 700.0 3.87 23.1 3.5 6.4 
2.25 5.06 1000.0 4.4 27.6 3.0 5.7 

2.5 6.25 1500.0 4.69 37.2 2.6 5.1 

ded encouragement of a hammer. Work outdoors - 
and have patience. It takes time and plenty of elbow 
grease to remove the debris. 

If none of the windings are to be retained, you can 
partially remove some of the wire by cutting through 
the coil with a hacksaw before soaking. If you do this, 
be sure to protect the core from mechanical damage. 
Be careful, too, with the paper tube or winding bob- 
bin; it will be used again in rewinding the core. 

When salvaging the core, it's usually best to remove 
all of the wire. However, there are circumstances in 
which you might want to retain one or more of the 
windings. In these cases, the salvage operation is more 
difficult because the transformer can't be soaked in 
paint remover or solvent. If some of the windings are 
to be saved, the tedious chore of removing the lami- 
nations without damaging the wire becomes 
necessary. 

In this procedure, a wood splinter is usually driven 
between the paper core form and the core to prevent 
coil vibration. Remove the splinter to free up space 
to work in, then separate and remove the outer lami- 
nations from the others with a thin knife to provide 
additional room. If the outer laminations are damaged 
during removal, correct or remove small dents in the 
metal by tapping lightly with a hammer against a flat 
surface. (Because silicon steel is almost as soft as most 
modern automobile fenders, it's sometimes referred 
to as "fender iron," and the process affectionately ti- 
tled "body and fender work.") The loss of one or two 

laminations won't affect the operation of the rewound 
transformer significantly; any significant loss, howev- 
er, will reduce the power rating (VA) of the core. You 
can compensate for this by determining the remain- 
ing stack height for entry into the computer's calcu- 
lation. 

The wire sizes used on the old transformer provide 
an important clue as to the amount of power the origi- 
nal transformer was able to deliver. The power can 
be estimated by multiplying the secondary winding 
current by the winding's voltage. For transformers 
with multiple secondary windings, add up the individu- 
al winding power to get the total transformer power. 
To determine the nominal current value a wire can 
handle, assume 500 CM per ampere. For example, a 
No. 23 wire will handle 1 ampere of current. Wire has 
a resistance value which contributes to heat loss as 
current flows through it. For a given current value, a 
larger wire size would dissipate less heat because of 
its lower resistance. 

wire  sizes 
Table 2 provides comparative data for various wire 

sizes. Of concern is the amount of current a particu- 
lar wire will carry and how much space is required 
when the wire is used for windings on a transformer. 
Heat rise is affected by wire size and is controlled by 
the circular mil area (CM) of the wire. For example, 
a wire of 1000 CM carrying 1 ampere of current will 
run cool with about a 25-degree C temperature rise 
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above ambient. At 1 ampere, 500 CM will run warmer 
with a 50-degree C rise, and 300 CM will run hot at 
a 75-degree C rise. Enamel insulation (purple to black 
color) on copper wire must be operated below 50 
degrees C rise to keep the insulation from disintegrat- 
ing. Formvar (orange color) and the newer high- 
temperature insulation materials are capable of han- 
dling the higher temperature rises without failure. 

The number of turns-per-inch (TI) and space factor 
(SF) are provided in table 2. The TI number is based 
upon the diameter of double-coated formvar insula- 
tion. Wire coated with enamel will also be of about 
the same diameter. The SF is a judgment of wasted 
space at the end of each layer and is dependent upon 
winding uniformity. Working together, TI and SF 
values improve the chances of predicting whether or 
not all of the desired number of turns of the selected 
wire will fit into the core window. It's better to know 
the fit up front than after the core has been wound. 

i 

core stacking 

Table 2. Wire table. 

Circular Wire Space 
mil area size Turnslinch factor 

(CM) (WS) (TI) (SF) 
8 41 250 0.85 

10 40 239 0.86 
12 39 215 0.86 
16 38 193 0.87 
20 37 170 0.87 
25 36 155 0.87 
31 35 140 0.88 
40 34 124 0.88 
50 33 110 0.88 
64 32 98 0.88 
80 31 88 0.88 

100 30 80 0.89 
128 29 71 0.89 
160 28 64 0.89 
202 27 57 0.89 
253 26 52 0.89 
320 25 47 0.90 
404 24 42 0.90 
51 1 23 37 0.90 
640 22 33 0.90 
812 21 30 0.90 

1020 20 26 0.90 
1290 19 23 0.90 
1620 18 21 0.90 
2050 17 19 0.90 
2580 16 17 0.90 
3260 15 15 0.90 
4110 14 13 0.90 
5178 13 12 0.90 
6530 12 10 0.90 
8234 11 9 0.90 

10380 10 8 0.90 
13100 9 7 0.90 

There are two ways of stacking E and 1 material to 

make up a transformer core. The first way is an rnter- 
leaved stack, which means that E laminations are al- ' 

ternated in direction as they're stacked to create a 
double closed loop (i.e., with no air gap at the core 
ends). Individual / laminations are pressed into the 
gaps between the E's to fill in the core. The second 
way is called a butt stack where all of the E's are 
stacked in parallel to maintain the E shape. The ends 
of the E's are butted up against a stack of / lamina- 
tions equally as high to form a nearly closed core. 

Each stacking method is best suited for a particular 
application. An interleaved stack is most suitable when 
the transformer windings support only alternating cur- 
rent power. With only alternating current power ap- 
plied, a transformer's efficiency is improved with a 
closed core which keeps the flux lines contained within 
the core. However, the tendency for core saturation 
increases with the closed core, particularly with the 
addition of direct current in one of the windings. When 
used with a rectifier, the non-uniform waveform of the 
pulsating dc produced will affect the transformer's per- 
formance, but the effect is usually ignored. 

If it's necessary to have direct current flowing in one 
of the windings, a butt stack is preferred over an in- 
terleaved stack. Direct currents cause a biasing of the 
magnetic flux in the core, and if too high, the core 
could saturate. That means the number of flux lines 
has been raised to the maximum density the core can 
handle. ( A  simple analogy: it's like trying to put more 
people on a bus than the bus can hold. After the bus 
is filled, adding another person to the bus causes 
someone to be squeezed out elsewhere. The bus is 
"saturated.") When saturated, the core will fail to re- 
spond to the AC changes applied to the primary wind- 
ing. Therefore, the advantage of the butt stack is that 
a small air gap can be created between the ends of 
the Eand 1 stacks to provide a flux leakage path. Flux 
leakage reduces the tendency for core saturation by 
allowing some of the flux lines to escape. A thin piece 
of paper or tape can be used to establish and hold a 
desired gap dimension. 

winding a core 
Winding wire onto a core may be accomplished by 

either hand or machine. Most home experimenters use 
the hand-winding technique. Whether hand- or ma- 
chine-wound, the wire insulation must be treated with 
care to prevent damage; scratches in the insulation 
can cause the turns of wire to short. Because of poten- 
tial insulation damage, wire salvaged from used trans- 
formers is seldom used for new transformers. 

When starting a winding operation, wind the wire 
on a bobbin or paper tube. The bobbin or paper tube 
serves as a smooth winding surface for the wire and 
provides insulation from the core. The form also pro- 
vides support for the coil before the core laminations 
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Electrical Mechanical 
.................... Band Width ............ .1260-1300 MHz Beam Length .12' 4" 
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USING THE 
SPECTRUM MONITOR 

A versatile time-saving tool 
for mobile radio servicing. I 

This book covers the use and application of the 
most important diagnostic tool in the 2-way 
radioworld and it's priced at only $4.95 post- 
pad US. 

1525 Atteberry  L a n e  
S a n  Jose, CA 95131 " '" 
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Salely lock system on HAZER operates whole 
ralrnng-lowenng a normal pos~l ton Never can la11 . Weaghl translerred dtrectly l a  lover Wmch Cable 
used only lor ralscng 6 lowertng Easy lo  lnslalland 
use 

w a l l  suppon m m t  antenna arrays fl lS5 
Hogh qualnty malerasls 6 workmenshlp . Salely - speed - convenoence . smootn 
travel. nnerpensove 

.Complete k8t lncludes winch. 103 It 01 
cable. hardwareand~nslrucllons For Rohn 
25 G Tower 

Ha l~o2  k e a r y d ~ l v a l ~ m  1 2 ~ ~ 1 1  IILIOI~!~BIODW~ / ' I  
 HI,^, 3 ttanda!d rl,m 8 % ~  11 lbatl 11300 pod 
Ha,?, 4 hpav. odlu IIPPI 16 5O It load 718 W DDd 1' '1 

Asanall~rnnl~ve purcharesMarllnM-13orM-I8 I I alum8num lower enqlnmed spectloc8lly lo* Ihe 16 Y I 

SATEUITE " '56 

DECODER MANUAL 
R e v ~ c ~ l s  tjow L I I I  11s n r t  I ( -y l ' t ~ ( ~ r e d  

Three different types used 
detailed/schemcrtics 
digital crudio processers 
error correction & filtering 

100 pages bound.. . $24.95. 

Payrn~nl  Iby Mclnry 0rdr.r pvr.lvrrrrl 

Pilgrim Video Roducts 
P 0 Box 3325 H 

Plymouth Ctr., MA 02361 
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POWER TRANSFORMER DESIGN DATA 

ENTER THE VALUES AS REQUESTED--- 

CORE TONGUE DIMENSIONS IN INCHES --- 
TONGUE WIDTH 

0.875 
HEIGHT 

0.875 

ENTER PRIMARY VOLTAGE 
120 

ASSUMING A SINGLE SECONDARY WINDING. 
ENTER THE DESIRED OUTPUT VOLTAGE 

12 
ENTER SERVICE RATING 1 -- 

1 - INTERMITTANT DUTY (75C RISE). 
2 - COMMERCIAL DUTY (50C RISE). 
3 - MILITARY DUTY (25C RISE). 

ENTER I 
2 

POWER TRANSFORMER DESIGN DATA 

RATING IS 
COMMERCIAL DUTY (50C RISE) 

PRIMARY VOLTAGE - 120 VOLTS. 
PRIMARY CURRENT - 0.221 AMPS. 
I PRIMARY TURNS - 699.4 
PRI TURNS PER VOLT- 5.8 : 1 
PRIMARY WIRE SIZE - 129 
7.9 LAYERS OF 88 TURNS/LAYER. 

SECONDARY VOLTAGE = 12 VOLTS. 
MAX SEC CURRENT = 2.083 AMPS. 
I SECONDARY TURNS - 83.9 
SECONDARY WIRE SIZE = 119 
2.9 LAYERS OF 28 TURNS/LAYER. 

ENTER 1 TO CONTINUE RATINGS 

GENERAL TRANSFORMER RATINGS 

APPROX POWER RATING - 25 VA. 
EFFICIENCY - 93.98% 
COPPER REGULATION - 20% 
APPROX CORE LOSS m 1.6 WATTS. 
APPROX CORE WEIGHT - 0.83 LBS. 
ASSUMED FLUX DENSITY- 14.4 KILOGAUSS 
SOURCE FREQUENCY - 60 HERTZ. 
ASSUMED CORE WINDOW RATIO - 3.5:1 
WINDOW AREA - 0.57 SQ INCHES. 
WINDOW WIDTH = 1.412 INCHES. 
WINDOW HEIGHT = 0.404 INCHES. 

DO ANOTHER? 1=Y 2-N 

fig. 3. Sample screen printout of design. 

sulation cracking could occur, exposing the copper 
and increasing the possibility of shorts. 

The coil is finished off with a layer of paper or tape 
to provide a protective cover for the wire. Then the 
laminations are stacked, using either the interleaved 
or butt stack method. When using the interleaved 
method, alternate the direction of the E's as they're 
inserted into the tube or bobbin, then slip the 1's into 
the open slots. If using the butt stack, slide all of the 
E's into the form from one side. Stack the I lamina- 
tions to an equal height of the E's and hold the 1's to- 
gether either with a small amount of wax or varnish. 
A narrow strip of masking tape may be wrapped 
around the / stack. The tape must be positioned so 
that it won't interfere with ends of the E stack. Tape 
may be wrapped around the cores edge (not over the 
coil) to hold the assembly together. Apply power and 

check out the completed transformer. Unloaded, the 
output voltage will be slightly higher than the calcu- 
lated value. It will, however, decrease under load. 

the program 
The program (fig. 1) will calculate the number of 

turns and wire size for a given core. Both are based 
upon the maximum power the core can handle (as- 
suming a 90-percent power factor). To keep the wind- 
ing project simple but usable, and within the grasp of 
a novice winder, the program was written to accom- 
modate a single secondan/ winding. For multiple wind- 
ings, the program is used to find the amount of power 
(VA) available that must be distributed among all wind- 
ings. Likewise, the wire size must decrease so that the 
copper mass will fit within the available core window 
area. 

Formulas used in the program are based on a float- 
ing point decimal. Some program adjustment may be 
required for machines operating with INTEGER 
BASIC. 

The program was written in straightforward BASIC 
so that it would be transportable to the greatest num- 
ber of BASIC dialects. All program variables (in fig. 
2) have been listed to provide a troubleshooting aid 
in case of a syntax error. Variables have been limited 
to two characters to maintain program simplicity and 
to accommodate machines limited to two alpha vari- 
ables. Should that still be a problem, the second 
character of each variable may be changed to a num- 
ber. An abundance of REM statements have been 
used to aid in following each program step. 

Program flow is organized with the GOSUB tables 
at the beginning of the program. In BASIC, the com- 
puter always starts at the top of the program (lowest 
line number) and searches down for a particular 
GOSUB line. Execution time is reduced when the 
GOSUB line is found at the beginning of the search. 
Upon completion of the GOSUB operation, a stack 
pointer returns the program to the line number follow- 
ing the GOSUB instruction without having to search 
further. A sample run is shown in fig. 3. 

Whether you're an educator or an experimenter, this 
computer program should become a valuable tool. It 
will provide comparative winding data for various core 
sizes and winding voltages. Give it a try! 

bibliography 
Davis. J. H . ,  "Fast Optimization of Transformer Design," EDN, November, 
1962. 
Jordan, Edward C . ,  Editor, Reference Data for Engineers: Radio, Electron- 
ics, Computers, and Communications, 7th Edition, Howard W .  Sams, Indi- 
anapolis. Indiana, 1985. 
Richardson, Donald V . ,  Rotating Electric Machinery and Transformer Tech- 
nology, Chapters 14-15, Aeston Publishing Co., Inc., Reston, Virginia, 1978. 

ham radio 

December 1986 a 89 



are inserted. Machine-winding on a plastic bobbin, 
rather than a paper tube, can allow up to a 30-percent 
increase in the amount of copper that can fit on the 
core. Hand-winding onto a bobbin is also desirable. 
However, in the absence of a bobbin, one must use 
a paper tube. Tubes made commercially are construct- 
ed of pressed paper and impregnated with wax or var- 
nish. The coil form (tube or bobbin) may be reused 
if salvaged along with the core, but burrs and sharp 
points should be removed from the form with a 
smooth file or sharp knife to prevent wire from snag- 
ging during the winding operation. 

If you didn't salvage the paper tube, you can make 
one from shoe box cardboard. Tubes for small trans- 
formers can be made from a manila folder or post card 
stock. To shape the tube, it's first necessary to stack 
the core to form an E to the desired height, which is 
usually square (i.e., height is equal to tongue width). 
Masking tape wrapped around the outer legs will hold 
the laminations in place while the tube is being formed. 
Cut a piece of the cardboard long enough to make one 
turn around the center leg and as wide as the tongue 
is long. Care must be taken to prevent creases in the 
cardboard except at the corners of the core. Creases 
tend to decrease the strength of the tube, causing it 
to  collapse during the wire winding operation. The 
seam in the tube may be at one of the corners. Knead 
the cardboard against the iron core to remove any ten- 
dency to bulge; you can use the round shaft of a 
screwdriver as a kneading tool. After the tube is 
formed and trimmed to fit tightly around the core leg, 
lay a single strip of masking tape along the seam to 
cover the gap. With the tube still on the core, wrap 
one turn of tape around each end of the tube to in- 
crease the end strength slightly and to keep the gap 
closed. Remove the tube from the core and mark the 
tube sides that were against the flat sides of the lami- 
nation. Because the core stack is not perfectly square, 
marking of the tube is necessary for core re-stacking 
orientation. After forming, the tube may be soaked 
with varnish to improve its mechanical stability and 
moisture resistance. 

During winding, it will be necessary to start and stop 
wire winding on the flat sides of the lamination. It's 
usually desirable to place the primary winding (the 
winding with the smallest wire size) next to the core. 
Because of the shorter distance around the core, less 
wire is used. Less wire means lower resistance, lower 
copper loss, and better regulation. Starting and end- 
ing coil ends should be on the same side of the core 
for convenience. Place the wire near one end of the 
tube with the wire end extending outward about 6 
inches. Use a small tab of masking tape like a flag to 
hold the starting end in place as close to the tube edge 
as possible. Wind the wire onto the tube one turn at 
a time over the flag, positioning the wire tightly against 

A Core selector 
AC Core cross sectional area 
AW Window area 
BM Flux density 
CL Core loss 
CM Circular mil area of wire 
CP Copper loss 
CR Copper regulation 
EF Transformer efficiency 
EP Primary voltage 
ES Secondary voltage 
H Stack height 
HA Window height 
IP Primary current 
IS Secondary current 
LA Layers of wire 
LB Core weight 
NN Temporary variable 
NP Number of primary turns 
NS Number of secondary turns 
PH Height of primary winding 
PR Temperature rise rating 
RC Equiv. series resistance of copper around core 
SE Temperature rise selector 
SF Layer space factor 
SH Height of secondary winding 
TH Total winding height 
TI Number of turns per inch of wire 
TL Number of turns per layer 
TV Turns per volt-primary winding 
VA Volt-amp rating 
W Tongue width (inches) 
WE Window width 
WS Wire size 
Z Temporary variable 

fig. 2. List of program variables. 

the adjacent turns of wire. To avoid wasting space, 
be careful not to overlap one wire over another. 

One of the biggest problems with hand-winding is 
holding the first and last turn of each layer in place 
on a paper tube; the end turns tend to fall off because 
of weak end support. A dab of glue from a glue stick, 
or of paraffin or rubber cement, on the end two or 
three turns will help hold them in place. 

Each successive layer of wire will tend to fall be- 
tween the wires of the layer below unless a paper sepa- 
rator between windings is used as a winding surface. 
Even though it has a slick surface, a strip of wax pa- 
per usually works well as a separator. It can be 
wrapped over the winding layer and tacked in place 
with a hot soldering iron. Heat from the soldering iron 
will melt the wax, sticking the paper ends together. 
The next layer of wire over the separator will hold it 
permanently in place. Each layer wound onto a paper 
tube will be progressively shorter (i.e., have fewer 
turns) than the layer below it, causing the coil to be 
tapered like the base of a pyramid. Using a bobbin 
solves the tapering problem. 

Keep the wire tight during winding to reduce wast- 
ed space and wire bulging. As each turn of wire is ad- 
ded, it's pressed against the form to remove the bulge. 
In addition, the wire mustn't be stretched because in- 
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BAND KIT WIRED - - -  
6M,2M,220 $630 $880 

440 $730 $980 

(Also available for cornrner- 
clal bands) 

FEATURES: _____j 

SENSITIVITYSECONDTO NONE; 0.15uV(VHF),0.2 uV(UHF)TYP. 
SELECTIVITYTHAT CAN'T BE BEAT! BOTH 8 POLE XTAL FILTER 
&CERAMIC FILTER FOR > 100dBAT + 1PKHZ. HELICALRESON- 
ATOR FRONT ENDSTO FIGHT DESENSE & INTERMOD. 
OTHER GREAT RECEIVER FEATURES: FLUTTER-PROOF 
SQUELCH, AFC TO COMPENSATE FOR OFF-FREQ TRANSMIT- 
TERS. SEPARATE LOCAL SPEAKER AMPLIFIER &CONTROL. 

. . 
resonator front end for exceptional selectivity, 
> lOOdBat i 12kHz,bestavailabletoday.Flut- 
ter-proof squelch. AFC tracks drifting xmtrs. 
Xtal ovenavaii. Kit oniy $138. 
R451 FM RCVR Same but for uhf. Tuned 
line front end, 0.3 uVsens. Kit only $138. 
R76 FM RCVR for IOM, 6M, 2M, or 220. As above, 
but w/o AFCor hel. rws. Kits oniy $118. Also avail w14 pole filter, only Sg8lkit. 
R110 VHF AM RECEIVER kit for VHF aircraft 
or ham bands or Space Shuttle. Only$98. 

TAB1 VHF FM EXCITER for 10M, 6M, 
2M. or 220 MHz. 2 Watts continuous, 
up to 3W intermittent. Kit only $68 
11481 UHF FM EXCITER 2W cont., up to 3 
intermittent. Kits only $68. Xtal oven avail. 
VHF & UHF LINEAR AMPLIFIERS. For either FM or or SSB. Power levels 
from 10 to 45 Watts to go with exciters & xmtg converters. Several 
models. Kits from $ 78. 

Models tocoverevery practical rf 8 If rangetolisten toSSB, 
Hamtronlcs Breaks FM,AlV,etc. NF-2dBorless. slmllar to LNG, ex- 

Anhmr Rrr)m 
the Pdce Barrler! pt designed for LOW 

Inpr(!@!!! Outpll COST and SMALL 
SIZE: only 518W x 

144-146 2&30 
145-147 28-30 

144-144.4 27-27.4 
14e-146 28-30 
m-222 28-30 

MODEL TUNES RANGE PRlCE 

GaAsFET Pre- 
amp with fea- 
tures llke LNG. 

transceivers u 

27-27.4 14-1444 

(Specify band) lE% 
MODEL TUNING RANGE PRICE 

'AddS20lor2M Input 

VHF & UHF LINEAR AMPLIFIERS. Use with above. 
Power levels from 10 to 45 Watts. Several models, 

*Specify Center frequency desired CWlD KITS SIMPLEX AUTOPATCH 
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using spreadsheet 
programs 
for Amateur Radio 
projects 
Mos t  o f  us w h o  o w n  home com- 
puters have learned to program them in 
BASIC and found ways to use them in 
the ham shack. Although BASlCiseasy 
enough to learn and to use, thereareal- 
ternatives that make some chores much 
easier. For example, I've been using Lo- 
tus 1-2-3TM, a highly respected and 
widely used electronic spreadsheet, for 
a number of tasks such as keeping and 
duplicating contest logs, printing QSL 
cards, and the like. Any of the other 
popular spreadsheets, such as 
MultiplanTM, would probably work just 
as well. 

Spreadsheet programs are personal 
productivity tools that allow us to ana- 
lyze data and create reports. The 
spreadsheets themselves are large grids 
of entries that can include text, formu- 
las, and numerics. Since worksheetsare 
able to store formats, formulas, and 
data, changes can be made to files in 
order to update or revise data. 

I use Lotus 1-2-3 to generate DXCC 
and WAS recordsand schedules (fig. 1, 
personalized QSL cards (fig. 2), mailing 
labels, and graphs (fig. 3). TheQSLap- 
plication includes a "macro," a list of 
commands that can be executed as 
needed in order to make the job of en- 
tering information and printing the 
results largely automatic. 

No matterwhat spreadsheet program 
you use, you should have no difficulty 
duplicating the worksheets. The 
5BDXCC record (fig. 1) is made by en- 
tering the names of all countriesworked 
in the first column and placing the vari- 
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fig. 1. Sample worksheet. 

ous band headingsat the top of columns 
B through F. Using the @COUNT 
function* produces an automatic up- 
date of the band totals at the bottom of 
each column. Subtotalsfor each coun- 
try, shown on the right, also use the 
same @COUNT function. As new 
countries are worked, all that's required 
is the insertion of new lines where need- 
ed to accommodate the new listings. 
When the WORKSHEET-INSERT- 
ROW command is used, the formulas 
are revised automatically to count the 
new totals. The 5BWAS worksheet is 
basically the =me, except that I entered 
column dividers between each band to 
improve the appearance of the graph. 
As with the DXCC record, the pro- 

'Commands shown are spec~f~c  to Lotus 1 2 3 Ed 

gram's @COUNTor @SUM functions 
have been used to determine the totals. 

QSL card generator 
The QSL card generator is a macro- 

driven file that allowsquick, easy prepa- 
ration of a large or small number of 
QSLs. Figure 2 shows a typical card, 
printed on inexpensive continuous-feed 
postcards available at most computer 
supply stores. 

The QSL worksheet is designed in 
columns A through F, using rows 1 
through 18. The print range covers rows 
1 through 21, which allows the print 
head to return to the starting point on 
the next QSL card. All entriesare made 
by meansof thedata-entry and printing 
macro. When started, the macro moves 
the cursor around the card as the return 
key is struck. This feature is a big time- 
saver, particularly because the macro 
sends the card to the printer when the 
last entry is made. The line printer must 
be turned on when the QSL generator 
is running because the finished card is 
sent to the printer after the last of the 
data is entered. 

The construction of the QSL tem- 
plate is fairly simple. Starting with a 
blank default worksheet, save a file un- 
der the name "QSL." Referring to fig. 
2, use rows 1 through 7 to design the call 
sign. (Although I used numbersand let- 
ters to design my card, any character or 
keyboard symbol may be used. Next, 
design the station report in rows 9 
through 11. Insert the message, ad- 
dress, or other information in rows 13 
through 18. 

When thedesign is complete, use the 
TAB key to move to a blank cell of the 
worksheet and enter the macro. The 
macro listing shows all of the com- 
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RIIIIRIIeRd OD D I I BOBOUR8 
R AR DD D I I  WR B 
R OD D 1 1  8 8  B 
0 Oa DDDDDD 1 1 1  2 1 8  BBBBWDB 

,,,,>,,,: we,, I 8 Nb,, , , .PI, , ,<, <, , , \ , :  8 > #  8 t M 6 < l  I >  . I , ,  , 
, , P I , :  I . , , , , ,  I,,, I ,>, ,# I  Id, Y :  1 ,, , 8 8 1  

I I :  ., ,, lllllli : ,'.I, 

I.,,,: I I N W I ' I I I I  .I I 3  I. , > I  1 1 1  1., ,>il  

,!,,,,,IN,,: ,#, I  , > I  I , ) ,  , b I , , , 
I,,,,",, b, I,,!, , 

.8 I < >  I,V,2,N, ,IVC 

I 1 , # , I  I N " .  . ',, , I l  l.llii", I l l ,  i ' 8  > 

fig. 2. Sample QSL card. 
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..... IC-OZAT 2.meters 399 0 0  33gq1 
. IC-03AT lor 220 MHz 449 0 0  39g9' 

IC-OIAT lor 440 MHz 449 0 0  389" 
FL-32 500 H7 CW l l l l r r  ............. (>h 50 EX-248 t M  unl l  .............. ... .. 55 50 ...... EX.243 Eleclron~c keyer unit 56 00 LC-I0 Leath1.r case ................ 3 9  50  IC-u2A 2-meters 79900269' '  ....... ..... IC-u2AT with TIP 323 00  28g9' 

EX-242 I lvl u n ~ l  ............ ........ 4 4  110 

BP-5 425mah/10 8V N ~ c a d  Pak . use BC75 58 50 
CA-5 5/8-wave te l~scop~n f i  2 m  antenna ..... 1 8 0 0  
FA-2 Extra 2 m  l l e x ~ t ~ l r  antenna .............. 1 1 5 0  

............. HM-14 TIP m~rrophone ............ 55 50  FL-32 500 H7 CW l ~ t l e r  6 6 5 0  
UT-28 D ~ g ~ t a l  cod? squelch ......... 37.50 FL-63 250  H7 CVi l ~ l l e r  (1st IF) ..... 5 4 5 0  

CR-64 High s t a b ~ l ~ t y  o$c~llator xfal 63 (10 
............. SP-3 E x l ~ r n a l  speaker 61 011 

..... AHB-32 Trunl lhp mount ........... 34 0 0  CK-70 (EX-299) I?V DC opllon 1 2 2 5  
............... SP-3 External speakcr ..... 6 1  00  Larsen PO-K l lool mount ........... 2 0  0 0  MB.12 Mohllr molrnl 7 4 5 0  ......... 

SP-7 Small external speaker 49.00 R.7000 25 MHz.2 gH! scarinlng rcvr 1099 0 0  969 .......... ... CR-64 H t ~ h  slab . re1  xlal (745/751) 6 3 0 0  RC-12 lnlrarcd remote conlroller 67  25 
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fig. 3 Sample graph. 

1 
RANGE 
NAME 
CREATE 
"IZ" 
"RETURN" 
"RETURN" 

These commands establish the mac- 
ro name, allowing us to run the system 
by typing only two keys, "ALT-Z." 
Next, enter the macro commands listed 
in table 1 and save the completed file. 
To run a batch of QSL cards, load the 
QSL file, placing the cursor on the cell 
where the call sign is to be entered. Start 
the macro with "ALT-Z" and enter all of 

the station report data. After each item, 
hit the "RETURN" key to move to the 
next. Load the line printer with post- 
cards and turn it on; printing will begin 
as soon as the last entry is made. 

To improve the appearance of the 
QSLs, I've added a setup string to the 
macro to emphasize print on the call 
sign. The two lines that turn the empha- 
sized type on my Epson printer on and 
off are, respectively, "/027/069" and 
"/027/070". Other printers will require 
different instructions; consult your 
manual. 

I'vefound the QSL generator helpful 
because it processes data quickly and 
easily. New designs can be prepared to 
cover special events, portable opera- 
tions, and holidays. 

label-maker 
A simple application, but one that's 

useful for preparing mailings to club 
members or the like, is a label-maker. 
Although routines written in BASIC are 
often used togenerate labels, using Lo- 
tus 1-2-3 is simpler, quicker, and more 
convenient. 

I've been using labels consisting of 
nine rows from top to bottom. This al- 

Table l .  QSL card macro. Note: explanations in right-hand column are not necessary for 
operation. 

\z  {?I" ENTER THE CALL SIGN 
{RIGHT){RIGHT) MOVE TO THE RIGHT 
{RIGHT) MOVE TO THE RIGHT 
{ ? } - m ~ )  ENTER THE DATE AND MOVE DOWN 
{LEFT){LEFT) MOVE LEFT 
{LEFT) MOVE LEFT 
' {'?I" ENTER THE TIME 
{RIGHT){RIGHT) MOVE TO THE RIGHT 
{RIGHT) MOVE TO THE RIGHT 
'{?}"{DOWN) ENTER THE FREQUENCY AND MOVE DOWN 
{LEFT){LEFT) MOVE LEFT 
{LEFT) MOVE LEFT 
' {?)" ENTER THE REPORT 
{SIGHT) {RIGHT) MOVE RIGHT 
{RIGHT) MOVE RIGHT 
{?)" ENTER THE MODE 
{LEFT}{LEFT} MOVE LEFT 
{LEFT) MOVE LEFT 
/PPCAARAl . G8" SEND THE QSL TO THE PRINTER 
0OUMTO"MBO-S USE CONTINUOUS FEED FORMAT 
\027\069"QG SEND DOUBLE-STRIKE CHARACTER 
CARAS. G2 1" PRINT BALANCE OF QSL 
OOUMTO-MBO"S USE CONTINUOUS FEED FORMAT 
\027\070-QGQ CANCEL DOUBLE-STRIKE 
{up){up} MOVE TO START 
/XG\Z" RESTART THE MACRO 

6 

lows plenty of room for even the most 
complex mailing address. The starting 
point is the creation of a list of names 
and addresses in a single column of a 
worksheet. It's not necessary to set the 
column width to any particular size be- 
cause the text will simply run into the 
next column. 

Each new record starts nine rows be- 
low the prior starting point. If you select 
blank mailing labels with only six rows, 
be sure to change the spacing accord- 
ingly. Also remember that any time you 
enter a street address - "1 Main 
Street,"forexample - the program re- 
quires that an apostrophe precede the 
entry to tell the program that text, rather 
than numerals, is being entered. To cre- 
ate a new file, simply type the names 
and addresses in a column as you want 
them to appear on the labels. 

To prepare the file for printing, type 
the following commands: 
I 
PRINT 
PRINT 
OPTIONS 
OTHER 
UNFORMATTED 
MARGIN 
TOP 0 
MARGIN 
BOTTOM 0 
QUlT 
RANGE (SET YOUR RANGE) 
QUlT 

Next, save the label file under some 
descriptive name. When you're ready to 
print, load the labelfileandenterthefol- 
lowing commands: 
I 
PRINT 
PRINT 
ALIGN 
GO1Note:labels will be generated at this 
point. l 
QUlT 

No provision has been made to allow 
alphabetical sorting. New names can be 
added to the end of the list; names can 
be deleted wi th the program's 
"WORKSHEET-DELETE-ROW" fea- 
ture. To print a batch of labels, all that's 
required is the six keystrokes listed 
above. Hint: starting printing with the 
print head set two rows down from the 
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1 ham 

mands required to run the application. 
To start, enter the following in the 
selected cell: 
top of the label will help center the text 
on the label. 

graphs 
You can use Lotus 1-2-3 to generate 

line graphs, bar graphs, stacked bar 
graphs, pie charts, and such. A graph 
such asshown in fig. 3, requiresthefol- 
lowing data entry: 
80 16 
40 19 
20 42 
15 26 
10 24 
ALL 49 

These data are entered in columns A 
and B, starting in the first row. The fol- 
lowing commands are then entered in 
the worksheet before saving the final 
product: 
1 
G 
TYPE BAR 
X-AXIS AI..A6 
A RANGE BI..B6 
OPTIONS TITLES 
FIRST "WORKED ALL STATES" 
TITLES SECOND ''AD1 B" 
TITLES X-AXIS "BAND" 
TITLES X-AXIS 

"CONFIRMATIONS" 
QUIT 
VlEW [This allows the graph to be 
seen. l 
QUlT 

The VlEW command allows you to 
see thegraph and print it. You can also 
save the data while in the GRAPH menu 
and make a print by using the PRINT 
GRAPH disk in the Lotus package. 
Figure3showsthefinal appearance of 
the sample graph for my 5BWAS cer- 
tificate. 

Thomas M. Hart, AD1 B 

suppression of high- 
level AM broadcast 
signals 
A transmatch and/or receiver input 
high-pass filter will provide effective at- 
tenuation of AM broadcast signals par- 
ticularly troublesome on the 160-meter 
band. Transceivers with diode T/R 
switching, however, are vulnerable to 
inter-modulation and cross-modulation 
interference caused by rectification of 
very high-level signals from close-in, 
high-power broadcast stations. A 
transmatch may not provide sufficient 
attenuation of the offending signal, 
and filtering in the receiver input after 
the diodes will not alleviate the 
problem. A conventional receiver high- 
pass filter cannot be put ahead of the 
diode switch because it would be sub- 
jected to the 100-watt output of the 
transceiver. 

A method of suppressing a high- 
level A M  broadcast signal is shown in 
fig. 1. C3 and C4 in series with L2 form 
a series shunt trap tuned exactly to the 

c I 

ANTENNA 
IMPEDANCE 

r R I P  CONVENTIONAL 

r R A N S M l T t H  

C3 330 306 volt msca ,add 270 nF lor low part of  brondcast baodi 
Cd Im OF m,ca trtmmer 
L 2  59 tarmm No 24 enameled wtre on 0 75 ,rich acrync IPlerrplarr 

0,  lvcrte I tubs Wmdtog ienprh 125 lncher Aoproxrmatelv 31 ,vh 
imrrpdr? to 85 furnr for low part  o l  broadcart band1 

4 

frequency of the broadcast station. L2 
is a high-Q coil providing a very low 
shunt resistance at resonance, thus 
providing deep attenuation of the 
broadcast station signal. With the LC 
trap shown the impedance is high 
enough above 1.8 MHz so as not to at- 
tenuate signals on any of the bands. 
The high trap impedance also limits the 
current through L2 on transmit to an 
insignificant value above 1.8 MHz. In 

this arrangement the combined trap 
and transmatch becomes the imped- 
ance-matching network. It is neces- 
sary only to readjust C1 and C2 for 
minimum SWR in the normal manner. 

In my case there is a 50-kW station 
about 213 of a mile away on 1500 kHz. 
The trap reduces the 1500-kHz signal 
from 2.5 to 0.08 volts. It has cleaned 
up the 160-meter band dramatically 
and does not affect received signals 
above 1.8 MHz. Proper impedance 
match to the transceiver is achieved on 
all bands by tuning for minimum SWR 
in the normal manner. The trap coil is 
not even warm to the touch after 
transmitting 100 watts, key down. 

Jack Geist, N3BEK 

ham radio 
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ROPICAL HAMBOREE 
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FEBRUARY 7-8,1987 
DADE COUNTY YOUTH FAIR GROUNDS 
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. .  . 
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IF YOU OWN A " 14' 

- -- . 

Registration: $5.00 Advance. . . $6.00 Door. Valid both'days. (Advance deadline Jan. 30th) 
SwapTables, 2 days: $16.00 each. Includes ~ o w e r .  

All swap table holders must have registration ticket. 
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I Don't be  limited to 
low power operation with your 

-- 

Exhibit Booth 
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Evelyn D. Gauzens, 
W4WYR, Chairman 
2780 N.W. 3rd St, 
Miami, FL 33125 
Telephone: 
(305) 642-4139 

4 Page Brochure 
Available. . . 
December 1st 

expensive full break-in transceiver. You can run high 
power OSK CW and high power AMTOR. 
The DEO OSK 1500 is designed using the latest in solid 
state sw~tch~ng technology and will give you full break-in 
operation with any one of the currently available com- 
rnerc~al amplifiers, homebrew too! Pin diodes provide 
ultra h ~ g h  speed, noiseless switching. All you need to 
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cables to change. The OSK 1500 eliminates amplifier 
damage due to "hot sw~tching" and gives you full 
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.7 dB, t ~ P l c a l l ~  .2 dB. For More Into Send QSL 
90 day limited warranty. $299.00 - - -  - 
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more on winter 
anomalous absorption 
December 1984's DX Forecaster 
discussed the wintertime increased ab- 
sorption anomaly that results in peri- 
ods of weak signals, each lasting a few 
days. Recent research has produced a 
more detailed explanation of its cause 
and effects, as well as a method of 
prediction. 

The cause is not simple, but basical- 
ly involves the arrival of particles into 
the polar regions during a geomagnetic 
disturbance. Their arrival triggers a ser- 
ies of events: the particles ionize nitric 
oxide (NO) and molecular oxygen (0,) 
in the auroral zone's (60- to 70-degree 
latitude) D and E regions, causing 
auroral absorption there and electron 
depletion in these regions for about 
three days of disturbance. 

About two to four days later, the 
heat buildup from the process pro- 
duces stratospheric winds that blow 
the neutral NO and heat to the west 
(in the northern hemisphere) and to 
lower latitudes (e.g., 40 degrees). As 
a result, the NO ionizes in the D region 
signal absorption areas (1000 to 2000 
km in diameter) and spreading, affect- 
ing mid-latitude east-west DX propa- 
gation paths for the following five to 
six days. 

The absorption develops in two 
areas on opposite sides of the earth. 
The areas in between experience low- 
er than normal winter absorption. This 
results in the earth's division into four 
alternating longitudinal bands: one 
quarter of the earth's longitudes ex- 
periences above-average signal 
strengths; a second quarter, signal 

DX FOR 
Garth Stonehocker, 

ECASTER 

strengths below average; the third, 
above-average signal strengths, and 
the fourth, signal strengths below 
average. This pattern moves about 30 
degrees - the equivalent of two time 
zones - per day. This same pattern 
appears five to six days later in the low- 
er latitudes (e.g., 40 degrees). How- 
ever, it does not coincide with the 
previously described trough condition. 
The amount of absorption is generally 
20 dB, but can be as high as 40 dB for 
several hours during a day. 

From the above discussion, a proce- 
dure for forecasting becomes appar- 
ent. Geophysical scientists call the 
warm stratosphere accompanying the 
anomalous absorption "Stratwarm." 
Station WWV announces the pres- 
ence (and location) of Stratwarm con- 
ditions at 18 minutes after the hour. 
During December and January, if a 
high-value A index is announced, 
listen for the Stratwarm location. The 
complementary Stratwarm location 
will be on the other side of the earth, 
with lower absorbing regions (deplet- 
ed NO) in between. 

The higher signal strengths in the 
low-absorption regions are a boon to 
DXers. A globe or polar map is useful 
in tracking these regions. Remember, 
these regions move west at a rate of 
30 degrees /longitudinally) per day. 

Anomalous absorption usually oc- 
curs in the months of December and 
January, with the most useful activity 
occurring after January 15. 

last-minute forecast 
The higher frequency bands are ex- 

pected to be best during the third and 

fourth weeks of the month, when the 
probability of a solar flux increase is 
highest. The resulting increase in 
MUFs may be up to 10 degrees above 
the mid-latitude mid-day median value 
of 16 MHz. Look for transequatorial 
openings at that time as well as around 
December 5 and New Year's Day, 
when geomagnetic disturbances are 
expected. 

The first, second, and fifth weeks 
are forecast to have lower solar flux 
and consequently lower activity. There- 
fore the lower frequency bands should 
be excellent then. Disturbances, of 
course, can provide DX signals from 
some unusual locations from late in the 
day to early the next morning - i.e., 
10 pm to 4 am local time. 

The Geminids meteor shower, 
which will peak on December 13-14, 
will provide the richest and most relia- 
ble display of the year, with rates of 
60 to 70 per hour. Because optical ob- 
servations may be difficult or impossi- 
ble during periods of poor weather in 
December, actual numbers must be 
determined by radio reception. A 
smaller version of the shower will be 
noted on December 22. Lunar perigee 
will occur on the 2nd and 30th of De- 
cember and a full moon on December 
24th. Winter solstice occurs on De- 
cember 22nd at 0402 UT. 

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

day-only DX bands, will be open from 
morning to early evening almost every 
day, and to most areas of the world. 
The openings on the higher of these 
bands will be shorter, occur closer to 
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HAROLD HEASTER. KABMIX. 91 Rldgeleld Place. Ormond 
Beach. F1 32074 Florlda Phone (W) 673-4066 

NEW WAMIW-WIDE TOU.FREE TELEPHONE 140b&IUMO 
1mIo.Wl2346 

Call us lor a quotallon. WE WILL SAVE YOU MONEY1 

\ Want More 

Selectivity 
lur ICOM Kenwood 

8 Yaesu Rad~os 

Think 
8-Pole Crystal Filters 

llllnk 

lnternational Radio Inc. 

"We can install any of our filters in 
your radio in 3 working days!" 

Why our Illler? are the very besl 

A. 2 year replacement warranty t o fheo r~g~na lowne r .  

B Our l l l te rso l le r  the lowest leakagecharacterlsl~cs 
because 
I We rhlall llle coupl ln~ca~~cl lors inslde llle l8llrr whcre l h ~ y  
helono 
2 01119301960CW llters arecolderPdonlOnlasr PC bosrds 
3 Our 640iRROR301940and nnw our 430 SSR l!llersaredrOU 
I", no 0Fl.d 1111 r i l d l  

C Our Kenwood 930/940/830/530 and 130 l i l ters 
have  600R115pl tnloul ~ m p e d a n c e  Ask the 
compel t lo rs  what  their 's is' 

We 011~1 .1 Complnle r!lecIlonrcs lab and lechnrcal asrlslance 
i! V(LI rvrr need helo 

Buy the 
"Very Best Filters," 

Ruy 

"International Radio, Inc." 
S?nd a :;ASE 139cl lor OII! llee caleloq ,, 147 
lnternational Radio, Inc. 

747 Suulh Macedo Alvd Port Sl Lucle FL 33452 
Phone 1305) 879 6868 

This publication is 
available in microform 

from Universitv 

: Plmsr rand ~nlorrnnl>on d w u t  lhnre l i l les 

Phone I _ I 

CrU InU.lrct-8w-521-3M4 In M t r h ~ g ~ n .  
Alaska nnrl I l . l r a ~ $  t:all l-nllecl I i-761-47W 01 
mitt1 knqtllrv 11, I ' n l v+~ rs~ l v  hl~rrufclms Inlarnnt~nnnl. 
.I00 Nnrlh %I?141 HIIH<I. AIUI A ~ ~ x I I .  M I  4RIlK 
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40 meters with your own 

Alpha Delta's new DX-A 160 and 40 rn leg approx. 55' long. 80 
meter leg 67' long. Installs just like an 

Twin Soper Antenna corn- inverted V. Fed with single 5011 leedline 

bineS the tremendous power Current lobe up hlgh for maximum radi- 
ation. Can be installed between 25 and 

of the quarter wave sloper 40 feet 

with the wide bandwidth of a Broad band performance. Although 
bandwidth is determined by your instal. 

half wave dipole. Easy to in- lation, tests have shown 85 k ~ z  on 160 

stall, simple to tune. m. 200 kHz on 80 m. and lull coverage 
ol 40 m Tuner usually not required. 
NO lossy traps. A single "ISO-RES." 
isolatorlresonator coil IS used to tune 40 
and 160 meters 
Rated at 1.5 KW output 
Quality hardware and UV protected coil. 
Sta~nless Sled ensures excellent all 
weather performance. 

P O  801 571 Cenlrrvllle Ohlo 4Y59 

Please reseive my copy of R e  1986 Otck SmHh 
Catalog I enclose $3 l o  cover shlpping 

Norne . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
612  @ 

C l  ly . . . . . . . . . . . . . . . . . . . . . . . . . .  

zip . . . . . . . . . . . . . . . . . . . . . . . . . .  
DICK WITH ELECKONICS INC 
P 0 I I o ~ 7 2 4 0  Pedrood Clh. CA 0- 
MPYlHING FOP THE ELECIWNKS ENIHUSIASII 

I f  POS<,I')IP C I  1 5  know lour lo ',IX w rs f2k i  
belore you ?love and we w ~ l l  rndke sur r  
your HAM RADIO Magaz~ne arrlves on 
schedule Just remove the malllng label 
f rom lhls magazlne and a f l ~ x  below 
Then complete your new address (or any 
other correcl~ons) In the space provlded 
and we II lake care of the rest 

ham 
Allow 4.6 weeks for 
correcllon. 

MaaEuine 

Thanks for helping us to serve you better. 
r--1 r - -  

AFFIX 

LABEL 1 HERE 

local noon, and provide paths mainly 
to the southern hemisphere, with a 
possibility of transequatorial openings. 

Twenty, thirty, and forty meters are 
both day and night bands. Twenty will 
be the maximum usable band for DX 
in the northern directions these days 
during the daytime. Throughout the 
night, it will team up with 30 meters. 
Forty meters will become the main 
over-the-pole DX daytime band, with 
some hours covered by 30. This path 
may be affected by anomalous absorp- 
tion during a few days of the month. 

Eighty and one-sixty meters, the 
night-only DX bands, will exhibit short- 
skip propagation during daylight 
hours, then lengthen for DX at dusk. 
These bands follow the darkness path, 
opening to the east just before local 
sunset, swinging more to the north- 
south near midnight, and ending up in 
the Pacific areas during the hour or so 
before dawn. Eiqhtv is the maximum - .  
usable band for some night hours now 
during the sunspot minimum period; 
consequently, signal strength and sig- 
nal quality can be expected to im- 
prove. Remember the DX windows of 
3790-3800, 1825-1 830, and 1850-1 855 
kHz. 

ham radio 

* --1 

I - - -  
TUBES-2,000 TYPES 

DISCOUNT PRICES! 
New 20 pg wholesale catalog for the rad~o 
collectorlhobby~st Ant~que hard-to flnd and 
modern tubes Also lranslormers, capacttors 
and parts lor tube equipment and books etc 

Antique Electronic Supply 
688 W F~rs t  Street 

Tempe. AZ 85281 
6021894-9503 
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DOWN EAST MICROWAVE 
WEAK SIGNAL 

OSCAR MODE L 6 MODE S 
.W2 .126$ (J 1298 -2304 - 24WMM 

TYSLY 45 el loop Yap1 1296 Mt l i  2O+ (18 $93 
2445LY 45 el loop Yap! 1269 MI12 20+ dl1  $93 
1345LY 45 el loop Yay, 2304 MH7 20+ 004 580  
3333LY 33 el loop Yaql 902 MHz I 8  5 dHt $93 
ahtlvc anlennas are assembled and leslt3d 
Ail .~lam~num and slalnlesr conslrucltnn KIIS also available 
nlln $3 ($1 I wesl ol Rock~esl pel antenna lor UPS shlpplng 

2 h 4 way power dlvlderr, complMs arnyrnnllable 
2316PA LlnFar Amp Iwtn I R w l i ~ ~ l  1796MH: 13 5V1245 
2335 PA L~ncar  Amp 11W 8n 36w oul 1796 MHz 13 5V $295 
t r , ~  wdr SS lor UPS Ulu? - 48 Plales 
Wrlle aboul Transverters and GaAs Fel preamps 

Free catalog 

DOWN EAST MICROWAVE 
Rill Olson. W3H01 

llox 16554. RFD 1. Bumham. ME M9?2 

Electronic Repair Center 
Sewicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
author~zed warranty service for 

Kenwood, lcom and Yaesu. 

SEND US YOUR PROBLEMS 
Serwc~ng "Hams" for 30 years, no r ~ g  

too old or new for us 

4033 Brownsville Road 
Trevose. Pa. 19047 

21 5-357-1 400 
m 

f \ 
AMATEUR RADIO MAIL LISTS 

S e l l - s l l c k  1x3 labels 
*** NEWLY LICENCED HAMS*?' 

*** ALL NEW UPGRADES 
*** UPDATED EACH WEEK *" 

Tolal L~s t  = 462.728 (ZIP solfed) 
P l~ce IS 2.5 cenls each ( 4 - u p  Chesh~re) 

BUCKMASTER PUBLISHING 
Mlneral Vir lnla 23117 

703:89l-5777 

\ 
r, 140 

LINFAR TRANSVERTERS 

5 5 8  I W Ah4 FM 
MMT 50128.5 50 MHz 20 Walls 
MMT 501144 50 Mt l r  20 Walls 
MMT 144128 144 MHz I 0  Walls 
MMT 144128-R 144 MHz GnAsFET 25 Walls 
MMT 220128-5 220 MHz 15 Walls 
MMT 432128.5 432'435 MHz 10 Walls 
MMT 12961144-G 1296 MHz GaAsFET 2 W 
MMT 12681144 OSCAR Mode L 2 Wall l m l l  

CONVERTERS 

MMC 144128-HP 2 m GaAsFET 
MMC 432128-S 70 c m  Down l o  10 m 
MMK 12961144 23 c m  Down l o  2 rn 

A , ,  I , ,"  ,.,.,os .*0 "I / . *  \ . L l , * l  
Is . ,  ,\ \ , B , , L '  1 0  CII."CL l l l * O " I  .<#".*<I - 0 1  

r lw Y A \ ~ F Y L A S ~  r rc r r r r r ,  

PX PRICE 
$342 00 

347 00 
18600 
342 00 
242 00 
285 00 
362 00 
278 00 

POWER 4MPLlFlERS 

PRFAMPI 11 ~t F? I,UNI T tr i  P) 
MML 144130-LS 144 MI11 10 Witll, HT AMP 
MML 1441100-LS 144 MHz 100 Walt HT AMP 
MML 1441200-S 144 MHz 200 Wall GaAsFET 
MML 432130 L 432 MHz 30 Wall HT AMP 
MML 4321100 432 MHz 100 Wall ATVISSBIFM 
MML 432150 432 MHz 50 Watl 1 10 Watl 8n 
MML 1296115 1296 MHz 15 Walls 

PREAMPLIFIERS GsAsFET 

MMG 144V 2 m RF 6 ~ 1 I c h e d  
MMG 1296 23 c m  

ALV 

MMC 4351600 70 c m  Block Converter 
MTV 435 20 Wall 70 cm xmlr 

( PRICE 
5 1 :'!I 00 
247 00 
479 00 
232 00 
429 00 
21900 
CALL 
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ham radio 

cumulative index 

ANTENNASAND 
TRANSMISSION 
LINES 
general 
Antenna geometry for optlmum 

performance 
N4HI p 60. May 82 

Antenna ~nsulators. PTFE VHF 
W5JTL p 98. Oct 85 

Antenna parameters, equatlons for 
determlnlng 
KG66 p 40, Mar 82 

Antenna support (HN) 
W6XM p. 64, Jun 84 

Applied Yag~ antenna deslgn part 2. 
220 MHz and the Greenblum des~gn 
data 
WB3BGU p 33, Jun 84 

Balun chop suey 
K4KJ p 113, May 85 

Bulkhead connector (HN) 
K9CZB p 78, Apr 85 
Short Clrcult p 74, Jul 85 

D~rect~on-f~ndlng tool, the lox box 
KlZJH p 25. Oct 85 

Ground rod resistance 
K4MT p 95. Jul 84 
Comments p 8. Sep 84 

Ground systems, lnstalllng effective 
KR7L p. 67. Sep 83 

Ham radlo techn~ques 
W6SAI p 75. Nov 84 

Ham radio techn~ques 
W6SAI p 67. Dec 84 

Leyden's maglc ]ar Ihe der~vat~on of 
the Hertzlan and Marconl antennas 
KR6A p 24, Oct 84 

Neglected antenna for 40 and 80 meters 
W0wL p 44, Jan 82 
Comments. W0wL p. 8. May 82 

Preamplifiers. Actlve antenna 
R W Burhans p 47, May 86 

Pract~cally speaklng uslng antenna 
nolse bridge 
K4IPV p 69, May 86 

Raln statlc resolved 
WlFYX p. 83. Sep 83 

Secrets of successful low-band opera- 
tlon. part 1 
KPRR p 16, May 86 

Secrets of successful low-band opera- 
t lon part 2 
KZRR p 17. Jun 86 

Static mystery 
HB9FU p 85. Jul 83 

The Zepp (letter) 
WZRHQ p 63, Aug 82 

Vertlcal antenna, folded umbrella. top- 
loaded 
VE2CV p 12. Sep 82 

Vert~cal-vee, converting (letter) 
KA5KWV p 8. Sep 82 

VHFlUHF world 
WlJR p 110, May 84 

VHFUHF world 
WlJR p 77, Sep 86 

W~re plow, bulld a slmple 
, W71V p 107. May 84 

Yag~s, stacklng 1s a sclence 
K l  FO p 18 May 85 

hf antennas 
Actlve antenna 0 5 30 MHz 

KlZJH p 37 May 85 
Comments Hansen R C p 10 Jul 85 

Analyzing 80 meter delta loop arrays 
KlGO p 10 Sep 86 

Applled Yag~ antenna des~gn part 6 
the model and a speclal teach~ng tool 
WB3BGU p 89 Oct 84 

Bobtall curtaln and Inverted ground 
plane part 1 
W6BCX p 82 Feb 83 
Short ctrcu~t p 92 Nov 83 
Commenls, WA7BPO p 12 Jul 83 
Short clrcult p 92 Nov 83 

Bobtall curtaln and Inverted ground 
plane. part 2 
W6BCX p 28, Mar 83 
Short clrcult P 16. May 83 
Comments, WA7BPO p 12, J"I 83 

Capaclt~vely loaded d~pole, hlgh- 
performance 
W6VX p 33. May 84 

Debunk~ng myths (letter) 
WB9VWA p 8. Mar 83 

Delta loop, the reduced-slze. full- 
performance, corner-fed 
G3TKN D 67. Jan 85 

Deslgn~ng Yag~s w~th the ~dmmodore 64 
N K A O  p 107. Jan 86 

D~pole antenna over slop~ng ground 
N4HI p 18. May 82 

End-fed 8JK. swltchable vert~cal array 
WlJF p 53. May 85 

Four-vertlcal coll~near element 20-meter 
array 
WA8DXB p 57. May 83 

Grounded monopole w~th elevated feed 
VEZCV p 87, May 83 

Half-delta loop 
VE2CV p 37. May 82 

Ham radlo technlques 
W6SAI p 65. Jan 84 
Comments, WAPDRL p 8. Sep 84 

Ham radio technlques 
W6SAI p 63. Feb 84 
Comments. K4KYV p 12. May 84 
Comrnents. WDGDUD p 8, Sep 84 
Comments, ADlG p 8. Dec 84 

Ham radlo technlques 
W6SAI p 53. Mar 84 

Ham rad~o techn~ques 
W6SAI p 76, Apr 84 

Ham radlo techn~ques, f~lty years ago 
W6SAI p 58. Jun 84 

Ham rad~o technlques, 160 redux 
W6SAI p 89. Ju184 

Ham radlo techn~ques 
W6SAI p 96. Aug 84 

Ham rad~o techn~ques 
W6SAI p 106, Oct 84 

Ham rad~o technlques 
W6SAI p 55, Dec 85 

HF antenna (HN) 
WPGQK p 22, Jut 83 

HOW h~gh  should your HF antenna be? - W5QJR p 89, May 86 
Inverted "L", llm~ted space (HN) 

W8FR p 63, Jun 84 

JR varl-lobe antenna. control your take 
off angle 
WlJF P 46. May 85 

K7CW quad 
K7CW p 36 Sep 82 

Log Yagls slmpl~f~ed 
W3EB p 78 May 83 

Mak~ng verticals quleter 
WA6RYZ p 98 Jun 83 

Matchlng d~poles (letter) 
W5XW p 8 Aug 65 

Mob~le vert~cal 20 meter 
K9CZB p 26 May 83 

Modlfled Bobtall (HN) 
W0MBP p 87 Sep 84 

Mult~band 8JK an end led 
G3SBA p 81 May 84 

A new class of d~rectlve antennas 
W4MB p 107 Apr 86 
Comment AG4R p 9 Jul 86 

Odd antennas comments 
W9RXC p 9 Aug 86 

Offset drooDer an Improved ground 
plane 
W6BCX D 43. Feb 86 

Old antennas commenls 
W0MBP p 9 Feb 86 

Phased arrays feed~ng an alternate 
method 
K881 p 58 May 85 
Short clrcult p 74 Jul 85 

Quad owner swltches 
N6NB W6AQ p 12 May 82 
Comrnents W6BQD p 8. Dec 82 

Rhomblcs controlled vertlcal rad~at~on 
part 1 deslgnlng for h~gh  performance 
N4UH p 100 Mar 85 

Rhomb~cs controlled verllcal rad~atlon 
part 2 antenna erectlon and 
performance 
N4UH p 99 Apr 85 

Secrets of successful low band 
operatlon part 1 

K2RR P 16, May 86 
Secrets of successful low-band 

operatlon part 2 
K2RR p 17, Jun 86 

SEED antenna a short. efflclent 
end-fed dlpole 
W4JAZ p 103, Sep 84 

Short antennas efflclency of 
W 1 GVl4 p 18 Sep 82 

Short vert~cal antennas for low bands 
part 1 
W7DHD p 36, May 83 

Short vertical antennas for low bands 
part 2 
W7DHD p 17. Jun 83 

Stagger-tuned dlpoles Increase band- 
width 
K4MT p 22. May 83 

Tapered vertlcal, calculating the 
Input Impedance of 
K30QF p 24, Aug 85 
Short c~ rcu~ t  p 78. Oct 85 

Termmated vee beam, sloping 
Ross, Robert p. 71. May 85 

Top-loaded vert~cal, a h~gh-effic~ency 
W6US p 65. Oct 84 

Transmtss~on ltne antenna, 160-meter 
N9NB p 87, May 85 - Trap antenna, deslgn your own 
W4MB p 37, Oct 84 

Vertlcal phased arrays part 1 
K2BT p 18, May 83 
Comments, W9OAM p 10. Mar 84 

Vertlcal phased arrays part 2 
K2BT p 25. Jun 83 
Comments. W9OAM p 10. Mar 84 

Vert~cal phased arrays part 3 
K2BT p 26, Jul 83 
Short clrcurt p. 70, Oct 83 
Comments. W9OAM p 10, Mar 84 

Vertlcal phased arrays' part 4 
KZBT p 34. Oct 83 
Short clrcult p. 11, Dec 83 
Comments. W9OAM p 10. Mar 84 

Vertlcal phased arrays part 5 
K2BT p 59. Dec 83 
Comments, W9OAM p 10, Mar 84 

Vertlcal phased arrays part 6 
K2BT p 45. May 84 

Vert~cals over REAL ground 
WB9VWA p 35. Jan 84 

W2PV 80-meter quad 
KlGQ p. 56, May 86 

Yagls, deslgn~ng wlth the Commodore 
64 
WA3EKL p 59. Jun 83 

Yagls, stacklng IS a sclence 
K l  FO p 18, May 85 

3-element Yagl deslgn, key to 
K30QF p 48, Mar 84 

40, 80, and 160-meter vertlcal, remote 
controlled 
W7LR p 38, May 84 

80-meter half-wave sloper uses reflector 
(HN) 
KO1 F p 48. Oct 84 
Short clrcult p 8. Feb 85 

vhf antennas 
Antenna ~nsulators PTFE VHF 

W5JTL p 98 Oct 85 
Applled Yagl antenna des~gn part 1 

a 2-meter classlc revlslted 
WB3BGU p 14 May 84 

Appl~ed Yagl antenna deslgn part 2 
220 MHz and the Greenblum des~gn 
data 
WB3BGU p 33. Jun 84 

Ao~ l led  Yaq~ antenna deslgn part 3 
432 MH;WI~~ Knadle and T~lton 
WB3BGU p 73 Jul 84 

Applled Yagl antenna deslgn part 4 
a 50-MHz T~ltonIGreenblum des~gn 
WB3BGU p 103 Aug 84 

Applled Yagl antenna des~gn part 5 
addlt~onal optlmlzatlon technlques 
WB3BGU p 93 Sep 84 

Colag~ antenna The 
VE3BFM p 61, May 86 

Computer-a~ded des~gn of long VHF 
Yagl antennas 
VK4ZF p 28 May 86 

Cyllndrlcal feedhorns revlslted 
WA9HUV p 29 Feb 86 

Efflctent matching 
VE7BS p 83 Sep 83 

Fasten~ng Trlgon reflectors to VHF 
antennas (HN) 
W5JTL p 88. Sep 84 

Handl-antennas 
AA6PZ p 42 May 83 
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Hellcal antenna match~ng towers and Converting mob~le microphones lor TR-250012600 2-channel programmlng 
Bell~veau, John p 73, May 83 handheld VHF transceivers (HN) 

Long 2-meter colllnears - a slmple way rotators KD8KZ. WB3JCC p 79. Mar 86 K9MLD p 128, Oct 85 
to ach~eve galn (HN) CW acoust~cal f~lter TS-430s IF f~lter mod (HN) 
WB3AYW p 95. May 86 W7B1 p 22. Jan 83 K B K Y  p 125, May 84 

Matchlng 432-MHz hellcat antenna Antenna carriage and trackpPo~,m,u","t83 CW and RTTY, d ~ g ~ t a l  aud~o filter for TS-930s headset aud~o, Increased 
WBNWU KB3K 

44' Mar 83 Antenna hlnge 
WtOER p 60. Aug 83 und~storted (HN) 

M~crowave antenna, homebrew Short clrcult p 199. Aug 84 W6FR p 128. OCt 85 
WBOVGI. Johnson p 68, Sep 82 N4LI 70' Aug 83 Extended-range VU meter Us~ng an RTTY termlnal unlt wlth the 

Repeater antenna beam tlltlng 
Antenna tower, f~xed,  t~lt-over converslon WB6JNN p 59. Sep 86 Heathklt HD4040 TNC 

K7NM p 29. May 83 May 85 lmprovlng the aud~o on the ICOM IC-27 AABV p 59. Aug 86 
Short clrcult 80, 83 Armstrong beam rotator KD8KZ p 61, Feb 86 3.5002 tube [allure (HN) 

VHF antenna null, achlevlng the perfect KP4DM 68' Feb 82 Passlve audlo f~lter design. part 2 AG6K p. 78. Oct 82 
K3ED 48, May 83 Match your antenna to your tower 

14, Jun 84 
h~ghpass and bandpass filters 5CX1500A power pentode (HN) 

VHFIUHF World WDODGF N~ew~adomskl. S p 41. Oct 85 K9XI p 77. Oct 82 
WlJR May 84 Tower lnstallat~on make 11 sturdy, make 

l t  safe 
Comments. W3NON p 8, Nov 85 

VHFIUHF World stacklng antennas, 
WB511R 22, Jun 84 

Passive aud~o fllter deslgn part 3 
part I 

129, Apr 85 
Turn~ng that b ~ g  array 

Stefan N~ewladomsk~ p 29. Jan 86 
WtJR Jun 86 Phone patches, bulldlng and uslng 

COMPUTER- 
VHFIUHF World. stack~ng antennas. 

VE3AIA 
Keep your tower up 

N6ARE 
part 2 

p 34, act 85 AIDED DESIGN 
26, Jun 84 

Repeaters, speech synthes~s for 
WlJR p 95. May 85 KB91W N9EE p 79, Mar 84 Bandpass fllter des~gn. ~nterd~g~tal .  

VHFIUHF world UHF antenna tower, low-cost 30, Oct 84 Telephone rlng Indicator, vlsual (HN) computer-a~ded 
WlJR p 85, Dec 85 KA6GVY W20LI p 62. Apr 84 N6JH. Monemzadeh p 12. Jan 85 

VHFIUHF world Des~gnlng and bulldlng TR-2400, external m~crophone for (HN) Short clrcult p 117. Jun 85 

loop Yag~s WB2IFV p 64. Mar 82 Computer-alded des~gn of long VHF 

WlJR p 56, Sep 86 transmission lines Understand~ng telephones Yag~ antennas 
Short clrcult p 54, Jan 86 N6ARE p 39. Sep 85 VK4ZF p 28, May 86 

VHF Yag~  CAD on the C-64 
Antlllex coax~al cable connection (HN) comments, K D ~ W L  p 9. ,lpr 86 Deslgnlng Yagrs wlth Ihe Commodore 64 

W4PFZ W4KV p 42. May 82 N K A O  p 107. Jan 86 

VHFl,,HF world Yagl facts P a n ~ O { a ~ ~ ~ l ~  Artl l~c~al Transm~ss~on Ilnc3s D~rect currents reduce core permeab~l~ty 

WlJR p 103. May 86 KA80BL p 21. JUI 86 COMMERCIAL K ~ B V M  p 58. JUI 86 

Yagl trlgon reflector, Optlmlzlng Brldge measurements, the half-wave Short clrcult p 87. Jul 86 

WB3BGU 84, Jan 86 transm~ss~on 11ne ~n (HN) EQUIPMENT Remote repeater programming uslng a 

Yag~, a h~gh-galn 70-cm K4KI p 108, Nov 84 computer and a telephone 

WlJR 75, 86 Cheap~e coax (letter) 
May 82 Annunc~ator bell for the Kantron~cs KD9BC p 89, Mar 86 

Yagls, stacklng IS a sclence WB4AHZ 
KPC-2 RF Illters, Bu~ld narrowband 

K lFO May 85 
Coax, measuring wlth an RCL bridge 

KtZJH p 22, Aug 86 WB4EHS p 10, Mar 86 

2-meter J-pole antenna, all-metal (HN) 78, Oct 82 Argonaul 509 converston for 30 meters Short clrcult p 36. Jun 86 
KDBJB p 42, Jul 84 WB9T0G (HN) 

Solv~ng transmlsslon llne problems on 

Comments, K2WWT. General purpose llne transformers 
p 49. Oct 84 your Commodore 64 

KDBJB p 8, Feb 85 W6'0J Atlas 210 transceiver, s~detone (HN) 
p 94, Aug 86 AA4LL K9CZB p 74, May 86 

Comments, DJ0TR/OE8AKp, 8, Nov 85 Ham radio techniques, fifty years ago 
67, Mar 82 VHF Yag~ CAD on the C-64 

2-meter V-antenna W6SAI p 58, Jun 84 ZL2RP 
Short clrcult p 79. Oct 82 W4PFZ p 74, May 86 

ADtB 86, Jan 84 
Hardl~ne connectors, lnexpenslve 

62, May 83 Atlas 350 AGC clrcult. mod~l~catlons Yag~s, deslgnlng wlth the Commodore 
WB4GCS 

(HNI 64 

matching and Comments, KMt H p 8, Nov 83 
K0RL p 42, May 82 WA3EKL p 59. Jun 85 

Hardllne. matchlng 75 to 50-ohm 
W4VRV 43, OCt 82 Computer control of ICOM R-71, 271, 

tuning Hybrid coupler 471 and 751 radlos 

WtOOP p 36, Jun 82 NG60 
p 47. Apr 86 CONSTRUCTION 

Antenna match~ng, easy PI, PI-L, and tandem quarter-wave lhne Extendlng recelve coverage for the IC-02 TECH Nl QU ES 
WB4GCS P 67. May 84 rnatchtng networks. response of and IC~04 

Antenna tuner (HN) W6MUR WB6GTM P 77, Jul Advanced CW processor 
W6XM P 9 4  M Y  a PL~259 connectors attach~n', ,:6?,"8:l Hy6~i/0 techniques W6NRW p 25. Dec 86 

Balun design. another cable (HN) P 63* May 84 Alr-wound colls, constructlng 
W6HPH P 54. May 82 W ~ B V F  Jan 82 Ham rad~o techniques, llfty years ago W7BKE p 37. ~ u g  84 

Broadband RF transformers Practically speaklng ampllfler tunlng W6SAI P 58, Jun 84 Antenna carrlage and track pole mount 
K2LB P 75. Jan 86 problem KB3K p 46, Aug 83 Heath Model 10-4530 OsC~llosCOpe. 

Capac~t~vely coupled hybrlds K41PV 78, Nov 86 mod~f~cat~ons Antenna hlnge 

WAPEWT P 70. Mar 83 RF power d~v~der  (HN) Ba~ley N4LI p 70. Aug 83 p 20. Aug 82 

Eff~c~ent matchlng W5TRS 80, Feb 82 
Heath HW-8, Improved key~ng for (HN) Audio f~lter bulldlng blocks 

VE7BS P 83. SeP 83 RF transrn~ss~on cable, m~crowave W3HVK p 60. Aug 82 KBDCY p 74. Ju1 83 

Gamma match~ng, bas~c appl~cat~ons Heath HX1681 Short clrcult p 92, Nov 83 
WBOIKN P 29. Jan 85 K ~ H W  p 106. May 85 W2UW0 P 83. Sep 83 Battery charger. NlCad, conslant 

Ham radlo techn~ques Solv~ng transmlsslon llne problems on Heath's new all-band transceiver. the current, a pulsed 
W6SAI P 65. Jan 84 your Commodore 64 SS-9000 KZMWU p 67. Aug 85 
Comments. WAPDRL P 8 Sep 84 K ~ C Z B  p 74, May 86 '~VgJuv p 12. Nov 82 Build a better box 

Ham radlo techniques Short clrcult 87, j u t  86 ICOM IC-ZA(T). odd splits Gruchalla. M~chael p 45. Aug 84 
W6SAI P 63. Feb 84 T~me doma~n reflectometer N7AAD p 65, Jul 82 Bulld narrowband RF filters, Comments 
Comments. K4KYV P 12. May 84 VE3EFC 49, tqov 83 lmprovlng the audlo on the ICOM IC-27 WB4EHS p 9. Sep 86 
Comments, WD6DUD p 8. SeP 84 VHFlUHF World-transmlsslon l~nes KD8KZ p 29. Jan 86 Bulkhead connector (HN) 
Comments. AD1 G p 8 . D e c 8 4  WIJR 83, oct  85 IC2AT. carrylng case for (HN) K9CZB p 78, Apr 85 

Hellcat antenna matchlng Comments W9ICZ p 9. Apr 86 WSXM p 62, Aug 83 Short clrcult p 74, Jul 85 
Belllveau. John P 73. May 83 VHFIUHF World KWM2. RIT for the (HN) Cheap dots (HN) 

HF hybrld descr~ptlons WlJR p 85, Dec 85 Kti6JF W6XM p 77, Sep 82 p 109. Jul 84 
W5TRS p 80. Oct 83 Modllylng the Tr~o-Kenwood TS-930s Cool~ng sem~conductors part 1 

Hybrld rlng WB98XT p 67. Apr 86 designing and uslng heatslnks 
WAPEWT p 50. Aug 83 Modllylng the Yaesu FT-301 for 30-meter Mart~n, Vaughn D p 33. Jul 84 

Impedance matchlng 
p 8 5 . J u 1 8 3  AUDIO coverage Cooling sem~conductors part 2 

WBPNTQ AF90 p 42, Mar 86 blowers and fans 
Comment. K K Q  p 95. Nov 83 Owners' survey- 2-meter handhelds Martln, Vaughn D p 52. Aug 84 

Lowpass antenna match~ng unlt. Advanced CW processor KAlZM p 35. Jul 82 Custom resistors, nomogram deslgn 
~nductance-tuned W6NRW P 25, Dec 86 Practically speak~ng now that the WA5EKA p 68, Jun 83 
WOYBF p 24. May 82 Audlo f~lter bu~ldlng blocks warranty has expired Dummy load, DC 

Matchlng d~pole antennas K B K Y  p 74. Jul 83 K41PV p 67. Sep 85 V(4MLE p 91. Apr 85 
W 1 OLP p. 129, May 84 Aud~o F~lter deslgn. computer-a~ded Comments, W5QJM p 8. Nov 85 Dust bulldup. decreaslng (HN) 
Comments. WSXW p. 12. Apr 85 KE2J p 15. Oct 85 R-1000 mod (HN) K4KI p 77, Sep 82 

Matchlng sectlons Aud~o fllter deslgn, elllptlc lowpass W6XM p 60. Aug 82 Elevat~on ~nd~cator. lnexpenslve 
KL7HIT p 68, Mar 82 W3NON P 20, Feb 84 S - h e ,  QSK nolse (HN) W5JTL p. 67. Jun 85 

Matchlng 432-MHz hellcal antenna Audlo oscillator to pulse generator N lFB p 66. Mar 82 Fan. speed control (HN) 
W8NWU p 44 Mar 83 converslon (HN) SB-303 receiver, nolse reduction (HN) K4KI p 77, Sep 82 

Phased arrays, feedlng an alternatlve W0DLQ P 50. Oct 84 Suzukl p 70. Jun 82 G 0 . E  S reception. a slmple approach 
method Audlo response, tallorlng (HN) Sony ICF-2001, e~ght-channel memory WA4WDL p 46. Jan 84 
KB81 p 58, May 85 N l F B  p 42. May 82 scanner for Ham notes Waterprwflng flttlngs 
Short clrcult p 74, Jul 85 "Aud~o to m~crowave" ampl~f~er .  bulld W3CSW p 54. Aug 82 W4MLE p 101, Nov 86 

Tandem pl networks your own Ten-Tec Corsa~r modif~cat~on (HN) Heatslnk coollng Ian (HN) 
WGMUR p 32. Jul 82 Gruchalla. M~chael p 12. Mar 84 N3BEK W6XM p 22, Jul 83 p 62, Apr 84 

Test~ng baluns Automatic galn control, an audlo Trlton IV. 30-meter operallon (HN) Comments. WPGH p. 8. Oct 83 
K4KJ p 30. Aug 83 K7NM p 24, Sep 84 AA4LL p 68, Jun 83 Comments. DJ4BZ p 12. May 84 
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Viltroplrx Kryrrlpaddlrr - Mtj ,~nlmn.~Tunrr\X A l l .  m 
COMPIETF S T O (  K. SAME I)AYSHIPPIN(. 

THE MULTIPLE RECEIVER SOLUTION 

4 Channel Signal-to-Noise Voter . Ex~anddl~13~ I < #  .I? ~Il,\t\#U?l by J b t , l  A t l< ! t#~< j  CXdS . Cnnll",,,hls VOtl"" 

L I D  Ind~calofs 01 COR and Volcd Dqnal5 

Ell111 ~n Callhralol . R~!nnlc Votrd lndccatnr~ Plnned 11111 
4% 1 r 6Dollhle Slded Gold P l a l ~ d  44 Pro Card 
R~rnnlc D8snble lnnols 
MORF 

Bu~lt, tested and calibrated with manual 
$350.00 

NEW PRODUCT 
Telephone ~nlerlace now ava~lable / ,37 
For more Informatton Call Or  wrlle 

HALL ELECTRONICS 
Voter Departriient 

815 E. Hudson Street 
Colymbus. Ohlo 43211 

1614) 261-8871 

PROTO TYPE P.C. BOARDS 

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

/ 138 
FOR MORE INFORMATION- - 

//r Midland 
Technologies 

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

/ 135 

4'. 
bbb 

*' DUAL BAND ANTENNAS FOR 
ULTIMATE PERFORMANCE!! 

Model Description Sug. List 

2X4Z Base/Repeater 200 Watt $168.95 
Gain 146 MHz 8.2dB, 446 MHz 1 1.5dB 

2X4SR Mobile with Mag. Mt. 150 Watt 71.90 
Gain 146 MHx 3.8dB, 446 MHz 6.2dB 

2X4SDY Mobile with Mag. Mt. 100 Watt 65.95 
Gain 146 MHz 2.1 5 dB, 446 MHz 3.8dB 

HT 702 1461446 MHz Hand Held BNC 50 Watt 29.95 
C7-71 Base/Repeater 920 MHz $1 15.95 

50 Watt 7.1 4 dB Gain 
C202N Mobile 920 MHz with Mag. Mt. 72.95 

5 dB Gain 50 Watt 
1234E Base/Repeater 200 Watt $1 78.95 

Gain 446 MHz 8.5dB, 1.2 GHz 10.ldB 
124X Mobile with Mag. Mt. 100 Watt 104.95 

Gain 446 MHz 2.5dB, 1.2 GHz 3.5dB 
1221s 1.2 GHz Base/Repeater 100 Watt $1 58.95 

Gain 15.5dB. 21 Step colinear 
1210M 1.2 GHz Mobile with Mag. Mt. 50 Watt 76.95 

Gain 8.8dB 
41 5M High power duplexer 146 MHz 400 Watt 59.95 

446 MHz 250 Watt 

41 2N UHF/GHz Duplexer 446/1400MHz 68.95 
Max. 70 Watt 

1275 NORTH GROVE ST. 
ANAHEIM. CALIF. PZM Dealer prices may be 
(714) 630-4541 different than list. 
CABLE: N A T C D U I U  
FAX P 14) 6x-rn4 

Prices and specifications subject to 
change without notice or obligation. 

- 
Falcon Communications, Well Known for MOSFET Repeater Power Amplifiers, ' Also Makes A Hard Working Line Of Bipolar Power Amplifiers For Mobile Use. I 

: Forlnfonnatlon On OurCornplele LlneSee Your Local Dealer Or Call Factory Dlrect I 
P.O. Box 8979 Newport Beach, CA 92658 (714) 760-3822 

' C I I I I m 1 m I m I I I m m I m m m I m I I I I I I I ) - . . )  
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High-frequency dummy load (HN) Digital techniques: shocking truths about Ham radio techniques FSK tone generator using an IC tone 
WIKWE p. 64. Jun 84 semiconductors WGSAI p. 41. Sep 83 dialer (HN) 

ICZAT, carrylng case for (HN) Anderson. Leonard H p 36. Oct 82 Ham radio techn~ques Nagel. David p. 88. Apr 83 
W6XM p. 62, Aug 83 DTMF controller for repealers WGSAI p. 84, Oct 83 Low-pass filter, integrated circult 

Inductance equation, a different WB4FXD p. 47, Sep 85 Interview with Dr. Kenneth Dav~es WBZKTG p 59, Jan 85 
approach (HN) Get on SSTV-with the C-64 K2RR p. 28. Jan 83 Stat~c electricity and modern 
K4KU p 118. Dec 84 12CAB and IZAED, edlted by K9EI Q s~gnals (letter) Integrated circu~ts 

Junk-box Ingenuity; how to buy, use. p. 43, Oct 86 W4MB p 8. Feb 83 K4KEF p 33. Mar 84 
and recycle surplus electronic parts HP-IL serlal loop The Guerri Report superchips come 
WB4EHS p 32, Aug 84 Martln. Vaughn D, p 101, Apr 84 FM AND of age 

Make a homebrew sheet metal brake for Maklng waves W6MGI p. 126. Feb 85 
chassis conslruct~on projects W6HDM p 44. Mar 82 REPEATERS 

The Guerrl report 
WB6BIH p 43. Jun 86 Packet radlo part 1 W6MGl p 124. Jan 86 

Metal cleanlng wlth d~p-type cleaners KV7D. KV7B p 14, Jul 83 The Guerri report- mlcroch~ps 
(HN) Packet rad~o' part 2 Autopatch, slmplex W6MGI p 109. Jul 86 
W5XW p 82, Jan 82 KV7D. KV7B. WA7GXD p. 18. Aug 83 WBGGTM p 42, Jan 83 TouchTone decoder, an ~mproved 
Comment, KGYPD p 8. Jun 82 Packet radlo and area networking DTMF controller for repeaters N6JH p 24, Dec 82 

Microstrip Impedance program WB3JZO p 38. Dec 84 WB4FXD p 47. Sep 85 TTL ICs, s~mple tests for 
K8UR p. 84, Dec 84 Packet rad~o, automatic frequency and FM advantage W6ALF p 37. Mar 82 

Pass~ve audio f~lter deslgn, par1 1 devlatlon tester WA9GDZ16 p 38, Sep 84 2716 EPROM programmer 
development and analys~s WB2OSZ P 41, Dee 85 FM repeater separation - 20 kHz. Yes. N3CA p 32. Apr 82 
Niewiadomski. S p. 1 7. Sep 85 Packet radlo pr~mer 15 kHz. No 
Polymer film transforms mechan~cal WAIFHB p 30. Dec 85 WDSIBS, WONK p 12, Aug 85 
energy to electrical energy Packet radlo the software approach Forget memory. Ni-Cd d~scuss~on 
WA4KFZ p 55, Dec 84 W4UCH p 63, Sep 84 K W)V 

Power FETs. trend for VHF amplifiers Packet rad~o TNC for the IBM PC 
p .Ez .Jan83  KEYING AND 

IC-255A switch~ng circult (HN) 
Peters. Dan~el and W7PUA VE3LNY p. 10. Aug 86 WB6IQV 

p. 12. Jan 84 PL tone generator, a programmable 
p 70, Jan 83 CONTROL 

Comments, WA4MZZ p 8, Jun 83 
Practically speaklng Keep 11 cool WB0VSZ P. 51. APr 84 Improved repeaterltransm~tter nolse Call slgn ~dentlfler. programmable 

K41PV p 75, Apr 86 Short c~rcult P 125, May 84 performance (HN) W03CEH p 33. Feb 85 
Pract~cally spealng: parts sources RTTY reader. ~nterrupt-dr~ven KtZJH p 104, Apr 86 Cathode key wlth the Heath HD-1410 

K4lPV p. 78. Nov 86 KN4L P 72. S ~ P  84 Llnear translators (HN) 
Prlnted clrcult layout and drllllng Run RTTY on your T~rnex WB6JNN p 14. Sep 83 K9XM. N9MX p 80. Jan 82 

template NU4V P 110. Apr 85 M~croprocessor based repeater controller Ham rad~o techn~ques 
WA4WDL p 73. Jul 82 Run RTTY on your VIC-20 K B K Y  p 12, Mar 82 W6SAI p. 106, Oct 84 

Qu~ck fix for solder~ng irons (HN) W5TRS P 120. A P ~  85 M~croprocessor repeater controller Keyer, s~mple, compact QRP 
W2YW p 62, Apr 84 Satell~te tracker. d~g~tally-controlled KB5F p 56, Apr 83 (weekender) 

Reflected power llmlter KABOBL P 102. SeP 85 Remote repeater programming uslng a WSFG p. 82. Oct 84 
K4KI p 63, Jul 84 Smith Chart Impedance matchlng computer and a telephone Keyer, single-chlp, for QRP 

RF fllters. Build narrowband on your Commodore 64 KD9BC p. 89. Mar 86 W3HVK p. 70. Oct 82 
WB4EHS p 10. Mar 86 WA9GFR p 120, O C ~  84 Repeater antenna beam tllt~ng Latching relay control (HN) 
Short circult p. 36, Jun 86 Software plracy (letter) K7NM p 29, May 83 K6HTM p 94, May 83 

Set screws, tamlng (HN) Forsyth, M~ke  p. 8. Sep 84 Short circult p 80, Jul 83 Low-power keyer and interface 
W5PGG p. 64, Mar 82 Spread spectrum and dlg~tal COmmUniCa- Repeater etiquette (letter) K l  HOP p. 68. Feb 83 

Silk screen techniques. make your tion techn~ques. a prlmer WlOLP p 8. Oct 83 Short clrcult p 97, Aug 83 
own board uslng N9NB P. 13. Dee 85 Repeater, high-tech. des~gn~ng and Microprocessor repeater controller 
W3QOM p 83. Nov 84 Synthesizers. VHF and UHF, deslgn of bulldlng an FM translator KB5F p 56, Apr 83 

Sllverplatlng, safe, sens~ble d~gltal components WAGCAY p 82, Feb 85 M~cros and VHF beacons 
K9EYY p. 29, Feb 85 G4CLF P 26. Jul 82 Repeaters, speech synthesis for transmlt messages automatically 

Solar power for your ham statlon The Guerrl report - computer N9EE p 79. Mar 84 K9EI p. 51. Jul 85 
NH6N p 14, Dec 84 technology Repeaters, three c~rcu~ts for (HN) Morse Code tutor 

Superhet co~lset, des~gn wlth W6MGI p 54, Nov 84 N9EE p 91, Jan 84 N3SE p 45. Jun 85 
a m~crocomputer Short clrcult P 8. Dee e4 Speech processor lor fm transmitters Morse keyboard, an easler approach 
Sterrenburg, F A S p 113. Nov 84 The Guerrl report slgnal processlng G4CLF. G3RZP p 76, Mar 82 to mastering the 

The Guerr~ report. pc boards W6MGI P 156. Dee 84 Squelch, smart WlKZ p 80. Apr 84 
WEMGI p 109, Sep 86 The Guerr~ report W6NRW p 37, Jun 83 Morse tlme synthes~s 

Turns per ~ n c h  from w~re slze (HN) W6MGI P 124. Jan 86 State-of-lhe-art auto d~aler N3SE p 17. Apr 83 
K8UR p 97, Dec 83 The Guerr~ report K2MWU p 21. Dec 83 Remotely controlled slations a look at a 

Universal analog breadboard, A W6MGI p 125. Apr 86 Short clrcult p 10. Feb 84 successful remote base 
Gruchella, M~chael p 85. Jun 86 Us~ng an RTTY term~nal unlt wlth the short CI~CUII p 10. Mar 84 WA6EJO p 48. Sep 86 

ZX-81ITS - 1000 controller new use for Heathklt HD 4040 TNC Tone decoder, ultimate Remote control hf operation 

old computers AABV p 59, Aug 86 WD9EIA p 33, Sep 82 K5QY p 32. Apr 83 
N9NB p 31, Dec 86 VIC-20 pr~nler (HN) Comments, WD9EIA p 8, Feb 83 Shorl c~rcult p 97, Aug 83 

W2QLl P 88, SeP a4 Tone burst generator for European Sendlng CW 
repeaters. A KA4QVK p. 75. Jun 83 

DIGITAL WA3EEC p. 88, ju l  86 Solid-stale CW T-R system 
Touch-tone autod~aler, portable W4RNL p 62. Mar 83 

TECHNIQUES K2MWU 12. Aug 82 Ten-Tec 645 ultramatlc keyer mods (HN) 
Comments, KPMWU p 8. Feb 83 K4JST p 70, Dec 82 

Touch-tone decoder Testing baluns 
Amateur FSK A spectral analysls KC9C p 27, Apr 83 K4KJ p 30. Aug 83 

WA6NCX p 42 Dec 86 ZIA connecl~on. a  mull^-state 2-meter WPM readout for deluxe memory keyer 
AMTOR, AX 25, and HERMES, a repeater l~nk WAlOEH p. 50. Apr 82 

performance analysls of three systems 
6 3 . ~ e c 8 5  FEATURES K5XY p. 30. Oct 86 

W9JD 
Comments. G3PLX p 9, May 86 

Annuc~ator bell for the Kantronlcs AND FICTION HAZARDS MEASURE- 
K ~ Z J H  o 22. Aua 86 MENTS AND - 

Aud~o f~lter deslgn compuler a~ded 
KE2J p 15 Oct 85 

Commodore 64 $100 pr~nter (HN) 
WPQLl p 86 Aug 85 

Computer control of ICOM R-71 271 
471 and 751 rad~os 
NG6Q p 47 Apr 86 

Dlgltal can do more Comments 
KA4JFO p 9 Mar 86 

D~g~ta l  clock build a fall safe 
KtMC p 54 Oct 85 

D~g~ta l  frequency readout uslng the 
Commodore 64 
W3NNL p 83 Nov 85 

D~gltal HF radlo a Sampling of 
lechnlques 
KA2WEUIDJPLR p 19 Apr 85 
Short clrcult p 121 May 85 

Dlgltal techn~ques lns~de a phase 
frequency detector 
Anderson Leonard H p 28 Sep 82 

Electromagnetic jargon generator. state- 
of-the-art 
N6TX p 75. Apr 85 

Ham rad~o technlques 
W6SAI p. 66. Jan 83 

Ham radio technlques 
W6SAI p 77. Feb 83 

Ham radlo technlques 
W6SAI p 47. Mar 83 

Ham rad~o techn~ques 
W6SAI p 52. Apr 83 
Comments, W6DKZ p 8, Dec 83 

Ham rad~o techn~ques 
W6SAI p 52. May 83 

Ham radlo technlques 
W6SAI p 46, Jun 83 

Ham radlo technlques 
WGSAI p 42. Jul 83 

Ham rad~o techn~ques 
W6SAI p. 40. Aug 83 

AC llne translent protectlon 
N6JH p 59, Apr 86 

Electrlc shock the effects and 
treatment of 
NY6U p 85, Mar 84 

L~ghtnlng and electrlcal translent 
protectlon 
KR7L p 73. Dec 83 

When hazardous waste comes home 
PCBs In the ham shack 
KAl LBO p 42 Dec 83 

INTEGRATED 
CIRCUITS 
Elnary coded dec~rnal add~l~on (HN) 

WA9HUV p 66. Apr 82 
Comment 

Schlffler, Jeffrey L p 8 Dec 82 

TEST 
EQUIPMENT 
Battery charger sensor 

W3BYM p 54 Dec 82 
BC221 unusual 

VK2ZH p 22 Jan 83 
Brldge measurements the half wave 

transmlsslon l ~ n e  In (HN) 
K4KI p 108. NOv 84 

Capac~t~ve-reaclance meter multlpller 
(HN) 
K4KI p 89 Apr 83 

Continuity tester. slmple 
WD6GMB p 130 Sep 85 

Deta~led look at probes 
Mart~n and Dav~s p 75 Sep 85 

Deleclor logar~thm~c w~deband 
PAKXlDJ0SA p 75 Jul 85 

- .  
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I HF ANTENNAS 
term~nology. baluns. ground systems. Ilgl~lnlng protection. - The Basfc Antenna. the d~pole. the zepp. GSRV. Wlndom. 
Specfal Antennas, the sloper. DDRR. Beverage, folded 
unipole. Beams. W8JK. Yagi. two element quad. and the 

. . The Easv Wav 160 meter band stow. John's writing is in an easy-to- 
I I I ! I .  understand conversational style and IS full of examples I - ~~ ~ 

, by John Haerle, WB5llR and handy t~ps and h~nts. There are no drawlngs or illus- 
trations but John's prose paints pictures for clear and 
complete understanding of the information being 

. This book has been published presented. 1984 1st Edition . . . , , . . - . as a memorial to 
WBSIIR's work as 

ILIJH-AT Softbound $11.95 
uU an Amateur Radio teacher Please add $3.50 for shipping and handling. 

.Or~glnatly glven as a serles of 
speeches or papers. th~s tutorla! IS an excellent source ham 
boo, on antenna theow and app~~cat~ons Examples of , 1 BOOKSTORE I 

I areas covered are Fundamentals, antenna and teedl~ne L R L F N V I L I  L NH 0 1048 16011 R I A  l l J l  



D~ode fester (HN) 
W2OLU p 90 Apr 83 

Dual wattmeter 50 503 MHz 
WB4EHS p 67 Jul 85 

Electr~cal callbrat~on standards 
Mart~n Vaughn p 10 Oct 83 

EMIIRFI sh~eld~ng new technlques 
part t 
Martln Vaughn D p 72 Jan 84 

EMIIRFI sh~eldlng new techn~ques 
part 2 
Marlln Vaughn D p 85 Feb 84 

Extended range VU meter 
WBGJNN p 59 Sep 86 

F~eld strength meter sensltlve 
K4KI p 51 Jan 85 

Fllter tester slmple (HN) 
W6XM p 116 Dec 84 

Frequency counter smart 
WA5VQK p 41 Oct 84 
Short c ~ r c u ~ t  p 126 Apr 85 

Frequency and level standard 
PAWX p 10 Jan 86 
Comments WABLLY p 9 Jun 86 

Ground rod resistance 
K4MT p 95 Jul 84 
Comments p 8 Sep 84 

H ~ g h  frequency recelver performance 
G40BU p 33 Feb 84 

HP IB greatly slmpllf~ed 
Martln Vaughn D p 65 Mar 84 

IF sweep generator compact 
PAKXIDJBSA p 35 Jun 85 

lmpedance matchlng 
WB2NTO p 85 Jul 83 

Inductance meter easy to bull0 
W6XM p 76 Apr 82 
Comments WB2LAO p 8 Sep 82 
Short clrcull p 79 Oct 82 

L and C measurements 
WB6ZLN p 117 Oct 84 

Loglc mate 
N9CZK p 57 Jan 83 

Loglc probe (HN) 
Rozenthal J p 91 Apr 83 

LOW cost spectrum analyzer w~th 
Kllobuck features 
W4UCH p 82 Sep 86 

Measur~ng inductances 
K6HIK p 85 Jul 83 

Measur~ng nose flgure 
KPBLA p 26 Jan 84 

Measur~ng small values 
W6SDM p 74 Aug 83 

Microphone cal~bratlon 
NY6U p 73 Jun 84 

No~se brldge preclslon 
K2BT p 51 Mar 83 
Comments p 8 Jun 83 
Short clrcult p 97 Aug 83 

Ohmmeter wlde range 
Ba~ley John T p 53 Jan 84 

Panoramic adaptorlspectrum analyzer 
des~gn notes 
WAGNCXII p 12 Sep 83 
Comments KPCBY p 12 Sep 83 
Short orcult p 70 Oct 83 

PEP output power measurement 
VK3AFQ p 10 Jun 83 
Comments K4KYV p 12 Sep 83 

Pract~cally speaklng 
K41PV p 79 Dec 85 

Pract~cally speaklng uslng the r~ght 
multlmeter 
K41PV p 95 Jun 86 

Pract~cally speaklng uslng the 
mult~meter 
K41PV p 43 JuI 86 

Pract~cally speak~ng uslng antenna 
nolse br~dge 
K41PV p 69 May 86 

ORP wattmeter (HN) 
W6XM p 110 Jul 84 

Rece~ver sweep alignment system 
WB681H p 124 Nov 84 

Reflected power llm~ter 
K4KI p 63 Jul 84 

Requ~red dynamlc range and des~gn 
guldes for EMlIRFl test receivers 

DJZLR p 70 Nov 83 
Solld state replacements 

AK7N p 46 Apr 83 
Stand~ng wave ~ndlcator 

GW8FKB p 97 Nov 83 

The Guerr~ report slgnal processing 

W6MGI p 156 Dec 84 
Tlme and frequency standards part 1 

Mart~n Vaughn D 36 Nov 83 

T~me and frequency standards: part 2 
Martln, Vaughn D. p 31, Dec 83 

Transmitter tunlng a~d: buffel your 
load w~th  thls reslstlve network 
(weekender) 
K4KI p 52, Feb 84 

Tune-up method, low duty-cycle 
for transmitters (HN) 
K4KI p 62. Aug 83 
Comments. W5XW p 11. Dec 83 
Comments. K4KI p 1 I, Jan 84 

Tuneup, safe. sllent 
K4KI p 123, Dec 84 

Two-tone generator 
N l  RM p 32. Jun 82 

Two-tone s~gnal generator (HN) 
K4KI p 77, Sep 82 

Two-tone s~gnal generator 
Y BgATAlWA7AQN 

p 25. Feb 86 
Short clrcult p 45, Apr 86 
Short clrcult p 36. Jun 86 

Uslng the Astro 103 as a frequency 
counter (HN) 
W4ATE p 69, Jun 83 

VHF nolse br~dge, a 
OE2APMlAA3K p 10, Jul 86 

VHFIUHF world 
WlJR p 55. Oct 84 

Vldeo monltor, lnexpenslve 
K8CG 1) 12, Apr 83 
Comments, K9TA p 10. Aug 83 

SWR brldges 
K2LB 1-1 37. Mar 86 

Weather radar, 10-GHz 
K4TWJ p 61. Sep 83 

Wlde range Inductance meter 
K9EBA p 5 2 ,  Feb 83 

W~de-range RF power meter 
KABOBL p 24. Apr 86 

W~en Br~dge osclllalors, voltage- 
controlled Zener dlode test clrcult 
W3PHK p 52, Feb 83 

MICRO- 
PROCESSORS, 
COMPUTERS 
AND 
CALCULATORS 
An RS-232 lo TTL Interface 

WD4KGI p 70. Nov 82 
Calculator or computer - whlch to buy7 

W4MB p 86. NOv 82 
Frequency counters. CMOS llmlng 

clrcult for (HN) 
Bevel Davld H p 72. Jul 82 

Ham gear controller part 1 
N3CA p 12. Oct 82 

Ham gear controller part 2 
N3CA p 25 Nov 82 

M~croprocessor repeater controller 
KB5F p 56. Apr 83 

MISCEL- 
LANEOUS 
TECHNICAL 
ALC clrcults lmprovlng ampl~f~er part 1 

WABAJN p 40 Aug 84 
ALC c~rcults lmprovlng ampl~f~er part 2 

WA8AJN p 38 Sep 84 
Amateur FSK A spectral arlalysls 

WAGNCX p 42 Dec 86 
Ampl~f~er for 220 MHz strlpllne k~lowatt 

WZGN p 12. Apr 82 
Aud~o to microwave ampllfler 
budd your own 
Gruchalla M~chael p 12 Mar 84 

Blcycte powered stallon 
W l  BG p 25 Dec 84 

Branch lhne hybrld part 1 
WAZEWT 1) 107 Apr 84 

Branch llne hybr~d part 2 
WA2EWT p 93 May 84 

Broadband ampl~f~er attenuator 
W7SX p 59 Jul 86 

Buy~ng topo maps Comments 
K3SKE p 9 Dec 86 

CATV1 (letter) 
WB4NMA p 10. Aug 83 

Communlcatlng on 474,083 GHz (light- 
wave commun~catlons) 
WA6EJO p. 10. Dec 86 

Computer for Ihe bllnd (HN) 
WBMQW p 69 Jun 82 

CW ~dent~fler versatile an Improved 
memory for 
WB2BWJ p 24 Feb 82 

CW statlor, updat~ng (HN) 
KM5T p 77 Oct 82 

Data bandwrdths compared 
W9JDl2 p 50 Dec 82 
Commepts W6JTH p 8 Jun 83 

Decibel deflnlng Ihe 
Gruchalla M p 51 Feb 85 

Electromagnetic Interference 
and Ihe dlgllal era 
K3PUR p 114 Sep84 

EMIIRFI shleldlng new techn~ques 
part 1 
Mart~n Vaughn D p 72 Jan 84 

EMIIRFI sh~eld~ng new technlques 
part 2 
Martln Vaughn D p 84 Feb 84 

F~lters (letler) 
W6XM p 8 Feb 83 
Comments W3NQW p 8 Apr 83 

Fllters. br~dged 
WGMUR p 5 I Oct 82 

Fllter des~gn graphlc 
W6NRW p 37 Apr 84 
Short cltcult p 13 Jul 84 

Functlon Generalor clrcults from your 
s~gnal generator part 1 
K4lPV p 67 Dec 86 

Ham rad~o techn~ques 
W6SAI p 63 May 84 

Ham radlo lechn~ques f~ f t y  years ago 
W6SAI p 58 Jun 84 

Ham radlo techn~ques 
W6SAI p 106 OCt 84 

Ham rad~o technrques 
W6SAI p 75 Jan 85 

Ham rad~o techn~ques 
W6SAI p 59 Feb 85 

Ham radlo techn~ques 
W6SAI p 83 Mar 85 

Ham rad~o techn~ques electron hole 
theory exposed as fraud 
W6SAI p 67 Apr 85 

Ham radlo techntques 
W6SAI p 66 May 85 

Ham fadlo lechn~ques 
W6SAI p 51 Jun 85 

Ham rad~o techn~ques 
W6SAI p 59 Jul 85 

Ham rad~o techn~ques 
W6SAI p 90 Aug 85 

Ham rad~o techn~ques I have seen 
the lulure and 11 works 
W6SAI p 91 Sep 85 

Ham radlo techn~ques 
W6SAI p 75 Oct 85 

Ham rad~o techn~ques 
W6SAI p 67 Nov 85 

Harmon~c product detector for QRP 
transceivers 
W5FG p 44 Jun 83 

Harmonics Trapplng stubborn 
NlRC p 99 Jan 86 

lmpedance matchlng a brlef revlew 
WD4C p 49 Jun 84 

KWM 380 external control clrcult (HN) 
WAPRUD p 96 Dec 83 

L~near ampl~t~er 3CX800A7 
KBRA p 17 Aug 84 

Low cost linear deslgn and ConstrUCtlOn 
W4MB p 12 Dec 82 

Low pass f~ller Integrated orcult 
WB2KTG p 59 Jan 85 

Mod~fylng the Tr~o Kenwood TS930S 
WB9ElXT p 67 Apr 86 

Monol~lhlc RF ampllflers 
N6JH p 22 Mar 86 

Myster~ous spur on 160 
N3BEK p 73 May 83 
Comm~nts K M L  N3BEJ 

p 95 Nov 83 
NE5205 w~deband RF arnpl~f~er 

Gruchalla Mlchael p 30 Sep 86 
Neutralizing 5728 flnal at 1500 walls 

output (HN) 
W2YW p 63 Jun 84 

Nose cancellallon clrcult 
KlRGO p 75 Mar 84 

Peaked lowpass a look at 
the ultraspherlcal fltter 
W7ZOI p 96 Jun 84 

Phase modulator PLL (HN) 
VE3FHM p 117 Jun85 

PhotovoltalC cells a progress report 
WDBAHO p 52 Dec 83 
Comments KGKVX Sample 
Martln WDBAHO WB4APT 

p 10 Feb 84 

Polymer fllm lransforms mechanical 
energy to electrical energy 
WA4KFZ p 55 Dec 84 

Power FETs trend for VHF ampllflers 
Peters Dan~el and W7PUA 

p 12 Jan 84 
Pracf~cally speak~ng repalrlng flood 

damage 
K41PV p 95 Oct 85 

Pract~cally speaklng lntermlttents PI 1 
K4lPV p 75 Nov 85 

Practically speak~ng lntermlttents pt 2 
K41PV p 79 Dec 85 

Prerecorded messages help the 
hearing ~mpa~red (HN) 
W20LI p 87 Sep 84 

Quartz crystal resonators 
Boddaert Peler p 85 Feb 86 

Relay lnexpenslve automatic 
sendlrece~ve 
W0PBV p 40 May 82 

Resonant clrcults 
WD4C p 12 Apr 84 

RFl f~lters Build narrowband 
WE4EHS p 10 Mar 86 
Short C I ~ C U I ~  p 36 Jun 86 

RFI solvlng the problems of 
w2YW p 124 Sep 84 

Russ~an Woodpecker the 
a contlnulng nulsance 
KR7L p 37 Nov 84 

Solar power for your ham statlon 
NH6N p 14 Dec 84 
Short clrcult p 145 Mar 85 

The Guerrl report - computer 
technology 
W6MGI p 54 Nov 84 
Short C I ~ C U I ~  p 8 Dec 84 

The Guerrl report 
W6MGI p 124 Jan 85 

The Guerrl report superch~ps come 
of age 
W6MGI p 126 Feb 85 

The Guerrl report 
W6MGl p 158 Mar 85 

The Guer.1 report 
W6MGI p 157 Apr 85 

The Guerrl report a busy s~gnal from 
space 
W6MGI p 165 May 85 

The Guerrl report - predlctlng 
equipment fallure 
W6MGI p 125 Jun 85 

The Guerrl report 
W6MGI p 124 Jul 85 

The Guerrl report 
W6MGI p 124 Aug 85 

The Guerrl report RF power supplles 
achleve h~gh  efflc~ency 
W6MGI p 157 Sep 85 

The Guerr~ report RF effects - the 
good and the bad 
W6MGI p 142 Oct 85 

The Guerr~ report 
W6MGI p 140 Nov 85 

Tlmer electronic (HN) 
W9EBT p 65 Mar 82 

Two tone s~gnal generator 
YBgATAIWA7AQN p 25 Feb 86 
Short clrcult p 45 Apr 86 
Short clrcult p 36 Jun 86 
Comments Us~ng the Spectrum 
Monltor 
KI6DW p 9 Nov 86 

Us~ng CAD to rewlnd transformers 
W6WTU p 83 Dec 86 

Uslng spreadsheet programs 
AD1 B p 95 Dec 86 

Very sensltlve LF or HF fleld strength 
meter 
K l  RGO p 67 Sep 86 

VHFIUHF world the VHFIUHF prlmer 
an ~ntroductlon to filters 
WlJR p 112 Aug 84 

VHF noise br~dge 
OEZAPMIAABK p 10 Jul 86 

VSWR brldges 
K2LB p 37 Mar 86 
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Food for thought. 
O u r  new Univcrs;~l Tone Encotlcr Icnds its vcrs;~tility 
to ;ill tastes. T h c  menu includes all CTCSS.  as well 
a s  Burst Tdncs. Touch Toncs. and Test Toncs. N o  
counter o r  test cquipnient required to set frequency- 
lust dial it in. While tr;lvcling. use i t  o n  your Amatcur 
transceiver 10 access tonc operatcil sys t c~ns .  o r  in 
vour service van to check out your customers' re- 
pcutcr5; also. ;IS a piece of  test equipnlcnt to modulatc 
your Service Monitor o r  signal senerator. I t  can cvcn 
operate off an intcrn;ll nine volt hattery. and is ;~vailahlc 
for one  day delivery, h;~ckcd hy ou r  one  year wiirranty. 

All tones in Ciroup A ;mtl Group R arc incluilcd. 
Output levcl 1131 t t )  within 1.5tIh over entire range \clcctctl. 
Scp;tratc levcl ; I ~ ~ I L I S I  pots and output connection\ for each 
tonc Group. 
Itnliiunc to KF 
P(~wcrcd hy 6-3Ovdc. unrcgulatcd ;lt X nl;~. 
I,ou inipc(l;~ncc. low tli\tortion. i~~ljl~\t;thlc \i~le\v;~vc 
output. Sv pc;~k-~o-pc;~k 
ll~\t:1111 htiln-up. 
Off position I;)r no tonc outpul. 
Reverse polarity protection huill-in 

Group A 
h7 O XZ 91.5 27. 156 7 5 A  
71 P X A  W R  ZA I ? ?  0 )% 162 2 5R 
7 4 4  WA 97.4 ZR 127 ? ?A 1679 6% 
77.0 X H  IM 0 IZ 1 1 1  K 1 R  173 K hA 
79.7 SP 103.5 IA I36 5 4% 179 VhH 
82.5 YZ 107.2 I R  141 ? 4 A  IRh ? 7% 
85.4 YA 110.9 ?% I46 2 4 R  I92 X 7 A  
~ 8 . 5  Y H  114.8 ?A 151 4 5% 201 5 MI  

.- 

Frequency accuracy. + . I  Hz rn;~xin~utn - 10°C to + 85°C 
Frequencies to 750 Hz uv;~il;rhlc on \pecial order . Continuous tone 

Group B p - ~ p j ~ ~ ~ l  

2175 941 1633 1750 X X X )  2111) 2550 
2805 IUMI 21(1 )  2350 

Frequency ;~ccuracy. + I Hz maximum - 30°C to + XS°C 
Tnne length npprouim;ltely 3Ol) mh. hl;~y hc lengthened. 
shonened or eliminated hy changing valuc of rehistor 

Model TE-64 $79.95 * 
&-,= COMMUNICATIONS SPECIALISTS 
4 3 )  Wzrt Taft Avenue. Orange. California 92667 
( X o ( ) I  854-0547/ Cal~forniu: (714) WX-3021 



VMOS on 1750 meters 
KIRGO p 71, Oct 83 

W~de-range RF power meter 
KABOBL p 24. Apr 86 

Wllklnson hybr~ds 
WAZEWT p 12, Jan 82 

NOVICE 
READING 
Cheers from down under, Comments. 

VK4QA p 9, Dec 86 
Ham radio technique 

W6SAI p 59, Dec 86 
Morse code computer tutor 

N3SE p. 45. Jun 85 
New band privileges for Novlce 

operators (letter) 
KA0DOE p 15. Sep 85 
Comments. W3YBF p 9, Jan 86 
Comments. KDOEV p 9, Jan 86 
Comments, WD5H p 9, Jun 86 

Nov~ce playground (letter) 
WA5MUF p. 8, Jan 82 

Nov~ce privileges (letter) 
WB91VR p. 9. Oct 85 

Practically speaklng 
K41PV p 79, Dec 85 

Used equipment for new hams (letter) 
K8YUW p. 15. Sep 85 

OPERATING 
Battlefield, the (letter) 

W W L  p. 8, Jun 83 
Best best regards regards (letter) 

W6BQD p. 8, Jan 82 
Comments, N4AGS p, 8, Apr 82 
Comments, KA6NFD p. 8. May 82 
Comments. KAZAGZ p. 8. Sep 82 

Blind ham (letter) 
Gerrey, Bill p. 8. Sep 82 

Burglar alarm RFI (letter) 
WB2YVY p. 8, Mar 82 

Buying topo maps, Comments: 
K3SKE p. 9, Dec 86 

Card lrom Frenchy (letter) 
W2LPV p. 8, Apr 82 

Carr~er-operated CW reception llrniter 
WGNRW p. 113, Sep 85 

CATV1 (letler) 
WB4NMA p 10. Aug 83 

CW nets (letter) 
N4EVS p. 8, Jun 82 

CW zero-beat indicator for transceivers 
W6KVD p. 88, Mar 83 

DX and QRP (letter) 
W6QJI p. 8. Oct 82 

EM€, 70-CM, requtrements and recom- 
mendations 
WlJR p. 12, Jun 82 
S h ~ r l  circuit P. 79, OCI 82 

Ham radio techniques 
W6SAI p. 53, Jan 82 

p. 60, Feb 82 
p. 26. Mar 82 
p. 26, Apr 82 

p 68, May 82 
p. 76. Jun 82 
p. 42, Jul 82 

p. 42, Aug 82 
p. 40. Sep 82 
p. 20, Oct 82 
p 46. Nov 82 
p. 58. Dec 82 
p. 66. Jan 83 
p. 65. Nov 83 
p. 81. Dec 83 
p 58, Sep 84 
p. 67. Jan 86 
p 65. Feb 86 
p. 63, Mar 86 
p. 42. Apr 86 
p. 39, May 86 
p. 30, Jun 86 
p. 66. Jul 86 

p 43. Aug 86 
p. 42, Sep 86 
p. 38. Oct 86 
p .  73. Nov 86 
p. 59. Dec 86 

Hamvention sllde show (letter) 
N8ADA p. 8. Jan 82 

Homebrew linears: treat or trap? (HN) 
VK4LR p. 77. Nov 82 

IC-255A switching circult (HN) 
WB6IOV p. 70. Jan 83 
Comments, WA4MZZ p 8. Jon 83 

Is it stolen? 
W8 AP p. 84, Dec 82 

Lifeline SAR (letter) 
WB9PFZ p 8, Apr 82 

Listening in on 10 Im 
W8FX p. 62, Jan 82 

Myster~ous spur on 160 
N3BEK p. 73. May 83 

No-code license (letters) 
WB4SKP. W9ZMR. W2LX. 
WPJTP. WIBL. K4JW p 8, Jan 83 

No code (letter) 
W6SN p 10. Aug 83 

On-air tune-up (letter) 
K3EQ p. 36, Mar 82 

Operating etiquette (letter) 
W9MKV p 12, Jul 84 

Operatlon upgrade part 3 
W6BNB p. 30, Jan 82 

Operation upgrade. part 4 
W8BNB p. 32. Feb 82 

Operation upgrade part 5 
W6BNB p. 56. Mar 82 

Operatton upgrade: part 6 
W6BNB p 56, Apr 82 

Operation upgrade: part 7 
W6BNB p. 54, Jun 82 

Operatlon upgrade: part 8 
W6BNB p. 56. Jul 82 

Operatton upgrade part 9 
W6BNB p. 58. Sep 82 

Operation upgrade: part 10 
W6BNB p. 80. Oct 82 

Operation upgrade: part 11 
W8BNB p. 58, Nov 82 

Other guy (letter) 
KA2GXS p 8. May 82 

Pacemakers and RFI 
K4CN p. 98. Jun 83 
Comments, KIRGO p. 76. Oct 83 
Comments. K4CN p. 77. Oct 83 

Pacemakers and RFI: safety first 
K3EAS. K3FOW p. 76. Oct 83 

Propagation of rad~o waves 
WIGVI4 p. 26. Aug 82 

QRP (letter) 
W5QJM p. 8. Nov 82 

Repeater etiquette (letter) 
WlOLP p. 8, Oct 83 

Service - not hobby (letter) 
W5VSR p. 8. Aug, 85 

Ten-meter beacon 
WAIIOB p. 46. Apr 83 

Ten-meter beacons (letter) 
KAlYE p. 13, Sep 83 
Comments. KAlYE p. 11. Jan 84 

TOM remembered (letter) 
WlESN p. 11. Jan 84 

Transceiver tunlng (letter) 
N6TO p. 8, Jun 82 

Tune-up method, low duty-cycle for 
transmitters (HN) 
K4KI p. 62. Aug 83 
Comments, W5XW p. 11, Dec 83 
Comments, K4KI p. 11. Jan84 

Volunteer examiners: keep standards 
high (letter) 
K6WX p 12, May 84 

Who pays the jammer (letter) 
W3MEO p 8, Oct 82 

Work~ng W5LFL from space 
KGDUE p .  81, Sep 83 

2 meters outlawed (letter) 
AA6C p. 8, Aug 82 

OSCILLATORS 
Audio oscillator lo  pulse 

generator conversion (HN) 
WWLQ p 50, Oct 84 

Crystal oscillator, low-frequency (HN) 
W6XM p. 66, Mar 82 
Short circuit p. 79, Oct 82 

CW BFO crystal for the 75s-3 (HN) 
NlFB p. 80, Feb 82 

Freauencv svnthes~s by 
vxo harmonic selection 
W3MT p 12. Feb 84 

High-stablltty BFO for recelver 
applications 
KlZJH p. 28. Jun 85 

Local oscillators, high stability for 
microwave receivers and other 
applications 
WB3JZO p 29, Nov 85 

Lownolse phase-locked UHF VCO part 
1. the nolse problem 
WA9HUV p 33, Jul 86 
Short clrcult: Low-nose uhWVCO 
WA9HUV p. 9, Dec 86 

Low-noise phase-locked UHF VCO 
part 2 construction and testlng 
WA9HU p 25, Aug 86 

Oscillator, voltage controlled, 
uses ceramlc resonators 
KPBLA p 18. Jun 85 
Short Clrcu~t p. 27. Aug 85 

Phantom-coll VXO 
W3MT p 66, Jan 82 
Comments. W3MT p 8, Jul 82 

PL tone 5enerator, a programmable 
WB0VSZ p. 51. Apr 84 
Short clrcult p 125. May 84 

RF synthesizers for hl communlcattons, 
part 1 
WA6OAA p 12, Aug 83 
Short clrcult p 125, May 84 

RF synthesizers for hf communlcatlons. 
part 2 
WA6OAA p 48, Sep 83 
Short circult p. 125, May 84 

RF synthesizers for hf commun~cations. 
part 3 
WA6OAA p. 17, Oct 83 
Short clrcult p. 125. May 84 

Universal osc~llator clrcult 
VEGRF p. 38. Apr 88 

VCO. 1800-2600 MHz 
WWTV p. 21, Jul 85 

VFOs tuned by cyllnder and disc 
W0YBF p. 58, Feb 83 

W~deband VCO design 
WA4MGX p. 49, Jul 84 

10 GHz oscillator, ultra stable 
KBUR p. 57, Jun 83 

POWER 
SUPPLIES 
AC converter. DC to 400-Hz (HN) 

WBPYVY p. 58, Mar 83 
Battery charger. NiCad, constant 

current, a pulsed 
K2MWU p 67. Aug 85 

D~esel generator repair 
Richardson, Wayne p 46, Apr 83 

Drake R-4C receiver Improved power 
supply 
W3RJ p. 28, Feb 82 

Dual voltage power supply 
WD4SKH p 32, Mar 83 
Comments, WB2UAQ p. 12. Jul 83 
Short circutt p 80, Jul 83 

Forget memory (NtGd discuss~on) 
KQOV p. 62, Jan 83 

Low-voltage power supplies, des~gnlng 
W4MLE p. 46, Mar 85 
Short C~rcuit p 121. May 85 

Power supply, ampllfler 
WAZGFP p. 32, Sep 83 

Power supply for the blg amplifier 
W6YUY p. 64, Jun 82 

Power supply, SIX-output 
Martin. Vaughn D. p. 12. Oct 84 

Power supply, switching high-voltage 
WSFG p 48, Apr 84 

Pract~cally speaking: bench power 
supply 
K41PV p 55. Mar 86 

Regulated screen grid power supply. A 
AG6K p 51, Jun 86 

Regulator problem solved (HN) 
W6XM p. 97. Dec 83 

Safe power for your low-noise GaAs FET 
amplif~er 
WA9HUV p 18, NOV 82 

Temperature control, automattc 
WB5IRI p 75. Jun 85 

The Guerri report. RF power supplles 
achteve high efficiency 
W6MGI p. 157, Sep 85 

Transformers. wind your own - 
~nexpenslvely 
W4GDW p. 96, Jun 85 

Trans-global power supply (HN) 
W9CGI p 76. Nov 82 

Two-way power for the ICZAT 2-meter 
handheld 
WB3JJF p 57, Feb 82 
Comments WB4MNW, WB3JJF 

p 8, Jul 82 
Vacuum lube substltutlon 

W2YE p 58, Oct 83 

PROPAGATION 
Achleve polarlzatlon dlversty through 

var~able power splitting 
W3NGJ p 10. Feb 86 

Dlgltal lonosondes 
K2RR p 14, Dec 83 
K0RYW p 74. Jan 82 

DX forecaster 
p 74. Feb 82 
p 82. Mar 82 
p 70, Apr 82 

p 50. May 82 
p 42. Jun 82 
p 78, Jul 82 

p. 80, Aug 82 
p. 82. Sep 82 
p. 82. Oct 82 
p 84, Nov 82 
p. 80, Dec 82 
p 74, Jan 83 
p. 56. Feb 83 
p. 84, Mar 83 
p 94. Apr 83 

p. 74. May 83 
p 65. Jun 83 
p. 82, Jul 83 

p. 66, Aug 83 
p. 84. Sep 83 
p. 87. Oct 83 
p 90. Nov 83 
p 92. Dec 83 
p. 83. Jan 84 
p. 79. Feb 84 
p. 93. Mar 84 
p 93, Apr 84 

p. 119, May 84 
p 109. Jun 84 
p. 103, Jul 84 
p. 63, Aug 84 
p. 79. Sep 84 

p. 100. Oct 84 
p. 92. Nov 84 
p. 63, Dec 84 
p .  94, Jan 85 
p. 75. Feb 85 

Short carcult p. 117, Jun 85 
p. 120. Mar 85 

p 84, Apr 85 
p. 79. May 85 

p. 102. Jun 85 
p .  100, Jul 85 

p. 100, Aug 85 
p 122. Sep 85 
p. 105. Oct 85 
p. 92, Nov 85 

p. 112, Jan 86 
p. 78, Feb 86 
p 97. Mar 86 
p. 99. Apr 86 

p. 118, May 86 
p. 101, Jun 86 

p 91, Jul 86 
p 90, Aug 86 
p .  98. Sep 86 
p 92. Oct 86 
p 84, Nov 86 

Short circu~t: HORANT program, 
p. 92. Oct 86 
p. 9. Nov 86 

p. 84, Dec 86 
DX forecaster. Winter anomalous 

absorption 
K0RYW p. 101, Dec 86 

Dxing by computer 
NS8N and Buchanan, Walter p 81, 

Aug 84 
EME link calculator program 

KEGZE p. 9, Feb 86 
Comments, KCBOH p. 70. Apr 86 

.. Grayline propagation, fundamentals of 
KR7L p. 77, Aug 84 

HF ground wave propagallon 
WA9GFR p. 81. May 86 

How to plot great circles on your favortte 
map 
W4BW p. 81. Aug 86 
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PocketSized 
P.O. Box 4405 

You have to hear it to believe it! 220 N. Fulton Ave. 
Lowest Nolse,Cleanest & TX-140-150 MHz, 

Evsnsvllle, IN 47710 Most Selective RC 134174 MHz 
HFNHFIUHF Base Station HF Transceiver 10 Memories and 

Store Hours Plug-in Modules for a LCD Readout 

MON-FRI: 9AM - 6PM AMERICAN MADE 
em, 2m, 440 MHz t SPECIAL PRICE S 

SAT: 9AM - 3PM Loaded with Features 
CENTRAL TIME S SPECIAL PRICES 

Most Compact and Advan 
Full-Featured HFTransce 
on the Market. 

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

I 
I I Repeater Controller I ' ior under $600 

I - 

1 u Fieltl tested for over 2 years I 
I u F u l l 2  year ururruntv I 
1 =FREE= I 

r I I r I 
Call Toll-Free I 

14300-621-8387 1 
cnt.  224. : ~ n t  5 ,,I!! hl-t~$~!:tt!t I ~ r n c .  1 

( I I, \V',,!,.. I 
I 

I .<I. I<<)\ W2I I < , , I I I I , . , ( ' O S ~ ~ ~ ~ ~  L I I I I I I I I I  J 
128 

Want to 
Advertise in 
HAM RADIO? 

Call Rally Dennis 
(603) 878-144 1 
today for more 

IIVCI 8 O0U 11 Ill 5 1 1 i  i 19ih 
0 5 200 MH bdlidwldltl , 129 
19 dB qaln 
50 I! ~nioutput 
Increase senslrlvlty of receivers or 
counters 
Bu~lt tested 8 ready-to-go 

ONLY $9.95 PPO 

Measures lreqoei~cy Iron1 
MHz to w~th~n 1 kHz 
Bu~lt-in telescoping 
antenna 

Uses 1 standard 
9 volt battery 

All units pre-tested and 
calibrated to ,00146 

Professional and dependahit, jpcrlnr 
mance at a low cost 

ONLY $49.95 - PPD I 

information 





MC1496, Improved carrler suppression 

(HN) 
KlZJH p 78 Apr 85 
Short clrcult p 74 Jul 85 

RF sw~tchlng h ~ g h  power w~th pln 
d~odes 
KN8Z p 82 Jan 85 

VMOS on 1750 meters 
KlRGO p 71 Oct 83 

6 meter ampl~f~er 
W2GN p 72 Apr 83 
Short clrcult p 97 Aug 83 

40 meter transmitter recelver 
W6XM p 43 Dec 82 

5CX1500 screen protection (HN) 
VE3AIA p 58 Mar 83 

Ampl~f~er 3CX1200A7 10 to 80 meter 
K8R A p 75 Aug 85 

CB to 10 fm transcelver conversion 

VEBFIT, VE3AQN p 16 Feb 83 
Compact 75-meter monoband 

transcelver 
K l  BQT p 13. Nov 85 

Improved stablllty and d ~ a l  cal~brat~on 
for the Heathklt HW-8 (HN) 
W3HVK p 103, Nov 83 

Llnear ampllf~er, HF, sol~d-state kllowatt 
moblle 
WA7SPR p 67 Feb 85 

Remote control hf operation 
K50Y p 32. Apr 83 
Short c~rcult p 97, Aug 83 

Vacuum tube ampl~f~er, des~gn a 
toroldal tank clrcult for 
W6YUY p 29. Aug 85 

15-meter sldeband transcelver 
WA4ZXF p 12 Mar 83 
Short clrcult p 80 Jul 83 
Short clrcult p 66. Jan 86 

TROUBLE- 
SHOOTING 
GLA-1000 amplifier, stop blowing finals 

G4CFY. G3ROG p 59, Aug 85 
Grounded-grld amplifier parasitics 

AG6K p. 31. Apr 86 
Comment, NJ0G p 9. Jul 86 
Comment, W2YW p. 6, Jul 86 

Practlcally speaklng: coax velocity factor 
K41PV p. 78, Nov 86 

Practically speaklng: uslng the 
multlmeter 
K41PV p. 43. Jul 86 

Practlcally speaking: uslng the right 
multimeter 
K41PV p 95, Jun 86 

Practlcally speaklng 
K41PV p 35. Feb 86 

Pract~cally speak~ng 
K4IPV p. 59, Jan 86 

TVI problem, solving a difficult (HN) 
W2YW p 152. Sep 85 

VHF AND UHF 
general 
A N  power amplifier, fast-scan 

WBUJP p. 67. Mar 85 
"Audio to microwave" amplifier, build 

your own 
Gruchalla. Michael p. 12. Mar 84 

Bandpass filter design, interdigitat. 
computer-aided 
NGJH, Monemzadeh p. 12. Jan 85 
Short circuit p. 117, Jun 85 

Battery-voltage monitor for HTs 
KPMWU p. 78. Sep 82 

Diplexer mods (HN) 
KSPFE p. 89. Apr 83 

Dual wattmeter. 50-500 Hz 
WB4EHS p. 67. Jul 85 

Duplexer, six cavity, home-brewed 
K9EYY p. 12, Feb 85 

EME link calculator program 
KEBZE p. 70, Feb 86 

Efllcrent match~ng 
VE7BS p 83 Sep 83 

Elevat~on ~ndlcator, lnexpenslve 
W5JTL p 67. Jun 85 

Gel on 6 meters - the lnexpenslve way 
KBIKJ p 91 Mar 85 

G 0 E S reception a s~mple approach 
WA4WDL p 46. Jan 84 

Hel~cal antenna matchlng 
Bell~veau. John p 73 May 83 

L-band ground wave propagatlon 
program 
WA9GFR and Joseph R Hennel 

p 103. Jan 86 
Local osc~llators, hlgh stablllty for micro- 

wave recelvers and other apptlcatlons 
WB3JZO p 29 Nov 85 

Measuring nolse flgure 
KPBLA p 26. Jan 84 

Mlcros and VHF beacons 
transmlt messages aulomat~cally 
K9EI p 51. Jul 85 

Mlcrostrip Impedance program 
K8UR p. 84. Dec 84 

Microwave network for multlmode 
commun~cations 
K4TWJ p 36, Aug 82 

Monolithic RF ampllf~ers 
N6JH p. 22. Mar 86 

Moon coordinates, determining basic 
WPWD p 38, Jan 85 

Moon-tracking by computer 
K6WX p 38. Mar 84 

Power dividers, extendedlexpanded 
W5JTL p 73. Oct 84 

Power FETs. trend for VHF amplifiers 
Peters. Dan~el. W7PUA p. 12. Jan 84 

Power supply, amplifier 
WAPGFP p. 32, Sep 83 

Preamp at work, Quiet! 
N6TX p 14, Nov 84 

Radio telescope antenna requirement 
Landecker, Tom p 44. Mar 83 

RF transmiss~on cable, mlcrowave 
applications 
K3HW p. 108, May 85 

Silverplating, safe, sensible 
K9EYY p 29. Feb 85 

Syntheslzed tlme ~dentif~er for your 
repeater 
WA4GUA p 42, Nov 82 

The Guerri report: s~gnal processing 
WGMGI p. 156, Dec 84 

Convening mobile microphones for 
hand-held VHF transcelver 
KDKZ and WB3JCC p. 79. Mar 

The Guerri report. mm waves, part 1 
W6MGI p. 109, Feb 86 

The Guerr~ report- mm waves, part 2 
W6MGI p. 117. Mar 86 

The Guerri report: fiber optlcs 
W6MGI p. 141, May 86 

Tone decoder, the ultlmate 
WDSEIA, WB9HGZ p. 33, Sep 82 
Comment. WDQEIA p 8. Feb 83 

Touchtone auto-d~aler, portable 
K2MWU p 12. Aug 82 
Comments, KPMWU p. 8, Feb 83 

Trade off power for antenna gain at 
VHF? 
WASGFR, Hennel p. 32. Jul 85 
Comment. WA9GFR p. 9. Apr 86 

UHF antenna tower, low-cost 
KA6GVY p. 30. Oct 84 

VHF amplifiers, carrier-operated relay 
WB3JCC, KD8KZ p. 45. Apr 85 

VHF meteor scatter communications 
A17J p. 69. Feb 84 

VHF nolse bridge 
OE2APMIAA3K p. 10, Jul 86 

VHF s~gnal generation, harmonic mixer 
K l W H  p. 40,.Mar 85 
Short circuit p. 121, May 85 

VHFIUHF world: the VHFIUHF challenge 
W ~ J R  p 42, Jan 84 

VHFIUHF world: improving meteor 
scatter comrnunicat~ons 
WlJR p. 82, Jun 84 

VHFIUHF world' microwave bands 
WlJR p 44, Jan 86 

VHFIUHF world: the VHFIUHF prlmer, 
an introduction to propagatlon 
WlJR p 14. Jul 84 

VHFIUHF world: the VHFIUHF Prlmer, 
an introduction to filters 
WlJR p. 112, Aug 84 

VHFIUHF world 
WlJR p. 45, Sep 84 

VHFIUHF world 
WlJR p 55 Oct 84 

VHFIUHF world - low-no~se GaAs FET 
technology 
WlJR p 99 Dec 84 

VHFIUHF world h~gh  power ampl~l~ers 
part 1 
WlJR p 97 Jan 85 

VHFIUHF world h~gh  power ampl~f~ers 
part 2 
WlJR p 38 Feb 85 

VHFIUHF world keeplng VHFIUHFers 
up to date 
WlJR p 126 Mar 85 

VHFIUHF world protecting equipment 
WlJR p 83 Jun 85 

VHFIUHF world propagatlon update 
WIJR p 86. Jul 85 

VHFIUHF world deslanlna and bulldlnq - - 
loop Yagls 
WlJR o. 56. Seo 85 

VHFIUHF world - transmlsslon lines 
WlJR p 83. Oct 85 
Comment. W9ICZ p. 9, Apr 86 

VHFIUHF world 
WlJR p 54. Nov 85 

VHFIUHF world 
WlJR p 85. Dec 85 

VHF-UHF world. ,fw and mm-wave 
propagatlon, part 2 
WlJR p. 69, Aug 86 

VHF-UHF world meteor scatter 
communlcaflons 
WIJR p 68, Jun 86 
Short clrcu~t p 87. Jul 86 

VHF-UHF world: mlcrowave bands 
WlJR p 44. Jan 86 

VHFIUHF world' 33 cm-our newest band 
WlJR p 83. Apr 86 
Short circult (VHFIUHF July 86) 

p 9, Aug 86 
VHF-UHF world- rf connectors. Dart 1 

WlJR p. 77. ~ e p  86 
VHF-UHF world: rf connectors, part 2 

WlJR p. 59, Oct 86 
Weather radar. IOGHz 

K4TWJ p 61, Sep 83 
Wlreless 220-MHz to 2-meter converter 

W3RW p 36, Jan 82 
X-band mixer, low noise 

N5AX p 22, Jan 83 
10-GHz osc~llator, ullra stable 

K8UR p 57. Jun 83 
40-meter transmitter-receiver 

W6XM p 43. Dec 82 

antennas 
Antenna insulators, PTFE VHF 

W5JTL p. 98, Oct 85 
Cylindr~cal feedhorns, second-generatlon 

WA9HUV p. 31, May 82 
Convert an inexpensive CB mag-mount 

antenna Into a superb 2-meter whip 
K7DBA p 52, Oct 86 

Colag~ antenna. The 
VE3BFM p 61. May 86 

Computer-a~ded design of long VHF 
Yagl antennas 
VK4ZF p 28, May 86 

Cylindrical feedhorns revisited 
WA9HU p 20, Feb 86 

D~rect~on-finding tool, the fox box 
KlZJH p 25, Oct 85 

Fresnel-zone plate for 10.4 GHz 
W66YVK p. 44, May 82 
Comments, KB90, WB6YVK 

p. 8, Nov 82 
Long 2-meter colllnears - a simple way 

to achieve gain (HN) 
WB3AYW p. 95, May 86 

Matching 432 MHz helical antennas 
WBNWU p. 44. Mar 83 

VHFIUHF world: VHFIUHF antennas and 
antenna systems 
WlJR p. 46. Feb 84 
Short circuit p. 54, Jan 86 

VHFIUHF world stacklng antennas, 
part 1 
WlJR p. 129, Apr 85 

VHFIUHF world: stacklng antennas, 
part 2 
WlJR p. 95. May 85 

VHFIUHF world 
WlJR p. 85. Dec 85 

VHF Yagi CAD on the C-64 
W4PFZ p 70. Sep 86 

VHFIUHF world. Yag~ facts and fallac~es 
WlJR p. 103. May 86 

VHFIUHF world: reflector antennas. 
part 1 
WlJR p. 51. Feb 86 
Short clrcult p 45. Apr 86 

VHFlUHF world reflector antennas. 
part 2 
WlJR p 68. Mar 86 

Yag~, a h~gh-galn 70cm 
WlJR p 75. Dec 86 

Yagi trlgon reflector. Optlmlzlng 
WB3BGU p 84. Jan 86 

Weathering the elements at 10 4 GHz 
WB6YVK p 74, Aug 82 

2-meter beam, portable 
KB5QJ p 113, Oct 85 

6-meter kilowatt ampllfler 
KX @J p 50. Jul 86 

receivers and 
converters 
GaAs FET performance and 

preampllfler appllcatlon 
K8UR p 38. Mar 83 
Comments. KC0W p 12. Jul83 

Local osc~llalors, h~gh  stablllly for mlcro- 
wave recelvers and other appllcatlons 
WB3JZO p 29. Nov 85 

Preampllfler deslgn. UHF, computer 
alded 
KBWH p 28. Oct 82 

TR-250012600 2-channel programming 

(HN) 
K9MLD p 128 Ocf 85 

VHFIUHF world VHFIUHF recelvers 
WlJR p 42. Mar 84 

VHFIUHF world - low-nolse GaAs FET 
technology 
WlJR p 99. Dec 84 

VHFIUHF world 
WlJR p 54. Nov 85 

Yaesu's latest VHFIUHF recelver. 
add general coverage 
W6MGI p 67. Oct 85 

2-meter transverter 
W6HPH p 24 Jan 82 

2-meter weather converter 
WA3EEC p 87 Dec 83 

2304-MHz preampl~f~er, low-nolse 
WA2GFP p 12. Feb 83 

transmitters 
Amplifier, 2 meter. 40 watt 

WB4GCS p. 50. Oct 83 
Amplifier, 432-MHz, 1500-watt 

W2GN p. 40. Jul 85 
Low-nose phase-locked UHF VCO part 

1: the noise problem 
WA9HUV p. 33, Jul 86 
Short circult p. 9, Dec 86 

Low-noise phase-locked UHF VCO part 
2: construction and testing 
WA9HUV p. 25. Aug 86 

Temperature control, automatic 
WB51RI p 75, Jun 85 

TR-250012600 2-channel prograrnmlng 
(HN) 
K9MLD p 128. Oct 85 

VCO. 1800-2600 MHz 
WBDTV p 21, Jul 85 

VHFlUHF world: medium power 
amplifiers 
WlJR p. 39, Aug 85 

VHFIUHF world: VHFIUHF exclters 
W1JR p. 84. Apr 84 
Short circuit p. 60. Oct 84 

Weaver modulatron, 2-meter transmitter 
NlCOX p. 12, Jul 85 

&meter amplifier 
W2GN p. 72, Apr 83 
Short circuit p. 97, Aug 83 
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products 

tions on TV sets throughout home, building, or 
neighborhood while sharing one N antenna. 

The 8333 1.2-meter dish and WW)4 1.8-meter 
dish are available with fixed (azimuth elevation1 

porates a syllabic rate detector which provides 
for superior squelch operation. looks for signal 
changes similar to changes normally occurring 
in human speech, and uses the VOS to switch 
the speaker audio on. (An onloff switch is 
~rovided.1 

The VOS is most helpful where a single chan- 
nel must be monitored continuously, reducing 
operator fatigue. 

For further information, contact Naval Elec- 
antenna polarity switcher tronics Inc., 5417 Jetview Circle, Tampa, Flor- 

model APS-1 ida 33634. 

The APS-1 from Mirage is a self-contained 
control head desianed to allow remote polarity 
switching of circular antennas such as the Mi- 
ragelKLM range of crossed Yagis. 

The APS-1 may be powered by the power 
aaapter (includedl or may alternately be powered 
from a vehicle or other 13- to 17-volt dc source. 

In addition to switchable outputs for two an- 
tennas, the APS-1 also contains a 6- to 13.volt 
regulated dc power supply. This feature is 
designed for powering items such as pre- 
amplifiers and VHFIUHF converters. but may 
also be used whenever a low-current, stabilized 
variable voltage source is required. 

Total output current is 500 mA with the ac 
transformer (included), 1 amp with optional high- 
current transformer or external dc supply. 

For information, contact Mirage. P.O. Box 
1000, Morgan Hill, California 95037. 

Circle 1307 on Reader Service Card. 

new CTCSS encoder 
Kenwood has added a programmable CTCSS 

encoder to its Smallest HTT". The new BT-Series 
accessory lets you access more "private line" 
machines with different PL tones. 

The introduction of the new BT-Series doesn't 
mean that the original Smallest HT'" will be dis- 
continued; users who don't need the CTCSS en- 
coder can choose the TH-216A-Series without 
the front panel proc-ammabk tone encoder. 

The new BT-Series retains all the same fea- 
tures and uses the same accessories as the origi- 
nal Smallest HT" and adds a valued feature in 
the same "pocket-portable package." 

For information, contact Trio-Kenwood Com- 
munications. P.O. Box 7065, Compton. Califor- 
nia 90224. 

new Ku-band satellite tv 
package 

Luxor has announced a new Ku-band pack- 
age for viewers who want to receive both Ku- 
band and C-band satellite television program 
ming. The Luxor package consists of a Luxor 
9995 CIKU Block Satellite Receiver. a new 1.2- 
or 1.8-meter fiberglass antenna, choice of 
mounts, a 9769 Ku-band Low Noise Block 
Downconverter (LNB), and dual-mode signal 
feed. The LNB converts the 11.7 12.5 GHz band 
to 950.1.750 MHz, the input frequency of Lux- 
or block receivers. Its block signal conversion 
technology permits independent channel selec- 

mounts for commerical use or polar mounts for 
consumer use 

The Luxor 9769 microwave head consists of 
the low noise pre-amplifier, mixer, local oscilla- 
tor, and i f amplifier, combined in one unit to 
form the LNB. This LNB (noise factor 2.5 dB 
maximum), togethe; with the new Luxor 1.2 me- 
ter dish, gives an excellent picture on the new- 
er 12 GHz satellites. For reception at footprint 
edges where signal strength is weak, Luxor 
recommends its 1.8 meter dish. 

For details, contact Luxor North America Cor- 
poration, 603 108th Avenue N.E., Suite 539, 
Bellevue. Washington 98004. 

Circle C306 on Reader Service Card. 

antenna current probe 
Antenna experimenters will find the new 

MFJ-206 antenna current probe to be a handy 
addition to their hamshack. Designed to detect 
magnetic fields around rf conductors such as an- 
tennas, transmission lines, and ground leads, it 
can also be also used to detect electromagnetic 
radiation from wiring, enclosure shields, and oth- 
er objects. It can also be used as a field-strength 
meter with the included telescoping antenna. 
The MFJ.206 is priced at $79.95. 

The relative strength of a magnetic field is de- 
termined by the magnitude of the rf currents 
flowing through a conductor. To detect current 
distribution. you simply move the slotted end of 
the probe along the conductor at right angles. 
As current increases, you'll see a higher read- 
ing on the probe's meter. 

For further information, contact MFJ Enter- 
prises, Box 494. Mississippi State. Mississippi 
39762. 

Circle 1305 011 Reader Service Card. 

SSB voice-activated 
squelch 

Naval Electronics announces a new commer- 
cial-grade voice-operated squelch (VOSI for 
upgrading solidhtate SSB receivers and tran- 
sceivers. 

Easily installed in most modern receivers and 
transceivers, the 11-pin module provides com- 
mercial communications-grade squelch opera- 
tlon Immune to noise, static crashes, heter- 
odynes, and steady tones. The circuit incor- 

Circle 010 on Reader Sewice Card. 

digital oscilloscope 
peripheral for pc's 

Rapid Systems has announced the release of 
the new "4x4," a digital oscilloscope peripheral 
for IBM PC. XT, and ATs and compatibles. This 
turn-key, high-performance. 128K data buffer 
digital scope is the first serious instrument 
peripheral for PC's to offer simultaneous acqui- 
sition of four channels. It also offers the largest 
number of data buffers per channel in the mar- 
ket. Turn-key digital scope software is provid- 
ed with unit. No programming is required. 

For information contact Rapid Systems, Inc. 
755 North Northlake Way, Seattle, Washington 
98103. 

Circle 1304 on Reader Service Card. 

free update disks 
Free update discsareavailable toanyone who's 

bought RF Notes 1 (through Version 2.41. RF 
Notes 2 (through Version 2.41. or RF Notes 3. 
Volume 1 lthrough Version 1.51. 

For a freecopy, simply return youroriginalpro- 
gram disk to Etron RF Enterprises. P.O. 00x4042, 
Diamond Bar. California 91765. 

Circle 1303 on ~eader Service Card. 

new DX Edgem 
There's a new DX Edge from Xantek - the 

Super DX Edge', the successor to the "Com- 
puterized DX Edge." Available for the Commo- 
dore 64 and Commodore 128 computers and 
their associated disk drives, the Super OX Edge 
adds two significant features not found in earli- 
er versions: it calculates Maximum Usable Fre- 
quency (MUFI between any two locations and 
calculates Great Circle Bearings (antenna direc- 
tion) and distance between any two locations. 

The program calculates the MUF between any 
two points for any sunspot number or solar flux 
value, and also the great circle bearing between 
the points. The MUF is the frequency to use for 
most effective communications between any 
two points. Results are given for every hour of 
the day. 

The super OX Edge displays and automatically 
updates the position of the Gray Line to give a 
continuously accurate picture of the world's day- 
light and darkness areas. Sunrise and sunset 
times for any location and any time of year may 
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also b e  calculated a n d  displayed. 

The  D X  Edge is used b y  DXers around the 

wor ld  to help determine the  optimum times fo r  

long-distance contacts. It is  particularly helpful  

in determining the best t imes and  bands for  long 
pa th  and  Gray Line contacts. With the  addit ion 

of the M U F  and  Great Circle Calculators, the Su- 

per  D X  Edge contains al l  t he  propagation aids 

that DXers need to p lan their on-the-air activity. 

Available from H a m  Radio's Bookstore or 

directly f r o m  Xantek. Super D X  Edge is pr iced 

at  $34.95. ( A d d  $3.50 for  shipping and  handl ing 

i f  ordering f r o m  HR's Bookstore.) Owners o f  the 

Computerized D X  EDGE can trade up t o  the Su- 
per  D X  EDGE fo r  $24.95 p lus  their disk. 

For  information, contact  Xantek. Inc.. P.O. 

Box  834, Madison Square Station, New York, 

N e w  York  10159. 

Circle T502 o n  Reader Sewice Card. 

all-mode communicator 
The  K A M T U  is  a t rue al l -mode digi tal  "smart" 

communicator  available f r o m  Kantronics. A 

state-of-the-art radio modem that operates CW, 

RTTY. ASCII, AMTOR, or PACKET, K A M  

features over 100 sof tware commands, bar 

graph tuning and  user-programmable M A R K  

and  SPACE tones for  RTTY and  h f  packet, 

RS-232 lTTL  terminal interfacing, a n d  l imiter1 

limiterless operat ion on h f  for  weak-signal oper- 

at ion. In addition, t he  C W  demodulator is 

programmable fo r  b o t h  center frequency and  

bandwidth. In effect, y o u  get  a flexible, all-mode 

unit, with any shift - including 170 Hz fo r  RTTY 

- wi thou t  compromise. 

Like a packet unit, K A M  operates with a com- 

m a n d  mode  and  operat ing modes. You  can 

choose RTTY o r  packet b y  command.  I n  add i -  

tion, you  can set mark and  space tones for RTTY 

o r  packet whi le in command  mode  for  hf oper- 

ation. Standard packet tones are used in the VHF 

mode.  You'll need a terminal program t o  access 

K A M  w i t h  you computer; any standard commu-  

nicat ions program will do. 

K A M  comes with a power  adapter, a n  opera. 

tor's manual, cables, a n d  connectors; you  pro-  

vide the  transceiver m i c  connectors and  your  

computer 's RS-232 connector. 

For  details, contact  Kantronics, 1202 E. 23 
Street, Lawrence, Kansas 66046. 

Circle 1301 o n  Reader Service Card. 
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The "Flying Horse" 
sets the standards 

Cont lnu lng a 66 year tradlt lon. there are 
three new Cal lbooks for  1987.  

The  N o r t h  Amer lcan Cal lbook llsts the calls. 
names, a n d  address In fo rma t ion  f o r  l lcensed 
amateurs I n  al l  countr ies f r o m  Canada t o  
Panama Inc lud ing Greenland. Bermuda, and  
the Caribbean Islands plus Hawai i  and  the 
U.S. ~ossessions. 

The  ln ternat lona l  Cal lbook llsts t h e  
amateurs In  countr ies outslde N o r t h  
Amerlca. Coverage Includes s o u t h  America. 
Europe, Afr lca. Asia. and  the Paclflc area. 

T h e  1 9 8 7  Cal lbook Supplement l sa  new Idea 
I n  Cal lbook Updates: i t  l lsts the act iv l ty  I n  
b o t h  the N o r t h  Amerlcan and  ln ternat lona l  
Callbooks. Published June 1, 1987. th is  
Supplement w i l l  include a l l  t he  new licenses. 
address changes, and  call slgn changes fo r  
the preceding 6 months. 

Publ icat ion date for  the 1 9 8 7  Cal lbooks is 
December 1, 1986. See y o u r  dealer o r  order 
n o w  d i rec t ly  f r o m  the publisher. 

o N o r t h  Amer ican Cal lbook 
Incl. shlpplng w l t h l n  U S A  $28.00 
Incl. shlpplng t o  forelgn countr les 30.00 

0 Internat ional Cal lbook 
incl .  shlpplng w l t h i n  U S A  $28.00 
Incl. shloplng t o  forelgn countr les 30.00 

o Cal lbook Supplement, published June 1st  
incl. shlpplng w l t h l n  U S A  $13.00 
Incl. shipping t o  forelgn countr les 14.00 

SPECIAL OFFER 

0 B o t h  N.A. & Internat ional Cal lbooks 
Incl. shlpplng w l t h l n  U S A  $53.00 
Incl. r h lpp lng  t o  forelgn countr les 58.00 

. . * . * * . * * * . .  

l l l lno ls  residents please add  6H% tax. 
A l l  payments must  be  I n  U.S. funds. 

RAOIO AMATEUR 

I l e p t .  F aca!!br:~k.,'~?x Lake Bluff .  l L 6 0 0 4 4 .  U S A  2 4 7  

Tel:  (312)  234-6600 E d  
? 

YEAR-END CLEARANCE 
All starred ( *  ) Items 20% OH: all others 10%. 
Mess are each except as noled. Al l  lhers Epde.  

Sale ends Oecember 31. 1986. 

FILTERS FOR KENWOOD. Reg. SW mxcept am n o w .  
883MHz IF lor models TS120 Ihrough TS94O 
Bandwldths 250. 400. 1BW. + 21W. MX)OHz 
TS440 + Pmlr(4W Hz CW. 2 1KHz SSB) . .Reg $120 
TS430 + Trlplm (Bath above plus AM) . . . .Rep. $180 

455 KHz IF lor RBM. TS83019301940 . . . . . . .Reg. $110 
Bandwidths available: CW 4WHZ: SSB + Z.IKHI 

Mmtchod FIItmr Palm lor Aborm . . . . . . . Rag. S170pr. 
(0.83mhZ and 455KHz1 SSB: + 2(00Hz. CW 4WHz 

3 395MHz IF lor TS520. TS511. R589. 
Bandwbdths Available: 250. 4W. + 1800. 24WHz 

Fllter Cascade Klta wlth Flllar and Amplliler 
For + TS430 $85, + 75520 $80, + TS20 - Reg. 180 

FILTERS FOR VAESU . . . Rag MOmrcaptms n0l.d. 
3.18MHz IF lor FT.101 Series except DO. 
BWs. 250. 500Hz. 1.8, + 2.1. + 24. + 8.OKHz 

8.2 MHz IF lor FT.102. FT.7571767 
Bandwldths Available: + 250. 500. 21WHz 
454KHrlFiorFT-1021t 250. 500Hz). . . .  Reg $75 
455KHzIFlorFT-102I+ 2.lKHzI . . . .Reg.SllO 

0.9MHz lor FT-101ZD110717071901.2. FT.980. 
BWs: 2% 5WHz. 1.8. 2.1. + 2.4. 6.OKHz 
10 76MHz IF lor all but 880: 8Ws: 1.8, + 2.1KHZ 
455IFlorFT9BOonly:BW +Z.lKHr. . . . . .  Reg $110 
455 8 IF lor FT-980. FT72U BW r MOHz . . .Reg. $75 

Flller Cascade Klla wltn Fllter and Ampllfler 
For +ai l  8.9 above except FT.980 . . . . . . . Rep. 580 

9.OMHz IF lor Tempo I (or FT-2W1. FT.301. FT.718 
BWs: + 250. 500Hz. 1.8. +2.1. 2.4. 6.OKHz 
NOTE: Above are our "homebrewers' lavoriles"! 

FILTERS FOR ICOM (exact nplmcemmnts) 
455 IF lor lC730174017451751. R70171. etC. 
Bandwidths. FL44A (SSB r 2.4KHzI.. . . . . Reg.Sl10 
FL52A l500Hz); FL532 1250Hzl. . . . . . .Reg. S85ea. 

FILTERS FOR HEATH. ALL MODELS.. . . . .Reg. S65 
Bandwidths Available: 250. 4WHz + 1.1). 2.1KHz 
For S8.104 Only: + 4WHZ (3395.7 IF) 

FILTERS FOR DRAKE R.4C . . . Reg. $85 mrc mm notmd 
GUFl (8KHz) Replaces original 131 IF 4 . ~ 0 1 ~  unit 
GuF2(BM)Hz)Swllches out GUFl InCW.. Reg. S1W 
2nd IF 125 ($75). 250. 4WHz. 1.8, t2.1. 6KHz 

FILTERS FOR DRAKETR7IR7,~lc. . . . . . . . .Rmg.S65 
BWs Avallable. 250. 400Hz; + 1.8, r 2.1KHz 

FILTERS FOR COLLINS 7553BIC + 250Hz Rmg. St25 

LIMITED QUANTITIES - ORDER NOW! 
SPECIFY: Make and Model Number 01 your Rip. 

Frequency and Bendwldth 01 lIlter(3l 
ORDER by Mat1 or Phone - VlSAlMC or COD OK. 
SHIPPING: 15 US and Canada, $12 elsewhere. 

GET THE BEST 8-POLE FILTERS - FOR LESS 

FQX-TANGO Cwm 
Box 15944. W Palm Bch, FL 33416 

Telephone (3051 683-9587 

C I U O C ~ S  ( J V ~ I  a I 127 
I do7en RF and DC 

f o r m u l a s ,  p r o  2- \CC 
g r a m s  for  Beam 
Headings. Tower 
St ress Ca lc  and Noon M e r ~ d ~ a n  to f~nd 
True Nor th  A l so  lns t ruct lons t o  add your 
own f a v o r ~ t e  formulas lo t h e  d l sk  Wr i te  



NEMAL ELECTRONICS 
HARDLINE - 500HM CONNECTORS - MADE IN U.S.A. 

L m d  l a  k n p t n n  h R  1 kd Ma. k r t u l m  k h  
n A l 2  1.12 L l t~m#num Rlath I&rhrt 89 Nf 120 I ~ P  N I I Helden 9913 4 75 
n c 1 2  112 cou Cnuw~IIPHdax' LDI1lBIh 111 1 5 9  N t l 2 1  N t ema l~~Be lden99 I J  4 15 
f l C l 8  118 Cof! Coupct 1 9 2  i PL2581M Amnhrniml B a w l  I 1 5  
NM12LL N Conn 112 Alum (Male or Female1 22 00  

1 
PI259 5landa8c Pluglw RC8 213 10/590m 65 

NM l2CC N Conn 112 Caupn (Male 0, l?rnalel 22 00 PL259LM Imphrnrl l  Pl259 10119001 89 
NMlSCC NCsnn . 718" Cappel (Maleor l lma l s l  54 00  PL759TS PI759 I r t lon iS l lRr  1 5 9  

X 2 I O  l r w N I n r R G 8  213 211 3 00 
COAXIAL CABLES LC838 N ternale la PI259 6 50 

L m d  l o .  k n p f m n  lwrt. rw n. ~ 8 8 ~  RNC RC5B I 7 5  
1 \00  RC 8 95'. Sh8rlad MII S m  28 00 32 UC 146 m239  I n  Male N 6 50 
1102 RC8 95% S h ~ t d a  loam 1000  12 UCI15/6 U a p l n  101 R C 5 8 / 5 9 ( r ~ x l l l l  10/2 0 0 m  22 
1110 RC8I 95% Shrldlmro8BI 1500 17 UC255 Y12JY lo BNCArn~henoI 3 7 5  
1130 RC2I 1 IU Md Sw 96% Shleld 14 00 36 M i l  I 8  I Y C  RC58 4 35 
1140 RC214IUMol Spw -Db l  Sdc l  15500 1 6 5  AM9501 I !.MARC112B 8 95 
1180 &tam 9913 l o r  Lms I 6 0 0  50 X12J9AM huhano l  SO239 89 
1105 RC142BIU Istion/Llrar 14000 1 5 0  GROUND STRAP - BRAID 
1310 RC211lU5/8 5OshmDbl Shield 8000 85 LNI I& k ! o p t ~ a n  h II. 
1410 RC221/uM11 S m  Dbl S l l rs  8000 85 GSl8 ' P I~r~nrdCoope!  I 0  
1150 RGI14 95% shwldea MII s p w  1200 14 CSIZ I . ?  I>rnnrdCoope~ 10  

ROTOR CABLE - 6 COND. 65316 1116 ltnnM Coppt 15 
CS I I IS  3/16 5llrw Plated 15 

L m d  l o .  Dsrnpl'lon lcd I t .  r w  it. 
K1822  2 18Ca 6.2261 1900 21 GROUND WIRE - STRANDED 
RC1620 2 16Ga 62OCa Heavy Dub 34 00 36 Lnrl l o .  Drvr lp lmn P* i t .  

Shtuurng $1  00  - 100 11 / Cann 13 00 1 C 0 0 12  00 HW06 1, G a  ~n~.u la l lO l t n n d d  15 

Call UI write for complete price I~st. Nemal's 32.page Cable R Connector Selection Guide 
is available at no charge with orders of SSOOOor more, or al a cost of $4.00 individually. 

NEMAL ELECTRONICS, INC. (305)893-3924 'Telex8975377 

12240 N.E. 14 Ave.. No. Mlerni, FL 33161 r /  120 24.Hr. FAX(305)895-8178 

1986-87 CALL DIRECTORY 
( o n  mtcro l#chr , l  

C a l l  D l r e c l o r y  
Name Index 
Geograph~c I n d e x  

A l l  Ihree - $20 
Shtpptng per order $3 fl 

BUCKMASTER PUBLISHING 
M i n e r a l .  Virglnla 23117 

703-894.5777 

t h ~ s  new model incorporates m u  
pr~decrscor and adds many new 1 

products 

"talking" DTMF 
remote control 

The Model 5001 DTMF Remote Control from 
Monroe Electronics answers DTMF-coded in- 
quiries and generates alarm reports in English us- 
ing synthesized speech. The device monitors 16 
on-off type logic inputs and controls 16 outputs 
through built-in Form C relays. Communication 
with the unit is by means of dual tone multiple- 
frequency (DTMF) signals from any touch-tone 
telephone or over any other voiceband link 
equipped with a touch-tone keypad. 

a Tunes 150 I 
a LCD display onc.lUc~8 

a Computer interiace k 
a Keyboarcl f 

12 i n t ~ r n d  
a Noise blan 

Squelch 
a Passhand tuning 

requency 4 

memories 
ker 

y perform; 

,oiled tunif 

katures of 
ante 

ig ,  mode 
. - A  .,.-,. 

own to offer truly qualil Programmable clocldtimc 
Microprocessor contr Sensitivity: (10 dB SIN) .Wl .h MHq m. FAX. CW. 
select, triple scanning. memorv anu rlucn. SSR: 5 WV: AM 15 FV. 1.6-34 MHz. RTTY. 
functions CW. SSII: 0.5 a\!; Ah1 2 PV. 

Hz or mre.  
i z .  

Seleciivity: ( - b d B )  Aux. 12 k 
kHz, lnlcr 2 kHz, narrow 1 kl 
Opliom: CNK-165, VHF 

Convt>rter CMH-530, R l l Y  Demod~~lator C >r easy use 
Intry 

tm, 

Wide 4 

Con~pulrr Intrrface. ST-3, Headphones 
External speakcar Fillers: UY) Hz, 5(Kl tlz, a1 

1 For Technical Review of thr 525 
by Rainer Lichte Send $J.00 I 

GILFER SHORTWAVE 
52 Park Ave. park Ridge, N J 07656 Ph 201 I391 -7887 

r/ 123 

The Model 5001 controls its output relays as 
instructed, and reports the state of its logic in- 
puts when queried by the user. It will generate 
an alarm report spontaneously when designat- 
ed inputs change state, autodialing one of two 
preprogrammed telephone numbers or transmit- 
ting via two- or four-wire audio ports. User- 
selectable protocols for status reporting include 
synthesized speech. DTMF tone strings, DTMF 
tones, and single tone signals. 

The 5001 accepts instructions via the public, 
switched telephone network. It answers after a 
user-designated number of rings, and hangs up 
automatically after a selectable period of inac- 
tivity. Relays may be programmed for a variety 
of configurations. Applications include repeat- 
er and satellite uplinkldownlink control. 

For information, contact Monroe Electronics, 
Inc., 100 Housel Avenue, Dept. 555. Lyndon- 
ville, New York 14098. 

Circle 1308 on Reader Service Card. 

prime factor FFT 
Alligator Transforms has announced the re- 

lease of Prime Factor FFT, a Fast Fourier Trans- 
form Subroutine Library usable with the IBM PC, 
XT, AT, and Compatibles equipped with an 8087 
math coprocessor. The library includes the for- 
ward and inverse FFT for single and double pre- 
cision floating point complex number sets. 

Prime Factor FFT may be called from any high- 
level language including Turbo Pascal, Fortran, 
BASIC. C, or Assembly Language. Interface ex- 
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amples are provided in all languages with exten 
sive documentation on  how to use Fast Fourier 
Transforms in  your application. 

W ~ t h  Prime Factor FFT, the user is not limit 
ed to radix two  data set sizes. You may perform 
frequency analysis on  data set sizes as small as 
two data points to as large as 65.520 data points. 
Chnnse from over 300 data set sizes. 

Prime Factor FFT fully utilizes the 8087 math 
coI>rocessor to complete calculations quickly. A 
1008-point double precrsion floating polnt c o m ~  
plex forward FFT will co~nplete in 2.428 seconds. 
Larqer data sets execute quickly as well wilt1 a 
sim~lar 32.760 data point set FFT completion in 
133 863 secorids. Priced at $159.00 each. Prime 
Factor FFT IS extrernely accurate, wi th typical 
error levels as low as 3.3307e 16 In double p ie 
cis~rrn. 

For information, contact Alligator Transforms 
Sctcntific Software. P.O. Box 11386, Costa 
Mrssa. California 92627 

Circle #3G3 on Render Service Card. 

ICOM IC-/L2AT 
2-meter handheld 

ICOM has announced the releas? o l  its 
pocket-sized 2 meter handheld. the IC /12AT. 
The "Micro" receives from 139 to 174 MHz and 
transmits from 140 to 150 MHz, has t ~ n  memonm 
whtrh will storeoffset and tone, an LCD readout 
on  the top panel, scaririing. 1 W power output 
I w ~ l t i  1.5W optlonall. and 32 butll i r i  subaud! 

= 
!4 
, , 

1111 tones It mp.,l:,rrlt.L, ~ i ~ i l y  2.3 - 5.6 . 1.1 
int i les arir! w o ~ ~ l h s  otily tii l l l a poullrl. 

For rlr~t;i~ls. contact ICOM Amnrtca Inr.. 2380 
1 l i i t l i  Av#?nue N . E .  Br?lIev~~e. Waslirnglori 
98009 9021). 

Clrcle I311 on Reader Service Card 

Fnq. I dB 
Ruetve Range N.F. Oaln Cornp. Devlce 
Only (MHz) (dB1 (dB1 (dBrn) TYP Prlce 
P28VD 28-30 < 1 1 15 0 DGFET $29.95 
PSOVD 50.54 <1.3 15 0 DGFET $29.95 
PSOVffi 50-54 <0.5 24 + 12 GaAsFET $79.(15 
P144VD 144-148 < 1.5 15 0 DGFET 529 05 
P144VDA 144-148 < 1.0 15 0 DGFET $37 95 
P144VDG 144.148 ~ 0 . 5  24 + 12 GaAsFET 57995 
P22OVD 220.225 < 1.8 15 0 DGFET $29 95 
P220VDA 220225 < I 2  15 0 DGrCT 537.95 
F220VDG 220.225 <05 20 + 12 GaAsFET $7995 
P432VD 420-4',0 <1.8 15 -20 Elpolar 5.12 95 
P432VDA 410-450 <1.1 17 -20 Elpolar $49 95 
PdDZVDG 420.4!>0 <0.5 16 + 12 GaA5FET $1905 

SP28VD 
SPSOVD 
SPSOVDG 
SP144VD 
SP144VDA 
SP144VDG 
SP220VD 
SP220VDA 
SP220VDG 
sp4:12vo 
SP432VDA 
SP437VDG 

DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
Bipolar 
H8polar 

GaAsFET 

Ewry psampl~uu IS pmc~slon a~(gnad on ARKS n4.n packad n P m m u n P m  SISIWI-I~...II no lu ((OW 
meter. RX only pnam llllers are lor ncalra ap Ilcallons only. lnllna praampllllen a n  rl sw1tch.d (lor use 
with ~ransce~v.rst an8handla 1 5  watts transmflter wwer. Mount lnllna ~msmollllers between transc.lvsr 
and powe;ampl~t~br lo, hlgh power appllcallons. 01hs;arnsleur commercla/ and s b l s l  marnpllllem avallable 

In the 1:1000 M H Z  range. Plalsstclude 52 shlpplng In 

Rdvanced 
U.S. snd Canada. Connnctlcut residents sdd 7.':% 
sales tax. C.O.O. ORIB~S add $2 Alr mall lo  lorslgn coun. 
tries 8dd Order you, ARR R x  only or Inllne 

Receiver preampllfler today and sfan hnnrlng like never before! 

tzr Research 
Box 1242 Burlington, CT 06013 203 582-9409 !z3m - UP YOUR ERP- 

MAGNEl MOUNTS 
For HT owners operating lnslde a vehlcle and want- 

Ing increased TIR range. RF PROUUCTS has the low 
cost solution. 

Remove your BNC antenna from the HT and mount 
on the RF PRODUCTS BNC magnet mount. Install the 
magnet mount on the roof lop and connect the BNC 
co-ax connector. 

The magnet mount (part no. 199445) has 10 feet of 
small (51327 co-ax with BNC conector attached. 
PRICE $15.95 M.O. or cashiers ck.. via UPS gnd. Fla. 
residents add 5% tax. for air UPS add $3.25 

The RF PRODUCTS Magnet Mounts are one of the lew mounts avallable that can be repalred 
should the cc-ax cable be damaged. The large surface area capacitance d ~ s c  provides proper 
ground plane coupl~ng for 114 an0 518 wavelength VHF and UHF antennas 
MODELS AVAI-ABLE WITH THE FOLLOWING CONNECTORS 8 COAX PIPES. 
ANTENNA CONNECTORS: BNC. TNC. 1 118' (MOT.). 5/16-24 STUD. 318.24 SOCKET. 
COAX CABLE: RG-1221U. RG.58A/U, minl EX. r /  125 
TRANSCEIVER CONNECTORS: BNC, TNC. PL-259, type N. 



Ham Radio's guide to help you find your loci 

California 

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

Colorado 

- - 

Florida I Indiana 
- -  - 

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

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. I Maryland 
ORLANDO, FL 32803 MARYLAND RADIO CENTER 
' ~ ~ + . Q Q A - ? ~ ? F (  8576 LAURELDALE DRIVE 
"""-"dT "G"" 

Fla Wqts: 1 (800) 432-9424 
? Fla: 1 (800) 327-191 7 
M-F 9-5:30. Sat. 9-3 

COLORADO COMM CENTER 
525 EAST 70th AVE. I 
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 Fr~endly one-stop shopping 
at prices you can afford. 

Delaware 

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

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE. DE 19720 
302-328-7728 
800-441-7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more 
One mile off 1-95. no sales tax. 

Y b  Dealers: c,, 

THE HAM STATION 
220 N. FULTON AVE. 
EVANSVILLE, IN 47710 
- , - . - - - - - . 
Discount prices on Ten-Tec, Cub~c, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 
SASE for New & Used Equipment List. 

. .-. . .. 
Outsidt 
Hours I 

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

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu, Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke, Belden, Astron, etc. 

ldaho 
ROSS DISTRIBUTING COMPANY 
78 SOUTH STATE STREET 
PRESTON, ID 83263 
(208) 852-0830 
M 9-2; T-F 9-6; S 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on 
Hand 

lllin ois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

LAUREL, MD 20707 
301-725-1212 
Kenwood, Ten-Tec, Alinco, Azden. Full 
service dealer. 
T-F 10-7 SAT 9-5 

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

Michigan 

ENCONIATLANTIC SOLAR 
37279 West Six Mile Rd. 
Livonia, MI 48154 
(31 3) 591-7744 
Amateur Radio. Repeaters, Satellite, 
Computer applications. 
Call Paul WD8AHO 

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

PAUL) 
TOLL FREE: (800) 328-0250 
In Minn: (612) 535-5050 
M-F 9 AM-6 PM 
Sat 9 AM-5 PM 
Ameritron, Bencher. Butternut, Icom, 

Kenwood 

Missouri 
MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY. MO 64150 
(800) 821 -7323 
Missouri: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same dav service, low prices. 

'SHOULD BE HERE TOO! 
3ct Ham Radio now for complete details. 



mateur Radio Dealer 

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

KENNEDY ASSOCIATES 
AMATEUR RADIO DIVISION 
5707A MOBUD 
SAN ANTONIO. TX 78238 
Stocking all major lines. San Antonio's 
Ham Store. Great Prices - Great 
Service. Factory authorized sales and 
service. 
Hours: M-F 10-6; SAT 9-3 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 Sat 9-3 

f \ 

BLACK DACRONm POLYESTER 

ANTENNA ROPE , 119 
* U V - P R O T E C T E D  

* H I G H  A B R A S I O N  R E S I S T A N C E  

O R E Q U I R E S  NO E X P E N S I V E  
P O T T I N G  H E A D S  

* E A S Y  T O  T I E  6 U N T I E  K N O T S  

* E A S Y  T O  C U T  W I T H  O U R  H O T  K N I F E  

* S I Z E S :  3/32" 3 /16 ' '  5 / 1 6 "  

* S A T I S F I E D  C U S T O M E R S  D E C L A R E  
E X C E L L E N C E  T H R O U G H O U T  U . S . A .  

LET US INTRODUCE OUR DACRON@ 

ROPE TO YOU SEND YOUR NAME 

AND ADDRESS AND W E ' L L  SEND YOU 

FREE SAMPLES O F  EACH S I Z E  AND 

COMPLETE ORDERING I N F O R M A T I O N  s Lc.~ . .c .~ ,"so -. 
Synthetic ,,,,,A,,, AN,",,", ,",,,,NG ,, textilesjnc. VFNTUIA CALrORNiA 930133,8051 618 1903 

L 
..... ""I ,. . "" .__, " .,,...,.,., ...,..... 1 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 891 06 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

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

New Jersey 
KJI ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(301) 239-4389 
Gene K2KJI 
Maryann KZRVH 
Distributor of: KLM. Mirage. ICOM, Lar- 
sen, Lunar, Astron. Wholesale- retail. 
QEP's 
1 10-4 ROUTE 10 
EAST HANOVER, N. J. 07936 
201 -887-6424 
In N.J. 1-800-USA-9913 
Bill KA2QEP 
Jim N2GKW 
VlSAlMastercard 
Belden Coaxial Cable 
Amphenol Connectors 
Hours: 9:30 am-7:00 pm 

New York 
BARRY ELECTRONICS 
51 2 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. 

North Carolina 
F & M ELECTRONICS 
3520 Rockingham Road 
Greensboro, NC 27407 
1-91 9-299-3437 
9AM to 7PM Closed Monday 
ICOM our specialty - Sales & Service 

Ohio 

AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH 44092(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, W2AU/W2VS, 
Tokyo Hy-Power Labs, WELZ, Daiwa, 
Sony, Saxton, Vibroplex. WeHer. 

Tennessee 
MEMPHIS AMATEUR ELECTRONICS 
1465 WELLS STATION ROAD 
MEMPHIS, TN 38108 
Call Toll Free: 1-800-238-61 68 
M-F 9-5; Sat 9-12 
Kenwood, ICOM, Ten-Tec, Cushcraft. 
Hy-Gain, Hustler, Larsen, AEA, 
Mirage, Ameritron, etc. 



- * flea 0 1-1 
market 

power supply $15. All work. All tor $100. Shlpplng extra. vlctor 
Smith, 147-29 Hoover Avenue, Briarwood. NY 11435. 

PENNSYLVANIA: Amateur Rad~o Brunch The Chaverlm of 
Delaware Valley will hold their 7th annual brunch. Sunday. Jarqu- 
arv 18 Parktowne Place A~anment Com~lex. 2200 Ben~amln 

SSSSJSUPER SAVINGS on electronic parts, components, sup- 
plies and computer accessories. Free 40-page catalog for SASE. 
Get on our mailing list. BCD ELECTRO, PO Box830119, Richard- 
son, TX 75083 or call (2141 690-1102. 

~ r i n k l h  Parkway, ~hladel~hia at 10 AM. &ery&ne invited.'~on- 
tact Bill Soble, W30XT (215) 676-6769 or write to 9357 Hoff 
Street, Philadelphia, PA 19115. Reservat~ons are necessary. 

WISCONSIN: The 15th annual Midwinter Swapfest, sponsored 
by the West Allis Radio Amateur Club, Saturday, January 10. 
Waukesha County Expo Center Forum, 8 AM to 3 PM. Admis- 
sion $2.00 advance. $3.00 at the door. 4' tables $3.00 advance. 
$4.00 at the door. Elec. outlet $5.00. Advance deadline Janu~ 
ary 2. 1987. Dealers welcome. Amateur exams given. write for 
details. For tickets or information write WARAC Swapfest. PO 
Box 1072. Milwaukee. WI 53201. Please SASE. 

CABLE N CONVERTERS & EQUIPMENT: Plans and parts. 
Build or buy. SASE for information. C 6 D Electronics. PO Box 
1402. Dept. HR. Hope. AR 71801. -- 
YAESU OWNERS: Hundreds of modifications and improve- 
ments for your rig. Select the best from fourteen years of gen- 
uine top-rated Fox-Tango Newsletters by using our new =-page 
Cumulative Index. Only $5postpaid (cash or check1 with $4 Re- 
bate Certificate creditable toward Newsletter purchases. Includes 
famous Fox-Tango Filter and Accessories Lists. Milt Lowens. 
N4ML (Editor). Box 15944, W. Palm Beach. FL33416. Telephone 
(305) 683-9587. 

RATES Noncommercial ads 100 per word; 
commercial ads 606 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. 

OPERATING EVENTS 
"Things to do . . ." 

R-390A Receiver: $195 checked; $115 reparable. Pans. tubes. 
sections. Info SASE. CPRC-26 six meter transceiver (see HR, 
March 19851 $17.50 apiece. $32.50 pair (add $4.50!unit ship- 
ping). Baytronics, Box 591. Sandusky. OH 44870.419-627 0460 

December 6: The University of Idaho ARC. W7UQ. will hold 
its 2nd annual Alumni Reunion on the Air. 20002. December 
6 to 04002 December 7. All Amateurs. especially U of I alumni. 
are invited to participate. Listen for "CQ Reunion" QSL avalla- 
ble by sending SASE via callbook address For more informa- 
tlon contact W U Q .  

--- 

December 6-7: 22nd Annual Pioneer Radio QSO Party spon- 
sored by the John D. Burlie Chapter No. 89. For further ~nfor 
mation Ted Phelps. WBTP. 

-- - 

Feb 1-2: YL-ISSB OSO Parties. CW OW12 to 23592. Phone 
WOlZ March 21 to 23592 March 22. O ~ e n  to all. U.S. General 

evenings. 
-- 

MARCO: Medical Amateur Radio Council. Ltd. operates daily 
and Sunday nets. Medically oriented Amateurs (physicians, den- 
tists, veterinarians, nurses, phys~otherapists, lab technr!ans, 
etc.) invited to joln. Presently over 550 members. For in for ma^ 
tion wrote MARCO, Box 73's. Acme. PA 15510. 

COPY No special layout or arrangements 
available. Material should be typew, itten 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- 
n o t  check each advertiser and thus cannot be 

IBM-PC RTTYICW. New CompRtty II 1s the complete 
RTTYICW program for IBM-PC's and compatibles. Now with 
larger buffers, bett~?r support for packet units, pictures, much 
more. Virtually any speed ASCII. BAUDOT. CW. Text entry via 
built-in screen editor! Adjustable split screen display. Instant 
modeispeed change. Hardcopy, diskcopy, break-kn buffer, se- 
lect calling, text flle transfer, customizable full screen logg~ng. 
24 programmable 1Oa) character messages. Ideal for MARS and 
traffic handling. Requires256k PC or AT compatible, serial port. 
RS-232C TU $65. Send call letters (including MARS1 with or 
der. David A. Rice, KCZHO, 25Village View Bluff, Ballston Lake. 
NY 12019 

n.& nort~ons of bands. Eichanoe call. rkoort. QTH. name. ISSB . .-- - -  
number ail0 partner or teanunate ~erilflcates to category, coun 
try stale wtnnerr; Fw lnformatton BIII Early WASAEA, PO Box 
401. McHenry. IL 60050 0401. JSA held responsible for claims made. Liability for 

correctness of material limited to corrected ad 
SOUTH BEND, INDIANA Hamfest Swap 6 Shop, January 4. 
1987. first Sunday after New Year's Day. Century Center down- 
town on US 33 Oneway North between St. Joseph Bank Bldg 
and ruer. Four lane highways to door from all directions. Tabl;es. 
$515 ft. Round: $10/8x2.5. Rectangular: $2ift. wall locations. 
Talk in freq: 52 52. 99-39. 93 33. 69G9. 145.29. K9IXU 12191 
233~5307. 

in next available issue. 
DEADLINE 15th of second preceding 

m o n t h .  

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

ELECTRONIC ENCLOSURES: Attractive, reasonably priced. 
Aluminum top and sides. Walnut stained sol~d wood ends. Va- 
riety of sizes and custom sizes available. Sample $5.00 Infor- 
matlon free. Energy Engineering. Custom D~vision. Rt. 4. Box 
330. Fayettev~lle. AR 72701 

December 12-14: Christmas, florida. The Coronado Wire 
less Assn. will operate K4HML from 14002 to 2202. lower 10 
kcs of General bands, phone and CW. Send QSL and No. 10 
SASE to K4HML. PO Box 1. Edgewater, FL 32032. 

..-A 

December 20-21: Christmas City Station Members of the 
Delaware-Lehigh ARC will run thls special event station. W30K. 
1600 UTC to 2200 UTC. Contact the station and send QSL and 
No. 10 SASE to W30K. Delaware-Leh~gh ARC, Greystone Build 
ing, Nazareth, PA 18064. 

PACKET PROGRAM FOR YOUR PC. A teoeconlmmlcatlons 
progrd~n especldlly wrvtlen to nnterface your packet controller 
wltn vour PC or ~:omoat~ble Features Suln Screens. ASCII. BI 

NATIONAL RADIO EQUIPMENT manual l~st or NCL 2MO parts 
knts SASE Maxlm~l~an Fuchs. 11 Plymouth Lane. Swampscotl. 
MA 01907 narv 'X Modem ftle hansfers DOS sheil Marro Kevs 5 tvoes 

time date oper ID Lots of goodes Software support  ore 
for ro~nplete nnformat~on VISA MC Kalt an0 Assoc~ates 2440 
E Tudor Rd Su~te 1138 Anchorage AK 99507 19071 248 0133 

RTTY JOURNAL-Now In our 34th year. Join the circle of 
RTTY friends from all over the world. Year's subscription to 
R n Y  JOURNAL, $10.00, foreign $15.00. Send to: RlTY JOUR- 
NAL. 9085 La Casila Ave.. Fountain Vallev. CA 92708. December 13-14: Bethlehem, IN. Clark County ARC wlli oper 

ate W9WWI 9 from 17002 to 03002 Decemoer 13 and 13002 
to 20002 December 14 Crrt?f#care lor larye SASE v.a CCARC. 

REMEMBER TROLLEY CARS? Trolley Treasures: "The War- 
time Years in New Jersey", a 4-volume photodocumentary his- 
tory, ~ncludes 1600 unpublished, original photographs plus 
extensive historical notes. Volume I, "The Compromise Roof 
Cars of Public Service Coordinated Transport", ready now. For 
details. send SASE to Trolley Themes. A.W. Mankoff, 2237-3 
Woodside Lane, Sacramento, CA 95825. Or order directly from 
publisher ($12.95 plus $1.50 S6HI: Railhead Publications, PO 
Box 526HR. Canton. Ohio 44701 

IMRA International Miss~on Radio Association helos mlssion~ 
Box 532. Jeffersonville. IN 47131 a r m  Eqwpment loaned Wrekday net 14 280 MHZ 2 3 PM 

Ea\tern t ~ g n t  hunored Amatcurs irt 4Ocountr1es Brotnrr Frrv 
1 Pryrr Manor Road. Larchmont. New York 10538 

7 MILLION TUBES 

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

UNITY Electronics Dept. H 
RO. Box 213 

Elizabeth, NJ 07206 
r /  118 

- -- 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G.L. Pierce. 5521 Birkdale Wav. San Diego. CA 92117. SASE 

NATIONAL COLLECTORS: National HFS rcvr, all original 
tubes, coils and power supply. Very good condition. Make of- 
fer. Ray Nether. W3KFB. 184 McClure road. RO 2 Cheswick. 
PA 15024. 

brings information. 

ELECTRON TUBES: Rece~v~rlg, transmnttlr~g, nucrowave . all 
wpes available Large stock Nert day aellvq. most cases Datlr 
Elrrtron,cs. PO Box 5029. Compton. CA 90124 12131 774 1255 

1296 MHz POWER AMPLIFIERS. 6,W Kfl-$80.65 $3 50 slh. 
20 W Kit-$112.15-53.50 sih. For lnfo SASE to: A B A  en^ 
glneering. 2521 W. La Palma. -K. Anaheim. CA 92801. 1714) 
952~2114. 

UHF PARTS. GaAs Fets. MMICs, tr8rnmers. chtp caps, teflon 
pcb, and other builder parts. SASE brings Itst. Microwave Com- 
ponents. 11216 Cape Cod. Taylor, MI 48180. 

CUSTOM MADE EMBROIDERED PATCHES. Any slze, shape. 
colors. Five patch minimum. Free sample, prlces and order~ng 
informat~on. Hein Specialt~es, Inc., Dept 301, 4202 N. Drake, 
Chicago. IL 6C618. 

.~ 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter. 2697 Nickel. San Pablo, CA 44806. 

.- -- 
CABLE TV CONVERTERSIDESCRAMBLERS. Guaranteed 
lowest prices in US. Jerrold, Hamlln. Zenith - Many others. 
Lowest dealer prices! Orders shipped withih 24 hours! Master 
card. VISA. COD accepted.Free Catalog- call (800) 345-8927 
only Pacific Cable Co.. Inc., 7325112 Reseda Blvd,#1019. Rese. 
da. CA 91335. (8181 716-5914. 

-- - 
WANTED: Heath ET~l00. Call 913~898-4695. Mike WOXM. 

SHOW IT IN STYLE. Full color QSL's by Smith Printing. From 
your printslslides. Sample packet. SASE M420 Calhaven Drive. 
Saugus. CA 91350. (8051 251-2211. 

.- - 

LOOKING FOR the following equipment not modified: ARC 
4 T B Y  A P S 1 3  BC645 or other Items used in aviation in the 
years 1939-45. Giuliano Vigarani, I4VGG 

WORLDWIDE AIR TRAFFIC CONTROL Fruqtn:ncv Dlrrctorv 
lor 2 22 Mhz shortwave aerona~l~cal bands dear commerctal 

MORSE CODE Practice program for IBM-PC and Compatibles. 
Send $19.95 check to SP Microcomput~ng Co., 1008 Swallow 
Drive, Cherry Hill, NJ 08003. Developed by KDZSM. airliners on oceanlc and many foreign domestic routes Cross- 

referenced lhsts Include over 200 c~ties plus weather and airline 
channels. Send $4.75 (Mass res~dents add 5%) t $1.25 PBH 
($2.25 outs~de N. America) to Cambridge Airadio. Dept HRA. 
Suite 486. 89 Mass. Avenue, Boston, MA 02115. 

-- 
CHASSIS and cabinet krts. SASE KJIWK. 5120 Harmony Grove 
Road, Dover. PA 17315 

COMING EVENTS BUG COLLECTORS: Or.gorral Bunnel Gold Bug. S fv 115 Also 
nave Bdnnell Marttn Flash Key. Type h o  546. Make offer Rar 
Netner. W3KFB. 184 McClorr Roao. RD 2. Cneswlcf. PA 15024 Activities - "Places to go . . ." 
~ ~ ~ ~ ~ l f o ~ ~ ~ ~ ~ ~ ~ ~ , " , I ~ S M " , ~ " ,  ~ ~ , ' a r ~ $ ~ ; ~ ~ ~ ; ~ \ ~ $ ~  CALIF0RNIA:FCC exams. Novce-Extra. Sunnyvale VEC ARC. 

MPRO RTTY. c/o KBBIC, 3711 Gayle Avenue, Omaha, NE 
(4081 255-9000 24 hour 73' - W6NLG' VEC 

68123. MASSACHUSETTS: The MIT UHF Repeater Association and 

ANTENNAS by K31PW featuring the RIW~19 432 
the MIT Rad~o Society offer monthly Ham Exams. All classes 

mas H. Rutland. 1703 Warren St, New Cumberland. PA 17070. ~ & . ~ l ~ ~ & . ~ w ~ $ ~ ~ b e  k:l$f;l ( ~ ~ & o { ~ ~ a ~ ~ ~ d  to your MC or VISA, write or call 
HAM RADIO MAGAZINE 

Greenville, NH 03048 

-- - ~ 

$4.25. Bring copy of current license (if any), two forms of p l c~  

~ ~ ~ f & A ~ , " $ $ \ o ~ ~ ~ : 2 ~ " , U ~ ~ ~ ~ , " , ~ ~ ~ ~ ~ ~ g ~ ~  ~~~~~~ ture ID and completed form 610 ava~lable from FCC in Boston 

$30 each. 12018 regulated unit power supply $20. 12038 unit (223-6609) - --- 



SWl's: Are You Plagued By 

Meet the Eliminator. 
Don't let its small dimensions (4"x3"~2") fool you-the Grove 

Minituner Ill is  a big weapon against images, intermod and 
phantom signals on your shortwave receiver! 

This short wave/long wave pre-selector is designed to boost 
performance in the 100 kHz-30 MHz frequency range. If you 
own one of the popular general coverage communications 
receivers and are using an outside antenna, you NEED this extra 
measure of selectivity. 

No power required. Simply connect between your receiver 
and antenna. Equipped for standard PL-259 connections. Only 
$39 (free Upsshipping; 45 U.S. MaiI/Parcel Post). Order TUN-3. 

/" Grove Enterprises 
140 Dog B r a n c h  R o a d  

MC, Visa or COD call: 

B r a s s t o w n ,  N.C. 28902 1-800-438-8155 
+++++++++++++++++ 

Shop Grove for fantastic values in shortwave 
receivers, antennas, cable, performance 

C/ 113 boosting accessories and literature. 
Call (704) 837-9200 or write to above address lor Iree catalog! 

BASEBALL CAP I.D. BADGES 
How about an attractive BASEBALL stylecap Nq hanl ?hnuld be w~thout an I 0 badge 

that has name and call on 11 It grves a It s lust the thlrlg lor club meetings. 

laur~ty alr when worll at Hamlcsts and 11 a conventions, and get.toqethers. and you have a 
a great help lor lr~ends who have never w~de cholce 01 colors Have your name and call en- 
met to spot names and calls lor easy graven In eltner standard or scrlpt type on 
recognlt~on Great for hlrlhdays. annlver- one 01 thete plasttc laminated I D badges 

Ava~lable ~n Ihe tollowlng color combinations 
Hats come In the loliow~ng colors Ibadqelletter~ngl whltelred. wood- 

GOLD. BLUE. RED. KELLY GREEN gra~rrlwh~ls, hlurlwh~te wh~te/hlack. 

Please send call and name yellowlblue, redtwhlle, greenlwhlle, metall~c 

I rnax~mu~n 6 letters per Ihnel goldiblack metall~c s~lve~lhlack 

UFBC.81 
UIO f lnqraved I D 8adpe 92.50 

ha171 Please enclose $3.50 to cover radio..,.- shipping and handling. 

BOOKSToRE Greenville. NH 03048 

. 
MOBILE RADIO 

WE M O U N T  I T  ALL 
Our exclllng new mounls wlll mounl your commu. 
nlcallon gear 8" all vehtcles lor new operallng en- 
joymenl All models lealure sleel conslrucl~on. 
salon black Ilntsh, and all mounllng hardware 
Available 6n two and lour cadlo models prlced 
from $79 50 lo $239 50, these mohlle mounts wtll 
ptll YOU In the communlcallonsdr~ver's seal 
M ~ ~ n l s y s l e m  I00 Inlormal,on sheel and Y 4 
general catalog available FREE Canlact ,, 114 

IIX Equipment Lld. 
-1 P 0 Box9 1-1 Oaklawn. ILK0454 ml 

(312) 423.0605 

"INSTANT" 
MORSE CODE 

Beginners: 
Deliciously Easy 

Experts: 
Automatically Fast 

CURLYCODETM MANUAL 
ONLY $6.50 

Guaranteed 
MlnCJS eve Pub l i ca t lons .  D e p t .  H I 8  

A ~ N D ~ .  suite 115.199 ' 

1350 Bever l y  RCJ. 
'Je MCLean, VA 22101 ,, 115 

- - 
SERVICE CENTER 

for 

ICOM, KENWOOD 
and YAESU 

Fully equipped repair shop Amateur, 
Marine and Land Mobile repairs. 

FCC NABER Lic 

Mon-Fri 10:OO-4:00 pm 
(206) 776-8993 

PACIFIC RIM 
COMMUNICATIONS 

Bob KG7D 1, 116 
23332 58th A v e .  W e s t  

M o u n t l a k e  T e r r a c e .  Wa 9 8 0 4 3  - 
8 C 0.D.S Welcome 







The Ones To Ask For 
Curfls Electronic Surge Protectors ore enjoying colorful Pofnt of purchase packaging, Curtis Jewel 
ovewhelmlng popularity in the surging accesso- Surge Protectors are an easy sale. Fost-moving 
ries marketplace. They've earned it by provid~ng and prollfable. Curtis surge protection is an ideal 
surge protect~on that's guaranteed for a llfet~me. add-on to new system sales. or as accessories to 
and combining o great price with a reputation for existing systems. lo keep your inventory moving, ask 
quality that's unmatched In the industrykcked by for surge protect~on from Curtls the experts 
powerful national advertising and highlighted by in accessories. 

Available at: SOFTSEL, MICRO D, FIRST SOFTWARE, INGRAM SOFTWARE or call your local Distributor. 
In Canada M~cro Computer I ri~durl, i'i) f~ )x  7 3 '  ) \ i t r k  ( I N 1  orroda L I S  3C3 (016) 427 (>61? 

Order Toll Free 1-800-548-4900 

305 Umon Street, kterborough, NH 034.58 



.V . 
,(bl's f ' i~cv it. 11's (liisy to l)t~nip, (lrol), or gt31 rk1111 011 :III tlT, Hut  iSy1111r 11'1' is \ ' ; I (~LII  5 I I I I I I  2.111t~t 
'T-23Ii or 440-hli~lz FT-iBR, such Inishaps arc a lot less worrisome:. They'rcl l ~ l ~ i l l  lo last, \\ ' i t  
-uggecl aluminunl-alloy cases that. prove I.hernselves reliable in a one-meter tlrol) t ~ s t .  ontn 
;olid concrete. I'ltrs, [.heir nioistare-resist;lnt seals really help keep the rain nc 

Built for the realities of operating. Daspitc t,heir miniature size, both ra 
111 ~ I I I ~  optsri~tir~q (:;~pill~iIitics of I;lrgc~ n~icroprocessor-controlIr(l 
tlTs. ol)cr;lting t l l c ~ n l  caouldlit I ~ I I  rasir*r. ('onsider: You gc't a 
10-volt., 2-\vi11t I)nttcrjr pack. (Optionally n 12-vol1, 5-wntt pack, or a 
IO.volr rnini;lrrrro ',-watt p;lck.) 10 memories that storr fr~(jli(&ncy, 

offsclr and PI, ton(%. (7 nlemorit ore  odd splils.) 
\ltlmory scan at 2 frequc~ncies )nd. Hand scan 
10 frcquc11rics per scrnnd. Tu n rage. I'rioritv cl 

!s can st 
per sect 
lff'set st,c 

nel scai I. nnir$ via tuning knob, or upldown butt,ons. Rad~os at~ovr. ',hewn actu.il SI  

PI, t,one board (optional). PL tlisplay. Est,ernal PL selection. I n  
memory per channel. PL encode and decode. Expanded Rx co 
ower output and "S"-met,er display. Rat,t,ery saver circuit. Pusll-uu~ LUII  stlue~c~t 

override, Eight-key control pad. Keypad lock. Highllow power swil 
( ! ~ i  watt on low power.) Opt,ions available: Dry, cell battery c:iisr 
AM-size cells. Dry cell batlery case for f M-size cells. I)C car iiuaprrr i 
charger. Programmable CTCSS (PL tone) encoderldecoder. DI'?*lF kcgpat 
enroder. Mobile hanger bracket. External speakerlmicrophont~. .Ant1 rn1ic.t 
more. So gtit t,he int,rlligent mini HT t,liat,k built for life's 

71'23R) or 440-MHz FT-' 

Our 30th Anniiwrsary. 
Yaesn USA 17210 Edwards Road, Cerrilo! 

Yaesn Cincinnati Sewit 
5, CA :)oxti 
:e Center 

(213) 404-2700. Customer Service: (215) 404-4884, Parts: ("1: 
91170 Gold Park Drivr, Ilamillcln, 011 4.5011 (513) 874-3h1lt. 

I'rimr nnd slr*,~ifie;~tions ruhjprl 11) cl~ane? with0111 nolirr. PI. is a rt.gialrrrrl I r n d ~ ~ m a r k  111 Motuml81. In 
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