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ICOM's IC-730 wnywhere 
HF all-band SSB/CISI/AM trans- 
ceiver, the best value on the 
market, has a proven record of 
high performance, ease of 
operation and durability. 
Compact in size, yet full- 
featured, the IC-730 has gained 
an uncomparable reputation. 
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Feed Mixer), the IC-730 obtains 
a dynamic range of IOOdB and 
an intercept point of 19.5dBm. 

Superior front-nd receiver 
performance, coupled with a 
switchable preamplifier and IF 
shift or passband tuning 
(optional), gives the IC-730 
receiver flexibility yet allows it to 
be easy to operate. 

Compact. The IC-730 is 
sized to be used mobile - either 
in a car, airplane or boot - to 
be carried in a suitcase, or to be 
used as a base station. Only 3.7 
inches high by 9.5 inches wide 
by 10.8 inches deep, the IC-730 
is a very compact package. Still 
the IC-730 sports a large tuning 
knob, large RIT knob, and large 
bondswitching knob to make 
mobile operation easy. The RIT 
control is conveniently located 
in the lower right corner to make 
access by touch easy while 
operating the unit mobile. 

Convenience Features. 
The IC-730 has important 
features that make the unit easy 
to operate in a mobile environ- 
ment. Two VFOs are easily 
accessed at the push of a button. 
Normal or split operation and 
three separate tuning ratesforfast 
QSV or slow tuning are available. 
The dial lock deactivates the main 
tuning knob for rock-solid stability 
without the possibility of moving 
off frequency. One memon/ per 
band is provided to allow storage 
of net frequencies or favorite fre- 
quencies at the push of a button. 

Full-Fedwed. The IC-730 
has additional features which 
make it a joy to operate. A full 
200W PEP input transmitter 
provides a powerful signal on 
SSB and CW (40W carrier power 
on AM). Eighty through I@ 
meter coverage is provided 
including the bands at 10. 18, 
and 24MHz. A speech processor 

is included as standard. Popular 
features such as di ital readout, 
selectable AFC. V ~ X  SWR 
meter and now blanker are 
also included as standard in the 
IC- 730. 

Complete. The IC-730 
comes complete with a 
handheld microphone and 
power cord. The IC-730 is ready 
to use and ready to go when 
you are. 

Affordable. Dollar-forclollar, 
the ICOM 730 packs more 
punch and performance into a 
small package than ever 
thought poss~ble. 

L~sten to IC-730s on the air 
and hear the sound of ICOM 
quality. The IC-730 is your best 
buy for a second rig for mobile 
portable operation or for your 
main HF station. See the IC-730 
at your local ham equipment 
supplier today! 

.- 

The World System 
ICOM America. Inc., 21 12-1 16th Awe NE, Dellewe, WA 98004(206)454-0155 / 3331 Trmmwmd Drive.krite307, Dallas. TX 75234(214)620-270 
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'rlW Jchn Fluke M!q Co 1~ All r~qhls resetvPll 

Fluke 73 Fluke 75 Fluke 77 
. . ,. . 

T he  Digital 

battle is over. 
$85" buys you the new champion. 

The new Fluke 70 Series. 
They combine digital and analog displays for 

an unbeatable hvo-punch combination. 
Now, digital users get the extra resolution of a 

3200-count LCD display. 
While analog users get an analog bar graph for 

quick visual checks of continuity, peaking, nulling 
and trends. 

Plus unparalleled operating ease, instant 
autoranqing. 2.000+ hour battery life and a 
3-year warranty. 

All in one meter. 
Choose from t h w  new models. The Fluke 

73, the ultimate in simplicity The feature-packed 
Fluke 75. Or the deluxe Fluke 7i, with its own 
multipurpose protective holster and unique 
"Touch Hold" function (patent pending) that cap- 
tures and holds readings, then beeps to alert you. 

Each is Fluke-tough to take a beating. 
American-made, to boot. And priced to be. quite 
simply, a knockout. 

For your nearest distributor or a fw brochure, 
call toll-free anytime 1-800-227-3800, 
 EX^. 229. Frnrnr,rrls~drIl 4 cilll-4CI?-4%-135il Ext 229 
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The TR-2500 is a compact 2 
meter FM handheld transceiver 
with every conceivable operating 

400 mAH Ni-Cd bnttrn. and 
Weighs 540 g. (1.2 Ibs). 66 (2-518) ' 
W s 168 (6-5/81 H x 40 (I-5i81 D, 
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rnm linchrsl. 
LCD digital frequency readout. 
Ten mrmories includes 'MO" for 
non-standard split rrpeatrrs. 
Lithium battery mrmory 
bark-up. built-in. (rst. 5 year Ilfel. 
Mrmory scan. TU-1 Progranirnablr C:TCSS 
Programmable automatic band encoder (TH-2500 only]. 
scan. and upper!lower scan 
limits: 5-kHz steps or larger. 
Hrpratc.r revcarsc oper:ition. TR-3500 onlyl. 
2.5 W or  300 mW H F  output. 
11-II/LOW power switch). 

PB-25H Heavy-duty 490 mAH 
Ni-Cd battrry park. 111 1-2A IZrlt hook. 

I1~1ilt-in tunable (with variable IIC-25 13.8 VIX: :~daptrr. HA-:$ 2 m 3/8 A trlrscoping 
rc.sistorl sub-tone rncoder. 

RT-1 Battery case for AA ;tntenna lli)r Tli-25001. 
Built-in 16-key autopatch rncodrr.  

manganese/;~lki~line rclls. MIS-l  Wrist strap. 
Slide-lock battery pack. 

SMC-25 Spe:tkrr micro~tlonr. El1-l E;trpl~ont*. Krvboard frcquenc-v scslertlon. 
Covers 143.900 to 148.995 MHz. '. LH-2 ~ e l u k e  leather case. 

'-- -'-yfl> repeater oflkrt. ;lnd optional - - ,  - Programmable priorlty alert. Programmable three sub-tone 
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Meeting the Challenge of Volunteer Testing 
The VEC program is now a reality - or it will be by the time this issue arrives in your mailbox. While it's not yet 
in place everywhere, proposals for volunteer exam programs have already been submitted to the FCC for at least three 
of the thirteen areas identified as the responsibility of a specific regional volunteer examiner coordinator (see Presstop, 
page 8). In addition, proposals for several other areas are expected in Washington very soon. Indeed, it appears likely 
that much of the country will again be enjoying regular and frequent opportun~ities for Amateur license exams before 
spring is very far along. 

This is good news, because access to the examination process is essential to the survival of Amateur Radio. As 
of January 1, 1984, even major FCC field offices that had offered weekly examinations to walk-in applicants were cut 
back to only four one-week examination periods a year, with tests now scheduled by appointment only. Would-be 
Amateurs and those anxious to upgrade who live near the smaller FCC offices have even less opportunity. 

Before January 1, Amateurs were taking exams at a rate of about 2000 a rnonth. And even though a significant 
number of these were Novices (who were already being tested by Amateur volunteers), the fact remains that trying 
to cram all the rest of the applicants into a drastically reduced FCC-administered program would inevitably result in 
chaos. That's why it's so encouraging to find the Amateur community eager and - at least in some places - ready 
to take up the challenge of volunteer examination. All that's needed now is sorrleone to accept that challenge in those 
areas as yet unclaimed. 

What does it take to  get a functioning VEC going in  your area? Must a VEC be a part of a large, national 
organization with a full-time staff devoted only to Amateur Radio? No. Let's take a look at who has already seized 
the opportunity or who seems to be moving rapidly in that direction. One is a large but regional radio club (Alaska); 
another, a major repeater group (New York/New Jersey). There's a MARS organization taking responsibility for testing 
in the Virgin Islands and Puerto Rico; a local radio club that also sponsors the world's largest hamfest (8th call area); 
and an educational institution (9th call area). A diverse group, you'll notice, with one thing in common: a membership 
composed of dedicated, concerned Amateurs who saw the need and made the substantial effort necessary to get 
their organization involved! 

Your area has many potential VECs. You can start with a strong local racdio club, hamfest sponsor, or repeater 
group - or better yet, a regional Amateur organization such as a state or area repeater or radio club council. You 
might even seek support from outside Amateur Radio, from a school or business that has enough Amateurs to spon- 
sor its own Amateur Radio club. Their corporate interest can be easily justified, since the VEC will perform a valuable 
public service, one that will earn the recognition and appreciation of the Amateur community and - if the Grenada 
experience is fresh in the public mind - of the larger community as well. 

Once you've found your potential VEC, the first thing you'll need to do is get a copy of the FCC's Report and Order 
on PR Docket 83-27. It can be found in Volume 48, No. 195 - October 6, 1983 - of the Federal Register, available 
at many libraries and law offices; we'll also send you a copy for an SASE. (Enclose TIC postage.) Study it thoroughly, 
so you'll know precisely what responsibilities you're getting your group or organization into. If you're asking a school 
or corporation to become a VEC through its radio club, prepare a pursuasive ::ales pitch on the potential benefits of 
the program: public service, goodwill of present and future students, employees, neighbors, etc. Don't forget to tell 
them that their out-of-pocket expenses are (or soon will be) reimbursable up to $4 per exam; make it clear that you're 
asking for support, not charity. 

After you've reached agreement with your future VEC, all that's left is making your VEC proposal to the FCC. Here's 
where careful study of that FCC Report and Order will pay off. If you've done your homework, you won't weaken 
your proposal by asking to do something the FCC has specifically forbidden. If you're really smart, you won't propose 
doing anything more than you need to do. Why? Because proposing more than delivery of the service required may 
lock you into something that may turn out to be impractical, unnecesssary, or simply more than your group can handle 
efficiently. The FCC knows that. All they really want from you is a reasonable, well-developed and clearly thought 
out proposal from a competent, qualified organization. Give them that, and you'll get the job! 

The volunteer examination program may be the biggest and most important administrative challenge that Amateur 
Radio has ever faced. Let's show the FCC that its faith in Amateur Radio is well placed! 

Joe Schroeder, W9JUV 
Associate Editor 

As a service to readers, ham radio will-publish a continuously updated monthly listing of all VECs. \Ne'll need your cooperation to do this; if you are 
affiliated with a group that has received VEC status, or is seeking approval as a VEC, please let us know. 

Rich Rosen, KZRR 
Editor-in-Chief 
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RTNiAcslliAMToRiCW 
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Mort wrntlh RTTY/ 
ASCII/AMTOR/CW Inter- 
hCb wTtrldg8 ava~lable for 
VIC-20 and Commodore 
64 G~ves you more features, more performance, 
more value for your money than any Other Interface 
cartrldge available . Sam ln t r rhm artridge works for both 
Commodore 64 Plugs into user's part 

Chaotr fmm wlds nrlaly oi RTTY/ASLIIIL.W, 
even AMTOR software YOU are not married to one 
on-board software package. Use MFJ, Kantronlcs. 
AEA most other softwars cartridge, tape disk. 
ssa Hz and In shifts On receive and 
H8S Wrk and SpW OUtpUtt for Scope 
Nonnrl/Rrwne sllteh el~mlnates r e t ~  
True durl channel mark and s p w  Itffw nlwm arm 

automatic threshold correction glves good copy when 
one tone IS obliterated by ORM or selective fading 

Easy, p ~ ~ l t l w  tunlnp with twln LED ~ndlcators 
Narrow MJO Hz active CW filter Automatic PTT. 
Exar rmB sine generator for AFSK output 
Shlelded XCVR AFSWFTl Interhe, a b l e  provld- 

ed Plus or mlnus CW keyed output FSb 
Porvemd by computsr (few mA ),no poi 

to buy or extra wire to dangle or plck up/r 
Glruepmy PCB.Alum~num enclosure 

SOFTWARECARTRIDGE FOR 
VIC-20 C-64 MFJ-lZSO/MFJ-1251 

Powerh~l MFJ mftmm $49 95 
cartridge for VIC-20 (MFJ- 
1250,549.95) and Commodwe 64 (MFJ-1251.W9.95). 
Plugs lnto e;pansion port. Developed by MFJ. 

Fwturw RllY/ASCII/CW send and recelve, spllt 
screen dlsplay, type ahead butter, message ports, 
status dlsplay, automatic CW speed tracklng, parallel 
prlnter compatlblllty plus much more. 

SUPER RTTY FILTER 

GENERAL PURPOSE RTTYIASCIII 
AMTORICW COMPUTER INTERFACE 
Lets you send and receive computerized RTTYI ASCII /AMTORI C W. Copies 
all shifts and all speeds. Copies on both mark and space. Sharp 8 pole active 
filter for 170 Hz shift and CW. Plugs between your rig and VIC-20, Apple, 
TRS-80C. Atari, TI-99, Commodore 64 or most other personal computers. 
Uses MFJ, Kantronics software and most other RTTYICW software. 
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Super R l l Y  
n b r  greatly .. . 
Improves copy under 

MFJ softwan, MFJ lnterf- for VIG20/C-64 
Software cartrldge alone, $49.95 Order MFJ-1250/MFJ-1224 
for VIC-20. MFJ-1251/MFJ-1224 for Commodore 64 $129 95 Includes cable to interface MFJ-1224 to VIC-20 or C-64. 

crowded, fadlng and weak slgnal condltlons.lmprwes 
any RTTY receiving system. 8 pole bandpass actlve 
filter for 170 Hz shift (2125/2295 Hz mark/space). 200 
or 400 Hz bandwidths. Automatlc nolse Ilmlter. Audio 
In, speaker out jacks. On/off/bypass switch. "ON" 
LED. 12 VDC or 110 VAC wlth optlonal AC adapter. 
MFJ-1312, $9.95. 3~4x1 Inch alumlnum cabinet. 

MFJ-1224 

$ 9 9 9 5  

CW INTERFACE CARTRIDGE 
FOR VIC-20lC-64 

$39 95 
Hlgh portornmcr CW 

Intoffmcartrldge Gives 

New MFJ-1224 RTTY/ASCII/AMTOR/CW Corn Autonmtlc tncklng copies drlftlng slgnal 
puter Interface lets you use your personal computer Exar m)6 slne genantor glves phase continuous 
as a computer~zed full featured RTTY/ASCII/ AFSK tones Standard 2125 Hz mark and 2295/2975 
AMTOR/CW statton for send~ng and recelvlng Plugs Hz space Microphone llne AFSK out, AFSK ground, 
between rtg and VIC-20. Apple, TRS-BOC Atart. PTT out and PTT ground 
TI-99. Commodore 64 and most others FSK ksylng output. Plus and mlnus CW keylng 

Use MFJ (sw MFJ-1250/1251 b o l a )  software for CW transm~t LED External CW key jack 
VIC-20. Commodore 64 and Kantronlcs for Apple, Kantronler mmpatlble sockd. 
TRS-BOC. Atar~ TI-99 and most other software for Exclusive genenl purpore sak r t  allom lnterfac- 
RTTY/ASCII/AMTOR/CW lng to nearly any personal computer with most appro- 

Easy, pwl t lw tunlng with twln LED lndlcators pr~ate software Ava~lable TTL llnes RTTY demod 
Copy my shlft (170 425.850 Hz and all other shlfts) out, CW demod out CW-ID Input. +5 VOC, ground 

and any speed (5-100 WPM RTTY/CW and up to 300 All s~gnal lines are buffered and can be Inverted 
using an internal DIP swltch "$?iCdli *n mark and a p ~ u .  not mark only or U u  Gnfo s o t m m  l l t h  Apple, RAK with VIC-20. 

space only to improvecopy under adverse condltlons Clay Abrams with TRS-BOC. N4EU w ~ t h  TRS-80 III. 
Sharp 8 pole 170 Hz shlfVCW 8ctlw flltn glves IV Some computers wlth some software may requlre 

good copy under crowded, fadlng and rsak slgna some external components 
condltlons Automatlc noise llmlter suppress statlc M a l  crblnot. Brushed alum. front. &t%x8 In. 
crashes for better copy 12-15 VOC or 110VAC with adapter, MFJ-1312.S9 95 

Nomul/Rewrw d t c h  ellmlnata retuning. +Z!X MFClm, P9.86, RS-m kr MFCIZU. 1 
VDC  bopo output drlves RTTY machlne Speaker jack. I 

OBUOATION. IF NOT DELIGHTED. RETURN WITH- 
IN I DAYS FOR PROMPT REFUND (LESSSHIPPINO). 

One year unwndttlac\ll guarantee Made in USA. 
Add 54.00 each shlpping/handling CallOfUdtO 

.I$. excellent performanm 
MFJ4226 under weak, crowded, nolsy 

condltlons. Works for both VIC-20 and Commodore 
64. Plugs lnto user's port. 

4 pole 100 Hz bndwtdlh KUW flltu. 80n Hz 
center frequency. 3 pole actlve lowpass past detection 
fllter. Excluslve automatic tracklng comparator. 

Plus m d  mlnw CW kqlng. Audlo In, speaker out 
Jacks. Powered by computer. 

Includes Baslc llsting 01 CW transmlt/recelve pro- 
gram.Ava~lable on cassette tape, MFJ-1252(VIC-20) 
or MFJ-1253(C-64),$4.95 and on software cartridge, 
MFJ-1254(VIC-20) or MFJ-1255(C-64),$19.95. 

You can also use MFJ-1250 (VIC-20) or MFJ-1251 
(C-64), $49.95 each, RTTY/ASCII/CW software cart- 
ridge. Or use Kantronics, AEA and others. 

Also copy RTTY with single tone detection. 

MFJ ENTERPRISES, INC. 
Box 494, Mlsslssippl State. MS 39762 

UNIVERSAL SWL RECEIVE 
ONLY COMPUTER INTERFACE 
FOR RTTY/ASCII/AMTOR/CW 

M F J - l m  

- . .  . 
Use your 

recelver to recelve commerc~al, mll~tary and amateur 
RTTY/ASCII/AMTOR/CW traff~c 

Plugs k t m n  ncr(wr md VIC-20, Apple, TRS- 
80C. Atarl. TI-99. Commodore 64 and most other 
personal computers. Requlres appropriate software. 

Use MFJ(sw thls ad). Kantronics. AEA and most 
other RTTY/ASCII/AMTOR/CW software. 

Coplnrl l  shift8 and all spwdr. Twin LED lndlcatws 
makes tunlng easy, posltlve. Nwmal/Rsverse switch 
ellmlnates tunlng for Inverted RTTY. Speaker out 
Jack. Includes cable lo Interfan, MFJ-1224 to VIC-20 
or Comrnodore 64.4Vtx1 %x4% Inches. 12-15 VDC or 
110 VAC wlth optlonal adapter, MFJ-1312, $9.95. 

TOORDER0RFORrOURNEARElf 
OEALER, CAU TOU-FREE 
800-647-1800. call 601-323-5669 
in Miss. a m  outslde continental USA 
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THREE REGIONAL VOLUNTEER EXAMINER COORDINATORS SHOULD HAVE FCC APPROVAL by the time 
this reaches mint. with several more close behind. First in with a satisfactory proposal - - -  

was the ~ n c h o > a ~ e  ~ a d i o  club, which will oversee Amateur exam:; for Alaska. ~etrbpiex; a 
New York repeater group with over 1000 members, has volunteered to perform the VEC task in 
New York and New Jersey, and a MARS group in Puerto Rico has asked to serve the Caribbean. 
In the ninth call area DeVry, a highly respected technical school which does not teach 
Amateur Radio but has a very active Amateur club, has proposed not only acting as the VEC 
but also offering Amateur exams weekday evenings and Saturdays on its Chicago campus. 

Additional Proposals Are Also Expected From the Dayton Amateur Radio Association, the 
Hamvention sponsor, for the eighth call area, while a Texas giroup is believed preparing 
to ask for the fifth district responsibility. 

The Reimbursement Of VEC ~ x ~ e n s e s  Is still In The Future, waiting for the necessary 
change to be incorporated in Part 97. Though the ARRL filed ;I Request for Agency Action to 
have the $4 fee go into effect immediatelv, the Commission feels that justification for and 
accounting of the fees collected is needeh: It appears likely that they'll want to have 
appropriate procedures and guidelines developed in response to a rule making procedure. 

THE FORMER WB6JAC WENT TO JAIL JANUARY 23 to begin serving an 18 month sentence for 
o~eratine without a license. Richard A. Burton. who had earlier lost his license for " 
transmitting obscene language, was back in court on four charges that he'd continued to 
operate after the FCC lifted his license. In his second appearance before U.S. District 
Court Judge Manuel V a l ,  Burton was sentenced to 12 months in federal prison followed by 
six more months in a jail type of facility." In addition, Judge Real also imposed five 
years of probation on Burton, during which he "shall not be found in any place in which any 
kind of broadcast is made bv radio or otherwise." - - 

- -, ~ - ~ 

~urton was Ori inally Indicted in Ma , 1982, both for operating without a license and 
for transmitting kdecent languare. Hi: license had been revoked earlier for his indecent 
transmissions. - ~ e  was convictedvon all but one count, though the convictions for indecent 
language were later thrown out by an appeals court. It appears Burton will be the first 
person to go to prison for violation of the Amateur Radio rules since the late 1940s. 

In An Unrelated Case, Out-Of-Band Operation Has Cost two East Coast Amateurs healthy 
fines. KA2QMX and KA2GWV/4 were both caught operating outside the 40-meter band using 
false callsigns. Their repeated violations cost KA2QMX, a Technician class who refused an 
FCC request to inspect his station, $1100, while KA2GWV paid a $600 "monetary forfeiture." 
Such out-of-band operation is not uncommon, but only rarely practiced by licensed Amateurs. 

ACTION ON THE VOLUNTEER ENFORCEMENT PROGRAM, at a standstill since last fall, may see 
some action soon. A draft of a "prototype" monitoring and enforcement training manual, 
developed under a joint FCCIARRL effort, has been awaiting approval by the League Board of 
Directors since late last fall. However, it seems likely that the Commission, feeling the 
need to get some form of direct Amateur involvement in rules enforcement underway, will be 
proceeding soon, with or without any formal League sanction. 

PUBLICATION CF W5LFL'S STS-9 LOG DISAPPOINTED MANY would-be space DXers. The third and 
ninth call areas fared the worst. with iust a few QSOs each, while the fours, fives, and 
sixes dominated the roster of fortunate: by logging three dozen or more contacts each. 
Outside the U.S., Canada (including VO) made the log 18 times, almost 40 European stations 
(including 11 Germans), nine VKs, eight from all of Latin America, and only one (JY1) from 
Asia, no one from Africa made the list. Further logging tape work could pull out a few 
more calls, but shouldn't change the proportions appreciably. 

The Excellent PR From W5LFL's S ace 0 eration and other Amateur Radio/media topics will 
be the subject of a Dayton Hamvent:on p h u s s i o n .  Joining moderator Jim Davis, KU8R. 
will be Steve Mendelsohn, WA2DHF (CBS), Bill Pasternak, WA6ITF (Metromedia and Westlinkl 
Westlink Report), Bob Hanson, W9AIF (Grey-NorthIElectra), Pete O'Dell, KBlF (ARRL, and 
Joe Schroeder, W9JUV (ham radio). 

NOMINATIONS FOR DAYTON HAMVENTION'S "HAM OF THE YEAR," "Special Achievement," and the 
new "Technical Excellence" Awards are due by the end of March. Nomination letters go to 
the Awards Committee, Dayton Hamvention, Box 44, Dayton, Ohio 45401. 

Europe's Hamvention Equivalent, The "Ham Radio" Convention held in Friedrichshafen, 
Germany, expects over 10,000 Amateurs from throughout Europe June 22-24. Amateurs who'll 
be in Europe then can get details from the DARC, Box 1155, D3507 Vaunatal, West Germany. 

ADDITIONAL FREQUENCIES FOR RACES OPERATION in the event of a major national emergency 
have been authorized by the FCC. Acting on PR Docket 83-524, the Commission added all the 
freauencies orininallv DroDoSed ~ l u s  both the old and new 2-meter repeater subbands to the 
frequencies tha; woulh be Hvailable if the President invoked his emeggency war powers. 

Further Expansion Of The HF Amateur Phone Bands is not likely in the near future. FCC 
staff limitations combined with decreasing MUFs and resultant lessened activity on 28 MHz 
will probably push any changes on that band off indefinitely. 

6-METER ACTIVITY FROM EUROPE WILL BE INCREASING sharply in the near future. The RSGB 
reports the British government plans to increase special 50-PMz operating permits from the 
present 40 to 100 this year. Applications must be submitted before March 31. 
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R3 brings high performance antenna features 
to those living in a~artments, condominiums 
or on small c i 6  lots: Even i f  you have plenty of 
space, R3's combination of neat appearance 
and DX capability make It ideal for your sta- 
tion. The R3 includes an integral turner to give 
a perfect match across 10, 15, and 20 meters. 
The remote tuning feature allows easy finger- 
tip control as you operate your station. 
R3 is a complete antenna system ready to in- 
stall in virtually any location from ground level 
to roof top. 

FEATURES 
3 dB Gain, ref '/ahwhip 
No Radials 
360° Coverage 
Integral-Tuner wlth 
Remote Control Console and Indicator 

1 
24 Volts To Tuner 
110 or 220 Volt Operatlon 
75 ft (22.9m) Control Cable included 
Only 2211 (6.7m) High 
1 sq ft (.09 sq m) Space 
Self Supporting 
Stainless Steel Hardware 
Mount: Sleeve Type Fits Pipe Up TO 
1 '14 in (4.5cm) dia 
Can Be Easily Stored and Set Up For 
Portable or Temporary Operatlon 
Add up the features-you'll find that you can 
have ALL OF THIS PERFORMANCE without 
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the need to buy tower, rotator and associated 
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RADIO AMATEUR CALLBOOKS 

Known throughout the world for accuracy, 
the 1984 Callbooks are a better value than 
ever before. The U.S. Callbook contains over 
433.000 llstlngs; the Foreign Callbook has 
over 413.000. More than 100.000 changes 
have been made In each edltlon since last 
year. Special features Include call changes, 
Silent Keys, census of amateur Ilcenses, 
world-wide QSL bureaus, international 
postal rates, preflxes of the world.and much 
more. You can't beat thls value! Order your 
1984 Callbooks now. 

Each Shipphlg Tdal 

0U.S. Callbook $19.95 $3.05 $23.00 

oForelgn Callbook 18.95 3.05 22.00 

Order both books at the same time for 
$41.95 Including shlpplng within the USA. 

Order from your dealer or directly from the 
publlsher. Forelgn resldents add 54.55 for 
shlpplng. llllnols resldents add 5% sales tax. 

Keep your 1984 Callbooks up to date. 
The U.S. and Foreign Supplements contain 
all actlvlty for the previous three months 
including new Ilcenses. Available from the 
publlsher In sets of three (March 1. June 1, 
and September 1 )  for only $12.00 Per Set 
including shlpplng. Speclfy U.S. or Forelgn 
Supplements when orderlng. llllnols res- 
idents add 5% sales tax. Offer vold after 
November 1,1984.  

compact SSB 
Dear HR: 

I enjoyed Rick Littlefield's article on 
the compact SSB receiver (Novem- 
ber, 1983). However, I do not agree 
with the use of No. 2 mix toroid cores 
for VFO use. No. 6 mix cores are 
much more temperature-stable than 
No. 2 mix cores. The most stable 
VFOs for HF oscillators are construct- 
ed with No. 6 mix toroid cores and 
NPO capacitors. Perhaps I am being 
a little picky about this, but using the 
right core material for oscillators can 
make a big difference in short and 
long-term drift. 

Paul Montgomery, KABGPE 
Westcliffe, Colorado 

phased verticals 
Dear HR: 

When I tried to design a 2-element 
vertical phased array, I ran into two 
problems. Where, electrically, did I 
feed the array and what was the velo- 
city factor (VF) of my RGBU? Not 
sure what to do, I filed the matter. 

Then good fortune appeared in the 
form of Forrest Gehrke's series of arti- 
cles on the subject in ham radio (May, 
June, July, October, December, 
1983). 1 have followed the series with 
great interest using an HP29C and a 
Smith Chart. The ABCD parameter 
analysis in the last article tied it all 
neatly together for me. I was more 
sure of what to do and why. 

What to do with all this information? 

1. In a narrow east-west back yard, 
I want to set up a 20-meter 
2-element array cut for the low 
end of the CW band - and point 
it toward Quebec. 

2. 1 know a 2-element Yagi would 
work, as I made one out of 
wood, aluminum, and old fence 
post insulators in 1959. 1 want to 
experiment. 

3. In the spring, if the temperature 
ever gets above zero, I intend to 
put up the version of the array 
K2BT discusses in his October 
article. This is the array with the 
quarter-wavelength feeders and 
the 90-degree delay line. 

4. Then I'II measure Z at the 
receiver with a noise bridge. 
Knowing the VF of my coax, I'II 
move with a Smith Chart toward 
the common feeder point - and 
see if K2BT's values are correct. 

I'm weak on antenna theory, and for 
a change it's nice to know precisely 
where and why. 

David Winter, W9OAM 
Amboy, Illinois 

short circuit 
good news department: 
auto dialer 

Readers who wish to construct the 
state-of-the-art auto dialer described in 
K2MWU's December, 1983 article may 
order the auto dialer in kit form from 
Tek-mation, Inc., 2618 North Stowell, 
Milwaukee, Wisconsin 5321 1, for 
$34.95 plus $2.50 postage and han- 
dling. (Note that the kit does not in- 
clude the MD-22 chip; this is available 
from CES, Inc., P.O. Box 2930, Winter 
Park, Florida 32790.) 

Printed circuit boards for the auto 
dialer are no longer available from 
Dynaclad, but may be ordered from 
Tek-mation or from Circuit Board Spe- 
cialists, P.O. Box 969, Pueblo, Colo- 
rado 81002. The price per board - 
from either supplier - is $7.50 plus 
$1.50 postage and handling. 

QSL cards 
If you're still waiting for your free QSL 
cards from RCA (see August, 1983 
issue, page 231, relax - they 're on the 
way. Over half a million cards have 
been printed and shipped; more have 
been ordered to fill the remaining re- 
quests. - Editor 
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AEA Brings You The RTTY Breakthrough 
W MBATEXT" $109.95 ListICALL FOR PRICE VIC-20 MBATEXT or C-64 MBATEXT 

rtridge 
es and 

MBATEXT" is the most advanced MBA (Morse, Baudot. ASCII) plug-in cal 
available for the VIC-20 or Commodore 64 computer. Compare 01 jing featur 
price to the competition. 

EYBOARD OVERLAY instructions to avoid constant referral to the manual RTTY and 
211 SPEED ESTIMATE MODE BREAK-IN CW MODE *QSO BUFFER RECORDTOGGLE 
3RD PROCESSOR style insertion, deletion, and correct~on in TEXT EDIT MODE CW --- TO SPEED TRACKING plus SPEED LOCK BREAK-IN BUFFER that is easy to use* Low 

speed FARNSWORTH CW TRANSMISSION (between 5 and 14 WPM) RE-TRAP - 

RECEIVED TEXT DIRECTLY without need of disk or cassette DISK. CASSETTE. OR PRINTER storage of message an( 
buffers RECEIVE AND TRANSMIT 5-99 WPM MORSE 10 SOFT-PARTITIONED" MESSAGE (OR TEST) BUFFERS \ 
WRAP TIME OF DAY CLOCK PRECOMPOSE SPLIT SCREEN OPERATION STATUS INDlCATORSon screen EASY S' 
UP by simply typing SYS 44444 or SYS 33333 DEDICATED FUNCTION KEYS for quick operation Ability to IMBED CON 
FUNCTIONS in type-ahead buffer WORD OR CHARACTER mode SELECTABLE BAUDOT UNSHIFT ON SPACE (U. 
*SEND/RECEIVE 60.67,75,100.132 WPM BAUDOT PLUS 100,300 BAUD ASCII RTTY BLANK-FILL and MORSE BT opt 
idle transmit periods AUTOMATIC PTT computer control of TONE REVERSE MASTER MENU. COMMAND MEN1 
OPTIONS MENU makes MBATEXT" easv to use with no Drior ex~erience INCLUDES CABLE TO INTERFACE WITH AEA 
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ur outstanc 
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NORD 
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MPUTER 1 PATCH" 1 POWERE 

- ,  -- 
MICROPATCH" IS A NEW LOW-COST, HIGH-PERFORMANCE Morse. Baudot and ASCII 
SOFTWARE/HARDWARE computer interface package. The MICROPATCH"' model MP-20 
or MP-64 incorporates the complete MBATEXT software ROM (described above) for either 
the VIC-20 or Commodore 64 computers. All circuitry and software is incorporated on a 
single, plug-in cartridge module featur~ng the following: TRUE DUAL CHANNEL MARK 
AND SPACE MULTI-STAGE 4 POLE. CHEBYSHEV ACTIVE FILTERS AUTOMATIC 
THRESHOLD CORRECTION for good copy when one tone is obliterated by QRM or 
SELECTIVE FADING EASY, POSITIVE TUNING with TRIPLE LED INDICATOR NOT a 
low-cost, low-performance phase-locked loop detector!!! SWITCH SELECTED 170 Hz or 
WIDE SHIFT on receive 800 Hz multi-stage active CW FILTER AUTOMATIC PTT RTTY 
ANTI-SPACE demodulator circuitry powered by external l2VDC (not supplied) to AVOID )ST COMPUTER 
and for maximum EM1 ISOLATION EXAR 2206 SINE GENERATOR for AFSK output SI IVER AFSK/PTT 
INTERFACE CABLE PROVIDED PLUS or MINUS CW KEYED OUTPUT FSK keyed oul 

The Micropatch is structured for easy upgrading tc 2omputer Patch "advanced $1 49.95 List CALL FOR F 
interface unit without having to buy a different s ackage! Simply unplug the 
external computer interface cable (supplied with thc ch) from the Micropatch and MP-20 or MI 
plug it into the Computer Patch. 
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3MPUTER PATCH" IS tne name ot our most advanced computer Intenace equipment for 
orse, Baudot. ASCII. or AMTOR operation. The CP-1 will allow you to patch most 
)pular personal computers to your transceiver when used with theappropriate AEAS 
J software such as AEA MBATEXT, AMTOR TEXT". or theMBATEXT RESIDENT 01 
ICROPATCH units. AEA also offers a full feature software package for the Apple II. 
~d IIE; TRS-80 Models 1, I l l  and IV; and the IBM-PC. The CP-1 will also work with c 
her computers using commonly available software packages. 
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AUTOMATIC THH~SHVLU Lvnntr; rlON RECEIVE 170 HZ FIXED OR 100-1000 HZ VARIABLE Sntt  I mu0 HZ multi. 
CW FILTER PRE-LIMITER AND POST-LIMITER FILTERS SERIAL RS-232 FIELD INSTALLABLE OPTION 117 VAC 
ADAPTOR SUPPLIED PLUS (+) and MINUS (-) CW OUTPUT JACKS MAGIC EYE STYLE BAR GRAPH TUNING INDlC 

SCOPE OUTPUT JACKS NORMAL/REVERSE front panel switch MANUAL (override) PTT switch VARIABLE THRESI 
for CW ANTI-SPACE RTTY KEY INPUT JACK for narrow shift CW ID on RTTY, CW practice, or keyboard bypass. 

of the 
;OFTT" 
N THE 
II plus .--...;- 

METAL E 
. . 

E ALL 
.TERS 

tures: H 
4RK AND ! 
,. ..- -- IE FOR Mi .-. - -sage 

WALL 
ATOR 
HOLD 

componen 
~oards, co 

The CP-1 is made in the U.S. with high quality ( 

double-sided glass epoxy through-hole plated t 
solder mask and silk screened parts designators. 
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build your own 
"audio to microwave" amplifier 

Readily available 
modular hybrid amplifiers 

provide extreme bandwidth, 

exceptional performance 

How many times have you tried to build a wide- 
band amplifier to cover the VHF or UHF bands only 
to find that you've constructed not a wideband ampli- 
fier, but a very poor oscillator or the world's most non- 
linear active attenuator? At those frequencies, both 
careful design and close attention to physical config- 
uration are mandatory. Individual component response 
must also be well characterized. The active devices 
must be particularly pampered to assure stability over 
all operating conditions. Although the design of input 
and output matching to assure stability is relatively 
straightforward, few of us have the necessary exper- 
ience to make this a painless exercise with consistent 
results. I t  is here that the modular hybrid amplifiers 
provide the more critical elements of interfacing to the 
active devices. 

In this article we will briefly review modular RF am- 
plifiers with particular emphasis on some of the more 
critical aspects of their use. We will then go through 
the step-by-step construction of a modest RF amplifier 
using these components, which will perform quite well 
from audio into L-band. The devices specifically dis- 
cussed are those with which I have had personal ex- 
perience; many other manufacturers produce similar 
components that are equally as suitable. 

the modular hybrid amplifier 
Basically, the modular amplifier consists of one or 

more high-frequency active devices (usually bipolar 
transistors), mounted on a hybrid substrate with other 
discrete and deposited components. This completed 
substrate, which resembles a miniature PC board, is 
mounted in some type of header (a TO-12, for exam- 

ple) to provide a controlled physical environment as 
well as a simple means for connecting to the device. 
(A typical device is shown in fig. 1.) These devices 
are availah~le in numerous circuit configurations, but 
in general they are all simple feedback amplifiers. Feed- 
back helps stabilize the amplifier parameters and make 
them less sensitive to the characteristics of the active 
devices. This in turn helps lower cost and provides 
more consistent performance. 

The simplest configuration is that of the devices 
similar to the Motorola MWA series of amplifiers. A 
simplified schematic of the MWA configuration is 
shown in fig. 2. Deceivingly simple, isn't it? This con- 
figuration requires the addition of input and output 
coupling capacitors, a collector load resistor, and a 
power supply decoupling capacitor. The external 
coupling capacitors allow the user to set the low fre- 
quency cutoff where desired. However, as the lower 
cutoff frecluency is reduced, the physical size of the 
coupling capacitors increases, generally causing 
poorer RF  performance. A practical limit is on the order 
of a few hundred Hertz. An external collector resistor 
allows tailoring the circuit to a wide range of supply 
voltages. The inductor L, is part of the internal match- 
ing network. The MWA-type components are available 
with upper cutoff frequencies greater than 1 GHz. 

A second popular configuration is that similar to the 
Avantek GPD 400 and GPD 1000 series of devices. A 
simplified schematic of the GPD 400 device is shown 
in fig. 3. These are very similar to the MWA type 
devices with the inclusion of the collector resistor and 
coupling capacitors. Since the collector resistor is 
fixed, these are basically fixed supply devices. Also, 
the coupling capacitors are reasonably small due to 
limited spaace in the package. This limits the lower 
cutoff to about 5 MHz. However, the GPD 400 and 
GPD 1000 series components are available without in- 
ternal coupling capacitors. This allows the user to set 
the lower cutoff at almost any frequency within rea- 
son. As with the MWA devices, a few hundred Hertz 

By Michael E. Gruchalla, 2450 Alamo Avenue, 
S.E., P.O. Box 9100, Albuquerque, New Mexico 
871 19 
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. fig. 1. Hybrid modules are the basic building blocks around 
which the broadband amplifier is constructed. 

OUT 
? 

fig. 2. Simplified schematic of a 100 MHz bandwidth RF 
amplifier designed around the MWA module. 

is a reasonable practical limit. Also, elimination of the 
internal coupling capacitors reduces the cost by about 
a factor of three. Components of the GPD configura- 
tion are available with cutoff frequencies exceeding 
1 GHz. 

Another configuration is that of the Avantek UTO 
devices (fig. 41.' Although it may not be obvious at 
first glance, these are very similar to the GPD 400/1000 
configurations. The base resistor Has been eliminated 
and a capacitor has been added in series with Rf. 
Next, a voltage regulator, U1, has been added to ac- 
curately control the operating point of Q1. This, in 
turn, offers more stable overall operation. These, how- 
ever, may have a price more than a factor of 10 above 
a GPD type part with similar RF specifications. This 
component is useful in exacting applications with the 
more modest GPD type part serving very well in the 
majority of cases. Unlike the GPD parts, the UTO 
series is not available without the internal coupling ca- 
pacitors. This is due to the added decoupling needed 
in the voltage regulator (two more pins would be need- 
ed on the package to allow for the addition of exter- 

nal capacitors). The lower cutoff is limited to 5 - 10 
MHz. Upper cutoff frequencies as high as 2300 MHz 
are available. 

Finally, there are several configurations using 
transformer type feedback networks.This general con- 
figuration ideally has the potential for lossless, 
noiseless feedback. A typical configuration using a 
directional coupler is shown in fig. 5. The principal 
advantages of this feedback configuration over sim- 
ple resistive feedback are the capability of providing 
lower noise figure and delivering higher power to the 
load. One disadvantage of this configuration is that 
the bandwidth is limited to about two or three 
decades. In the case of modular amplifiers, the lower 
cutoff isgenerally in thevicinityof 5 to 10 MHz because 
of the limited size of the transformers. Also, these units 
tend to be more expensive than simple resistive feed- 
back devices because of their added complexity. 

noise figure 
A carefully designed and fabricated amplifier system 

using hybrid modular amplifiers can provide a noise 
figure on the order of 4 to 6 dB (about 400 degrees 
K to 900 degrees K). This is certainly not in the same 
class with typical LNA's (low noise amplifiers - typi- 
cally 120 degrees K - Editor), but it is nevertheless 
reasonably good performance for an inexpensive gen- 
eral purpose amplifier. The total finished cost of the 
amplifier described below is perhaps a factor of two 
or three below the typical cost of just the input active 
device of an LNA! In many applications, a nominal 5 
dB noise figure is quite adequate. Only the most ex- 
acting applications justify the cost associated with 
lower noise figures. Also, the modular amplifiers take 
all of the guesswork and "tweaking". out of amplifier 
construction. Few of us have the necessary equipment 
to accurately measure noise figure, particularly below 
5 dB or so. Carefully designed and constructed ampli- 
fiers using the modular hybrids will yield very predic- 
table and consistent performance. The noise figure will 
be at least that specified for the first stage amplifier 
and will generally be a little better if proper care is taken 
in the selection of components and construction. 

The noise figure of the overall amplifier can, how- 
ever, be compromised severely by the use of poor re- 
sistors in the amplifier assembly. Some resistors exhi- 
bit considerable excess noise. This noise, introduced 
particularly into the first stage, as well as all other 
stages, could increase the noise figure by as much as 
5 dB. Also, a type of "popcorn" noise, or random 
spikes, often occurs in these resistors. The energy of 
the individual spikes is low, yielding an RMS compo- 
nent which gives the 5 dB noise figure degradation 
mentioned. However, the peaks of the spikes are quite 
high - perhaps a factor of 10 or 100 higher than the 
RMS level. If the noise figure is computed in a way 
that uses the peak amplitudes of these pulses, a noise 
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review of noise considerations is available for those 

+"cc 
? 

who wish to delve deeper into this subject.)' 

fig. 3. Simplified schematic of a wide bandwidth RF am- 
plifier designed around the Avantek GPD series modules. 

OUT 

fig. 4. Schematic of a broadband amplifier that incorpo- 
rates the Avantek UTO series of modules. More precise 
and stable operation is associated with slightly greater 
circuit complexity. 

figure of 20 dB to 40 dB could easily be achieved. Such 
a computation, however, is not a correct mathematical 
exercise because a specific value of a noise spike can- 
not be computed, and specifying a "peak noise level" 
is generally meaningless. This is why noise is specified 
in terms of its RMS value (a statistical term) or its mean 
square value (square of the RMS value) proportional 
to noise power. So, the "popcorn" noise may exhibit 
a reasonably low mean square noise, while still hav- 
ing large amplitude spikes. Viewing this type of noise 
on an oscilloscope, one would see a low noise floor 
with high narrow spikes. If the displayed noise were 
set at about 0.1 division, the spikes could be as high 
as 1 to 10 divisions. These impulses exhibit a very wide 
spectrum and can destroy the usefulness of the ampli- 
fier at all frequencies. The best solution to this prob- 
lem is to use high quality, name brand resistors; avoid 
the very inexpensive carbon film types. (An excellent 

do's and don'ts 
Although the modular hybrid units are reasonably 

straightforward to use, there are a few do's and don'ts 
that are important to consider in order to avoid prob- 
lems. The two most important considerations are 
proper mechanical mounting and good high-frequency 
bypassing of the power supply. Also, the use of a 
groundplane is an absolute must. 

The mechanical mounting of the device must as- 
sure that the case is well grounded electrically. It must 
also provide good mechanical contact with the ground- 
plane for proper heatsinking. Some manufacturers 
such as Avantek provide a mounting kit (fig. 6). Use 
it! A word of caution, though - you must mechan- 
ically mount the component before soldering its leads. 
If you solder the leads and do not have the package 
firmly against the groundplane, you may break the lead 
penetrations into the package and cause internal 
damage to the part when you tighten the mounting 
kit. When no mounting kit is available, it is a good 
practice to tack solder the flange of the package to 
the groundplane in two or three places. The index 
tab is an excellent place for one of these solder 
connections. 

I have found one especially useful variation to the 
manufacturer's mounting. This concerns the ground 
lead. Normally, a plated through-hole from the ground- 
plane to a trace-side pad would be provided for this 
lead. If the part is mounted in this manner, it is dif- 
ficult to unsolder and remove the part without damag- 
ing the board, the part, or both, due to the heatsink- 
ing action of the groundplane. If the groundplane is 
relieved around the ground lead, as with the other 
leads, the removal problem is eliminated. However, 
a good electrical ground must still be provided. Good 
mechanical mo~unting will generally provide good elec- 
trical grounding, but to be sure, a pad configuration 
similar to that shown in fig. 7 should be used. Ade- 
quate grounding is provided by the triangular ground 
pad. The two through-holes should either be plated 
through to the groundplane or should have short 
pieces of bus wire soldered in as feedthrough conduc- 
tors. One screw of the mounting kit also ties to this 
pad, providing an additional ground path. The short 
conductors between the V,, pin and ground pin pro- 
vide a place to mount a high-frequency chip capacitor 
for V,, bypassing with minimum inductance. I have 
found that up to 1 GHz and somewhat higher, this 
grounding conriguration works quite well. Now, us- 
ing this mountllng technique, when you dig through 
your junk box lor an old board with a good amplifier 
module on it, you will have no trouble removing the 
amplifier for use in some new project. 

Good bypassing of the power supply pin is the sec- 
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YE ULTIMATE SIMPLEX AUTOPATCH 
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IN  d A I OUT 
GROUND 

fig. 5. Transformer-type feedback networks provide low- I 

er noise figure and higher power to the load than the pre- , 
vious circuits. 

fig. 6. Use of mounting kit aids assembly. 

ond thing one must carefully consider in the use of 
the modular amplifiers. If the pad configuration of fig. 
7 is used, the small chip capacitor (about 100 pF) will 
provide excellent high-frequency bypassing. However, 
a larger bypass capacitor (about 10 - 100 pF) is need- 
ed to provide low-frequency bypassing. If such a large 
capacitor is added in parallel with the chip capacitor, 
the chip may resonate with the lead inductance of the 
larger capacitor at some frequency. At that resonant 
frequency, the power supply impedance will vary, 
causing a glitch in the amplifier response similar to that 
shown in fig. 8. In some cases, this problem can be 
serious enough to cause oscillation. This problem is 
easily solved, however, by the addition of a medium- 
permeability ferrite bead (Ferroxcube 56-590-65lA46 
or Amidon FB43101, for example). This bead acts as 
a lossy element at the resonant frequency. This spoils 
the Q of the resonant circuitand eliminates the prob- 

lem. Use of ferrite beads is always a good practice 
whenever large and small bypass capacitors are paral- 
leled. Be careful, however. Some types of beads are 
very conductive. These will short the power supply to 
the groundplane. It is best to use a low conductance 
bead similar to those above. If you use a highly con- 
ductive bead, be sure to insulate it from the lead on 
which it is placed. 

Another point to be considered in bypassing is that 
of decoupling the supply lead of each module from 
all others in a cascade. Simple capacitive bypassing 
of each module with all the Vcc leads tied directly to 
a common supply bus may prove inadequate. A much 
more effective technique is to feed each module from 
the supply bus through a small resistance (about 10 
ohms for currents up to approximately 100 mA). This 
resistance aids in decoupling and in providing addi- 
tional Q spoiling of any resonant networks which may 
be lurking in long power supply conductors. 

amplifiers can be cascaded 
Many of the modular amplifiers are designed 

specifically for cascading. These are unconditionally 
stable for any combination of input and output VSWR. 
This eliminates the need for the design of matching 
networks to assure stability. The specifications are 
given for a conventional %-ohm system and the device 
VSWR is reasonably good. This provides near opti- 
mum stage-to-stage matching without the need for 
matching networks. Several manufacturers offer a 
series of devices of graduated power capability to 
allow convenient cascading for both gain and output 
drive. We will be using two such series of devices man- 
ufactured by Avantek in this amplifier design. 

A unique feature of these cascadable devices is that 
the frequency response of the devices is tailored by 
the manufacturer in such a manner that overall fre- 
quency response is preserved with cascading. Nor- 
mally, if a number of amplifiers with an upper cutoff 
frequency of fl, for example, are cascaded, the com- 
bined cutoff frequency would be well below fl. 
Preservation of a bandwidth is done by a slight peak- 
ing of the response near the upper cutoff. The re- 
sponse flatness of a typical cascade will be about * 2 
dB. If very flat response is needed (better than + 1 dB), 
gain may be traded for response flatness by adding 
compensating attenuator pads between stages as dis- 
cussed below. 

The manufacturers advertise foolproof cascading 
capability with simple power supply bypassing and 
direct stage-to-stage coupling. Nevertheless, exper- 
ience has shown that using these parts in wideband 
cascaded amplifiers is somewhat more involved than 
that. This is particularly true for those who do not have 
the benefit of a machine shop to fabricate intricate 
enclosures. However, if you carefully follow the sug- 
gestions presented here, you should have no trouble. 
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1 table 1. Hybrid amplifier specifications. I 
1 Guaranteed specifications at 0-50°C (A), -WO to r859: ( 8 )  case temperature; other specifications at 25°C. I 

power 
output for 3rd order '2nd order maximum 

frequency noise reverse 1 dB gain intercept intercept VSWR 
response gain figure isolation compression point point (50 

Avantek MHz minimum (dB) (dB) (dBm) (dBml (dBm) ohms) 
model 

GPD-461 
GPD-462 
GPD-463 
GPD-464 
GPD-1061 
GPD-1062 
GPD-1063 

minimum 

0.1-400 
0.1-400 
0.1-400 
0.1-400 
0.1-1000 
0.1-1000 
0.1-1000 

typical 

4.5 
6.0 
7.5 
7.5 
6.0 
7.0 
8.0 

typical 

20 
20 
20 
20 
18 
18 
18 

typical 

- 2 
+ 6 
+ 15 
+ 15 
+ 0 
+ 6 
+ 14 

typical 

+ 9 
+ 18 
+ 25 
+ 26 
+ 12 
+ 16 
+ 24 

typical 

+ 9 
+ 24 
+ 32 
+ 38 
+ 18 
+ 19 
+ 36 

in out 

2.0 2.0 
2.0 2.0 
2.0 2.0 
2.0 2.0 
2.0 2.0 
2.0 2.0 
2.0 2.0 

Note: T h r e e  e x t e r n a l  c a p a c i t o r s  ( i n p u t ,  o u t p u t  c o u p l i n g ,  a n d  R F  b y p a s s )  a r e  r e q u i r e d  to e s t a b l i s h  low f r e q u e n c y  ro l l -o f f  

input 
power 

volts current 
DC mA typ 

+ 15 10 
+15 24 
+24 65 
+15 70 
+15 15 
+15 27 
+15 55 
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fig. 7. Ground pad configuration details by-pass capaci- 
tor, mounting and through hole locations. 

design procedure 
We are now ready to actually put together an 

amplifier using the modular hybrid devices. The first 
step is to choose the actual devices to be used. For 
the purpose of this project, I ha\je chosen the Avantek 
GPD 461, 62, 64, and GPD 1061, 62, 63 devices. The 
actual specifications for these devices are given in 
table 1. The three devices in each series are of 
graduated power capability and are ideally suited for 
cascading. Note: there is a GPD 463, but it is a less 
convenient 24V part. Also, the "60" series parts have 
no internal coupling capacitors; considerably less cost- 
ly than their counterparts with internal capacitors, they 
allow custom tailoring of the low-frequency cutoff. 
The 400 series parts have a minimum cutoff of 400 
MHz and the 1000 series, 1 GHz. This bandwidth is 
preserved with cascading, and in general it will be 
found that the upper cutoff is somewhat above that 

specified. The combined response will be relatively flat, 
generally + 2 dB, but could be as poor as about f. 3 
dB. The amplifier design below will allow the purist 
with access to a network analyzer the means to tailor 
the bandpass to achieve flatness on the order of + 0.5 
dB to beyond 400 MHz, using the GPD 46X parts, and 
greater than 1 GHz, using the GPD 106X parts. 

The manufacturer recommends simple cascading 
with no matching networks. This technique works 
reasonably well, but the addition of a simple interstage 
pad produces a design that is somewhat more forgiv- 
ing of less than ideal layout and packaging and, in gen- 
eral, is very stable. These pads also tend to reduce the 
effects of the impedance mismatches from one stage 
to the next. Furthermore, these pads also provide a 
very convenient place to add compensation for band- 
pass flattening. Padding, however, does trade gain for 
the desirable performance features provided. 

I generally use a balanced 50 ohm Pi pad with special 
conductors on the PC board for "tweaking." A typical 
schematic (1 dB pad) and layout is shown in fig. 9. 
The additional conductors allow adding chip resistors 
and capacitors and even small inductors in parallel with 
the corresponding resistor to provide the frequency 
response desired. Since gain is traded for perform- 
ance, it is desirable to keep these pads as small as 
possible. Typically, 1 dB is adequate if no response 
tailoring is used. That results in a total 4 dB gain re- 
duction in a three-stage amplifier (two interstage pads, 
one input pad, and one output pad). That is not too 
high a price to pay for simplified construction and in- 
creased stability. 

An input pad also provides some degree of input 
protection against overdrive. The active device of the 
modular amplifiers considered here is a bipolar unit. 
Therefore, it will tolerate a reasonably high current 
drive in the forward direction. However, in the reverse 
direction, the emitter-base junction would be ava- 
lanched, causing possible damage or degradation to 
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the part (such as degradation of NF). The emitter-base tion, the diode anode at the emitter, and the cathode 
junction may be protected from avalanche by adding at the base. In normal operation, this diode is reverse- 
a Schottky diode in parallel with the emitter-base junc- biased by the base forward drop, about 0.5V. At that 

bias, the diode impedance is much larger, even at 1 
GHz, than the base impedance; it causes little per- 
formance degradation. The input pad now provides 
a well defined minimum source im~edance to limit 

1 
both forward base current and reverse diode current. 
Without the input pad, the source impedance could 
be essentially zero (from a capacitive discharge, for 

I example) resulting in very high currents which could 
degrade performance. 

The gain and bandpass of the modular hybrids are 
affected by the operating point. The GPD series parts 
selected for this project have internal collector load 
resistors. These basically set the supply potential re- 
quired for the proper operating point. All the devices 
chosen are specified for operation at 15V. However, 
if the supply is varied slightly from 15V, the gain is 

fig. 8. Varying power supply impedance causes glitch in am- 
plifier response. 

I 

COPPER SIDE 
I 

I 

I R d O i  f : R 3  

' COPPER 

I A A 
i 0 
I 

fig. 9. Typical interstage pads: (A) attenuator schematic: 
I (B) input configuration; ( C )  interstage and output con- 

figuration. 

varied without much degradation in bandpass. The 
supply potential should not be raised much above 15V 
due to increased dissipation, but it may be lowered 
to about 12V, which will reduce the gain of the three- 
stage amplifier by about 5 dB (fig. 10). In this design, a 
three-terminal regulator is included to allow simple in- 
ternal regulation of the supply potential for gain stabili- 
ty in the finished amplifier. 

packaging 
One of the most difficult tasks in homebrew wide- 

band amplifier design is how to package your product 
in a way that provides consistent performance. An 
enclosure machined specifically for the task would be 
ideal, but because few of us can afford such exotic 
packaging, I've come to favor the various die-cast 
aluminum boxes. You're probably familiar with these 
as being almost right for many uses, but never com- 
pletely right for anything. Well, this application is no 
exception. The PC board must be solidly mounted with 
good groundplane continuity. Simply mounting the PC 
board on spacers from the bottom of one of these 
boxes is generally ineffective in RF designs. A better 
technique is to mount the PC board to a shelf at its 
periphery, but because this mounting is not provided 
in die-cast boxes, it must be added. Fig. 11A and 6 
show a reasonably simple technique for mounting RF 
boards in these boxes. This technique provides good 
groundplane coupling to the box and good ground 
continuity from the RF connectors to the board. 

It is very difficult to get perfect alignment of all the 
mounting components, especially with handmade 
parts. Therefore, give the mounting holes plenty of 
clearance to allow for adjustment. 

where to obtain parts 
Most of the components are standard items and can 

be obtained from almost any supplier. A few, how- 
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ever, are somewhat troublesome to find because few 
distributors stock them. Fortunately, there are alter- 
natives for those parts that prove impossible to get. 

Obviously, the most critical special components are 
the RF amplifiers; these are available from Spirit 
Electronics* and other Avantek distributors. The chip 
tantalum capacitors are a particular problem. I used 
the Matsuo parts, but Matsuo has no retail distributor 
and no means of handling small orders. The Sprague 
193D parts are equally as suitable and are available 
from some distributors. Another chip capacitor that 
works quite well is the Alchip-S unit by United Chemi- 
Con."" However, this part is an aluminum electrolytic. 
If you use this part, you must not clean the PC board 
in trichlorethylene because the solvent may ruin the 
capacitor; use 91 percent isopropyl alcohol only. If you 
cannot find any of those chip capacitors, the dipped 
tantalum (196D or equivalent) or the CK05 ceramic 
(with increased low frequency cutoff) can be used with 
almost as good a result. 

The Schottky diode for input protection can be a 
problem. Almost any small signal RF Schottky diode 
is suitable. The Radio Shack 276-1124 is a good 
substitute. If a suitable diode cannot be found, just 
omit it, but this will make the input device more sen- 
sitive to reverse bias damage. 

The swagged terminals are quite convenient and 
give the board a professional appearance, but are 
usually not available in small quantities. Proper swag- 
ging of these is essential; if they are too difficult to 
obtain or proper swaggging cannot be done, use 
pieces of wire as suggested below. 

components 
Because this is a high frequency design, perform- 

ance is very sensitive to the particular components us- 
ed. The components specified in the list of materials 
are the specific ones used for construction of the units 
presented in.this article. While other components can 
be used with equal success, care must be exercised 
in their selection. Several points to take into considera- 
tion in selecting alternative parts are given below. 

The components most easily substituted are the re- 
sistors. I specified Allen-Bradley brand carbon com- 
position resistors mainly because of my particularly 
good experience with these parts. Most other name 
brands should perform equally well. However, some 
carbon film components are spirally cut to obtain the 
desired resistance; this could introduce added induc- 
tance, which could perturb performance. Also, some 
of the less expensive parts exhibit excess noise that 
could increase the noise figure of the amplifier. In 
general, try to avoid using the very inexpensive 
resistors and use brand name parts instead. In the 400 

'Spirit Electronics, 6560 N. Scottsdale Road, Suite €204. Scottsdale, Arizona 
85253 
"United Chemi-Con. 9801 West Higgins Road, Rosemont, Illinois 60018 

FREQUENCY 

fig. 10. GPDlOGX gain variation with supply voltage (without 
regulator). Gain changes in 1 dB steps as Vcc is varied from 
+ 8  to +16 VDC. 

MHz amplifier (GPD 46X amplifiers), either carbon 
composition or quality carbon film resistors should be 
suitable, but in the 1000 MHz unit (GPD 106X ampli- 
fiers), try to use only carbon composition resistors. 

The interstage coupling capacitors are also good 
candidates for substitution because the ones specified 
are somewhat difficult to find. If low frequency 
response (i.e., below about 100 kHz) is not a con- 
sideration, standard CK05 capacitors work quite well. 
These are not normally recognized as being good high- 
frequency capacitors, but up to 1 GHz or so they will 
work very well. (Fig. 12 shows typical performance 
of the 1 GHz amplifier with 0.1 pF CK05 coupling 
capacitors.) One component almost guaranteed not 
to work for coupling is the tubular aluminum elec- 
trolytic capacitor, which generally exhibits high lead 
inductance and high stray capacitance because of its 
size; its use will probably result in a very unstable 
amplifier. The chip aluminum electrolytic capacitor 
manufactured by United Chemi-Con seems to work 
well, but is equally as difficult to obtain as the chip 
tantalum capacitors specified. With a little care, the 
dipped tantalum units - i.e., Sprague 196D or 
equivalent - can be used successfully for coupling. 
The general key to success with these parts is to stick 
to the ones of small physical size, about 1 I8  inch in 
diameter, and keep leads short. An operating voltage 
greater than 6.8V is necessary. Fig. 13 shows the re- 
sponse of the 1 GHz amplifier with 10 pF, 20V 196D 
capacitors. 

The other capacitors in the circuit are not too 
critical, but some care should be taken in their selec- 
tion. The low-value bypass capacitors should have 
relatively good high frequency properties. The CK05 
units are recommended. Depending on their manufac- 
turer, typical ceramic discs vary tremendously in per- 
formance and are not recommended. (The actual value 
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fig. 11A. Mounting shelves provide good ground plane 
coupling to box and good ground plane continuity be- 
tween RF connectors and board. 

is not too critical since they are basically used for high- 
frequency bypassing. Values between 100 and 1000 
pF should be good. 1 The higher value bypass capaci- 
tors for both the amplifiers and the regulator should 
be dipped tantalum. Don't forget to bead the positive 
lead of the three amplifier bypass capacitors or you 
may have response anomalies similar to those shown 
in fig. 8. Aluminum electrolytics are too large to fit 
convenientty in the enclosure. Notice on the PC board 
that there are two ground pads for each of these ca- 
pacitor positions; this allows easy mounting of both 
0.2 and 0.25inch lead formed capacitors. The actual 
value of these large bypass capacitors is not too criti- 
cal. Variations by +20 percent should not be a prob- 
lem, but it is better to go higher than lower. Also, 
observe the operating voltage. All the units except the 
supply input bypass capacitor should be 16V or 
greater. Try to stick with 16V capacitors since higher 
voltage units are larger and more expensive. The in- 
put capacitor should be a 35V unit to allow for large 
supply voltages without damage. 

Another area that can prove troublesome is the 
swagged terminals. If you use terminals, they must 
be properly swagged and soldered into the board. If 
they are not properly swagged, the solder connection 
on the trace side could become a cold solder joint 
when the terminal is heated to attach leads. If you can- 
not properly swage the terminals, it is better to use 
pieces of wire in their place. A %-watt resistor lead 
works well for two RF connections (keep them as short 
as possible), and a lead from the power supply reverse 
polarity protection diode, CR2, works well for the 
power supply terminal. No ground terminal is really 
needed on the board; it's included only for checkout 
convenience. If you want to use terminals, almost any 
type will be adequate, but the PC board holes may 
have to be changed. 

fig. l lB .  Box detail with mounting blocks installed. The ground terminal on the outside of the box may 
Drove difficult to find. If vou cannot find these, use a %-inch 4-40 brass or plated steel screw with nut. 
Place the nut on the screw about %-inch from the end. 
Drive the screw into the box ground lug hole about 
%-inch and lock it in place with the nut. This will allow 
the screw to extend out about %-inch for lead 

I 

attachment. 
Finally, the feedthrough filter could be a problem. 

1 While almost any filter will work, some type of feed- 
through filter or feedthrough capacitor should beused; 1 it must be a threaded woe because it's difficult to , . 
solder to the box alloy. If you use a filter different from 
the one specified, be sure to drill and tap the mount- 
ing hole for the specific filter selected rather than for 
the filter shown in the list of materials. 

- .  

FREQUENCY PC board assembly 

fig. 12. Typical performance of 1 GHz (0 - 1200 MHz, 5 dB gain The assembly of the PC board is reasonably 
variation) amplifier using 0.1 pF CK05 coupling capacitors. straightforward. (The schematic, component and PC 
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FREQUENCY 

fig. 13. Response of 1 GHz (0-1200 MHz. 5 dB gain variation) 
amplifier using 10 pF. 1960 capacitors. 

confusing because there are two sets of pads. The set 
closest to the board edge is for the general 78XXT and 
LM340T series parts. The other set is for the LM317T. 
(This allows the use of the LM317, 7805, 7812, 7815 
or equivalent parts - the LM317 is preferred.) To 
mount the regulator, the leads must be bent as shown 
in fig. 17, which shows the lead bending for the 
LM317. If a 78XXT or LM340T series part is used, the 
leads should be bent behind the body to keep the 
mounting position of the tab at the proper location. 
Be careful to keep the tab electrically isolated from 
both the groundplane and the box. The two program- 
ming resistors in the regulator circuit are shown for 
the LM 317. If a 78XXT part is used, these resistors 
must be replaced with the appropriate values from the 
table on the schematic. These, however, are only ap- 
proximate values. The supply potential at the amplifiers 
should be checked and the resistor values adjusted, 
if necessary, to set the output amplifier supply voltage 

boards are shown in figs. 14, 15, and 16.) The first 
between 15V and 16V. Usually only resistor R16 needs 

thing to do is mount the swagged terminals if you 
to be adjusted slightly. Increasing R16 lowers the out- 
put voltage, and decreasing R16 raises it. 

choose to use them. Next mount the three amplifiers 
with the mounting kits provided. Be sure to have the 
mounting kits completely installed and tight before 
soldering any of the amplifier leads. If chip tantalum 
coupling capacitors are to be used, it is easiest to 
mount those next. (These mount on the trace side of 
the PC board. Now mount the remainder of the com- 
ponents on the groundplane side as shown on the 
assembly drawing, paying particular attention to the 
groundplane solder connections. Be sure to apply 
enough heat to the groundplane to get good solder 
flow on it. 

When mounting the voltage regulator, allow about 
1116-inch space between the regulator body and 
groundplane. Mounting this part may be somewhat 

fabricating the enclosure 
Building the enclosure is probably the most difficult 

part of this project. Because the final performance will 
be as much a function of the enclosure as the actual 
PC board, considerable care should be invested in 
this task. 

First the paint must be removed from the interior 
of the box to allow good grounding of the PC board. 
(The easiest way to obtain effective grounding is to 
buy the box unfinished, but this results in a finished 
unit that is less attractive than it could be.) If you start 
with a finished box, fill i t with paint remover to within 
about one-half inch of the top. (Be sure to use proper 
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fig. 14. RF amplifier schematic. I 
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fig. 15. PC board component layout. 
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15, 0 

fig. 16. Double-sided PC board: (Al component side artwork, (Bl ground plane side artwork, (C)  completed assembly - 
component side view, and (Dl completed assembly - ground plane side. 

eye protection and gloves when handling paint re- soap and water; a hard spray from a garden hose will 
mover.) Leave the paint remover in the box until it help remove the loosened paint. Repeat the process 
begins to attack the paint. Next, pour the paint re- until the paint has been removed. (If you prefer, you 
mover out and immediately rinse the box in fresh paint can remove the paint by sanding the interior walls of 
thinner. Follow this with a thorough scrubbing with the box.) 
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Materials list. 

i tem description 

AR1 Avantek GPD 1061 (or GPD 461 
A R2 Avantek GPD 1062 (or GPD 462) 
AR3 Avantek GPD 1063 (or GPD 464) 
ferrite bead Amidon FB 64-101 or Ferroxcube 

56-590-6514AG 
C1-C6 10 pF16.8V chip tantalum capacitor 

(may substitute CK05 ceramic or 196D 
dipped tantalum) 

C7-C9 100 pF - 1000 pF, CK05 ceramic 
capacitor 

C10-C12 10 pF120V. dipped tantalum capacitor 
C13 22 pF/35V, dipped tantalum capacitor 
C14 22 pF/20V, dipped tantalum capacitor 
CR1 IN571 1 Schottky diode (may substi- 

tute Radio Shack 276-1 124) . CR2 1 N4001 Diode (may substitute 
1 N4002-1 N4007) 

filter Erie 1221-001 
Rl,R3,R4.R6 910 ohm, 114 watt, 5 percent, RC07 
R7,R9,RlO,Rl2 resistor (Allen Bradley preferred) 
R2,R5,R8,Rll 5.6 ohm, 114 watt, 5 percent, RC07 

resistor (Allen Bradley preferred) 
R13-R15 10 ohm, 114 watt, 5 percent, RC07 

resistor (Allen Bradley preferred) 
R16 330 ohm, 114 watt, 5 percent, RC07 

resistor (LM317 only) 
R17 3.9K ohm, 114 watt, 5 percent, RC07 

resistor (LM317 only) 
VR 1 LM317 regulator (may substitute as 

shown on schematic - R16 and R17 
must also be changed) 

box Pomona 2901 (may substitute 2906) 
terminal (2) Cambion 160-2081 -02-01 -00 (input 

and output) 
terminal (2) Cambion 140-1385-02-01-00 (power 

and ground) 
terminal (1) H.H. Smith 2009 (box ground) 
RF connector UG447lU (may substitute UG290AIU 

with mounting holes drilled out to 
7/64] 

hardware for mounting regulator 
spacer H.H. Smith 2341, 318 x No. 4 brass 
insulator (1) mica 
shoulder washer (1) fiber 
screw (1 4-40 x 518, pan head steel 

other hardware 
screw (34) 2 x 56 x 3/16, pan head, steel 

(PC board and box) 
screw (8) 2 x 56 x 318, pan head steel 

(connector) 
flat washer (42) No. 2 
flat washer (1) No. 4 
aluminum bar 12" 114 x 114 

The various holes must be added next. Use the PC 
board hole pattern (fig. 16) as a guide to hole place- 
ment in the mounting stock. For those who wish to 
precisely replicate hole locations, a detailed mechanical 
drawing is available from ham radio (enclose SASE 
with request). If you lay the holes out by hand, it is 
best to use a precision rule with both fraction and dec- 
imal graduations. Carefully mark all hole positions with 
a sharp scribe. Then check the dimensions to make 

fig. 17. Regulator leads are bent for ease of mounting. 

- 7 ru -4-t;- - .q;, - = = - ~ ~ ~ ~  - .  

fig. 18. Dielectric ring of RF connector is modified t o  fit. 

sure all holes are in their correct locations. Be sure to 
center-punch all holes before drilling to prevent the 
drill from "walking." After drilling, deburr all the holes. 

Nowthe mounting blocks must be made. The choice 
of material is not too critical. The 114-inch square 
material is specified, but 114 x 318 or 114 x 112 could 
also be used. Suitable mounting material - and the 
taps as well - should be available from your local 
hardware store. Carefully mark and cut each of the 
eight mounting blocks. Then mark, center-punch and 
drill each of the necessary holes. (Use motor oil or 
some other light oil to lubricate the bit.) Then tap each 
hole. Be very careful tapping. Use oil generously and 
back the tap out often to prevent jamming. This is par- 
ticularly critical on the 2-56 holes. 

final assembly 
Now that all the pieces are finished, only final 

assembly remains. First, mount the eight mounting 
blocks with screws and washers inside the box, be- 
ing sure to position each of the end pieces on the cor- 
rect ends. Leave all screws just finger-tight to allow 
some adjustment. Place the PC board in the box on 
the mounting blocks. Again, make sure the orienta- 
tion is absolutely correct. Insert all the PC board 

26 March 1984 



9 
fig. 19. Finished amplifier with lid (Al and without (8).  

mounting screws and washers and tighten securely. 
Now tighten the mounting block screws. 

The input and output connectors are next. First cut 
away the insulation to clear the PC board. (Fig. 18 
shows this modification.) Slide a knife along the solder 
tail into the insulation to the flange of the connector. 
Next, cut parallel with the flange to the solder tail and 
remove the piece of insulatien. The connectors may 
now be mounted. Attach the conductors from the 
solder tails to the corresponding terminals. Then 
mount the ground terminal and power filter. Wire the 
power filter to the power terminal. Mount the lid and 
you're done. 

performance 
When you're finished, your amplifier should look like 

the one pictured in fig. 19. While having a machine 
shop available helps tremendously, the unit shown - 
except for the engraved lid - was build by hand exact- 
ly as described above. 

Amplifiers were built using both the GPD 
46114621464 parts and the GPD 10611106211063 

FREQUENCY 

fig. 20. Swept frequency response of HF amplifier using GPD 
460 series devices; the marker "birdie" is at 825 MHz I - 3 dB 
point). 

parts. The first of these is the lower frequency unit. 
The bandpass of this amplifier is shown in fig. 20. 
Although the GPD 46X series parts are specified as 
400 MHz devices, fig. 20 shows that they perform far 
better. This unit was flat within + 2 dB from 500 Hz 
to almost 900 MHz. The nominal gain of this unit was 
34 dB. If you have a suitable network analyzer 
available, some of that gain could be traded off to 
allow compensation of the gain to flatten bandpass. 
The maximum output level of this amplifier at the 1 
dB compression point was + 14 dBm. The noise figure 
(NF) was measured roughly as 2.8 dB (260 degrees K). 
This is considerably better than that specified for the 
GPD 461 first stage, but this is not unusual because 
the specification value must be conservative enough 
to allow the manufacturer a reasonable yield. The over- 
all dynamic range with a bandpass of 400 MHz, 2.8 
dB noise figure, and + 14 dBm 1 dB compression 
point, is then greater than 97 dB. This is reasonably 
high performance in any terms, but particularly good 
for a homemade unit. 

If you think that was good, look at the performance 
of the high frequency amplifier that uses the GPD 
1061 1106211063 devices. Fig. 21 shows the frequen- 
cy response of this amplifier. This unit is flat within 
+2 dB from 500 Hz to in excess of 1200 MHz, with 
a gain of +34 dB. The ripple above about 1000 MHz 
in fig. 21 is actually due to the test system as shown 
in the measurement system response illustrated in fig. 
22. The output at 1 dB compression was + 13 dBm. 
The NF was measured to be about 3.3 dB (330 degrees 
K). The dynamic range is then greater than 91 dB. 

Because these noise figure values seem quite good, 
one might suspect error in measurement; then too, 
the method used to measure the NF wasn't the best, 
but was convenient. To check the accuracy of the 
measurement system, the NF of an AWL-1200 com- 
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mercial amplifier was measured. This unit was speci- 
W 
n fied to have a NF of 5 dB and a value of 4.3 dB, was 
3 
k measured. This shows quite good agreement and that 
-1 
0. the results are reasonably accurate. 

5 To demonstrate bandpass compensation, the high 
frequency unit was compensated to provide a flatness 
of f 1 dB. This is shown in fig. 23. About 4 dB of 
gain was traded for this performance. With enough 
patience, the bandpass could be flattened even fur- 
ther, but k0.5 dB or so is about a practical limit. 

Fig. 10 shows the gain variation of the high- 
frequency amplifier with operating voltage. For this ex- 
ample, the regulator output voltage was varied from 
16V down to 8V in 1V steps with the highest gain cor- 
responding to the highest voltage. This shows that 

FREQUENCY some slight gain control can be provided with varia- 
tion of supply voltage. 

fig. 21. Sweptfrequency response of HF amplifier using GPD 
1060 series devices. Performance of the high-frequency amplifier with 

CK05 0.1 pF coupling capacitors is shown in fig. 12. 
This raised the low frequency cutoff to about 5 6 k ~ z .  

w Notice the slight peak in response at 1200 MHz in fig. 
0 
3 12. This could be attributed to stray coupling or the 
t 
-1 

poorer impedance characteristics of the CK05. This 
a peak was found to reach a + 5 dB maximum at 1290 5 MHz beyond which the response dropped normally. 

Fig. 13 shows the response with 196D, 10 pF, 20V 
dipped tantalum coupling capacitors. The low frequen- 
cy cutoff was again 500 Hz and the high frequency 
characteristics were much the same as the CK05 - 
not perfect, but certainly acceptable. 

conclusions 
While constructing the amplifier described is not 

easy, it certainly should be within the capability of 
FREQUENCY most readers. Once past the mechanical construction, 

the electronic assembly is simple. (This isquite the op- 
fig. 22. Test instrumentation actually introduces major rip- posite of most RF amplifier construction projects.) E ~ -  
ple component. 

ercising care and patience in building this unit results 
in excellent ~erformance: furthermore. the cost is auite 
modest compared to commercially available units 
offering similar performance. 

I believe this project will demonstrate the simplicity 
and convenience of designing with modular hybrid am- 
plifiers. This will be particularly obvious to those ad- 
venturous individuals who've spent many hours with 
plastic tweezers and razor blades, "tweaking" a dis- 
crete design. (Even when finished with those labor- 
intensive designs, you could not be sure of perform- 
ance without a network analyzer.) If you build this 
amplifier carefully, its performance will almost certainly 
be similar to that documented above. And, if you fol- 
low the design hints given above, you should have little 
trouble using modular hybrids in your own designs. 

FREQUENCY reference 
1. C.D. Motchenbacher and F.C. Fitcher, "Low Noise Electronic Design," 

fig. 23. A wideband amplitude "flatness" of + 1 dB is achieved John Wiley 8 Sons. New York. N. Y. 1973. 
through the use of bandpass compensation. ham radio 
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And you can see it-in color-again and again 
when you own the NZNY Ham MasterTapes. 

Ever see a cap discharge in slow motion? You will on 
Ham MasterTapes. Ham MasterTapes can perform the 
dozens of complicated demonstrations necessary for a 
beginner's understanding of Ham Radio Theory. 

Finally, a step-by-step course in Ham Radio Theory 
is available on color videotape. The Larry Horne N2NY 
Ham MasterTapes video course is a unique, effective 
teaching technique expertly produced by New York's 
leading professionals in studio and field videotape. 

Video Graphics highlight important details. 
Carefully worked-out demonstrations on video avoid 

the problem of getting complex gadgets to work on 
command in front of a class. 

Working examples of every ham f- 
radio com~onent, device, or svstem 

The N2NY Ham MasterTapes give you a basic 
grasp of concepts that build theory background-not 
only for passing the FCC tests, but for understanding 
electronics. 

The hobby has long needed better, clearer, high- 
tech teaching aids to help newcomers into our wonder- 
ful world of Ham Radio. 

These six-hour tapes cover completely all the ma- 
terial needed to understand Novice and TechIGeneral 
Theory and operations, and include the new 200-ques- 
tion FCC syllabus used beginning September 1983. 

Only $199.95. Order direct and specify Beta or VHS 
format. Call or write: Larry Horne, N2NY 

Ham MasterTapes 
covered in' the FCC guide canbe 136 East 31st Street 
clearly understood. New York, N.Y 10016 212-673-0680. 



OUTSTANDING PERFORMANCE 
with MOSLEY ANTENNAS 

MODEL Pro 37 

Two element 
rotary beam 
er~al. 
0-15.20M. 

Rated to 3OOW. 
MODEL TA-32 Jr 

TA-33 Jr. 
Three element 
rotary beam 
aerial. 
10-1 5-20M. 
Rated to 300W. 
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The Pro.37 follows in the Mosley tradition of high performance, dependability, and quality con. 
structlon. The Pro.37 is predrilled for easy assembly. No adjustments or measuring. Average 
assembly Is about 1 % to 2 hours. As with all the Mosley antennas we use stainless steel hard. 
ware throughout. Rugged construction makes our antenna the cleanest, strongest of its class, no 
cluttered elements or boom to cause electrical and mechanical problems down the road. Put it up 
and leave it up. In performances it has no peers ... It is as broadbanded or broaderbanded than any 
antenna made. Its gain and front to back is as good or better than other antennas in its class, even 

new! 
those with longer booms. Mechanically we feel it's the best built. Vertical Aerial. 10 thru 40 no band. 

The Pro-37 has 7 elements on a 24 foot boom which needs no boom support. It has 3 wide spaced switching IS necessary. Very por- 

elements on 20 and 15 not counting the extra driven element. 10 meters has 4 wide spaced table and no pipe mount needed 

elements not counting the extra driven element. The Pro.37 uses a unlque direct feed system MODEL V.4.6 

which enables the drlven elements to contribute gain to the antenna, while giving it the broadest 
possible frequency spectrum. Clean design makes the antenna easy to assemble and erect and 
Solves maintenance problems. No clutter on the elements or boom. The Pro.37 uses the proven 
Mosley traps which on the Pro.37 will handle 2.5 KWDC out on C.W. and 5 KWPEP on SSB. 
We're quite excited about the Pro-37 and we know you will be tool 

Want 40 Meter DX? 
Then Try ... / S-401 

MODEL CL.33 I 

Tell 'em you saw it in HAM RADIO! 

BROADBANDED SINGLE ELEMENT 
Can be made into 2 element or 3 element later. 

WANT A HIGH PERFORMANCE TRI.BANDER 
BUT SMALLER? 

THEN THE CL.33 IS FOR YOU! I 
/' 

3 elements on an 18 ' boom 
Wide spaced for gain higher than normal size 
TRI-Banders 
Uses our Classic feed system v-'t -6 

Rated at 1KW CW and 2KW on SSB 

. . 
5-402 /Y -- - 7-Band SWL/DX for 11.13.16.19.25.31.49 Dipole Kit meters 

FULL SIZE PERFORMANCE WITH 44 ' ELEMENT 
- -U - --C)-- -7 - U - u- -y - y -  - 

AND A 20 ' BOOM 
Excellent Gain and Front to Back. Here's a low cost 7.band receiving dipole aerial kit Complete with 

Strongest Built 2 Element on 40 Meters that will pick up those hard.10-get DX stations. 8 Trap Assemblies 
Good Bandwidth. Can be made to 3 element later. Everything Included ...I us1 attach the wires and Transmission Line Connector 

you're on the air! Weatherproof traps enclosed in Insulators 
Poly.Chem for stable albweather performance. 45 11. No. 16 Tinned Copper Wire 
MODEL SWL-7 100 11. of 75 ohm twin lead 

1344 Baur Boulevard St. Louis. Mo. 63 132 1-314-994.7872 1-800.325-4016 

NOW ALL THESE ANTENNAS ARE UPS SHIPPABLE! 







static electricity 
and 

modern integrated circuits 

To prevent damage 
or destruction, 

ground yourself 

The integrated circuit is no exception to the familiar 
rule that says you can't get something for nothing. 
While the use of ICs has enabled manufacturers to re- 
duce both size and power requirements of battery- 
operated radio equipment, there is a price for this in- 
creased portability and convenience. That price is ex- 
treme vulnerability to static electricity (fig. 1). 

But are ICs really as sensitive to static damage as 
suggested in product packaging and literature? 

The answer is yes. 
A person can develop static levels of several thou- 

sand volts merely by walking across the floor. A dis- 
charge of this intensity can destroy or seriously de- 
grade sensitive electronic components or circuit 
boards. Degraded boards may be prone to premature 
failure. 

During routine maintenance and troubleshooting, 
the General Telephone Company of Wisconsin found 

I fig. 1. Enlarged, detailed views of a Bmicron ( 0 . m  inch) 
evidence of degradation and premature failure of elec- diameter hole created in aluminum metallization /A) and sili- 
tronic telecommunication equipment due to static dis- con dioxide substrate (BI by static electricity on an op amp 
charge in handling.' It also found that circuits were integrated circuit. 

being damaged during handling for storage. To elimi- 
nate the problem, General Telephone initiated an Elec- By Morris H. Lundberg, K4KEF, 131 Burnett 
trostatic Discharge (ESD) program. Way, Alpharetta, Georgia 30201 
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MEW! NEW! JIL SX-200 
CE price $264.00/NEW LOW PRICE 
8-Band, 16 Channel No-crystal scannor 
Quartz Clock AM/FM AC/DC 
Bands: 26-88, 108-1 80, 380-514 MHz. 
Tune Military, F.B.I., Space Satellites, Polic:e & 
Fire, D.E.A., Defense Department, Aeronautical 
AM band, Aero Navigation Band, Fish & Game, 
Immigration, Paramedics. Amateur Radio, .lus- 
tice Department, State Department, plus thou- 
sands of other restricted radio frequencies no 
other scanner is programmed to pick up. 

RegencyB HX1000 
Allow 60-120 days for delivery after receipt of 

Communications Electronicsj" order due to the high demand for this product. 
the world's largest distributor of radio List price $329.95/CE price $209.00 
scanners, introduces new models ~ e ~ ; ~ ~ L ~ ~ ~ 1 : ~ o ~ $ ~ 1 g , " ; , " ~ , i , 9 y  
with special savings on all radio ~ide/it/iquidcrysta/display 
Scanners. Chances are the police, Frequency range: 30-50, 144-1 74, 440-512 MHz. 
fire and weather emergencies you'll Thenew handheldRegency HXlOOOscannerisfully 

keyboard programmableforthe ultimateinversatil- 
read about in tomorrow's paper are ity.Youcanscan upto20channelsatthesamet1me. 
coming through on a scanner today. Whenyouactivatetheprioritycontrol,youauto~nat- 

ically override all other calls to listen to yourfavorite 
We give you excellent service be- frequency. The LCD display is even sidelit for night 

Cause CE distributes more scanners use. A die-cast aluminum chasis makes this the 
worldwide than anyone else. our ware- most rugged and durable hand-held scanneravail- 

able. There iseven a backup lithium batterytomain- 
house facilities are equipped to Pro- tain memory for two years. Includes wall charger, 
cess thousands of scanner orders carrying case, belt clip, flexible antenna and nlcad 

every week. we also export scanners battery. Reserve your Regency HX1000 now. 

to over 300 countries and military RegencyB R106 
installations. Almost all items are in List price $149.951C~ price $92.00 
stockforquickshipment,soifyou're S-Ban~lOChannel*CrystaIsoanner*AC~fDC 

Frequency range: 30-50, 146-174, 450-512 MHz. a person who prefers fact to fantasy Aversatile scanner, The Regency R-106 is built 
and who needs to know what's really to provide maximum reception at home or on 
happening around you, order your the road. Ruggedcabinet protectstheadvanced 

radio today from CE. design circuitry allowing you years of depend- 
able listenina. 

NEW! Regency? MX5000 N E W ! - R ~ ~ ~ ~ ~ ~ @  D810 
List price $599.95/CE price $379.00 List price $399 951CE pr ice $244 00 
MuWmnd, 20 Channel No-crystelscanner @-Band, 50 ~h*nnel  ~r~stal less'*  AC only 
Search Lockout Priority AC/DC Bands: 30-50,88-108,118-136,144-174,440-5 12 MHz 
Selectable AM-FM modes LCD display This scanner offers Public service bands, plus 
world's first continuous coverage scanner Aircraft and FM broadcast stations. You can 
Frequencyrange:25-550 MHz. continuouscoverage. listen to Bath or a ~~~i~~ 747, the Rolling 
Never before have so many features come in Stones orthe riot squad, orany of 50 channels. 
such a small package. The Regency b4lX5000 Plus special direct access keys let you listen to 
mobile or homescanner hascontinuouscover- police, fire, emergency, or any of your favorite 
age from 25 to 550 MHz. That means you Can channels just by pushing a button. 
hear CB, Television audio, FM broadcast sta- 
tions, all aircraft bands including military and RegencyB R1040 
the normal scanner bands, all on your choice of List price 99 ,95 /~E  price ~ 4 . ~ ~  
20 programmable channels. &Band, 10 Channel Crystalless AC only NEW! Regencp ~ ~ 3 0 0 0  Frequency range: 30-50, 144-1 74, 440-512 MHz. 

Now you can enjoy computerized scanner ver- 
List price $299.95/CE pr ice $1 81 .OO satility at a price that's less than some crystal 
@-Band, 30 Chmnnel Nocrystal scanner units. The Regency R 1 040 lets you in on all the 
Search Lockout Priority AC/DC action of police, fire, weather, and emergency 
Bands: 30-50, 144-1 74, 440-5 12 MHz. calls. You'll even hear mobile telephones. 
The Regency Touch MX3000 provides the ease Programming the R1040 is easy. Merely touch 
of computer controlled, touch-entry program- the keyboard and enter any of over 15,000 
ming inacompact-sizedscannerforuseathome frequencies on your choice of 10 channels. 
or on the road. Enteryourfavoritepublicse~ice 
frequencies by simply touching the numbered ~ ~ ~ E B ~ $ ~ $ ~ ~ ~ e ~ $ ~ ~ ~ ~ ~ ~ [ $ ~  
pressure pads. You'll even hear a "beep" tone ~earcat300, a825 rebateona Bearcaf Z ~ O X L ,  a $ZOrebate 
that lets you know you've made contact. on aBearcat 250 100 and 20120 a$15 rebate on aBe.srcat 

in addition to scanning the programmed 260 ,a$10rebat~on~Bearca t20 i  and200,a$5rebats!ona 
Bearcat 180,155,151, and 5-6. Toget your rebate, mail your 

channels, the MX3000 has the ability tosearch coupon with youroriginaldatedsalesrece~ptandtheBe.nrcat 
through as much as an entire band for an active model number from the carton to Electra. You'll receive your 

frequency. The MX3000 includes channel rebate in six to eight weeks. Offer valid only on purchases 
made between February 1. 1984 to March 31. 1984 All 

priority, dual scan speeds, scan orsearch delay requestsmust be postmarked by April 15.1984. Limlt of one 
and a brightnessswitch forday or night operation. rebate per household. Coupon must accompan all rebate 

requests and may not be reproduced. offer goodlonly in the 

NEW! Regencya Z10 k!!Eta:".$b %"b:d,"dXe,"rgYnP,Sk",i~~b"oPt :,"fit%d"% 
List price $229.95/CE price $1 49.00 profit-are not eligible for rebates. Employees of Electra 

Company. their advertising agencies, distributors and re- 
&Band, 10 Channel * No-crystal scanner ta~lers of Bearcat Scanners are also not eligible for rebates. 
Bands: 30-50, 140-1 74, 440-512 MHz. Please besure tosend in thecorrectamountfor you scainer. 

Pay the listed CE price In this ad. Do not deduct the rebate your Over 15,000 frequencies amount since your rebate will be sent dlrectly to youfrom 
on 10 channels at the touch of your finger. Electra. Orders received with insufficient payments will not 

be processed and will be returned. 

Regency R 
nx1000 n 

OTHER RADIOS 8 ACCESSORIES 
Regencym C403 Scanner.. . . . . . . . . . . . . . . . . . . . . . . . .  $59.00 

. . . . . . . . . . . . . . . . . . . . . . . .  Regency" 230 Scanner.. $179.00 
. . . . . . . . . . . . . . . . . . . . . .  Regencym HX650 Scanner.. $79.00 

Panasonic RF.9 Shortwave receiver . . . . . . . . . . . . . .  $84.00 
Panasonic RF.650 Shortwave receiver.. . . . . . . .  $1 29.00 
Panasonic RF-799 Shortwave receiver.. . . . . . . . .  $219.00 
Panasonic RF-2600 Shortwave receiver.. . . . . . .  $1 99.00 

. . . . . . .  Panasonic RF-2900 Shortwave receiver.. $249.00 
Panasonic RF-3100 Shortwave reclever.. . . . . . . .  $269.00 

. . . . . . .  Panasonic RF-6600 Shortwave reclever.. $429.00 

....... Panasonic RF-6300 Shortwave reclever.. $539.00 
. . . . . . . . . . . . . . . . . . . . . . . .  Bearcatbt 350 Scanner.. $399.00 

. . . . . . . . . . . . . . . . . . . . . . . . .  Bearcat" 300 Scanner.. $349.00 

. . . . . . . . . . . . . . . . . . . . . . . .  Bearcatm 260 Scanner. $259.00 

. . . . . . . . . . . . . . . . . . . . . . . . .  Bearcat" 250 Scanner.. $279.00 

. . . . . . . . . . . . . . . . . . . . . . . .  Bearcatm 200 Scanner.. $189.00 
. . . . . . . . . . . . . . . . . . . . . . .  Bearcatm 210XL Scanner $229.00 
. . . . . . . . . . . . . . . . . . . . . . .  BearcatD 20120 Scanner.. $289.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Bearcar 151 Scanner $1 69.00 
. . . . . . . . . . . . . . . . . . . . . . .  Bearcat" 100 Scanner.. $289.00 

. . . . . . . . . . . . . . . . . . . .  Bearcat" Five-Six Scanner.. $1 29.00 
. . . . . . . . .  Bearcatw DX1000 Shortwave Receiver.. $489.00 

. . . . . . . . . . . . . . . . . . . . . . . . . .  BearcaP Weather Alert.. $49.00 
...  Freedom Phone" 4000 Cordless telephone.. $239.00 

. . . . . . . . . . .  Fanon FCT-200 Cordless telephone.. $1 39.00 
. . . . . . . . . . .  SP55Carrying case for Bearcat Five-Six $15.00 

MA-506 Carring case for Regency HX650.. . . . . . . .  $15.00 
. . . . .  F6.E Frequency Directory for Eastern U.S.A. $12.00 

. . . .  FB-W Frequency Dtrectory for Western U.S.A.. $1 2.00 
. .  TSGmTopSecret" Reglstryof U.S. Government Freq.. $1 5.00 

RRF Railroad Frequency Directory.. . . . . . . . . . . . . .  $10.00 
ESD Energy Services Directory.. . . . . . . . . . . . . . . . . . .  $10.00 

. . . . . . . .  ASD Frequency Directory for Aircraft Band $10.00 
SRF Survival Radlo Frequency D~rectory . . . . . . . . .  .$10.00 

. TIC Techniques for Intercepting Cornm. Manual.. $1 2.00 
.. CIECovert Intelligence, Elect. Eavesdropping Man.. $12.00 

8-4 1.2 V AAA NI-Cad batteries (set of four). . . . . . . .  .$9.00 
. . . . . . . . .  6-6 1.2 V AA NI-Cad batteries (set of four) $12.00 

. . . . . . . . . . . . . . . . . . . . . . . .  A-135c Crystal certif~cate.. $3.00 
. . . . . . . . . . . . . .  A60 Magnet mount mobile antenna.. $35.00 

. . . . . . . . . . . . . . . . . . . . . . . . .  A70 Base statlon antenna $35.00 
Add$3.00 shipping for allaccessories orderedat the sametime. 
Add $12.00 per shortwave receiver tor U.P.S. shipping. 
Add $3.00 shipplng per scanner antenna. 

BUY WITH CONFIDENCE 
To get the fastest delivery from CE of any 
scanner, send or phone your order directly to our 
Scanner Distribution Center:' Be sure to calculate 
your price using the CE prices in this ad. Michigan 
residents please add 4% sales tax or supply your 
tax 1.0. number. Wr~tten purchase oraers are accep 
ted from approved government agencies and mist  
well rated firms at a 30% surcharge for net 30 
billing. All sales are subject to availability, accept- 
ance and verification. All sales on accessories are 
final. Prices, terms and specifications are subject 
to change without notice. All prices are in U.S. 
dollars. Out of stock items will be placed on back- 
order automatically unless CE is instructed dif- 
ferently. A $5.00 additional handling fee will be 
charged for all prepaid orders under $50.00 or 
purchase orders under $200.00. Shipments are 
F.O.B. Ann Arbor, Michigan. No COD's. Most pro- 
ducts that we sell have a manufacturer's warranty. 
Free copies of warranties on these products are 
available prior to purchase by writing to CE. Inter- 
national orders are invited with a$20.00 surcharge 
for special handling in addition to shipping charges. 
All shipments are F.O.B. Ann Arbor, Michigan. No 
COD's please. Non-certified and foreign checks 
require bank clearance. 

Mai l  orders to: Communications Electron- 
ics:' Box 1002, Ann Arbor, Michigan 48106 
U.S.A. Add $7.00 per scannerfor U.P.S. ground 
shipping and handling in the continental U.S.A. 
For Canada, Puerto Rico, Hawaii, Alaska, or 
APOIFPO delivery, shipping charges are three 
times continental U.S. rates. If you have aVisa 
or Master Card, you may call and place a credit 
card order. Order toll-free in the U.S. Dial 
800-521-4414. In Canada, order toll-free by 
calling 800-265-4828. Telex CE anytime, dial 
810-223-2422. If you are outside the U.S. or in 
Michigan dial 313-973-8888. Order today. 
Scanner Distribution Center" and CE logos are trade 
marks of Communications Electronics7 
tBearcat is a federally registered trademark of Electra 
Company, a Division of Masco Corporation of Indiana. 
$Regency is afederally registered trademarkof Regency 
Electronics Inc. A0 #020184 
Copyright 984 Communications Electronlcr 

OrderToll Free.. . call 
1-800-52 1-441 4 

Consumer Products Division 
818 Phoenix Box 1002 Ann Arbor. Mlchipan 48106 U.S.A 
Call TOLL-FREE 800521.4414 or outsld. U.S.A. 313-973.0888 
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fig. 2. Conductive wrist strap prevents damage to sensitive 
electronic circuitry by draining static buildup from worker. 
Humans can build up more than 8000 volts of static charge 
on themselves with normal activity. Some sensitive devices. 
however, can be destroyed or degraded by less than 100 volts 
of static charge. 

fig. 3. Work stations, where delicate electronic parts and cir- 
cuits are handled, should be protected against static elec- 
tricity. Protection includes conductive table and floor mats, 
as well as wrist strap pictured in fig. 2. A blower also cir- 
culates a stream of negatively charged ionized air to neutralize 
static on non-conductive materials, such as plastic coffee 
cups, which cannot be grounded. 

Semiconductor manufacturer Mostek also de- 
veloped an ESD program in which it was able to re- 
duce catastrophic ESD failures in the devices most 
susceptible to static damage by about two thirds on 
final test line production. In one Hewlett-Packard 
packaging plant, the yield went from 25 to 100 per- 
cent, with an overall improvement of 10 percent in IC 
lab yields after ESD procedures were i ns t i t ~ ted .~  Tel- 
Matic Systems of Toledo, Ohio, reported a 60 percent 
reduction in the failure rate of newly installed elec- 
tronic telephone systems after an ESD program was 
initiated.3 

Although elaborate and costly, the ESD programs 
conducted by these companies consist primarily of 
static grounding of all personnel who handle sensitive 
devices, as well as the institution of improved han- 
dling, storage, and shipping methods. Several tech- 
niques of static grounding are used. Grounded wrist 
straps (fig. 2) and grounded, conducting workbench 
and floor mats (fig. 3) drain away static charge before 
any damaging voltage can develop. 

Anti-static plastic pouches have been used for some 

fig. 4. (A) shows static damage, magnified MOO times, to a 
3Nl57 MOSFET; (BI shows damage to an input pull-up resistor 
on a p-MOS character generator at 3000x magnification. 
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Now you can get 
in on the fun on 

packet radio! 
HenOv to nu~rate-wirvr! R tested 
-LOW COST 

-.Ea\! lo Ir.l,n easy to use 
flu011 In p.lrket Moovm 
U ~ P  wtlh 1 OnlPulrrS lernllnal5 
teletype nlachlnr5 
US?X sett,ll tntertace- 45  10 9600 baa,: MODEL PK1 
llsrs notn ASCtI an0 Rauoot (shown w ~ t h  1 4 K  RAM . Proqrammpfl lor holh AX.25 C VADC at I700 or 600 bdua and 8 k  ROM) . Al~t~mal~cally recoqnv?~ ~rotocol nt lncomlnq merraqe5 
Dvrr 60 commano\ 
Cii\lom call 5lqn oollon 

* Store5 recetveo messaqes luntlt rPquestrO ~1 a latrr tlme 
Rtork nloflr tor tronstrrrlnq comllutrr data 

Operates as an unallrnOPri repeater 
Acl~vates teletype motor lo prlnl (messapes 
Roard dCCeDIS Up 10 1 4 K  01 RAM - Cnn UP tuslnln~lea tor LANS allo up to 56K RAM 

MODEL PK-1 wired & tested w/4K RAM $149.95 
Additional memory (up to 14K total) 10.00/2K 
Manual only-credited with purchase 9.95 

(add $2.00 for shipping) 
RTTY adapter board 12.95 
Custom cabinet-includes installation of TNC, on/off 
switch, LED pwr indicator, reset button & pwr jack 24.95 
D~mensions: 4.5 x 9 .5  x 1.5 inches 
Pwr required: + 12 VDC. approx. 200 ma. 
Contact GLB for additional info and available options. 

We oller a complele Irne 01 transmrllers and recervers, strrps. 
preseleclor preamps. CWlDers 8 synthesizers lor  amateur 8 cornmercral use fig. 5. Threelaver bag protects circuit in stor- 

Requesl our FREE calaloq MC 6 V~sa welcome I aae. and handlina. The outer surface is va~or  coated with 

time to protect devices in transit; recently, metal foil- 
lined plastic pouches have been found to be even more 
effective in eliminating static damage during handling, 
shipping, and storage (fig. 4). These containers also 
tend to eliminate penetration of electrostatic fields that 
may affect the contents, which are 'clearly visible 
through the foil liners (fig. 5 ) .  

So what does this mean to you and me? With more 
than half of the new ICs sensitive to damage at 100 
volts, and several of the newer, more complex devices 
failing at as low as 30 to 40 volts, it's obvious that 

KPA5 1 W A l T 7 0 C M  ATVTRANSMllTER BOARD 
APPLICATIONS: Cordless portable TV camera tor races 8 other publlc servlce 
events. remote VCR, etc Remote control of RIC airplanes or robots Show home 
video tapes, computer programs, repeat SSTV l o  local ATVers DX depends on 
antennas and terraln typ. 1 lo  40 males. 

FULL COLOR VIDEO 6 SOUND on one small 3 .25~4"  board. 

RUNS ON EXTERNAL 13.8 VDC at 300 ma supply Or battery. 

TUNED WITH ONE CRYSTAL on 426.25.434.0, Or 439.25 mHz. 

2 AUDIO INPUTS lor a low Z dynamic and line level aud~o input found in most 
portable color cameras. VCRs. or home computers 

APPLICATION NOTES 8 schematic supplied lor typical external connections. 
packagtng, and system operation. 

PRICE ONLY $159 deltvered via UPS suriace tn the USA. Technician class 
amateur license or hlgher required lor purchase and operation. 

WHAT IS  REOUlRED FOR A COMPLETE OPERATING SYSTEM? A TV set wtth a 
n lC-2 or TVC-4 420.450 mHz to channel 3 downconverter. 70cm antenna.and coax 
cable to receve. Package up the KPAS. add 12 to 14 vdc. antenna, and any N 
camera. VCR, or computer wlth a composite video output. Simple, eh7 

CALL OR WRITE FOR OUR COMPLETE CATALOG 8 more info o n  atv 
downconverlers. antennas. cameras, etc.. or who 1s on In your area. 

TERMS. Vlsa. Mastercard. or cash only UPS COD by telephone or mail. Telephone 
orders 8 postal MO usually shtpped wl th~n 2 days, all other checks must clear before 
shlpment Transm~ttbng equlpment sold only to ltcensed amateurs verltled In 1984 
Cnllbook Calit anctude sales tax. 

(8j8) 441-4565 m-18.m-6pm .st. @ m@ 
P.C. ELECTRONICS 2522 Paxson Lane 
Tom W6ORG Maryann WB6YSS Arcadia CA 91 006 

appropriate precautions must be a ~ p l i e d . ~  This is par- 
ticularly true with some of the new Ceramic Metal Ox- 
ide Silicon (CMOS) type of circuits. We should thor- 
oughly ground ourselves before touching anything in- 
side electronic enclosures. It's also a good idea to con- 
tinuously drain off any static charge that might build 
up as we work. 

Remember, it doesn't have to be a dry day - and 
you don't have to drag your feet across the carpet - 
to cause damage to sensitive components. 

references 

1-4. Publication #225-4s. 3M Static Control Systems Division, St. Paul. M in -  

nesota 55144. 

A l l  photographs courtesy of 3M Static Control Systems Division. 

ham radio 



John J Meshna Jr, Inc. 
19 Allerton Street Lvnn. MA 01904 Tel: 1617) 595-2275 

SELF STANDING COMPUTER TERMINALS 1 
We acquired a small number of these beautifully made computer 
terminals which were made by a major U. S. manufacturer. We 
do not know all the details about them at press tide, but we can 
tell vou that someone lost over $2000 on each of them. Thev lose 

d ~- 

you win. 
cava'oilitit 

The terminals feature 3 micro-processors for pow&f"l ~ 

ts. 106 key. Hall Effect ASCII keyboard. 1 0  user define- 
abie keys, EAROM~,.IGK RAM, 48K RON  serial'^^ 232 asyn- 
chronous 
able baud 

data communications, (synchronous optional), select- 
rates of 75-38.4K BPS. high resolution. 12" neen 

screen, composite video monitor; 8 0 ~  25 line scrollin~display, 
builtcin reverse video option, self-contained, lightweight, tightly 
regulated switcliing power supply & more than can be fit in this 
space. The terminals were designed t o  be daisy chained around a 
central host computer and used as individual work stations. The 
host system could then selectively address any machine in the net- 
work for any message i t  may have. All units are visually inspected 
~ r i o r  to  siii~ment. An o~e ra to r s  manual is ~rovided w/ each unit. 
shpg. wt. 

. . 

55 1 b. model' no. MT 686 $289.00 
With tlie addition of our TP 420 dual FDD system below, you can 
create your own office system. 
We offer the following as options: schematic pac. 3 1L. $10.00 
USRT for synchronous data comm. w/ installation data $ 10.00 
25' RS 232 cable, 1 male & 1 female DB 25  connector $ 20.00 

T P  4 2 0  DUAL MINI-FLOPPY DISC SYSTEM 

The TP 420 is an  extremely versatile mini floppy disc drive sys- 
tem. I t  consists of 2 Shugart S A  400 5lA" floppy disc drives, as- 
sociated logic, controller card, power supply, cooling fan, and 
case. The  TP 420 has a built in controller card which features: 
Z 80 A CPU, Z 80A DMA, Z 80A CTC, Intel 8271  controller 
chip, 6K RAM, ROM, plus other goodies. We have been told 
that  the serial interface controller card within the T P  420  will 
support up  t o  4 8" drives from the unused port  on  it. The  con 
troller card can be easily removed should you wish t o  use i t  on  
some other system. Also built in is a tightly regulated, switch- 
ing power supply which runs on 1151230 v 50160 112.. The  TP 
4 2 0  is shipped wl the interface cable for the MT 686, data, & 
schematics. Shpg. wt. 22 1L. Stock no. TP 420  $300.00 

PDR-27 N A W  RADIATION METER 

Just deawd by the US Navy. They appear tobe m exdbot  condmon and ~ndude the -:,2: 
trtted alumrnwn transrt case Battenss not filmcshed but are available ~n most electronic c 101 

"."LC I" IC, 
supply houses 4 ranges 0 5 to 500 rnrlhr RemovYMe hand probe, detectm of Beta n*- I - 
and Gamma W a t m  Wrth todays world cmdrtms and perhaps proxlmlty to a nuke * 01 

power statm. tt mtght prwdea hknk, msurance to own one of these rnstnrrnents Wlth no mn*e.To *LA s 

faal~tles to d?eck or test. we offec AS IS, vlsually OK Schematic provided w~th each We 7 have some accessones and offer as an optm atthough not requ~red for operatm 
Sh~pptng wgt 22 Ib PDR-27 Red Meter $50 00 
PDR-27 phooes $7 00 Approx 100 psge lnstr Book $1 0 00 I HI Sens~t~v~ty GM tube $10 00 Low Sensnlvtty GM tube $5 00 

The above hstsd tubes ars d m d y  rnstalled~n (he meter LC-- 

We are ofumo these as spares ~f desred 

PHONE ORDERS accepted on MC, VISA, or AMEX 
No COD%. Shpg. extra on above. 
Send for free 72 page catalogue jam packed w /  bargains. 
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moon-tracking by computer 
Determine azimuth 

and elevation 
with simplified 

computer program 

table 1. Letter assignments of variables. 

A = LATITUDE OF LOCAL STATION 
B = LONGITUDE OF LOCAL STATION 
C = GHA-1 
D = GHA-2 
E = DEC-1 
F = DEC-2 
G = GMTOFMOONRISE 
H = (D-C)/48 INTERPOLATION INCREMENT GHA 

(0.25 HOUR) 
I = (E-F)/48 INTERPOLATION INCREMENT DEC 

(0.25 HOUR) 
J = 0-C 
K = COS(J/Z) 
L = COS(A/Z) 
M = COS(E/Z) 
N = SIN(A/Z) 
0 = SIN(E/Z) 
P = TAN(A/Z) 
Q = ARCSIN(X) ELEVATION ANGLE 
R = COS(Q/Z) 
S = TAN(Q/Z) 
T = ARCCOS(Y) AZIMUTH ANGLE 
X = (K"L*M) + (N*O) 
Y = (O/(R"L)) - (P*S) 
Z = 57.2957795 RADIAN CONVERSION FACTOR. 

THE PROGRAM IS ITERATED IN QUARTER HOUR INCRE- 
MENTSAND MAY BESTOPPEDATANY DESIRED POINT. 

A simple, user-friendly program of 58steps to deter- 
mine the position of the moon is now available for the 
TRS80C" computer. Based on a more complex moon 
tracking program developed by the EIMAC division of 
Varian, Inc;., this program computesand prints out the 
azimuth and elevation of the moon for every quarter- 
hour. 

There's no list of  rules to be followed and the entries 
are very short. Only six are required: 

LATITUDE OF LOCAL STATION 
(degrees, minutes, North or South) 

LONGITUDE OF LOCAL STATION 
(dlegrees, minutes, East or West) 

GHA-1 AT EVEN HOUR BEFORE MOONRlSEt 
(degrees, minutes) 

GHA-2 12 HOURS LATER 
(d'egrees, minutes) 

DEC-1 AT EVEN HOUR BEFORE MOONRISES 
(d'egrees, minutes, North or South) 

DEC-2 12 HOURS LATER 
(degrees, minutes, North or South) 

Eachfur~ction isassigned a letter; the long rnathemat- 
ical equations then become simple expressions of letters 
(see table 1). This reduces the chance of error consid- 
erably. The computations then require only about a 
dozen steps, using a straight-line interpolation of the 
GHA and [IEC values over the twelve-hour period. The 
AZ-EL accuracy obtained by this simplification is 
adequate. 

"TRS-80C is a trademark of Tandy, Inc. 
tGreenwich Hour Angle, equivalent tolongitude on the Earth, is theangulardis- 
tance of a cele!;tial body west of the celestial meridian of Greenwich. 
""Declination, equivalenttolatitudeon Earth, istheangulardistanceof celestial 
body north or south of the celestial equator. (Extension of plane of Earth's 
equator.) 

By I.L. McNally, KGWX, 261 19 Fairlane Drive, Sun 
City, California 92381 
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king progl ,am (LOAD "EMEIBI 

5 ~HINI#-~,~YROGUAM FOR MOON TRACKING. I N P U T S  ARE I N  DEGREES AND MINUTEC " 
10 I N P U T  "LATITUDE:DG,MN,N OR SMIAA,AE ,AC 
1 5  PRINT#-2 ,  A A i A B i A C % r " L A T I T U D E  I N  DEGRE I M I N U T  

: % 
E S  AND 'ES. " 

20 I F  AC%="SN THEN 25 E L S E  30 
25 A = ( A A + A B / 6 0 ) * ( - 1 ) : G O  
30 A=AA+AR/ 
35 P R I N T # - 2  A T  I TUD 
36 I N P U T  " L u ~ b l  I uDEEDG, WN, t W "  ihU,  A t ,  fi 
37 PRINT#-2 ,  AD;AE;AF%, "LONG 
40 I F  AF%="EW THEN 45 E L S E  5 0  
45 E= ( AD+AE/60  ) * ( - 1 ) : GC)TC) 55 
50 R=AD+AE/( - 
5 5  P R I N T # - 2  ONGI  T U  DEC I MA 
60 I N P U T  "GI T EVEN EFORE 
6 5  P R T N T * - ~ , ~ ~ ; ~ H ,  "GHA-1 I N  DEGREES AND W l N U l t  

70 C=f 
7 5  PR 
80 I N  
85 P R ~ N I W - X , ~ ~  ;AJ, "bHA-  
90 D = A I + A J / 6 0  
95 PRINT#-2 ,D "GHA-2 I N  
100 I N P U T  "DEC-1 A T  EVE1 

RINT#-2 ,  AK; AI 
AM%="Sn THI 

= ( A K + A L / 6 0 )  + 
I I w c = A K + A L , ' ~ ~  

R I NT#-: DEC-1 I N  D E C I M A L  DEGREES 
'JPUT I* I 12 HOURS AFTER MOONRISE: 
I I N T # - L ,  ,,.,AO;APB, "DEC-2 I N  DEGREES AND M I N U T E  

ldro IF AP%="Sbl THI 
135 F= ( AN+AO/60 + 
140 F=AN+A0 /60  
145 PRINT#-?-  C ""EC-2 I N  D E C I I  ,mb . . , L U u \ L L U .  

*PUT "! 
=57.29! 
= ( D - C ) /  

175 I=(E-F), 
182 PRINT#-; 
185 J=B-C 
190 K=COS ( J, 

E C I M A L  - * . * . - -  
DEGRE - .- . . - 

REES A ND M I N  UTES. " I TUDE I N  DEG 

D E  I N  
GMT B . --. 

L DEGR 
MOONR I - --.- 

EES. (E 
SE :DG, 
k >  - - .. .-- 

) I* 

MN" ;AG 
'=. 

HA-1 I 
2 HOUR .. -. . . 

N D E C I  
S A F T E  - - - .  - 

MAL D E  
R MOON ------ 

GREES. 
R1SE:D 

. .  

( C ) "  
G, MN" ; - . . . . - - - 

t O K t t S  AND MINUTES."  

A L  DEGREES. I 
BEFORE MOONRISE:DG,MN,N OR S * ' ; n n , n ~ .  

" DEC-1 
E L S E  

OTO 11 

GREES AND M I  NUTES. 

213 V = b l l \ l \ t l  

220 P=TAN ( A /  
225 X=(K+L*P 
230 Q=Z*(ATN(  X/SQF 
231 PRINT#-; 
235 R=COS(Q/ 
240 S=TAN.( (21 
245 Y=(O/(R*LI I - \ T * ~ I  

250 T=Z*(-A7 I R ( - Y * Y + l )  ) + I  
2 5 5  PRINT#-4  r Z  I M U T H  ANGLE 
260 U=360-T  
265 PF 
270 G= 
275 E =  
280 C= - . .  
285 GOTO 1 8 2  

!,Q "EL 
' Z )  
' 2 . )  
L I  \ \ - I  c 

:IN ANGL 

!I MUTH ANGLE 

ham radio 
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THE MOST AFFORDABLE 
REPEATER 

ALSO HAS THE MOST IMPRESSIVE 
PERFORMANCE FEATURES 

(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!) ------------ 
JUST LOOK AT THESE PRICES! 

Band Klt  - WlredKeat8d 

lOM,6M,2M,220 $680 $000 

440 $780 $980 

Bolh kl! and Wed unHs am complete wllh all par& modules hardware, and crystals 

CALL OR WRITE FOR COMPLETE DETAILS. 

Also awllabk, lor remote site llnklng, crossband, and remote base. 

FEATURES: 
SENSITIVITY SECOND TO NONE; TYPICALLY 
0.1 5 uV ON VHF, 0.3 uV ON UHF. 

SELECTIVITY THAT CAN'T BE BEAT1 BOTH 
8 POLE CRYSTAL FILTER & CERAMIC FILTER FOR 
GREATER THAN 100 dB AT f 1 2KHZ. HELICAL 
RESONATOR FRONT ENDS. SEE R144, R220, 
AND R451 SPECS IN RECEIVER AD BELOW. 

OTHER GREAT RECEIVER FEATURES: FLUlTER- 
PROOF SQUELCH. AFC TO COMPENSATE FOR 
OFF-FREQ TRANSMITTERS, SEPARATE LOCAL 
SPEAKER AMPLIFIER & CONTROL. 

CLEAN, EASY TUNE TRANSMITTER: UP TO 20 WAlTS OUT 
(UP TO 50W WITH OPTIONAL PA). 

HIGH-PERFORMANCE I TRANSMITTERS I ACCESSORIES 
RECEIVER MODULES 

i " 
R144 Shown 

R1441R220FM RCVRSfor2Mor220MHz. 
0.1 5uVsens.; 8 pole xtal filter& ceramic filter 
in i-f, helical resonatorfront end forexceptional 
selectivity, more than -100 dB at f 12 kHz, 
best available today. Flutter-proof squelch. 
AFC tracks drifting xmtrs. Xtal oven avail. 
Kit only $1 38. 

R451 FM RCVR Samebutforuhf.Tuned line 
front end, 0.3 uV sens. Kit only $138. 

R78 FM RCVR for 10M, 6M, 2M, 220, or 
commercial bands. Asabove, but w/o AFC or 
hel. res. Kits only $1 18. 
Also avail w14 pole filter, only $98/kit. 

R110VHFAM RECEIVER kitforVHFaircraft 
band or ham bands. Only $98. 

R110-259 SPACE SHUHLE RECEIVER, 
kit only $98. 

T51 VHF FM EXCITER for 10M. BM, 2M, 
220 MHz or adjacent bands. 2 Wattscontin- 
uous, ~ i p  to 2% W intermittent. $68/kit. 

T451 UHF FM EXCITER 2103 Wattson450 
ham band or adjacent freq. Kit only $78. 

VHFa UHF LINEARAMPLIFIERS. Useon 
either FM orSSB. Power levelsfrom 10 to45 
Watts togo with exciters8 xmtg converters. 
Several models. Kits from $78. 

COR KlTS With Audio mlxer, speakerampli- 
fier, tail 8 time out timers. Kit only $38. 

CWlD KlTS 158 bits, field programmable. 
clean audio, rugged l l L  logic. Kit only $68. 

DTMF DECODER/CONTROLLER KITS. 
Control 2 separate onloff functions with 
touchtonesa, e.g., repeater and autopatch. 
Use with main or aux. receiver or with Auto- 
patch. Only $90 

AUTOPATCH KITS. Provide repeater auto- 
patch, reverse patch, phone line remote 
control of repeater, secondary control via 
repeater receiver. Many other features. 
Only $90. Requires DTMF Module. 

HELICAL RESONATOR FILTERS available 
separately on pcb wlconnectors. 

HRF-144 for 143-150 MHz. $38 
A16 RFTIGHT BOX Deepdrawn alum. case HRF-220 for 213-233 MHz $38 
with tightcoverand noseams 7 x8x2 inches. HRF-432 for 420-450 MHz $48 
Designed especially for repeaters. $20. 
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New low-noise microwave transistors make 
preamps in the 0.9 to 1.0 dB noise figure 
range possible without the fragility and power 
supply problems of gas-fet's. Units furnished 
wired and tuned to ham band. Can be easily 
retuned to nearby freq. 

C e  M&" LNA( ). 
P30, and P432 

Show 

Tunable 
% Frea R a 4 e  MIU .nure Win Price 1 
LNA 28 20-40 0.9 dB 20dB $39 
LNA 50 40-70 0.9 dB 20dB $39 
LNA 144 129-180 1.OdB 18dB $39 
LNA220 180-250 1.0dB 17dB $39 
LNA 432 380-470 1 .O dB 18dB $45 

Our traditional preamps, proven in years of 
service. Over 20.000 in use throughout the 
world. Tuneable over narrow range. Specify 
exact freq. band needed. Gain 16-20 dB. NF = 
2 dBor less. VHFunitsavailable27 to300 MHz. 
UHF units available 300 to 650 MHz. 

P30K, VHF Kit less case $1 8 
P30W, VHF Wirednested $33 
P432K, UHF Kit less case $21 
P432W, UHF Wirednested $36 

P432 also available in broadband version to 
cover 20-650 MHz without tuning. Same price 
as P432; add " B  to model #. 

Models to cover every practical rf 8 if range to 
listen to SSB, FM, AN. etc. NF = 2 dB or less. 

Antenna 
lnput Range 

VHF MODELS 28-32 
50-52 

Kit with Case $49 50-54 
Less Case $39 144-146 
Wired $69 145-147 

144-144.4 

Receiver 
Output 
144-1 48 
28-30 

144-148 
28-30 
28-30 

27-27.4 
28-30 
50-54 
28-30 

144-148 
144-1 48 
50-54 
28-30 

UHF MODELS 432-434 28-30 
435437 28-30 

Kit with Case $59 432-436 144-148 
Less Case $49 432-436 50-54 
Wired $75 439.25 61.25 

SCANNER CONVERTERS Copy 72-76,135- 
144,240-270,400-420, or 806-894 MHz bands 
on any scanner. Wiredltested Only $88. 

Our lab has developed a new line of low-noise 
receiver preamps with helical resonator filters 
built in. Thecombination of a low noise amplifier 
similartothe LNAseriesand thesharpselectivity 
of a 3 or 4 section helical resonator provides 
increased sensitivity while reducing intermod 
and cross-band interference in critical appli- 
cations. See selectivity curves at right. Noise 
figure = 1 to 1.2 dB. Gain = 12 to 15 dB. 

Model Tuning Range - Price 

HRA-144 143-150 MHz $49 
HRA-220 213-233 MHz $49 
HRA-432 420-450 MHz $59 
HRA4 ) 150-1 74MHz $69 
HRA-( ) 450-470 MHz $79 

complete with controls, heatsink, etc. I 10 Watts. 5 Channels. for 2M or 220 MHz. 1 

Cabinet Kit, complete 
wtth speaker, knobs, 
connectors. hardware. 

While supply 
lasts, get $60 

cabinet kit free when 
you buy an FM-5 Transceiver kit. 

I Where else can you get a complete transceiver 
for only $178 

For SSB, CW. ATV. F.M. etc. Why pay b ~ g  
bucks for a multi mode rtg for each band? Can 
be linked with receiveconvertersfor transcelve. 
2 Watts output vhf. 1 Watt uhf. 

Exciter Antenna 
Input Range Output 

For VHF, 28-30 144-1 46 

Model XV2 
28-29 145-146 
28-30 50-52 

Kit $79 27.27.4 t44-144.4 
Wired $1 49 28-30 220-222. 

50-54 (Specify band) 144-148 220-224 
50-52 

28-30 432434 
For UHF. 28.30 435437 
Model XV4 50-54 432-438 
Kit $99 61.25 439.25 
Wired $1 69 144-1 48 432.438' 

'Add $20 for 2M input 

VHF & UHF LINEAR AMPLIFIERS. Use witt 
above. Power levels from 10 to 45 Watts 
Several models. kits from $78. 

LOOK AT THESE 
AlTRACTlVE CURVES! 

Helical Resonators. 

IMPORTANT REASONS WHY 
YOU SHOULD BUY FROM THE 
VALUE LEADER: 
1. Largest selection of vhf and uhf kits 

in the world. 

2. Exceptional quality and low prices due 
to large volume. 

3. Fastdelivery: most kits shippedsame day. 

4. Complete, prokssional instruction 
manuals. 

5. Prompt factory service available and 
free phone consultation. 

6. In business 2 1 years 

7. Sell more repeater modules than aN 
other mfrs. and have for years. Can give 
quality features for much lower cost. 
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VHFIUHF receivers accurate numbers has made everyone verterdtransverters have an IF ex- 
"more honest" - and while it hasn't hibiting poor dynamic range. 

It's been sometimesince my lastarti- 
cle on VHFIUHF receivers.' In many 
ways, the substance of that article still 
standsas written; however, technology 
marches on, and thestate-of-the-art has 
improved: the development of GaAs 
FETs (gallium arsenidefield effect tran- 
sistors) and the proliferation of commer- 
cial transceiversfor the VHF and lower 
UHF regions are just two examples of 
important changes that have taken 
place in recent years. This would be a 
good time, therefore, to take another 
look at the subject, review the material 
and circuitry discussed in my previous 
article, and bring some of it up to date 
in this month's column. 

parameter review 

Noise Figure. Noise figures have 
dropped dramatically over the last few 
years, largely because of improvements 
in devices available, but particularly 
because of the increased availability of 
inexpensive ($2.50-$15.00) MOS and 
GaAs FETs. New noise figure measure- 
ment equipment that yields extremely 

yet appeared in many ham shacks, it is 
readily available at most VH FIUH F 
conferences. 

Modern state-of-the-art preamplifiers 
can now attain noise figures of 1 dB or 
better on any Amateur band below 1300 
MHz, with gains up to25d6, using low- 
cost (underS15.00) GaAs FETs. In fact, 
0.5dB noisefiguresare not uncomnion 
when slightly higher priced devices are 
used and special careistaken to use high 
"Q"components on the input match- 
ing networks. 

I M D  (intermodulat ion distort ion) 
and blocking. IMD is getting to be a 
serious VH F/ UH F problem as activity, 
power,and antenna gains are increased. 
On top of this, it is becoming common 
practice to place a very-low-noise pre- 
amplifier ahead of the receiver to im- 
prove sensitivity. Use of GaAs FETs has 
helped since they usually have high 
dynamic rangeand narrower bandwidth 
than their predecessors, the bipolar 
transistor, but they frequently have 
higher gain and henceincreasethe prob- 
lem! Also, many convertersstill use mix- 
ers with poor dynamic range. To top it 
off, many VHF/UHFfers who use con- 

How can you cope with these prob- 
lems? Pay closeattention tothegain dis- 
tribution of thesystem and keep gain as 
lowas possibleahead of the mixer. Typi- 
cally speaking,30dB of gain ahead of a 
mixer is usually more than sufficient, 
even for low-noiseand EME. Frequent- 
ly only 10 to 15 dB of gain is required 
ahead of a mixer for normal operation 
such as trope,* where 2 to 5 dB noise 
figuresareadequate. Asa rough rule of 
thumb, the gain of a preamplifier in a 
high dynamic range receiver should be 
approximately 6 dB greater than the 
noise figure of the receiver following it. 
In a low-noise setup a preamplifier 
should haveabout 10dB moregain than 
the noise figure of the following re- 
ceiver. For example, if a converter in a 
high dynamic range configuration hasa 
9dB noise figure, only a 15dB gain pre- 
amplifier is required, but 19dB would be 
desired in a low-noise system (such as 
EME). Obviously, if you lowerthenoise 

*Tropospheric communications utilizes weather rebted 
changes in the atmosphere as opposed to ion concen- 
trations found in the ionosphere to refract VHF/UHF 
signals. Using "tropo," reliable communications can 
be established several hundred miles beyond the 
horizon. - Editor. 
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figure ahead of the mixer with a moder- 28.1 MHz. Thisisa heavily usedfrequen- mixer and at least partially compensate 
ate noisefigureamplifier, lessgain is re- cy rangefor HF, and IF leakthrough may for the increase in gain of the extra 
quired in the preamplifier. Examples of place some HF signals right on top of a preamplifier. 
gain and cascaded noise figure weak signal. If the local oscillator is Another problem in modern solid- 
calculations2 are now found on some slightly high infrequency (whilestill be- stateequipmentthat has been plaguing 
computer  program^.^ ing well within specification), 432.0 MHz Amateurs and commercial users alike is 

Spurious responses. We live in an RF- 
polluted world. Signals are inundating 
theentireVH FIUHFspectrum; many of 
them are not even coming from normal 
transmitters, but are instead generated 
by scanners, computers, TV sets, and 
more recently, CATV1 (Community An- 
tenna Television Interference). Thedays 
of wide-open (little filtering) front-ends 
are limited. In order to cope with this 
situation we must pay moreattention to 
RFfiltering, selection of local oscillator 
frequencies (including the fundamental 
oscillator when frequency multipliers 
are used), and use high dynamic range 
circuitry. When using LO (local oscil- 
lator) multipliersfor the higherfrequen- 
cy bands, try to use doublers wherever 
possible. Triplers and quadruplers have 
all kindsof problems including low out- 
put and more spurious products to be fil- 
tered. You'll be way ahead in the long 
run if you don't use them. 

IFselection. Let me first reiterate some 
of the highlights of the earlier material 
about IFselection.' Try to usean IFfre- 
quency that is high enough to allow 
good image rejection but low enough to 
have good frequency stability. I prefer 
28 to 30 MHz and use this range for all 
my converters through 2304 MHz. For 
converters from 144 MHz and above, 
use local oscillators with overtone 
crystals preferably in the94to 116 MHz 
range. Using a local oscillator with a fun- 
damentalfrequency of 38.666or58 MHz 
for a 116 MHz local oscillator injection 
strip for2 meters (28 MHz IF) isan open 
invitation for birdies. Furthermore, the 
lower cost of the crystal is often offset 
by the cost of the componentsin theex- 
tra multiplier required. 

One other recommendation is to not 
use even frequencies for the IF. For ex- 
ample, it is common practice in com- 
mercial converters and transverters to 
usea404 MHz LO for432 MHzoperation 
witha28MHz IF. Thisputstheweaksig- 
nal region (432.0-432.1 between28and 

signals may be below the tuning range 
on the IF. 

It is reassuring to beableto checkfre- 
quency calibration accurately with an 
external frequency marker, but if the 
marker is a harmonic of a I, 2, or 4 MHz 
calibration standard, the imagefrequen- 
cy (376.0 MHzinthiscase), aswellasthe 
IF receiver (28 MHz), will pick up the 
marker. Thenet resultwill bea hopeless 
grouping of signals which must besort- 
ed out beforetruefrequency calibration 
can be determined. For best results, use 
an LO that will place the lowestfrequen- 
cy of interest at, for example, 28.1 MHz. 
(In this case the proper choice of the 
local oscillator would be 403.9 MHz. ) 
The net resultwill bea cleaner sounding 
converter more removed from conges- 
tion and only one crystal clear marker to 
zero beat. 

transceiver review 
Commercial Amateur transceivers 

are now available for all VHFIWHF 
bands up to 1300 MHz. If you have one 
of these transceivers, there isn't much 
you can do to the innards without risk- 
ing possible devaluation if you should 
ever decide to sell it. The modern rigsare 
complexand compactly constructed re- 
quiring skill, knowledge and complete 
documentation by anyone attempting 
to work on them. Real improvements - 
such asadding a low-noise preamplifier 
ahead of the receiver - usually have to 
be made externally. 

An external preamplifier, especially a 
well designed GaAs FET type, will al- 
mostalwaysyield a lower noisefigureon 
an existing transceiver. However, most 
present-day commercial transceivers 
have low dynamic range "as is" and can 
generate IMD when any extra gain is 
placed ahead of them. Thisisnot meant 
to imply that you won't have the same 
problem on a homebrew transverter or 
converter, as discussed earlier. How- 
ever, in the latter case you will probably 
be able to lower the gain ahead of the 

phase noise or noise sidebands present 
on the local oscillator. This is particularly 
true on rigs that use synthesized local 
oscillators. While this problem is not too 
obvious when listening, when a strong 
signal appears alongside or sometimes 
even some distance down the band 
from the station you are listening to, 
watch out! Before you tell said station 
that he hasa dirty signal or is hitting it too 
hard, bypass your preamplifier orturn on 
the internal attenuator (if you have one) 
and see whetherthere isa dramaticdrop 
in ORM or buckshot. Even if you build 
your own converterortransverter, your 
IF system can be a limiting factor in 
dynamic range. You rnaystill have prob- 
lems similar to the ones mentioned 
above, but nowthey may instead appear 
in the IF circuitry! 

recommended circuits 
Mixers. Many of the problems men- 
tioned above can be eliminated or con- 
tained by using inexpensive ($10.00 or 
less) DBMs (double balanced mixers). 
My low-cost favorite isthe Mini-Circuits 
Labs SRA-1. Their less expensive ($3.95 
in quantitiesof 10 to49) SBL-1 isalsoac- 
ceptable, butsometimes hasa 1 to3dB 
poorer signal handling capability than 
the SRA-1. Recently I have seen many 
acceptable DBMs showing up at flea 
marketsfor some very attractive prices. 

In order to use all of the capabilitiesof 
the DBMs, it's important to have each 
port properly terminated4 and to provide 
adequate local oscillator power (5 to  10 
milliwatts) at the mixerterminals. I have 
found that the easiest way to accom- 
plish this is to use3 dB attenuator pads 
on the local oscillator and RF ports and 
a simple diplexer on the IF port. The3dB 
pads will terminate the various unde- 
sired frequencies generated internally in 
the DBM and improve the impedance 
match to externally connected circuits. 
Thediplexerwillfilter undesired outputs 
from the IF while providing a good 
match to the mixer and postamplifier. A 
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When two recent American Everest ex- mum stress points allow 180 degree bends 
peditions mounted the Larsen" KiilduckiebE in all directions. And not one, but two 
antenna on their radios, i t  wasn't just be- layers of low dielectric loss, heat-shrinkable 
cause i t  was there. l t  was because they tubing protect the element, while a top 
knew Larsen performance and reliabilitv coat of PVC provides a sleek finish. 

would be there when needed the mosl You can expect more from our service 
even at the top of the world. 10. Our prompt delivery; personal atten- 

Extreme altitude, Sub-zero tempera- ~ l o n  and no nonsense warranty back you 
tures and unpredictable conditions de- up every step of the way. 
mand more than most antennas give in a So whether you 're leading an expedi- 
lifetime. For Larsen Kulduckie antennas, its tion up the face of Everest, or just hiking 

all in a days work. through the back country; Larsen Kulduc- 
We design our portable antennas to  kie portable antennas will keep you on top 

give more than what3 expected. Copper of the situation with peak performance. 
plated radiating elements turn power into We'd be glad to  show you how they'll work 
stronger communications-not heat. for you. 
Double-soldered connections at maxi- Write for our free amateur catalog. 

LARSENIS ON TOP 

IN USA , $ 8  c , I  1 t ' r  r r i  i I ,  ' ' f  ' N F ',Olh Ave PO Box 1799 Vancouver WA 98668 206-573-2722 
A World of ~tfference i, r B x  1'2 R131 , I F ? \ C A  FLL VANC 
in Performance IN CANADA Canad~an Larsen Necfronrcs L fd  283 E 11th Ave Unrf 101 Vancouver B C V5T 
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recommended circuit I've been using for 
over 10 years inshown in fig. 1. Thiscir- 
cuit required 10 milliwatts of local oscil- 
lator power and will easily yield a 9 to 10 
dB noise figure as is if followed by a low 
noise (1 dB) postamplifier. This mixer 
configuration with a single U310 JFET 
preamplifier ahead of same is more than 

adequate for a 2 to 3 dB noise figure 
high-dynamic-range converter on 
any Amateur band between 50 and 
450 MHz. 

Local oscillators. Remember that the 
local oscillator is also very important. It 
should be stable, have sufficient output 

1 3 4 6  PAD 

f l N  I - 5 0 0 M H z  

f l . ~ :  2 . 925  MHz 2 8  MHz D IPLEXER 
fL,o, :  I - 5 0 0 M H z  

C I ,  C 2 '  lOOpF CAPACITOR 

L I ,  L 2 :  O 2 9 y H  
9 TURNS NO 2 4  A W G  
ON MICROMETALS, I N C  , 
T - 5 0 - 1 0  TOROID 

Except as ~ndlcatad, dsclmel 
valuer of capcltancs are tn mkro. 
farads (PF); others are In plcolar. 
ads (pFJ; resistances are In ohms. 
k s 1,000 M = l.OW,WO 

( I )  Keepallleads, especially grounds, as shon .a porslble 
(2) Pin connections shown are lor Mlnl-Chcult Labs SRA-1 or SBL-t DBM Other 
manukcturem'D9MsmavuseadlUenntnumb.rIn~svst.m. butanusuaNv~hvslcabv 
located at the same placi on a lunctlonal bsals 

fig. 1. Recommended circuit for using commercial DBMS. 

I 1 I I 
Except as lndlcated, decimal 
valuer of capcltance 4 n  In micro- 
lands ( P F ~  others are In pIc01at. 
ads (pF); r.sl#tanc#s are in ohms. 
h = l.WO M = l.OW.WO 

C l  2-2OpFsm.N tr(mmerc.pcltor 
C2 5 pFcap.dtor 
F8 k r d n  bead - Fermicub. Na 56 590 85/38 or eqdmtanl 
L I 8 turns No. 24 AWG en.me1l.d wlrs close wound on 0.7 lnch 12.5 mmJ 

d1am.t.r 
LZ 0.39 m ~ F s h o k e  or l o  turns NO. 28 AWG on 7-25.6 lomld c o n  
0 1  2N5t79. NE73432 orequlvalent 
U l  78L08 3-termha1 8-volt nguktor 
X 1 5th or 7th orenon. ud.s nronant 90.725 MHz cryrt*t (=.a lertl 

fig. 2. Recommended overtone crystal oscillator for SJ-125 MHz. Output is approximately 
10 milliwatts. 

power, and be free of strong (less than 
25 dB down) harmonics and any spuri- 
ous frequenices. My favorite oscillator 
circuit, an improved version of the one 
in my 1976 article, is shown in fig. 2. 
Several points still apply. The crystal 
should be a high-quality 5th or7th over- 
tone series-resonant type, preferably in 
an HC-18IU holder. Capacitors or in- 
ductors shouldnever be placedin series 
w i t h  the crystal because this wil l 
dramatically lower the Q of the crystal 
and hence thestability of theoscillator. 
If you purchase a high quality, high ac- 
curacy crystal, it should be close to the 
desired frequency. If frequency devia- 
tionsare needed, compensate forthem 
by offsetting the frequency of the IF. 
One final point: a common crystal oscil- 
lator I sometimessee in use hasthe cry- 
stal connected from base to ground. 
This is an example of a poorly designed 
circuit because the crystal is operating 
in a low Q mode. Hence the oscillator is 
more likely to be lessstable, operate on 
spurious frequencies, and have high 
phase noise. If you use such a circuit, try 
modifying it according to the circuit 
shown in fig. 2. 

Multipliers. Some typical frequency 
doublers - improved versions of those 
illustrated in my earlier article - are 
shown infigs. 3and4. High quality tun- 
ing capacitors with short leadsshould be 
used so that the output power will be 
high and thespectrum as clean as possi- 
ble. Properly duplicated, these circuits 
do not require a spectrum analyzer for 
alignment. All that is required is to peak 
all adjustments for maximum output 
power. 

Afew extra commentsabout the mul- 
tiplier circuits are in order. I prefer to 
build thesecircuitswith thecomponents 
soldered or suspended abovea piece of 
double-sided printed circuit board that 
isattached to the cover of a shielded box 
such asthe Bud CU-124(orequivalent) 
with the inputloutput (for example, 
BNC) connectors. Thistechnique yields 
a good ground plane - especially forthe 
bypassing capacitors, tuning capaci- 
tors, and inductors - while shielding 
the circuits from stray pickup. It also 
allows the unitto beeasily connected to 
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- - 1 estimated by listening for a distant sta- 

Except as mdicslsd, decimal 
vaiues 01 c a p w t l a n ~ e  are ,n mtcro 
Isradr (rFI; others are m prcolar. 
ads (pF); rss!rlances are in ohmr. 
h = 1,000 M = 1,000,000 

0 1 

C1.C4 5-50pFmyiar0req~I~aI~nl l r immercap1l~#tor  
C2.C3 2-20 PF mylerorequlr.bnt trlmmer capac#tor 
L 1 10 turns No. 24 A WG enameled wore c iotr  woundon 0 1 ,rich (2 5 mm) 

dlamelsr 
L2.L3 4 lurnr No 24 AWG r i m .  lums spaced wire diamslsr on 0 1 inch (2 5 mm) 

diameter 
0 1  215179. NE73432ar equivalenl 

I fig. 3. Frequency doubler: with a 95-110 MHz, 5-10 rnilliwatt input, a 190-220 MHz, 10-20 1 rnilliwatt output is produced. 

I N P U T  

T- 
1 .? r M  (SEE NOTE 2 )  

TAP FOR 1 Y U T P U T  

vaiu& 01 ~.pacItance ere in micro. 
farads 1°F); olherr are in pjcohr- 0 25" 
ads (pF); tes#rl,nces .re in ohmr. (6 .4mmJ 
I = 1,000 M = 1,000,000 . 

/fi ~ G R O U N O  
1 

PLANE 

i ( I )  Thfr circuit rr deslgned without input metchmg.ndis lo be wtlacheddiroclly to 
output of doubler In fig. 3 .  (See text). 
(2) L2 and L3 run parallel a n d a n  spaced 0.75 lnch (19 mm) awn. 1 
C1.C2 1-10 pFmy1.r or equival@nt trlmmarsapacilor 
L l  10 turns NO. 24 AWG enameled r l n c l o s a  woundon 0.1 inch(2.5 mm) 

dlameler 
L2 1 0 lnch (25 mm) No. 20 AWQ spaced 0.25 Inch (6.4 mm) a h r e  ground (see 

sk.1ch.nd Not. 2) 
L3 sameas L2. Tap 0 25 Inch(6.4mm) lmm gmund 
0 1  2 N 5 1 7 9 . N E 7 3 4 3 2 0 r e q u i ~ l  

fig. 4. Frequency doubler: with a 190-220 MHz, 510 rnilliwatt input, a 380-440 MHz, 10-2) 
rnilliwatt output is produced. 

the mixer with a short coaxial cable and 
facilitates testing if a spectrum analyzer 
is available. 

The multiplier transistor choice will 
havea largeeffect on gain and hence the 
output power. Modern UHFtransistors 
in TO-92 packages (such as the NEC 
NE73432 or the Fairchild FMT-1100, if 
available) are better and will havegreater 
output than the older 2N5179. Also, as 

doubler, connect it directly after the cir- 
cuit shown in fig. 3. The output tuning 
in the first multiplier performs the pro- 
per impedance matching. 

testing 
The easiest test of how your system 

is performing is to listen on the air, 
especially during activity nights or dur- 
ing contests. Sensitivity, generally 

tion. Noise figures can often be tested 
and optimized at a VHFIUHF confer- 
ence where noisefigure metersareavail- 
able. Do not be tempted toretweak the 
input circuitin yourlow-noisepreampli- 
fierafter it has been properly optimized 
on a goodnoise figure generator. Opti- 
mum noise figure may frequently yield 
a lower gain preamplifier, and retweak- 
ing input circuitsfor more output when 
installed ahead of a converter may seri- 
ously degrade the overall noise figure. 

You should also listen for unexpected 
spurious frequencies. Testing is best 
facilitated if you build your circuits in 
separate boxes or modules, a technique 
I have been advocatingfor many years. 
Thiswill allow you to have your preamps 
and/or local oscillator chain easily tested 
if you have access to a noise figure meter 
or spectrum analyzer. It will also facili- 
tate a rapid change if a device fails or if 
you want to substitutea new - hopeful- 
ly improved - circuit. 

final comments 
Building your own receiving gear can 

be quite satisfying and one of the few 
ways we can get maximum perform: 
ancewith minimum compromise. In the 
months ahead, more details on high 
dynamic range and low noise figure 
preamplifiers wil l be forthcoming. 
Hopefully thiscolumn willinspire you to 
get out the soldering iron and put those 
devices you've been saving to work. In 
this fast-changing world, the devices 
we have today may be obsolete tomor- 
row. . .so let's use and enjoy them today 
instead of letting them gather dust in a 
corner of your work bench! 
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VHFIUHF coming events 
EMEperigee weekend: March 17/ 18. I 

noted in fig. 4, if you use the second related to noise figure, can be roughly ham radio 
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AEA Brings You The AMTOR Breakthroub 
We are pleased t o  announce three new AMTOR products. Our  new software package that wil l  allow you  t o  oper 
AMTOR with your CP-1 is called AMTORTEXT'. A complete hardware terminal unit and AMTORTEXTsoftware p11 
i n  cartridge for the Commodore 64 computer is called the MICROAMTOR PATCH". We also have new applicatir 
software packages for the AMT-1 and Comm or  VIC-2 ters. 

AMTORTEXT" is a LOW COST software package rnar WIII allow the CI 
NEM 

~mmodore 64 
computer to be used as a multi-mode AMTOR TERMINAL. Compare the outstanding FEATURES 
and PRICE of the AT-64 (AMTORTEXT for Commodore 64) to the competition: 

KEYBOARD OVERLAY instructions (eliminates constant referral to manual) STATUS , 
INDICATORS on screen Easy to follow MENU ARO, MODE A- MASTER OR SLAVE FEC 
MODE B MODE L (LISTEN TO MODE A) *SPLIT SCREEN with 2000 CHARACTER TYPE 
AHEAD transmit buffer* WORD MODEforerror correcting with DEL KEY until spaceor CR issj 

REMOTE ECHO shows characters transmittedas they arevalidated by otherstation *easy er 
of your SELCALL for automatic response to ARQ calls BREAK-IN MODE to interrupt send 
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INTERFACE CABLE for AEA model CP-1 COMPUTER PATCHr". 
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BUFFERS OF 256 CHARACTERS EACH AMTOR timing synced to host computer lnrernal CRYSTAL OSCILLr'nn 
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standard. P R ~ P E R  SYNCHRONIZATION is an ABSOLUTE must for AMTOR! 
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NEW MICROAMTOR PATCWM $89.95 List $69.95* C ITORTI EXT 
MICROAMTOR PATCHm is a NEW LOW-COST, HIGH-PERFORMANCE Ah 
SOFTWARE/HARDWARE computer interface package. The MICROAMTOR PHI LH 

(model MAP-64) INCORPORATES AMTORTEXT software (described above) for the 
Commodore 64 computer. All circuitry and software is incorporated on a single, plug-in 
cartridge module featuring the following: *TRUE DUAL CHANNEL MARK AND SPACE 
MULTI-STAGE 4 POLE, CHEBYSHEV ACTIVE FILTERS AUTOMATIC THRESt 
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CORRECTION for good copy when one tone is obliterated by ORM or SELEC 
FADING EASY. POSITIVE TUNING with TRIPLE LED INDICATOR NOT a low 
eas~ly "pullable" phaselocked loop detector!!! SWITCH SELECTED 170 Hz or 
SHIFT on recelve AUTOMATIC PTT demodulator circuitry powered by your 1: 

AVOID OVERLOADING HOST COMPUTER and for maximum EM1 ISOLATION EXAR 2206 SINE GENERATC 
put SHIELDED TRANSCEIVER AFSK/PTT INTERFACE CABLE PROVIDED FSK keyed output. 

Amtor Patch is structured for easy upgrading to the AEA CP-1 Computer Patch"' advanced interface unit without hav 
buy a alrrerent software package! Simply unplug the external computer interface cable (supplied with the MicroAmtor Patch' 
the MicroAmtor Patch and plug it into the Computer Patch. 
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A MT- 1 
1 is the DEFINITIVE AMTOR TERMINAL 

WIII oe measured agalnst. All you need forfull A M T O ~ U ~ ~ I ~ I I U T I  IaauurIlu m a u l 1  LGIIIIIII~I 

(or personal computer and emulat~on software) and a normal HF transceiver and antenna. 
With the AMT-1 you will recelve thefollowlng features:*SENSITIVE FM DEMODULATOR 

FOUR POLE ACTIVE RECEIVE FILTER TOTAL CONTROL FROM KEYBOARD or by 
COMPUTER, PROGRAM CONTROL 16 LED PANADAPTOR TYPE TUNING 
INDICATOR CRYSTAL CONTROLLED AFSK MODULATOR RECEIVE/TRAN 
standard RTTY TRANSMIT MORSE CW MORSE RECEIVE f~eld lnstallable c 

AUTOMATIC PTT * 13 front panel LED STATUS INDICATORS * all M 
ENCLOSURE for maximum RFI ~mmunlty operates from your 800 ma 12 VDC F 
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20 (model AMT-1NIC20-1) or 64 computer that is resident on a plug-in PROM I 4SE SEND AEA CAI 

CARTRIDGE and includes the INTERFACE CABLE to go between the I 
computer and the AMT-1. KEYBOARD OVERLAY instructions are also :I- 
included for easy operation without the instruction manual. The COMM-64 
program (model AM- I offers SPLIT SCREEN OPERATION with ten I 
MESSAGE BUFFEF 3 offers I DED OPERATION with I- 
automatic MESSP :ORDING UTOMATIC STATION , A  
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key to 3-element 
Yagi 

Find driving-point impedance, 
currents, gain and flb 

using pocket calculator 

During recent years an interesting series of articles on 
the Yagi-Uda dipole array antenna were written by the 
late James Lawson, W2PV.l In his first article of the 
series, he discussed the development of a practical Yagi 
array and briefly described its electrical parameters. To 
evaluate the system he employed a computer using a 
Fortran program which resulted in tabulated valuesand 
graphs. 

But even after reading Lawson's evaluations and 
analyses of the Yagi, one intriguing question remained 
in my mind: could a design or evaluation be accom- 
plished without a computer, using only a handheld pro- 
grammable calculator? 

The answer is yes. Such a project can be accom- 
plished using a programmable calculator such as the 
Hewlett-Packard HP-41C or any non-programmable 
pocket calculator capable of performing conversions of 
complex numbers in either rectangular or polar forms. 
Using any of these calculators, it is possiblefor the Radio 
Amateur to determine a Yagi's input impedance, current 
ratio between dipoleelements, free space radiation pat- 
tern, forward gain, front-to-back ratio, and the radiation 
pattern of the total array over smooth earth. 

This article addresses the ways in which these param- 
eters can be calculated using a step-by-step procedure. 
Although a program is provided,* it is recommended 
that the chapters on alternating currents and vectors 

*NOTE: Send SASE to ham radio, Greenvilla, NH 03048. 

design 
in Nelson h1. Cooke's Basic Mathematics for Electron- 
ic$ (or any similar mathematical text) be reviewed by 
the reader before beginning the project. 

self-impedance of a dipole 
Though several different expressions have been used 

to characterize a dipole's self-im~edance,~,~ one that is 
particularly simple to solve on a hand calculator is repro- 
duced be lo^.^,^ 

where 1 := dipole length (normally close to half- 
wavelength long) 

bl := "length" in radians of one leg of the 
dipole 

a = radius of dipole element (same units as 
"I '  

The determination of self-impedance for each Yagi 
(dipole) element is important because it is part of the total 
design calculation. Beam elements are assumed to be 
cylindrical in shape without any taper; elements exhib- 
iting a taper have different current distributions with dif- 
ferent input impedances. However, if the taper of the 
element is gradual, the values given in table 1 can be 
used. Thick diameter dipole elements are resonant at 
lengths shorter than a (physical) half wavelength. The 
elements of a three-element Yagi are usually standard- 
ized in length with the driven element0.475 wavelength 
long, the reflector0.5wavelength, and the director0.450 
wavelength. Theelement diameter is based on a size that 
is structurally sound and large enough to present a low 
Q - i.e. a slow reactance change with frequency. 

The self-impedances and dimensions of a three-ele- 
ment Yagi tuned to 14.15 MHz are listed in table 1. 

By Walter J. Schulz, Jr., K30QF, 3617 Nanton 
Terrace, Philadelphia, Pennsylvania 19154 
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table 1. Self impedance of dipole elements of different lengths and diameters. 

length 

0.500 
0.494 
0.488 
0.484 
0.478 
0.476 
0.475 
0.472 
0.466 
0.462 
0.456 
0.450 
0.444 

radian 

1.5708 
1.5519 
1.5331 
1 .5205 
1.5017 
1.4954 
1 ,4923 
1.4828 
1.4640 
1.4514 
1.4326 
1.4137 
1.3949 

1.5 inch OD 
R X 

73.0 + j41 .O 
70.8 + j28.0 
68.3 + j14.8 
66.6 +j 6.0 
64.2 -j 7.1 
63.4 -j11.5 
63.0 - j13.6 
61.9 - j20.2 
59.6 - j33.2 
58.1 - j41.9 
56.0 - j54.8 
54.0 - j67.8 
52.0 - 180.7 

1.0 inch OD 
R X 

73.0 +j41.3 
70.8 + j27.0 
68.3 + j12.9 
66.6 + j  3.5 
64.2 - 110.5 
63.4 - j15.2 
63.0 - j17.5 
61.9 - j24.5 
59.6 - j28.4 
58.1 - j47.7 
56.0 - 161.6 
54.0 - 175.5 
52.0 - i89.3 

1 
DRIVEN 1 DIRECTOR 

( DRlVEN ELEMENT I 

ELEMENT 

T 
Z23. 232 

MUTUAL IMPEDANCE 

fig. 1A. Three-element Yagi antenna showing self- and 
mutual-impedance locations. fig. 16. Network equivalent 
of three-element Yagi-Uda antenna. 

dimension director driven reflector 

element 
diameter 1.5"(38 mm) 1.5" 1.5" 

length 
(full element) 31.3' (9.54m) 33' f 10.06m) 34.8' 

(10.61m) 

length 
(one leg) 1.41 radians 1.49 radians 1.57 radians 

mutual impedances 
between dipole elements 

Mutual impedance isa term that relates current in one 
element to current in a different element of the same 
antenna. It's easy to understand if you consider the 
antenna as a circuit with several meshes or loops. In a 
circuit, if a voltage is generated in one branch, called a 
mesh, currentsflow in other meshes. The coupling be- 
tween meshesis through a transfer or mutual impedance 
common to both. 

Many timesa T network is used to explain mutual im- 
pedance action between two meshes. The T network 
shunt element is analogous to the mutual impedance 
displayed in a two-element Yagiantenna. Three-element 
Yagis require another type of illustration toshow circuit 
relationships. 

The circuit equivalent of a Yagi's self- and mutual- 
impedances are shown in fig. 1. Self-impedances are 
coupled to the other meshes by air core transformers. 
The transformers have a 1 : 1 ratio and areassumed loss- 
less. The currents, both in magnitude and phase, can be 
determined using standard network techniques for each 
mesh. This is accomplished by writing the simultaneous 
equations that describe the electrical steady-state con- 
dition existing in the network. 

driven element I = I I Z I l  + I2ZI2 + I3Zl3 
reflector element 0 = I1Zz1 + + (2) 
director element 0 = IlZ31 + 12ZJ2 + 13233 

where 11, 12, and I3 are the currents that flow in the 
driven, reflector, and director elements, respec- 
tively, and 
Z I l ,  Z22, Z33 are the same elements' self- 
impedances; 

2 1 2 ,  Z13, Z 2 ~ ,  223, 231 ,  and 232 are mutual im- 
pedances between subscripted elements. 
For example, Z I 2  = the mutual impedance be- 
tween elements 1 and 2. 
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A list of mutual impedances1 for different element spac- 
ing is given in table 2. 

Notice from eq. 2 how current magnitude and phase 
in each element is controlled by its self- and mutual- 
impedances. Once the element length and diameter is 
chosen, self-impedance becomes a fixed value. There- 
fore, the only means of controlling the current magni- 
tude and phase in each element is by the mutual im- 
pedancevalues. Mutual impedancevalues change when 
different physical spacings between elements are used. 
The greater the element spacing, the less effect the 
mutual impedance has on the driving-point (input) im- 
pedance of the antenna. Consequently, changing the 
spacing changes the mutual impedances, which change 
the current ratio between elements. These currents in 
turn determine the radiation pattern of the antenna (gain 
and fib). In a driven vertical array the current phase of 
each element is controlled by a phase delay line or net- 
work while theparasitic Yagi antenna relieson element 
spacing and length to diameter ratio to control current 
phase through self- and mutual impedances. 

The solution to the unknown currentsflowing in each 
of the three meshes is found by using determinants. 

driven element 

I /  = 
(222233) - (232j2 - 

A 

table2. Mutual impedances between two elements. 

spacing 
(in wa\relengths) R X+ 

0.00 73 42 
0.05 72 24 
0.10 67 7 
0.15 60 - 7 
0.20 5 1 - 19 
0.25 41 - 28 
0.30 29 -34 
0.35 17 - 37 
1). 40 6 - 37 
0.45 - 4 -- 35 
0.50 - 12 - 30 
0.55 -- 19 2 3  
0.60 - 23 - 16 
0.65 - 25 - 8 
0.70 -25 -0.25 
3.75 -22 6 
0.80 - 18 12 
0.85 -- 13 16 
0.90 - 7 18 
0.95 - 1 19 
1 .OO 4.0 18 
1.05 9 15 
1.10 12 11 
1.15 14 7 
1.20 15 2 
1.25 14 - 3 
1.30 12 - 7 
1.35 10 - 10 

reflector element 
(223231) - (z33z2~)  (3A) pedance). This results in lower Qand wider bandwidths. 

12 = -- ---- A The driving-point impedance equals: 

director element 
(221232) - (z31z22)  

I?= - A 

z = i l l  + ( I 2  z + 1 3 1 )  z (41 

A three-element array is to be constructed with a reflec- 
n 

tor to driven element spacing of 0.1 wavelength and a 
director to driven element spacing of 0.15 wavelength. 

A = ( z11z22z33  + ( z 1 2 z 2 3 z 3 1 )  + ( z 1 3 ~ 2 1 2 3 2 )  The element diameters are 1.5 inch and their self- and 
(381 mutual-impedance values are taken from tables 1 and 

- (Z31zzzZ131 - (Z32223Z11) - ( Z ~ ~ Z ~ I Z I ~ )  2, respectively: 

The three currents may be given in rectangular form 
but it is more helpful to express them in polar form, 
because the latter shows whether the current phase is 
leading or lagging. Note this is very helpful to check to 
see if the solutions are correct. The reflector current 
phase should be positive (leading) while thedirector cur- 
rent phaseshould be negative (lagging). Each of thecur- 
rent characteristics denotes that the parasitic elements 
are either inductive or capacitive reactive. 

calculating the 
driving-point impedance 

One of the reasonsfor calculating currents in each ele- 

self impedances mutual impedances 

Z,, = 63 - 115 Z12 = ZZ1 = 67 + j7 
Z, = 73 + j41 Z3? = ZI3 = 60 - j7 
Z,, -- 54 - j70 Z,, = z3, = 41 - 128 

Insert these values into eqs. 3A and 38 to  solve for the 
currents and then use eq. 4 to solve for Z,,. This can be 
done manually or by use of a calculator. I used an 
HP-41C and a quad memory module. If you have this 
calculator, clear all registers, key in size 100, then key 
self- and mutual-impedance values into the proper 
memory storage registers. To obtain current magnitude 
and phase for each element current ratio and driving- 
point impedance, execute program "ZZ". 

eterminant 

Wide spacing between elements usually produces high- ' ~ h o u g h  othersets of valuesexist, this procedure is the key feature of 
er driving-point resistance (first term of the complex im- this article - ~d 
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the values for driven, reflector, and director element cur- 
rents I1 .  12, and I3 respectively. 

A = 95476 - jl82530 

driven element 

( 2 2 2  ZJ-?) - -(Z32J2 
I /  = A 

- - (73+ j41)(54 - j70) - 141 - j28)2 
- A 

= 0.0159 + j0.0241 
reflector element 

(Z23 z31 ) -~  (Z33 2 2 1 )  
I2 = A 

- 41 I j28)(60- j7) - (54 - j70)(67+ j7) 
- A 
= -0.0142-jO.0027 

director element 

( z21 -~z32)  - Z3 1 z 2 2 )  
1-3 = A 

- (67+ j)(41 j28)-- (60 - j7)(73 + j41) 
- -- - 

A 
= 0.01 13 - j0.0154 

current ratios between elements 

I2/I1 = - 0.3484 + j0.3611 

13/11 = 0.2284 - j0.6213 

driving-point impedance 
2021 . . . . . . . . . . . . .  2 15 USGC . .  7 95 6252 . . . . . . . .  55.00 

These numbers when substituted into eq. 4 give us 34002 . . . . . . . . . .  85 00 G L ~ G C .  . . . . . . . .  3.85 6360 . . . .  4.25 
. . . . . . . . .  . . . . . . . . . .  . . . . . . .  the value of the input or driving-point impedance: 35002 85.00 611% 7.19 6 5 5 0 ~  6.50 

3CX400U7. . . . . . .  325 00 6MJ6. . . . . . .  7.28 68838i8032A . . . . .  6.75 
3CX800A7. . . . . . .  250.00 6x4 . . . .  3 50 7360 . . . . . .  12.00 

Zit = Zll + (12/11)Z12 + (13/11) 2 1 3  4-125A . . . . . . . . . .  70.00 12Al7 . . . . . . . . .  2.93 7591A.. . . . .  4.70 
4-250A . . . . . . . . . .  80.00 12AU7. . . . . . . .  2 63 8072 . . . . .  106.00 
4-400A . . . . . . . . . .  80.00 12AX7:ECC83 . . . .  2.64 8122 . . . . . . . .  104 00 

= (63 - jl.5) + (0.3484 + jO.3611)(67+ j7) 4-1000~ . . . . . . . .  479.00 1 2 8 ~ 7 . .  . . . . .  3.37 8156 . . . .  12.50 
. . . . .  . .  . .  4CX250B/EIMAC. 52.00 5728 7160L 59.00 8844 <vto~ro~ l  26.00 

+ ( - 0.2284 - j0.6213)(60 - j7) 
4X150A 7034 . . . . .  23 00 813 . .  34 00 8 8 7 7 3 ~ ~ 1 5 h ~ 7  460 W 

. . . .  . . . . .  . . . . . . . . .  = 19.0753 - j28.9239 5AR4 GZ34.. 4 37 5894A 45 00 8908 12 95 
6AU6 . . . . . . . . . . .  3 07 61468. . . . .  6 95 8950 . . . . . . .  12 80 
68N8. . . . . . . . . . . .  5 08 SK406 Ch~mney for 35002.4-400A C 

Themethod outlined above is the simplest procedure 
that can be used to find the driving-point impedance of 
a monobandyagi-Uda dipolearray. It is hoped thatthis SEMlCOllWCTORS 

MRF245 SD1416 30.00 MRF455 12 50 2N3055. . . . . . . .  .95 
. . . . . .  . . .  information will prove helpful to those Radio Amateurs 18 95 ~ ~ ~ 6 4 4 5 0 1 0 8 8  19 95 2~6084 12 50 

considering designing and building their own three- 
RGBU 11000 ft ) . . 175.00 RG58U (1000 ft ) 49 00 RG59U (1000 n . )  . 49 00 

element Yagi-Uda beam antenna son the high frequen- 
cy Radio Amateur bands. 
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RF Linear Amplifier IT-1 000A 
Looktng for rellable RF power' Here 1s a neat package lo f ~ l l  the b ~ l l  I t s  
V~ewstar's PT-1000A Llnear Ampllf~er Full featured for operation In any 
of the popular modes the PT-1000A prov~des power up l o  1700W PEP 
Input uslng the l ~ m e  proven 3-5002 power lrlode grounded q r ~ d  
conf~qural~on 

..... 
P 

. - Other features include: -- - - - -  PI-, lank c~rcu, for reduced G r ~ d  overload p r o t ~ c l ~ o n  clrcc~lt 
harmontc rad~a t~on  orevenls ovrrdrlvp thlls 
PI network ~ r ~ p u t  for each band lncreaslng l u b ~  llfr 
Cont~nuous rated power 9 Safety ~ntcrlock d~sconnects AC 
transformer llne voltaqe when the top cover 
Computer grade fllter 1s removed 
capac~tors US models may be m o d l f ~ ~ d  for 
Pressur~zed plenum tube operallon on 10 meters 
coollng system OSK optlon ava~lable 
Adlustable ALC control up to Operates from 120V 240V AC 

d 
-3OV prlrnary IlnP vollaqe 
Dual back 111 meter system 

T.3 Dlmens~ons 7' ," ti x 14' W 
mon~tors all cr~tlcal clrcult x 14" D Welght 40 Ibs 
paramaters 
Vern~er tunrng glves smooth and 
accurate setllngs 

e 

Dur~ng  the most recent St Paul Island exped~t~on  two V~ewstar PT-1000A 
Llnear Ampl~flers helped VYJ~SPI achteve over 20 000 contacts worldw~de 

Thlnklng about addtng re l lab~l~ty to your shack' Th~nk Vtewstar s Viewstar Inc. pT-lOOOA 
V~ewstar oroducts ava~lable from Ham Radlo Outlet Anahelm 

55 Milner Avenue 
Scarborough. Ont. M I S  3P6 
Telephone (416) 298-9919 
Telex 065-26242 

~ u r l t n g a k e .  San Dtego. Van Nuys and Oakland. Callfornla 

The PT-1000A carrles FCC type approval UBXPRTRPT-1000A 

Spec~flcat~ons and prtces are subject to change w~thout notrce or 
obl~gatlon 

Tubes 
..................... .................. 3-4002 .$85.00 7360 .$10.00 

.................... ...................... 3-5002 .85.00 7735A 27.50 
4-400A ..................... 80.00 81 22 ...................... 105.00 

....................... 4CX250B ..'... ............ 50.00 81 56 .12.50 
.................... ....................... 5728.. ..48.50 8643 .82.50 

811A ........................ 12.00 8844 ........................ 26.50 
813 .......................... 30.00 8873 ...................... 175.00 

........................ ..................... 61468 6.50 8874 .185.00 
.......................... ...................... 6360 4.25 8877 500.00 

....................... ..................... 68838,. .6.75 8908 .12.50 
MAJOR BRANDS ON RECEIVER TUBES 

75% off list 
Semiconductors 

.... MRF 2451SD1416 ..$30.00 MRF 644lSD1088 19.95 
................. MRF 454 14.95 2N3055 ....................... 75s 

MRF455 ................. 10.95 2N6084 .................... 12.50 
RF Connectors 

............... ................... PL259.. 101$4.95 M358 2.50 ea. 

................ ................... PL258.. .I 018.95 M359 1 .75 ea. 
UG 1751176 .......... 1011.60 T v ~ e  "N" Twist on 

There are over 
1800 New Hams every month 

just waiting to hear from you. 
In the highly competitive field of amatehr radio, achiev- 
ing name recognition and getting ahead of the compe- 
tition are critical to a successful marketing effort. Com- 
panies that know this have turned to DCC Data Service 
For quality mailing lists. Through our HAM HOTUNE 
lists, these successful companies have been the first to 
reach the new Hams with their offers for radio equip 
ment, accessories, magazines, technical publications 
and other related products and services. These names 
represent the latest additions to our cumulative master 
File of over 428.000 Radio Amateurs. The HAM HOTUNE 
service has been a proven moneymaker and an excel- 
lent supplement to magazine advertising. 

SO DON'T KEEP ALL THESE NEW HAM 
ENTHUSIASTS WAITING. GIVE US A CALL TODAY. 

Rates and Selections: 
. . .  Monthly Novice Hotline (avs. l8OOnamcr/month) $60/M 

Upgrades and Changes (avg. I 1.m namcs/rnonth) . . $50/M 
. . . . . . . . .  Last 6 Months Hotline (78.CXMnames) $50/M 

Cumulative files also available r /  133 

DCC Data Service 
1990 M Street. N.W. 

Washington, D.C. 20036 
(202) 452- 14 19 
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ham radio 
broadband 80/160-meter 
antenna 
One of the very interesting advan- 
tages of writing this column is the 
feedback I get from readers. A case in 
point: in my October, 1983, column I 
discussed the problem of building a 
simple broadband antenna that would 
cover the whole of either the 80- or 
160-meter bands with a reasonably low 
value of SWR on the feedline. Some 
of the newer solid-state transmitters 
are quite sensitive to an SWR other 
than 1 .O: 1, and they react by reducing 

the output power of the final amplifier 
stages at high valucts of SWR. 

One of the antennas I discussed was 
the crossed-dipole array described by 
Mason Logan, K4MT', in theMay, 1983, 
issue of this magazine. His basic an- 
tenna design is shown in fig. 1. The 
measured SWR curve of this antenna 
is shown in fig. 2. 1 suggested in my 
October column that a matching coil 
might be required at the antenna feed- 
point to bring the impedance closer to 
50 ohms. 

Shortly after publication, I received 

DIPOLE 2 
TUNED TO F2 I F2 > F m )  

D I P O L E  I 
TUNED TO F I  ( F I  < Fm J 

F +F2 
F", = L 5 0 - O H M  COAX 

2 

PERCENT F~ - F~ 
D IPOLE = - X 100% 

"STAGGER" Fm 

fig. 1. Top view of broadband stagger-tuned, crossed-dipole antenna. 

a note from K4MT stating, in part, 
"Your statement that the antenna im- 
pedance is quite low and that a match- 
ing coil across the feedpoint is need- 
ed is not correct. With the stagger- 
tuned dipoles, each dipole acts as the 
network for the other. . .Nothing more 
is needed!" 

Logan is correct and I am wrong, as 
his letter proves. He goes on to say 
that for the stagger-tuned dipoles, be- 
tween the two chosen resonant fre- 
quencies, the reactances of the dipoles 
have opposite signs, forming a lossy, 
antiresonant circuit which can have an 
impedance maximum near the center 
frequency where the reactances are 
equal in magnitude. Near the band 
edges, at the resonant frequencies of 
the dipoles, the impedance is some- 
what less than that of each dipole 
alone. Hence the W-shaped curve for 
the impedance as well as the SWR. 

Mason goes on to say that height of 
the antenna above ground has a sig- 
nificant impedance effect and that 
when the resonant points are proper- 
ly chosen, a satisfactory SWR curve 
can be achieved for heights of one- 
quarter wave or less. Great news for 
the "top-band" operator! 

Paul Scholz, WGPYK, has worked 
with Mason to develop a computer 
program that determines the best 
design frequencies for the crossed- 
dipole antenna and provides im- 
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SWR = 2 ,  FOR 13 .3% BANDWIDTM 
F = 3 . 5 6  M H z  

F p  = 3 . 9 3  M H z  

D I P O L E  STAGGER 9.E0/o 

I F1  FREQUENCY,  M H z  F2 

and 160 meters: Bill Pfaff, K2GNC, has 
come up with the interesting concept 
shown in fig. 5. He's had his Y-doublet 

i up for over three years and it'sworked 

/ quite well. The antenna is supported 
by a pole in the center, similar to that 
of an inverted-\/. When properly con- 
structed, it covers the entire 80-meter 
band (3.5 MHz to 4.0 MHz) with a 
SWR less than 1.5 to 1. This requires 
proper length and orientation of the 
three unequal-length elements. 

The drawing shows connection of 
the three antenna wires to the feedline. 

! 
fig. 2. Measured SWR of broadband EO-meter stagger-tuned antenna using inverted Vs. Two wires (radials?) are attached to 

the shield of the line and a third anten- 
L - .  -- -. - -A 

na wire is attached to the center con- 

I60  METER BAND 

X = 2 0 0 '  f61mJ HlGH 
0 40'(12.2mJ HIGH 

fig. 3. Computer-derived SWR curves for 
K4MT crossed-dipole antenna for 
160-meter band. (Computer program by 
Paul Scholz, WGPYK.) 

pedance and SWR readout. Two ex- 
amples, given in fig. 3 and 4, show 
that even at low height, both the 80 
and 160-meter designs exhibit a good 
match to a 50-ohm line; a better 
match, in fact, than if the antenna 
were suspended higher in the air. 

The 160-meter design is summarized 
in fig. 3. The dipoles were cut by for- 
mula to 1.75 MHz and 2.1 MHz (out- 
side both ends of the 160-meter band) 
in the case of the 40-foot high anten- 
na, and to 1.8 MHz and 1.975 MHz in 
the case of the 200-foot high antenna. 

In each case, the resonant frequen- 
cies were chosen to provide a satisfac- 
tory value of SWR across the band 
(less than 2 to 1). The 40-foot high 
configuration is of most interest be- 
cause it is a practical situation that can 
be duplicated by the average Amateur. 

Only a portion of the "W" shape 
shows in the curve, as the higher 
design point was chosen outside the 

high frequency end of the band. Com- 
pare this curve with your ordinary 
160-meter dipole located at a 40-foot 
elevation! 

The "W" shape shows up in the 
200-foot high antenna as the design 
points are closer together. But who 
can place an antenna at the 200-foot 
level? Not me. 

Fig. 4 shows two crossed-dipole 
SWR curves for the 80-meter band. 
One antenna is 100 feet high and the 
design points are 3.55 MHz and 3.9 
MHz. Note that the minimum S\NR 
points do not correspond exactly to 
the design frequencies. The design 
points of the 40-foot high dipoles are 
3.525 MHz and 3.975 MHz. Both of 
these antennas provide good SWR 
curves, with the lower antenna espe- 
cially attractive for everyday operation 
across the band. 

In summary, the K4MT crossed- 
dipole, broadband antennas do not ex- 
hibit critical design requirements isnd 
should be trimmed at the specific loca- 
tion for best match. 

For those who want to write their 
own computer program for this anten- 
na, the necessary information is given 
in fig. 4 of K4MT's orignial article. 
(Thanks to K4MT and W6PYK for for- 
warding the computer data and addi- 
tional design information to me.) 

the K2GNC Y-doublet 
for 80 meters 

Other hams have been experimen- 
ting with broadband antennas for 80 

8 0  METER BAND 

X : lOO'f3O.SrnJ HIGH 
o = 40'(12.2rnl HIGH 

x 

fig. 4. Computer-derived SWR curves for 
K4MT crossed-dipole antenna for 
80-meter band. (Computer program by 
Paul Scholz, WGPYK.) 

ELEMENT LENGTNS 

2 3 8  
A = ~IMHzJ 

81 0.85A 

82 ' I. I A 

fig. 5. The K2GNC "Y-doublet" antenna 
for 80 meters. Antenna covers complete 
band with low SWR. It is supponed from 
a single pole. 
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ductor. The wires form an angle of 45 
degrees with respect to the 45-foot 
wooden support. The antenna wires 
also help guy the pole. 

The two "radials" (marked B1 and 
B2 in the drawing) are located 100 
degrees away from the radiator 
(marked A), as viewed in the horizontal 
plane. Minimum SWR frequencies are 
controlled by the B1 and B2 wire 
lengths. K2GNC has adjusted his wires 
so that the SWR of the antenna is 
below 1.5 to 1 from 3530 kHz and 3980 
kHz. Outside these limits, the SWR 
rises sharply. SWR at the band edges 
can be reduced, but at the expense of 
high mid-band SWR. 

design example 
Choosing a design frequency of 

3800 kHz generates the following ele- 
ment lengths: 

A: 62.63 feet or 62 feet 7 inches 
( = 23813.8) 

B: 53.24 feet or 52 feet 3 inches 
( =0.85 x 62.63) 

C: 68.89 feet or 68 feet 10 inches 
(=1.1 x 62.63) 

The length and height of 81 and B2 
can be varied. 

A 10-meter model was assembled 
and placed on a rotator. Field strength 
measurements revealed a nearly- 
omnidirectional pattern, with narrow, 
deep nulls on each side of wires B1 
and 82. KZGNC suggests these nulls 
may be due to the presence of nearby 
objects. 

The feedline should come straight 
down to the ground underneath the 
antenna. The use of a balun did not 
affect measured SWR, nor antenna 
operation. 

I spoke to Bill Pfaff on the phone 
about this interesting antenna and 
mentioned the K4MT crossed-dipoles. 
I asked him if he thought his antenna 
was a relative of K4MT1s, and what 
would happen if he added a second 
wire to the A wire, running away from 
it, making it a four-wire configuration. 
Bill said he'd tried this idea and found 
that it didn't work as well as the pre- 
sent designs. So perhaps the K4MT 
and K2GNC antennas don't have that 
much in common, after all. 

1 28.6 121' 9" (6.63mJ 11' 2" 12.49mJ 1 

fig. 6. The 518-wave HF vertical anten- 
na. "Whip" is made of four 12-foot tele- 
scoping sections of aluminum tubing. 
Taper ratio from bottom to top is 2:l. 

the extended ground plane 
for HF operation 

One of the long-standing jokes 
about the ground plane antenna is that 
because it's omnidirectional, it's equal- 
ly poor in all directions! Maybe so, but 
an examination of DX QSLs reveals 
that a large percentage of overseas 
stations uses ground plane antennas, 
and some of these signals are quite 
powerful. 

VHF operators have popularized a 
518-wavelength vertical whip antenna 
which provides 3 dB gain over a sim- 
ple 114-wave ground plane. It is possi- 
ble to adapt such an antenna to a low- 
er frequency just as it is done at VHF. 

Originally, the 518-wave vertical 
antenna was designed some decades 
ago for use as an "anti-fade" antenna 
for the broadcast band. 

A representative HF design is shown 
in fig. 6. Dimensions are shown for a 
center frequency of 14.17 MHz, using 
tubing for the element. Because the 
tubing is telescoping, there's a slight 
taper effect which must be taken into 
account. The final installation uses a 
44-foot vertical section, and many 
quarter-wave radial wires beneath it. 
The general formula is: 

length (feet) = 623.51f (MHz) 

The antenna must be tuned to 
resonance, and the easiest way to do 
this is to add enough inductance at the 
base to make the overall system reso- 
nant at an odd quarter-wavelength 
mode (three-quarter waves). 

Three-quarter wave resonance is de- 
termined by adjusting the number of 
turns in the base coil until a dip meter 
coupled to the coil-antenna system in- 
dicates 14.17 MHz. The bottom end of 
the coil is attached to the radial wires, 
which fan out in a horizontal plane. 

Once the antenna is resonant, the 
transmission line is tapped on a few 
turns above the bottom end of the coil 
and the tap varied until lowest SWR 
is achieved (fig. 7 ) .  It may be 
necessary to adjust the coil a fraction 
of a turn to drop the SWR to its lowest 
possible value. 

Amateurs accustomed to the per- 
formance of a simple ground plane 
antenna will find this extended version 
to be a vastly improved design for both 
receivng and transmitting. 

TO RIG P ' O A X  

RADIALS ?F 
fig. 7. Single coil resonates whip to 
3/4-wave mode and also permits match 
to coaxial line. For 14 MHz, coil is 12 
turns of No. 12 wire, spaced twice wire 
diameter, wound on a ceramic form 2 
inches in diameter. Adjust taps for best 
match as described in text. 

March 1984 55 



t a b l e  1. C o m p a r i s o n  of B e l d e n  9913 
c a b l e  with RG-81U.  R G 8 A l U  a n d  
RG-2131U. 

,ME2 
:atter 
'ropo 
tnllita 

n o m i n a l  
a t t e n u a t i o n  (dB1100 

R G S I U , R G - 8 A l U .  f e e t )  
R G - 2 1 3 l U  9913 

1.6 0.9 
2.2 1.4 
3.2 1.8 
4.7 2.6 
6.9 3.6 
8.0 4.2 
8.9 4.5 

21.5 11 .O 

,,~,,,," 
ATV 
peater 
quipmer 
Telesco~ 

UCiFtl 
GaAsFET 

DGFET 
DGFET 

Ga 4sFET 
DGFET 
nc7FFT 

SLY Y 3  
$79 95 
$29 95 
$37 95 
$79 95 
$29 95 
s77 95 

a coax "sleeper" 
Reid Brandon, WGMTF, has pointed 

out an interesting coaxial cable listed 
in the new Belden wire and cable cata- 
log. It may be 1984's replacement 
for the old RG8/U, RG8A/U, and 

W m p s  mm aRII#DIW unnoYt c... and connocton: 
ubtnct $10. Other pmmpa mvallmbla In the 1 . 800 
!Hz range. Prices shown em ostpld for U.S. and 
.anad@. CT nsldents add I-'/!% sales tax. CO.0. 

RG-213lU. The cable is RGSIU size, 
so the fittings for the old cable will 
work with the new one. It has a solid 
(not braided) center conductor and 61 
percent coverage of the outer braid, 
plus a conductive, 100 percent cover- 
age solid flexible metallic sheath 
beneath the braid. The dielectric is 
called "semi-solid polyethylene," 
which is not to be confused with foam 
dielectric. Instead, the new dielectric 
looks as if it is shaped to provide small 
air spaces (instead of foam bubbles) 
along the line. The velocity of propaga- 
tion is 84 percent as opposed to 66 per- 
cent for the RGSIU type line. 

The attenuation of the Belden 9913 
cable compared to some of the older 
varieties is listed in table 1. While the 
virtues of the cable are not apparent 
below 50 MHz, there's a big payoff in 
the VHF/UHF region. (Just check the 
400 MHz figures!) And the newer cable 
is a lot less expensive than a power 
amplifier. For those interested in even 
less loss in the VHFIUHF region, 
Belden 9913 is suggested over the 
readily available forms of RG-8. 

ham radio 
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adjustable current lirnlting and precision 
constant voltagelconstanl current operation 
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There is nothlng llke a beam! 
EXPLORER 14 

Compact. High Performance 
You hear about the importance of the antenna eyatm Imm Me R n t  day you get Broadband Tribander with 
involved in amateur radio. You hear the big signals on the air being radiated by beam 
and you hear those same signals virtually disappear when the beam is rotated. Yet, for 
whatever the reason, genlng on the err for the firsf time with a beam at your station is a 
down-right exhilarating experience. The universal reaction is "Had I really kmwn. i 
would have installed a beam years ago". The value of a Directional Antenna was one of my early 

I The gain of a beam multiplies the effecltve radiated power of your transmltmju6l like "discoveries". Over the years. I have built or bought numerous 
an amplifier. More im~ortantlv. 11 amolifies the sional horn the stallon beina beamed. I Quads and Yaais. I have never been so imoressed as I am wfth mv I I 
Off the sldes and back of the antenna. the e f fec tk  radiated power oftho& kilowatts 
onlnear your frequency are reduced to manageable ORP levels. 

A welldesigned beam is by far the best performance buy you can make and it doesn't 
use any electricity. Further, if you buy a good one, it will last longer than some of the 
electronia gear in your shack. In terms of cost per hour of enjoyment, a beam antenna 
is among the least expensive major station components. 

As sunspot cycle 21 winds down over the next few yean the priority (a a good beam 
shifts from "areat to have" to "essential!" To maximize vwr  station caoabili on the . , 
high bands cioose one of these super broadband array; 

THE EXPLORER 14 
The same compact slze as the welMnown TH3Mk3 It r@aces. The drhrsn element 
uses an open sleeve dipole whkh is a concept that we call PARASLEEVE (Patent 
Pending). The pare-sleeve design achieves the broadband performance objective. The 
forward aain and front to back ratio is verv imDressive. esoecialfv when comoaredwlth 
other anienna aeslgns In the same slze ciass 43 ~ b s  (19 5 kg) oi  superb performance 
on a I4  h (4 3 m) boom Turnlno radlus 17 h 15 3 ml and 7 5 so ft f 69 m?) 01 surface 
area. The EX 14 is the ideal ch&ce where sp& IS limited. ~ r e e t  f i r oo f  m b k t  or on- 
smaller towers. Optlonal OK7-t 0 kit adds your choice of either 30 or 40 meters to the 
drlven element. 

FIVE ELEMENT THUNDERBIRD THSMk2 
Broadbwing is achieved with our unique dual driven element eyatem. Flve ebments 
on the 19 foot boom (5.8 m). with four active elements on each of the three bands. 72 
Ibs. (32 kg) of rugged antenna with 7.4 sq. ft. (.M( m2) of surface area. Turning radius Is 
a manageable 18.4 ft. (5.6 m). 

SEVEN ELEMENT THUNDERBIRD TH7DX 
Thls is a broadband successor to the legendav THBDXX. F N ~  active elemenla on 10 
meters and four elements on both I520 meters. The TH'IDX represents the uItimste In 
h~qh.performance arrays whether you're companng other large trlbander's or stacked 
monobander's 76 10s 135 ka) w~th a surface area of 9 4 sa ft L 87 m). a 24 f l  17 3 m) 
boom and a turning raiius oi 20 k. (6.1 m). If you own a THBDXX, a c'onversioi kit is. 
avallabk, which includes the second driven element, the completely new matching 
system, a full set of stainless steel hardware, and of course, step by step instructions. 
After conversion, your TH6DXX 1s a THTDX, exactly. 

FEATURES COMMON TO EX 14, THSMk2, and TH7DX: 
Separate Hy-0 traps for each frequency. Fac~ory assembled and ind~vidually 
resonated to insure unlfcmn performance. 
Handles maximum legal power with a respectabla margin of &&y. 
Un~que broadband beta match assures efficient energy trarmfer am( ptaces the 
entlre antenna structure at dc ground. 
BN 86 balun supplied as standard. 
Top quallty stainless steel hardware supplied st no added aa(. 
Super strong, taper swaged 6063-T832 thick-wall aluminum tuMng usad throughout. 
Unlque Hy-Gain dle cast alumlnum boom to mast bracket. Accepts mast diameters 
up to 2%" (63 mm), 
Twist and slip proof dle formed heavy gauge alumlnum dement to boom brackets. 
All tubing deburred and cleaned foc ease of aseemblv: 
only one set of d~mensions tor complete coverage oialt three bands bekm 2:1 SWR. 
Designed to survwe winds of 100 mph (I80 kmlhr). 

I TH7DX I enloy0f3~ but now have a problem convincing folks thai 
I am only runnlng 5 wansl The TH7DX 1s a superb antenna, bolh 
from a performance and a structural point ot vlew I 
Congratulationsl 

Jack Falker 
WBKR 

TH7DX 
Seven element 

(WBKR has worked all countries but hvol) Thunderb~rd 

T E L E X  C O M M U N I C A T I O N S .  INC. 
9600 AMrkh Ave. So., Minneapolis. MN 55420 U.S.A. 

Evape: Le Bonsparte--Office 71 1. Centre Affaires Paris-Nard, 
93153 Le Blanc-Mesn~l. France 
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In our lineup of  rotators, the  CD45 II is ra ted as medium duty. 
Some of our worthy competitors offer similar rotators which ' they rate as  "heavy duty" and, within their product line, they 
are. But  if you compare al l  rotators, it's a different picture. Here 
i s  a comparison of our CD45 11, our HAM IV and the Alliance 
HD73 (Specifications as  stated b y  the manufacturer). 

HD73 CD45_11HAMIV- 
- Output Torque 400 in,lbs. 600 in. lbs. 800 in. Ibs. - 
Gears Plastic and All Steel All Steel 

Steel 
Control Box 
weight 3.8 Ibs. 6.8lbs. 6.8tbs. 
Rotor Unit 
Weight 6-5Jbs. 8 . 5 3 .  10.5>. 
Direction Carbon Precision Precision 
Indicator wire wire 
Potentio-er wour!d wound 
Rotation Mechanical Limit Limit 
L~m~ter stop only Gdches with G~tches wtth 

mechanical mechanical 
stop HOP 

Braking 1600 in. Ibs. 800 in. Ibs. 5000 in. Ibs. 
Power "Witytmilling" "Holding" "Holding" 
Antenna Size 
"ting 10.7 q. ft. 5.5.. rt. 15 q. fth 

Wind load ratlng Is an lmwrtant swciflcatlon too. Unfortunatelv. there 
Is no standard method of measurement. For example, a long boom 1 entenna wlth an unbalanced wind load isa  much touclher DrOblem than 

I the calculated square area of the antenna would su gest 'So we take a 
c ~ n s e ~ ~ t i v e ~ ~ w o r s t  case" approach and rate the C&5 l iat  5 square 
feet. Yet, the HD73, a liahter unit, is rated at 10.7 sauare feet. You be the 
Judge. 
Here is a complete llsting of Hy-Galn rotators and the typlcal antenna 
systems that each wlll comfortablv and rellablv manaae. 
& 4 0 ~ ~ r l m a r i l y  used for small to-medium size V H F ~ ; ~  UHF beams. 
Can also be used with a 10or 15 meter. 3 element Yagi. 
CD46 11-Recommended for a 3 element tribander such as our Explorer 
14. Will also manage8 medium sized VHF stack and Is a good choice for 
the Azimuth rotator on a good sized satellite system. 
H A M  IV-A favorite for long boom tribanders such asourTH7DX. Would 
also be a pood choice for an Explorer 14  stacked with a VHF DX 
antenna 07 a satetlite system. 
H A M  SP-A modified Ham IVwlth a 
special control unit for a b l ind  
operator. Single knob directional 
control system includes a compass 
rose ~4 th  braille mvkings An audible 
beep indicates rotator start and stop. 
T2X-The well-known Tall Twister manages combinations such asa 
TH7DX stacked with a small 2 element 40 meter beam. Also a great 
cho~ce for a substantla1 VHF "weak signal" array. Of course, the ever 
Dooular stack of 3 or 4 element 10.15. and 20 meter monobanders Is a . . 
saie match for the T2X. 
HDRSOO-This 5000 inch pound torquer Is our Idea of heavy duty. This 
is the choice for stacked HF "Long Johns" or the full sized 3element 40 
meter monsters. A favorite too for the giant VHF "weak signal" systems 
where the 1 'rotator control and indlcator accuracy is a must. 
CHOOSING THE RIGHT MODEL-The mlstake most commonly made Is 
selectlng a rotator for the antenna being installed at the time and not 
looking forward to the antenna system that you ult~mately plan. A rotator 
that is not over-loaded will deliver manv years of rellable service. So. 
when you choose yours, plan ahead andbuy the model that will handle 
the ultimate load. If in doubt, drop us a note. We will share our 
experience with you. Long term, you will save money. 

TELEX. 
TELEX COMMUNICATIONS. I N C .  
9600 Aldrich Ave. So.. M i i L s .  MN 55420 U.S A. 

Europe Le BoMperte-Offoe 711. Centre Affatres PansNord, 
93153 Le Blanc-Mesorl. Frame 
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The G.E."TERMINET 1200" featuringm 1 t to. 300 s 1200 saua i 1 I 30 o 1x1 cps) . Fall hSR 8 Rs-232.c 1 0 ' I 
1 band . Made m USA by General Eieclrc 

scan rate up 111 80 x 23 1sn1,llpcl pr1wr.r i,c~pllIy 
1 1  5 230 VAC operallon 50 60 H I  ' Iers hr~ahlnrss 
,~nfl cnlllra\l ronlrnls Rea~~ l r f s  rnmptrsllc VI I~PO 

, ' ?.I i . 1  l i ~ ' ~ f l y  Inr caw01 your c h o w  Il\ecl Ir,slrtl anfl I i ,  , l ~ u [  ,.cnenutlrs ~llcitjnpn 

12" 'composite" input CRT: tested, oper'l . . . . . . . . . . . . . . . . I 
15" Motomla CRT Monitor, used, good cond'n. l l L  input . . . . . . . 

I 9. "comrs i ten inut CRT monitor tested l o ~ e i l  . . . . . . . . . . . 

HOBBY KITSB 
EXPERIMENT - LEARN ELECTRONICS 

BUILD AND DESIGN YOUR OWN AM.FM. CW. 
OR SSB RECEIVERS,TRANSMITTERS AND ETC. 

WITH OUR MINI-LINEAR CIRCUIT KITS 
All kits Come Complete W ~ t h  Etched and Drllled Clrcull Boards 

and All Parts Needed To Funcl~on As Descr~bed 
AFA-1 AUDIO AMP. L V  ,P, , . .:.,... ; .+. *.s.. .: . $4.95 
AFP-1 AUDIO PREAMP. . .,* A L .  . r s . , ~ .  : . kt .*,! .. $3.95 
BMD-1 BAL. MIX. L M  *irl* .  u R hrk.7, , . :vr. ':I . $9.95 
DET-1 AM DET. A- i F ~ , . . , ~ . P  r,..~t.i,,.c 2,t. A S ,  , ;; : $3.95 
DET-2 FM DET, I u ii,<.*. I M :I+.#. !, r ..:, . ,a ; ,  ; .: , . hrt.:, $7.95 
DET-3 SSB DET. i M ~ r ~ t ,  ~ i b  sc..,.~~~ r ,NW :. , i * t .;,.( r ,  $9.95 
DET-4 DETECTOR CW/SSB 11clnRa dual R ~ I P  f f T  ~rancs~or 94.95 
1 I M P  A .  , : A : , : $6.95 
FLS-9 SSB FILTER g MV: . 1 v,n$: r 2 , ~ ~ -  , A .  , -.c , $49.95 
IFA-2 IF AMP. <.A 4o:r 4 o : ' v ~ ~ a .  . , , v # c ;  I .  . ,, n.,r $6.95 
MBA-1 FREQ, MULT, . .,.,: ,, .i,:*,., ..I . 2 . ;  a , . .  . ;, u,,~,; $5.95 
OSC-1 CRYSTAL OSC. , v * . :  . !  I*,..:.~ . . : ..T $3.95 
OSC-2 CRYSTAL OSC. . ii. .~civ,s:. :.,: .r: $4.95 

PSV-1 POWER SUPPLY 1 !.A - . , $  6,. i.15. 7 ,  8 ,  ,.'.:en ? m p s r - . + .  $7.95 
PLL-2 TONE DETECTOR t h r ~  . 6 . .  : .\  , -v  [:..iw ,<,, $5.95 
RFIMIX-1 RF-AMPIMIXER CA -W?H 1 ,.t-? R;  AMP M ~ W C  i IOO M * ~ Z  $7.95 
RF/MIX-2 RF-AMP/MIXER 3N?nl -,.rwaiir Au,hr,.ct . - 150Mti i7  $7.95 
VCO-3VARlABLE HI STAB.OSC. vara,l , , ,  l ~ l n r 0  dnn 11 hfln K ~ ; ~ U ~ D U ,  $7.95 
VCO-4 VARIABLE HI STAB OSC. vavarvr I , , " P ~  3 I , ,  20 M ~ I  nuvput $7.95 

62 March 1984 
I 

Tell 'em you saw ~t in H A M  RADIO! 



AL-G I . - - - -  RADI 

KCLUSWE 1 YEAR LIMITED WARRP Y! COMPARE! 
I: PCS-4000 no matter wh WIDE FRE 

covers 1 42. 
.z ? -. .n ,., 

QUENCY C 
000-1 49.9s 
I- ",-.,'. A n  

:OVERAGE 
35 MHz In sc 
A,-. a 

4000 SER 
?lectable steps . ILLUMlNATtu nkrauAnu WI I n ACQUISITION 

or 3 or I u K n z  ~ L ~ - L ~ L U U  ~uvelb 220 000-224 995 TONE: Unparalleled ease of operat1 
MHz In selectable steps of 5 or 20 kHz PCS-4 
covers 440 000-449 995 MHz In selectable st1 RIGHTGREEN LED FREQUENC Y: 
of 5 or 25 kHz PCS-4500 covers 50 000-53 9 ascly vlslble, even In dlrect sunlcqht 

MHz ~n selectable steps of 5 or 10 kHz. PCS-4 IGITAL SIRF METER: Shows cncc 11 
covers 28 000-29 990 MHz ~n selectable stepc rength and relal~ve power out~ut. 
lOor20kH USY-CHANNELAND' 'INDICATORS: 

on. 
:Y DISPLA' ,300 . 

eps 
95 

)ming signa 

rRANSMlT 
a channel ic 
9. 

Z. 
5 BUILT IN: 
and MARS 
A , -,,no 

: PCS-4000 
frequencie 
P P,!... . . P 

includes cc 
s. 

. . . - . -. - . - . . - - 
;busy and CAPIMAR! 

an- nf C A P  
right LEDs show when 
henvou are transmlttin 

:S-4300 70-cm FM Transceiver 
-3- -' -' '. 
TlNYs1ZE:unly~ n x 3.3 vv x o.8''D.COMFnnc: - rULL16-KEY TOUCHTONE'" PAD: Keyboard 

MICROCOMPUTER C ~nctions as autopatch # Pt 

of technology' I PCS-4800). 

UP TO 8 NONSTANDI LTONE: Optional PL tc lo 

satility. COMPARE! rivate-line repeaters. D~v~auuo I a, lu Iul I- ~ , ~ ~ ~ , ? n c y  
re fully adjus 

' TWO 8-CHANN 
and standard sim RUE FM: N d 

3rd offsets are 601 telllgibilltya 
IGHILOW POWER OUTPUT: 25 c 
3lectable In PCS-4000; 10 or 1 watt selectable in 
CS-4200, PCS-4300. PCS-4500, and PCS-4800. 
.ansmitter power IS fully adjustable. 

:ONTROL: 

\RD SPLIT 

At the forefl 

S: Ultimate 

ront fu In 

ver- 
Dl 

rhen transrr llttlng (exce 

m e  unit allc ... ;..&A- ..-A 
IWS access 1 
+,-.nn4rnn, ,n, 

a1 
EL 
lplex ' 
0kHz in 
for H 

ot phase ml 
~ n d  audio fic 

adulation. L 
lelity. 

Insurpassec 

)r 5 watts 
isceiver BANKS: Retains frequency 

or ~lusiminus offsets. Stand; 

1 MHz for F zfor sc 
P 

3 
Tr 
S 
L. 

lORY SCAl 
rately or tog 

N: Scan me 
lether. CON 

pmory bank: 
IPARE! UPERIOR RECEIVER: Sensitivity is 0.2 uVor 

stter for 20-dB qucetlng. Circuits are designed and 
~anufactured to rlgorous speclflcations for excep- 
~ n a l  performance, second to none. COMPARE! 
EMOTE-CONTROL MICROPHONE: Memory 
-1 call, upfdown manual scan, and mnrnorv 

;ly reset. Scan thl 
.together. COMF 
MODES: Free sc 
-. . ̂ C.^^^^l+ ^ . . A ^  

segments e~therseparately 01 
FREE AND VACANT SCAN 
ning stops 5 seconds on a busy LI I ~ I  II ICI, ~ U I U  

resume can be overridden 11 des~red. Vacant 
scanning stops on unoccupieA fr~n'~-n*i-= 

DISCRIMINATOR SCAN CE 
EXCLUSIVE PATENT): Alwa 

CS-4800 10-m FM Tra nsceiver 
- - -  

Icons may be performec 
front panell COMPARE 

ac 
to 

IEN 
encv. -. 

jdress func 
~uching the' 
THER FEA 
~il t- ln speak 
. - -,.-. - - 8 .  

TURES: Dynamicmicrc 
;er, mobile mounting br, 

ged 
te 

JeaKer ]at;K, and all cords. D~UQS, fu 
ardware are included. 
CCESSORIES: CS-7F lY, 
S-4.5R 4.5-ampac pok lte 
~eaker, and Communicauons aueclallsts >a-32 
L tone mod1 
lNE YEAR l 

.U ''t/,,U" 'V'..,".. 

:NTERING (AZC 
vs S~ODS on freau 

)phone, rug 
acket, remo 
,--- --,.I 

lRlTY MEM 
;ailed at an! 
MORY BA( 
:hannelsl 

IORIES: Eit 
I tlme. COk 
:KUP: Nevl 

her may be 
IPARE! 
er lose the F 

TWO PRlO 
instantly rec 
NlCAD ME 
orammed c 

? 7-amp ac 1 
ver supply, ( -..-A- ,.--. 

PCS-: 
2m Han 

C.. 

300 
dheld 
.^^i..^l I 

power supp 
,S-AS remc 
.:-#:-A- c,. - 

B b . 2 1  w.21 

195 MHz 
., 
FREQUEN 
button lnve 

ISE: The to 
;mlt and rec 

uch of a sin1 
eive frequel 

ule. 
LIMITED W 

ICY REVEF 
rts the trans 



. Slngl~.Slded 
7 7  Tracks 

Industry Standard 

FDDlOO.8 . . $1 69.95 ea. 
5'c" APPLE'" 
Direct Plug-In 

.DnmInndmdnrrbt**-maL..lhm*m 
than 500 W W ~ S  BUP-in rmpll*r. rplkm. n h ~ n ~  conh*. md Compatible Disk Dme 
audb Cck . Rmslts% r dear, nmnl nmh bdcn A u M  usu  
m d y  wHh documentalbn and ampla sdhtn Casn SIzI: 

. Um lam S M  - - $424 
-,I-.1IMI-- 

77h"L x 38W x 1-3/B"H ~h ~ p p b  w n ~  L * I P L I I  w 
a a u u - p s I h ~ h t . * r h k -  
1 1 1  u r d  .Sir. 6-1 x 3 C 7  . 
a-s,,a-0. **pl 4 %  IW 

Part No. ADD-514 $195.95 

complhr md ellaw you to en- a~mwt mi &io 5 ' 4 "  TEAC DISK DRIVE 
lion. Utilizing National Scmtcoducbr's DffifTALKER- 
S-h Rousror  IC (wilh lour custom memory chips). 
Ihe JE520 compresses nstural speech intodlgllsl mem- 
~ l y .  includingtheong~nal onlledionsand empham.Th. 
rswn IS an extremely clear. natural wwluatlon. 
par( )to O.rcnpllm 

JESZOCM Fw Cornmodal €4 6 VlC-20 $114.95 
JE520AP For hpple ll. ll+. and lk ....... .S149.95 

I..........~ ni~,,rn. ncw~rnt.nqm..rli.n. 6i‘.illi83r.. .'.vil( n ? A  " ,,,,., Z"," 4 ,  ' 7 "  ,,,, , , " W . , , , , . , , . 8 , ,  w. 3?l,>. 

SA455. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5259.95 

511," PANASONICDISK D R ~ E  
DouMbS(dsd Mali-H.ipht 5%" D R M  

JE664 EPROM PROGRAMMER 
8K to 64K EPROMS - 24 B 28 Pin Package3 

~ a c ~ r  s,n.contlma - ~ * . m  NO ~(61htn11 S p t m  hr O*Rhlm 
.ncl 41...i...llliI.l.l.lill~ f I Y i . . U r .  Lh  ..L.. . .  1111!..11$ ..r ..u.dLI+l. llh 

F",........,.V,, w , S><<>M. H>,23,V ,,",',,,, ", ............I... ,"!,,#"<,af!d . ..... . 

~ ~ i u ~ ~ ~ ~ ~ ~ n u ~ u m a a t m m x w ~ n a n a ~ ~ t . ~ t . n ~ w w m r n m  
r,v , l i R n n a K Y n & A N  c > l h r m n . ~ n * r n U r u ~ ~ . I ~ I 1 5 W 1 X  . ..... 
RI, ,',"""lu,u.l*orn"" Ilr~fWrRU*nu*frrarrlmmi~"lm.- W,I, 1 \.,,i, l,, -,* ,."b n,-.* k""%.* 

film mr d r  n k r ,  n n o r x r l t  m m e t - ~  um pmm.nua =r I-,,- m .. - .-a," -3. t...mL.w.Rm 

,Gl* dim r,, r.ni,rU**I 4h.W .m! r*l*lrn" rrma*, t,",WI Ih l '*A r KWI 
" l . i W l  I . ,l. ,,.*I, .-,- . ,ml"n  Mi* .m*"- 

c.w I. ixllllmml ixlRr~ya*l I IW n * r r ~ , w  dwmva.mm..r .  $ 8  > V M I ~ ~ Y  
""eI.0 I .. O. IU,-,I C,", _,,l ""L.n1t.,""I., .... 

t, I.,yrnnmn L*" -6 nun\* d w w m  lli. l ( i4  iwv I U T A  l d  
""I,,,, I is, l l ,  .*I,. -,,I IIII"-I.)1*I, ...... ..... mmr, a cmm~rm~ ~-..wmnul Y V N " ~ ~ T X I  tnnm A 1 1 1 ~ 1 7 1 ~  I U ~ U  11111- 

, " .-,-mf*,,,"t,$ . 
Ml,., I , .  l*P ,C illll" lldhll llnn lUIl .,"d !" Ima" a", n mmma n m 

"",>,,, r ,l<t,,l %.a, .-,,. ..tr'...npRIT 

nr&rmir Jal##wrom 'nrhtxc! sw I M i v ~ a c m m l ~ n . m w ~ ~ ~ ~ ~ ( F  Ih&H* 
",.mi', 5 .  Y UO I.,, Y I , "  BII.IU.8II 

~ ~ ~ . ~ r m <  wc8m mr UN* . h 2 w  W,C t.n en,  t-8 
sr IESKEII - SU- MKET~ES . 

JE664-A E n o l  m.. ........... $995.00 
A?u.mI>k? A 1n.ll.l l l d U d n Y t O l  UmUl 

MEMORY BOAROS YOURSELF! 

. ... - 19\11 1"". -l...lr. R,  ,n-r,r,., lr,. .. L.. 

R > ixwl rm!vlri ~WCII mn iumm 7 storm 
"ulm " n* '"..,.........~.-.....a...... rr" 

FlYl  A L l U i l l D l l U f  A SURE W SOETWIHt m N H C W S C F O O  
T I E  r R S  80. UOOl L I. L I  E L  II C-R Hlll U S 0  BE IWOWED 

JE664-ARS R M  Pm #EK6 Wm.. .. $1195.06 
4\...mwm I ,.rtld , ln. l , , , l" I M I e A ~ . I  

mROUmUHI IMOaJtFS- Ihx l l r~ lU f l iYn l l~un .hU IO1 I~1  

,..... ....... .,V,... 

.",.*I. rmo**O " l r m r  r , , n  l,"", , .I." 8." n.,,,. I . .  'I,," 

I W  . C ' , ' "  . 9'.'O.WclQ"! 7 V l r  

UV-EPROM Eraser 
18 Chlps - 51 ~lnutes]  ., ' 

1 Chlp - 37 Mlnutm 

64 March 1984 fl 155 



the HP-I8 greatly simplified 
Test instruments 

communicate 
accurately and rapidly 

The term GPlB (General Purpose lnterface Bus), HP- 
1B IHewlett-Packard Interface Bus), and IEEE-488 stan- 
dard all mean the same thing: they describe a bus- 
oriented interface for instruments. For the sake of 
simplicity in this discussion, let's use the term HP-IB 
since Hewlett-Packard was instrumental in its adoption 
as an interface standard between lab instruments and 
calculators or minicomputers. 

This article explains the bus concept, defines its signal 
groupingsand individual signals, and providesan histor- 
ical overview of how specific requirements prompted the 
development of this concept. 

need for standardization 
In 1972 Hewlett Packard, along with the United States 

Digital Instrumentation Committee for Standardization 
of Interfaces, developed the document that was 
adopted asa standard two years later by the IEC (Inter- 
national Electrotechnical Commission) by voting on a. 
format ballot. 

The decision to use automated, rather than manual- 
ly controlled systems was based on four main advan- 
tages: 

Elimination of operator fatigue, yielding absolutely 
consistent results on repeated measurements. 
Greater throughput or faster processing speeds. 
More thorough testing resultingfrom thisenhanced 
speed. 

I Results expressed in scientific or engineering nota- 
tion (i.e., powers of three such as milli, micro, kilo, 
and mega I .  

I Table 1 lists key functional needs which are met by 
the system user who applies the HP-IB to his instru- 

I mentation. 

how the HP-I6 is used 
The HP-IB provides a functional and electrical inter- 

face for up to sixteen laboratory instruments (DVMs, 
signal generators, and frequency counters, for example) 
daisy-chained or linked together in parallel with a con- 
troller such as a minicomputer or calculator (fig. 1 ). A 
controller'sfunction is to designate which devices on the 
bus will be "listeners" (receivers) and which ones will be 
"talkers" (senders). The simplest possible system, then, 
would consist of twodevices - a "talker" and a "listen- 
er" - without any need for a controller. One device 
could only ''talk" while the other "listened". No interac- 
tion, however, would be possible. The maximum allow- 
able distance between instruments is approximately 60 
feet for serial digital data transmissions in the 1,000,000 
bytes per second range. 

Sixteen signal linesare requiredforthe HP-IB. These 
are broken up into three distinct functional groups: ( 1  ) 
eight data lines; (2) five control lines; and (3) three hand- 
shaking lines. These terms will be explained shortly. 

These three distinct functional groups are further 
divided into three component buses. A bus can be best 
thought of asa conduitthrough which only one type of 
signalflows. Asan example, a control signal would never 
flow on a data bus and vice-versa (see fig. 2). 

The eight bidirectional data bus lines are Dl0 
through D17. These carry seven bits of coded interface 
messages in ASCII format and device-dependent 

By Vaughn D. Martin, 114 Lost Meadows, Cibolo, 
Texas 78108 
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Clean up the 4+ .+r 

- 
radio/computer 
clutter. 

For less than $250 
you can make your 
investment in yourself 
pay off! 
Chances are you have spent a couple 
thousand dollars on setting up a comput- 
er system that gets a lot of your work 
done. But sometimes it gets to be work 
to work at it. 
I know that when I have to move two pro- 
gram manuals and a pencil holder to boot 
up the disk drive, it is work. When there 
is an unlabeled floppy (that I am going to 
identify some day) on top of the monitor 
and the business check- 
book is on top of the printer 
. . . and I will remember (I 
hope) before the next "re- 
port" comes through . . . 
that is work. 

MICRO-OFFICE 
WORK CENTER L- 

I found the annoyance of my own "corn- b~ggest and best surprise is the low, low price plus shipping charges if you return 
puter clutter" was wen worse than the price for such good quality. the workcenter W i n  30 days for any rea- 
extra work the disorder created. And that Here is what you get-all for only $249.50 son whatsoever. In addition, the product 
IS when I started looking for some PraCtl- plus shipping. is warrantled for any defects in materials 
cal furniture for my computer set up. Since . Mar-resistant work surface, Your choice or ~ 0 n ~ t r ~ ~ t i 0 n  for a full year from date of 
I had already spent a lot of money on the 

,f oak or walnut grained, Work surface purchase. This is a no-risk investment in 
system itself, I was dismayed when height is adjustable to your keyboard, your your own productivity and work efficiency 
I found out how much ~t would cost to get chair, your height, that will pay off for years to come-even 
a decent-looking desk or even a data table if you do not yet have a microcomputer of 
for my equipment. $400. . . $500. . . even Two shelves plus work surface exten- your own, 

der. Both shelves tilt to lock in position so 
a 'Ieasy "It that looked like junk! that monitor faces you-in a position that Take your choice for your own work In fact, it was junk! And it took a long time 

for me to find something that was really does away with screen glare squinting and center decor: 

worth the money. . . and more. neck craning forever. Retamer bar keeps Order 48-inch unit in walnut, #2~po-g45, 
equipment from sliding off shelf. Snap-in or in oak, #2KpO-g47. Only $249.50 for A lot of my working day is spent with my bookends hold reference manuals and each unit plus $20.00 shipplng charge. computer, and I will bet a lot of your time programs, 

is too. So I figure a "home" for my sys- On orders for two or more unlts at the 

tem-a houslng that is good looklng as Strong, sturdy and steady. All-steel same time, shipping charge applies toonly 

well as efficient to work at-will pay off welded frame construction is concealed the first unit ordered. Shipment made 

two ways: by top-quality wood grain surfaces with UPS. so we cannot ship to post office 
finished trim. Adjustable floor levelers ~ n -  box. Illinois residents please add $15 per 

Less work: an efficient and orderly lay- cluded. The work center is really a piece unit sales tax. Please allow 10 extra days 
out will save me time and energy. of fine furniture. for personal checks to clear. Sorry-at 

2. k r s ~ n a l  satisfaction: good quality fur- . There is no risk in buying from us either. these special offer prices We Cannot ship 
nishings look better; they lust plain feel we will make a full refund of purchase c.0.d. or bill direct. 
better to work at too. 

So imagine how good I felt to find the C A U  T O U  FREE TODAY WHILE SUPWES LAST: 1-8001323-8064. 
,'Micro-Office" Work Center! These are In Illinois call 1-3121251-5699. Or mail check with order to: 
fine pieces of computer system furniture 
that make my office-at-home as pleasant 
a place to work as ~t ought to be. And the 

Micro-Mart Distributors 
Dept. HR 1131 Central Street Wilmette, lL60091 
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DATA BUS 
(8  S IGNAL LINES1 

H A N D S H A K ~  OR DATA BYTE GENERAL INTERFACE 
TRANSFER CONTROL BUS MANAGEMENT 8US 
I3 S IGNAL LINES) I 5  S IGNAL LINES) 

/ / 

D l 0  1-8 - DATA INPUTIOUTPUT LINES 

D A V  - DATA V A L I D  
N R F D  - NOT READY FOR DATA'  
NOAC - DATA N O T  ACCEPTEO' 

IFC INTERFACE CLEAR 
A T N  - A T T E N T I O N  
SRO - SERVICE REOUEST 
R E N  - REMOTE ENABLE 
€ 0 1  - END OR I D E N T I F Y  

'INOICATES THAT NEGATION 
IS REPRESENTED B Y  L O W  
STATE O N  THESE TWO LINES 
ONLY 

E G CALCULATOR E G D I G I T A L  
VOLTMETER 

E G SIGNAL E G TAPE READER 
GENERATOR 

f ig. 1. The HP-IB bus uses a 16-line cable t o  quickly l ink any instruments equipped w i t h  appropriate interface circui t ry 
in to  a system. Data transfer is by te  serial, bit-parallel a t  rates as high as 1 megabyte per second. 

table 1. Key funct ional  needs accommodated b y  HP-IB (IEEE4881 

basic need concept capabil i ty provided b y  

Unambiguous definition Logical definition independent of im- State diagram description of interface 
plementation scheme functions 

Direct access to multiple asynchronous Dedicated signal lines IFC, ATN, SRQ, REN. €01 signal lines 
messages 

Costlperformance flexibility Optionality 

Multiple listeners independent of position Three-wire handshake 
or response rate 

Ten interface functions with allowable 
subsets 

DAV, NRFD, NDAC signal lines 

Minimal hardware cost Bus structure with minimal signal line Bi-directional bus for address, command, 
count data, status messages 

Standard method for accessing devices Common code, easily generated and usecl Address and universal command structure 
based on ASCII code 

Slow speed status reporting 

High speed status reporting 

Device initiated service request Common SRQ signal line, Serial Poll Mode 
with status byte reporting 

Controller initiated status request Parallel Poll Mode, one status bit for each 
of eight devices 

Accommodation of other interface Hierarchical partitions 
techniques 

Terminal unit dedicated to interface con- 
version for cluster of local devices 

messages from one to eight bits. But first, let's look at 
ASCII. Table2showswhatASCII (American Standard 
Codefor Information Interchange) codesare. Notethat 
not all are printable or displayable; some are control 
characters - that is, carriage return, paper advance, 
backspace, etc. 

The three handshaking signals are really signals 
that ask a question such as, "Is the serial transmission 

complete?" The queried device then answers with "yes" 
or "no." They are the status signals that give the box 
what appears to be an ability to think; therefore, many 
of these boxes are called "smart" boxes. 

These three handshaking or interface lines (DAV, 
NRFD, and NDAC) effect the transfer of each byte of 
data on the data bus from an addressed talker (sender) 
to all addressed listeners (receivers). The source device, 
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table 2. ASCII codes and characters. 

ASCI I  & IEEE 488 (GPIB] CODE CHART 

-- -- 
' I  

--& 

ADDRESSED COMMANDS I I SECONDARY 

I I T ~ L K  ADDRESSES ADDRESSE~ 
UNIVERSAL COMMANDS LISTEN ADDRESSES OR COMMANDS 

KEY TO CHART 

octal-b 
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D I l l  BUS 
0101 

- 10,c - 1 0 1  01'1 I c c ~ ? l l o  

$1" - *!""'I I b I n L I  

I 0 0  - II'"1Cf RIOUII' 

108 - 1.0 01 I O l l l l I r  

fig. 2. Party-line bus structure services 15 devices. 

fig. 3. Rear panel switches allow HP-IB to be addressed by 
controller or operate in "talk only" mode. 

whether controller or talker, drives the DAV (Data Valid) 
line which indicates theavailabilityand validity of infor- 
mation on the data bus, while the acceptors (listeners) 
drive the NRFD (Not Ready For Data) and the NDAC 
(Not Data Accepted) lines. 

Instruments often possess rear panel switches (fig. 
3) that allow particular instruments to be addressable by 
a controller or operate simply in a "talk only" mode to 
another device such as a printer. If rear panel switches 
are not present, thisswitching function is probably ac- 
complished by PC board jumper wires. 

Five control or general management signal lines 
control the orderly flow of information across the inter- 
face as follows: 

The ATN (attention) line differentiates between data 
and control messages on the Dl0 lines. 

The EOI (End Or Identify) code indicates completion 
of a multiple byte transfer sequence and can also, 
together with ATN, activate a Parallel Poll. 

The IFC (Interface Clear) enables the interface 
system, placing all devices in a known quiet state 
prior to executing a bus transaction. 

The REN (Remote Enable) line selects between 
remote or local sources of device programming data. 

The SRQ (Service Request) is a call for servicefrom 
one of the devices on the bus to the controller. 

The three-wire (interlocked) handshake transfer 
scheme (DAV, NRFD, and NDAC) described above 
utilizes byte-serial, bit-parallel data travel on the eight Dl0 
lines at typical speeds of 200 to250 kilobytes per second 
(fig. 4). The maximum data transmission rate is 1 mega- 
byte over extremely limited distances. The faster the 
data transmission, the shorter the allowable intercon- 
necting cables can be; however, there is one way to 
overcome this limitation; see fig. 5. The HP37201A 
HP-IB Extender solves this problem by converting paral- 
lel data from the interface bus intoa serial bit stream. This 
bit stream is suitable for transmission to a remote site 

S I C O N 0  D A l l  B V l I  

D l 0 1  8 - - - -  
( C O W M I I E )  

04" 

N l l O  

*D1C 
NONE A C C E P T 1 0  

fig. 4. The interlocked handshake transfers data bytes asynchronously and unambiguously to one or more listeners. 
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The small dish that 
captures all the 
entertainment. 

Only Wilson Microwave Systems c a w  
give you the versatility of hand-held 
control of the total satellite television 
spectrum at such a remarkably 
low price. 

Total System Design. 
From the s o l ~ d  steel antenna to the 
state-of-the-art electronic receiver and 
hand-held control unit, Wilson gives 
you the most complete, integrated 
system you can own. 

At Wilson Microwave Systems, we 
put the world of entertainment in the 
palm of your hand. a 

/ 

, 

WILSON 
MICROWAVE 
SYSTEMS, INC. 

t, * 

NOW ONLY 1 

Includes: 110" LNA - Polarizer 1 - 100' Cable 
Wilson MD9 Dish - YMlOOO Receiver 

Dealerships 
BUILT BY YAESU 

1 year warranty on receivers 
~vailable 

Antenna is shovrn with optional LNA cover. 
4 year limited warranty on dish 

Distributed by 

NAMPA SATELLITE SYSTEMS 
312 12th Avenue South Nampa, Idaho 83651 

(208) 466-6727 
In State Wats 1-800-654-1319 Out of State Wats 1-800-654-0795 
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C O N T R O L L E R  DEy DEv'CE mi5 

D E V I C E  B 
fig. 5. Point-to-point connection using twin twisted pair 
cable or full duplex modem link. 

I O N  NRFO. NOACl !I--"=- I 
M A M  - OEVlCE DATA - [XI - 

I L I l l  I I I I  I I  I 

* = U S 1  E W E  INOlCAlOR '. 

'1 I 4 CLEAR I DEVICE C L M R  
I 

(010 I - 010 E l  

I J ] 
TRIGGER OEVICE TRIGGER 

I 

r-----7 + 
I CONTROLLFA 
L-----l 

IFC 

1 INTERFACE B"S> 

fig. 6. Ten interface functions serve to link the bus struc- 
ture to the device functions. 

and reconverts incoming serial data into the bit-parallel 
HP-IB format. This allows an HP-IB system to be split 
into two or more discrete parts separated by H P-IB ex- 
tendersand a serial data link. A range of 0.6 mile ( 1  km) 
is possible if twin-pair cables are used for the transmis- 
sion path, and virtually unlimited range is possible with 
a telephone modem hookup. Full duplex operation is 
also possible and allows for data to flow in both direc- 
tionsat thesame time. Many HP-IB problemsstemfrom 
glitches in this handshaking process. In part, this crisis 

results because the data transfer is asynchronous. A 
number of bus; analyzers offer some means of detecting 
protocol violations in handshake activity. 

The Hewlett-Packard Interface Bus, HP-IB INTER- 
FACE functions (fig. 6) include: 

Talker 
Listener 
Controller 
Source Handshake 
Acceptor Handshake 
SR or Service Report 
RL or Remote Local 
PP or Parallel Poll 
DC or Device Clear 
DT or Device Trigger 

The first five functions exist in virtually every HP-IB 
System as primary functions. The last five, lessfrequent- 
ly encountered, are found on the Hewlett-Packard Inter- 
face Bus. The detailed functions of these last five are 
defined as follows: 

SR (SERVICE REPORT) allows the device to 
ask the controller for attention asynchronously 
in relation to other messages. 

RL (REMOTE LOCAL) determines whether 
messages from the data bus (remote program) or 
from some local program source will receive the pro- 
gram data from a device in the system. 

PP (PARALLEL POLL) is a rapid simultaneous 
status report to the controller from several devices. 

DC (DEVICE CLEAR) enables an instrument (IFC 
enables the interface itself). 

DT (DEVICE TRIGGER) initiates a user-specified 
transaction within device functions and will syn- 
chronize similar actions for multiple measurements 
among a number of devices after programming. 

For designers tackling the problem, the first design 
specification written is in terms of interface functions 
(not instrument functions), messages to and from the 
interface, and the behavior of each of thesefunctions. 
This last item is traditionally accomplished with state 
diagrams in which signal flowsand events happening are 
"tied together". Fig. 7, which probably best illustrates 
this process, will not only give you a feel for what goes 
into the process, but also a fuller appreciation of this 
clever interfacing scheme. Lastly, this is admittedly a 
complicated subject and if all of it is not totally clear, 
don't become frustrated. Once you begin working with 
them, the concepts will become second nature to you. 

This has been an overview or summary of the HP-IB 
which you are certain to see much more of in the im- 
mediate future if you work with modern test equipment 
at all. 
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INSTRUMENT (APPARATUS) 

K E Y  I NTERFALE BUSSltiNAL LINES 
7 R fMOlE I N I C R t A C t  MESSAGFS 1 0  AFIU I R O M I N I t H b A C t  i l l N L I I O N S  

1 INSIRUMENT OEPENIl tNl  MESSAGES 10 AN0 t R i l M  I N S I H I I M t N l  I U N L l l n N S  

d SrA lF  I lNKAGESflE rWtEN INTFRFACE FUN( 1lOQS 

5 L O C A L  MESSAGESBETWEFN INSTRUMENI FUNCllUNS AN0 I N T t R f  ACk FUNCT1ON'~IMESSAGFS 111 INTERFACE FIINCTIONS 

ARE DEFINFO MESSAGES F ROM INILRFACC IUNCTIIINS EXIS1 ACCOHUING 1 0  THE UESlLNER S 1:HIIICfl 
6 RFM0Tf INTERFACE MESSAGES SENT B Y  INSTRUMENI fIIN1:IIflNS WITHIN A I:ONIROI LCR 

fig. 7 .  Instrument designs can be conceptualized as being partitioned into two areas: instrument functions and interface 
functions. But this division does not necessarily imply two separate physical layouts within the instrument. 

ham radio 

Measures collector leakage 0-50 ma in 5 ranges, col- 
lector current 0-100 ma in 3 ranges, current gain beta 
0-400 in 4 ranges. Input res 50-10K ohms; imped 25100K 
ohms. Collector volts 0-1 5-3-4.5 VDC. Requires 22.5 VDC 
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Uncle Ben says ... 

"I give you 
much more than 
just the lowest price.. 
When you get that exciting new piece of 
equipment from me, you know you are 
going to be completely happy ... 
I see to it, personally! I also give 
you earliest delivery, greatest trade-in 
allowances, my friendly assistance 
in every possible way. 

' 'Uncle Ben " Snyder, W2SO H 
the head man of I 

Just ask any of the many thousands of "HAM H E ~ D ~ U A R T E R S ,  
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Toll Free (1-800) 645-9187 For my prompt, At one of the world's largest 
New York (516) 293-7995 personal reply. Ham Supply Centers! 

I 

' , / ' 
,/' / 

- - 

/"- 

__II*__ --- 
HAS THEM ALL 

IN STOCK! -- 

. 
/ 

Tt L t X  LOMMUNICP 101 J , INL \ 

74 March 1984 # 149 



R E C E I V E  N O I S E  SENSE 
ANTENNA 

ANTENNA PHASE noise cancellation circuit 
I 

1 1  PE4K ADJUSTMENT 
OUTPUT 

PEAK 
I 

As an LF enthusiast, I've often encountered QRN and 
QRM on the 160t0 190 kHz (1750 meters) band. In years 
past, the situation was manageable, but in recent years, 
it seems that conditions have grown steadily worse. A 
plague of EM1 in my area rendersweak signal reception 
impossible, and thesource of much of the ORN, at least, 
has been increasing use of electric light dimmer 
switches. 

In trying to alleviate the interference, I did some ex- 
perimenting with synchronous line blankers. I also used 
the noise blanker in my Yaesu FT-101 E with my LF con- 
verter. Nothing worked. 

Recalling previous experience with direction finders, 
I decided to approach the problem in a different way, 
using a loop antenna, a sense antenna, and some sort 
of an RF phasing scheme. But my ferrite rods lacked 
either the length or permeability necessary to make a 
practical 1750 meter loop, so I tried the two-antenna 
scheme shown in fig. 1. I was pleasantly surprised; at 
the first attempt, I could reduce a 20 dB over S9 QRN 
to S7. 

1 7 5 0  METER 1 7 5 0  METER 
S E R I E S  RESONANT S E R I E S  RESONANT 

C IRCUIT  

i i c : : v E e  oe 
CONVERTER 

fig. 1. Two series-resonant circuits with a pickup coil 
gave surprising results. 

By S.J. DeFrancesco, K1 RGO, 17 Jeffrey 
Road, East Haven, Connecticut 06512 

__--__A ----.-- --------.- I 

T CI .  C 2  3 6 5 p F  VARIABLE 
E A R T H  C 3  6 0 0 p F  (MAXI  VARIABLE 

CrROUND = L I - L 3  2 . 0 - 3 m H  ( G E  PROQRESS- 
L I N E  I - F  C O I L S )  

fig. 2. The 160-200 kHz RF phase cancelling circuit sche- 
matic. C1-C3 and L1-L3 can be increased or decreased 
in value to suit your frequency of interest. All coils are 
spaced 0.5 inch (12.7 mm) apart. 

With a little further experimenting, I came up with a 
simple RF phase-cancelling circuit (f ig. 2) that out- 
performed my Yaesu FT-101 E noise blanker. 

simple circuit layout 
Three coils obtained from old General Electric two- 

way radio progress line IF transformersare mounted side 
by side in an enclosed metal minibox. The coils are ap- 
proximately0.5inch (12.7 mm) apart; L1 and L3areout 
of phase with each other. C1, C2, and C3can bevariable 
capacitors for wider frequency coverage, but for the 
1750 meter band, I obtain adequate coverage by slug 
tuning the mutually coupled coils. Adjusting around the 
resonant frequency of both tuned circuitsatthefrequen- 
cy of interest will result in phase cancelling of the un- 
wanted noise with very little attenuation of the received 
signal. 

cancelling noise 
A careful adjustment can reduce 20 over 9 light dim- 

mer noise to a noise level of S3 or less. Connect your 
"noise" antenna to the noise antenna input, then con- 
nect your LFreceiver or LF converter to the output of the 
noise canceller. Leave the receiveantenna off. Now tune 
the "phase" or noise antenna coil, L3, for maximum 
noise at the frequency of interest. Disconnect the noise 
antenna and connect the receive antenna. Peak the re- 
ceive antenna coil, L1, for maximum noise at the fre- 
quency of interest. Connect both receiveand noise an- 
tennas and adjust both coils carefully till your noise is 
nulled out. Repeak L2 for maximum signal. 
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9 MHz CRYSTAL FILTERS 
Appll. Band. 

MODEL callon width Poles Prim 
XF.9A SSB 2 4  kHz 5 553.15 
XF-9B SSB 2.4 kHz 8 72.05 
XF-98.01 LSR 2.4 kHz 8 95.90 
XF.9B.02 USB 2.4 kHz 8 95.90 
XF-913-10 SSB 2.4 kHz 10 125 65 
X F - 9 ~  AM 3.75 kHz 8 77.40 
XF-90 AM 5.0 kHz 8 77.40 
XF.9E F M 12.0 kHz 8 77.40 
XF.9M CW 500 Hz 4 54.10 
XF-9NB CW 500 Hz 8 95.90 
XF-9P CW 250 Hz 8 131.20 
XF910 IF nolse 15 kHz 2 17.15 

10.7 MHz CRYSTAL FILTERS 
XF107.A NBFM 12 kHz 8 567.30 
XF107.8 NBFM 15 kHz 8 67.30 
XF107-C WBFM 30 kHz 8 67.30 
~ ~ 1 0 7 . ~  WBFM 36 kHz 8 67.30 
XF107.E P~xlData 40 kHz 8 67.30 
XM107.SO4 F M 14 kHz 4 30.15 
Export Inquiries Invited Shipping 53.50 

MICROWAVE MODULES VHF & UHF EQUIPMENTS 
Use your exlstlng HF or 2M rlg on other VHF or UHF bands. 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMk1691.137 $249 95 
1296 MHz MMk1296-144 149.95 
4321435 MMc432.28(S) 74.95 
439.ATV MMc439-Ch x 84.95 
220 MHz MMc220-28 69.95 
144 MHz MMc144.28 54.95 
Optlons: Low NF (2.0dB max.. 1.25dB max.), other bands 6. IF'savailable 

I've had exceptional results. I've nulled out 20 over 9 
light dimmer noise and managed to receive very weak 
LF experimental beacons, one from 67 miles away and 
another from90 milesaway. Even with my noise blanker 
on, I was never able to receive either of these before. 

In some instances the noise blanker and noise cancel- 
ler can be used together to cancel noise. I use a 260foot 
wire for my receive antenna and a 50 foot inverted L con- 
figuration for my noise antenna. For best results, you 
may havetodosomeexperimenting with your noise an- 
tenna configuration; it should be fairly long (at least 40 
feet), with a good portion of its length running vertically. 

The light dimmer in my house was the only noise 
source that the noise canceller couldn't phase out, but 
my easy access to the dimmer switch cured that prob- 
lem. I simply replaced it with a conventional switch. 
Power line noise and light dimmer noise are no longer a 
problem to me, and 1750 meters is now fun to operate 
again. 

For those interested in 1750 meters Tlie Lowfer Lrrrer is available free 

(send SASE) f rom Vincent J. Pinto. 2 Fairview Terrace, Suffern, New 

York 10901 - Editor 

I 
ham radio 

76 March 1984 



lCOM R71 Designed for Serious DXing 
T H E  ULTIMATE RECEIVER 

ICOM DID IT AGAIN 

100 KHz-30MHz 
Keyboard entry 
32 memories 
Remote control (optional) 
Scanning 
Pass band 8 notch tuning 

Memory back.up 

EEB Options lnstalled W ~ d e  dynamic range 

1. Mechanical ftlter (Replaces SSB ceramic filter) Voice synthesizer (optional) 

$95.00 See ICOM's ad In t h ~ s  Issue for more detalls. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2. FL44A 8 pole crystal filter replaces SSB ceramic filter 

$159. Installed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,5179 

3. FM (Detection) 10 meter band $39.50. Suggested Manufacturers Retail Price $799 
Installed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $49.50 Call lor your special EEB discount price today. 

. . . . . . . . . . . . . . . . . .  4. 12V DC Kit $9.95. Installed. .$15.00 

RTTY-CW-ASCII 
Now enjoy the rest of the bands! A stable receiver. 
home computer and Interface unit allows you to 
copy many o f  those "coded" signals. 

Micropatch MPR-64 Or MPR'20 
. . . . . . . . . . . . . . . . . . . . . . . . .  .SALE S119.05 

HAL CR1.100 or CRI-200 . . . . .  .SALE $229 orS270 
Software ava~lable $44.95 to $89 95 

. . . . . .  KANTRONICS RADIOTAP .SALE $179.95 
Complete. All you need for interfacing 

MFI 1228 Complete with software 
. . . . . . . . . . .  Nothtng else to buy. .ONLY 199.95 

KENWOOD R-2000 

100 KHz to 30 MHz 
All mode AM.CW-SSB-FM 
10 memorles (memorizes mode) 
Memory backup 
Memory scan 
Programmable band scan 
24.hour clock-timer 
VC-10 VHF converter 118.174 MHz $139 

R.2000 $599.95. . . . . . . . . . . . . . . . . .  .SALE $499 
, R.1000 $499.95. . . . . . . . . . . . . . . . .  .SALE $429 

SEE MANUFACTURERS ADS THIS ISSUE 
FOR MORE DETAILED INFORMATION 

1984 WORLD RADIO 
9 memory stations, scan TV HANDBOOK 

. . . . . . . . . . . . . . . . . . .  RF-9 $99.95. .SALE $89.00 

G.E. WORLD MONITOR 

A reference gulde for the beginner and 
serlous DXer 
145 pages devoted entirely to listings of 

Portable 10 band receiver SW. MW. LW, and TV stations around the 
LCD frequency displaylclock 
Program f~merlsleeplalarm 
LWIMW17SWlFM stereo 

L~stlngs of English SW broadcasts 
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speech synthesis 
for repeaters 

Today's synthesizers 

are smaller, faster, 

smarter, cheaper 

In the late 1960's a machine containing 60endless loop 
tape cartridges was required for a human voice an- 
nouncement of time. The device measured three feet 
high by nineteen inches wide. Today the same function 
is accomplished with a unit the size of a wrist watch, with 
all the electronics manufactured on a single wafer. 

In the mid 19701s, theelectronic industry began intro- 
ducing electronic voice generating devices known as 
voice synthesizers. The initial versions, which the home 
experimenter could afford, fit on a 10 x 7-inch PC board 
and contained a limited vocabulary. But unlike its mam- 
moth predecessor, it could be easily controlled by a com- 
puter or digital controller. 

In the early 19801s, chip technology had advanced and 
the 10 x 7 inch module was reduced to a single device. 
Several manufacturers are now producing these devices 
and their use is commonplace in repeatersas well as the 
phone company. Amateur Radio manufacturers have 
started using these devices. The Kenwood TW-4000A 
2 meter and 440 MHz transceiver features a voice option 
in both English and Japanese. Two Amateur repeater- 
controller manufacturers, Micro Security and Advanced 
Computer Controls (ACCI* also provide speech synthe- 
sis features. 

If you dialTelephone Information for a phone number, 
you first speak with a human assistant. Aftertaking your 
request, theassistant departs and your requested phone 
number is given by an electronic voice unit. Some ex- 
pensive voice generators sound so much like human 
speech that only a musically-tuned ear can detect any 
difference. However, some less expensive units sound 

very good and are adequate for use in repeaters. One 
such unit i:s the National Semiconductor's "DT-1050 
Digitalker." 

DT-1050 voice synthesizer 
The DT-1050 contains a voice control processor and 

two8K Byte ROMs. The control processor isa40-pin IC 
which controls voice generation as instructed by the 
commands in the ROMs. The ROMs contain 143 char- 
acters; an outside controller can instruct the control pro- 
cessor to pronounce these charactersvia an &bit input 
latch. Each character is assigned an &bit combination 
that forces the processor to fetch the character data 
from ROM and execute the speaking of the chosen char- 
acter. If a new character command is given, the proc- 
essor will stop what it is doing and start with the new 
character. Thisfeatureallowsforming words not in the 
existing valcabulary by using combinations of charac- 
ters. An example is the word "repeater" which is very 
close to "re meter" pushed together. (I've even pro- 
duced a remasonable "Cincinnati, Ohio" using Cent, C, 
N, At, E, C), High, and 0 pushed together.) 

Table 1 lprovides a list of the DT-1050 master word list 
along with the character 8-bit data word commands. 
The first character, "This is Digitalker," is spoken in a 
"female" voice, but the remainder isspoken in a "male" 
voice. Note that the one through twenty charactercom- 
mands are 1 through 20 decimal. To force the character 
sixteen, the controller simply sends 16 decimal or 10 hex- 
decimal. Also, commandsabove 142decimal or8F hex- 
decimal are invalid. These commands will return 
garbage. 

To control the DT-1050, one first places the character 
command on the 8-bit latched inputs SW1 (LSB) 
through SW8, and producesa low to high TTL signal on 
the "write" line (pin 4 of the processor). The processor 
then latches the 8 bits and starts the character speech 
sequence. It continues until finished or until a new com- 
mand isentered, whichever comes first. When the proc- 
essor is busy it produces a TTL low on the introduction 

'Advanced Computer Controls (ACCI, 10816 Northridge Square, Cupertino, By Ron Wright, NSEE, Micro Security, 9307 
California 95014. Meadow Larre, Greenfield, Indiana 46140 
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OUT 

I fig. 1. Voice generator DT-1050, audio filter and amplifier schematic. I 
(pin6). When the character is complete, this line will go 
high. Theexternal controller can usethis line for "hand- 
shaking" with the voice processor. 

The control processor can be tied directly to a micro- 
processor data buswith the Chip Select (pin 3) enabling 
the input latch. However, in thecaseof a hardwarecon- 
troller, this pin can be tied low. This pin controls only the 
input latch, enabling it when a command is to be en- 
tered. While the processor is speaking, the CS may be 
high or low. 

the voice generator 
Fig. 1 is a schematic of the DT-1050 and the needed 

audio filter and amplifier. The amplifier drives a 1 kilohm 
load. The voice processor controller operates on 7 to 11 
volts and the ROMs require 5 volts. The 4 MHz crystal 
is the master clock and determines the speed at which 
the characters are pronounced. It is recommended that 
a4 MHzcrystal be used rather than the easy-to-find3.58; 
there is a definite difference. 

Fig. 2isaschematic of a hardware controllerforform- 

ing a list of phrases. The2716 EPROM contains thechar- 
acter sequence. By programming the desired characters 
in the2716 with each set in 16-byte blocks, one can pro- 
duce and select desired character sequences. This con- 
troller uses only eight sets of the 16-byte blocks. The 
block addresses, which must be programmed with the 
desired voice sequence corresponding to the message 
input, aregiven in the inset table. If one wishes toexpand 
the number of messages, a more detailed2716address 
control is required. 

The 74374 latches the input command when the start 
line goes from low to high. This also presets the 7474 
latch, which allows the 74123 to run clocking through 
the 2716 selected addresses, forcing the desired table to 
be outputted to the voice control processor. To start a 
voice sequence, first ground the desired 74374 "mes- 
sage input" line ( M I  through M7). Then ground the 
"start" line, making sure it returns high prior to the mes- 
sage finish. The grounding of the "start" line and leav- 
ing the message lines high forces thetable stored in 7F0 
through 7FF to be sent. When a new byte is sent to the 

March 1984 79 



processor, the controller strobes the "write" line, begin- 
ning the character sequence. When the character is 
complete, the processor returnsa low to high signal on 
the "intr" line, clocking the 74123, clocking the 7493, 
and selecting the next byte. Thissequence continues un- 
til the7493 reachesall ones ( 1  11 1) and receivesan addi- 
tional strobe. This last strobe now forces a0000 output 
and clocks the 7474, producing a stop command. 

voice applications 
Voicegenerator applicationsare many. The most ob- 

vious is thevoice ID of a repeater. Other applicationsare 
"10seconds time out" for repeater and autopatch time 
out warning; "you timed it out" on time out recovery; 
"2 meters on" for remote bases; and many more. If one 
has a microprocessor-based controller, one can add 
softwarewith i3 minimal amount of hardware to produce 

SW8 SW1 

IS 
i1 
0 1  1 0 0 0 0 0  

IT 0 1  1 0 0 0 0 1  
KILO 0 1 1 0 0 0 1 0  
LEFT 0 1 1 0 0 0 1 1  
LESS 0 1 1 0 0 1 0 0  
LESSER 0 1  1 0 0 1 0 1  
LIMIT 0 1 1 0 0 1 1 0  
LOW 0 1 1 0 0 1 1 1  
LOWER 0 1 1 0 1 0 0 0  
MARK 0 1 1 0 1 0 0 1  
METER 0 1 1 0 1 0 1 0  
MILE 0 1 1 0 1 0 1 1  
MILL1 0 1 1 0 1 1 0 0 ~  
MINUS 0 1 1 0 1 1 0 1  
MINUTE 0 1 1 0 1 1 1 0  
NEAR 0 1 1 0 1 1 1 1  
NUMBER 0 1  7 1 0 0 0 0  
OF 0 1 1 1 0 0 0 1  
OFF 0 1  1 1 0 0 1 0  
ON 0 1 1 1 0 0 1 1  
OUT 0 1  1 1 0 1 0 0  
OVER 0 1  1 1 0 1 0 1  
PARENTHESIS O l l l O l l O  
PERCENT 0 1 1 1 0 1 1 1  
PLEASE 0 1 1 1 1 0 0 0  
PLUS 0 1 1 1 1 0 0 1  
POINT 0 1 1 1 1 0 1 0  
POUND 0 1 1 1 1 0 1 1  
PULSES 0 1 1 1 1 1 0 0  
RATE 0 1 1 1 1 1 0 1  
RE 0 1 1 1 1 1 1 0  
READY 0 1 1 1 1 1 1 1  
RIGHT 1 0 0 0 0 0 0 0  

SS (Note 1) 1 0 0 0 0 0 0 1  
SECOND 1 0 0 0 0 0 1 0  
SET 1 0 0 0 0 0 1  1  
SPACE 1 0 0 0 0 1 0 0  
SPEED 1 0 0 0 0 1 0 1  
STAR 1 0 0 0 0 1 1 0  
START 1 0 0 0 0 1  1 1  
STOP 1 0 0 0 1 0 0 0  
THAN 1 0 0 0 1 0 0 1  
THE 1 0 0 0 1 0 1 0  
TIME 1 0 0 0 1 0 1 1  
TRY 1 0 0 0 1  1 0 0  
UP 1 0 0 0 1 1 0 1  
VOLT 1 0 0 0 1 1 1 0  
WEIGHT (Note 2) 1 0 0 0 1 1 1 1  

of unintelligible invalid speech data. 

table 1. DT-1050 master word  list. 

&Bit Binary 
Word Address 

SW8 S W 1  
I-- 1 

THIS IS DIGITALWER 0  0  0  0  0  0  0  0  
ONE 0 0 0 0 0 0 0 1  
TWO 0 0 0 0 0 0 1 0  
THREE 0 0 0 0 0 0 1  1  
FOUR 0 0 0 0 0 1 0 0  
FIVE 0 0 0 0 0 1 0 1  
SIX 0 0 0 0 0  1 1  0  
SEVEN 0 0 0 0 0 1  1 1  
EIGHT 0 0 0 0 1 0 0 0  
NINE 0 0 0 0 1 0 0 1  
TEN 0 0 0 0 1 0 1 0  
ELEVEN 0 0 0 0 1 0 1 1  
TWELVE 0 0 0 0 1  1 0 0  
THIRTEEN 0 0 0 0 1  1 0 1  
FOURTEEN 0 0 0 0 1  1 1 0  
FIFTEEN 0 0 0 0 1  1 1  1  
SIXTEEN 0 0 0 1  0 0 0 0  
SEVENTEEN 0 0 0 1 0 0 0 1  
EIGHTEEN 0 0 0 1 0 0 1 0  
NINETEEN 0 0 0 1 0 0 1  1  
TWENTY 0 0 0 1 0 1 0 0  
THIRTY 0 0 0 1 0 1 0 1  
FORTY 0 0 0 1 0 1  1 0  
FIFTY 0 0 0 1 0 1  1 1  
SIXTY 0 0 0 1  1 0 0 0  
SEVENTY 0 0 0 1 1 0 0 1  
EIGHTY 0 0 0 1 1 0 1 0  
NINETY 0 0 0 1 1 0 1 1  
HUNDRED 0 0 0 1  1 1 0 0  
THOUSAND 0 0 0 1 1 1 0 1  
MILLION 0 0 0 1 1 1 1 0  
ZERO 0 0 0 1 1 1 1 1  
A 0 0 1  0 0 0 0 0  
B 0 0 1 0 0 0 0 1  
C 0 0 1 0 0 0 1 0  
D 0 0 1 0 0 0 1  1  
E 0 0 1 0 0 1 0 0  
F 0 0 1 0 0 1 0 1  
G 0 0 1 0 0 1 1 0  
H 0 0 1 0 0 1  1 1  
I 0 0 1 0 1 0 0 0  
J 0 0 1 0 1 0 0 1  
K 0 0 1 0 1 0 1 0  
L 0 0 1 0 1 0 1 1  
M 0 0 1 0 1 1 0 0  
N 0 0 1 0 1 1 0 1  
0 0 0 1 0 1 1 1 0  
P O G 1 0 1 1 1 1  

Note 1: "SS" makes any singular word plural 

Note 2: Address 143 is the last legal address in this 
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8.Bil Binary 
Address 

S W 8  S W 1  r -1 
Q 0 0 1  1 0 0 0 0  
R 0 0 1  1 0 0 0 1  
S 0 0 1 1 0 0 1 0  
T 0 0 1 1 0 0 1 1  
U W O l l O l O O  
V 0 0 1 1 0 1 0 1  
W  0 0 1  1 0 1  1 0  
X 0 0 1  1 0 1  1 1  
Y 0 0 1  1 1 0 0 0  
Z 0 0 1  1 1 0 0 1  
AGAIN O O l l l O T O  
AMPERE 0 0 1  1 1 0 1  1  
AND 0 0 1 1 1 1 0 0  
AT 0 0 1 1 1 1 0 1  
CANCEL 0 0 1 1 1 1 1 0  
CASE 0 0 1 1 1 1 1 1  
CENT 0 1  0 0 0 0 0 0  
QOOHERTZ TONE 0 1 0 0 0 0 0 1  
BOHERTZ TONE 0 1 0 0 0 0 1 0  
20MS SILENCE 0 1 0 0 0 0 1  1  
40MS SILENCE 0 1 0 0 0 1 0 0  
BOMS SILENCE 0 1 0 0 0 1 0 1  
160MS SILENCE 0 1 0 0 0 1 1 0  
320MS SILENCE 0 1 0 0 0 1 1 1  
CENT1 0 1 0 0 1 0 0 0  
CHECK 0 1 0 0 1 0 0 1  
COMMA 0 1 0 0 1 0 1 0  
CONTROL 0 1 0 0 1 0 1  1  
DANGER 0 1 0 0 1 1 0 0  
DEGREE 0 1 0 0 1 1 0 1  
DOLLAR 0 1 0 0 1 1 1 0  
DOWN 0 1 0 0 1 1 1 1  
EQUAL 0 1 0 1 0 0 0 0  
ERROR 0 1 0 1 0 0 0 1  
FEET 0 1 0 1 0 0 1 0  
FLOW 0 1 0 1 0 0 1 1  
FUEL 0 1 0 1 0 1 0 0  
GALLON 0 1 0 1 0 1 0 1  
GO 0 1 0 1 0 1 1 0  
GRAM 0 1 0 1 0 1  1 1  
GREAT 0 1 0 1 1 0 0 0  
GREATER 0 1 0 1  1 0 0 1  
HAVE 0 1 0 1 1 0 1 0  
HIGH 0 1 0 1 1 0 1 1  
HIGH.ER 0 1 0 1 1 1 0 0  
HOUR 0 1 0 1 1 1 0 1  
IN 0 1 0 1  1 1  1 0  
INCHES 0 1 0 1  1 1  1 1  

panicular word list. Exceeding address 143 will produce pieces 



INPUT 
COMMANDS 

7 F 0  - 7 F F  

7 E 0  - 7 E F  

7 0 0  - 7 O F  

7 8 0  - 7 B F  

7 7 0  - 7 7 F  

GFO - 6 F F  

S F 0  - SFF  

3 F O  - 3 F F  

I fig. 2. DT-1050 voice controller schematic. I 

featuressuch asa talking clock, which is touch-toneset- 
table, or a touch-tone pad tester (the voice generator 
says "star" and "pound" as well as the remainder of the 
touch-tone digits). The list is limited only by our 
imaginations. 

National is now marketing the DT-1057, a second set 
of ROMs withour the voice processor, containing 
another set of characters. Thevoice synthesizer can be 
expanded, using all four ROMs. National is also trying 
to market software that will allow development of one's 
own character set, but rumor has it that the cost may be 
about $1000. National isalso said to be willing todevelop 
words for about $200each, but the present set iscertain- 
ly adequate for many repeater applications. 

The DT-1050 can be purchased from any supply store 
that carries National Semiconductor products,though 
you may have to wait a few weeks for delivery. 

conclusion 
The rapid progress in this field has brought consumer 

products incorporating memory speech synthesis into 

nearly every American home. One can now buy a wrist 
watch with a built-in storage unit that will allow its owner 
to enter an &second message to be read back at a select- 
ed time; the message can remind the wearer of an ap- 
pointment or simply remind him or her of some timely 
piece of information. Votan" is marketing a voice-rec- 
ognition and generation unit for taking orders over the 
phone, in which the caller follows computer-generated 
instructions and the computer enters account codesand 
part numbers using the caller's voice. "You are the XYZ 
company," says the computer. "You have ordered fif- 
teen items . . . shipment will be in four days." Next, an 
automatic stock-fetching unit collects the ordered 
items, boxes them up, weighs the package, places the 
correct amount of postage on it, attaches the mailing 
label, and sets it on the loading dock for shipment. 

Speech synthesis hascomea long way inaveryshort 
time. The technology is here and fully accessible for ap- 
plications in Amateur Radio. 

ham radio 
'Votan. 4487 Technology Drive, Fremont. California 36438. 
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Unsurpassed qual~ty at an unbeatable prlce, the Ramsey osc~lloscope 
compares to others costlng hundreds more. Features ~nclude a com- 
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Tested and Proven 15 Meter Moblle Transce~ver USB and ALL NEW, wlth the features you have been wa~tlng for 
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the effects and treatment 
electric shock 

Still checking for 
live circuits 

with your fingers? 
Read. this 

Even in this day of solid-state equipment, Amateurs 
need to be especially aware of the hazards of electric 
shock. We all know what causes shock, but not all 
Amateurs know just why an electric shock can be so 
dangerous. 

Some people believe that an electric shock burns 
a victim to death. Yet, medical evidence suggests that 
currents strong enough to burn actually kill less often 
than do much lower voltages. Others think that the 
electric current "shorts out" a victim the same way 
that lightning may short out an electric circuit. While 
far from accurate, this latter belief is closer to what 
really happens than the former. 

Our nervous system is a complex electrochemical 
system "masterminded" by the brain. Our various 

1 motor functions are controlled by minute electric 
signals sent along the complex network known as the 
nervous system; an electric current generally kills by 
overriding the controlling influence of this system. 

The minute electrical impulses circulating in the ner- 
vous system lose control of body functions whenever 
they are overridden by an outside current. By apply- 
ing small potentials to the brain, researchers have been 
able to induce the movement of limbs and also the 
stimulation of mental images. This electrical prodding 
has helped them learn much about the brain and its 
effects on human behavior. Not so helpful, however, 
are the uncontrolled currents that flow during an elec- 
tric shock, for these currents can affect the brain's 
signals to vital body parts. Currents entering the heart 
and respiratory centers are especially dangerous; the 
key to surviving electric shock appears to lie not in how 
much current there is, but rather where it travels. 

1 shock kills two ways 
Death due to electric shock is generally caused by 

one of two effects: ventricular fibrillation or respiratory 
center paralysis. Ventricular fibrillation is irregular, 
arhythmic contraction of the muscles of the heart. The 
heart is a purnp that forces blood throughout the body 
according to a rhythmic stimulus established in the 
right auricle or sinus node. This stimulus is a minute 
periodic electric current that flows to all sections of 
the heart and regulates the contractions of its muscles. 
If the system is upset - say by an outside current - 

(continued on page 881 

By Daniel Peters, Falcon Communications, P.O. 
Box 620625, Woodside, California 94062 
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YOU CAN LEARN CPR 
When a person's heart and lungs stop functioning 
because of a heart attack, shock, drowning or  
other causes, it is possible to save that life by 
administering CPR, o r  cardiopulmonary 
resuscitation. 

CPR provides artificial circulation and breathing 
for the victim. External cardiac compressions 
administered manually are alternated with mouth- 
to-mouth resuscitation in order to stimulate the 
natural functions of the heart and lungs. 

This brochure contains an overview of CI'R 
training and is not intended as a complete guide. 1. DETERMINE IF VICTIM IS 
Contact your local chapter of the AMERICAN RED 'UbJCONSCIOUS 
CROSS for further information on how you can Tap or gently shake the victim's shoulder. Shout, 
learn this life-saving procedure. "Are you O.K.?" If no response shout "HELP!" 

(Someone nearby may be able to assist.) Do the 
AIRWAY step next. 

I 4. CHECK STEP 
I CHECK the pulse and breathing for at least 5 

seconds but no more than 10. To do this, keep the 
head tipped with the hand on the forehead. Place 
the fingertips of your other hand on the adam's 
apple, slide your fingers into the groove at the 
side of the neck nearest you. If there is a pulse 
but no breathing give one breath every 5 seconds. 
If no pulse or breathing is present send someone 
for emergency assistance (dial 911 or operator) 
while locating proper hand position. 
Begin Chest C~mpressions. 

5. HAND POSITION FOR CHEST 
COMPRESSIONS 

1. With your middle and index fingers find the 
lovier edge of the victim's rib cage on the side 
nearest you. 

2. Trace the edge of the ribs up to the notch 
where the ribs meet the breastbone. 

3. Place the middle finger on the notch, the index 
finger next to it. Put the heel of the other hand 
on the breastbone next to the fingers. 

4. Put your first hand on top of the hand on the 
1xc:astbone. Keep the fingers off the chest. 

fig. 1. CPR saves lives, but requires traiining and practice. 
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2. AIRWAY STEP 
Place one hand on the forehead and push firmly 
backward. Place the other hand under the neck 
near the base of the skull and lift gently Tip the 
head until the chin points straight up. This should 
open the airway Place your ear near the victim's 
mouth and nose. LOOK at the chest for breathing 
movements, LISTEN for breaths and FEEL for 
breathing against your cheek. If no breathing 
occurs do the QUICK step next. 

n 

3. QUICK STEP 
Give 4 QUICK full breaths, one on top of the 
other: To do this keep the head tipped and pinch 
the nose. Open your mouth wide and take a deep 
breath, making a g c d  seal. Nov give the 4 
breaths without waiting in between. Do the 
CHECK step next. 

PUSH straight down without bending your 
elbows while maintaining proper hand position. 
Keep knees shoulder width apart. Shoulders 
should be directly over victim's breastbone. Keep 
hands along midline of body Bend from the hip 
not the knees. Keep fingers off the chest. Push 
down about 1'/2 to 2 inches. Push smoothly Count, 
'1 and, 2 and, 3 and, etc:'. 

7. PUSH 15-BREATHE 2 
Give 15 compressions at a rate of 80 per minute. 
Tip the head so the chin points up and give 2 
quick full breaths. Continue to repeat 15 
compressions followed by 2 breaths. Check the 
pulse and breathing after the first minute and 
every few minutes thereafter. 
NOTE: Do not practice chest compressions on 
people as  it could cause internal injuries. 

THIS INFORMATION DOES NOT TAKE THE PLACE OF CPR TRAINING. CONTACT YOUR LOCAL RED 
CROSS CHAPTER ON HOW YOU CAN LEARN THIS LIFE-SAVING PROCEDURE. 

Reprinted with permission from the American Red Cross. 

pp -- - - - 
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the muscles of the heart may respond in an irregular 
fashion, rendering the organ useless as a pump. 
Without immediate trained medical attention, recovery 
from ventricular fibrillation is unusual. 

Respiratory center paralysis is the second most 
lethal effect of electric shock. Normal breathing is con- 
trolled by the hindbrain; the stimulus travels from the 
brain through the nervous system to the lungs. An out- 
side electric current can easily cause breathing to stop. 

low voltage more dangerous? 
Just how much current will cause death is difficult 

to determine. Much research has been done, but 
rather than list data that could be erroneously inter- 
preted as a guideline of what constitutes safe levels, 
let's just say that under the wrong conditions, just a 
few thousandths of an ampere can do you in. But how 
does this equate to voltage? 

I have tested the electrical resistance of my body 
under various conditions. One warm day, when I was 
perspiring freely, the resistance of my body (measured 
between two small pieces of pipe held in my hands) 
was low enough that a voltage as low as 25 volts 
would have caused a current generally considered 
lethal to a healthy adult. (Back in the days of 32-volt 
farm lighting systems, death from these systems was 
not unknown.) 

At times shock from 1000 volts or more may be less 
dangerous than shock from lower voltages. The rea- 
son for this is that the high voltage, and attendant 
higher currents, cause all muscles - including those 
of the heart - to contract suddenly and violently. 
Sometimes the heart .muscles may contract to such 
an extent that fibrillation can't occur; in such cases 
the heart may resume normal action if the current is 
stopped within three or four minutes. One report in- 
dicated a recovery rate of 62 percent among persons 
who were "knocked out" by voltages above 1000. The 
corresponding recovery rate at much lower voltages 
was only 39 percent. 

People say a charged conductor "holds" its victim. 
It does this by contracting and paralyzing muscles. But 
in some cases muscles contract with enough force to 
"throw" the victim; this, of course, may cause sec- 
ondary injuries if the victims's body strikes an obstruc- 
tion as it falls. 

watch out for that left hand 
Current paths are extremely important in determin- 

ing the effects of electric shock. Any route involving 
the heart or brain is particularly dangerous; leg-to-leg 
paths are considered less threatening. 

In a study of cases involving fatal shock at voltages 
below 250,90 percent of the victims had burns on their 

left hands. This suggests that shocks received through 
the left hand may kill more often than those through 
the right hand. (This statistic is even more notewor- 
thy when you consider the predominance of right 
handed people in the general population.) So if you 
follow the rule of keeping one hand in your pocket 
while working on live circuits, make it your left hand. 
Better yet, don't work on live circuits - ever. 

delayed results 
If you receive a shock and suffer no apparent in- 

jury, your troubles are not necessarily over. Electric 
shock often damages delicate nerve cells in the spinal 
cord, which can cause a "wasting away" of muscle 
in one or more limbs. This is a slow, progressive, and 
intractable disturbance whose effects may not appear 
for weeks or even months after experiencing the 
shock. Other delayed effects may include insanity, per- 
sonality changes, amnesia, mental inertia, blood-vessel 
diseases, cataracts, nerve disturbances, destruction 
of pancreatic tissue, and disruptions of the heart's con- 
duction system. 

how to help 
If you are present when someone is rendered un- 

conscious by an electric shock, the first thing to do 
is to stop the curmnt flow. If possible, do so by turn- 
ing off the power at the nearest switch. If you can't 
do that, or if getting to the switch will take too long, 
the next best thing is to separate the victim from 
the source of current. This can be dangerous. Use 
a wooden board or other nonconducting object. As 
soon as you can touch the victim safely, begin cardio- 
pulminary resuscitation (CPR) - but only if you've 
been trained in the technique. Anyone who works near 
live circuits owes: it to his or her colleagues to take a 
course in CPR, master the technique, and make sure 
the skills are practiced at regular intervals, or as need- 
ed. (See fig. I .!  

Speed is essential. Any delay at all greatly reduces 
the chances of recovery. Of some 600 cases studied, 
over 70 percent of those receiving treatment within 
three minutes recovered. Just one more minute 
dropped the percentage of recovery to 58 percent. If 
there is no heart or respiratory action and treatment 
is delayed by five minutes, death is inevitable. 

If you are alone, do not take the time to go for help. 
Start treatment immediately. If the victim can be 
saved, you are the one who will do it. Don't stop 
treatment - not even if the victim appears to be 
dead; in one case, eight hours passed before a vic- 
tim responded. 13nly a physician can judge whether 
a victim is really dead. 
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INTERFACE I I IS the new Kantronics 
transceiver-to-computer interface. 

broke through the barrier of INTERFACE I I features a new highly 

multi-computer compatibility. sensltlve front end with mark and 
space ftltering and a unique new tun- 

, THE INTERFACE is an amateur mo- ing system. Even the most discerning 
dem for transceiver-to-computer operator wiii be surprised with the IN- I I -!---u communication. with W E  INTER- 1 TERFAcE 1 Is ability to alg out signals -- 

/ 1 1 FACE and Hamsoft or Hamtext for 
- L- in poor band conditions, and our new 

I your computer you can send and tunlng system even displays signal 

receive Morse Code, Radiotele- I_ fading. 
x-Y scope outputs and dual inter- - --.-,- 

type, and ASCII. THE INTERFACE is I face outputs for VHF and HF connec- 
also compatible with our new -- -4- I 1  

tions make INTERFACE I I compatible 
software for AMTOR communica- - +- with almost any shack. AII three stan- 1 ; 
tion, AMTORSOFT. THE INTERFACE I dard shifts are selectable and INTER- 
IS our most popular unit combin- - - FACE I I is compatlble with the indus- 

I 

- . . A  

I 1 ing active filtering, easy tunlng, try standard Kantronics programs: I 

--.--A -, 
six-computer compatibility, and - ,- Hamsoft, Hamtext, and Amtorsoft. -- 

Step up to state of the art in .!A:_! low price for an unbeatable pack- -A- computer-amateur communications -- - 
age. / with INTERFACE 11. 

i ' 
- -L!-+ I I 

Suggested Retall $1 39.95 -,- Suggested Retal l  . . . . . . . . . . .  $269.95 --. , ....... 
' I 1  I I 

. ~ ~ u e p r i n t  for ~ u c c i  

I 

For more information see your Kantronics dealer, or contact: L LI -1 - - r  

I ' ! - -1- L RZ Kantronics 1202 E. 23rd Street Lawrence, KS 66044 
C --.P . ~ - - -  

I '  . - .- - .- 
I I 

I I 
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QUAD BAND 
BEAMS - 

t\ 
k.. \ 7-1 4-21 -28 MHz 
'V THE NEWEST INNOVATIVE 

\ ADDITIONS to the TET LINE 
FEATURE TRUE MULTI- 
ELEMENT PERFORMANCE 
ON 4, NOT 3, BUT 4 BANDS. 

H B ~ ~ $ X  ALL ON A SINGLE BOOM I I ~ ~ 4 3 3 ~ 4 1  
AII the usual TET multl-band beamfeaturesare Included In these two models, including wlde bandwidths. 
increased gain, low SWR, light welght and supertor mechanical construction and easy assembly. 

Prellmlnary Specl f lcat lona:  HB443DX HB433DX 

Active Elements 7 MHz 3 2 
14 MHz 4 3 
21 MHz 4 3 
28 MHz 4 3 

Gain 7/14/21/28 6.2/9.8/9.1/8.8 2.1/8.2/8.7/7.3 
FB Ratio 9/14/21/28 12.4/21.8/22.3/20.1 0/21.7/22.3/20.2 
Power 1KW CW 1KW CW 
VSWR 7.0 - 7.1 2.0:l or better adjustable 

7.1 - 7.25 2.0:l or better adjustable 
14.0 - 14.5 21.0 - 21.45 28.0 - 29.0 1.5:l or better 
Boom Length m/ft. 6 0/19.8 4.0/13.2 
Max. Element Length m/ft. 9.25/30.5 9.25/30.5 
Weight kg/lb 18.0139 6 14.U32.1 
Introductory Price $450.00 $325.00 

- ANTENNA T ' r T  SVSTEMS Available from local dealers including' 

DISTRIBUTEO BY Electronic Equipment Bank Jun's Electronics Sultronlcs 
2775 Kurtz St., Suite 11 516 Mill St. 460 E. Plumb Lane 15 Sexton Dr. 

San Mego, CA 92110-3171 Vienna, VA Reno, NV Xenla, OH 

(61 9) 299-9740 (800) 368-3270 (800) 648-3962 (5 13) 376-2700 

e and AM 
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IS SWITCHING PL TONES A PROBLEM? 
You need a PLD-1 private line display 

-=. - - . 

Switching PL tones is simple with a W-l private line display 
installed in your Communications Specialists TE64 encoder. No 
more squinting, no more counting and no more guessing. With the 
PLD.1, you haw immediatechannel indication with a large,easy to 
see, bright LED display. The PLD-I displays all 32 PL channels and 
iseasy to install in the TE64 encoder. It alsoworkswith most other 
Communications Specialists encoder/decoder units. 

Complete $49.95 
Visa and Mastercard accepted. 

ACQUIS COMMUNICATIONS, INC. 
17192 Gillette Ave., Irvine, CA 92714 

714/5453732 
1 

a to Westl . . 

162 

link Repot . .. . . 

[NEWS,] 
Get the news 
As it happens 

- 

Westlink Repart is your source for information on all 
the late break~ng stories in theexcitingworld of Ama- 
teur Radio. Westlink Report summarizes the news 
that will impact the future of Amateur Rad~o. Westlink 
digs into its stories and gives you the latest from New- 
ingtoa summarizes the acttons of the FCC, reports on 
the important international news. keeps you fully in- 
formed a h, 
much mc 

Subscrib d. 
Don't be surprlsea ~y rne laresr aevelopmnrsln this 
fast paced hobby. 

26 issues j q t  $22.50 p e r $ a i ~ . ~ . ,  Canada, Mexico. 
$42.50 per year Air Mall. 

1 1 1 19 Allegheny Street 
Sun Valley, CA 91352 

t today. B . .  . 
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2M & 440MHz 'Dual-Bander" 
25 watts on both bands 

Now a general coverage 
recelverl ham band trans- 

TS 930S ceiver at an affordable Call for YOUR Low Rice! 
wrlce. 

TR 2500 
Full Featured 

R2000 2M Handheld 
Gen. Cov. Rcvr. '1DR 7950 UPS Brown Paid on 

45 W a t t s !  M u l t i - f e a t u r e d .  Wlmemories TR 2500 

---UP YOUR EWB- 
For HT owners operatif1 i r  51clr. a v f ~ h ~ c l t  dnd wanting 

Increased TIR ranw RF P 8 0 0 l l C ~ S  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 top andconnect theBNCco-ax connector 

The magnet mount (part no 199-445) has 10 feet of small 
(5132") co-ax w ~ t h  BNC connector attached and IS prlced at 
$15 95 (~nclud~ng sh~pp~ng by UPS to 48 states) 
TO ORDER. send $1 5.95 money order or cashlen check only 

Fla. res~dents add 5%tax, tor air UPS add $1.50 

3,; ' 
The RFPRODUCTS Magnet Mountsareoneof the few rnagneticantenna mountsavailable 
that can be repaired should the co-ax cable bedarnaged. The co-ax cableconnector includes 
a shrink tubing straln rel~ef for long life at theconnectorlcable flex polnt (an RF PRODUCTS 
exclusive on all cable assemblies). 
Eightother rnodelsavailablewith threeeach choiceof antennaconnectors, co-ax typesand 
transceiver connectors (BNC. 1-118-18. 5/16-24 8 RG-122U. RG-58AIU, mini 8X & BNC. 
PL-259, type N). r /  179 

/ AMAZING\ 
SClEMTlFlC and ELECTRONIC 

\ DEVICES r /  
LASER DEVICES 

LC5 RURNlNG CUTTING C02 LASER $15 00 
RUB? RI IRY LASER RAY PISTOL 15 00 
LRG3 IR LASER RIFLEIPISTOL 10 00 
LGU3 VlSlHLE RFi) LASER RIFLE 10 00 
LHI'ILLO LASFR L IGHT XMTRIRCVR SYS 10 00 
LHC2 RFGINNFR s~rnulal~d VISIRLF LASER 5 00 

SCIENTIFIC & ELECT 
TCL3 \OLID STATE TESLA COlL 35KV 6 W 
BTC3 25C THOUY\ND VOLT TESLA COlL 9 00 
BTC5 1 5 MILLION VOLT TESLA COlL 15 00 
HVM3 125 THOUSAND VOLT DC SUPPLY 8 00 
IOG7 ION RAY I ORCC FlFLD GUN A 00 
HFGl MILLION WATT 500 JOllLE SOURCE 10 00 

ULTRASONIC ACOUSTICAL 
PPF1 PHASOR L'AIN FICLDGENERATOR 15 00 
PSP3 PHASOR SHOCK WAVE PISTOL 7 00 
IPG5 PDLKI 1 PPlY FlFLD GENERATOR 7 00 
RAT2 RAT AN[) PI ST ELIMINATOR 6 00 
HI9 HI(,H FRFQ I ISTFNINL IlfVICE 8 00 

SECURITY 6 PROTECTION 
DFVI DEVASTATING U'VICES 10 00 
PPGl PHASOR PhOPt RTY GUARD 15 00 
MFTl MINI V171Ct XMTR 2-3 MILE 7 00 
INFl INFINITY 1RANSMlnER 15 00 
P\W3 PHASOR RIJANIFIG STUN WAND 8 00 
PG1 PARALYZlNb WAND 10 00 

WE STOCK ALL PARTS NECESSARY FOR 
CONSTRUCTION OF THE AROVE PROJECTS . UTAlOOCONTAININ(;HUWMIEOSMORE OF ALLNEWMU. 

lNG arrrl FASCINATING PLAN5 LA5Y TO AUlLD KITS AND 
AYSFMRLf I1 I l l  M5S1 ID ~.AlALO(,INCLUI)FDFREEWITHANY 
01 IHI AHIIVt l'l~111t1 TPLAN' StNlli A\H iHF1 k Mn VI'>A 
MI 1 0  

INFORMATION UNLIMITED 
P.O. BOX 716, O E P I .  HR AMHERST. NH 03031 

r /  153 



equinox DX 

The ionospheric structure that af- 
fects radio propagation changes rapid- 
ly during the two months of equinox 
(March and April). A second equinoc- 
tial ionospheric effect is related to the 
alignment of the equatorial planes of 
both the earth and the sun. This align- 
ment allows more direct entry by solar 
wind particles to the earth's polar re- 
gions. The geomagnetic field modu- 
lated by these solar wind particles 
cause ions in the ionosphere to move. 
A signal ray traced through the iono- 
sphere (see October, 1983, OX Fore- 
caster) follows the ion's irregular path. 
The ray alternately focuses and defo- 
cuses its energy at the receive location. 
This is one cause of QSB, signal 
strength variability of a relatively short 
time (seconds to period minutes). Ex- 
pect more intense and greater num- 
bers of these geomagnetic-ionospheric 
disturbances this time of year. 

Gray line DX, a very efficient type 
of twilight propagation for QRP work 
or at any power level, is aligned across 
the pole at this season. Look for this 
mode of propagation to occur within 
half an hour on either side of sunrise 
and sunset. (A beam bearing visualiza- 
tion aid, timing chart, and propagation 
descriptions can be found in The 
Shortwave Propagation Handbook by 
T. Cohen and G. Jacobs. This excel- 
lent book is available from Ham 
Radio's Bookstore, Greenville, New 
Hampshire 03048, for $9.95 postpaid.) 

spring thunderstorm QRN 
Winter has been very quiet; now 

noise - QRN - is here again. March 
and April are months in which the 
weather often consists of a series of 
spring storms bringing rain to much of 
our country. These storms are usually 

FOR ECASTER 
Garth Stonehocker, 

fronts of warm and cold air that gen- 
erate the year's first major thunder-. 
storms. These thunderstorms produce 
noise (static) that reduces the signal- 
to-noise ratio of received signals,wor- 
sening readability. 

The cumulative effect of thunder-. 
storm static worldwide is the main 
cause of high noise levels on lower fre- 
quency HF bands, mainly in summer-. 
time. However, as a specific storm 
front approaches, a significant in- 
crease in the noise level is heard. One 
first notices this increase in noise at a 
one-hop distance away, about 600 to 
1200 miles (960 to 1920 km) when the 
storm front is about one day west of 
your location. Next, the noise level 
usually decreases as the storm moves 
closer. When the storm is within a 
ground-wave's distance (50 to 60 miles 
or 80 to 96 km), the noise level be- 
comes more intense. Individual dis- 
charges can be heard. As the storrrl 
draws nearer, its sounds become part 
of the "local noise"; as it moves away, 
a similar decrease in noise occurs. An 
increase is heard again approximately 
one day later as the front reaches the 
one hop distance away. (You car1 
check this out for your location by tor- 

relating information on storm move- 
ment given on the local television 
weather report with your operating 
and listening experience.) In looking 
for the rare DX, you may want to save 
time by tracking storms in order to 
determine the most favorable oper- 
ating conditions. 

last-minute forecast 
The higher HF bands (10 to 30 

meters) are expected to be excellent 
the first and last weeks of March. Dur- 
ing the second and third weeks, the 
lower bands (30 through 160 meters) 
will be at their best. Disturbed 

geomagnetic and ionospheric condi- 
tions can be expected about March 7, 
12, 17, 21, 26 and 31st. Spring equinox 
occurs on March 20th at 1024 UT. The 
moon is full on the 17th and at perigee 
on the 16th. 

band-by-band summary 
Ten, fifteen, and twenty meters will 

be open from morning to early even- 
ing almost every day, and to most 
areas of the world. The openings on 
the higher of the bands will be shorter 
and will occur more frequently near 
local noon. Transequatorial propaga- 
tion on these bands will be more likely 
towards evening during conditions of 
high solar flux and a disturbed geo- 
magnetic field. Noise effects are not 
too noticeable. 

Thirty meters will be useful almost 
twenty-four hours a day. Daytime con- 
ditions will resemble those on 20 
meters, although signal strength may 
decrease during midday on some days 
- days coinciding with high solar flux 
values. Nighttime use will be good ex- 
cept after days of very high MUF con- 
ditions. Generally the usable distance 
is expected to be greater than that 
achieved on 80 at night, but less than 
that on 20 meters during the day. 

Forty, eighty, and one-sixty meters are 
the nighttime DXer's bands. The 
bands open just before sunset and last 
until the sun comes up on the path of 
interest. Except for daytime short-skip 
signal strengths, high solar flux values 
don't affect these bands much. Geo- 
magnetic disturbances, however, 
which will be more evident near the 
equinox, cause signal attenuation and 
fading on polar paths. Noise will be 
sporadic and very noticeable on these 
lower frequency bands. 
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SURPLUS SALES 
Of =@ I$$!' NEBRASKA 

N plug RI* 
N" Dlua RLS8 

"N ' elllow 
' N ' !PC 11.1.1) 
N' I",, I1 m.11 
N' barrel 
N" doublf male 
H ' billkhtad 
N' PdrlPl JdCk 
N cilo d l haln 
HNC hatry1 
HNC llq !I;II~M 
BYC" I.I,C bulkhd 
RNC ' nn~ihlr male 
RIIC" elb,#w 
HNC" I?? 11 m-0 
HYC' cap O chaln 
RNC" ~ l u q  RG58 
(. harlrl 
C Clh* 
C ' pluq R G 8  

CONNEC 
$ 1  111, 

5.' '. 
S +  ',n 
s; 9s 
$5 41 
55 95 
Si '(5 
$3 50 
$4 '35 
5 95 
$2 'I5 
53 ?5 
S? i 5  
$4 95 
53 95 
53 is 
$0 75 
$1 95 
54 95 
$4 95 
$5 95 

:TORS 
I iiltrnRGS9 14 95 
I: I ~ I L ~ O  lhravyl 5695 
C ~ n r *  SJ 75 
C I T  (I.rnII 53 95 

' UHF l r?  11-ln-11 $7 75 
HN pluo RGR hvy S7 95 
SERIES lo SFRlCS ADAPTERS 
N ploq lo RNC lac* $5 50 
N oltm lo C lack $1 55 
N lack l o  PL 759 55 95 
N la i r  lo RNC plug 55 95 
N ' 111 C ~ I u q  56 95 
N lark In TNC lack 55 45 

'N ' l r l k  ln TNI: nillo S795 
N !,I ohm 2 ;an L r m  $1  50 
'RNC pcu In C nlllq 56 50 
RNC lrrk In PL-75'1 $2 95 
HNC 1"' l o  HN Dlup Si 95 

' HNC ' lark I0  N lack 56 95 
RNC' plug lo SO 239 S.1 95 

PI .'59 lo C lark 51 95 

GENERAL RADIO I ADAPTERS TO: I 
GRAIN 

0 
WHEAT 

LAMP 13vdc 
3 6 1  15/54 

Dipped Sllvar M~ca Monolylhlc Csramlc 
Capac~tors CK Ser~es.  MIL-SPEC 

MIL-SPEC, 5 0 0 V .  5% 5 0 V . I O O V . 2 0 O V  10% 

WE ALSO HAVE 
VACUUM C4P4CITOtIC CWI l f  l l r 5  CAPACITORS 
V4CI I IJM RFl 4VS kIJSf S OIIFAKCHS ATSISTORS 
RF CONNrC lOR5  D l i P l  L Y '  R T I  A V S  
INOUC I Ti35 IC 1 f OFiFIrCTORS 
I l J R r S  DIODFS IilAN'JISTORS 

R I  r l l F lFRS  

COLLINS PARTS SPECIALISTS 18' 
Phone (402) 733-9190 6-10 PM CST 

2112 Chandler Ad. I ~ I I W I J ~ .  NE 68005 / 

r 

This tower is ready for 

July 28 thru-~ug.  10,1984 
Orrr 2it lr  .wur 

TAKE 4 VACATION WITH 
A PURPOSE THIS YEAR 

Join stuJc.rir\ Irorii arcltl~id ~ l i c .  irorld at 
OAK HILL.'s 

SILVER ANNIVERSARY 
Session 

Over 25 yearsof successful teaching experience 
means upgrading is as easy as 1-2-3. 
Your vacation i s  spent in the beautiful Blue 
Ridge Mountains of Virginia with expert in- 
structors in friendly surroundingsand with ex- 
cellent accommodations. 
Oak Hill also hasa ham labset up for all touse. 
Courses offered are: 

Novice to General 
General or Tech to Advanced 
Advanced to Extra 

Learn - don't just memorize the answers to 
the exam questions. 

___________________- - -__ - - - - -__ - - -_  
C. L. PETERS. KIDNJ. D~reclor 
Oak Hlll Academy Amateur Radlo Sesslon 
Box 43 

found a 118" clearance on the 

I 
I 

shipment to one of our swedged guide, he placed 
customers, or is it? 
If we were an 

o 1116" before he 

and that is knows that 

lish in an industry 
is what will make 

quality control in the or break his com- 
business and we are pany. That is why 
not afraid to sav so. That Tri-Ex has been in bus- 

Mouth of Wllson, VA 24363 I 
I 

Name Call I 
I 

Address I 
I 
I 

CitylStatelZip I 
I 

is why when John Pasillas iness continually since 1955. 

More Details? CHECK-OFF Page 120 March 1984 95 

/ \ 

When you purchase your tower from Tri-Ex, you 
can be assured that all welds have been done by 
certified welders, all construction and galvanizing 
has met ASTM standards, all towers have been 
constructed in precision jigs, all steel has been 
tested for carbon content and tensil strength. 

When it goes to shipping, John is ready. 

\ 

When you decide on Tri-Ex 
you have many models to 
choose from. 

STACKED: 
Light, medium, heavy duty 
10 feet and up. 

CRANK UPS: 
Light, medium, heavy duty 
25 feet to 88 feet standard. 

SPECIAL TOWERS: 
Sky needle, Clementower 
37 feet to 180 feet & higher 

1 

Introducing ~ r i - E X ' S  new DX-86 
- 86 feet tall. 25 square feet in 
a 50 mph wind. 

Call you local dealer for details. 

FOR ADDITIONAL INFORMATION WRITE TO: 

%g TOWER 

CORPORATION 
7182 Rasmussen Aw. 
Visalia. Calif. 93291 

P.O. Box 5009 
Visalia, California 93278 

(209) 651 -21 71 



ORLANDO HAMCATION I 
I crnd COMPUTCR SHOW 

at the air conditioned 

EXPO -CENTRE 
near 1-4 and Hwy. 50. downtown 

free parking available 

March 9-10-1 1, 1984 
Fri. 5 - 9 p.m.. Sat. 9 a.m. - 5 p.m., 

Sun. 9 a.m. - 2 p.m. 

I 1 984 FLORIDA STAT€ nRR1 CONV€NTION 
REGISTRRTION $5 advance. $7 at door I 

I Under 14 tee I 
I ladies Programs on Saturday I 

For swap tables, cornmarcial booths, advance 
registration or information, please sand S. R. S.E. to: 

A 1  HUBEA, HC4CT HAMCATION CHAIRMAN 
P.O. Box 151 42 Orlando, Florida 3Q858 

Talk-In on 146.1 6.76 
- 
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MAKl UTV 1200 - 549995 
MAKl20W AMP - $43Oo0 
MICROWAVE MODULES 
432 / 435 TRANSVERTERS 
43211296YACl-18 + dB 
0 - 1 0  TRACKING PROG. 

TIMEX / ZX - 16K 
Vic-Basic $1 2.95 

Also Avail. w / R S  & STS 
See the T i m e x l  ZX AUTOTRAK 

ROTOR CONTROLLER AT DAYTON '84 
SASE for full detai ls 

1 571 7 NE 56th. SEATTLE, WA I 

f GO MOBILE WITH YOUR H.T.! 3 
C Model I-lcom IC.ZAIT. Etc. + 
+ ff i  Model K.1 for TR-2500 * 

................................................ 
-slides on bottom of radio 

Guaranteed! 
................................................ 

-powered thru battery plug 
Model N-FT-2OBR 

Model T-S~mple mod lor Tempo 
and all Santec r) 

......................................................... * 
.. 
C 

NOW FOR FT.208R 6 TR.2500 * 
......................................................... * 

C Model Y - FT.207R. WIISO~ z 
C 
4 -I l ls ~ n t o  battery compartment + 
i -A unique battery etlmlnator' * 
C HANDI.TEK Regulator allows 

constant hand-held operat~on 1) 
from auto DC or base supply * 

C w ~ t h  no nocad dram and z 
C 
C WITHOUT RADIO MODIFICA- * 
C TION' 124.95 PPD ln USA. * 
C Calif. add 11.50 Sales Tax. * 
C * 
C r /  148 1) 
C HANDt.TEK * 
C P.O. BOX 2205. LA PUENTE. CA 91746 * 
& * 

NO FRILLS - J U S T  LOW PRICES 

KENWOOD 
TS 430 TR 2500 TW 4000 

HF $Call 2 m  285.00 UHFIVHF $Call 

YAESU \*/ 
..I," 

mwom 
FT 980 v 2AT IC-7 5 1 

HF $Call 2M $ 2 1 9  HF $Call 

FT 7 5 7  $ CALL IC-745 $ CALL 
FT 7 2 6 R  $ CALL IC-02AT $ CALL 

.. I For information on our other lines. I 
CALL TOLL FREE 

@ 1-800-433-3203 

MODERN GUIDE TO 
AMATEUR RADIOTELETYPE 
by Dave Ingram, K4TWJ 
Th~s brand new book IS the only RTTY handbook ava~lable that covers 
all facets of RTTY operation from the ' green key generatron to per- 

, sonal compute6 Author Dave Ingram, K4TWJ, noted RTTY enthuslast. 
wntes ~n a personable. easy-lo-understand style that will appeal to all 
levels of RTTY ~nterest R T W  TODAY IS fully illustrated w ~ t h  photos. 
diagrams. RTTY statlon set ups and equipment to hrlp ensure full under- 
stand~ng of the materlal 11 chapters cover an overview of RTTY opera 
tlon operating parameters home computers. equ~prnent you can bu~ld. 

95 ~llustrat~ons 1st edlhon 8% x l l  

Custom Marl~nq. L ~ s l s  on Label?' 
Amateur Radio Operator NAMES 
Coslorn llqlq r o r n ~ l l ~ l l  l o  your spec I8r l t lons 

Geograph~c  by ZIP and/or State 
By L ~ c e n s e  Issue o r  E x p ~ r a t ~ o n  Date . On Labels o l  Your C h o ~ c e  

Total List: 435.000 Price: $2SIThousand 
Buckmaster Publishing r /  

M. h lehall 
Mineral VA 23117 U 5 A 17031 894 57?? 

m-~cs in", :dl 1.l each vehicle Call a t t w o r b n m  
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flea market 
NEED TO CONTACTJames Navarchiconcerning Yaest~ gear. 
C.T. Huth, 146Schonhardt St., Tiffin, OH44883. 

FOREIGN PAPERMONEY wantedformv hobbv. Old and new 

OST It you have them, pleasecontact Wm. Lazzoro, N2CF, at 
AMSAT, 850 Sligo, Suite 601, Silver Springs, MD 20910. 

QUICK-FINDCallstgn log Ou~ckly know 11 and when you work- 
ed that call and 11 you want to work tt agatnl $2 00, full prlce. 
Outck-Flnd, 2725-H Sandcrest, Cantonment, Flortda 32533 

- - 

Wtdaccept treeor wtll buy or lrade Buddy ~lncke.  1854E;lsI Bay 
Dr~ve. horlh Bend Olegon 97459 WA6LFJ 

SUPER CQWWANDARRL CONTEST PROGRAMS. TRS 80 
Modell Ill (IVlnlllmcde) Completelymach~nelanguage Auto- 
mattc ldent~flcatlon of country and zone (CO) from call letters 
Dupe speed 12000+ contacts per second Screen d~splays 
zonessttllneeded(C0) totalpornls zones countrtes.etc Auto- 
mat~cCWgeneratorwtth 2 buffers Log prlntprogram prepares 
logs and dupe sheets Log preparation program for hand logs 
S~mllarfeaturesto above OSLlabel program for both C(2 WPX 
now belng wrltten FREE lactsheet and sample printouts K4SB, 
3496 Velma Drlve. Powder Spr~ngs. GA 30073 

TENNATEST -Antennano~seor~dge -0u1-perlormsotners. 
accurate. costs less, satsfact~on quaranteed Sen0 stamp for 
details, WBURR. 1025 Wtldwood Road, Ouincy, MI 49082. 

WANTED: Old RCA. Western Electrtc tubes. (713) 728-4343. 
Maury Corb, 11 122 Atwell. Houston, Texas 77096. 

RATES N o n c o m m e r c i a l  ads 1 OC perword; 
c o m m e r c i a l  a d s 6 0 C  per word both payable in 
advance. No cash discounts or agency commis- 
sions allowed. 

HAMFESTS Sponsored by non-profit or- 
ganizations receive one f r e e  Flea Market ad 
(subject to ourediting) on aspace available basis 
only. Repeat i n s e r t i o n s  of hamfest ads pay the 
non-commercial rate. 

WANTED: Early Hallicratter "Skyriders"and"SuperSkyrtders" 
withsilverpanels,also"SkyriderCommercial",earlytransmit- 
terssuch as HT-1. HT-2, HT-8, andother Hallicraftergear, parts. 
accessorles, manuals. Chuck Dachis. WD5EOG. The Halltcraft- 
er Collector. 4500 Russell Drive, Austin. Texas 78745. FOR SALE: New Cushcraft R3 halfwave vert1ca1$215 Tom, 

WAIRTD. 21 Bayberry, Acton. MA01720 (617)263-2:182 
-- .- 

120' GUYED TOWER. Extremely strong $700 20' sections 
$150 Tim Colbert. 13609 Colony. Burton. Ohlo 44021 

~- - --- 

9.OMHzSSBCRYSTALFILTERS. ~ P O I ~ ,  2.2 kHz banliwldth, 
1 85shapefactor6to60dB New, w~thhardware,speclfic:at~ons: 
$1 7 50 postpa~d. 4CX.2508 chimneys, Johnson #I2401 11 -001, 
new, boxed: $5.00 postpaid, two for$9.00. Oentron scout C A P. 
transcetver. new, $300 00 postpa~d Mosley CM-1 receiver, 

80-10. VGC, $60.00 postpa~d Hammarlund SP600JX-17, G C. 
$140 00 W E Delage. PO Box 231, Kent. Ohlo 44240 

SELL: KenwoodTwins. E. Alline, NE5S, 773 Rosa. Meta~rte, LA 
70005. 

VERY in-ter-est-ing! Next 4 tssues $2 Ham Trader "Yellow 
Sheets". POB356. Wheaton. lL60189. 

IBM-PC ASCII/BAUDOT/CW. SASEfordetails. E. Aliine. NE5S. 
773 Rosa, Metatr~e, LA 70005. COPY No special layout or arrangements 

available. Material should be t y p e w r i t t e n  or 
clearly printed (not all capitals) and must include 
f u l l  name and address. We reserve t h e  r i g h t  t o  

reject unsuitablecopy. Ham Radiocannotcheck 
each a d v e r t i s e r  and thuscannot be held resnon- 

ANNIE'S EASY. Analyze dlpoles, slopers, verticals, inverted- 
vees and arrays, any orientation, position, phasing, we~ght or 
combination with Annie Antenna Analysis Software. Include 
REAL GROUND (conductivitv, dielectricconstant). Superb hl- VLF-LF preamps, coupler. Loran-C boards SASE Burhans 

Electronlcs. 161 Grosvenor St , Athens. Ohlo 45701 resploltlng ~nn~e's~ncredtbl;tr~endly and wdh IOOCmacn~ne 
lanouaoe.she'sFAST~ForAo~lell + i48Kor64K)or lle, DOS3 3 

sible f o r  claims made. Liability f o r  correctness 
of material limited to corrected ad in next avail- 

QSLCARDS: $1 7 5W500, ppd Freecatalog Bowman Pr nlqng. 
743 rlarvara, St LO- S. MO 631 30 

$4695; $2.00postage,  add salestax. lncludefullnameand 
call. S A.S.E. for info. Commercial, library, etc., call for quote 
(31 5)622-3641. Sonnet Software. Dept. HR, 4397LunaCourse, 
L~verpool. NY 10388 

able issue. 
DEADLINE 15th o f  second preceding 

month. 
SEND MATERIAL TO: Flea Market, Ham 

Radio, Greenville, N. H. 03048. 

-- - 

ELECTRON TUBES: Recewlnq, transmtlllnq, microwave all 
types avallable Largestock ~ e > t  day ae11ve4 most cases Dally 
Electron cs 14126 Wlllow -ane. Weslmlnsler. CA92683 (7141 

Coming Events WANTED: 2 new813 socKets an0 15 to25 MFD. 4000JDC 011 
illled caoac tor Bill B la~e .  W5SCM Star 222. Columrus. MS 

ACTIVITIES 39701. 

RUBBERSTAMPS:31ines$4.50PPD. SendcheckorMOtoG L 
Pierce. 5521 Birkdale Way. San Olego. CA92117. SASE brings 
information 

-- .- 

RECEIVERS - Motorola WWV $35 Hammarlund HQ-100A 
$85. Nat~onal NC-300 $95 R F Slgnal Gen. 80 kc-60 mc $30 
H P. Aud~oSignalGen. $30. K6KZT. 2255Alexander. LosOsos. 
CA 93402. 

CHASSIS and cabinet k~ts.  SASE K31WK 

GDSUGANDXYL offerthe use of the~r home, car, ancl station 
toaHamliv~ngneartotheU.S Westcoast ~nexchange forthe 
useof a motor homeforapprox~mately threemonths in late m ~ d  
1984 OK In Callbook. 

-- - 

CABLE CONVERTERS, decoders Catalcg$l refundable. APS, 
POB 263 HR. Newport. RI 02840. 

WANTED: Cash pa~dforusedspeed radarequlpment. Writeor 
call: Br~anR. Esterman. POBox8141. Nonhfleld, llltnoilj60093. 
(312) 251-8901. 

RECONDITIONED TEST EQUIPMENT $1 .OO for catalog. 
Walter, 2697 Nickel, San Pablo, CA 94806 -- 
LINEAR: Gates HFl25OOwith manual. Best offer. K~EIN, 4946 
Manor Lane. ElliottCity. MD21043. (310)995-1252. 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7.00 Beginners R r P l  Handbwk$8.00includesjournal index. 
P 0 Box RY, Cardiff. CA 92007. - 
DRAKETR-7. Full set of f~lters, noise blanker, fans. AUX-7. PS7 
power supply, remote VFO, service manual, extended cardset, 
and matching speaker. $1,000 AlsoMN-7antennatunmer. $100; 
and SP-75 speech processor, $90. Reasonable offer!; consid- 
ered Lawrence Sires. 1229 Iowa Ave . Rldgecrest. Ct4 93555. 

"Places to go ..." QSLsa RUBBER STAMPS-Top Quality! Card Samples and 
Stamptnfo-50Q -EbbertGraphics5R. Box70. Westerville, 
Oh10 43081 

- 

TRAVEL-PAK QSL KIT-Convertspostcards, photos toOSLs 
Stamp brlngsclrcular Samco, 60x203-c. Wynantsklll, New York 
12198 

- 

QSLtheBestl Fullcolor$20for200 Aslowas$7. Freecatalog. 
Rusprlnt, Box 7575, KansasCity, MO64116 Credit card order 
line 1-800-531 -7373 

COLORADO: The Grand Mesa Repeater Society's fifth annual 
Western Slope Hamfest, Saturday, March31. 10 AM to 4 PM. 
Plumbersand Steamfitters Union Hall. 2384 Hlghway 6and 50, 
Grand Junction. Free admission. Swap tables $5 00 each. 
Nov.ce exams, tecn sess~ons, auctlon and relreshments Talk 
In on 146 82 and 449 20 For nformatlon or swan tables SASE 
toLarry Brooks. W B Q E C V , ~ ~ ~ ~  Bunting~venu;. Grand Junc- 
tion. CO 81 504. (303) 434-5603 

ILLINOIS: LAMARSFEST 1984, Sunday, March 25. Lake 
County Fairgrounds, Grayslake, Rts. 45and 120 Setup6 AM 
Publlc adm~tted 8 AM. Tickets $2.00 advance $3.00 at door 8 
ft. tables $5.00 each - reservations encouraged. Talk in on 
147.63-030r 146.94simplex. For informalion, tickets, reserva- 
tlons: SASE to LAMARS. PO Box 751, Libertyville. IL 60048. 

VICZOOWNERS. ~ e t  'rlamL sl" programlog your memoryour- 
naaOSO Instant searcn and ftnd Casselte. aetalledoperat ng 
lnitructlons $8 95 WAPRDA, 415 Elm St Fayettevllle NY 
13066 

-- 

COUNSELORS. Connecticut brother-s~ster camp Complete- 
ILLINOIS: The Sterling-Rock Falls Amateur RadioSociety's24th 
annual Hamfest. March 18 at the Sterllng Hlgh School Field- 
house, 1608 Fourth Avenue. Sterling. Commercial distributors. 
dealers and a large flea market. Doors open 7:30 AM. Tickets 
$2.00 advance. $3.00aIdoor. Fleamarkettables requirlngelec- 
tricityand allcommerclaltables$5.00.Allothers$3.00. Conces- 
sion stand and accommodations for ovem~ght self-contained 
camoersavailable. Fatickets.tableSorinformation: Sue Peters. 

ly equ~ppedwlth hamradtostation. Program lncludeselectron- 
ICS. k ~ t  buildtno, codeand communlcallons. June25-Auqust22. 
Send resume ~ l o ~ d ~ l b i n  (N~OMQ)  Ken-Mont and Ken-wood 
Camps, 2 Spencer Place. Scarsdale. NY 10583 

FASTRAK' 2004Tone Decoder uses NE-567 PLLtodetect sln- 
ole lreauencvtones for NOAAalertsorotlotnresence 3 6 x 1 5 
;rich pdb and manual $9 95 ~ roham'~ lec t ron~cs  Inc , 34820 
Lakeland Blvd , Eastlake, OH 44094 KA~GNR. PO Box521. Sterltng, IL61081 orca11(815)625-9262 

Talk In on W9MEP 146 25/85 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Rad!oAustr,a Ham Radlo Holland 
Karln Ueber 
P~~tfacn 2454 

P".,Ib"~4t3 

0 7850 Loerrach 
NL 78W Ar Emmen 
Holland 

West Germany 

Ham Radio eelglum 
Stereoho~se Ham Rsdlottaly 
B1usselsesteenwe~ 416 Vsa Pordsnone 17 
89218Gent 120132 Mllano 
Belgwm I ta l y  

Ham Radlo Canada 
Box 400 GoderlCn Ham Radlo Swltzsrland Ontarlo Canada N7A 4C7 Usbe, 

Ham Rsdm Europe Postlsch 2454 
Box 2084 D 7850 Loerrach 
S 194 02 Up~lanas Vasby west Germany 
Sweden 

Ham Radlo France 
SM Electronic 

Ham Radlo UK 

20 b8s Ave d.9 Cla(lon~ P 0 Box 63 Hanow 

F 89000 Aurerre 
Mlddteser HAJBHS 

France 
England 

Ham Rad~oGermany 
Kauri Ueber Holland Radlo 
Pa$tfacn 2454 l43Graenwsy 
0 78M Loerrach 
West Germany 

Glaensade Johannesburg 
Reeubltc 01 Soutn Al r lc r  

ILLINOIS: The 18th annual RockRiver ARC Hamfest, Sundav. 
April8. Leecounty CH Center Advance ticket donatlon $2 00. 
$3.00at gate. Tablesavailable for $5.00 (8 tt) Camping space 
avallablefornominalcharge. Breakfast and lunch will beserved 
and an auction for amateur related gear. Talk in on 37/97 
repeater. Dwrsopen8AM. For information, tlckels, tableswrite 
orcall Shirley Webb, KA9HGZ,6180rchardSt.. Dixon. tL61021 
(815) 284-381 1. 

INDIANA: The Morgan County Repeater Association Club's 
Marlinsville Hamfest, March 11, Ind~anaStateFatrgroundsPavil- 
IionButlding. Indianapolis.Admission$4.00atthedwr.Tables 
premium$30.00, fleamarket$8.00. Fleamarketspacelnotable 
$1.00. All tables advance reservations. Talk in on 147.21 and 
146.52 slmplex. For information and table resewattons SASE 
before March 1 to Aileen Scales. KC9YA. 3142 Market Place. 
Bloomington, IN 47401 

INDIANA: The Putnam County Amateur RadioClub's second 
Amateur Radioand Electronicsauclion, b r i l 7 .  PutnamCoun- 
ty Fairgrounds, northof Greencastle. Doorsopen at 8AM, auc- 
tion at 10AM 5%commissiononsales. Food available Talk in 
on 147 931.33. For information: John Underwood, K911B. RFD 
1. Box 10. Fillmore, IN 46128. 

IMRA lnternal~onal Mission Rad~o Assn helps missioners - 
eou~nmenl loaned: weekdavnet. 14.280MHz. 2-3PM Eastern 
6;. F'rey, 1 Pryer Manor ~ d : ,  Larchmont. NY 10538. 

-- 

NATIONAL AACS ALUMNI NET meets every Friday at 2200 
UTC on 14297 kcs, alternate 14287 kcs. USB. At 2230 UTC on 
21397 kcs, alternate21387 kcs USE. PAClFlCAACS ALUMNI 
NET. Mondays. Wednesdays, Fridaysat 1800 UTC(1OAM PST) 
on 7218 kcs LSB. K6RG and W6ZF NCS. 

-- 

"HAMSFORCHRIST." Reach other Hams with agotjpeltract 
sure lo please. Clyde Stanfield, WAGHEG, 1570 N. Albrtght, 
Upland. CA91786. 

-- 

AMSAT IS looking for copies of March, May. June. July 1916 
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MASSACHUSETTS: The Framlngham ARA's annual Sprlng 
Flea Market. Sunday. April I. Fram~nghamClvlc League Bldg . 
21 4Concord SI (Rl 126) downtown Frarn~ngham Doorsopen 
lOAM, sellersseluo8 30 Adrn1sston$2 TablesS10 -ore reg- 
lslrallon requ red Rad.oequ#pmenl, computer gear. bargalns 
oalorelTalk Inon 147 7415and52 Conlacl~on Wenner. Kt WC. 
j 2  Overlwk Dr Framlnqham MA 01 701 (61 7) 877-7166 

MASSACHUSETTS. The Wellesley Amateur Rad~o Soc~ety's 
annual Auct~on Saturday Apr~l 14 F~rslCcmgregat~onalChurch 
ofwellesley H~lls 207Wash1ngtonStreet Welleslpy Doorsopen 
l 0 A M  andtheauctlon beg~nsat 1 t AM Talk Inon63 03 04 64 
and 52 Contacl Kevln P Kelly WAl YHV 7 Lawnwwd Place 
Charleslown MA 02129 

MICHIGAN The 23rd annual Mlchlgan Crossroads Hamfesl 
sponsored by IheSoulhernM~ch~gan Amateur Rad~oSoc~ety and 
the Marshall Hlgh Schwl Photo Electronics Club Salurday. 
March 24 lrornBAMlo3PM at theMarshall Hlgh School Tlckels 
$7 OOatlhedoor $1 Soadvance Table spac~50D pertt mln 
4 H resewed 1118AM Snack bar and lull food service Forreser 
vatlonsSASEto SMARS POBox934 BallleCreek MI49016 
orcall WesChaney NRBDM (616)979 3433 Talk Inon 146 52 
and 146 07167 

MICHIGAN The South Easlern Mlch~gan Amateur Radlo Asso. 
clallon (S E M A R A ) 26th annual Hamfest Swap and Shop 
Apr1l8 M M l o 3 P M  GrossePo~nteNorlhH~gh Schwl Vernler 
Rrl between Mackand Lakeshore Advanceadrnlsslon $1 00 
$2 00aldoor TalklnonS E M A R A repealer 147 75115 For 
Iurther~nlormal~onSASEtoS E M A R  A POBox646 St Claw 
Shores MI 48083 or call WDROVL(313)445 8651 

MISSOURI STATE ARRL Convention Kansas Clty Aprll7 8 
1984 F~r~nlormat~onwr!t~orrallPHDArnateurRad~oAssoc~a- 
tlon POBOX 11 L~befly MO64068 001 1 (816) 781 7313 

NEWJERSEY TheDelawareValley Rad~o Assoc~at~on s I2 ih 
annual Flea Market and Cornpuler Show Sunday Aprll 1 8 AM 
to4 PM NewJersey NatlonalGuard 112th F~eld Arllllery Armory 
EqgerlsCross~ng Road LawrenceTownshlp Trenton Advance 
req~strallon $2 50or$3 OOatdoor lndoorloutdoor flea market 
Dralersand relrrshmenls Sellers br n q w n  lahlns Tal* In on 
146 52and t4fi 07 67 For I +k~ lsands~a~resewat~onsSASE 
to KBPZY. 140 Susan Dr~ve. Trenton. NJ 08638 

NEW JERSEY: HamRad~oFleaMarketsponsored by thechest- 
nut Ridge Rad~oClub. Saturday. March 24. Education Bulldlng. 
Saddle R~ver Reformed Church. Easl Saddle R~ver Road and 
We~ssRoad.UpperSaddleRtver. Tables$lO 00lorl1rs1.$5 00 
each addltlonal Tallqatlnq $5.00 Free admlss~on Food and 
soda ava~lable Contacl Jack Meagher. W2EHD (201) 768-8360 
or Roger Soderman. KW2U (201) 666-2430 

- - 

NORTHCAROLINA: The Ralelgh AmateurRad~oSoc~ety's 12th 
annual Hamfest and Flea Market. Sunday. Apr~l 15, Crablree 
Valley Shopplng Mall, ~nlersect~onof US70 west and US 1864 
Starts 8 AM Admlsslon $4 00 at gate, noexlra charge lor tall- 
gaters. Tables avallablefor rent There wlll be speclat lnrerest 
meetings. CW and homebrewcontests. Pkntyol nearby hotels. 
reslauranls. etc. Talk In on W4DW 146 041146 64 and K4lTL 
146 281146 88 For more lnformat~on Pete Thacher. N4HOZ 
(91 9)8764073orJ1mBradley, WA4AOO(919)851.24376-8 PM 
weekdaysorweekendsorwrlle RARS, PO 19127. Rale~gh. NC 
27619 

OHIO: The LakeCounty Amateur Radlo Assoc~al~on's f ~ n h  an- 
nual Lake County Hamfesl and Cornputerfest. Sunday. March 
25. Mad~sonH~ghSchwl.Mad~son Openfor exhlbltorsa15 30 
AM and lor the publ1c8 AM to 4 PM Admlss~on $3 00 advance 
and83 50aldoor Tables$5 OOper6h and166 50per8h Check 
In and talk In on 147 811.21. For rnlormat~on and reservations 
SASE to LakeCounty Harnlest Cornrn~tlee, PO Box 150. Men- 
lor. Ohlo 44061 (216) 953-9784 

TEXAS: The San Anton10 Area Rad~o Club's FIRST annual 
Swaplest and Bar-6.0. Apr1l7 at Comanche Park. 7AM lo5 PM 
Talk Inon 147 36 MHz For detalls Melvtn Anderson. 8932 Sad- 
dle Trall. San Antonlo. Texas 78255 

TEXAS: The M~dland Amaleur Rad~oClub's annual St Patrick's 
Swaotesl Saturdav. March I 7  at I 0  AM lo 6 PM and Sundav. 
~ a r i h  18 BAM t o 2 ' 3 l ~ ~  ~ l d l a n d ~ o u n t y ~ x h l b l l  Bulldlnge&t 
of M~dland Pre-reg~slrat~on $5 $6 at door Tables $6 each 
Refreshmenlsavaflable Talk Inon 16176and 33193 For Infor- 
matlonor resewallom contact Mldland ARC. PO Box 4401. Mld 
land Texas 79704 

WISCONSIN: The Madlson Area Repealer Assoclatlon 
(M A R A ) will hold 11s 12th annual Swaplest. Sunday Aprll8 
DaneCounty Exposfl~onCenler Forum Bldg In Madlson Doors 
o w n  at5AM lor commercial exh~bltors. 8 AM for fleamarketsell- 
ersand9AMforgeneralpubl1c Equ~pmentandcomponentsfor 
hams. comouter hObbVtSlS andexoerlrnenters Adrnlsslon$2 50 
advanceand $3 00 a;the door Ch~ldren twelve and underad- 
mlnedfree Fleamarkettabtes$4 00each1n advanceand85 00 
at thedoor An all-you-can-eat pancake breakfast and a Bar-B- 
0 lunch will beavallabte Talk tnon WB9AERIR. 146 161 76 For 
resewat~onsor~ntormal~on M A R A . POBox3403. Madlson. 
W153704 

808 N. Main Slreel Evansvi l le ,  IN 47711 ' NEW IC-02A 1 

I to control this radio. The 
IC-02A will scan. has 10 1 I 
memories, stores offset 
frequency in memory, 
has keyboard selec- 
table PL tones and an 

internal l i t h i u m  battery memory 
back up. 

Uses IC-2 serles accessories. Stan- 
dard 3 watts or 5 watts with optional 
h~gh power battery pack. 

Call Ham Shack loday for m o r e  ln fo rmat~on  
and your pr lce on lhts and the rest of the L ICOM r a d ~ o  l ~ n e  = (812) 422-0231 R- 

OPERATING EVENTS 
"Things to do ..." 

MARCH 241026: B A R T G Sprlng RrrYConlest. 02M)GMT 
Saturday unt~l  0200 GMT Monday Total conlesl perlod IS 48 
hours but not more than 30 hours 01 operatton IS permllted 
Bands 3 5.7 0.14 0 21 0. and28 MHz Statlonsmaynol becon- 
tacted morethanonceonanyone band bul addll~onalcontacts 
may be made w ~ l h  the same slatlon 11 a dltlerent band 1s used 
Messages TlmeGMT. RST andcontact number All logs must 
be rece~ved by May 31.1984 Ioquallly Summaryand log sheets 
available lrom contest manager lor two IRC s Peter Adams. 
G 6 U B  464 Wh~ppendell Road. Wattord. Herls. England WDI 
7PT 

CONNECTICUT OSO PARTY sponsored by the Candlewood 
ARAfrom 20002 March 31 unlil0200ZApril I wllharest perlod 
lrom 0500 to 12002 Suggested trequencles' Phone - 3927. 
7250. 14.295. 21.370. 28.540 CW - 40 kHz lrom low end. 
Novlce - 3725.71 25.21 125.28.125. Mall by Aprll30. 1984 to 
CARA.cloR. Dillon.NPEFA. POBox954. Danbury.CT06810 

MORSE CODE, BREAKING 
THE BARRIER 

by Phil Anderson, WQXl 

Learn~ng the Morse Code does not have to 
be the pa~nful experience many folks make ~t 
out to be T h ~ s  l~ t t le  booklel IS chockful l  of 
helpful and h~ghly recommended hlnts and 
t ~ p s  on how to learn the Morse Code Uses 
the h~gh/low method to el~m~nate the dread- 
ed 10 wpm plateau (31982. 1st  edltlon 

OPA-MC Softbound $1.50 each 
Please add $1 00 lor sh~pp~ng and handl~ng 

H A M  RADIO'S BOOKSTORE 
Greenwlle, NH 03048 

Dudcs are getting 
smaller! 

\ A and... 

Because you and the leading 
radio manufacturers want 
the best looking, best per- 
forming antenna you can 
buy, Centurion has grown to 
be the Duck leader. We've 
developed many smaller and 
thinner antennas to make 
hand-held radio perform 
better and look better. The 
Style S is the newest Tuf 
Duck..it meawres.3" in length 
and only 3/8" in diameter, 
yet i t 's  a full 1/4 wave 
radiator on VHF. 

Actual Size 

. ' %&?F/O~~@K. 
ANTENNAS 

CENTURION 
Phone 40P/467-4491 
Telex 48-4377 CENTURION LCN 
P O  Box 82846 Llncoln, NE 68501 2846 
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SPEAKER QUALITY IS THE PRlMAl3Y KEY 
TO YOUR STEREO SYSTEM'S SOUND 

And speakers are easy to make-and very difficult to de- * Bass Reflex * Horns 
sim. Sneaker Builder. a new auarterlv from the + Electrostatics + Transmission Lines 
p;blish'ers of A u d i o  ~ r n h t e u r ,  has all th; design an- 
swers you novice-to-experts need to dramatically im- 
prove the quality of sound you're getting from your 
stereo system. The drivers are relatively cheap and the 
sources for them are all listed in Speaker Builder's 
pages. As an experienced ham, you probably know your 
way around your audio system already. Here's an easy 
way to make what you have sound a whole lot better at 
minimum cost. 
S p e a k e r  Builder can save up to two thirds of the  

+ Infinite Baffle 
+ Specials: Ribbon, Air motion transformers 
+ Basic data on passive and electronic crossovers. 

There will be reports on building the many kit speakers 
and enclosures now available, and a roundup of sup- 
pliers for drivers, parts, and kits. Articles range from the 
ultimate (650 Ibs. each) to tiny plastic pipe extension 
speakers. From time dela ed multi-satellites to horn 

stock designs. 
I! loaded subwoofers, as we 1 as modifications of many 

--------.------------------------------.----------------------.--------------------- 
H 14 cost of the speakers-which tianslates to almost one SPEAKER BUILDER, P.O. BOX 4 9 4 ~ ,  Peterborou~h NH OM58.otPr USA 

third of you; outlay for your stereo system. Over U Enter my subscription to SPEAKER BUILDER lor one year a( the special rate of $10.00. 
U Make that a two year subscrtptlon at $18.00. 

11 0,000 Americans will build their own enclosures this a c h ~ k  enclosed LI Charne to my Mastercard VISE o charne card .. , 

year-and you can too! Your dream speaker is probably # 
well within reach if you build it yourself. There's a lot of E x p i r e l -  Phone Orders (603)924-6526 

help around already and now, Speaker Builder Name 

brings it all together in an assortment of articles that are Street&N0. 

comprehensive and a mix of both simple and advanced Town State ZIP 
I understand that the unexpired porllon of my suhscriptton w ~ l l  be refunded after my first projects to help you choose and build the best type for i~sue i f  the magazine is unsatis actory for any reason. Make checks and moncy orders 
peyable to Speaker Builder. Ratcs above are for LISA only Ootadr LISA add $2 no per year your listening room. or prsta~e Non u s. checks must he drawn ~n 1.i s. currency anly. 
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The Traveller Dipole Antenna 
Is a h~ghly  portable cont~nuously 
adjustable half wave antenna de- 
s~gned  for the use on  any fre 
quency between 3 0 to 30 MHz 
Very easy adlustrnent No colt, no 
traps It conslsts of a two reel (one 
at each end) - two hous~ng as- 
sembly, both  bull1 o f  av~a t l on  
grade alurn~num Each reel con- 

lams 72 feet (22 mls ) copper wlre 
Llght, strong. dependable and very 
slmple Includes 2 nylon ropes to - 
tle to any mast (tree, fence, etc I 

m The center ~nsulator IS a 1 1 tm . . ', 
pedance ratlo balun w ~ t h  SO239 
connector Power handllng capa 
b~ l l t ~es  2KW PEP or 1KW 100% 
amplitude modulate 
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I I Price: $96.75 + shlpplng II 
ernational Union Corporation 7291 N.W. 12th St. - Miami, FL 33126 (305) 591-3655 

73 MAGAZINE 8182 

Detects human voice but Other Kits: 
i ~no res  noise, steady tones R X Nolse Bridge (hr 2/77) 

"V'"" .,'.J""" ""'V.. 

, ,.we1 2 Meler Converter (73 4/82) 

IA?al for net activrtles 40 Meler ORP Transcetver (hr 1 181 ) 

d ~ o  operated - no Fun-Mtller (73 2/81) Fun Ce~ver (73 
7/81 1 4!Fyla1 recelver mod~f~cat~on 

Fun Osctllator (73 2/82) Fun Amp 
Connects between audlo  (73 5/82) and others 

*:t" output and speaker r ------ - 
KIT $49.95 1983-84 CATALOG 506 BOX 41 IH Creenv~lle NH 03048 
Plus $2 50 Shlpplng K Handling (603) 878-1033 I 

I 1 TOWERS 
HIGHEST Q U A L I T Y  

ALUMINUM & STEEL I 1 byALUMA 
WFI Alum.TELESCOPING (CRANK-UP) 
Crank UP GUYED (STACK-UP) 

TILT-OVER MODELS I I 
I ! Crank-ups to 100 H. !! I Easy to install. Low Prices. 

I lr, EXCELLENT FOR 
AMATEUR COMMUNICATIONS ,. 
Mob,,. Trl l l l . ,  1"D.. . I,'>. 

. a m -  
? 

100 March 1984 



products 
TC-1 plus ATV 

P.C. Electronics has upgraded its TC-1 420-450 
MHz full color An/ unit with some new features 
plus many options that were once offered at an 
additional cost now standard,at no increase in 
price.* 

With more Amateurs using computers and 
VCRs on ATV, separate video and audio inputs 
were added to the existing camera and mic in- 
puts. This allows front-panel switching back and 
forth between the cameraandcomputer, ortrans- 
mining both the VCR audio along with voice over 
commenting using a microphone. It has made 
learning Basic over the air, as well as retransmit- 
ting space shuttle video and audio, easy. 

Capability for external 13.8 VDC in addition 
to the built-in AC supply has been provided for 
those who want to go mobile or portable on bat- 
tery power during field day, emergency services, 
CAP searches, parades, marathons, or other 
public service events. 

The TC-1 + has the new TXA5-5 ex- 
citerlmodulator which features two-frequency 
plug-in crystal switching with just the addition 
of a SPST switch. The built-in sync stretcher and 
highflow power switch capability enable superior 
stable color video if a higher power linear 

arnpllf~er, such as the Mirage 100 watt DlOlON, 
is added later or run barefoot at its greater than 
10 watt PEP RF output. 

The 420-450 MHz tuneable downconverter has 
the low-noise NE64535 preamp stage to dig out 
the weak signals. It acts like a super hot UHF 
TV tuner, but covering only the 70 cm ham band, 
when connected to your TV set antenna input 
and set for channel 3 or 4. Both color video and 
sound live action Amateur television (ATV) are 
available on your TV set just as the broadcast 
stations provide. The standards are the same. 
A Technician class or higher Amateur Radio 
license is required for operation and purchase 
from P.C. Electronics. 

More information and a complete catalog of 
ATV equipment, antennas, cameras, modules, 
and accessories are available from P.C. Elec- 
tronics, 2522 South Paxson, Arcadia, California 
91006. 

Circle 1301 on Reader Service Card. 

parabolic antenna 
The enlarged surface of the X-16 Parabolic 

Satellite Antenna by KLM Electronics, Inc., 
gives greater signal gain to compensate for 
weaker signal strength in locations on the 
fringe of satellite footprints - generally, areas 
outside of the continental U.S. Its modular alu- 
minum construction permits assembly by Ama- 
teurs using ordinary tools. It is easily attached 
to its gold-anodized steel X-11 Polar-Trak 
mount with precision motor for accurate satel- 
lite tracking. Remote control is provided by a 
standard Polar-Trak with east-west pushbutton 
control or by KLM's programmable Memory 
Trak Dish Control Console which remembers 
fifty satellite locations. 

The X-16 is available in "decorator" colors 
including forest green, desert tan, and brown, 
and can be ordered in other hues. Suggested 
retail for the X-16 and mount is $2,195; for an 
entire system, $4,795. 

For details, contact KLM Electronics, Inc., 
16890 Church Street, Morgan Hill, California 
95037. 

Circle 1302 on Reader Service Card. 

30-channel programmable 
scanner 

Regency Electronics now offers a computer- 
controlled 30-channel programmable scanner 
loaded with advanced featuresfor monitoring the 
action on more than 15,OOOfrequencies. Manufac- 
tured in the United States (Regency is the only 
American-made scanner), the Regency Model DX 
3000 is available for $269.95 at participating 
Regency Electronics dealers. 

The Regency DX 3000 coverssix bands: low and 
highVHF (30-Wand 148-174MHz1, UHF(450-470 
MHz), UHF"T" (470-512MHz)andtwoFM ham 
bands (144-148and440-450 MHz); nocrystalsare 
required, and a CMOS memory with battery back- 
up saves frequencies for up to six months in the 
event of a power outage or if thescanner isstored. 

Any selectedfrequency can be programmed in- 
to any selected channel with a few keys. The DX 
3000 can search automatically (every 5 kHz on 
VHF, 12.5 kHzon UHF) for an active frequency; 
when it finds one, it pauses for four seconds to 
allow time for the operator to either enter it into 
memory or jot it down for reference. 

The DX3000searchesattherateof 400VHFfre- 
quencies (2 MHz) in about 34 seconds and 400 
UHF frequencies (5 MHz) in about 30 seconds. 
Scan rate for the 30 programmed channels is 
about 15 channelspersecond. A channel lockout 
feature can exclude any selectedchannel(s) from 
being scanned; this keeps generally busy channels 
programmed into the scanner while preventing 
them from "locking in" on each scan. A selected 
priorirychannelissampled every two seconds. If 
active, it automatically overridesany other signal. 
The scan delay feature holds the channel open for 
approximately two seconds at theend of a trans- 
mission to wait for any reply; if scan delay is not 
selected, scanning resumes in about six-tenths of 
a second. 

Programming the DX 3000 is simplified by a 
series of plain-language messages that appear on 
its vacuum fluorescent digital display. These 
messages identify its current status and prompt 
appropriate actions. Operation ismade easy with 
up-front controlsfor on-offlvolumeand squelch. 
Dual built-in power supplies permit plug-in AC 
operation, and 12 volt DC operation where not 
prohibited by law. UL listedand FCC certified (Part 
15, Subpart C), the DX3000measures 10 113 x 
3 113 x 7 inches. 

For additional information, contact Regency 
Electronics, Inc., 7707 Records Street. Indian- 
apolis, Indiana 462289986. 

Circle 1303 on Reader Service Card. 

AMTOR converter 
The new Info-Tech M-44 AMTOR convertor 

allows most RlTY terminals to be used on the 
recently approved AMTOR RTTY mode. Inter- 
face to the terminal is via serial TTL or RS-232 
levels, and either ASCII or Baudot terminals may 
be used. 

The unit also freatures a built-in modulator and 
demodulator with pre-filter, full time ATC, and 
two transmit buffers. All control of the M-44 and 
transceiver are simple commands entered via the 
terminal keyboard. 

Priced at $379.95, this converter is American 
designed and manufactured and will operate in 
the ARQ, FEC, and ARQ monitor modes. 

For information, contact Digital Electronics 
Systems, 1633 Wisteria Court, Englewood, 
Florida 33533. 

Circle 1304 on Reader Service Card. 
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IC-27A two-meter mobile 
The ICOM IC-27A measuresonly 1-1 12 inches 

wide by 5-1 12 inches high and contains an inter- 
nal speaker, making it easy to mount. Although 
the IC-27A is the most compact rwo-meter mobile 
unit on the market, no features have been sacri- 

ficed. Standard features include25 watts of out- 
put power, 32 PL frequencies, ten full-function 
tunablememories, scanning of memoriesand the 
band, priority scan and a microphone which in- 
cludesa 16-bunon touchtone pad for easy access 
toa repeater or dialing through to an autopatch. 
An optional speechsynthesizer isalsoavailableto 
verbally announce the receiver frequency of the 
transceiver through the simple push of a button. 

The IC-25A, measuring2 incheswide by 5-1 I 2  
incheshigh, willcontinueto beavailableforthose 
individuals preferringa25watt two-meter mobile 
unit with larger operating knobs. 

For more information, contact ICOM, 2112 
116thAvenue. N.E., Bellvue, Washington98004. 

Circle 1305 on Reader Service Card. 

new triband beams 
Two triband beams previously unavailable in the 

U.S. are now available from Palomar Engineers. 
Long a favorite of European DX'ers, the Model 
DX-33 (with three elements on 10, 15, and 20 
meters) and DX-43 (with four elements) were 
designed for use with solid-state transceivers. The 
antennasfeature low SWR, wide bandwidth, and 
particularly good gain and front-to-back ratio. 
Each trap is individually sweep-tested at the fac- 
toryfor uniform performance. Stainlesssteel "U" 
bolts are used throughout. 

For more information, contact Palomar Engi- 
neers, 1924-F West Mission Road, Escondido, 
California 92025. 

Circle 1306 on Reader Sewice Card. 

low-attenuation coax 
Belden Electronic Wire and Cable has avail- 

able three 50-ohm low-attenuation, flexible 
coax cables (Belden 9913,9914,9915) for cellu- 
lar radio, satellite communications, microwave 
and other two-way communications. Designed 
as flexible alternatives to semi-rigid cable to 
allow for ease of installation while maintaining 

KATSUMI! NO. 1 ! 
Electronic Kevers, etC. 

4 Memory ctiannels 256 
b~ls ea or 1 1024 btl 
message squeeze or 
std key~ng aulo or 
seml aulo keylnq pad 
dle monltor etc MK.1024 $180 PPD 

EK 1 SO same as 1024 except no message mem- 
ory channels EK-150 $110 PPD 

Chrorned non skld base 
dust cover Sllver con 
!acts HK 706 $27 00 PPD 

W6PHA Learn Code Bdoklet $4 00 
100% Money-back Guarantee Dealers Wanted 

Free ~nfo other products 

GLOBALMAN PRODUCTS 
P.O. BOX 400H. EI TOTO, Callf. 92630 

(714) 5334400 / 143 

similar electrical parameters, the cables will fit 
standard connectors. 

Belden 9913, an R G 8 f U  type air dielectric 
coax, has an anenuation of 4.5 dB at 1 GHz, 11 
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products 
dB at 4 GHz. and 21 dB at 10 GHz. Nominal 
capacitance is 24 pF per foot. Overall diameter 
is 0.405 inch. Standard put-ups are 100, 250, 
500, and 1000 feet. Representative price is 
$417.75 for 1000 feet. 

Belden 9914, an RG-8lU type foam dielectric 
coax, has an attenuation of 1.6 dB at 100 MHz, 
3.1 dB at 300 MHz, 4.1 dB at 500 MHz, 5 dB at 
700 MHz, 6 dB at 1 GHz, 13 dB at 4 GHz, and 
25 dB at 10 GHz. Nominal capacitance is 26 pF 
per foot. Overall diameter is 0.405 inch. Stan- 
dard put-ups are 100, 250, 500, and 1000 feet. 
Representative price is $414.15 for 1OOOfeet. 

Belden 9915, an RG-218/U type solid poly- 
ethylene insulated coax, has an attenuation of 
0.83 dB at 100 MHz, 1.6 dB at 300 MHz, 2.4 dB 
at 500 MHz, 2.7 dB at 700 MHz, 3.5 dB at 1 
GHz, and 10 dB at 4 GHz. Nominal capacitance 
is 30.8 pF per foot. Overall diameter is 0.870 
inch. Standard put-ups are 250 and 500 feet. 
Representative price is $1,186.50 for 500 feet. 

For additional information, contact Belden 
Electronic Wire and Cable, MOO South Batavia 
Avenue, Geneva, Illinois 60134. 

Circle 1307 on Reader Service Card. 

M R4 receiver 
The new Micro Control SpecialtiesMR4receiver 

usesseven helical resonators in the front end and 
twelve poles of IF filtering to achieve a dynamic 
rangegreaterthan 100dB. Byusingafirst lFof21.4 
MHz and extensive shielding, italso rejectsimages 
by 120dB. Otherfeaturesof theMR4includeauto- 
matic slow/fastsquelch, squelch hysteresis, and 
metering circuitry for signal strength, peak devi- 
ation, and discriminator. 

The MR4 isintemled forfixedfrequencyapplica- 
tions in the VHF and UHF bands, especially at 
multi-transmitter sites where RF interference is 
severe. The receiver is available in both modular 
and rack-mounted versions. The rack-mounted 
version includes full metering plus a local audio 
speaker. 

For more information, contact Micro Control 
Specialties, 23 Elm Park, Groveland, Massachu- 
setts 01834. 

Circle 1308 on Reader Service Card. 

I n  Stock - 9 DENTRON IS BACK IN  STOCK1 I" ,oli c ~ l f  of .nnwtlro~o 1 1  Ai::z:dio U R ~ Y  ELECTRONICS CORP.. -- 112 .Ro*DWtty. - -- NEW - YORI - CITY. N Y  10012. -. 

W. swk. AEA ARRL *I*. Ammo. Am- Sg.e(.llsW. L.1aHe. 
r.mn. s r n. B r w .  B n h .  B - h .  Bud B u ~ t m u t .  CDE. CES. Cdl lns 
C m u n l c n l l a  Spc Cmnrlor.. C-rmll. CuLw 1Sr.n). Curhr.11. 

"Aqu l  So Habla E a p a n o l "  
Dmowm. h t r m .  D dm.. . Drake El0 1Alrh.1. Elmoc. Encomrn. HwI- 

R l f l H I  l N T i R N 4 ' 1 0 h 4 ~  . L  L I  J 12 7610 
e."p", My% lius?Ie~ ~N.nron<c.) My Gain I-. KLM. K.ntmnu*. 

1D.1~11. M F l  J W Mtlls!. Mlnl Products M1r.0.. 
1 0 r l  IRALIE!, (,iii; N i IN i , ' , ,  1) EUUIPMENT 
u.nd., rllo.,P A M  1 b J  Y U  
rnw,roar lcmn n u  
sr l"r~".  L 9 1 u to I P u err m*,q, 
P.lll ,I.lllW 101 .L.O.. 1- .,I", ."*tlrn 

AUTHORIZED OISTS MCKAY OVMEK FOR 
S H n R l W I Y F  ANTFNNAS L RFCFlVFRq WE NOW STOCK C0MMEI)CIAL COMYUNICATIONS SYSTEMS - - . . . - . - . . . - . . - - - . - - 

IRTILEX "Splng St Stallon ' DEALER INOUIRILSlNVllED PHONE IN VOVRORDER 6 BE REIMBURSED 
-m: BY1 .'P.I"c. St Sl.llon' 

1 ~ 0 ° F "  Ttmn B r y  S!.llm" 
C O I I U S I A L  IADIO. M u h o d  a unld .n rr.-I-. 

BUS: Broadway 18 lo  Spr lng SI 
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Iron Powder and Ferrite 

TOROIDAL CORES 
Shielding Beads, Shielded Coil Forms 
Ferr i te Rods, Pot Cores, Baluns, Etc. 

Small Orders Welcome 
Free 'Tech-Da ta' Flyer 

AMID?,N& Since 1963 

12033 Otsego Street, North Hollywood, Calif. 91607 

In Germany  E l e k l r o n ~ k l a a e n .  Wt lhe lm  - Mell~es Slr 88 4930 Ck tmo ld  1 8  Wesl Germany  . 
In Japan Toyomura  Eleccron~cs Comoany. Lla . 7.9. 2-Chomc Sola4anda C n ~ y c U a - N u .  Tokyo.  Japan 
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"FOLD-OVER" 

EASE OF INSTALLATION 
ROHN "Fold-Over" Towers are quickly and 
easily installed. The "Fold-Over" is safe 

ROHN has several sizes lo fit your applica- 
tions or you can purchase the "Fold-Over" 
components to convert your ROHN tower 
into a "Fold-Over". 

HOT DIP GALVANIZED 
A l l  ROHN towers are hot dip galvanized 

turers. with over 25 years 01 expsrlsnca. 
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TimeKit Says: 

"LET'S COMPARE 
RTTY TUNERS" 

Olher RTTY luners will lune Hi Tone and Lo Tone pairs by 
a "cross" display. They do an excellent job. Cool? 
Between $295.00 and 1695.00. 

"BLIIIKV" will lune Hi and Lo Tone pairs. lnlernalional 
Shortwave. European Lo Tone pairs. Extra wide shifts. 

Reverse lone signals and 
Commercial shills. "BLINKY" 
will PpSll!V-ELY IDENTIFY 
exaclly the kind ol sh~l l  you're 
receiving. IN ADDITION 
"BLINKY" will accuralely lune 
SSTV. FAX and CW It can also 
lunclion as a very accurate 

"BLINKY" alignment tool lor SSTV. FAX 
S S l X - R T T V - F A X  TUNER End RTTY 

COST-OYLI "BLINKY': Model 959. 

599.95 measures only 2-r 3-1 5: and 
installs with no lranscelvsr 

ornoem roum ,-mrou.r. modilicalion, 
100."' 

Model 60 power supply 
available lor 59.95. 

TimeKit 
P O  00.222:' ~dd 12 m tw s n w q  m r n  
c1 .n .~  OH U I ~  brnl,no ohm r..,ant. mw 
12161d€4 1820 (ib.. U k s  I.. 

/ 1s 
3 NEW NEW NEW NEW NEW 0 -  

REMOTE CONTROLLED 
'ENNA TUNER 

Installs outside at 
the antenna Max- 
imum efficiency * 
Optimum impe- 
dance match Fin- 
gertip control * 
Works all bands 

. with low VSWR 
160 thru 10 meters 

\ - . cont~nuous Works with all antennas. 
3 doublets, inverted V's, verticals, single 
2 band, multiband, trap or parallel type ele- 

ments. Also available in mobile version for 
t full band coverage from driver's seat. 
W 
t Model VT-4 Home installation 

i Model VT-3 Mobile installation 
4 
t 

ONLY $159.00 
For more ~nformatlon wr~te :  , ,,,5 

3 VECTOR RADIO 
u 
t PO Box 1166 Cardiff, CA 92007 

A r n N T I O N  
DEALERS! 
Interested in 

making a PROFIT? 

Sell our magazine in 
your store with 

100% Return Privileges 
Rose will tell 
YOU how - 

CALL 1-603-878- 1441 

The Ham Radio 
Publishing Group 

Greenville, NH 03048 

products 

PLL-synthesized 
VHF FM receiver 

FDK International Corporation has devel- 
oped a PLL-synthesized VHF FM receiver, the 
RX-40, covering 141 MHz to  180 MHz band- 
range or virtually all main VHF FM frequencies. 
Designed for use in Amateur, commercial. and 
marine band communication, i t uses PLL-syn- 
thesized circuitry to provide accurate frequen- 
cy selection of 15,600 channels between 141- 
180 MHz in 2.5 kHz steps. Its light weight (11 
ounces; 315 g.) and miniature size (6-518 x 
2-318 x 1-518 inches; 169 x 58 x 43 mm) 
allow maximum portability. Supplied with Ni- 
Cd battery pack, flex rubber antenna, AC 

charger and earphone, the RX-40 features an 
adjustable squelch level to eliminate back- 
ground noise on the AM mode and offers ex- 
tremely low battery consumption providing 
continuous operation for ten hours. A BNC 
aerial connector, DC charger and shoulder 
case are also available as operational ac- 
cessories. 

For further information, contact FDK Inter- 
national Corporation, 10-2, Kaji-cho 2-chome, 
Chiyoda-ku, Tokyo 101, Japan. 

Circle 1309 on Reader Service Card. 

antenna analysis software 
"Annie" antenna analysis software, avail- 

able for the Apple II + and Ile with DOS 3.3, 
can calculate the patterns of nearly any wire 
antenna including dipoles. verticals, inverted 
vees, slopers and arrays of any length, orienta- 
tion, position, power, phase or combination. 
"Annie" even includes the effects of real 
ground - conductivity and dielectric constant. 
It plots horizontal, vertical, or total gain in any 
direction; the plots may be drawn at any mag- 
nification or with any aspect ratio (for truly 
round circles). Any number of patterns may be 
drawn on each grid. The patterns can be drawn 



with solid, dotted, dot-dashed or dashed lines. 
The plot can be printed at an FX-80 printer - 
the graphics dump source is included for modi- 
fication for use of other printers. 

In addition to horizontal, vertical, and total 
gain, "~nn ie "  will calculate and tabulate polar- 
ization sense, axial ratio, tilt and phase. Any 
quantity may be printed in any column. 

Written in assembly language for speed, the 
software comes with a 54-page illustrated 
user's manual and a 5-1 14-inch disk for $49.95 
plus $2.00 postage. (If you don't have an 
Apple, you can still benefit from "Annie's" 
analysis. For a small charge, an analysis of your 
antenna or array will be performed and the re- 
sults  ailed back to you.) 

For more information, contact Sonnet Soft- 
ware, Dept. HR, 4397 Luna Course. Liverpool, 
New York 13088. 

Circle 1310 on Reader Service Card. 

CAT technology 
A new generation of CATS (computer aided 

transceivers) - the FT-757GX line - is available 
from Yaesu Electronics. 

Controlled by three 8-bit microprocessors, the 
FT-757GX is a full QSK synthesized transceiver 
offering general coverage on receive and ham 
band transmit capability, with expanded cover- 
age available for MARS operators. The trans- 
mitter section is specified for up to 30 minutes 
of continuous operation at a nominal output of 
100 watts. For maximum operating flexibility. the 
FT-757GX performance package includes dual 
VFOs, eight memories, all-mode squelch, and 
a variety of scanning features. A 600 Hz CW 
filter, electronic keyer module, AF speech proc- 
essor, and FM capability are all included in the 
purchase price. 

Among the high-performance options avail- 
able for the FT-757GX line are the FC-757AT 
automatic antenna tuner with bandlantenna 
memory, the FP-757GX compact switching reg- 
ulator power supply, the FP-757HD heavy-duty 
power supply (for continuous duty applications), 
the FP-700 standard power supply, and the 
FTV-700 transverter. 

For further information on the FT-757GX line 
or other Yaesu transceivers designed for com- 
puter interface, contact Yaesu Electronics Cor- 
poration, P.O. Box 49, Paramount, California 
90723. 

Circle 1311 on Reader Service Card. 

color-coded A I V  cable boots 
Cole-Flex has announced the availability of a 

new color-coded insulating connector boot de- 
signed to fit many standard connectors. These 
heat-shrinkable boots are designed for use on 
audio and video cables and connectors to pro- 
vide quick visual identification and interconnec- 
tion. The boots also provide increased strain 
relief for cable assemblies and extra protection 
of connectors from rough handling. 

Constructed of irradiated polyolefin, the boots 
have a 2:l shrink ratio and can be installed with 
any standard industrial heat gun. They are avail- 
able in a standard 1-314-inch length and can 
cover a standard 314-inch audio connector such 
as an XLR type. Colors available include black, 
white, red, yellow, blue, and clear. Hot stamp- 
ing with special lettering or logos is also available. 

For details, contact Cole-Flex Corporation, 91 
Cabot Street, West Babylon. New York 11704. 

Circle 1312 on Reader Service Card. 

Dressler 2-meter amplifier 
The typical 2-meter transceivers available to- 

day often have noise figures of 6 to 8 dB. Add- 
ing a low-noise preamplifier ahead of the receiver 
will usually make a dramatic improvement in sen- 
sitivity. However, we must also consider the typ- 
ical installation with a 1 to 2 dB transmission line 
loss from the antenna system, which further at- 
tenuates signals even before they reach the pre- 
amplifier. In particular, OSCAR 10 users have 
been experiencing such problems hearing down- 
link signals since this satellite may be up to 
23,000 miles (38,000 km) distant instead of 900 
miles (1500 kml as previous satellites were. 

Several low-noise preamplifiers have recent- 
ly become available, but they are primarily meant 
to be installed directly in the receiver at theshack 
and hence cannot overcome feedline losses. 
Dressler of West Germany has solved this prob- 
lem by designing a preamplifier that can not only 
be easily mounted at the antenna but also re- 
motely bypassed so that you can transmit around 
it with up to 1000 watts PEP. 

This preamplifier is built on a high quality glass 
epoxy board and housed in a sealed metal en- 
closure. It is mounted in a waterproof ABS plas- 
tic outer housing complete with an adjustable 
clamp that will accommodate a mast up to 2 
inches (51 mml in diameter. Inputloutput con- 
nectors are type "N." The preamplifier features 
a low-noise dual gate GaAs (gallium arsenide) 
FET followed by a low-noise J-FET, thus yielding 
excellent noise figure as well as dynamic range. 
The input tank is a silver plated inductor. The 
overall bandwidth of the amplifier is filtered to 
4 MHz so as to not respond to out of band sig- 
nals, etc. Low insertion loss, high isolation coax- 
ial relays perform the bypassing function and are 
mounted right on the preamplifier circuit board 
in order to take advantage of the low noise figure 
of the devices and protect them from burnout 
during transmit. Protection diodes are also 
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STATE OF 
THE ART 

The 1984 Edition of The Radio 
Amateur's Harrdbook carries on 
the tradition of the previous edi- 
tions by presenting 640 pages of 
comprehensive information for the 
radio amateur, engineer, tech- 
nician and student. Paper edition: 
$12 in the U.S., $13 in Canada, 
$14.50 elsewhere. Cloth: $17.75 in 
the U.S.. $20 elsewhere. In 
U.S. funds. 
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products 
located on both the input and output of the pre- 
amplifier to further protect the circuitry. 

Its performance is outstanding. The measured 
noise figure on an HP 8970A noise figure gen- 
erator was below 0.75 dB and gain is typically 
18 dB. Typical receive operating current IS 180 
mA at a nominal 12 volts. No power is required 
during transmit. To energize the preamplifier, 
connect 12 to 15 volts to the feedthrough ca- 
pacitor on the housing. For remote powering, 
the supply voltage may be applied directly to the 
antenna feedline with a bias inserter or through 
the Dressler model VV-INTERFACE remote 
power unit. 

A 70 cm (432 MHz) unit will be available short- 
ly. The 2-meter units are available in the United 
States from International Media Service, Box 26, 
Tewksbury, Massachusetts 01876. Price on the 
model EVV-2000 GaAs preamplifier is $109.95 
plus $5 shipping; the model VV-INTERFACE is 
$29.95 plus $2.50 shipping. 

Circle 1313 on Reeder Service Card. 

cordless phone protection 
The Kleen Line Protection System for cordless 

phone basestations isdesigned tosuppressdam- 
aging telephoneand power linespikes caused by 
lightning, spherics or phone office switch gear. 
The security system uses modern semi- 
conductor, gas discharge tube and metal oxide 
varistor suppression techniques. Model 
PDS-11 /SUP, pricedat $81.95, hassuppression 
on red and green phone lines (pins 3 and 41, with 
yellow and black lines brought straight through. 
A 6500ampere suppressor protects the AC power 
line. Standard modular 6p in telephone connec- 
tors provide simple, trouble-free hook-up. 

For details, contact Electronic Specialists, Inc., 
171 South Main Street, P.O. Box 389, Natick. 
Massachusetts 01760. 

Circle 1314 on Reader Service Card. 

new satellite receiver 
A new satellite receiver - the System 70 - 

features detent tuning, polarity control, a signal 
strength meter, a built-in modulator, scan tun- 
ing and both wide and narrow audio filters. It 
is available in two versions, the standard model 
70X or the stereo version, model 70S, which 
decodes both matrix and discrete stereo sound 
and features simplified stereo tuning. Both 
models carry a full one year warranty. 

For details, contact Lowance Electronics, Inc., 
12000 E. Skelly Drive, Tulsa, Oklahoma 74128. 

Circle 1315 on Reader Service Card. 
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dual heat 
soldering iron 

The new ArcheP Switchable Dual Heat Sol- 
dering Iron (No. M-2055) from Radio Shack, a 
division of Tandy Corporation, completes small 
or medium-size jobs that would normally re- 
quire two separate irons. 

A co'nvenient handle-mounted wattage 
switch allows the user to select 15 or 30 watts. 
depending on the size of the job, with no need 
to change the iron. The sculptured handle 
assures comfortable soldering. The U.L. listed 
dual-heat iron, 8-114-inches long, is available 
at participating Radio Shack Stores and sells 
for $6.95. Replacement tips (No. 64-2065). 
rated up to 30 watts, are priced at 89 cents 
each. 

For information, contact Tandy Corpora- 
tion/Radio Shack, 1800 One Tandy Center, 
Fort Worth, Texas 76102. 
Circle 1316 on Reader Service Card. 

25 WATTS.. .IN THE 
PALM OF YOUR HAND! 

The Perfect Power 
ooster for your 

Hand Held 
This compact unit 

comes complete with 
dashboard mounting 

brackets, cigarette lighter 
power adapter and man- 

ual. The u n ~ t  weighs only 
8 oz. and is ready to go! 

MASTER CARD OR VISA 
Card No. Exp. Date 

S~gnature 

Send me PA25unitsat$94.50ea + tax~fappl~cable 

TolName Phone 

Address 

C~ty.State.Z~p 

(Ohlo m~dentq add 5%% sales tax or 5 201un1l) 

&AM ~ w T R ~ , ~ w .  
835 E. Hlghland Road Macedonia, Ohio 44056 
(216) 4674256 TWX 810-427-9217 

i 

batterylbutton cell tester 
While there are plenty of battery testers on the 

market, not all will test button cells - and some 
won't even accommodate the popular "N" size 
battery. The new CEC-1 Battery Tester and But- 
ton Cell Checker from Century Electronics tests 
all standard sizes plus all button types. Special 
compartments accommodate each battery size, 
and all batteries are automatically connected 
across a load resistor, for accurate readings on 
the unit's colorful, easy-to-read scale. The CEC-1 
is priced at $7.95. . 

For more information, contact Century Elec- 
tronics Corporation, 351 1 North Cicero Avenue, 
Chicago, Illinois 60641. 
Circle 1317 on Reader Service Card. 

buyers' guide 
The Buyers' Guide To Radio And Electronic 

P8m is written so the hobbyist can easily locate 
a wide variety of electronic and mechanical parts 
for construction projects. It lists radio, antenna, 
computer, microwave, electronic, and mechan- 
ical parts sold by over 70 companies. 

The Guide has two main sections: a directory 
of parts and a supplier information section. The 
directory lists the parts alphabetically by generic 
name with a part number and a description. A 
number is included on each line that tells the user 
the variety of parts that are stocked by the sup- 
plier for that listing, and is an indication of how 
complete a supplier's offering is for that part. 

SCMICONDUCTORS: P.C. BOARDS FOR MOTOROLA BULLETINS 
MRF-208 - 12.00 M14W-252 - 50.00 EB-18A - 12.00 AN-762 - 14.00 
MRF-240 - 15.50 MHW-710-1 - 61.00 EB-27A - 14.00 AN-791 - 10.00 
MRF-247 - 34.80 MPSH-81 - .50 ER-63 - 14.00 ER-67 - 14.00 
MRF-309 - 27.60 MV2205 - .58 KEMET CHIP CAPACITORS:56 pf, 82 pf, 
MRF-422 - 41.40 78L08CP - .50 100 pf, 390 pf, 470 pf ;-. 50 ea 
MRF-454 - 20.00 2N4401 - .75 680 pf, 1000 pf;-. 55 ea 
MRF-901 - 1.75 2N5190 - 1.50 5600 pf, 6800 pf, .l uf;-1.00 ea 
SRL-1 Double-Balance Mixer - 6.50 .33 pf;-1.90 ea .68 uf;-3.90 ea 
CAMBION- RF CHOKES: .15 uh, '22 uh, .33 uh, 4.7 uh, 10 uh - 1.20 ea 
BROADBAND TRANSFORMERS PER MOTOROLA BULLET1NS:AN-762, EB-27A, EB-63 
UNDERWOOD/SEMCO METAL-CLAD MICA CAPACITORS:~pf,~Opf,~5pf,25pf,30pf, 
40pf,5hpf,60pf.68pf,80pf,9lpf,lO0pf,2O0pf,25Opf,39Opf,470pf,lOOOpf 

Wc also carry a line of VHF, UHF amplifiers and ATV equipment. 
Call or write for our free catalog. - n;aP munication - oncepts Inc. 

2648 North Aragon Ave Dayton. Ohlo 45420*(513) 296-1411 r /  125 



COMPUTER 
DISKS 

CONTROL DATA 
53'' SSDD 35-40 Track 

$22 Box of 10 
(5 or more $21/Box) 

FREE SUPPLIES CATALOG 
Write Today 

Payment: MastercardNisa (include 
Number and expiration date), Money 
Order, Cashier's Check, Personal Checks 
(allow 10 days to clear). Shipping 3%. $3 
minimum, by UPS mainland USA. Sorry 
no APO/FPO/COD's. New Jersey add 
6%. Prices and availability subject to 
change without notice. 

OUTP2INT 
COMPUTER AND WORD I'AOCESSING SUPPLIES 

44 FORREST ROAD 
(r 175 RANDOLPH. NEW JERSEY 07869 

4 

DRAKE R-4lT-4X 
OWNERS AVOID 
OBSOLESCENCE 

PLUG-IN SOLID STATE TUBES! 
Get state-of-the-art performance. 

Most types available 

INSTALL KlTS TO UPGRADE 
PERFORMANCE! 

BASIC Improvement 
Audio Bandpass Filter 
Audio IC Amplifier 

TUBES $23 PPD KlTS $25 PPD 

OVERSEAS AIR $7 

SARTORI ASSOCIATES, WSDA 
BOX 832085 

RICHARDSON, TX 75083 
21 4-494-3093 

(c 184 

OF HAM-TV! I TUNE IN - I 

Record Keeper" 

Fox Tango proudly presents the 
ultlmote sequential data base for - Commodore's VIC 20 and 64K com- 
puter users. 

VERSATILE 
Instantly ready to organlze records as soon 
as you turn on your computer. MlNl JlNl IS 

a cartr~dge that plugs Into the slot In the 
back of the VIC 20 or 64K Deslgned for 
maxlmum versatlllty and general use, 11 
serves anyone wlth records to keep the 
professtonal, the student, the educator. thz 
collector the small buslness man, the In- 
vestor. the housew~fe, and the radlo 
amateur who may be any of these MlNl 
JlNl IS Ideal for those who want to harness 
the speed and power of thelr sophlshcated 
unlts for more than RTTY communlca- 
tlons and game play~ng 

POWERFUL 
MJ Electronic Fll ing Cablnet can: 

Alphabet~ze sort up to 500 records 
Add delete. or change records 
Search and flnd records from a blt 
of lnformatron 
Provlde data for prlntlng reports 
and labels 
Record data on tape or dlsk 
Perform anthmetlc operattons 

ADAPTABLE 
Bes~des keeplng electron~c logs contest 
records. and slrnllar amateur funct~ons the 
MlNl JlNl Record Keeper IS bang used 
rlght now for Club and Church rosters. 
Real Estate 11stlngs Class and School 
records. Stock and Bond portfol~os. 
Buslness and Personal Inventor~es. Bank 
and Budget matters. Amway and Avon 
d~str~butors Bookstore and L~brary 
records. - even Newspaper routes1 While 
such flles can be prepared easlly by the 
user many are available In tlme-savlng 
form on tape cassettes and dlsks 

EASY TO USE 
Best of all MlNl JlNl IS quickly learned - 
In 20 mlnutes for most users The secret IS 

strnpl~c~ty - from the pla~n-language 
Manual wntten In tutonal form to the 
slngle letter commands Order yours today 
and put your computer to WORK 

NOW AVAIIABLE 
MJ Record Keeper for VIC 20 $89 95 
MJ Record Keeper for 64K $89 95 
Optlonal Ham Rad~o Packages 

ForVIC154 1 Dlsk $14 95 
For Datasette $ 9 9 5  

Sh~pplng $3 Ronda Sales Tax 5 8  
Order by Mall or Telephone We accept 
VISA/MC Checks, and COD Orders 

FOX TANGO CORPORATION 
Box 15944H W Palm Beach TL 33416 

Telephone (305) bH.3-9587 ,, 141 

Amrrcur Radio oprrr#c>rs ~n rhc Io80'r arc d luuvr r ln~  ~ h r  
fru~narmnl World 01 Amateur Tclrvos~on'' Rr mt F a r  Scan N 
(FSD'l. Slow k m  TY ( S S N I .  Fr~rnm~lc ( F A X I  or xrmcwhrrr 
tn hclnrn .  \',dm <ommunartlom m d n  arc LloWtnK an 
"'l,l"l p*ct' 

! 

products 
Once the desired part IS found in the direc- 

tory and a supplier chosen, the user refers to the 
supplier information section, where company in- 
formation is given. Included is the supplier's ad- 
dress and phone number, cost to obtain a cata- 
log, minimum order information, and whether 
their parts are new or surplus. (To be included 
in the Guide, a supplier must have a mail order 
operation and be willing to sell in small quanti- 
ties to individuals. ) 

This book is available for $6.95 postpaid from 
Ham Radio's Bookstore, Greenville, New Hamp- 
shire 03048. 

Circle 1318 on Reader Service Card. 

breadboards 
The hard work of converting a raw piece of 

circuit board into a breadboard has been 
eliminated by Oak Hills Research with its new 
line of G-10 epoxy breadboards. 

If soldering temperatures are kept low, these 
boards can be used repeatedly. (A 30-or 40-watt 
maximum rating is recommended for the pencil 
iron used; in many instances a 25-watt iron will 
be sufficient.) They are also excellent for fin- 
ished, permanent projects. Double-sided ver- 
sions of these boards are available on special 
order for those who require a ground plane sur- 
face opposite the etched foils. 

New adv.ncrmcnts arc rak~np plrcr ~n ti~~h.RcmlullonJColur Two general-purpose breadboards are avail- 
S S N  md  thc ulc of p t rv rna l  compurrrs for A N  graph~rr. 
SSTV-FAX-RTTY communnrtnonr Incrrr4 I, rvcn prowtng able. They are the BB-50 for small projects (2-114 
~n MICROWAVF and NRO appl r r t~on~ x 1-314 inches) and 88-100 (3-114 x 4-314 
A> A N  MAGAZINETU h u  rvppnrtcd thcrc modrs of 
Amateur Spcr~zlmzrd Communrrat~ons wncr 1%- - over I- 

inches). While both units have the same pattern, 
vrarrs And "OW. undcr gutdancc of rhr UNITED STATES A N  the 88-100 includes isolated pads on one side 
SOCIETY. H A M - l T  r d l  'onrinvr lo K 

of the board divided into four equal segments 
End SASE far "lrr." tnforma!&on hrnhu 

to accommodate transistors with as many as four 
Spcrtrl monrh TRIAL 

rubur,ptzon onlv $10 W leads. 

Onc v r a r  wbvrsptsan ( 1 2  I,,u~$I Two IC breadboards are also available. They 
of ~ h r  1ISANS)ournrl $20 w are the IC-100A (4 x 5-114 inches) and IC-100B 

Srmplr ,slur ara#lahlr $r S2 $0 ppd (4 x 5-1 I 4  inches). The l00A contains sitesfor 
A5 A n '  MAGAZEVET" four 16-pin DIP ICs, plus one 8-pin DIP. 

P.O BOX H Numerous isolated pads are included for rnount- 
LOWDEN, IOWA 52215 ~ n g  addlt~onal components The IC-1008 will ac- 

A ,,t,,~lc,, ,,, *I, IT blrc Arlt,,5 I,, cornmodate three 16-pln DIP ICs, one 8-pln DIP 
(c 112 
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and an LSI chip with as many as 40 pins. Each 
IC site is marked for drilling, should the user 
desire to install IC sockets. 

All feature ground and plus voltage buses 
routed through to provide short connections to 
these conductor lines. The outer borders of the 
boards are copper, and they are common to the 
ground bus of the board. This aids grounding 
when mounting the breadboards to a metal 
mainframe. All conducton are tin plated to retard 
corrosion. 

Prices are: 88-50, $2; BB-100, $3; IC-100A 
and B, $4. (Include $1 for handling and postage 
for orders under $10; postage on orders greater 
than $10 is paid by Oak Hills Research. Michigan 
residents include sales tax.) 

For information or orders, contact WIFB, Oak 
Hills Research, 4061 N. Douglas Road, Luther, 
Michigan 49656. 

Circle 1319 on Reeder Service Card. 
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I FREECATALOG! I 
) Features Hard-to-Find Tools I 
I and Test Equipment I 

I V V  

tor 8a 

I UPS: 
& W  I I 

I Jensen's new catalog features hard-to- 

( find precis~on tools, tool k~ts, tool cases 
I 

and test equipment used by ham radio I I operators, hobbyists, sc~entists, en- I 
glneers, laborator~es and government 

I agencies. Call or write for your free copy -' I 
today. ' JENSMl 781 Phoenix,AZ85040 5 S.46th Street I 1 ' TOOLS INC. l602l968-6231 - 

I 

Rugged steel 
tubing. 

Direct feed with 
52 o h m  coax lw 
SWR. 

Broad bond. 

top and sides. 

Only one coil, high 
in 80 M element. 

Also available for 
commercial 
frequencies. 

new Larsenm catalog 
The redesigned, simplified-format Larsen Elec- 

tronicscatalog offers more thorough explanations 
of products, electrical types, and frequencies, 
thereby making ordering easier. Nowavailable, the 
catalog includes all of the latest developments in 
both antennas and accessories at prices un- 
changed since August, 1982. 

For more information, contact Larsen Electron- 
ics, P.O. Box 1799, Vancouver, Washington 
%66a. 
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beacon guide 

The new edition of The Beacon Guide - up- 
dating the first edition, published in 1974 - is 
now available by mail or through selected retail- 
ers. Cunpiled by H. John Clements, WAGRXN, 
and edited by Ken Stryker, the volume is dis- 
tributed exclusively by the Century Print Shop, 
6059 Essex Street, Riverside, California 92504. 
The price of the 100-page book is $7; club and 
other quantity discounts are available. 

For information, contact the Century Print 
Shop, 6059 Essex Street, Riverside, California 
92504. 

Circle A21 on Reader Service Card. 

PYTE 
ENCLC 

WRI 
For Llle 

FCC changes make obtaining a High-level 
Radio Telephone License much easier now. 
Ellrninate unnecessary study with our short- 
cuts and easy to follow study material. Obtain- 
ing the General Rad~o Telephone License can 
be a snap! Sample exams, also section cover- 
ing Radar Endorsement. 

A small investment lor a high-paying career in 
electronics. 

$19.95 ppd. 
Satisfaction Guaranteed 

SPI-RO DISTRIBUTING 
P.O. Box 1538 

Hendersonville, N. C. 28793 

CMOS keyer kit 
EEL-TEK has introduced an inexpensive 

CMOS keyer kit incorporating state-of-the-art cir- 
c u i t ~ .  Power consumption is kept to a minimum 
by the use of low power CMOS digital integrated 
circuits. 

The keyer uses a triggered clock to completely 
eliminate the possibility of having the first dot 
or dash any longer than the characters that fol- 
low. The instant you push the key, the charac- 
ter starts, eliminating the delay often encount- 
ered in keyers with free-running clocks. The dig- 
ital circuitry of the CMOS keyer provides an 
exact 3 : l  weight ratio for perfect CW. The keyer 
also provides jam-proof spacing which eliminates 

AR-25 Radial 
la AV-25 

antenna. Four 
multlwlre rodlah 
lhol are resonant 
on each ot the SIX 
band% $19.50 

PATENT PEN 

LLIAlls 
ducts S l m  (9. 
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I Have a name-but 
need the Call Sign? ] 1 NEMAL HAS MILLIONS 

OF FEET OF COAX I 
Traveling-and want 
to meet local Hams? 
NOW AVAILABLE- 
1 9 8 3 - 1 9 8 4  Amateur Rad~o 

NAME INDEX 
By Name and Call 

By State. C~ty, Street No and Call 

No frills directories of over 435,000 
U.S. Radio Amateurs.,8*/2xll, easy to 
read format. Companion directories 
to the 1983-1984 
AMATEUR RADIO 

CALL DIRECTORY u s  L,song 

NAME INDEX-$25.00 
GEOGRAPHICAL INDEX-$25.00 
CALL DIRECTORY-$14.95 

Add $300 sh~pp~ng to all orders 
DealerIClub inquiries welcome. 
Send your order enclosing check or money order In 
U S dollars to 

Buckmaster Publishing 
Whitehall 
M~neral VA 23117 U S  A 1/ 111 

IN STOCK I 
IDES OF MARCH SPECIALS 

1 RG 8X 95% sh~eld $14 951100 11 or 17clft 
2 RG 8U 97% sh~eld 11 gauge ( I~ke Belden 8214) 310111 
3 RG 217 double shleld 50 ohm 518" OD 85alft 
4 PL 259 (US made) 65% each 10 for $5 89 
5 UG 2101U Amphenol Type N $3 00 each 

CONNECTORS 
(RF, BNC, N, UHF, SMA, TNC, LC, HN, F) 

KINGS, BENDIX AMPHENOL 
FACTORY AUTHORIZED DISTRIBUTOR I 

CABLE 
(MULTI CONDUCTOR, COAX. SHIELDED, 

COMPUTER, TEFLON. SATELLITE CONTROL) I 
Columbia, Times, Nemal, Mil-Spec 

SMA TV 
(SPLITTERS, SWITCHES, ADAPTERS. 

MATCHING TRANSFORMERS) I 
Call or  write for Free Catalog I 

shipping 
Cable - $3.00 per 100 It. 
Connectors - add 10%. $3.00 minimum. 
Orders under $20 add $2 additional plus shipping. 
COD add $2.00. Florida Residents add 5%. I 
NEMAL ELECTRONICS 
Dept. H, 12240 N.E. 14th Ave., N. Miami, FL 33161 

Telephone: (305) 893.3924 I 

the chance of placing dots and dashes too close 
together. After a dot or dash is completed, a 
space is automatically inserted before the next 
character begins, even if the key was pushed be- 
fore the completion of the space. If both the dot 
and dash keys are sent simultaneously, the dash 
will dominate until it is released. 

The keyer can be powered by any voltage be- 
tween 5 and 12 volts DC. The circuit is protect- 
ed against accidental polarity reversal of the sup- 
ply voltage. The keyer can be operated at any 
speed between 5 and 50 WPM by adjusting the 
speed control to your desired operating speed. 
The built-in 800 Hz sidetone has an adjustable 
volume control. 

A rugged high voltage keying transistor is used 
to eliminate annoying problems which plague 
mechanical relays. The transistor will reliably 
switch loads up to 250 mA. The keyer is com- 
patible with grid block, cathode keyed, and solid- 
state transmitters. 

The CMOS keyer kit comes with a printed cir- 
cuit board and all components necessary for 
assembling. The price is $9.95 plus $1.50 
shipping. 

For more information, contact BEL-TEK, P.O. 
Box 125H. Beloit, Wisconsin 5351 1. 

Circle 1322 on Reader Service Card. 

THE RADIO AMATEUR 
ANTENNA HANDBOOK 

by William I. Orr, W6SAI and 
Stuart Cowan, W 2 U  

Contains lots of well illustrated construction proj- 
ects for vertical, long wire, and HFIVHF beam an- 
tennas. There is an honest judgment of antenna 
gain figures, information on the best and worst an- 
tenna locations and heights, a long look at the 
quad vs. the yagi antenna, information on baluns 
and how to use them, and new information on the 
popular Sloper and Delta Loop antennas The text 
is based on proven data plus practical, on-the-air 
experience. The Radio Amateur Antenna Hand- 
book will make a valuable and often consulted ref- 
erence 190 pages (01978. 
ORP-AH Softbound $7.95 
ALL ABOUT CUBICAL 
QUAD ANTENNAS 

by Bill Orr, W6SAI 
The cubical quad antenna is considered by many 
to be the best DX antenna because of its simple, 
lightweight design and high performance. You'll 
flnd quad deslgns for everything from the slngle 
element to the multi-element monster quad, plus a 
new, higher gain expanded quad (X-Q) design. 
There's a wealth of supplementary data on con- 
struction, feeding, tuning, and mounting quad an- 
tennas. 112 pages. 01977. 
O RP-CQ Softbound $6.95 
Please add $1 00 to cover shipping and handl~ng. 

HAM RADIO'S 
BOOKSTORE 

GREENVILLE, NH 03048 , 

I I 
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REVIEW 
The UHF Compendium: 
Part 1 and 2 

Even though we are communications hobby- 
ists, many of us are relatively unaware of tech- 
nical progress in other areas of the world. In the 
field of UHF and VHF communication, Euro- 
peans have long been at the forefront of tech- 
nical development. The first real insight for many 
of us on some of Europe's exciting developments 
can be found in The UHF Compendium by Kurt 
Weiner, DJ9HO. First written in German in 1975, 
The UHF Compendium firmly established itself 
as one of the best sources of UHF and VHF in- 
formation available; consquently, it was decid- 
ed that an English edition would further expand 
its appeal. So DK7LF, in cooperation with the 
author, set about the complex task of translating 
the manuscript into English, in hopes of rekin- 
dling interest in some of the more technical 
aspects of Amateur Radio. Of particular inter- 
est to VHFIUHF operators is that all designs, 
ideas and projects have been built and debugged 
using the latest state-of-the-art test equipment 
to ensure that they will in fact operate. 

content 
The UHF Compendium is divided into two 

basic sections: theoretical background and build- 
ing instructions. To enhance the usability of the 
book, sections are tross-tabbed for reference; 
should a question arise, an explanation can be 
easily found. 

The theory sections of The UHF Compendium 
contain sufficient material and explanations to 
help the reader fully understand many of the 
state-of-the-art concepts and projects to be 
found inside. 

As you would expect, heavy coverage is given 
to the use of GaAs FET devices in preamplifiers 
and converters. You will also find a number of 
power amplifier circuits for both the 70 and 20 
cm bands. Antennas are fully discussed, with 
detailed construction information provided in 
order to ensure optimum results. One area only 
superficially covered in other VHFIUHF books 
is the design, construction and use of alignment 
tools, power measuring equipment, signal gen- 
erators, UHF antenna dippers, panoramic receiv- 
ers, and swept-frequency generators. These 
areas are all fully discussed so as to ensure that 
the reader will derive maximum use from these 
handy and most necessary tools and pieces of 

What's special 
3 about Corsair. 

PERFORMANCE! 
Superlative circuit design provides easy operation, outstanding 
performance. Low-noise receiver lets you hear signals often lost 
in the noise in other transceivers. Corsair owners often receive 
"great audio" reports . . . more evidence of superior 
performance. And Corsair is backed by the best warranty in 
amateur radio. 

Compare the80 fwturcw: 
Low-noise front end 25uV sensitivity, all bands Low phase 

noise 90db dynamic range Triple conversion receiver 
Switchable pre-amp Variable band width tuning 3-position 
AGC Notch filter Noise blanker Dual range, Jriple mode 
offset All solid state Instant band change 200 watts input, 
all bands 1000/0 duty cycle AMTOR compatible Variable 
threshold ALC Speech processor 5 function meter Full and 
semi break-in Adjustable sidetone CW spot tone 
Comfortable control spacing 1-year warranty Made in U.S.A. 

I See your Ten-Tec dealer or write for full details. 

TEN-TEC ,M. 
SEVIERVILLE. TENNESSEE 17882 

I 

equipment. As I mentioned earlier, the author 
and his collaborators went to great lengths to 
fully test and verify each project. They also 
worked hard to optimize performance. 

At over two pounds, this is quite a hefty book. 
It sells for $23.95.1 am only beginning to get in- 
volved in VHFIUHF communications, so I fre- 
quently find myself confused about the quirks 
of getting equipment to operate above 30 MHz. 
I have found, however, that The UHF Compen- 
dium gives detailed and understandable expla- 
nations that make comprehension much easier. 
(Joe Reisert, W1 JR, ham radb's VHFIUHF cot- 

- -  - 

umnist, hastold us that The UHF Compendium 
is an invaluable tool for all levels of VHFIUHF 
knowledge. 

If you have any interest at all - casual or 
"dyed in the wool" - in VHF or UHF commu- 
nications, The UHF Compendium is an absolute 
necessity for your library. 

The UHF Compendium is available from Ham 
Radio's Bookstore, Greenville, New Hampshire 
03048, for $23.95 plus $2.50 shipping and 
handling. 

Circle mB on Reader Sewice Card. 
NlACH 
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KENWOOD TS-530s HF transceiver 

LI.1 799.00 Item NO. KENTS53OS LI.1 889.95 l t m  NO. KENTSIBOS 
Add 7.44 shlpplng h handllng Add 4.71 shlpplng h hsndllng 

YAESU FT-708R 
70cm handy FM transceiver 
Features LCD frequency display, 10 
memories, keyboard for direct frequency 
accessiautopatch functions and covers 

quency entry and autopatch dialing. 10 
memories, programmable band scan and 
built-in lithium battery. Measures 6.5"(H) 
2.6"(W) x 1.4"(0). Complete with NiCad 

pack and flexible rubber antenna. pack, charger and flex~ble antenna. 3W 

List 348.00 I.N. IC002AT 
Add 1.98 shlpplng 
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IN ALABAMA CALL 1-800-292-8668 9 AM TIL 5:30 PM CST, MONDAY THRU FRIDAY 
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Ham Radio's guide to help you find your loc d 
California 

C &A ROBERTS, INC. 
1851 1 HAWTHORN BLVD. 
TORRANCE, CA 90504 
21 3-370-7451 
800-421 -2258 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
71 4-822-771 0 
71 4-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
6 19-463- 1886 San Diego 
800-882-1 343 Trades 
Habla Espanol 

Connecticut 

HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly onestop shopping 
at prices you can afford. 

Delaware 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Azden, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30. Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1 91 7 
Hours M-F 9-5:30, Sat. 9-3 

AMATEUR RADIO CENTER, INC. 
2805 N. E. 2NDAVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Sewing Hawaii & Pacific area for 51 
years. Complete lines of Amateur equip- 
ment, accessories and parts. 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-51 81 
Hours: 9:30-530 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Indiana 
- 

THE HAM SHACK 
808 NORTH MAIN STREET 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

- 

Kansas 
- 

ASSOCIATED RADIO 
801 2 CONSER, P.O. BOX 4327 
OVERLAND PARK, KS 66204 
91 3-381 -5900 
America's No. 1 Real Amateur Radio 
Store. Trade - Sell - Buy. 

Kentucky 
- 

L & S RADIO 
307 McLEAN AVENUE 
HOPKINSVILLE, KY 42240 
502-885-8071 
Ten-Tec, Azden. Ameritron Sales and 
Service. 

Maryland 
THE COMM CENTER, INC. 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20707 
800-638-4486 
Kenwood, Drake, Icom, Ten-Tec, 
Tempo, Microlog, AEA, Ameritron. 

- 

Massachusetts 
TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01 460 
61 7-486-3040 
61 7-486-3400 (this is new) 
The Ham Store of New England 
You Can Rely On. 

Michigan 
ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 48150 
31 3-523-1 850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WD8AHO 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-530, Sat. 9-3 

- -  - 

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO, NV 89502 
702-827-5732 
Outs~de Nev: 1 (800) 648-3962 
lcom - Yaesu Dealer 

New Hampshire 
POLCARI'S ELECTRONICS CENTER 
61 LOWELL ROAD 
HUDSON, NH 03051 
603-883-5005 
Southern New Hampshire's only Ham 
Store. Call today for quotes. 

I 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 
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na teur Radio Dealer I FRESH STOCK - NOT SURPLUS 1 - -  - 

I i I FULLY GUARANTEED I 
New Jersey 

RADIOS UNLIMITED 
P.O. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201 -469-4599 
800-526-0903 
New Jersey's only factory authorized 
Yaesu and lcorn distributor. New and 
used equipment. Full service shop. 

ROUTE ELECTRONICS 17 
777 ROUTE 17 SOUTH 
PARAMUS, NJ 07625 
201 -444-871 7 
Drake, Cubic, DenTron, Hy-Gain, 
Cushcraft, Hustler, Larsen, MFJ, 
Butternut, Fluke & Beckman 
Instruments, etc. 

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. 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH (CLEVELAND AREA) 

44092 
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 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AIDA'DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
6 14-866-4267 
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- 1400 
Same Location for 30 Years. 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
Icom, Bird, Cushcraft, Beckrnan, 
Larsen, Hustler, Astron, Belden, 
Antenna Specialists, W2AUIW2VS, 
AEA, B&W, Amphenol, Saxton, J.W. 
MillerlDaiwa, Vibroplex. 

THE VHF SHOP 
BOX 349 RD 4 
MOUNTAINTOP, PA 18707 
71 7-868-6565 
Lunar, Microwave Modules, ARCOS, 
Astron, KLM, Tama, Tonna-FSFT, 
UHF UnitslParabolic, Santec, Tokyo 
Hy-Power, Dentron, Mirage. 
Amphenol, Belden 

Texas 

1508 McKINNEY 
HOUSTON, TX 7701 0 
71 3-658-0268 
Christmas?? Now?? 

MADISON ELECTRONICS SUPPLY 

Virginia 

1 

ELECTRONIC EQUIPMENT BANK 
516 MILL STREET, N.E. 
VIENNA, VA 22180 
703-938-3350 
Metropolitan D.C.'s One Stop 
Amateur Store. Largest Warehousing 
d Surplus Electronics. 

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 4 3  

I 80-40-20-15-10 - - 2 trW-10411. -Model 998BUC. S 9 . 9 5  
40-20-15-10 -- 2 ump -- 5 4  ft. -Model 1001BUC.. 998.95 
20-15-lomatar.- 2 bap- 261t . -  Model 1007BUC. .C97.95 I I 
SEND FULL PRICE FOR POSTPAID INSURED. DEL. IN  USA 
(Canad. 1s $5.00 extra fw  Postape - clsrlcal- customs etc) or 
order urhg VISA - MASTER CARD - AMER. EXPRESS. 
Glve numba? and ex date. Ph 1-308-238-5333 SAM - 6PM 

days. ALL PRICES MAY INCREASE 
All antennas waranteed Iol I ~tr 

1 10 dmy money back WhI If returned In new conditlonl Made In 
(USA. FREE INFO. AVAILABLE ONLV FROM 

WESTERN ELECTRONICS 1 )  Dspt. AR-3 fl 109 Kea~ney. Nsbruk...68847 

2-30MHz 
PIN Rating Ea. 

MRF412 80W $1 8.00 
MRF412A 80W 18.00 
MRF421 lOOW 27.00 
MRF421 C 100 + W 27.00 
MRF450 50W 12.50 
MRF450A 50W 12.50 
MRF453 60W 15.00 
MRF453A 60W 15.00 
MRF454 BOW 16.50 
MRF454A 80W 16.50 
MRF455 60W 13.50 
MRF455A 60W 13.50 
MRF458 80W 18.00 
klRF460 60W 16.50 
SRF2072 70+ W 15.00 

High Gain Matched Quads P 

MISC. 2-30 MHz 
Rat~ng Freq. 

1OW 2-30 
20W 2-30 
13W 2-30 
30W 14-30 
30W 14-30 
12W 14-30 

3W 25-50 
40 W 2-30 
15W 2-50 

Match Pr 
539.00 
39.00 
58.00 
58.00 
28.00 
28.00 
33.00 
33.00 
36.00 
36.00 
30.00 
30.00 
36.00 
36.00 
33.00 

rvailable 

Netlea. 
$1 4.50 

14.50 
14.50 
14.50 
14.50 
5.00 
3.50 

13.00 
10.00 

1 VHF TRANSISTORS I .... . . - ~ ~  ~- - 

Type Rating MHZ Ea. 
MRFl5O 150W 2-175 $80.00 
MRF221 15W 130-1 75 10.75 
MRF222 25W 130-175 12.00 
MRF237 1W 130-175 3.00 

UHF TRANSISTORS 
MRF64l 1 5 W  430470 $18.00 
MRF644 25W- 430-470 21.50 
MRF646 40W-  430470 24.50 
MRF648 60W 430-470 33.50 

Technical Assistance & cross-reference 
information on CD, P T, RF, SRF, SD PINS 
Call Engineering Dept. (61 9) 7444728 

RF Parts Catalog Available 
OEM & Quantity Discounts 

Minimum Order $20 Add $3.50 Shipping 
WE SHIP SAME DAY C.O.D.IVISAIMC I ORDERS ONLY: 800-854-1 927 

/ 198 
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Get Your Best Deal.. . 
Then CALL US. .  . TOLL FREE! 

1 18 0 0 1 2 3 8 -6 1 6 8 (in Tennessee, call 901-683-9125] 

When you call, talk to a Qualified Ham Operator! @ KE N WOO D (Ask for MARSHALL, XUIO, or BILL, WdTNP) 

it's the service 

I 
AUTHORIZED DEALER FOR: Kenwood, ICOM, -1 Drake, Ten-Tec. Santec, MFJ, Astron. AEA. Mirage, 

WE 
B&W, Hustler, Cushcraft, Larsen, Hy-Gain, and TRADE! 
others.. . . PLUS CURRENT USED GEAR 

Memphis Amateur Call for free appraisal 

Electronics, inc. 
Monday-Friday, 9 to 5, 1465 Wells Station Rd., Memphis, TN 38108 Saturday to 

Time) 

* ARRL AND FCC FORUMS * GIANT 3-DAY FLEA MARKET 
Starting Noon Friday 
All Day Saturday and Sunday 2 * NEW PRODUCTS AND EXHIBITS 

It GRAND BANQUET + ALTERNATIVE ACTIVITIES April 27.28.29.1984 
+ ELECTRICAL SAFETY FORUM + SPECIAL GROUP MEETINGS ~ a r a  Arena and Exhibition Center - Dayton. Ohio 
* YLFORUM Meet your amateur radio friends from all over the world a t  the internationally * PERSONAL COMPUTER FORUM famous Dayton HAMVENTION. * CW PROFICIENCY AWARDS * AMATEUR OF YEAR AWARD * SPECIAL ACHIEVEMENT AWARDS 

ADMISSION 
$7.50 in advance. $10 at door 

(Valid for all 3 days) 

BANQUET 
$14 in advance. $16 at door. 

FLEA MARKET SPACE 
$1 5 In advance. 

(Valid for all 3 days) 

I Checks for advance registration to  

Dayton HAMVENTION 
Box 2205. Dayton. OH 45401 

Seating will be limited for Grand Banquet and Entertainment on Saturday 
evening so please make reservations early. Harry Dannals. W2HD. Past Presi- 
dent ARRL, will be featured speaker. 

If you have registered within the last 3 years you will receive a brochure in 
January. If not. write Box 44. Dayton. OH 45401. 

Nominations are requested for Radio Amateur of the Year and Special Achieve- 
ment Awards. Nomination forms are available from Awards Chairman. Box 44, 
Dayton. OH 45401. 

For special motel rates and reservations write to Hamvention Housing, Box 
1288, Dayton. OH 45402. NO RESERVATIONS WILL BE ACCEPTED BY 
TELEPHONE. 
All other inquiries write Box 44. Dayton, OH 45401 or phone (51 3) 433-7720. 
ALL Flea Market spaces will be sold in advance ONLY NO spaces sold at gate. 
Entrance for set-up available starting Wednesday. Special Flea Market tele- 
phone (5 13) 223-0923. 
Bring your family and enjoy a great weekend in Dayton. 

Sponsored by the Dayton Amateur Radio Association. Inc. 
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Reader Service 

For literature or more information, circle 
the appropriate number on this card, affix 
postage and send to us. We'll hustle your 
name and address to the companies you're 
interested in. 

Limit 15 inquiries per request. 

NAME CALL- 

ADDRESS 

CITY STATE ZIP 

Please use before Apr1130,1984 March 1904 





Food for thought. 
O u r  new Universal Tone Encoder lends its versatility 
to  all tastes. The  menu includes all CTCSS,  a s  well 
a s  Burst Tones, Touch Tones, and Test Tones. N o  
counter o r  test equipment required to set frequency- 
just dial it in. While traveling, use it on your Amateur 
transceiver to access tone operated systems. o r  in 
your service van to check out your customers' re- 
peaters; also, as a piece of  test equipment to modulate 
vour Service Monitor o r  signal generator. I t  can even 
operate off an internal nine volt battery. and is available 
for one  day delivery. backed by our  one  year warranty. 

All tone5 in Group A and Group B are included. 
Output level 1131 to within 1.5db over entire range selected. 
Separate level adjust p,ts and output connections for each 
tone (iroun. 

156.7 5 A  1 1 1 i:!'::; 1 ' 1 6 2 . 2 5 ~  1 
74.4 WA 127.3 3A 167.9 6% 

100.0 I2 131.8 3 8  173.8 6 A  
103.5 I A  136.5 4 2  179.9 6 8  

82.5 YZ 107.2 18 141.3 4 A  186.2 77. 
85.4 YA 110.9 2 2  146.2 4 8  192.8 7 A  
88.5 YR 114.8 2A 151.457. 203.5 M I  

Frequency accuracy. r . I Hz maximurn - 40°C to + 85°C 
Frequencies to 750 Hz available on special order 
Continuous tone 

Group B 

697 l2OY 1600 I850  2150 2400 

I So0 852 1477 1700 1950 2250 2500 
2175 941 I633 1750 2(KW) 2300 2550 

Frequency accuracy. + I Hz maximum - 40°C to + 85°C  one length approximately 300 ms. May be lengthened, 
shortened or eliminated by changing value of resistor 

Model TE-64 $79.95 

Immune t o  RF 
Powered by 6-30vdc, unregulated at 8 ma. 

a 6- - COMMUN/CATIONS SPECIALISTS 
Low impedance. low distortion. adjustable sinewave 426 Wr\t Taft Avenue, Orange, California 92667 
output, 5v peak-to-peak (800) 854-0547/ California: (714) 998-3021 

I Instant start-up. 
Off position for no tone output. HE4 fl 128 
Reverse polarity protection built-in. 
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HUSTLER 
DELIVERS 
RELIABLE 

i 
I 

ALL BAND HF 
PERFORMANCE 
Hustler's new 6-BTV six- 
bond trap vertical fixed 
station antenna offers 
all band operation 
with unmatched con- 
venience . The 6-BTV 
offers 10.15.20.30. 
40. and 75/80 meter 
coverage with ex- 
cellent bandwidth 
and low VSWR . Its 
durable heavy 
gauge aluminum 
construction with 
fiberglass trap 
forms and stain- 
less steel hard- 
ware ensures 
long reliability . 

meter kits 

for 4-BTV 
and 5-BTV 
are also 
available . 

Don't miss our 30 meter excitement . 
HUSTLER - 

STllLTHE STANDARD OF P€RK)RMANCE . 

@iEsFa L i  
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FT-77The Rig for Allseasons! 
Answering the call for an HF rig that goes everywhere, sounds great, and is 
cost-effective, Yaesu proudly introduces the FT-77 Compact HF Transceiver System. 

Computerized Design and Manufacture 
The FT-77 design engineers utilized the latest computerized circuit board layout methods, resulting in a 
compact, reliable transceiver with maximum utilization of available space. Automated insertion techniques are 
used in assembly, providing improved reliability and quality control over earlier desians. 

Operating Versatility 
The FT-77 is equipped for operation on all amateur bands between 3.5 and 29.7 MHz, including the three new 
WARC bands. Fully operational on SSB and CW, the FT-77 includes a dual width noise blanker (designed to 
minimize the "Woodpecker" or ignition noise), full SWR metering, R.I.T., and optional CW filter with wide/ 
narrow selection. The optional FM-77 permits operation on the FM mode, with front panel squelch sensitivity 
control. 

Expandable Station Concept 
Ideal for mobile operation because of its compact size and light weight, the FT-77 forms the nucleus of a 
versatile base station. Available as options for the FT-77 are the FP-700 AC Power Supply, FV-700DM 
Synthesized External VFO and Memory System, W - 7 0 7  VHFIUHF Transverter, and FC-700 Antenna 
Coupler, providing top performance at an extraordinarily low price. 

Best of All, It's a Yaesu! 
With the most experience in transceiver design and manufacture, the Yaesu trademark is your guarantee of 
quality and durability. We've got all-new technology and an all-new warranty policy to back it up. 

See the FT-77 and the all new line of Yaesu HF, VHF, and UHF transceivers, receivers 
and accessories at your Yaesu Dealer today! It's time you tried a Yaesu! 

Price And Specifications Subject To ~ 2 0 2  
Change Without Notice Or Obligation 

The radio. V 

YAESU ELECTRONICS CORPORATION 6851 Walthall Way, Paramount, CA 90723 (213) 633-4007 
YAESU CINCINNATI SERVICE CENTER 9070 Gold Park Drive, Hamilton, OH 4501 1 (513) 874-3100 



!rat coverage, Superior dynamic range, 
' VFO9s, 8 memories, Scan, Notch.. . COMPACT! 

/ - , f  , /  . !  ~ to the. snmc. lrccl~trttc~y arrd trloele :IS -A" 

VFO, o r  \ric.r vt.rs;t. VIW LO('K s\vitc.h pro 
e ~litlctl. [<IT c.ot~trol tunes  VFO f) r  t r i f~nrc~n~.  

The TS-430s combines the ultimate in 
compact stylin with advanced circuit 
design and performance. An all solid- 
state SSB. CW, and AM transceiver, with 
FM optional. covering the 160-10  meter 
Amateur bands, it also incorporates a 
1 5 0  k H z - 3 0  MHz general coverage re- 
ceiver having a superior dynamic range. 
dual digital VFO's, 8 memories. memory 
scan, programmable band scan. IF shift. 
notch filter. all-mode squelch, and built- 
in speech processor. 

160-10 meter operation. with general 
coverage receiver 
\VitIr lt,O-10 nlctvr Anrntetrr band cover- 
;I@. inc,l~ttlinc \VAHC: 30. 17. ;inti 12 11irter 
1);trrds. i t  ;tlso fc.:rturt-s ;i 150 ktlz-30 Mllz 
grnrr;tl c,t)vcriige receiver. I t~ r to \~ ;~ l i \~ r  UI1- 
c,ctnvrrsicrn tli,git;tl PI-I, circuit. for sltpc.rior 
IrtXqctt*ncy stirl~ilitv ant1 ;lc-c.ur;tcv. IJI' 
I)O\VN I);tnd s\\~itc.hes lilr Anr:ttc.ur Ixtntls 
o r  I-MI Iz stc-p~; ;lc.ross entire I50 kt-lz- 
:10 MHz r;lngc.. l\vo dieitill VFO's contin- 
~roitsly tunr;thle from 11;tnd to I ~ u t ~ d .  Ikrntl 
inft)rnt;ttiorl otttput on  r w r  p:tnel. 

USB. LSB. CW, AM. with optional FM 
Oper;ltc.\ o n  IJSI1. LS13. I'M'. ;tnd AM. wit11 
ol)tion;tl FM. inlern;tlly inst;tllc.cl. AGC rime 
cwnstant ;rutont;ttic;tIlv scl(~c~tt~tl  Ily rnodt.. 

Compact, lightweight design 
Mt~;lhllr('s O I I I ~  10-5 X 12701 \V X 3-3/4  (!361 
11 x 10-718 12751 D. irtcl~cs lnrml. welghs 
onlv 14.3 Ihs. (6.5 kg.). 

Superior receiver dynamic range 
l:sv ot 2SK125 junc.tton-tyl~r FI- 1"s in 
the. 1)vn;i-Mix hi<h s~trsi t i \~ity.  I)al;trrccd. 
tlirecl mixer circ.~rit provitlcs superior 
clyn;irnic. range. 

10-Hz step dual digital VFO's 
10-I 12 st(.[) tl11;1l di<~t;rl VFO's operate inde- 
~wndent ly ,  inc~lrtclt. 1)itnd ant1 ntode infor- 
mation. 1)ifkrrnl 1,and ant1 modr  cross 
nperittion possible. [>i;il torque :tdjustable. 
STEP switch f i ~ r  tuning in 10-117: o r  100-1lz 
steps. A-I3 switch qrticklv shifts "R' VFO 

Eight memories store frequency. mode, 
and band data 
Rl(.~nor-ic..; !-lrlr-c. frc-q~tcnry. mode. ;tnd 
t ) ; t r t t l  tl;~t;t. ICi<hth rtremoqr slot-1's rrc.rivr 
:inti tr:tnsnrit Irccluencic~s intlc.pc.rrdc.r~tlv. 
hl.('l I su.il:.l~ lor oper;ltion ol mrrllorjl ;IS 

inrlc~prntl~~rtl \'1:0. o r  lisc:tl frrqttrr~(-y. 
Lithium battery memory back-up 
I-stitn.ttccl li\.c.~ycs;~r- lifc.. 
Memory scan 
51.;tn\ t~tc~trlorlt~s in tvhic.11 clnt;~ is storetl. 

Programmable automatic band scan 
S ~ . ; I I I ~  [)ro~r;ttirrtrc~cI l);~rr(l \vi(itIt. SC;III 
s l ) c - ( ~ l  ;ttliu~t:tl~lr.. 1101.1) swilt.lr intrrnlpls 
Il;tnrl 01- tnc,nlory sc.;tn. 

IF shift circuit for minimum QRM. 
11: p;~~\I>itttcl rrt;ty 11r tttovf.tI to pl;~(,c- ltitcsr 
l(9rrit~< si<ti:~ls c~~ttsiclr t l ~ c  p:tssI);~~lti, for 
l)cst i t t terl t~rc~t~ce rrjc5c3tion. 

Tuneable notch filter built-in 
l ) ( ~ p .  \Itm-p, t~t11c~,tl)Ic-. ' I I I ~ I I O  rlotc,t~ ftltrr. 
Narrow-wide filter selection 
NAI<-\VII)I.: switc.11 for 11.. lil1c.r srlrction o n  
SSI3 :tntl ('\V wltc.n optiot~;tl filtcbrs :ire in- 
slitllrtl. 12.4 kl lz IF filtcr built-in.1 
Speech processor built-in 
Itttprovrs itrlc~lligil)llily. inc.re:tsrs :\verage 
"talk-po\ver: 

Fluorescent tube digital display 
Irttlic;ttc*s ft.c.cl~~c-trc'y to l o0  1 I /  I10 I-lz 
rnodiliitl~lcl. 

All solid-state technology 
I111)tri r;tlcti 2 5 0  \V 1'1-1' rill SSD. 2 0 0  \V 
I ) ( '  or1 ('\V. 120 \I1 O I I  I 3 1  loption;tll. 6 0  W 
o n  AM. Icuilt-tn c.c~olirl Siln. t~lulli-c.irc.rtlt 
fin;tl prt~lrc~liorr. 0pcr:t trs  o n  12 VT)('. o r  
120 /220 /240  VAC' with ol~tionill 
15-4:rO A<' 1)owrr supplv. 

All-mode squelch circuit, built-in 
Noise blanker, built-in 
RF attenuator (20 dB) 
Vox circuit, plus semi break-in with 
side-tone 

Sprcificf~lir>r~s ftr~fl pric:,s 

I):.st<~~(.tl to rn;ilrh the TS-430s  in size. 

Covers 160- - r  incl. WARC 
ARC: Aulorn. nd Changing Svstenr 

[whrn  ~tsetl  a1 4 9 0 s )  SWKIl'ower 
rnrtrr  4 ;tnlc ~rrrritt;~Is l3ttilt-in 

Other optional accessories: 
I'S-430 c.on~l);~c,l AC' ~)o!vt'r su11pI>< 
IJS-:I0 o r  KI'S-21 A(' po\ver supl>lic.s. 
SI'-4:10 extc*r-n;tl spr;tker. 
MI%-430 mot>ilc. rnottnting hr~~c'ket .  
A'r-l:%O conr1):tc.t ;tntrtln;t tuner. 
XO-I0 IT) i11c.l. WAR('. 
FM-.t30 FM unit. 
YK-H8C (500  llzl o r  YK-RRCN (270 llzl 
('\V 1.iltc.r.i. 
YK-HXSN (1.8 kllz) n:trrow SSH filler. 
YK-HXA 16 kflzl AM 1iltc.r. 
M('-42s UI'I1)OWN h;tntl mic.rophone. 
MC-55 (81') rnol)ilr n~icrophonr .  
MC-60A dr luxr  dcask microphone. 
' MC-HO IJI'/t)OWN dr sk  niicrophonr. 

M(1-85 multi-function tlesk microphone. 

Mort. ir~formation o n  tllr TS-.I:%OS is 
:t\~;t iI ;r t) lc* fronr ; t l i  :tt~tliorizc.cl tIc~;\lc.rs 01' 
Trio-lirnwnod ('ontrr~~ttli(.:~liotr%. I I I I  W('s1 
W;tlnut SIrc*r*l. (:onlptrrn. (':~lifr>rni;t !)0220. 
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