


Ultra Compact 
The new ICOM IC-735 rs what 

you've been asking for ... the most corn 
pact and advanced full-featured HF 
transceiver with general coverage receiver 
on the market. Measuring only 3.7 inches 
high by 9.5 inches wide by 9 inches deep, 
the IC-735 IS well suited for mobile, 
marine or base station operation. 

More Standard 
Features 

Dollar-for-dollar the IC-735 includes 
more standard features ... FM built-in, an 
HM-12 scanning mic, FM, CW, LSB, USB, 
AM transmit and receive, I2 tunable 
memories and lithium memory backup, 
program scan, memory scan, switchable 
AGC, automatic SSB selection by band, 
RF speech processor, I2V operation, 
continuously adjustable output power 
up to 100 watts, 100% duty cycle and a 
deep tunable notch. 

Superior 
Performance 

It's a high performer on all the ham 
bands, and as a general coverage r e  
ceiver, the IC-735 is exceptional. The 
IC-735 has a built-in receiver attenuator, 
preamp and noise blanker t o  enhance 
receiver performance. PLUS it has a 
lO5dS dynamic range and a new l o w  
noise phase locked loop for extremely 
ouiet rock-solid receotion. 

Simplified Front 
Panel 

The large LCD readout and con- 
veniently located controls enable easy 
operation, even in the mobile environment 
Controls which require rare adjustment 
are placed behind a hatch ave r  on the 
front panel of the radio. VOX controls, 
mic garn m d  other seldom used controls 
are kept out of sight, but are immediately 
arcessihle~ 

Options. A new line of accessories See the  IC-735 at your authorized 
is available, including the AT-150 elec- ICOM dealer. For superior performance 
tronic, automatic antenna tuner and the and innovar~ve features at the right price, 
switching PS-55 power supply. The look at the ultra compact IC-735. 
IC-735 is also compatible with most of 
ICOM's existing line of HF accessories. 

r /  ni First in cornrhunications 
ICOM America, Inc, 2380-116th Ave NE, Bellewe, WA 98004 / 3331 Towe- Drm, Su~te 307. Dalldr TX 75234 

All xlatcd raccflratbm arr aDDronmtr IM luDjm la rmrbgr wllallr mlac 01 Mllqalon All ICOM cldlot ugnlflr.ntly cxced FCC qulatnm ltmrlng Wprmur mlwii, 735495 



'Im-rp p --f=YV* Kantronics . 
\ 

P 

Presenting three intelligent, versatile, 
compatible terminal units. 

s! 4!A,,Ry" means an internal microprocessor is used 
to improve performance and add versatility. The 
"Smart" Kantronics TU's can transmit and receive 

, CW/RTTY/ASCII/AMTOR or Packet when 
combined with your computer and transceiver. 

Any computer with a serial RS232 or TTL 
port can connect directly to a Kantronics TU. 
A simple terminal program, like one used with a 
tele~hone modem. is the onlv additional DroQram . - 
reqdreo Kantronlcs currently offers Pac- 
term arla UTU Term~nal Programs for 
IBM, Kaypro. Commodore 64. VIC 20, and 
TRS-80 Models I l l ,  IV, and IVP. Dlsk 
verslon S19 95 Cartr~dge $24 95 

. The Un~versal Term~na unlt (UTU) 
IS the or~g~nal  'Smart ' amateur TU r- - 

w 

CW, RTTY, ASCII, and AMTOR can all . be worked w~ th  thls slngle unrt 
Sw~tched capac~tance fllters and 
LED d~splay tunlng make uslng the 
UTU easy for even the Novlce 12 
Vdc 300mv power supply requlred 
Suggested retall $1 99 95 

1-. \ 21 
!J-- I!-',: The UTU-XT is an enhanced - . 

version of the UTU. Programmable baud [:PC-2 Kantronics AX.25 Version 2 TNC fea- 
rates, tone frequencies, and tone shifts give tures a built-in HF modem, full duplex opera- 
special versatility. Automatic Gain Control and tion, multiple connects, and over 100 software 
Threshold Correction circuits greatly enhance commands. A serial RS-232 or TTL (C-641 
sensitiv~ty and selectivity. A RTTY signal VIC-20) port gives universal compatibility. 
detect circuit mutes copy with no carrier, and The enhanced generic command structure 
the CW filter center frequency and bandwidth fits any computer, even PC compatibles. All 
are programmable. Power supply is provided. this combines to make KPC-2 the only TNC 
Suggested retail $359.95. you'll ever need. Suggested retail $219.00. 
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-rr- vh , "DX-citing. C~rnpact high perforn;.nce Hc t m n s c r i u e r  ,ll,t~,12hl~-. ,il.ll :t>r<1u*, 

v S with qenerc71 coveracy receiver 1 '  n3ernory "l,.!r,r,r.lc, 
Frequency and mode may be slored In 

Kenwood's advanced digi tal  know-how Strrirrror rec.>ivrr  dynam~c  ranqr  10 groups of 10 channels each. Split lre- 
br ings Amateurs world-wide "big-rig" Kenwood Dyn:~Mtx'" h ~ g h  sens~tlvlty direcl quencles may be stored In 10 channels 
performance in  a compact  package. We mlxlng systenl c?nsures true 102 dB recelver lor repeater operallon. 
cal l  it "Digital DX-citementm-that special dynam~c rang,? (500Hz bandw1dthon20m) T I . l~ , i  C i C 5 S  IJ.,I~ 1 4  I[~II:>P.N) 
feeling you g e t  every t ime you turn  the  l c l Q  . du ty  cs,rle transmlt!er Subtone 1s memor~zed whenTU-8 1s tnstalled. 
power  on! Super efflcterlt coolhng permlls conl~nuous I , ~ r r t ~ . b  n:r,rfr-..,-.nt-t. r r v i ~ l i - t ~ o n  

., \I1 ! in>alc~tr  t ~ a n d s  key-down for per~ods exceedtng one hour IF shtft. tuneahle notch f~ller, nolse blanker. 
(;r,ncr;il covrrrlge receiver tunes lrom RF tnpul j>ow~?r 1s rated at 200 W PEP on all-mode squelch. RF attenuator, RITIXIT. 
100 k H z  30 MHr t ; ~ s ~ l y  n iod~ f~e r l  for SSB. 200 W IIC on CW. AFSK. FM. and 110 and opt~onal l~lters llght ORM. 
HF MARS o l~e rn l~on  W DC AM (Tt~f,  PS-50 power supply 1s * r<lT *!?< IJP!D("!V+J n,~. t~,cl ,~r l f  (i 
D~rr,ct kevhoard entry of frequency needed I g l r  ~ r i r l l l n ~ 0 ~ ~  duty) * ~ , r > m i r ~ ~ ! ~ + - !  , r i ! ~ > t ?  lport 
All modes h u i l t ~ i n  5 I! ?~l!r.r !~rrc'~nr:.: 
USE. LSD. CW. AM. FM. * D ~ i a l  SS9 IF . t ! f ~ r i ' i ' l  
and AFSK. Mode A b u ~ l l - ~ n  SSB l~l ler IS 
selectton IS v e r ~ l ~ e d  ~n standard. When an 
Morse Code. opt~onal SSB f~ller 
Ru~ l t - l n  au tomat~c  (YK-88s or YK-88SN) is 
n r ~ t c r ~ n a  t1111i.r II Installed, dua l  lllterlng 

1s provlded 
4 i8n>',  ,311; : - r  v m ,  

* V S ~ l  voice ,;yr?the t ) ~ ~ ~ , i .  I,, ,.;'\At A r l 7 ~ c l r l  
s17er (or>t1r~!,,3ll < ,nrmr?;$t~I~t.: 

- . . , ,. . - . . - - - 
O{,!\<> ,, . AT~440 ~nlctrri,jl ,,I,~~, :InlPi,rl;l Illrip, (80 IU rlli Kenwood takes You . AT-250 exlernal auto lunr~r (I6O m 10 ml 

-7 
from HF to OSCAR! . AT-130 romparl mnhllP anlPnr1;l luner I160 m - 

10 m) - IF-732ClIC-10 level translalor and modem 
IC k ~ l  . PS-SO heavy duly power supply. PS-4301 
PS~30 DC power supply. SP-430 exlernal 
spe;lker. MR-430 rnnh~le mounllng brackel 

YK-RBCl8RCN 500 H71270 Hz CW fillers. YK-88s- 
BBSN 2.4 kH111 0 kHz SSR l~llers. MC-60A180185 
desk mirro(lhones . MC~55 (RPI rrlohlle i n l C r O ~  
phone HS-4ISifil7 hrildptlones . SP~40150 
moh~lr speakers. MA 5IVP-1 HF 5 hand moh~le 
Iiel~ra anlenno and humprr rnnuril . TL-922A 
7 kw F'EP Itnear ampllrler a SM-;'20 slallon monllor il,,,o lrrr serv,re ,, ,;,,,,, available all TRIO-KENWOOD COMMUNICATIONS 

VS-1 voice s~nlhesl/er . SW lc'0AI?0QA/2000 I,,, Kr>nwood rmn:.crruers an0 most accessorres 1111 West Walnill Slieel 
SWRil,ower melets TU-8 CTCSS lonr unll ,sper~fc;rtmns and pr IY.S are sublecr ro change w,rhour Compton. Callforn~a 10220 - PC;-;'C exlrn DC ~:nhle notice or obIru.li~orl 
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communication for fun and profit 
Wouldn't you think that after working an eight-hour day you'd do anything except continue 
the same thing you'd been doing all day? 

Some people work at jobs that they dislike. Perhaps they're stuck - but for one reason or another, 
they just can't leave their positions. They wouldn't be caught dead spending even a minute thinking 
about their work once they're finished for the day. Others enjoy their jobs but make it a point to 
sharply differentiate between their work and their private lives. Still others don't see this separation 
so clearly; they either take work home or participate in some aspect of it after hours. 

Psychiatrists would probably agree that the middle group is the healthiest and well-balanced. They 
could earn a living treating the first and third groups. 

As editor of a ham magazine I find that I gravitate towards the third group. I spend my daylight 
hours pushing papers from one side of the desk to the other; miraculously, manuscripts are edited, 
schedules are developed, correspondence is answered, and magazines get published. But when it's 
time to quit, I still find myself thinking about a preamplifier that exhibits extremely high IM perfor- 
mance, a multi-element antenna design that can develop a high forward gain and front-to-back ratio, 
or a multi-stage bandpass filter that can be designed and optimized through the use of a CAD program. 

Often I just go down to the radio room to briefly scan the band to see if Europe is coming through 
on a more southerly route - didn't WWV just announce a K index of 5? But wait a second . . . 
there's LZ1 KDP on 3792 describing his three-element wire beam at 200 feet above the streets of So- 
fia. Trying to picture that scene, I find that I have the microphone in hand and I'm dropping my call 
several times. Suddenly there's Stefan's voice coming out of the loudspeaker, warmly saying hello 
from Bulgaria, and we basically continue where we last left off from the previous contact. Pop, (Popa, 
YU7PFR1, comes on frequency and we find ourselves discussing the minor pattern distortion achieved 
by adding segments at one end only that change the resonant frequency of his director, reflector 
in his three-element wire Yagi. Perhaps we're discussing Serbo-Croatian music or - back to the tech- 
nical realm - the merits of the Plessey SL1640 IC in a circuit he's building. In short, we find our- 
selves going beyond what some perceive as the humdrum nature of today's all-too-common 
HelloIGoodbye QSO: "Hello, your signal is . . . my QTH is . . . my name is . . . please QSL . . .Goodby." 

Just think of the opportunity presented to us. We can communicate with others over thousands 
of miles, discussing - within the limits of reason and common sense - a myriad of subjects. We 
can increase our friendships, learn languages, discuss mutual problems we have with a particular 
computer program. It's almost like having good company over after dinner. 

This form of communications is not just fun - I profit from this. We all do. For when you extend 
friendship, hear that laughter from someone who's been trying very hard to say something in English 
while you try to respond in his language, even though you know only a few words, we all profit. 
We profit when suddenly we start to observe the makings of a bent propagation path from both ends 
of the circuit . . . see it develop, peak, and disappear, and see the potential for other exciting con- 
tacts as well. We profit by learning to live with each other under crowded conditions, not entirely 
unlike those of an inner-city tenement, on this cluster of frequencies we call an Amateur band. It's 
all here to do with as we please. I choose to communicate for fun and profit. 

Rich Rosen, KPRR 
Editor-in-Chief 

4 May 1986 



220: Kenwood Stile! 
T 

r/ 
Rlg niultl-color LCD and hack Ilt con Frequency lock v ~ ~ t c t ~  
trols for exc~ l l en t  vls~blllty Dlg~tal Channel L ~ n k  (DCL) optlon 

The first compreqensive Opl~onal  fronl p a w l  programmable 38- Unique offset microphone connector 
tone CTCSS encoder includes97.4 Hz - r e l i ~ v e s  stress on m~crophone cord 

220 MHz FM transceiver 
TM-3530A-25 watts of 220 MHz FM- 
Kenwood style! Features include 
built-in 7-digit telephone number 
memory, auto dialer, direct frequency 
entry and big LCD. All this makes the 
TM-3530A the most sophisticated 
rig on 220 MHz! 

First r~ l .>h~lr> lrnnscelver w ~ t h  tele- 
~ ' t l one  nurnber memory and auto- 
dialer (up to 15 seven-d~g~t  telephone 
numbers) 
Frequency range 220-225 MHz 
Automat~c repeater offset select~on - 
a Kenwood exclusive! 
D~rect  keyboard entry of frequency 
23-channel lnenlorv for offset, Ire- 

TH-31AT131A TH-31AT/31A opttonal nccessorles 
HMC-1 hr~.~rlv.l wllh V O K  

Kenwood's advanced tech- . SMC-30 \IIP,~~I rill ro[ tlOrlP 

nology brings you a new PB-21 riled 180 I ~ ~ A H  I~,IIII.T~ 
standard in pocket/handheld PB-21H NlCrl '700 mAH 11iIIf.ry 

transceivers! DC-21 I)C DCI onvrrlcrft ~r 
I !  ,I,il,i I ,LC1 

9 I LII,III t11i111, i50 1n1W low 
SIJ~I~,I I ~1~ii11;irl 1ticl l ~ g h l w ~ ~ ~ l i l  
(ah0111 R n) w11t1 i'H-;Jll\ 
Frc:quency r:ing? ??0~224.995 MH.7 
In 5-kHf str[:s 
Repeiiler oflsrl I 6 MH7, reverse. 
~ I IT I [~ ICX 
Supplied accessories: ruht1r.r flc,w 
; l ! i l ~ ~ r ~ r i ; ~ ,  e;ir[ili~-~r1~~, iv:~ll r,tinrger, 180 
rriAH NlCd l~ntl f~rv ;ind w11s1 slrap 
O ~ ~ l c k  ch;innr,. Ioi,k~ncl hattery rase 

. , . . . . . . . 
* BT-2 n1nnqancsr~inlk;1l1ri~~ 11;1IIery 
i .,Sf. 

EB-2 external C ni;~ngan~ac/ 
;Ilkallrie hnl t rv  case 
SC-8/8T soft caws wtlh hell hook 
TU-6 ~)ropr;~riirn;ihle sut~ lvnP ~lnt l  
AJ-3 1hre:irl-loc lo fiNC frrrinlc 
i~:liil)lPr 
BC-6 2~p;lck (ILIII.~ ch i~ro f?~ 
BC-2 wall rhnrqcjr for PF: ?1H 
RA-9A StuhbvD~~k ;tnlcnri;r 

auencv and sub-tone 

- PS-430 LIC l1~3wt.r ';~il)[~lv MC-60A/MC-80/MC-85 (-t,:,>k nil, ,~ 

*TU-7 ,:8-lnne CTCSS ~,ricoder MC-48 ~ x 1 1 . 1  [ ? l ? v l I  I:III ~ ' i t l l  UI'IDOWN S W I ~ C ~  
MU-1 DCL modern ~rnll MC-42s UIJIDOWN mlc 
VS-1 volce synthes17nr MC-55 18 l11n) rnr,htl-? mt: wllh I ~ m ~ - o l t l  ttmc?r 
PG-2K extra DC cable SP-40 <:ompact nio1)tlr ! 11~:lkrr 
PG-3A DC l~ne noise lllter SP-50 moh~le s[)eakfr 

KENWOOD 
TRIO-KENWOOD COMMUNICATIONS 

ME-10 cxtrn niohlle bracket SW-2006 SWHlpou,er n~c,ler 1111 \*JP,,I \'J,,II>~;I '.!rr,, I 
CD-10 call slgn dlsplay SW-100 ~.onillal-1 SWRl~mwrr nir lrr r ' n r l ~ [ # l i i r l ,  ( : . 1 1 # 1 ~ ~ ! 1 # : ~  (~li: '.~i I 

( n r *  :t.!v . ) ,  8 .  ~ , ~ , ~ , z ~ i ~ ~ i ~ . . ~ r ~ ~ . t v . i ~ r ~ l ~ i ~ ~ l ~ ~ r  !if lriii nvim,t ,rrS, , , . t ~ , . r ,  311,:r. , ,  8 ,#  , , , . , , r j e , , .  

r ' ' '  ,,lrlp,lrc~, ,'(...,,111,.,:I,,i ,,,, l , , j , . $ :  .,,,,,,,, . , . I .  , , , I 1  I,, , , , , . ,  . , I  



T H E C O N T  THAT CITIZENS HAVE NO RIGHTSACCESS TO THE RADIO SPEC- is still very much alive, according to 
comments by California Congressman Carlos Moorehead at the fourth and final House subcommittee hearing on the 
Communications Privacy Act of 1985 March 5 .  Early in the hearing Deputy Assistant Attorney General James Knapp of 
the Justice Department Criminal Division testified that his agency didn't believe scanning for "recreational 
purposes" should incur "criminal or civil liability." Instead, the Justice Department position was that it would 
be a crime only if "the citizen both intercepts and divulges communications under circumstances in which the 
interception and divulgence are illegal, tortious, or for criminal gain" -- which is pretty much the present law! 
-man Moorehead Severely Cxiticized The J u s t ~ ~ . ~ i t i ~ .  stating "It's very clear there are all 

kinds of mischievous things you can do if you have one of these scanners" such as hearing "family fights, 
conversations between someone and their girl friend, inside information that stockbrokers might be giving out over 
the phone . . ."  He then read from a scanner ad a long list of the things that can be heard -- including Amateur 
Radio - -  noting that "these are private calls and obviously something has got to be done to limit the range of 
these scanners." He further stated the purpose of the bill was to prevent people "from deliberately trying to 
intercept any or all of these calls . . ." though admitting that accidental interception such as through a TV set 
shouldn't be prosecuted if the listener quickly "switched to the next band." 
Follow_inn Moorehead's CoademnationOf The Justice Position, Knapp agreed Justice would consider whether "We 

should go that second step and predicate a violation based upon the interception of 'the radio signal' itself." 
"Shochin~ly Pervasive Misreuresent~tion" BY The Cellular In- in its previous testimony about cellular 

privacy before the subcommittee was charged by the Association of North American Radio Clubs (ANARC) in its 
comments. ANARC emphasized that cellular transmissions are even less private than a cordless phone's, due to the 
far greater range of cellular transmitters and the variety of means by which cellular can be intercepted. 
W~ommittee Work On HR 3378 Is Ex~ected& Re C o m ~ l e t e m  Late Mar&, at which time it will be taken up by the 

full Committee and could quickly move to the house floor. At the same time the Senate version of HR 3378 will 
become active there as well. As the report above demonstrates, this bill's threat to a citizen's tradittonal 
access to the radio spectrum as described in Ham Radio's February editorial is still a very real one! 

FCC A(;TION ON A R R L ' S P R O P Q S A L N O V I C E  PRIVILEGES may very well come in time for the Dayton Hamvention 
in the form of a Notice of Proposed Rule Making. Most of the comments filed in response to the proposal (RH 5038) 
were favorable, though some did in fact raise questions about just what it is expected to accomplish, since it 
would require raising Novice qualiflcations to correspond with the new privileges. Another concern was that it 
might decrease incentive to either learn the code properly or even upgrade, since the "enhanced" Novice license 
would provide access to both HF and VHF phone bands. 

'JAB COUNCIL FOR WIUR RADIO EX&L&INEJS NOW OFFICIALLY recognized as a "Not For Profit" corporation under 
Illinois law, and efforts are under way to establish its tax-exempt status for donations as well. Representatives 
of the CARE member VECs, which now include all national VECs (except the ARRL) as well as many regional VECs, plan 
to hold an informal strategy meeting during the Dayton Hamvention weekend. 

"WEST~IN~ATIONAL,,COORDINATOR'S ASSOCIATION'' IS THE NJCW NAME, tentatively chosen for the "Pacific Area 
Coordination Association announced in last month's Presstop. The new name was adopted to reflect the group's 
expanded sphere of influence, now planned to extend to Alaska and the western portions of both Canada and Mexico 
A formation meeting has now been set for September 6, during the ARRL National Convention in San Diego. 

M P ' N T  ON-Tm-AIR "BUGINESS"_BCTI~_O~ N N F L O R I D & ~ E R S R S R S  75-meter swap net led to issuance of FCC Notices 
Of Violation to 22 Amateurs in the Southeast, The notices were sent out by the Ft.Lauderdale Field Office after it 
monitored two net sessions, and went only to Amateurs who quoted prices on the air or whose "stock" gave the 
appearance that they were running a business rather than disposing of excess personal equipment. 
-ugh S w a ~  Nets Per Se Are Not ProhibiLed BY The Rulea. ''businessu activities on the Amateur bands are. This 

crackdown, which came about as a result of numerous complaints from Amateurs about this particular net's 
activities, does not herald any FCC change in direction or indicate the beginning of a nationwide FCC effort. 

m-FCC RELAXED ITS WmIBITION AGNST_'4UToHATIC CONTROL" for third party traffic relays in a waiver issued 
March 14. The third party traffic problem had arisen in the FCC's Report and Order on PR Docket 85-105, which 
permitted automatic control of digital communications above 50 MHz but pointed out that the rules still required 
a control operator's presence when third party traffic was being handled - -  and that any traffic not originated 
by the relaying station was considered "third party." 
%Waiver ADmlies To Pack& Conmu~~i;&ione Usine hX.75  Jrotocol, and remains in effect until the Commis- 

sion can consider a number of Petitions For Reconsideration that were filed in PR Docket 85-105. It was granted in 
response to a Petition for Extraordinary Relief filed by the ARRL. FCC review is likely late this year. 

.12Tm U N ~ b L _ B . ~ k p  Hay 16-18 at Rivier College in Nashua, NH. It opens with 
a Friday night h o s m b y  tech sessions and symposia all day Saturday and a noise figure and 
antenna gain session on Sunday. Dave Knight., KALDT. 150 Oakdale, Nashua. NH 03052 can provide details. 

6 May 1986 



Handy Handful ... 
"T', I F"fqB\fi. /., ! 

L - & , , % , % # ,  35ggp\ 
Kenwood's TR-2600A and TR-3600A feature DCS (Digital Code 
Squelch), a new signalling concept developed by Kenwood. DCS 
allows each station to have its own "private call" code or to respond 
to a "group call" or "common call" code. There are 100,000 different 
DCS combinations possible. 

The Kenwnod TR-2600A and the 
TR-3600A pack "hlg rlg" features 
into the palm of your hand. Il's 
really a "handy handful"! 
Oo!ion?I : ? c c ~ c  ;o r i~s :  

TU-350 bull! In programmable 
sub-tone encoder 

* VB-2530 2-nl 25 W RF 

ST-2 base st:~ndlcharger 
MS-1 rnoblle slandlcharger 
PB-26 NI-Cd battery 

. ':I.;71:In rrc?i;:.l!'. 
DC-26 DC-DC converter 
HMC-1 headset wlth VOX 

Funcllonal deslgn IS "user friendly:' * SMC-30 speaker microphone 
Bullt-ln 16-key autopatch encoder. LH-3 deluxe leather case 
TX STOP sw~lch, REVerse swltch. SC-9 SOH case w ~ l h  belt hook 
KEYboard LOCK switch, hlgh eff- BT-3 AA man~nneselalkal~ne 
clency speaker battery case 

* Laran LCD * EB-3 exlernal C manganese1 
Easy to read In direct sunllght or In alkallne battery case 
the dark wtth conventent dlal llght RA-3 2-m telescoping antenna 
that also ~lluni~nates the top panel RA-5 2-mi70-cm telescop~ng 
S-meter. . anlenna 

9 'rteiided ~ ~ + - C I I I P ~ ~ C V  C O V P I ~ U -  AX-2 shoulder strap wlant, base 
Allows operation on most MARS CD-10 call sign display 
and CAP frequencies. Recelve BH-2A belt hook 
frequency range is 140-160 MHz. 
tTR-3600A covers 440-450 MHz.) from authorized 

.' P I C I C ~ : ~ ~ I ~ ~ I ? ~ I P  SCRII 

Channel scan or band 
scan, search for open 
or busy channels. 

0 SIL1DE-LOC h n t t ~ r v  
I ; IZF1  

* 1r1 ch:3!lfY?!< 
10 rnemorles. one for 
non-standard repeater 
offsets. 

,* ?.5 iw:-'ts h ~ ( ~ f i  powor, 
:?r.o p',st I ~ , A , ,  

TR-3600A has 1.5 watts 
high or 300 mW low. 

TR ?fifltn c ~ ~ o w ~  m 36ooA (cavatiabi.. ! I . ,  . '  8 ~ 8  , ~ t ~ , .  , (I,, ,, 
C:i,mufr,!e ;PIVICC rnanlialq are avnilah!P !err all irlo Kc.il*ri,od l ranrreiverr an? rno I . # I  ,-cisores 
',nrcif,r.il,nrlr arrn p,rrt*r .)re SLI~~PCI 11) <-!?anile W8lllmul nOl8CP or Dhlrqalion 

TRIO-KENWOOD COMMUNICATIONS 
I l l 1  West Walnut 5lrPr.l 
Comotorl. C;~l~torn~a '20??0 



MFJ TUNERS 
This may be the world's most popular 3 K W  roller Inductor tuner because It's small, compact, rellabls, 
matches virtually everythlng and glves you SWR/Wattmeter, antenna switch, dummy load and balun - 
all at a great price! 4 - 4 '-% - 'a 
Meet "veru-~unar v:'. I t  has aIIthm A a u n t e  meter reads SWR plus 

h ~ t u m  you asked for, including the forward and reflected power In 2 ranges 
new smaller size to match new smaller . * (200 and 2000 watts). Meter light re- 
rigsdnly lO%"W4%"Hxl4 7/8"D. ) , quires 12 VDC. Optional AC adapter, 

Matcher coax, b l a n d  Ilnea, nn-  ; MFJ-1312 is available for 8.95. 
dom wlrm-1.8to 30 MHz. 3 KW PEP B 6 porltlon antenna rwltch (2coax lines, 
-the power rating you won't outgrow through tuner or direct, random/ba- 
(250pf6KV caps). lanced line or dummy load). SO-239 

Roller induclor wlth a M l g l t  turn8 connectors, ceramic feed-throughs, 
counter plus a spinner knob for pre- binding post grounds. 
cise inductance control to get that Deluxe alumlnum low-proflle m b l n d  
SWR down to minimum evew time. with sub-chassis for RFI protection. 1 Bullt-In Ja wall, 50 ohm dummy 
bad. bullt-In 4:l fsr l te  balun. M FJ-989 a *32gg5 black finish, black front panei with 

raised letters, tilt bail. 1 
4 .... - I 

MFJ's Fastest Selllna TUNER I MFJ's Best VERSA TUNER I MFJ's Smallest VERSA TUNER 

MFJ'r farteal relllng tuner packs In plenty of new 
featumr. New rtyilng! Brushed aluminum front. 
All metal obinet. New SWR/Wattmetsr! More 
accurate. Swltch selectable 300130 watt ranges. 
Read forward/reflected power. 
New antenna rwltch! Front panel mounted. Se- 

lecl 2 coax Ilnes, dlrect or through tuner, random 
wire/b,?lanced line or tuner bypss for dummy load. 
New alrwound Inductor! Larger more efficient 12 

prsltion airwound inductor gives lower losses and 
more watts out. Run up to 300 RF power output. 
Malchsr evsrythlng from2.8 to30 MHz! dipoles. 

inverted vee, random wires, verticals, mobile 
whlps, Wams. ~aanced and coax ~nes. 

Bullt-In 4 2 balun for balanced Ilnea. 1000 V ca- 
pacitor spacing. Black. 11 x 3 x 7 inches. Works 
with ail solid State or tube rigs. Easy to use any- 
where. 

MFJ's 1.5 K W  VERSA TUNER Il l  
'MFJ-W $229.95 

Run up to 1.5 K W  PEP and match any feedllne 
ccnllnuously from 1.810 30 M H z  coax. balanced 
line or random wire. 

Bullt-In SWRMlattmtsr has 2000 and 200 watt 
ranges, forward and reflected power. 2% meter 
movement. 6 positlon antenna switch handles 2 
coax lines (direct or through tuner), wire and ba- 
Ipnced iines. 4:l bnlun 250 pf 6 KV variable capac- 
itors. 12 position inductors. Ceramic rotary switch. 
All metal black cabinet and panei gives RFi pro- 
tection, rigid construction and sleek styling. Flip 
stand tilts tuner for easy viewing. 5 x 14 x 14 in. 

OBLIGATION. IF NOT SATISFIED, RETURN WITH- 
IN I DAYS FOR PROMPT REFUND (larr rhlpplng). 

One year unconditional guarantee Made in USA 
Add $fOO eath shlpplng/handl~ng Call or write 

MFJ'r beat 300 watt tuner Ir now even ballor! 
The MFJ-949C all-In-one Deluxe V e m  Tuner II 

glves you tuner, cross-needle SWR/Wanmeter. 
dummy load, afitenna switch and balun in a new 
compact cabinet. You get quality conveniences 
and a clutter-free shack at a super price. 

A new crora-nwdle SWR/Wallmeter gives you 
SWR. fnrsarrl v f l  reflected po~er-a I at a single 
alance SWR IS autcmat c?l v ccrnoutea wlth nc 
hntrols to set. H2s 30and 3% watiscale on easy- 
to-read 2 color lighted meter (needs 12 V). 
A handaome new black b ~ l h l d  alumlnum mbl- 

netmatchesall the newrigs. Its compact slze(10x 
3 x 7 inches) takes only a little room. 
You a n  run full tnnacelver parer output--up to 

300 Watts RF output-and match coax, balanced 
lines or random wires from 1.8 thru 30 MHz. Use 
It to tune out SWR on dipoles, vees, long wires. 
vertlmls, whips, beams and quads. 

A Ja watt 50 ohm dummy load gives you qulck 
tune uos and a versatile six wsltlon antenna swltct 
lets ydu select 2 coax lines (direct or thru tuner). 
random wire or balanced line and dummy load. 
A large efflclant alrwound Inductor-3 Inches In 

diameter--gives you plenty of matching range 
and less losses tor more watts out. 100 volt tuning 
vpacltors ana heavy d ~ t y  SwltcheS glves yo11 safe 
arc-freeo~erat~or. A 4 1 ba ~n IS OUI t.ln to match 
balanced 'lines. 
Order your m m e n l e ~  package now and enloy. 

2 K W  COAX MFJ-1" 

SWITCHES $19.95 !@h 
MFJ-lm. S19.%. 2 msllonr. -a 

60 dB isolation at 450 hihz 
Less than ,268 lo:;. 529.95 MFJ-lm 
SWR below 1:l.Z. 
MFJ- imi, mss. 
6 porllonc. White 
markable surface 
for antenna position 

MFJ ENTERPRISES, INC. 
Box 494, M~ss~sslpp~ State, MS39762 

MFJ'r tmr l les l2M watt Vsrra Tuner matches 
coax, random wires and balanced Ilnes contin- 
uously from 1.8 thru 30 MHz. Works with all solld 
stateand tuberigs. Very popular for use between 
transceiver and final amplifier for proper match- 
ing. Efficient airwound inductor gives more watts 
out. 4:l balun for balanced Ilnes. 5 x 2 x 6 inches. 
Rugged black all aluminum cabinet. 

MFJ's Random Wlre TUNER 

lets you operate ail bands anywhere wlth any trans. 
ceiver using a random wire. Great for apartment. 
motel. camping operation. Tunes 1.8-30 MHz. 
2 x 3 x 4 inches. 

MFJ's Moblle TUNER 

D a l g m d  for moblie operation! Small, compact. 
Takes just a tlny b ~ t  cf room n your car. SWRlduai 
range wattmeter makes tuning fast and easy. Care- 
ful placement of controls and meter makes antenna 
tunlng safer while in motion. 

Extends your antenna bandwidth so you can op- 
erate anywhere in a band with low SWR. No need 
to go wlr lde and m d f u r t  your moblle whlp. Low 
SWR also gives you mnxlmum power out of your 
solid state rig-runs cooler for longer life. 
Handles up to 300 watts PEP RF output. Has ef- 

ficient alrwound inductor. l000volt capacitor spac- 
ing an11 rugged aluminum mbinet. 8xb6 inches. 
Mobile mounting bracket available for $5.00. 

DEALER. CALL TOLL-FREE 

800-647-1 800 
Can €41-323-5869 In MISS and outside - 
continental USA Telex 53-4590 MFJ STKV 
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fair comparison? 
Dear HR 

The article, "AMTOR, AX.25, and 
HERMES: A Performance Analysis of 
Three Systems" in the December, 
1985, ham radio, purports to be a fair 
comparison between the three sys- 
tems. However, on finding several er- 
rors in this article, and noting that the 
author, WSJD, is also the "inventor" 
of HERMES, I would like to take the 
opportunity, as the "inventor" of AM- 
TOR, to correct these errors. 

W9JD introduces the concept of 
"minimum required error-free time" 
being the minimum "clear channel" 
time required to get any traffic through 
at all, and he claims that AMTOR 
needs 4450 mS. This is not true: it is 
only necessary to have a 210-mS 
"clear patch" to get one block 
through; the corresponding "ack" 
need not return in the same clear patch 
but through any subsequent 70-mS 
clear patch. In this, the block- 
synchronous AMTOR system has an 
advantage over the other two systems. 
Even if, to make comparison easier, we 
insist that the "ack" must get through 
the same clear patch as the cor- 
responding block, the minimum clear 
patch size is 280 mS, since the one sig- 
nal follows immediately after the oth- 
er in the same way as the other two 
systems. 

In using the concept of "bit error- 
rate to stop" W9JD says that one bit 
error in every 450-mS AMTOR cycle 
will stop the link, deducing from this 
that the link will be stopped by a ran- 
dom B.E.R. of 2.2 percent ( 1  in 45). 
This is wrong on two counts. First, a 
random B.E.R. of 2.2 percent doesn't 
guarantee that every cycle will contain 
one error, and some will have none, al- 
lowing the link to continue to pass traf- 

fic. Second, since only 280 mS of the 
450-mS cycle contain signals, a 
randomly-occurring error will "hit" 
only 28 out of every 45 cycles. In fact, 
a B. E.R. of 2.2 percent will only slow 
the link down to about 50 percent, not 
stop it. 

In analyzing the probability of an un- 
detected error in an AMTOR charac- 
ter, W9JD says that this will occur if 
the channel reverses an even number 
of bits. This is nonsense. An undetect- 
ed error will occur only if the number 
of 0-to-1 corruptions equals the num- 
ber of 1 -to-0 corruptions. The proba- 
bility of this occurring is highest with 
random noise input at 27 percent, not 
50 percent. However, the probability 
of an undetected error in a block of 
three is higher than the third power of 
this when there is some signal in the 
noise. It reaches a peak of 5.6 percent 
when the B. E. R. is 1 1 percent, then 
falls rapidly to zero below this. (See 
IEEE's Transactions on Communica- 
tions, July, 1985, page 710, for a full 
explanation of this strange effect.) 
However, 5.6 percent is still less than 
half of W9JD's figure of 12.5 percent. 

While writing, I would like to in- 
troduce a concept which is very rele- 
vant when comparing systems for use 
in Amateur Radio, namely "latency," 
or the time taken for traffic to propa- 
gate through the system. Although not 
important for one-way broadcasts, ex- 
cessive latency is a disadvantage in a 
two-way conversation, as anyone who 
has experienced the 240-mS delay of 
a satellite telephone link will testify! 
The latency of AMTOR is 0.21-0.45 
second; of AX.25 (using figures from 
the W9JD article), 2.8-23.4 seconds; 
and of HERMES, 13.9-43.4 seconds. 
Its relevance to two-way QSOs is that 
i t  will take at least twice the latency fig- 
ure to "pass it over" to the other sta- 
tion. Although the longer block sizes 
of AX.25 and HERMES make for low- 
er undetected-error rates, their very 
high latency would, in my opinion, 
make them unusable for two-way con- 
versational QSOs on HF, for which 
purpose AMTOR still leads the field. 

J. Peter Martinez, G3PLX 
Gosport, Hantshire, England 

STUDY GUIDES 
AMECO STUDY GUIDES 
Deslgned for VEC Exams 
AMECO study Guides are taken from the FCC Ama- 
teur Exam syllabus, PR-1035 and have answers 
keyed to ARRL's recently released study material. 
These stud guides are compatible with ARRL and 
all other V!C Exams. While nothing can guarantee 
that you will pass. AMECO Study Guides will make 
sure that you are fully prepared and ready to go 
when you sit down for the exam. Written in clear, 
concise, easy-to-read format, each question fully 
explained. Novice and General books cross refer- 
enced to AMECO's 102-01 for a more thorough 
explanation. 
I 127-01 Novice Class Sonbound $3.50 
I 112-01 General Class SoHbound $4.95 
I 126-01 Advanced Class SoHbound $4.95 
r 117-01 Extra Class Softbound $4.95 
I JAM-1 Get All  Four $14.95 

ARRL Q&A LICENSE MANUALS 

ARRL Q&A License Manuals are keyed to the latest 
FCC Exam syllabi now in use by the Volunteer 
Examiners. These books are written in an easy-to- 
read conversational style that enhances understand- 
ing without scaring the student away. All technical 
subject areas are explained in clear terminology and 
with plenty of illustrations, diagrams and schematics. 
Rules are also fully covered. Each book has the offi- 
cial ARRL multiple choice question Pool with 
answers and a key to the FCC Exam syllabus for 
reference to other study publications. These are the 
study guides to have. All books. O 1985 1st Edi- 
tions. 
i IAR-TG General Softbound $5.00 
I IAR-AG Advanced Sonbound $5.00 
[JAR-EG Extra Sonbound $5.00 
I-IAR-SG Get All Three $12.95 

NEW TITLES 
FIRST STEPS IN RADIO 

by Doug DeMaw, WlFB 
This new anthology has been taken from DeMaw's 
84 and 85 series in OST magazine. It has been writ- 

ten to give beginners the baslc electronic theory 
needed for upgrading and lhe Ins and outs of how 
radios work. Using a bulldlng block approach. 
DeMaw first explains what the different componants 
are, then assembles them into basic circuits and 
ends up with how these circuits work in your radio. 
You also get articles on antennas, propagation and 
beginners level RFI problems and suggestions on 
how to resolve them. Great revlew for more 
experienced Hams. Perfect for the beginner. O 
1985. 
UAR-FS Sonbound $4.9' 

LANDMOBILE AND MARINE RADLO 
TECHNICAL HANDBOOK , : . .  -_ 

by Edward Noll, W3FOJ ,.-. .:~.i::~: , X:C 
This is THE HANDBOOK for those whtio&t@t$ '' 
install or service two-way radios. Covers private 
landmobile services, marine radiotelephone and radi- 
otelegraph, marine navigation and Citizen's Band. An 
excellent reference book for those studying to pass 
the NABER technician certification exam. Areas 
covered include: transmission characteristics and 
modulation systems, basic solidstate theory, digital 
and microprocessor electronics, antenna systems, 
test equipment. repeaters and much more. O 1985 
1st edition 576 pages. 
1122427 $24.95 

THE COMMODORE 
HAM'S COMPANION by Jim Grubbs, K9EI 
Here's your guide to using the Commodore C-64 
computer in your Ham shack. Good solid information 
on where to find software and hardware for CW, 
RTTY, AMTOR, SSTV, propagation prognostication. 
antenna modeling, satellite tracking and much more. 
Includes a list of over 80 sources of software and 
hardware. Also ~ncludes a bibliography of over 60 
magazine articles and reviews about using the Com- 
modore. @1985. 160 pages. 1st edition. 
[JJG-CC SoHbound $15.95 

Please add $3.50 to cover 
postage and handling. 

Ham Radio's Bookstore 
Greenville, NH 03048 
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HF-MODEM 

The ST-8000 HF MODEM is a high-performance, fully adjustable modulatorldemodulator for use in 
high-frequency radio data systems. The HF Modem features fully adjustable frequencies and baud 
rates, memories, diversity, regeneration, print squelch, CRT tuning indicator, and multiple AM or FM 
detectors. The bandwidths of the input filter, Mark filter, Space filters, and post-detection filters are 
tracked with the selected data rate (10 to 1200 baud) to assure optimum signal recovery for all signals. 
Front panel parameters may becontrolled from an external ASCII terminal or computer. A full comple- 
ment of 110 interface options allows use of the ST-8000 with virtually any terminal and radio system. In- 
stall the HAL DS3100ASR CRT terminal and ST-8000 HF Modem in your communications system and 
enjoy the benefits of a data system designed for radio operators. 

'Tuneable lrom 500 to 4000 Hz In 1 Hz sleps 
*Set 10 l o  1200 Baud In 1 baud increments 
'Four tnpul band pass f~ l le rs  
-32 matched Mark and Space Illter bandwidths 
'Mark and Space 7 pole llnear phase LP filters 
'Filter BW and selecl~on computed and set 
by mtcroprocessor fronl panel controls 

*RTTY s h ~ t t s  from 40 to 3500 Hz 
'E~ght programmable non.volat~le memortes 
*Spl~t  or lranscelve RXlTX lone selection 
*FM or AGC controlled AM slgnal processing 

- 65 to + 20 dBm dynamlc range (AM or FM) 
-Exclusive HAL Dtgital Mu111 Path Correct~on 
IDMPCTM) 

*MIS. Mark Only (MO) or Space Only (SO) delector 
modes uslng Adpalwe Threshold Detector ( A T D I ~ )  

' *AdlustablePr~nlSquelchandnon dtvers~ty Amplllude 
Squelch 

*Exclustve HAL lnf ln~te Resolullon Dlvers~ty Control 
(IRDC~MI 

*Digilal slqnal regenerallon 

*ASCIIIBaudol code and speed conversion 

-0uick Brown Fox and RYRY . . . test message 
generator 

-Programmable Selective.call (SELCAL) 
printer control 

~Transmltter PTT KOS control 
*Antlspace 
'RS232C. MIL.188C. or TTL Terminal 110 
'LP1200 Option for polar or neutral loop 
-8. 600. or 10K ohm input impedance 
-8 or 600 ohm output wlth adjustable level 
*AFSK or FSK lransmltter outpuls . 
-Remote termlnal or compuler conlrol 
o f  all demodulator parameters 

-Exclusive HAL Speclra-TuneTM and X.Y 
MarklSpace CRT tuning ~ndicalors wtth automatic 
trace onloff control 

*100.1301200.250 VAC. 44.440 Hz power 
'3.5" hlgh rack mountlng cablnet l l4"deep) 
.Shielded and liltered lor radio system use 

TM ln l~nt te Resolut~on Dlvers~ty Conlrol (IRDCI Spectra.Tune. D ~ g ~ t a l  Multl.palh Correct~on (DMPCI, and Adaptwe 
Threshold Detector IATD) are lrade marks o f  HAL Commun~cat~ons. patenls pendlng 

Writeor call for completeST-8000 specifications. We think you will agreethat it opens new frontiers in 
radio data communications. Contact the Government B. Commercial Products Division for price and 
delivery information. 

HAL Communications Corp. 
Covc,rnmtwt h C o m m ~ r c ~ , i l  P r o d i t c t h  D ~ v ~ s ~ o n  

I LO 1 W Kcmyon Ko,lrl 
P.0, I$()\ $05  
U r l ) ' i ~ i ~ ~ ,  IL Olt{OI.03~15 
( 2  171 Xb7-7 X7 X TLVX c!10-245-07f34 
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SUCCESS. 

.THREE EXCITING NEW BOOMERS 
HIGHEST GAIN BOOMER XL 

-*- lC- 

They have talked to wlnnlng \cores In many In 
lant amateur actlv~tles ~nclud~ng the 1979. 80. 
June VHF contests. 1981 Central States ante 

Boomer X L  is "the antenna for 2 meter DX" with higher 
gain and cleaner pattern this antenna is designed to per- 
form and survive in harsh environments. I t  has 18 
elements on a 28.8 ft. 8.8 m tapered boom. , 

measuring contest, 1981.82 EME contests, 1982 
Rocky Mountam antenna measuring contest and 
many more. Now there are three new numbers: the 
4248. 24 elements for 432 MHz; the 4108, 12 
elements at 432 MHz: and the 416TB. 16 elements 
at 435 MHz for satellite commun~cations. 
The new Boomer models feature insulated 
elements, stainless steel hardware. N type connec. 
tor. T match feed and tr~gon reflectors. 

MODEL 4218XL 144-145 MHz 8.. . 

WIDEBAND BOOMER 215WB 
Featuring the latest in wideband technology. The 215WB 
is high performance across the entire 2 meter band, for 
FM, SSB or CW. It features 15 elements on a 15 11.4.57 m 
boom. 

. 

MODEL 215WB 144-148 MHz 

F M  BOOMER POWER PACK 
A combination of 215WB Boomers vertically polarlzed 
with support boom, power divider, and Interconnect 
harness. Like all boomers it features all stainless steel 
hardware. You'll easily work those distant repeaters. 
MODEL 230WB 144.148 MHz 

fl 218 

OSCAR BOOMERS 
Enjoy the thrill of OSCAR 10 with a 
Cushcralt antenna system, featuring the 
fabulous 416TB BOOMER. givlng more per. 
formance through better electrical deslgn 
and superior constructlan 

Order a complete package as shown left. 
41618. A144.201 and AI4T.MB For less lhan 
S200.00' you'll enjoy the thrlll ol worldw~de 
OSCAR communications. 

d!i u&craft C O R P O R A T I O N  

48 Perimeter Rood. PO. Box 4680 
Manchester. NH 03108  USA 
TELEPHONE 603427-7877 
TEE% 953-050 CUSHSIG MAN 



ELECTRONICS 

P.C. ELECTRONICS 2522 S. PAXSON LN. ARCADlA CA 91006 (818) 447-4565 
TOM W6ORG MARYANN WBGYSS Compuselve 72405.1207 

BOOTH 359 

P T L  

T !  

POW 
( W I T  Oh 

INTRODUCING OUR NEW SMALL ALL IN ONE BOX TC70-I 
ATV TRANCEIVER AT A SUPER LOW $299 DELIVERED PRICE. 
TC70-1 FEATURES: WHAT ELSE DOES IT TAKE TO GET ON ATV? 

10 pin VHS color camera and RCA jack video inputs. Any tech class or higher amateur can get on AN. If you already 
have a source of video and a TV, it costs about the same as getting 

'Crystal locked 4.5 mHz sound subcarrier. on 2 meters. 

PTL (Push To Look) TIR switching. 
DX with TC70-1s and KLM 440-27 antennasline of sight and snow 

free is about 15 miles. 7 miles with the 440-6 for portable use such 
Dual gate GaAsfet tuneable downconverter. as parades, races, search and rescue, etc. You can add one of the 

two ATV engineered linear amps listed below for greater DX. 
*Two frequency 1 wan pep xmtr. 1 xtal incl. AT 70 cm, antenna height and gain is all important. Foliage can 

Xmit video monitor outputs to camera and jack. absorb much of the power. Also low loss tight braided coax such as 
the Saxton 8285 must be used. 

Small 7 x 7 x 2.5" for portable. mobile. or base. The TC70-1 has full bandwidth for color, sound. and computer 

Draws only 500 ma (exc. camera) at 13.8 vdc. graphics. You can now show the shack, computer programs, home 
video tapes and movles, repeat SSTV or even space shuttle video if 

Just plug in your camera. VCR, or computer composite video and you have a TVRO, 

audio, 70cm antenna, 12 to 14vdc, and you are ready to transmit live 
action color or black and white pictures. Sensitive downconverter 20 WATT S P EC I AL $399 
tunes the whole 420-450 mHz band down to channel 3 on your TV 
set to receive. Both video carrier and sound subcarrier are crystal SAVE $9 On t h e  TC70-1 & ELH 7 3 0 ~  
controlled. Specify 439.25. 434.0, or 426.25 mHz. Extra crystal $15. w h e n  p u r c h a s e d  t o g e t h e r  

ACCESSORIES: 

Mirage D24N 50 watt amp . . . . . . . $189 KLM 440-27 14.5 dbd antenna . . . $89 Alinco ELH-730G 20 watt amp . . . $ 1 0 9  
ATV, SSB. FM. 9 amps. KLM 440-6 8 dbd antenna . . . . . . . .$38 Am, SSB, FM. 4.5 amps. 
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When we set out to make the best amateur radio 
equipment in the world, we had some pretty tough 
standards to live up to ... 

.. . yours 

So we des~gned the RC-850 Repeater Controller the lnduslrys lop ol t h ~  
lrne repeater control system Now In 11 s thlrd wave ol lnnovatron thanks lo  11s 
des~gned for the luture architecture and new sollware releases 
The 850 defines the ~ndustry standard In repeater conlrol systems 

a Fully remotely programmable w~th Touch-Tone commands 
a Front panel LED dlsplay 
a Over 300 word customlzed male and female speech synthesls vocabulary 
a T~melday ol week Scheduler wllh 10 set-up states 30 changeovers and 

events over 100 scheduled Items for hands off operation and automatlc 
reminders 

a Full or hall duplex autopatch aulod1a1(250 numbers) emergency autodlal 
reverse autopatch ant~dlaler, toll restrlct lncludlng telephone exchange 
tables supports remote and multlple phone llnes 

a lnformal~ve remotely programmable ID s (17) tall messages (13) 
bulletln boards (5) 

a 16 channel volce response analog meterlng automatlc storage of 
m~nlmax values on each channel values may be read back on command 
or may be Included In any programmable messages 

a Supports syntheslzed remote base transceivers and lull duplex lhnks 
a lndlvldual user access codes to selectable leatures 
a Mallbox lor user-touser and system-touser messages 
a Pag~ng-two-tone 516 tone DTMF CTCSS HSC d~splay 

user commandable and may be Included In programmable 
messages (I e alarms) 

a Easy hookup to any repeater 

... and ours. 

If your repeater budget can 1 afford the 850 we oner the 
RC-85 Repeater Controller whlch we l~ke to call Ihe' second best 
repeater controller In the world I ls  a scaled down slmpl~f~ed verslon of 
our 850 but overall 11 offers more capablllty and hlgher quallly 
than anyone elses control equlpment at any prlce 

Remotely programmable w~th Touch-Tone commands 
Over 175 word customlzed male speech synthesls vocabulary 
Selectable "Macro sew b r  easy control operator select~on 
Autopatch autodlal (200) numbers, emergency autod~al, reverse patch 
Remotely programmable ~nlormat~ve ID s (7). tall messages (3). 
aullet~n board (2) 
Supports syntheslzed remole base transcelver, control receiver, alarm 
Selectable, ~nformat~ve courtesy tones 
Talklng Smeter. Two-tone paging 
Easy hookup to any repeater 

For those who l~ke to "roll the~r own", we can get you off lo a rolling start wlth 
our ITC-32 Intelligent Touch-Tone Control Board Much more 
than lust a decoder 11 s a mlnl-control system ol 11s own wlth the bas~c 
repeater and remote base functions bull!-ln And 11 can be lallored by you 
with 11s Personal~ty Prom 
a 28 remotely controllable latched or pulsed loglc outpuls 
a 4 alarm or remote sensed loglc Inputs 
a Response messages to conflrm command entry 
a Repeater lunct~ons lnclud~ng COR lDer tlmers courtesy tone, etC 
a Remote base tunct~ons ~ncludlng control of syntheslzed transcelver 

Our new Digital Voice Recorder lets you remotely record ID'S. tall messages a Remotely recordable var~able length audlo tracks 
and varlous other response messages lor automatic playback through your accessed from controller messages 
repeater Aud~o a slored d~gltally w~th nocompromlse reproductlon qual~ty In Top quality. no compromise audlo reproductlon 
up to e~ght megab~ts ol memory The DVR can support up to three ~ndependent a Supports up to three repeaters for cost effecllve lnstallatlon 
repeaters for a low per-channel cost Its TouchTone activated volce mallbox a Expandable to roughly 6 minutes o l  speech In 8 megab~ts of memory 
lkts your users eas~ly record messages lor other users when lhey aren t around a Easy Interface to RC-850 RC-85 controllers or to any stand-alone repeater 

QST Attention All Hams 
If you own a shack you should know about ShackMaster" 
ShackMaster lets you carry your home stallon wlth you In the palm ol your All cur products are documented wlth htgh quallty easy to read manuals 
hand It acts as your gateway to the world l~nklng your handheld Our goal IS to advance the state ol the repealer art But most ol all 
transce~ver to your hlgh performance HF statton Now ~nstead ol your our products put the FUN back lnlo the FUN MODE1 
valuable home equlpment belng available to you 1 8  ot the time 
11 s ava~lable 99% of the l~rnel Whether around the house In the yard 
or across town ShackMaster lers you take 11 w~th you 
But that s lust part o l  ShackMastets story It lels you communicate 
w~th the fam~lv bv handllna thlrd party trafflc- 11s electronic mallbox and . , 

rntercom let you keep In lbuch And a s~mplex patch lets you Place 
important calls dlrectly through your home phone 

a Crossband Ihnk~ng- VHFIUHF to HF 
a Telephone access to your home statlon 
a BSR Home Control ~nrerface 
a Electron~c Mallbox 
a Shackpatch- Intercom Into the shack 

PersonalPatch" s~mplex autopatch 

QCC advanced 
computer 
controls, inc. I 

To order one ol these advanced control products. call 408-749-8330 
Technical manuals are ava~lable lor purchase and Ihe amount pa~d IS applled 
as a depos~t on the equlpmenl For speclllcatlons and a copy of our ACC 
Notes newsletter lust wrlte or send In your OSL card to 

m 
VIs4 
m 

/ 216 L 5 11 I Mastercard a( t I 

I081 6 Northr~dge Square Cupertino. CA 9501 4 (405) 749-8330 
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See what 
high-performance stations 

do to achieve big-gun status 
on 8011 60 meters 

secrets of successful 
. low band operation: part 1 

I was curious . . . I would  often hear stations on 
the low bands comfortably exchanging signal reports 
with rare DX contacts and wonder what type of 
antenna system they were using to achieve such good 
results. Therein was the beginning of a project that 
has provided more answers and technical enjoyment 
than I would ever have imagined possible. 

Late last year a three-page survey was composed 
and sent to 113 of the "big gun" station operators and 
owners. After reading and digesting a two-inch thick 
sheaf of replies, many of my questions - as well as 
many unasked ones - have been answered. It is our 
pleasure to share this information with you. Much can 
be learned from the thousands of hours of experience 
in not only system design but also propagation obser- 
vations made through the use of these outstanding 
systems. 

A sincere note of thanks is due to the 47 individuals 
who took the time to fill out the lengthy survey form. 
Although a considerable amount of information was 
requested: some respondents not only entered their 

fig. 1. Three full-size element homespun 80-meter Yagi helps 
produce the outstanding signal heard from ISNPH. 

answers to questions but added more data as well. 
Responses were received from 21 countries from all 
continents. A special note of thanks goes to our over- 
seas friends who, besides providing the data, 
responded in English, which is, for the most part, not 
their primary language. Responses were received from 
the following:' 

CNZAO 
G3WMZ 
JFllST 
KG7D 
N4SU 
OHlRY 
SP3GEM 
VKGLK 
W3BGN 
ZL4BO 

DJOlA 
G4AMN 
KlMEM 
LA720 
NWSK 
OZBBV 
T15EWL 
WlFV 
W4DR 
4X4NJ 

DLOWU 
GW40FO 
KZFV 
NlACH 
NGDKP 
PA3DFU 
VUHO 
WlNH 
WGNU 

EABADP 
ISNPH 
K3ZO 
N4AR 
N7CKD 
SM4CAN 
VE3BMV 
WBZITR 
WGRJ 

GZPU 
JAlFRE 
K5UR 
N4RJ 
OEGMBG 
SMGEHY 
VE7BS 
WZJB 
YU7PFR 

a word on format 
Originally, I had considered providing the informa- 

tion in a strictly tabular fashion, following the format 
of the survey with a list of callsigns and the data in 
the adjacent columns. But this approach would have 
required 13.5 printed pages, just for the data! Instead, 
each category is discussed and tabulated individually, 
with callsigns provided in some cases. 

low band transmitting antennas 
Wow! The variety and creativity evident in this area 

is outstanding and as diversified as the users them- 
selves. One of the reasons people are attracted to the 
low bands is because it is (or at least was) virgin terri- 
tory where you cannot simply buy your station and 

'A note to the others who recewed a copy of Ihe snrvey, but whose names 
do not appear on the list- if you have not vet sent ~n the lorm please rlo so 
and the ~nlorrnat~on will continue to be cornpoled If a lorm was not sent to 
you please constder it an oversight on my part and send lot it. 

y Rich Rosen, K2RR, Editor-in-Chief, ham radio 
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I.~IC I. BU m e t e r  t r .n .n> t r tnq  a n t r n n a .  meter Yagi installations are apparent in figs. 2, 3, 4, 
antenn. tvDr u a d d r  tran.l comme_l.tx and 5. 
I a g l .  4 - 1 , t u b l n q  F DOubI. d r l r e n .  WbNL l  
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WRJl 

vc r t1c .1  Dl". r e t 1 r c t o r  
ver t  tc.1 , plur pansrlc "I 
Vertzc.1.  g u a r t ~ r - w ~ v e  
V ~ r t l C a l ,  qu-rtcr-ware 
nal+-w.ve IOOP.. p h a s e d  
I n v e r t e d  v.c 
1nv.rt.d L. P"..Fd 
l n r e r t e d  L 
s~opcr..quartrr-~.ve,pnnnne 
Slop.',. qrl.rtcr-*.ve 
S l o p l n q  d e l t a  l o O D  

. . 
41,% * " I 1  .I:., NbDbV 
Y l r .  a d d e d  one s rdc .YU7PFR 
V - r . ~ t l l ~  .rutem. N 4 6 U  
240 p.r loop.UJ111I)  
8 1  3 5  . V E S Y M V I R Z ~ , ~  SPlGEM 
V t  .1=218 ! f req .  N4ek 
R e m o t e - t u n r n q  cap. SP14LI1N 
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I). L25 W ~ V L .  2 a c t  Lv.,WIFV 
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fig. 2. JFllST uses a commercially available model CY-703 
(Create Manufacturing) shortened three-element Yagi. 

As a general rule, those surveyed agreed that two 
basic types of antennas are used for reception: the 
elaborate transmitting array or Beverages. That poor, 
often-repeated statement about verticals working (and 
hearing in this case) equally poorly in all directions is 
incorrect. As part of an array, vertical antennas exhibit 
directivity and discrimination against unwanted noise 
and QRM. 

Beverages, for those who have the space, can also 
be used very effectively to receive signals from a pre- 
ferred direction and discriminate against others. A two- 
wire version, recently known as an SWA and 
described by Beverage in his original AlEE paper1 has 
the additional ability to rotate an azimuthal null. As 
with any other antenna, Beverages have their sup- 
porters and detractors. That they work is indisputa- 
ble; that most are installed far from optimally is prob- 
ably also correct. 

Table 3 includes details of Beverages used effec- 
tively by the sumeyed stations. Lengths, terminations, 
installation heights, preamp use, and callsigns are 
provided. Though most Beverages preferably are 
installed over low conductivity soil, OZ8BV proves that 
they still perform over salt water with his four unter- 
minated 200-meter long antennas. 

- - * 
. 3 

have someone else erect and install a competitive sys- 
tem. It meant - and still often means - climbing to 
greater heights, literally, and getting dirt under your 
fingernails. That's changed to some extent with the 
availability of commercial Yagis for 80 meters, but the 
challenge and achievement remain. The full-sized 
homebrew three-element 80-meter Yagi of I5NPH is 
seen on its way up (fig. 1). There is nothing "ama- 
teur" about this installation. 

Tables 1 and 2 list the 80- and 160- meter Driven 
and Parasitic transmitting antennas used by a repre- 
sentative sample of those surveyed. fig. 3. Full size element Yagi is installed "in the clear" and 

A few notable examples of some very effective 80- accounts for OHlRY's strong signal from Finland. 
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antenna materials 
This broad category discusses the materials used to 

assemble the previously described transmitting 
antennas. In general the Yagis use tapered sections 
of aluminum, if made from tubing, and copper-clad 
wire otherwise. The verticals using aluminum 
(6061 -T6) or steel masts, or single or multiple bare or 
covered wires, show more variety. In addition, most 
of the rotatable Yagis use a combination of aluminum 

tubing and insulating sections that are linearly loaded 
by multiple turns of wire. Table 4 provides data on 
the rotaries in terms of length of elements, total weight 
of antenna and miscellaneous details. All of these are 
for 80 meter antennas. So far, to my knowledge, no 
one has an operational 160-meter rotatable Yagi. 

hardware 
This category encompasses the large rotaries, ver- 

ticals and wire antennas. Once again the consensus 
is to use hardware that will last under all weather con- 
ditions. For the Yagis, this implies stainless steel or 
other non-rusting metals; for the wire antennas, good 
quality rope that is UV-resistant or "Phillystran." To 
withstand all weather conditions, liberal use of paint, 
tape, epoxy, Dow plastic sealant, Copper-koteth, 
or Coax-Seal" is recommended where applicable. 
Remember that if the antenna is going to fail, it will 
most probably fail in the worst weather, during the 
low-banders' best operating season. 

electrical characteristics 
The great variety of responses to this question were 

not only a function of the particular antenna in use 
but also a matter of personal preference for instan- 
taneous bandwidth operation versus tuning with a 
matching unit. There were those who wanted only flat 
50-ohm lines using coax, and there were quite a few 
who thought that open wire line and use of a match- 
box was a better approach. N4SU summed up the lat- 
ter opinion with the following statement: "It boggles 
my mind to think about all the Megawatts of RF energy 
being wasted in heating coaxial cable on the ham 
bands in this country." An example of N4SU's 
approach is shown in fig. 6 where he uses his multi- 
loop array for 20, 40, 80 and 160 meters. 

By my way of thinking, both approaches have their 
obvious advantages and disadvantages. Table 5 sum- 
marizes some of the achievable VSWR bandwidths 

Frrr--- .- 
. +-. . correlated with the particular antennas used. This is 

just a rough guide; VSWR is a function of many 
parameters. 

antenna gain 
Another somewhat controversial term is achievable 

gain. However, unlike the low-banders' higher fre- 
quency cousins (with their 10 to 20-meter high-gain 

- -- 
--/-- 5 arrays), due to the large element dimensions on 80 and 

160, the actual variation between lower and higher 

'f gain antennas is not too great. After reviewing all the 
data, the highest gain antenna described, I believe, 
is the phased Bobtail curtains built by N4AR; he esti- 
mated the gain at 7 to 8 dB over a single ground- 
mounted vertical. The three-element Yagis are not far 

fig. 4. vUHQ'S homemade Yagi uses linearly-loaded elements behind, with those surveyed indicating a range of 5.5 
but still is quite large. to 6 dB. Next in the gain line are the phased four- 
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element vertical arrays, coming in at between 4.9 and 
6 dB, depending upon whom you talk to. 

The textbooks provide, of course, the theoretical 
maximum values, but there are several important 
points that should be stressed before getting carried 
away i i t h  these numbers. Though the maximum 
difference in antenna gain between a big gun and a 
little pistolon 80 and 160 is around 6 dB, it is not the 
most important factor in the success story. The true 
criterion that makes these high performance stations 
shine is in their ability to hear - and I'm not neces- 
sarily talking about the use of Beverages. 

A four-square vertical array does not have much 
more gain than a standard (quarter wave electrically 

-and spatially separated) two-element array. But look 
at their front to back ratios, i.e., their E and H field 
patterns). The larger system provides considerably 
more attenuation off the back over a greater azimuthal , 

beamwidth than does the cardioid version. This trans- 
lates to receiving better and not disturbing others on 
adjacent frequencies as much if they're not in the 
beam direction when you're transmitting. It is for this 
reason, and the fact that it is difficult to quantify the 
received survey data (without all the parameters and 
operating conditions being known) that more specific 
antenna gains are not listed. 

Before we leave this subject, that "measly" 6 dB 
variation in gain mentioned before can, at times, on 
the low bands, represent an enormous difference. Dur- 
ing marginal conditions, even a 1 dB change in signal 
level can mean the difference between contact and 
no contact. 

front-to-back ratios 
Getting down to basics, what determines a high 

front-to-back ratio? "Front" is where the signals add 
and "back" is where they cancel, vectorially speak- 
ing. Even.simple arrays (two elements) can experience 
a front-to-back (ratio) in excess of 60 dB! However, 
this is for very specific signal arrival angles (azimuthal 
and elevation) and polarization on sky-wave signals in 
particular. A slight change in one angle is all that is 
needed to upset the relationship. And changes do 
occur, sometimes over a very short period of time. 

More complex arrays, however, can and are 
designed to produce azimuthal patterns that exhibit 
deep nulls (30 dB or more) over a 90-plus degree beam- 
width. The four-square and the three-element inline 
are just two examples. The proponents of these driven 
arrays are quick to point out that they have two major 
advantages over rotary Yagis: instant direction change 
(through switching) and better front-to-back and front- 
to-side values. However, in fairness to the Yagi con- 
stituency, there are "Horizontal" nights and "Verti- 
cal" nights, and many a time a high horizontal beam 
has handily beaten the vertical arrays into Europe on 

the short path. But let's see, in table 6, what FIB'S 
have been observed by the actual users of the low 
band antennas. 

polarization 
There are no eye-openers here. Both horizontally 

and vertically polarized antennas are used effectively 
by the high-performance stations. Due to  the large 
antenna dimensions at these low frequencies, there 
are more vertical than horizontal arrays. However, as 
pointed out before, there is no one best antenna for 
all propagation conditions, locations, and times. If 
there were, it would probably have the following 
properties: instantaneous switching in azimuth, ele- 

fig. 5. A double-driven element is used in WGNU's four- 
element Yagi, a product of KLM. 
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vation and polarization, variable beamwidth control, 
and no sidelobes. In addition, it would have the capa- 
bility of being scanned in wider arcs while simultane- 
ously being operated in narrow mode. After daydream- 
ing for a second, even the super stations compromise 
in this respect. That's basically why many use multi- 
ple antennas that offer different polarization and op- 
timum angle of arrival reception capability. 

steering 
There are two basic means of steering low band 

arrays: mechanical and electrical. Two or more ele- 
ments can be made to transmit or intercept signals 

from specific directions if ce~tain amplitude and phase 
relationships at their terminals are satisfied. This is 
accomplished through the use of delay lines, lumped 
components, or combinations thereof. YU7PFR illus- 
trates in fig 7 his method of "steering" a three-element 
80-meter wire array. The specific details have been 
provided in many articles and books. An excellent trea- 
tise on the design and construction process for phased 
vertical arrays (also applicable to horizontal arrays) can 
be found in a recent series of articles by Forrest 
Gehrke, K2BT.2 

Mechanical rotation of the large arrays is not a task 
to be taken lightly. It requires careful consideration of 
many factors, including antenna wind-swept area, 

E A C H  I / 2  LOOP 

\ ON 160 METERS WITH THE SWITCH IN THE "8OD" POSITION ALL HALF LOOPS ARE FLOATING 
L~ r I E N S I V E  GROUND AND TRANSPARENT TO THE VERTICAL RADIATOR OTHERWISE THREE OF THE LOOPS ARE 

R A C I A L  S Y S i E M  rUNEO AS REFLECTORS 1 160R '1 AN0 THE FOURTH AS A DIRECTOR. ' 1600 

fig. 6. N4SU's multiband antenna array uses open wire line from the elements to the matching units. I 
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mounting height, height above local terrain li.e., is it 
shielded by trees from high winds?), weight, mast 
length, metallurgy, speed of rotation, weather condi- 
tions - both average and extreme - and expense, 
to name a few. To accomplish this task, the rotators 

. 

listed in table 7 are used by several of the super- 
stations. Unfortunately, only a few of these responded 
to this particular survey question. 

skyhooks that support these antennas 
Man-made and natural structures consisting of 

towers, masts, buildings, and trees provide the sup- 
port for the 80- and 160-meter antennas used by the 
stations surveyed. Considering the heights required, 
they probably represent the single greatest installation 
expense (excluding trees, of course). Figure 8 illus- 
trates the turnbuckles and guy lines used to tie down 
a 160-foot tower. 

Towers and masts can and often do serve dual pur- 
pose as support structure and radiator, as in the case 
of verticals. The variety of the towers is considerable, 
with some installations surpassing, in quality, even 
those used by the commercial radio services. 

Many not wishing to avail themselves of commer- 

cial units choose to build or modify other existing 
structures to suit their needs. Those fortunate enough 
to have tall trees on their property have been able to 
construct low band wire antennas that compete effec- 
tively with tower-mounted aluminum behemoths. On 
the other hand, it might surprise a few to see how low 
some of the big-gun stations have their antennas. 
Table 8 is a compilation of some of the support struc- 
tures used by the high-performance stations. 

When a tower or mast is mounted on the roof of 
a building, the effective height of the antenna is not 
necessarily the combined heights. The building roof, 
depending on its dimensions, electrical characteristics, 
and separation from the antenna could determine an 
array factor with a much higher takeoff angle than 
would be indicated by the total height of the antenna 
above ground. In the case of EA8ADP, his strong sig- 
nal into the United States would indicate that every- 
thing is working in his favor. 

ground systems 
This perennial question is asked all the time: how 

large a ground system is needed? The simple answer 
is the larger the better. Unless your antennas are situ- 

fig. 7. YU7PFR is able to switch antenna firing directions by opening and closing relays. I 
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ated above an infinite extent, infinite conductivity 
ground plane, there is room for improvement. For 
those using verticals, two conditions should be met: 
1. The immediate area around each vertical should 
have a high density of wire within a quarter wavelength 
of the radiators. A minimum of 100 radials is recom- 
mended. This determines and stabilizes the zone 
impedance and reduces losses, which is especially 
important if the current loop (current maximum) is 
close to or at ground level. 
2. An extended ground or radial system should be 
installed as long as possible in the preferred transmis- 
sion and reception directions. This increases the 
amount of energy present at truly low angles. How 
long, you ask? That's a function of several parameters, 
including propagation path and mode, distance, far 
field conductivity and permittivity (dielectric constant), 
solar activity, state of the geomagnetic field, transmit- 
ter power, and receive site conditions, to name just 
a few. Specifically, if I recall correctly, a six- 
wavelength radial system will produce a maximum ele- 
vation lobe at 6 degrees from the horizon using a sin- 
gle vertical. 

SM6EHY suggested that it might be worthwhile to 
have the capability of remotely switching an extended 
radial ground system in and out. When switched in, 
lower angle of arrival signals are enhanced. When 
switched out, higher angle takes over. This could be 
accomplished through the use of convenient ground- 
bus point located relays. (Possibly another way to 
achieve this result would be through the use of two 
concentric ground rings at the antenna - the longer 
radials being attached to the outer switched inlout 
ring.) One useful application of enhanced lower angle 
transmission would be to "sneak under" the auroral 
high absorption layers. (More on this later under 
"propagation. "1 

Those using vertical antenna systems where the cur- 
rent loop is not at ground level should still be con- 
cerned with providing as large an extended radial sys- 
tem as possible for the second reason, even though, 
the ground loss resistance term represents a smaller 
fraction of the total antenna, in this case feed 
impedance. 

A useful compromise for all vertical users is to place 
a mesh under the antenna as well as a radial system. 
The larger, of course, the better - but since maxi- 
mum return currents want to  exist within the immedi- 
ate vicinity of the antenna, that's where it's most use- 
ful. The mesh, in addition to a 0.25 or 0.3 wavelength 
radial system, would improve the performance of the 
composite antenna system. 

The existence of an extensive and symmetrical 
ground system also aids the phased vertical array 
designer. It eliminates one of the unknowns, or, stated 
differently, doesn't introduce yet another complex 

term to deal with. (Warning: before you begin quot- 
ing the above statements as gospel, I should mention 
that the information represents my own educated 
opinion, based on the work of others, whom, I believe, 
are correct). 

An extensive ground system also aids the horizon- 
tal antenna user. It helps establish the distance 
between the antenna and its image (Green's function) 
and consequently determines the composite elevation 
pattern. This represents an increase of up to 6 dB in 
the total signal (sky and ground reflected wave) at a 
specific takeoff angle. If this angle is optimum for the 
particular path, then, in simple terms your signal will 
be louder at the point of reception and vice-versa. 
Table 9 is a compilation of the ground systems used 
by the super-stations. Notice, however, that only a few 
of the stations that utilize horizontal arrays have exten- 
sive ground systems. 

In addition, NW5K uses 30 square feet of chicken 
mesh; 4X4NJ puts 2 pounds of copper sulphate 
around his ground stakes, and N7CKD, besides using 
55 square feet of chicken mesh and a half-mile of 
5-foot (1.52 meters) chain link fence and barbed wire, 
pours 500 pounds of rock salt and 150 pounds of cop- 
per sulphate into trenches that he keeps moist at all 
times. (I'd be a wee bit concerned about the latter 
chemical, especially with regard to the possibility of 
its leaching into the water table). 

I personally try to practice what I preach and am 
presently using 200 radials that vary in length from 65 
to 300 feet (20 to 91 meters) in addition to an approxi- 
mately 1000 square foot (93 square meter) ground 
mesh. And that's for just one vertical. 

soil characteristics 
As mentioned previously (see "ground systems"), 

the importance of a good ground, especially for verti- 
cal antenna users, cannot be stressed enough. There 
are those who are fortunate to have an antenna site 
whose soil has high conductivity or, even better, a high 
salt water table close to the surface. Under these cir- 
cumstances the requirements for both near and far 
field enhancement are approached. An almost ideal 
site would consist of a high tower mounted antenna 
overlooking salt water on all sides. 

Notice that vertically polarized antennas have been 
stressed. Though it is true that horizontally-polarized 
antennas are affected by a good ground system in the 
near field, it's the far field conditions of a horizontally- 
polarized antenna that show striking dissimilarities to 
that of a vertically-polarized antenna. 

A figure of merit can be assigned to the reflective 
"nature" of the earth's surface in the form of a com- 
plex quantity that has both amplitude and phase terms. 
This reflection coefficient is very different for signals 
impinging on the earth that are vertically, rather than 
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T a b l e  9. G r o u n d  systems 

f i a d ~ a l s  Lenqth  Gnd r o d s  Lenqth S t a t i o n  

C 220  
VE3BMV 
FA3UFU 
4X4NJ 
SP3GEM 
Vb 6 L I  
VE7BS 
NU51 
W:BGN 
J F l  l S T  
WINH 
t 5UK 
N4KJ 
N4hJ 
SM6EHV 
W4Dh 
DJCIIfl 
WlFV 

horizontally, polarized (i.e., the E-field of the electro- 
magnetic wave is vertical or horizontal by definition). 
The reflection coefficient is a function of the conduc- 
tivity and dielectric constant of the earth, the fre- 
quency, and the angle by which the wave strikes the 
~ u r f a c e . ~  

Let's consider three sites and observe the amplitude 
and phase of the ground reflected component for both 
vertical and horizontal polarization. The first site is a 
typical New England location with low conductivity, 
rocky soil. The second is farm land - the pastoral, 
low hills, and rich soil typical of Dallas, Texas or Lin- 
coln, Nebraska. The third site consists of an installa- 
tion over salt water - for example, any coastal loca- 
tion right on the beach. Let's also examine two 
different angles of arrival (or takeoff); 15 degrees for 
the long path and 45 degrees for the short path to 
Europe from the east coast. Table 10 summarizes the 
various conditions and results. 

For those who wish to replicate the calculations, I 
used the following soil parameters: 

Wavelength: 80 meters Pasloral: Conductivity: 30 rnS 
Frequency: 3.75 MHz Dielectric constant: 20 
Rocky soil: Conduct~vity: 2 mS Salty: Conductivify. 4.64 S 

Dielectric constant: 14 Dielectric constant: 81 

h Q C l Y  > >  H0rl:ontal 88% 0 ,  m l l x  . . I *#  6-0 
t a l t o r l l  15 "or ,  i o n t  .I V!?. I_*.. 

b a i t v  I 5  b 4 0 r l i o n t d l  Y 9 . l i ) .  11. 14 

k O L l  l 15 VsrIICeI l is. 15.5: 
Fart0r . l  15 V.rt l r .1  e-'7. 2>.*#< 
6 . i t v  1% V e V t I C a I  Vb?. _ _  111 

R O C + V  45 ~ o r l : o n t a l  ii5. a.;r 
Faefor.1 45 Horl :onfal  921. *..I.> 
5-1 f r 4% ~ o r l z o n t a l  99.15% I S .  I., 

interpretation of results 
There are a few eye-openers here that help to 

fig. 8. To gain an appreciation of the type of tower needed 
to handle low-band rotaries, examine VE2HQ's new 160-foot 
structure ready to  support his three-element Yagi. 

explain observations made over the years. Did you ever 
wonder, for example, why stations using a relatively 
low dipole (50 or 60 feetl15.24 or 18:28 meters) on 
80 meters would often be heard just as well as those 
using verticals working against a good ground screen? 
Compare the seventh and tenth lines in table 10; the 
ground reflected component of the signal from the low 
horizontal antenna is actually stronger than the verti- 
cal antenna (72 percent of maximum versus 51 per- 
cent). Though this was calculated for rocky soil con- 
ditions, examination of the other entries shows that 
the low horizontal beats the vertical for all soil types 
at a 45 degree takeoff angle. 

The situation is even more pronounced for a 
15-degree takeoff angle condition. Compare lines 1, 
2, and 3 with lines 4, 5, and 6; notice that for every 
soil type, the high horizontal beats the vertical. How- 
ever, a horizontal antenna produces a maximum ele- 
vation lobe of 15 degrees when it is one wavelength 
up (250 feetl76.2 meters). There are probably only a 
few low-banders (WAlEKV, for example) who, thanks 
to a high tower and local topography, have their 
antennas at this height. Consequently, for that low- 
angle, low-path shot, it's perhaps easy to construct 



a vertical and get approximately the same performance 
as you would with the high horizontal. (This is true 
for medium to high conductivity far field soils). 

Finally, if you're a lover of verticals, then the impor- 
tance of an extended radial ground screen becomes 
apparent when you examine lines4 and 6 in table 10. 
Copper, an even better conductor than salt water, pro- 
vides an almost 600 percent improvement in reflected 
component level. This requires radials several 
wavelengths long to achieve a maximum elevation 
lobe of 15 degrees. 

Let's say that you're considering several sites that 
have vastly different soil conditions for your ultimate 
super-station location. If you favor horizontal 
entennas, there's not a lot of difference in the reflected 
wave amplitude as a function of angle or soil 
parameters (compare lines 1 to 3 and 7 to 9 in table 
10.) 

But why are we so concerned with the reflected 
component? Simply because the composite launched 
wave or signal is a combination of the sky wave and 
the ground-reflected wave representing a doubling in 
signal level if everything works out. Which brings us 
to the next point: what factors are involved in maxi- 
mum signal transmission/reception? The answer is 
that at the optimum launched angle (takeoff angle) - 
i.e. the angle best suited for that path, time of day, 
solar activity, and geomagnetic field conditions - the 
two components must add constructively. This means 
that the phase relationships must also match. Now, 
since the earth looks like a big capacitor, the reflected 
component always lags (negative phase angle) the 
incident wave. Notice in the last column of table 10 
the amount of phase delay is listed for the various soils, 
takeoff angles, and polarizations. It normally follows 
that if the amplitude of the reflected component is near 
unity, then the phase angle is quite small. 

Upon eramining all the survey responses no com- 

monality between soil type and station performance 
could be discerned. The super-stations run the gamut 
from rocky to salt water ground characteristics and, 
in some cases, possibly have chosen their antennas 
carefully on this basis. 

concluding installment 
In Part 2 of this article, we'll examine responses from 

those surveyed to see how they rate their sites, includ- 
ing descriptions of near- and far-field conditions, 
obstructions, and noise sources with which they must 
contend. 

We'll also consider the danger of lightning strikes 
and see what precautions these high-performance sta- 
tion operators, particularly those with exposed instal- 
lations, have taken, both at the shack and at the 
antennas. Those who've sustained lightning strikes will 
describe the damage that occurred. 

Construction of large antenna systems - whether 
they be rotaries, long wire antennas, or other elaborate 
systems - requires extensive planning, labor, 
expense, and maintenence. What periodic mainte- 
nence do these high-performance station operators 
recommend? Most of these stations have or are us- 
ing different antennas - how do they compare? Next 
month, you'll also see how owners rate their stations 
against the competition. Propagation notes, includ- 
ing some startling results derived from thousands of 
hours of operating time by those with rotatable and 
switchable arrays, will be included. 

It appears that the days of simple verticals and 
dipoles are rapidly passing; in our concluding install- 
ment, high-performance station owners and operators 
will describe additional improvements they plan to 
make to their stations to make them even more com- 
petitive in the future. 
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Slmplex autopatch and H F remote 
base w ~ t h  clear volce messages 
Control your Yaesu FT 757 transcerver 
or ICOM-IC735 w ~ t h  you- VHF/UHF 
portable or  mob~le  Sw~tch  between 
the H F remote and the autopatch 
w ~ t h  DTMFtones Vo~ce ID6al lcon-  
trol funct~ons& H F frequency arevolce 
announced w ~ t h  your programable 
access codes Autopatch works on 
any telephone Ilne- tone o rd~a l  pulse 
Call waltlng compatablllty - after beep 
answer second lncomlng call whlle on 
the patch' Automat~c redlal last 
number (In dlal pulse mode] Rlng 
detect 6 automatic votce alert of In- 
coming telephonecall lnact lv~ty t l- 
mer turns o f f  system [user program- 
able] * Store8 H F memory frequen- 
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frequency w ~ t h  DTMF tones all f rom 
your handheld VHF/ UHF portable or  
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computer-aided design 
of long VHF Yagi antennas 

Design up to 

40 elements 

on a single boom 

This article describes a program for designing nine 
to 40-element Yagi antennas. You provide the design 
frequency, the number of elements, and boom and 
element diameters; the computer calculates the ele- 
ment lengths, element spacing, and several additional 
characteristics of the antenna. Whether the elements 
are insulated from or pass through the boom is also 
taken into consideration. 

While this program breaks no new ground as far as 
antenna design is concerned, it does provide a quick 
way of designing long Yagis based on the designs of 
DLGWU, to whom all credit for these excellent 
antennas must be given.' 

One of the most useful features of this program is 
the ability to easily change the number of elements 
and see - immediately - the resulting change in per- 
formance. You know, at once, whether the increase 
in length is worth the increase in gain obtained. 

program description 
The program was originally written on a TRS-80 

Model 1 and given to a number of local VHF Amateurs, 
who were asked to evaluate the program and suggest 
improvements. This program is the result of that ven- 
ture and resembles the original only slightly. The ver- 
sion printed here was written on an Apple Ile with a 
2-80 processor, running Microsoft BasicTM. Because 
this is a universal form of BASIC, there should be no 
difficulty using the program on most popular personal 
computers. 

Three commands, peculiar to the computer on 
which this program was written, may need to be 
altered for use on other machines. They are HOME, 
to clear the screen and return the cursor; INVERSE, 
to change the background from light to dark, and 
BEEP, to sound a tone of predetermined pitch and 

duration. The latter two commands are cosmetic; no 
change in performance would result from their 
omission. 

The disc-based program consists of the main pro- 
gram and 16 data files. (The data files could have been 
entered as data statements, but because only one is 
required each time the program is run, I opted for data 
files.) 

The program begins in earnest at l ine 160, where 
the screen is cleared and the title screen is presented. 
(The code for this resides in lines 1820 to  1920.) After 
pressing any key, a few seconds will elapse while the 
computer reads the data for element spacing (lines 
180-2201, reflector multiplier (lines 230-2601, radiator 
multiplier (lines 270-3001, and element material size 
data (lines 310-3401. 

The next section (lines 340-4301 asks for the design 
frequency, number of elements - which must be 
between 9 and 40 - the diameter of the boom and 
whether the elements are insulated or pass through 
the boom. 

Lines 440-490 clear the screen and display the infor- 
mation entered. In lines 500-640, you're given the 
opportunity to change any of the input data. 

Lines 650-790 calculate boom diameter in 
wavelengths, electrical boom length, beamwidths, and 
stacking distances. Data on the designed Yagi is dis- 
played by lines 800-940. Should the design be unsatis- 
factory, lines 950-990 allow you to start again. 

Lines 1000-1100 input the size of the elements to 
be used. Calculation of the element lengths is achieved 
by lines 1120-1300. Printing of the design and element 
data is done in lines 1310-1750. 

operating the program 
Operation is straightforward. When < RUN > is typed, 
the screen is cleared and the title is displayed. Press- 
ing any key clears the screen, and after a few seconds 
you're asked to input "center frequency," "number 
of elements," "diameter of the boom," and whether 
"the elements are insulated from the boom." The 
screen is cleared and the input data is displayed. You'll 

By David G. Hopkins, VK4ZF, #4 Handsworth 
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fig. 1. VK4ZF Yagi design program. 

I 8  REM - X H H H + H H p * -  
2 8  REM Y A O I  D E S I O N  PROORLM. 

3 8  REM BY 
4 8  REM D L V I D  0 HOPKINS l V K 4 Z F l  
58 REM #I 4 HANDSUORTH S T  
6 8  REM CAPALABA 
7 8  REM , QLD. 4 1 5 7  

8 8  REM AUSTRAL IA  
98 REM PROGRAM BASED ON THE WORK DONE BY OUNTER HOCH I D L L U U I  
188 REM AND P U B L I S H E D  I N  UHF. COMMUNICATIONS 
1 1 0  REM REQUIRES THE USE OF L I N E  PRINTER.  
1 2 8  REM V 2 .2A  
1 3 8  REM + + ~ f f + f + ~ t ~ f ~ ~ + f + f t i f + ~ t ~ t t ~ t i ~ ~ t ~ ~ ~ + t t f + ~ t ~ t * f ~ + * + + * ~ ~ u + f + ~ +  
1 4 0  PEW 
I 5 8  REM 
1 6 0  HOME : QOSUB 1 8 2 8  
1 7 8  CLEAR:DIM SPl401,DSl48l.TS148l,LEI45l:QS~~W~WW~:QSlIl~~WWW.W~~:QSl2l~~WWW.WW 
Wm:QS131=.WWWW.U. 
1 8 8  R E M - - - - - - - - - - - - - - - - L O A D  ELEMENT SPACING D A T A - - - - - - - - - - - - -  

1 9 8  DATA .248,.87S,.188,.215,.250,.280,.308,.Sl5,.338,.S45,.368,.375~.S85~.3V8,. 
395..488..488,.488..488,.408,.488,.488,.488,.488,.48 
8,.488~.400..4C8..488,.488B.408,.408BB488,.488,.488,.488..488~.400,.488,.488 
2 0 8  FOR X=L TO 4 8  
2 1 8  READ S P I X )  
2 7 8  NEXT 
7 3 8  PE* ..------.-------....LOAD REFLECTOR M U L T I P L I E R - - . - - - - - - - - .  

?4R DATA .4985,.4908..4885,.4875,.4865,.4855,.4845~.4~35,.4825,.Q~28~~4818,.4785 
..477Q..4?65,.4758..4748 
2 5 8  D I M  R E 1 1 7 1  
2 6 8  FOR X.1 TO 16:READ R E I X I Z N E X T  
- 7 8  R E M - - - - - - - - . . - - - - - - . - . L O A D  RADIATOR M U L T I P L I E R - - - - - - - - - - - -  

2 8 8  D I M  D R l 1 7 1  
2 0 8  DATA .4675,.4665,.4648,.4620,.4681,.4585,.4S75,.4538,.4538..4515..458$,.44LB 
..4435,.4438,.448Q..4385 
3 0 Q  FOR X = I  TO 16:READ DR1XI :NEXT 
3 1 Q  RE* - - - - - - - - - - - - - - - - - - S E W  ELEMENT MATERIAL  S I Z E - - - - - - - - - - - - - - - -  

ZZP DATA . ~ ~ ~ . . ~ ~ x ~ . . ~ a 4 ~ . . ~ a ~ , . ~ ~ ~ ~ , . a a ~ ~ , . a ~ ~ , . a ~ 7 8 , . a a a e , . a 1 , . ~ 1 1 ~ ~ , . ~ 1 ~ 1 , . ~ 1  
5 , . 8 1 6 S . . 8 l B Z .  . R 3  
3 3 8  D I M  E L l I 6 l : F O R  X = I  TO 16:PEAD E L 1 X I : N E X T  
7 4 1  pE*....-.---....---1NpuT DESIPED p A R A ~ E T E R S - - - - . . . . . . - - - - - .  

3 5 8  HOME :BEEP ? R , I R  : I N P U T  'WHAT I S  THE CENTER FREQUENCY OF THE ANTENNA I N  MHz. 
" I F  

'68 PEEP 2R.18:PRINT: INPUT'HOW MANY ELEMENTS DOES THE ANTENNA R E Q U I R E . " I N  
3 7 8  P P I N T  : I F  N ' 9  OR N ) 4 8  THEN INVERSE : P R I N T  "NUMBER OF ELEMENTS MUST B E  BETUEE 
N P AND 48':NORMAL :GOTO 3 6 8  
3 8 8  PR1NT:BEEP 2 8 , 1 8 : I N P U T ~ W H A T  I S  THE DIAMETER OF THE BOOM I N  M I L L I M E T E R S . ' I B D  
3 0 8  PP1NT:BEEP 28 , I a :PR INT .ARE THE ELEMENTS TO BE INSULATED FROM THE BOOM Y=YES 
N-NO -: 
4 8 8  INSIINKEYS : I F  L E N ( I N % l = Q  GOT0 4 8 8  
4 1 8  I F  fNS  =.Y" OP I N S -  " y '  THEN 1=1:  GOTO 4 5 0  

42Q I F  I N S =  'N' OP I N S - ' * '  THEN I=@:  GOT0 4 5 8  
4 3 R  OPT0 4 8 8  
4 4 @  PE* . . . - - - - - - - . . . - - - - . -D ISPLA y * p E F I C A T I O N S - - - - - - .  - - - - - - - ~ - -  

4 5 -  HOME : P R I N T  " S P E F I C A T I O N S  FOP THE AEITEPIPIA TO DESIGN " : P R I N T : P R l N T : P R I N T " l .  
DES IGN FPEQLlENCY : - " i F i  " MHz"  

4 6 Q  P P I N T ' Z .  DIAMETER OF BOOM : -  " i B D i '  M I L L I M E T E R S . '  

4 7 Q  P P I N T ' 3 .  NVMPEP OF ELEMENTS : - " i N 
n e ~  IF I-! THEN P P I ~ I T " ~ .  ELEMENTS APE TO BE IYSULATED FROM THE BOOMmELS 
E PPIbIT.4 .  1 ELEMEIITS APE TO BE PION INSULATED 

nttn THPOUOH THE BOPM" 
4961 I F  ~ B I ~ ~ ~ R R R I I I : ~ P . ~ ~ ? / F I ~ . ~ ~  THEM P R I N T  : P R I N T  :PR INT  : P R I N T  "BOOM DIAMETER 

I S  7 0  LAPOE FOP T H I S  FREQUENCY":  P P I N T  : P P I N T  : P R I N T  

.E+ITEP A SMALLEP D IAMETEP " : INPLlT PD:GOTO 448 
PEM ............-.-.....C~ 5 P E F I C A T I O N S  . - --------------  

7 1 8  PPTNT :PPTEIT :PPIPIT : P P I h l T  'ARE ALL  THE E N T R I E S  CORRECT Y S l E S  N-NO ' ' I  
'?D INS= Ib lCEYJ  : I F  L E N I I N S I  - 8  THEN GOT@ 5 2 8  
';?I* I F  TIIJ="Y' OP 1 N % = " y v  GOT@ 6 5 8  
?a(. I F  IN%- 'N '  OP I U S = ' n q  GOTO 5 6 0  

TTR BEEP lQR, lR :GOTO 5 2 Q  
T6Q PRTr lT : INPLIT .UHAT I S  THE NUMREP OF THE INCORRECT ENTRY " i X  
5 7 Q  I F  X <  ? 4 GOTO 6 0 8  

5 8 Q  I F  118 THEN 111: GOT0 4 4 8  
TOR I F  111 THEN I = @ :  GOTO 4 4 8  
68Q I N P U T  'WHAT I S  THE CORRECT VALVE " I C Y  
6 1 R  I F  X -1  THEN F=CV 
62Q I F  X r ?  THEN B D l C V  
6 3 Q  I F  X - 3  THEN N=CV 
6 4 0  GOTO 4 5 Q  
6 5 8  R E M - - - - - - - - - - - - - - C A L C U L A T E  BOOM DIAMETEP UAVELEFIC.TH5-- - . 
6 6 Q  W=209.70:/F 
6 - 0  B U = B D I I 8 8 R I W  
6 3 0  BC=BD+~5?6.7861BW'.64883IIlO81 
69"  P E  M........-.--~.-...C ALCULATE BOO" LEY 'TH . .  - - . . - - . . - - - -~-  
-8Q TL=Q 
- I F  U1790. - 0?1F  
'20 FOP - = I  T(I N - I  
- 3 0  O = I ~ I I T P I - ~ ~ U ~ I O C R  

Introduces the 
TNC- 200 

- O f f ~ c ~ a l  T A P R  TNC-2 des~gn 

- Top quality components throughout 

-Standard AX 25 Vers~on 2 protocol 

. Full duplex hardware HOCC 

- F~ve term~naf data rates to 9600 baud 

- Modem adaptable for HF packet 

- 16K battery b a c k e d - u p  R A M  

- 32K EPROM, software clock 

. Latert multlconnect ~of'tware 

- Flve labeled LED status ~nd~caton 

- Level 3 networkrng compat~bll~ty 

. Choose CMOS versron for low power 
(100ma typlcal) or NMOS for lower c o s t  

Assembled and tested CMOS. $219.95 
NMOS $19995 

F u l l  k ~ t  w ~ t h  cabrnet CMOS - 6 169 95 
NMOS - 6 154 95 

F u l l  k ~ t  w~thout cab~net CMOS - 6 144.95 
N M O S  - S 129 95 

Hard-to-hnd parts k ~ t  CMOS. S 8d 95 
NMOS - 6 79 95 

Bare PC board + assy manual S 39 95 

R e f e r e n c e  manual (100 + pg) 3 9 95 

Cab~net w ~ t h  end plates 1 2995 

Mac~ntosh Owners MACPACKET, TNCZOO 
g r v e s  pull-down menus, rp l~ t  weens. flie 
transfers. automatic routtng and more '1 

M A C P A C K E T i T N C 2 0 0  $69 95 
F r e e  UPS sh~pp~ng In ront~nental U S A  

SEE US IN BOOTH 357 
AT THE DAYTON HAMVENTION 

Discount 10 46 f o r  orders o f  f t v e  or more 

TNC-200s to the same addrers 

ORDER TOLL FREE (24 houn) 

800-835-2246 e x t  115 

( Kansas 800-362-2421 ext. 11 5) 

Intomtian 813-689-3523 - 
(NO COD) @@ 

Flartda addreues add 5 4  

PhC.COMM PhCKET R A M 0  SYSTEMS, INC 

dodo W Kennedy Blvd 'ampa. FL 33609 

\ lnt l  TELEX 6502881526 WUt 2 
r, 211 
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I The "Flying Horse" 
has a great new look! 

I It 's  the b l g ~ t  c h a n g e  In Callbook history! 
NOW there a r e  3 n e w  C a l l b o o k s  f o r  1986. I 
The North Amerlcan callbook llsts t h e  
a m a t e u r s  in a l l  c o u n t r l e s  In North Amerlca 
PIUS those In H a w a l l  and t h e  U.S. Possessions. 

The I n t e r n a t i o n a l  Callbook l l s t s  t h e  calls. 
n a m e s ,  and a d d r e s s  I n f o r m a t i o n  f o r  llcensed 
a m a t e u r s  In a l l  c o u n t r l e s  o u t s i d e  North 
A m e r i c a .  C o v e r a g e  includes Europe. As ia .  
A f r l c a ,  S o u t h  A m e r i c a ,  and t h e  P a c l f l c  a r e a  
( e x c l u s i v e  of Hawall a n d  t h e  U.S. Posses- 
s i ons ) .  

T h e  callbook S u p p l e m e n t  Is  a whole n e w  
Idea In C a l l b o o k  U p d a t e s .  Published June 1. 
1986, t h l s  S u p p l e m e n t  wlll I n c l u d e  a l l  the 
a c t i v i t y  for b o t h  t h e  North A m e r i c a n  and 
l n t e r n a t l o n a l  C a l l b o o k s  f o r  t h e  preceding 
6 m o n t h s .  

Publication d a t e  f o r  t h e  1986 C a l l b o o k s  Is 
D e c e m b e r  1. 1985. See  your d e a l e r  or order 
now d l r e c t l y  f r o m  t h e  P u b l l S h e r .  

I  north Amerlcan Callbook I 
I incl. s h i p p l n g  withln USA 

I ~ C I .  s h l p p l n g  to f o r e i g n  countries $25.00 27.60 I 
I o l n t e r n a t l o n a l  Callbook I 
I I~CI.  s h l p p l n g  withln USA 824.00 

i n c l . s h l p p l n g  to f o r e l g n  c o u n t r l e s  26.60 

I a callbook S u p p l e m e n t .  P U b l l S h e d  June 1 s t  I 

I 1nc1. s h i p p l n g  wlthln USA $13 .00  

Incl. s h i p p l n g  to f o r e i g n  c o u n t r l e s  14.00 

I SPECIAL OFFER 
0 Both N.A. & I n t e r n a t i o n a l  C a l l b o o k s  

I i n ~ l . s h l p p i n g  within USA $ 4 5 . 0 0  

Incl. s h i p p l n g  to f o r e l g n  c o u n t r l e s  53.50 

. . * * * . . * * . * .  
llllnois residents please add 6114% sales tax. 
All P a y m e n t s  m u s t  be In U.S. f u n d s .  

RADIO AMATEUR callbook Irtc. - 

D e P t .  F 
925 S h e r w o o d  Dr., B O X  247 
Lake B l u f f .  l L 6 0 0 4 4 .  U S A  

-.,R TL=TL.D',", 

7-Q I F ' T  

7 6 8  P G ~ I T L I I R R O I I U  
7 - 8  R E P I - - - - - -  -CALCIILATE BEAM WIDTHS AND STACKING D19TAEICE:------ 
'@8 @ H ~ S R . 2 7 8 9 ~ P G - - . 4 R 4 Q 9 1 : S H ~ U I l Z + I S I N l B H / 2 + . 0 4 5 3  I I 

~ V ~ 6 6 . ~ l I 2 i P G ~ - . 6 1 7 2 6 1 : S V V U I l Z ~ 1 S I N 1 B V 1 2 + 8 1 7 4 S 3 I I  
REM ........---------..pRIEI T C P E L I M I N A p y  DATA -.......-.-. 

P I 0  HOME 
B 2 8  P R I N T  . r A C I  P P E L I U I N A R Y  DATA ' :PP INT  
8 3 8  PP IMT "FDEOUEFICI' ' I F ; '  MHZ." 
@ 4 8  CPINT'UAVELENGTH ' i U i "  METERS." 
P 7 8  P P I N T  .I OF ELEMENTS * i N  
P6R P R I N T  'DIAMETER OF BOOM ' i B D i  ' M I L L l M E T E R S "  
8 7 8  P R I N T  'ELECTPICAL  BOOMLENGTH ' i l N T I T L I i '  U I L L I M E T E R S '  

8 8 0  P R I N T  .BOOM WAVELENOTUS * I P O  
8 9 8  P R I N T  'UAXIUUU PRACTICAL  O A l N  ' I : P R I N T  USINO P * l 1 1 1 7 . 0 l l  LOO ( P O I /  LOO I18lI 
t V . 2 l : P R I N T  ' dBD' 
9 8 0  P R I N T  .HORIZONTAL BEAU WIDTH - # : P R I N T  USINO 9 * 1 3 l I B H I : P R I N T  - DEOREES. 
9 1 8  P R I N T  .VERTICAL BEAU WIDTH ' 1 :PRINT  USINO @*1311BVI :PRINT  ' DEOREES. 
9 2 8  P R I N T  . STACKINO D ISTANCESm 
9 3 8  P R I N T  . HORIZONTAL:-  ' I Z P R I N T  USING B * I Z I I S H I : P R I N T  " METERSm 

9 4 8  P R I N T  ' VERTICAL  :- ' 1 : P R I N T  USING B * l 2 I I S V I : P R I N T  UETERS' 
9 9 8  P R I N T  :PRINT  : P R I N T  'DO YOU WISH TO CONTINUE WITH T H I S  DESICN Y-YES N-NO .I 
9 6 8  IN* - INKEYS : IF  L E N I I N S I  -8 OOTO 9 6 8  
9 7 8  I F  INS-.Y. OR IN*-.y. GOT0 I 8 8 8  
9 8 8  I F  INS-'N. OR INS=.nm GOT0 4 4 8  

VVR BEEP 1 8 8 . 1 8  :OOTO 9 6 8  
188W HOME :NU-# 

t o l a  PRINT :PRI~JT -YOU MAY USE ANY OF THE FOLLOYINO TUBING SIZES FOR THE ELEUENT 
5 ' 

1@28 P R I N T  : P P I N T  'SELECT THE S I Z E  CLOSEST TO THE COPIUERCIAL TUBE SJZE '  
1 8 3 8  FOR X-1 TO 1 6  
1 8 4 8  N U - N U I l  
1 8 3 8  P R I N T  .I . l X i . .  ' I : P R I N T  USINO 0~13liIELlXl+UI+1808I:PR1NT . PIM-:I 
F I E t l X I + U 1 + 1 8 B 8 > 1 2  THEN X - I 6  
1 8 6 8  NEXT 

1e70  PRINT :PRINT :PRINT :PRINT 'ENTER THE II OF THE TUBING SIZE YOU WISH TO USE. 

I 8 R 8 ,  INPLIT T S I  
1 8 9 8  IF UALITSSI )NU THEN SEEP l e e . 1 8  :ooro t e e 8  

1 1 8 8  TS-UALITS.1 :TT-ELlTS1:TDlll-TT+u+IBeB 
I l l 8  HOME :PRINT  "STAND BY T H I S  W I L L  TAKE A FEU SECONDS' 
1 1 2 8  R E M - - - - - . - - - - - - - - - - L ~  TUBING S I Z E  TABLES 

1 1 3 8  NS='CUPVE':N2*=N*rTSs 
1 1 4 8  OPEN ' I ' , l , N Z S  

1 1 3 8  FOP X= 1 TO 3 8  
1 1 6 8  L I N E  INPUT I I I , O S  
1 1 7 8  T S I X I = V A L I O S I  
1 1 8 0  NEXT 
1 1 9 8  CLOSE 
12RR R E M - - - ~ - - - - - - - - - - C A L C U L A T E  ELEMENT L E N G T H S - - - - - - - - - - - - - - - - -  

1 2 1 8  FOR X=? TO 4 2  
1 2 2 8  I F  151 THEN L E I X I - U t T S I X - Z l t l 8 8 0  ELSE L E I X I = I U + T S I X - 2 1  I+ IBBB+BC 
1 2 3 8  NEXT 

1 2 4 8  L E I I I = U ~ R E I T S l + I B 0 8  
1 2 3 8  I F  118 THEN L E I I l ' L E l l l * B C  
1 2 6 R  L E 1 2 1 = U ~ D R 1 T S 1 + 1 8 8 0  
1 2 - 8  I F  f = 8  THEN L E l ? I = L E I Z I + B C  
1 2 8 8  HOME 
1 2 0 8  P P I N T  "PRESS ANY KEY WHEN THE PRINTEP I S  READI " :BEEP L 0 , Z B  
1 3 0 8  l N S = l N V F r S  : I F  L E N I I N S I  = 8  GOT0 1 3 8 0  

1 7 I C  L P P I N T  ' YAGI DESIGN D E T A I L S  : - '  
1 3 2 8  Lppl,,T "... -----....--.--.--......-..---....-....-............. ....... 

I 3 3 8  L P P I N T  : L P P I N T  
1 7 4 C L P P I I l T  'DEL IGNFPEQUENCV : -  ' , F i n  MHZ.' 
1 3 7 8  L P P I N T  .UAVELENCTH : - '. : L P P I N T  LnSING 0 S I Z l i U i : L P R I N T  ' METERSu 
1 3 6 8  LPPIPlT -NLWtPEP OF ELEWEPIT? : - " . N  

13.8 I P P l N T  'D IAMFTEP Of BOOM : - " .BD; '  MPI' 
I3QQ L P R I N I  .DlAMETEP OF ELEVENTS : '.: L P P I N T  USING O S l 3 l i T D l l l i :  LPRINT  " MM' 
I 3 9 8  I F  l = l  THEN L P P I N T  "ELEMEIITL APE INSLILATED FROM THE 80011" ELSE L P R I N T  "ELEM 

ENTS APE NOT I r l cL tLArED FROM Ar lo  PASS THPOU'H THE BOO 
M' 
I 4 8 8  LPPTNT 'ELECTRICAL BOOM LENGTH : -  " , I N T l T L l i ' M M '  
1 4 1 C  L P P I N T  'BOOM WAVE LENGTHS : -  '.PG 
147R L P R I N T  -MAYIMUM PRACTICAL G A I N  : -  ", :  L P F l N T  US lNG US111 ;7 .B+ I  LOG I P G I I  L O  

G I I R I I . P . ? i : L P P I N T  . dBO* 
1 4 3 8  L P P I N T  'HORIZONTAL REAM U I D T H  : -  ' , : L P R I N T  USING O S I ~ I ~ B M ~ : L P H ~ N T  " DEGREES 

1 4 q e  LPPINT "JEPTICAL BEAM WIDTH : -  -.:LPRIEIT USING OSI;,;BV;:LPRINT - DEGREES 

1 4 7 8  L P R I N T  'HORIZONTAL STACVING DISTANCE : - ' . :  L P R I N l  US ING Q S l Z l i S H i :  L P R I N T  " 
METFPS- 

1 4 6 8  LCPILIT - 'JECTICAL STACYING DISTANCE : -  ". :  L P R l N T  USING O S 1 2 l i S V i :  L P N I N T  " 

METEP5- 
14'0 L P R I N T  : L P P l N T  
1 4 8 8  L P P I N T  * ELEMENT LENGTH? I N  l 7 l LL IMETEPS.  DISTANCE FROM REFLE 
CTOR nu. - 
14QP LPPIN, ,, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- - -. - - . . - - - - .-...-....- 
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I S 0 8  L P P I N T  
1 5 1 0  L P P I N T  'REFLECTOR " .  . .  L P R I N T  USING Q I l 3 ) i L E l l 1 , :  L P R I N T  .: L P R I N T  .:L 

P P I N T  " Q' 

1 7 2 8  L P R I N T  "DRIVEN '.: L P P I N T  USING Q S 1 3 1 1 L E I 2 1 , :  LPRINT  ,: L P R I N T , : L  
P P l N T  USING Q 1 1 3 1 i  S P I I I * W * I 8 0 8  

1 9 3 8  P S = S P I l l ~ W ~ 1 0 Q 8  
1 7 4 8  FOR X=3 TO M 

I 3 5 8  P S = P S . 4 P I X - I ~ + W + I 0 0 8  

I S 6 8  L P P I N T  .DIRECTOR ll " i X - 2 , :  L P P I N T  LLBING Q + I 3 l ; L E l X I , : L P R I N T  . : L P R I N T  . : LPRI  
NT U+ING Q S l 3 1 ; P S  
157C NEXT 
1 3 8 8  L P a r r l r  
I 5 9 8  L P R I N T  ' ELEMENT SPACING I N  M I L L I M E T E R S  . 
, * q g  L P R I N T  '=.;r=..r.=s=s=;;r====x===============~=mm 

I 6 1 8  L P P I N T  
1 6 2 8  L P R I N T  'REFLECTOR - DRIVEN ' , : L P R I N T  U S I N G  W l 3 1 i D S 1 1 1  
1 6 3 8  L P P I N T  'DRIVEN - D I R  I m . : L P R I N T  LtSlNG Q S t 3 l i D S l 2 I  
164A  FOR Y = 3  TO N - 1  
1 6 3 8  L P R I N T  'D1R" ;X -2 : "  - D I R  " ; I - 1 , : L P R I N T  USING Q S 1 3 1 ; D S l X l  

1 6 6 8  NEXT 
1 6 7 8  L P R I N T  : L P R I N T  : L P R I N T S  NOTES* 

1 6 8 8  L P R I N T  : L P R I N T  ,"I. THE DIMENSIONS ARE FROM CENTER TO CENTER I N  A L L  CASES' 

1 6 9 8  L P R I N T  ' FOR EXAMPLE T H I S  MEANS THE ROOM MUST BE CUT LONGER THAN THAT G I  
VEN' .) 

17RR L P R I N T "  TO BE ABLE TO MOUNT THE ELEMENTS.' 
1 -10  LPRINT  '?. I F  YOU WaNT WIDE BANDWIDTH USE A  FOLDED DIPOLE AS THE DRIVEN E L  
EMENT. . 
1 7 2 8  L P R t N T  ' 3 .  THE DRIVEN ELEMENT DIMENSION I S  THE LENGTH OVERALL.'  

! T I C  L P R I N T  - 9 .  YOU MLIST WORK TO AN ACCURAC' OF BETTER THAN I M M ' a T  FREQUENCIES 

ABOVE 488MHZ. '  
1 7 4 8  L P P I N T  .5 .  ACCURACY BELOW JQRMHZ SHOULD BE W I T H I N  1 . 5  MM." 
1-3. L P R I N T  ' 6 .  ELEMENT MOUNTING MUST BE BETTER THAN . 5  MM OF THE ELEMENT CENTE 

R. 
1 - 6 8  HOME :FOR X= I TO 8 : L P P I N T  :NEXT 
1 - 7 0  P R I N T  .ANOTHER CALCULATION YCYES N r N O ' i  
1-88 I N l = I N K E Y S : I F  L E N I I N S I  -8 GOT0 1 7 8 8  
I'Ob I F  I N *  = ' Y '  OR I N S - - y .  THEN GOT0 4 4 8  
I 8 8 8  I F  IN*=.Nm OR 1NSr.n-  THEN END 

1 R 1 8  BEEP 188 .  2 8  :GOTO 1 7 8 8  
1 9 2 8  HOME :PRINT  :PRINT  .TH IS  PROGRAM W I L L  DESrGN LONG YAGI ANTENNAS' 
I B S B  PRINT  - W I T H  ANY NUMBER OF ELEMENTS BETWEEN 6 AND 4 8 '  
1 8 4 8  P R I N T  :PRINT  :PRINT  
1 8 3 8  P R I N T  ' THE PROGRAM I S  BASED ON ARTICLES BY GUNTER HOCK' 

1 8 6 8  PRINT  ' AND PUBLISHED I N  VHF. COMMUNICATIONS' 

1 8 7 8  P R I N T  :PRINT  :PRINT  
I B B B  P R I N T  . YOU W I L L  REQUIRE A  L I N E  PRINTER TO O B T A I N  THE RESULTS' 
1 8 9 8  P R I N T  :PRINT  : INVERSE :PRINT  'PRESS ANY KEY TO CONTINUE ' 3 :  N0RMAL:BEEP 28. 
1 8 
1 9 8 8  INS- INKEYS : I F  L E N  I I N S l - 8  GOT0 1 9 8 8  
1 9 1 8  HOME 
1 9 2 8  RETURN 
1 9 3 8  END 
- - --- ~~ - -  -- -- - 

be asked if you wish to correct any input. If all is correct the screen displays 
the information shown in fig. 1. Once again, you're asked whether you wish 
to continue or go back and change any input value. 

If the design is acceptable, you next select the size of the tubing to use for 
the elements. ~ e b e n d i n ~  on the frequency, up to 16 different sizes of element 
material will be offered. Choose the size nearest the one you can readily buy 
from your supplier. The screen will now clear and after about 15 seconds, the 
computer will ask if the printer is ready, then print out the complete design. 

---- - - 
VHF and I age 

+ Stuck Microphones Computer Interface 

* 
+ Security Monitoring + 12 VDC upera11on 

o~ogy {patent pending) converts any VHF or UHF FM r e c b ~ ~ ~ l  I I V W  a18 

~ ~ V , , ~ L C U  doppler shift radio direction finder. Simply plug Into receiver's 8nlenna 
and external speaker jacks. Uses four omnidirectional antennas. Low noise, hlgh 

full details and 
5540 E. Charter ( 
Scottsdale, AZ 8! 151 - 'PLER S 

., 
YSTEM 

Speech S! 
. - . .- - - 

TESTED - FULLY GUARANTEED 
2.30 MHz 12V(' =28VJ 

PIN Rafrng Each March Pr. 
M R F W  20W S14.50 $32.00 
MRF412,IA 80W 18.00 45.00 
MRF421 l W W  25.00 56.00 
MRF42lC 11OW - 60.00 
MRF422' 150W 38.00 82.00 
MRF426,IA' 25W 18.00 42.00 
MRF428" 150W 55.00 125.00 
MRF433 12.5W 12.00 30.00 
MRF435' 15OW 42.00 90.00 
MRF449,IA 30W 12.50 30.00 
MRF45O.IA SOW 14.00 31.00 
MRF453.IA 60 W 15.00 35.00 
MRF4M.IA BOW 16.00 36.00 
MRF455.fA 60W 12.00 28.00 
MRF458 BOW 20.00 46.00 
MRF46O 60W 18.00 42.00 
MRF464' 80 W 25.00 60.00 
MRF466' 40W 18.75 48.00 
MRF475 12W 3.00 9.00 
MRF476 3W 2.75 8.00 
MRF477 40 W 11.00 25.00 
MRF479 15W 10.00 23.00 
MRFM5' 15W 6.00 15.00 
MRF492 W W  18.00 40.00 
SAFM72 75W 15.00 33.00 
SRF3M12 l l O W  28.00 60.00 
SRF3775 75W 15.50 34.00 
SRF3795 85W 16.50 37.00 
CD2545 50W 23.00 52.00 
SO1076 70W 17.00 40.00 
SO1451 50W 15.00 36.00 

Sek3cfed Htgh  Gagn Matched Ouads AvarlaOle 

VHFIUHF TRANSISTORS 
Raftng MHz Nef Ea Mafch  Pr 

MRF212 1OW 138.174 116.00 - 
MRF221 15W 136.174 10.00 - 
MRF222 25W 136.174 14.00 - 
MRF224 40W 136.174 13.50 32.00 
MRF231 3.5W 66.M 10.00 - 
MRF234 25W 66.88 15.00 39.00 
MRF237 4W 136.174 3.00 - 
MRF230 M W  136.174 12.00 - 
MRF239 30W 136.174 15.00 - 
MRF24O 40W 136.174 18.00 - 
MRF245 BOW 136-174 28.00 65.00 
MRF247 75W 136.174 27.00 63.00 
MRF25O 50W 27.174 20.00 46.00 
MRF2BO 5W 136.174 7.00 - 
MRF261 10W 136.17* 9.00 - 
MRF262 15W 136.174 9.00 - 
MRF264 M W  136.174 13.00 - 
MRFBO7 1.75W 136,174 3.00 - 
MRF64l 15W 407.512 22.00 - 
MRF644 25W 407.512 24.00 54.00 
MRF646 40W 407.512 26.50 59.00 
M R F 6 M  BOW 407.512 33.00 69.00 
2N3066' 1W 30.200 1.25 - 
2 N U 2 7  1W 136-174 1.25 - 
2N5591 25W 136.174 13.50 34.00 
2 ~ ~ 4 2 -  mw 3 o . m  13.75 34.50 
2N5845 4W 407.512 10.00 - 
2N5946 1OW 407.512 12-00 - 
2NB080 4W 136.174 6.25 - 
2NBO81 15W 138.174 7.50 - 
2NW82 25W 136.174 8.90 - 
2NBO83 30W 136.174 9.30 24.00 
2N8084 40W 136.174 11.75 28.50 

TMOS FET 
MRF134' SW 2.100 S10.50 - 
MRF137' M W  2 . m  22.50 - 
MRF138" M W  1.5.150 35.00 - 
MRF150" 150W 1.5-150 80.00 - 
MRFl72. 80 2.200 65.00 - 

Selscfed, matched finals lo r  Kenwood. Yaesu. 
Icom. Atlas, e fc  Technrcal asststance a n d  cross- 
relerence rnlormafron o n  CD. PT. RF. SRF. SD PINS 

QUANTITY DISCOUNTS AVAILABLE 
WE SHIP SAME DAY C.O.D.IVISAIMC 

INFORMATION Am) CALIF. ORDERS: (819) 7440728 I OUTSIDE CALIF. ORDER DESK: 100B54-1927 I 
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32 May 1986 

1 Y A G I  P R E L I M I N A R Y  D A T A  
FREQUENCY 4 3 2  MHz.  
WAVELENGTH .693963 METERS.  
# OF E L E M E N T S  15 
D I A M E T E R  O F  ROOM 28 M I L L I M E T E R S  
E L E C T R I C A L  BOOMLENGTH 2803 M I L L I M E T E R S  

1 
ROOM WAVELENGTHS 4 . 0 4  
MAXIMUM P R A C T I C A L  G A I N  13.93 d B D  
H O R I Z O N T A L  REAM W I D T H  2 5  DEGREES 
V E R T I C A L  BEAM W I D T H  28 DEGREES 

S T A C K I N G  D I S T A N C E S  
H O R I Z O N T A L : -  1.683 METERS 
V E R T I C A L  : - 1 . 4 3 4  METERS 

fig. 2. Preliminary data display. 
-~ - ---A- 

The first part of the printout provides the charac- 
teristics of the Yagi followed by the element lengths 
and the progressive distance from the reflector to each 
element. The next section gives the distance between 
the centers of the elements and concludes with some 
notes about the construction of the antenna. 

The program is simple to use, in that any numerical 
input requires the pressing of the enter (return) key, 
but any input requiring a "Y" or "N" does not. Either 
upper or lower case may be used for the "Y" or "N" 
inputs. In the version shown, a high pitched tone is 
sounded when the computer requires an input and a 
low tone is sounded when it receives an unexpected 
input - i.e., when you've made a mistake. (This fea- 
ture can easily be removed if your computer doesn't 
support the BEEP command.) 

typing in the program 
There's a lot of typing to do. No errors are allowed. 

The main program should pose no real problem, but 
the data files are a real chore. You may use the listing 

- 

I B  YOME 
:P DIM 1<3"1:0*= CLNDVE 

1 P  P R I N T  ' " W H A T  I +  THE NUMBEP OF THE C l l R Y E  I O U  W I S H  T O  E N T E I  ' " ; ' I N P U T  C. 
4 8  FS=O..CS 
38 P R l N T  .ENTER THE V I L U E 5  FOP T H E  C U P Y t  

bQ F O R  Y = 1  T O  JO 
- p  + - P I N T . " ' , ;  " i " .  ; : INPUT 1 1 . )  

BR NEXT  
9@ HO"E 
1% P R I N T  '"THESE 4PE THE VALLIE FOR C U O Y E ' ; C  

I > *  P P l P l T  

17@ P F I N T  

i r n  F O R  Y = I  ro 7s 
1 4 V  P R I N T . #  : Y ;  ' . 4 < * 1 .  

ISQ 

LbB P P l N T  
I - 0  P D l N T  " A P E  I)LL TUF V f iL I IES  CDI1PECT Y = Y E 5  N = N O " . I N P U T  '>I 

,am I F  A * = ' " .  G O T O  2,s 
I"@ I F  1 S i ' N '  G O T O  IIA 
Z O O  0070 I'B 
Zll P P I N T  W H I C H  !4 I S  I N C D R P E C T '  I h I P L I T  D 
2 2 0  P R I h I T  " W H A T  IS THE CClPPECT Y A L U E  F O R  : I )  i O  

236 INPUT L I D 1  

P r o  GOTO I sn  
2-(. w n m t  
2 6 0  P R I N T  '"OUTPLNT T O  D I S C  
2-B OPEN '0' . I ,  F* 

28R  F O P  .= 1 T O  38 

2'0 P R I N T  8 L . a I X I  

108 b1E17 
310 CL7SE 
3 I B  F P l N T  "END OF PROGRI" 

3 3 6  END 

fig. 4. Program to input data files. 

1 

. . .  ~.~ 
i A G l  O L I I G N  DETPI ILB :~ 

~ . ~ . . ~  ~ . ..~~..- .-~~...-~...~.... 

O F S ~ O N  FRFOUEIICI . L43.BZ7 I I H L .  

WAVELENOTY : - 2.(136 PICIEPS 
+l<lVBEP OF ELEIIENTS : 
D I ~ W E T E R  OF BOOM : -  23 nn 
O I & I F T l - R  nF LLE*tENIS - La. J rnn 
FLEMENTS I\PE NOT ISISUI ATED FROM ~ W O  PASS THROUDH THE Boom 
F L F C T P I C A I  BOOM LENGTH - 3elX "*I 
8 0 0 V  UI IVE LENGTHS : 1.857 
nnxIlUn P R I C T l C 4 L  O e I N  : 1 1 . 2 0  d B O  
HIIPI1DNT&L BElm Y l D T H  : 37 3 OEBRLES 
I F P T I L A L  BEAM YIOTH : -  45 4 DEGREES 
YnR12CNTAL S T I C Y I N O  D I S T A N C E  5 . 2 1 6  METERS 

V C R T I C 4 1  FTICIIN6 D I S T A N C E  : -  2 , 6 6 2  METERS 

FLFIIENI LENGTHS I N  n l L L I M E T E - F  DISTANCE FROM REFLECTOR *I. 
...~~...--....---...----..-....~~..--.....-.-..-........--...~ ====n=====,=-= ...-~....--~...---...--~. ~---.--- ...~.........---~.-------- 

P F F L E C T ~ ~  I B B * .  - e 
D C I V C N  95 . .  3 4 9 2 . 4  
DIT1FCTOR X L PP9 6 6 4 7 . 6  
DlOCCTPP # ? 899 3 181 -  6 

n I I E C I O E  1 I l 8 l  7 i<3O.d 

D l r l F C I O ' 1  X 4 Bee,  1 1 9 7 1 . 6  
OlREClOR 8 ' 8 7 1 . 0  2 5 4 9 . 2  
O r P E C T n r i  # 6 063.9 JL6b.B 
D r R E C l D R  I - a 5 -  %3 3 8 l 1 . 6  

IEFL ECTOR ORiUEEl  4 0 3  4 

DRlVEP8 D:l,  > 8 3 4 . 2  

DIP I DTs 2 3 7 a . i  
0 1 0  O I R  3 4 9 2  il 

. O I R  a - o r , 3  D I P  4 5 s14 5 7 5 . 6  ,, 
D I R  i 0,- d L I *  L1 

Dl" .* 0 1 X  7 - 4 .  e 

, l l lE5 

, .  TI,c DIMEwl ' i l ' l ' i i  Ape ips,n C E N T E R  T O  C E N T E R  IN hii CeSES 
Fhe i P r M P L E  Ti . ! .  MFAbIC THE B0Vm M E 1  BE CLlT LDNOER THAN THAT G I V E N  
I r l  L1L C B L t  10  *"1,*,, ,WE E L f " E * I I +  

, I I  YIIV UI\NT WIOE BANDWIDTH L~:E a FL'LDED DIPOLE 1)s i n t  o a z u a ~  LLEIIENT. - rl t l  O"IUEN L L E l t t l T  OIMENSLON 15 THE LENGTH OYEI( ILL.  
4 , , ' i t  nL'rT w O R l  T o  nN A C C U R A C Y  -F B E T T E R  THIb1 I M M  & T  FREOUENCIEB LBUYE 4BBMHL. - I - C , , - A C ~  P F L W  ~ U O - M Z  ~ ~ ~ O U L O  BT Y C ~ U ~ N  1 . 3  mu.  
6 .  E ~ F I I I  ~ ~ L ~ T I ~ ~ c .  M Y S T  BE B E T T E R  T H A * ~  . 5  nn OF THE ELEMENT CENTER. 

Y l h l  D E S I G N  I I E T I I L S  : -  
.~ ~.~~~~~~ -. ~ . . ~ - ~ .  ~.. .  .~~ ~ . ~ - - ~ . - ~  ..~~..~...~..... 

OESICN FREBllEIICY : -  4 3 2 5  M H z ,  
WAVELENGTH : - 0 693 METERS 
NUMBER O F  ELEWENTS : -  7 8  
DII)VTTEF: OF DOOM : -  IP mm 

DIAllFTFT1 ELEI(FNTS OF I\rlE ELEMENT5 NOT INSULI\TEP :~ F R O *  b . i  I\ND I*1 PASS THROU(jH THE 800" 
E L E C T I I I C h L  BOOM LLNOTH ' 4183 nM 
BOOM WAVE LENC.THS : brB3Zi 
MAXI*"* P R h C T I C A L  64TN : -  l b . 2 "  da0 
HoRz,ONTI)L VERIIC.L BElM BEAm "zDrH Y r O T H  : -  : -  

2, 1 1 . 3  I DEOREES DEO.EES 
HORIZONThI S T A C K I N G  O I S T h N C E  : -  1.897 METERS 
V E R T l C l l  S T A C Y J N b  D I S T L N C E  ' -  L.822 M T T E R S  

ELE1(EYI LENGTHS I*I nILLIMErEIS. DISII\NCE FRO*l IIEFLFCTOR *Im. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REFLECTOR 3 4 Q .  L B 
D R I V E N  323 - 1 6 6 . 4  

OrRECTOR I I 1Bb 1 218.1 
DlrlECTOT1 1) ? 3 8 2 . 4  343. l 
OIPsCTOe * J 2Fe.8 4 9 1 . 1  
O l R E C T D P  * 4 291.. 1 665.4 

DlrlECrOR DIRECTOR (1 * 6 <I I s , . B  2 8 8 . 8  1817.5  
B,P. 5 

OIRFCTOR - 2 8 6 . 2  1283.8 
DII)ECTOR el 283.6 1514.b 

DIPECTOR v 2ar.o ~ 7 ~ 3 . 7  
l l l R E C T O R  8 I P  288.8 2883.2 
D I R E C T O R  * I 2  2 7 8 . 6  2 2 6 3 . 2  
O l r l l C T O R  * 1 2  2 1 - .  1 251B.8 
O I n B C T O R  I 15 2.5 7 288s. 4 
D l R P C T O R  * 14 2 -4 .8  3874.2  
D I R E C T O R  15 2 .5 .7  31151.4 
O I m C C T o I  I i a  2-2 6 3628.7 
O l R F C T O R  8 I 7  271  6 39Db.B 
DiRFCTOR I4 L8 2 - 8 .  - 4 1 8 2 . 2  

ELEMENT FPhL INB I Y  M l L L l M E I T R F .  
: ========*================*==-=<========  

REF5 ECTOR - O S l Y E I l  1 6 6 . 4  

O P l U E N  D I R  L y 2 . e  
DIR I - D I I  Z L24 8 
O i R  2 - O I R  J L 4 V . 6  

OIR 3 - O I R  4 i 7 3 . 3  
DIR a - DIP 5 194 .  L 
D1e J - D I I )  6 1'37.9 

01" 6 - OIR 7 2 i e . J  
D I R  - - DIR s 2 2 q . -  
DIP B - OZ* V 2 - e .  2 
D V 01R L C 3  2 4 7 . 5  
DIR 16 - D I R  I L  2 5 9 . 7  
DIR 1 1  DIP 12 2 6 6 . 9  
O r e 1 2  - D I P  13  2-a.3 
OIR L1 DLR 14 1-3.8 
DIR L4 - DIP 15 
DIP Lrl  - D l F l  16  

2--.i 2-7.1 

019 16 D1R 17  2 7 7 . 3  
DIR L *  D l P  IS ? - - . :  

NOTES 

1 .  THE O l m I N 5 1 0 N S  ARC FPDM CENTER T O  CENTER I N  411 C A S E 5  
FOR EXAmPLE T H I S  MEAN5 rHE B00*I NUST BE CUT LONGER THAN T H A T  G I V E N  
7 0  BE l " i E  TO "OUNI THE L L E M S N T I .  

2. IF Y O L  UeNI Y l O E  BI)NOYIDTM USE a CQLOEO O I P O L E  A 5  THE LIeLYEN ELBf i th l  
3 .  THE D R I V E N  ELEMENT OINEN5LON IS THE LENOTH OYEReLL. 
4 .  YOU MUST WORK TO AN # C C L I R A C I  06 B E T T E R  TnlN LDlM i)T FREPVENCIES ABOVE 488bWL. 
5 .  ACCUPI IC '?  BELOY 48em.tZ SMOULO IIE UlTHlN L.5 "Ol .  

6 ,  ELEMENT MOUNTING MUST BE B E T T E R  THaPi .I n*l O F  THE ELEMEllT CENTER. 

fig. 3. Sample printouts. 



1 0  HOME 
2 0  I N P U T  'OVERALL D I m E N S I O N  OF D I O P L E  I N  MM :-  ";DO 
30 I N P U T  " I N T E R N A L  D I M E N S I O N  OF FOLDED D I O P L E  I N  MM : -  " ; T  : R = T / 2  
4 0  I N P U T  "DIAMETER OF ELEMENT : -  " i D E  
5 0  A = Z + 1 D 0 - 2 + I D E + R 1 1  

CURVE I CURYEP CURVE1 CUSVCI CURVE? .....---...------...-----....-*-...---......-.....----...-=.-. -- 

6 0  C = 2 + 2 2 1 7 t I R + D E l  
7 R  D=ArC 
8 0  P R I N T  "TOTAL LENGTH OF MATERIAL REOUIRED : - " i D i  ' MM" 
90 P R I N T  "START OF BENDS FROM CENTER OF ELEMENT : -  " ; A / 4 i "  MU."  
1 0 0  END 

fig. 6. Program to calculate material for a folded dipole. 

in fig. 2 to help with this task. This program enables 
you to enter the values for the file and then check the 
results before writing the file to the disc. 

If your computer has graphic capabilities, it's a good 
idea to draw the curves on the screen from the saved 
data files. The curve should be smooth, - no bumps. 
Any points out of line means you have a wrong value 
in the file that must be corrected. 

folded dipole construction 
If you're going to use a folded dipole as the driven 

element, the program shown in fig. 3, which gives the 
length of tubing required and the points at which the 
bends forming the folded dipole should be started, will 
save some time. You simply enter the overall dimen- 
sion of the dipole, the inside dimension of the folded 
dipole, and the diameter of the tubing. 

The computer then specifies tubing length and the 
distance from the center of the element to the point 
to start the bend. (Once you start building the actual 
antenna, be sure your tube bender doesn't flatten the 
tube as it bends. If it does, don't forget to make 
allowance for this.) 

when all else fails, read the screen 
Several Amateurs here in VK4 have worked on the 

program, and we believe that it should, by now, be 
just about bug-free. After using the program a few 
times, you'll find designing Yagis much easier. 

I am continually amazed at how earlier versions of 
the program have made their way around the world. 
Should you happen to have a copy of one of the earlier 
versions, it's important to replace it with this updated 

1 version, since the earlier versions had some errors and 
included none of the latest improvements. 

I 1 acknowledgement 
1 In the original articles six tubing sizes were shown 

on the graph; Allan, VK4KAZ, spent many hours draw- 
ing the other curves and reducing them to the values 
shown in the data files. 

references 
1. Ginter Hoch, DLGWU, "More Gain with Yagi Antennas," VHF Commu- 
nicat~ons. Volume 9 (311977). 1411977); Volume 14 (31 1982). 
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fig. 5. Sample data files. 
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R&L ELECTRONICS 575 main st. 
Large 
Stock 

VAEBUJ W' KENWOD m-mI 
T k  n3dm.V 

TS-940s 
1 C-735 

FT-757GX 
WE STOCK ALL MAJOR LINES OF AMATEUR RADIO EQUIPMENT, ANTENNAS, 
TOWER, AND RADIO ACCESSORIES. 

COD'S WELCOME! 

STOREHOURS 
 ond day-~riday CALL OR WRITE FOR OUR FREE CATALOGUE 

BUY - SELL - TRADE 
10 00 A M l o  6.00 P M 
Salurday 10 00 A M t o  
3 0 0 P M  

WE SERVICE WHAT WE SELL! 5130868.6399 
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wave AM 

8-  
.,.,.--0. 
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WMHZ 1 
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voltage. 
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a .  
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Ipula are pmvldsd lor monltorlng recalved slgnal levels, dlscrlrnlnator output and vanclot 11 
RXMR30VD assembled end taaled $119.85. 0. Complete. mady l o  use communlcallon ay 

101ae. 
IPPlY. 
dnlng 
'stem 
1s dc or mcw ooantlon. Idaal lor nDealer linklnp. A powor supply capable 01 dmllverlng 13 vol 

td headphone andlor loudspeaker am the only addltlonal L (lor a I O ~ Y  
&d lor ope 
bolls antenn 

Y vemlon), ml 
rallon. Tha G 
a.TRleGA(1l 

I n  ba mmorad lor mmota mountlng lo a towar or 2 or 4 
0 1388.95. Hlghw power unlts svallabla. TR24OAl24 GHz. 
20 m W  $639.85. Also srallabla: horn. 2 and 4 loot para. 
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All weather protection 
for outdoor shows 
SLANT, PEAK OR FLAT ROOFS 

FREE STANDING - FAST SET-UP 

NO TOOLS REQUIRED - 
SNAPS TOGETHER 

WHITF. OR BLUE TARPS 

FITS IN THE TRUNK OF A CAR 

JOIMS & PARTS 

PACKAGE COMPLETE - 
READY TO USE 
MONEY BACK GUARANTEE 

Free brochure on request 
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Home Satellite TV Systems 
just never looked so 

compatible. 
IIYIbOINbTIOB, DESIQB THB BlWP BVILT DIBH 119IlrurmRICA 

6 SELEcTlVrrY 
The original DeepDish, SeeThrm Aluminum Mesh 

When the 'boys upstairs" at RaJrdx decide to 
develop a great new product, they do it right1 
1-0 a High Strength. Extruded Alumi- 
num Horizon-t&HorizonPol Mount with a 
MotorizedActuator that's more compact and 
lighter Fn weight than any other on the : 
market w, yet stffl capable of getting finish coat is the real choice to withstand a lifetime of 

environmental punishment. This unbeatable combl- 

1000 ft/lbs Torque. Well, that's the design 
that's got the TVRO Industry so excite& 
The engineers at F&ydx found that existing 
Geo-stationary satellite tracking Bystems 
just couldn't meet the company's exacting 
standards for superior performanm, depen- 
dability and consumer appeal So they 
suggested that ReJrdx, the Leader In Dish TOTALLY C O l Y I P ~  
sales manufactwe their own And that's.Wt 
what they did This season RaJrdx will introduce 
After comprehensive R &? D work the "boys the fLrst "Totally Compatible" home 
upstairs" selected a design that is destined to satellite TV system A system en@- 
be come legendary, making linear actuators neered to give outstanding P'; 
mrtudly ol~solete A precision built Horizon- mance and years of TV vlewlng 
to-Horizon Polar Mount with Motorized pleasure - both inside and out Watch 
Actuator that's precisely what everyone's for all the excitmg details in 
been looking for months to come 

SATELLITE SYSTEMS. LTD. J 205 

Compatible good looks, compatible price. 
9 Oak Drive. Silver Springs Shores Industrial Park PO. Box 4078. Ocala. Florida 32678-4078 

1 RAVDX SATELUTE SVSTEMS. Lm. 
(904) 687-2003 PATENT PENMNG 



EIMAC Tubes Provide Superior 
Reliability at radio station K W N  - 
over 112,000 hours of service! 

Ken Warren, Chief Engineer at 
KWAV reports that their 10 kW 
FM transmitter went on theair in 
November, 1972, equipped with 
EIMAC power tubes. The origi- 
nal tubes are still in operation af- 
ter over 13 years of continuous 
duty! 

Ken says, "In spite of terrible 
power line regulation, we've had 
no problems with EIMAC tubes. 
In fact, in the last two years, our 
standby transmitter has oper- 
ated less than two hours!" 

Transmitter downtime means 
less revenue. EIMAC tube relia- 
bility gives you moreof what you 
need and less of what you don't 
want. More operating time and 
less downtime! 

EIMAC backs their proven tube 

- 

reliability with the longest and 
best warranty program in the 
business. Up to 10,000 hours for 
selected types. 

Send for our free Extended War- 
ranty Brochure which covers 
this program in detail. 

Write to: 

Varian EIMAC 
301 Industrial Way 
San Carlos. CA 94070 
Telephone: (415) 592-1221 

Quality isa top priority at EIMAC. 
where our 50-year charter is to 
produce long-life products. 

varian 
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ham radio 
the greatest contest 
ever staged 

One of the high points of Amateur 
Radio is the annual ARRL DX contest, 
one of the oldest contests in the game. 
While the rules have changed from 
year to year, the aim of the contest is 
still the same: to work as much DX as 
possible in a given span of time. 

In May, 1934, QSTannounced "the 
greatest DX contest ever staged!" The 
results of the 1933 contest had finally 
been tabulated and the scores were 
sky-high. NYIAB (Canal Zone), for 
example, amassed a breathtaking 
25,000 points, working as many as 16 
stations in an hour. And W3ZI topped 
the US entries with his grand total of 
33,000 points. (Today it's not unusual 
for a contestant to pile up over a mil- 
lion points and work stations at over 
250 contacts in a single hour). 

What equipment were hams using 
in those long-gone days? The 1933 
Sweepstakes provides a clue. Over 64 
percent of the hams who submitted 
sweepstakes scores were running less 
than 50 watts and over 85 percent of 
the entries ran less than 400 watts. An 
amaring 15 percent of the contestants 
ran less than 20 watts. 

In passing, QST noted that many 
high-speed CW operators were run- 
ning at 25 to 30 WPM in the contest 
and that, in general, code speed on the 
DX bands was gradually increasing, 
year by year. Of course, there were 
only about 10 percent as many hams 
licensed in 1933-34 as there are today! 

Finally i t  should be noted that dur- 
ing the 19301s, most ham gear - 

receiving as well as transmitting equip- 
ment - was home-made. Very few 
items of commercial manufacture were 
available, and the money to buy it was 
absent, for these were the years of the 
Great Depression. 

Now I see the wheel has turned full 
circle. The Canadian Department of 
Commerce is proposing that it will 
require Canadian Amateurs to possess 
a special, advanced-type license if they 
want to put home-made equipment on 
the air! 

Doesn't that seem to be placing a 
roadblock in the path of experimenters 
who want to build equipment? Experi- 
menters should be encouraged, not 
harassed with the problem of getting 
a special license to do what should 
come naturally! 

is your line voltage 
really 117 volts ac? 

Have you ever checked your line 
voltage with a good RMS responding 
meter of known accuracy? You may be 
surprised if you do. In my case, the 
voltage varies over a small range from 
minute to minute and takes interesting 
swoops and dives during the day. 
Most of the time it runs about 123 
volts, but it has dropped as low as 115 
volts. Using a borrowed memory 
'scope, it was found that short dura- 
tion "spikes" of over 1000 volts could 
be observed. These were probably due 
to the collapsing electric field of induc- 
tive devices on the line at various 
points. The oil burner motor in my 
house, in particular, puts a nasty high- 
voltage spike on the power line. 

i fig. 1. Resistance of transformer wind- 1 
ings plus resistor R in series with recti- 
fier limits inrush current to filter capac- 
itor C. 

fig. 2. Shorting-type primary switch pro- 
vides low voltage to supply until capac- 
itor is charged. 

Ham gear and computers can be 
protected from most primary line tran- 
sients by virtue of inexpensive, easily 
available surge suppressors. These 
devices will protect our equipment 
from low-energy power line "spikes," 
which are the most common. More 
robust, industrial surge suppressors 
are required if you're served by a 
power line that also serves industrial 
users. 
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But what about transients and cur- the resistor and the relay will not close This circuit is quite effective, but the 
rent surges generated within your own until the inrush current has decreased AC relay tends to "chatter" during the 
equipment? A surge suppressor on the to a nominal value and the voltage delay period. 
power line won't help in such cases. across the relay coil is close to normal. The circuit in fig. 4B employs a 

surge protection 
It's important to incorporate surge 

protection in a transmitter power sup- 
ply to make sure that components are 
not destructively overloaded during the 
operating cycle. Diode rectifiers and 
transmitting tubes are particularly vul- 
nerable in this respect. 

In the case of the diode rectifier, 
each time the power supply is turned 
on, the rectifier "sees" a low resis- 
tance short until the filter capacitor is 
nearly charged (fig. 1). The surge cur- 
rent through the diode to the capaci- 
tor can be several hundred amperes for 
a fraction of a second. In some designs 
a resistor in series with the rectifier is 
used to limit diode inrush current. The 
resistor, however, tends to degrade 
power supply voltage regulation since 
the operating current must flow 
through the resistor. 

A more effective means of limiting 
power supply inrush current is to 
employ a step-start circuit (fig. 21, 
which applies low primary voltage to 
the supply until the filter capacitor is 
charged. This delay time is, typically, 
about one second in most cases. Once 

CRI T O  

fig. 3(A). Variable autotransformer T1 permits operator to  advance primary voltage 
slowly. thus reducing capacitor inrush current; (B) series-connected t ime delay relay 
shorts out surge resistor R after a few seconds. 

RELAY 

where C = Farads or 106 ,SF 
R = Ohms 

Rc = 500 Ohms 
Rr = 1500 ohms 
C = 1000 ,,F 
1 = 0 375 rec 

the capacitor is charged, full primary 
voltage can then be applied. 

I 

Various forms of inrush-limiting cir- 
cuits are shown in fig. 3. Circuit A 

AC 

employs a variable autotransformer. I 
TO L O A D  

The operator turns the transformer c , 0 0 0  ! 
control and gradually advances the pri- 1 

I 
RC - 500 

mary voltage as desired. 
Circuit B employs a series-con- 

nected voltage dropping resistor (R)  in 
the primary circuit, which is shorted 
out by a time-delay relay. There are 
various forms of time-delay circuits 
that should be of interest to the equip- 
ment builder. 

time delay relay 1 I A A 
A simple delay circuit is shown in 

fig. 4A. A 120-volt AC relay is con- 
nected so that it shorts out the series 
dropping resistor, R. The initial inrush 
current causes a voltage drop across 

fig. 41AI. AC relay shorts out series dropping resistor R when voltage across relay coil 
rises close to  normal; fig. 4(B), RC circuit provides adjustable time delay for relay R,; 
fig. 4(C), 12 volt relay used in RC time delay circuit. 
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24-volt DC operated relay with an RC 
time delay circuit. The line voltage is 
rectified and applied to the relay 
through a series resistor and a shunt 
capacitor. Besides acting as part of the 
time delay circuit, the capacitor also 
provides filtering and smoothing for 
the rectified AC provided by the diode. 

The formula for the delay period is 
given in fig. 4. As an example, assume 
that the DC resistance of the relay coil 
(R,) is 500 ohms and the series resis- 
tor (R,) is 1500 ohms. The capacitor 
(C) has a value of 1000pF. The time de- 
lay, then, is about 0.375 seconds. 
The voltage across the relay coil, 
determined by Ohm's Law, is about 29 
volts, well within the voltage tolerance 
of the coil. 

The value of the coil voltage, series 
resistor and shunt capacitor can be 
"juggled" to provide any reasonable 
value of time delay. In most instances, 
12 or 24 volt DC coils are used in Ama- 
teur work. The 24 volt relays are more 
attractive since many varieties of this 
type can be picked up as military sur- 
plus for a fraction of their original cost. 

If desired, a 12 volt DC relay may be 
used, as shown in fig. 4C. The time 
delay for this circuit is about a half- 
second. It may be increased by 
increasing the size of the capacitor. 

The thermostatic time delay relay 
consists of relay contacts mounted on 
a bimetallic strip which is actuated by 
a heater (fig. 5). The time delay is a 
function of temperature, which is con- 
trolled by the heater element. The 
Amperite thermostatic relay product 
line provides fixed time delays ranging 
from 2 to 180 seconds. Although the 
delay period can be increased by plat- 
ing a resistor in series with the heat- 
ing coil circuit, delays greater than 180 
seconds cannot be produced. The 
relays resemble a receiving tube and 
come in 6, octal- and miniature-base 
designs. Although nominally 117 volts, 
the relays can be operated on 234 volts 
by the addition of a resistor in series 
with the heating coil. 

Another form of time delay relay 
consists of a DC relay controlled by a 
small printed circuit timer built into the 
relay case. The Potter and Brumfield 

I 
- - -- 

R E L A Y  1 

fig. 5. "Amperite" time delay relay consists of contacts mounted on bimetallic strip. 

fig. 6. Progressively shorting switch provides step-start function. 

- -  -- 

type CU relay is an example of this 
technique. Members of the CU family 
of relays have an adjustable time delay 
period. 

Compared to the thermostatic relay, 
the solid-state controlled relay offers 
the advantage of being able to be recy- 
cled immediately, while the former 
requires a short time interval for the 
thermostatic strip to cool and release 
the closed contacts. On the other 
hand, the thermostatic relay will 
remain closed during a short power 
outage, whereas the solid-state con- 
trolled relay will quickly drop open. 
Each relay type has its own special 
advantages and disadvantages, 
depending upon circuit requirements. 

Of course, the easiest way to incor- 
porate a surge-limiting circuit is merely 
to place a single-pole switch across the 
limiting resistor and forget about relay 
circuits. A progressively shorting 
switch (fig. 6) in which the positions 
are "off," "limit," and "on," can also 

be used. You can control your own 
time delay with these simple circuits. 

filament inrush current 
The time delay circuit can play an 

important role with regard to transmit- 
ting tubes. The tungsten filament, or 
heater, of a power tube has an inverse 
relationship between operating tem- 
perature and resistance. That is, the 
"cold" resistance is about one-tenth 
the value of the "hot" resistance. 
Thus, when the power tube is turned 
on, the filament inrush current can be 
as high as ten times the normal fila- 
ment current. 

In very large power tubes (500 kW, 
for example), it's often necessary to 
bring up the filament voltage with a 
motor-controlled variable voltage 
transformer over a period of minutes 
to prevent distortion of the filament 
due to very heavy inrush current. In 
the case of the lower power tubes 
used in Amateur service, the problem 
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is not as severe and the restriction of 
inrush current is less complex. 

In many Amateur amplifiers, the fila- 
ment inrush current is limited by care- 
fully controlling the size and capacity 
of the filament transformer. In other 
words, the regulation of the filament 
transformer is such that the filament 
voltage "sags" under heavy filament 
current inrush conditions. This is eas- 
ily accomplished in some cases by 
designing the filament transformer so 
that it's just big enough to do the job, 
but doesn't have extra power capac- 
ity over the amount demanded by the 
tubes. 

In any case, filament inrush current 
can be limited by a time delay circuit 
that retards application of full filament 
voltage for about 3 seconds. This pro- 
vides enough time for the filament to 
warm up and increase in resistance. 

Any of the delay circuits discussed 
previously will do the job. The series 
resistor value is adjusted so that about 
30 percent of the rated filament volt- 
age is applied to the tube during the 
delay period. 

cathode warmup time 
Indirectly heated cathode-type 

power tubes (such as the 8877 and the 
4CX1000A) require a cathode warmup 
period before the tube is placed in 
operation. The warmup time required 
is specified by the manufacturer and 
depends upon cathode wattage and 
the physical mass of the cathode struc- 
ture. The purpose of the warmup 
period is to ensure that the total cath- 
ode area has reached operating tem- 
perature and that there is no tempera- 
ture differential across the structure. 
Failure to observe the warmup period 

can result in damage or destruction of 
the cathode emitting surface. Many 
Amateurs resent the "intolerable" time 
required for cathode warmup and 
some are tempted to cheat and start 
operation before the required warmup 
time has passed. Don't do it! You can't 
fool Mother Nature, so let the cathode 
structure reach proper operating tem- 
perature before you start calling that 
exotic DX station. 

144 MHz EME directory 
The 2-meter "moonbounce" direc- 

tory of Amateurs participating in this 
exciting communication mode has 
been reprinted. For your copy, please 
send five first-class postage stamps or 
five lRCs to me at: Varian EIMAC, 301 
Industrial Way, San Carlos, California 
94070. 

ham radio 

ENGINEERS & TECHNICIANS 

RF Design Engineers & Support Technicians 
AEL Offers You The Opportunity 

To Turn Your Hobby Into A Career! 
I f  you're a subscriber to this publication, we know 
you're enthusiastic about working with RF technology. 
Now, you can let your interest and skill pay off with an 
exciting career at American Electronic Laboratories, Inc 

We're a leader in the design and manufacture of defense 
electronic systems and have a backlog of work with 
some of our major countermeasure programs. We cur- 
rently have several vital openings for individuals with the 
following skills: 

RF DESIGN ENGINEERS 
(Sr. through Jr. kve l )  

SUPPORT TECHNICIANS 
(Sr. through Jr. Level) 

Positions require 2 to 10 years experience in the area 
of RF technology and, preferably, an Associate's de- 
gree in Electronics or the equivalent. 

We offer a competitive compensation and benefits 
package commensurate with your experience, plus 
real potential for career growth. Qualified applicants 
should send their resume with salary history /require- 
ments to: Professional Employment 

Positions require 2 to 10 years experience in the 
design, fabrication and test of high power, wide band, AMERICAN ELECTRONIC 
solid state amplifiers operating in the 1 MHz to LABORATORIES, INC 
1 GHz frequency range. A knowledge of power com- 305 Richardson Road, Lansdale, PA 19446 

bining techniques, the design of hybrid couplers and An Equal Opportunity Employer, M/F/H/V 
other disciplines related to ECM a must. BSEE 
required, MSEE a plus. A Subsidiary of AEL Industries, Inc. 
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How to beat the high cost 
ot cheap meters. 

I du'll get more meter for your money, 
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Frequency standard upgrades your counter 

G e t  t h e  p r e c i s ~ o n  you paid f o r  f r o m  y o u r  f r e q u e n c y  

c o u n t e r  C o n n e c t  t h e  C o u n t e r - M a t e  t o  t h e  "EXT  S T D "  

~ n p u t  a n d  g e t  l r aceab le  accuracy ~ n s t e a d  o f  just reso lu l l on .  

Thecounter-mate frequency s t a n d a r d  employsa precision 
th i rd -ove r tone  1 0 M H z c r y s t a l  in a p r o p o r t i o n a l l y  c o n t r o l l e d  

oven.  

C h e c k  t h e  spec i f i ca t i ons - the  C o u n t e r - M a t e  o u t  p e r f o r m s  

and i s  less e x p e n s i v e  t h a n  m o s t  c o u n t e r s '  o v e n  o p t i o n s  

and it needs no insta l la t ion.  

Thecounter-Matecomescalibratedagainst n a t i o n a l  s tan-  

.dards and vou don't l o s e  vour c o u n t e r  when it's t i m e  to 
recal ibrate!.  The in te rna l  f r e q u e n c y  a d j u s t o r  has ove r  4 0  

t u r n s  ~ n s t e a d  o f  j us t  1 t u r n  so calibration i s  easy a n d  

m e c h a n i c a l l y  s t a b l e .  Periodic c a l i b r a t i o n  a t  W e n z e l  

Assoc ia tes  is jus t  $15 plus shipping. 

COUNTER-MATE SPECIFICATIONS 

. ................... Model CM-1 
Wenzei Associates, inc. Frequency . . . . . . . . . . .  1 MHZ and 10 MHZ 

. . . . . . . . . . .  11 124  Jo l l yv i l l e  R o a d  OUIPUI Drive TTL and 50 Ohm 
. . . . . . . . . . . . . .  

Aus t i n .  T X  78759  
Aging Rare 5 x 10 -9,Dny 

. . . . . . .  
(512)  345-2703 T W X  910-997-4554 

Temperitlure * -5  x 10 -8 10 lo 4WC 

Warm-Up Tome ........ 10 Mlnule~ a1 25'C 
Power Requtremenls ... 9 V Adapter Included 

. . . . . . . . . . . . . . . .  S~ze 4 6' r 4 R "  1 1 6" 

FOR PORTABLE AND SOLAR. 
POWERED STATIONS 

REALLY cramped for space? 
Want a 10,15 or2OM concealable or portableantenna? 
Want a "bird dog" for your beam? 
Want 40M in a small space? 
Want to try the new WARC bands? 

MICROLOOP 
These compact 

monoband  loops 4 b- 54" 
provide omnidirec- 
tiorial ( n o  rotator) / 

horizontal lypolar id 
( l o w n o ~ \ d  coverage 

2 0 M  

w h e n  para l le l  l o  MICROLOOP 
around. or perform- 
ance approaching a 
lull-sizc- dipole when 
vert ical .  Tunable  
(SWR< 1.5:l) toyour 
favorite hand s e g  
m e n t  via b u i l t - i n  
adjustable coaxial 
capacitor capable o f  
con t i nuous  200  
wat ls  C W  o r  PEP. 
Coverother bandsegmentsv~ddnlPnnd tuner. Kupglsd low-loss copper 
withstainlesssteel hardware. 2" PVC mast r r q u ~ r r d  (not provided),or 
suspend fromtreeorceilingwithnylonrope. Pricc~sinrlude Usshipping 
(except HI, AK). Floridaadd 5% sales tax. Send check wi th  your order 
or call us wi th  your VISA or MasterCard. 

10. 12 .  15. 16  o r  2 0 M  MICROLOOP ( 2 0 M  is 54" across, 
others smaller) ......................................... .183.50 

3OM o r 4 0 M  MICROLOOP (108" across for40M.  3 0 M  
smaller). ................................................ $93.50 

ADN Advooced Design ~etwo& Inc 
8-50] 66th Street Nor& Rnellos Pork R 33565 

CALL TODAY (813) 544-2596 

LOW 25 mA Current dram 
Mlnlalure sue-Lbghlweight 

A l l  metal shlelded enclosure 
Model PK1-L 

On board Lllhlum Ballery RAM backup 
Wlred ITesIed 

On board watchdog lor rel~ablllty Lost prlce-1239 95 
Slandard OB 25 Conneclors Amateur "el-$209 95 
O ~ l p u l  stgnal lndncales Connected Status 

D o e s  not requlre Squelched audno 
.OK RAM 32K ROM 
Remote  Command Mode for Unallended operallon . Hardware command lockout for securlly 

Commands compaltble wllh our Model PKl 
Rela~ns all olher lealures of Ihe Model PK1 / m 

> 

Extra 110 lanes lor speclal appl~carlons 
AX 25 B VADC Protocols 

Power rsqulrarnent 9 la 15 Volls DC a 25 mA typical 
Dlmen~lons 4 G X 5 9 X 10  lnches Total Wolght: 12 02s 

Plrms. (p.c#ly Cal l  Sqn. SSlD Numw,. and Nod. Nurnbml rbnold*nnp 

contac~ GLB lor ,ddlllonal lnlo and ma~able options 
m orrsrr rornpl,~. 11". 01 t,,nrmIlters and mc.lrsrs. srrlpr. prss*kclor pn,mp$. 

CWIDZrs 1 synlhssrr.ra for ,rn,t.ur commerclri urr 
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ELECTRONICS 
PROTECTYOUR VALUABLE ELECTRONIC EQUIP- 
MENT with TDP electronics Voltage Spike Protectors 
(shown at left). These products protect Ws, transcelv- 
ers, scanners, VCRs, computers, and other sol~d-state 
appliances from transient voltage surges as h ~ g h  as 

I 

I 

I 

TDP ELECTRONICS manu- 
factures TV Antennas for all 
your needs, from complete satell~te systems to 9 d~ f -  
ferent Indoor antenna models, to an outdoor antenna 
l~ne whlch ~ncludes our world-famous Mini-State . . . 
the first truly motor~zed solrd-state, rotat~ng antenna for 
mob~le, marrne, and RV use. Whether you l~ve In a castle 
or a cave, we have the r~ght lV antenna for you! 

I 

I 
TDP ELECTRONICS manufactures stil l 
morel Get Stereo TV for less than 81 00 when 
you get the TDP Video Sound Processor. The 
VSP-1 even creates "stereo" sound from a 
monaural signal, or it can enhance and expand a 
stereo broadcast to put you "in" the action rather 
than in front 
of it. 
TDP ELECTRONICS is your best source for 
cable, amplifiers, splitters, antenna rotators, and Call or Write for More Information! 
more . . . 

f 

A TANOY CORPORATION COMPANV 

1 1  1 Old Bee Tree R o d  Swarlnanoa NC 28178 
Teleohone 1 8(30-438 4732 J 
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active antenna preamplifiers 

Noiseless feedback 
and filter techniques 

improve strong signal 
handling capability 

A recent review o f  commercial active receiving 
antennas confirmed my observation that virtually all 
wideband active antennas are prone to overload and 
intermodulation distortion in the presence of strong 
signals. Of eleven different consumer-grade antennas 
reviewed, all had the same problem. 

It's difficult to imagine a high impedance input cir- 
cuit with unity voltage gain that won't show some dis- 
tortion when signal levels of 30 volts per meter are 
experienced from the local A M  broadcast band, Ama- 
teur, or neighboring CB transmitters, particularly when 
there is no input filtering prior to amplification for the 
wideband case. Some improvement over present cir- 
cuits can be obtained, however, by using active feed- 
back traps for selected interference frequencies and 
higher power linear amplifiers for the active element. 
One goal is to achieve good performance from 10 kHz 
to 200 kHz where many of the present commercial 
active antennas fail to perform very well. The VLF 
region 10-14 kHz covering the worldwide long range 
Omega and Alpha navigation systems, 60 kHz WWVB 
and GBR time signals, and the 100 kHz LORAN-C 
navigation system are of interest to many Amateurs 
and longwave radio observers. These signals can pro- 
vide very stable frequency standard references, solar 
activity indicators, and long range propagation data. 
The recent increased activity in the 160 to 190 kHz, 
or 1750 meter band, where 1 watt input to a 50-foot 
(15 meter) high antenna is allowed without license, and 
the use of this region for emergency government com- 
munications are of interest. 

MOSFETs 
Some practical details of small MOS-power FETs 

have been investigated with a view to application as 
sensitive E-field antenna preamplifiers. These are par- 
ticularly useful at the VLF-LF region, where a short 
1-meter whip can be made to perform as well as a 
much longer wire antenna. A short antenna such as 
a I-meter length whip can be considered as a voltage 
source with a high internal impedance when coupled 
to a preamp input terminal. The effective source Z is 
equal to XCA, where CA is the antenna whip capaci- 
tance. A 1-meter whip will typically have a capacitance 
of 12 pF. This implies a very high input impedance 
preamplifier is needed, particularly at VLF-LF, where 
the concept is most useful. These systems are most 
often operated as impedance converters or voltage fol- 
lowers with nearly unity voltage gain. They have very 
high power gain in converting a signal at the high-Z 
source to a similar amplitude, only now at a 50- to 
75-ohm receiver load. 

JFET preamplifiers are most often found in 
consumer-grade active antenna systems where the 
input impedance is very high and especially where the 
input capacitance of the preamp system in parallel with 
the antenna is intended to be quite low. Capacitance 
at the input antenna mount and circuit will reduce the 
overall system gain by the resulting voltage division 
between the antenna and the fixed circuit input capac- 
itance CIN Figure 1 shows a test circuit that illus- 
trates a way of evaluating the performance of a typi- 
cal preamplifier using these parameters. 

One of the common problems with all wideband 
active antenna systems is that of intermodulation dis- 
tortion (IMD) caused by the inherent non-linearity of 
the preamplifier and the fact that little input filtering 
can be applied and still achieve a very wide bandwidth. 
Another problem is JFET burnout due to the relatively 
fragile character of the input gate structure. With these 

By R.W. Burhans, 161 Grosvenor Street, 
Athens, Ohio 45701. 
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DUMMY 
ANTENNA 

 IN' %EN CA/ (CA +GIN) 

r O u T / e l ~ .  PREAMP VOLTAGE GAIN. A 

I fig. 1. Test circuit. 1 

facts in mind, MOS power FETs have been inves- 
tigated as possible antenna preamplifiers. At first 
glance, the much higher input capacitance might 
appear to be a disadvantage, but more linear operat- 
ing characteristics in the triode region, and much less 
tendency for gate punch-through or burnout, are of 
interest. 

inductive feedback 
A circuit that can reduce the input capacitance and 

improve the linearity for MOSFETs involves a "noise- 
less feedback" method. In this method, a portion of 
the drain signal is fed back either to the source or gate 
input via inductive transformer methods. Here the sig- 
nal is fed back from drain to source with 180-degree 
phase reversal. The source winding feedback turns 
ratio determines the final output voltage gain. An 
experimental circuit is illustrated in fig. 2, where a trifi- 
lar wound toroid serves both as an output impedance 
matching transformer and feedback winding. As a 
practical matter, the greater the amount of feedback, 
the better the performance up to the point at which 
the overall circuit gain is reduced too much. With 
VNIOKM or VN2222L VMOSFETs, the voltage gain 
is reduced to about - 2 dB, with the FET input capac- 
itance reduced to practical levels comparable to those 
of JFETs such as the J-310. Table 1 illustrates the 
effects of changing the feedback winding turns ratio 
with respect to the output windings. The choice of 
a 1 : 1 : 1 ratio transformer gave the best performance 
in terms of minimum capacitance, gain compression 
level, and third order intercept as measured over the 
VLF-MF range from 10 kHz to 3 MHz. The 1 :1 turns 
ratio part of the transformer used as the output pro- 
vides a good match to the drain circuit of the VN2222L 
for a 50- to 75-ohm load at the receiver coupler. This 
circuit was designed originally for a maximum output 
level of 1V RMS or 20 mW at a %-ohm level and actu- 
ally achieved a performance of 50 mW or + 17 dBm 
at the 1 dB gain compression level. Figure 3 illustrates 
the IMD performance characteristics. This is as good 
or better than the performance of most presently avail- 

- .. .. 
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fig. 2. VLF-HF active antenna system. 
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fig. 3. Wideband preamp performance. 

able consumer-grade active antenna systems intended 
for wideband service. 

Figure 4 illustrates the overall gain and phase shift 
for the circuit of fig. 2. The phase shift starting at 3 
to 3.5 MHz is due to the combined effects of the length 
of cable connecting the coupler to the preamplifier and 
the output transformer resonance, where the core 
material tends to have less of an effect at HF. If the 
preamplifier is not well matched to the coupler or has 
excessive voltage gain, problems with spurious oscil- 
lations are sometimes noted with remote operated 
active antenna systems, where the total phase shift 
is a multiple of 27r. The very linear phase change from 
10 kHz to 3 MHz for this example is useful in direction- 
finding applications where the signal from an E-field 
active antenna is combined with an H-field loop sig- 
nal for a resulting cardioid directional pattern. 
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table 1. Feedback winding ratio effect on amplifiar 
performance. 

Feedback winding Preamp Input E-Field 
ratio voltage gain capacitance attenuation 

(source) (C ) (E ) 

0 + 18dB 80pF - 

(source ground) 
0.2 + 10dB 70pF - 

0.4 + 3dB 40pF - 16dB 
1 - 2dB 26pF - 18dB 

sensitivity 
An estimate of the antenna's sensitivity is obtained 

from the E-field attenuation factor noted in table 1. 
This is: 

e0UT . 1 E,(dB) = 20log 10 - --- CA- ( I )   el^ 2 -(', I + GIN 

where the factor 112 arises because of a given rV lm 
field gradient from top to bottom of a 1-meter whip. 
The potential developed at the preamp input terminal 
will be the average of the top-to-bottom field gradient. 
Thus the actual E-field intensity for a 1-meter whip may 
be estimated at the preamplifier output with a suita- 
ble calibrated receiver by applying this attenuation to 
the resulting signal level measured. However, such 
experiments are best conducted in a reasonably open 
area where the antenna is not obstructed by trees or 
nearby structures. The ultimate sensitivity of a short 
whip antenna such as this will depend on where it's 
placed with respect to the actual E-field in free space. 
These sensitivity numbers may appear somewhat low 
at the HF range compared to the antenna length, but 
at the VLF-LF receiving range, where large antennas 
are difficult or impractical to construct, this active 
antenna is very effective. 

active notch 
For severe cases of local interference due to medium 

wave broadcast band AM signals, an inductive feed- 
back input trap or notch is very useful. A circuit is illus- 
trated in fig. 5, which shows a tunable transformer 
that provides the input inductor with a feedback wind- 
ing. Without feedback or with the output source wind- 
ing transformer grounded, high impedance input traps 
like this have a very annoying peaking effect. This 
results from the fact that the input source impedance 
varies inversely with frequency, producing both 
resonances for these high-Z input systems. Feedback 
from the source winding to the series trap small coup- 
ling winding eliminates the peaking effect. Old timers 
may recall a related circuit with a small feedback wind- 
ing used to neutralize tuned-grid, tuned-plate, single 
vacuum tube triode power amplifiers. The feedback 

RESONANCE OF 

VOLTAGE GAIN 
INPUT FILTER 

CABLE EFFECT--+ 

- ZO dB \ \ 

lOkHZ lOOkHz IMHZ IOMHz 3 0 M H z  

FREQUENCY 

i fig. 4. VN2222L antenna preamplifier. I 
turns ratio for the trap is very small and not critical. 
That is, a turns ratio of 1:10 to 1:25 will largely elimi- 
nate the peaking effect of a high-Z input trap. In 
choosing trap inductances, the parallel capacitor 
across the main series inductor (47 pF for the exam- 
ple of fig. 5) acts like an additional series capacitor 
at frequencies well above the notch frequency. Thus 
a trap of this type will always have some attenuation 
above the resonant notch frequency compared to the 
passband below the notch. For a lowpass effect, the 
inductor is chosen so as to be nearly self resonant and 
with highest possible Q, with minimum parallel capac- 
itance. In the practical case, most all of these relatively 
high impedance inductors will have some distributed 
capacitance, which always results in some signal 
response above the trap frequency. 

In very troublesome cases, several traps connected 
in series can be effective in providing a rejection filter 
for much of the AM broadcast band. Figure 6 illus- 
trates a short whip antenna system for the San Jose, 
California, area, where there are interference sources 
on frequencies 1170, 1370, 1430, 1500 and 1590 kHz. 
In this example the output transformer is an iron core 
unit normally used at audio frequencies, but which will 
also operate with a gradual rolloff through the 1 MHz 
region. The source feedback winding to the input 
series traps has a lower turns ratio than the examples 
shown in figs. 2 and 5, but still provides quite satis- 
factory gain and response for operation in the VLF- 
LF band. 

Dual traps can also be effective for the wideband 
case, where the input trap is tuned to some frequency 
in the 1 MHz AM broadcast range and the second trap 
is self-resonant at a cutoff range such as 35 MHz. For 
this example, the output transformer should be a wide- 
band toroid with a 0.5:1:1 or 1 :I :1 turns ratio. In this 
case, the input trap should have a low reactance at 
1 MHz, with a resonating capacitor of 100 pF or more 
so that the response in the passband above 1 MHz is 
down only -3  dB or so. In most cases with two or 
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I fig. 5. Noiseless feedback and input interference trap. 

2 2 m r i  I 

MOUSER 
T L 0 0 4  

3 3 

2 7 M  

COAX OUTPUT 
-@) WEL,":l'ER 

I fig. 6. Power MOSFET active VLF-LF antenna with feedback traps. I 
more traps, the input resonator should be tuned to the VNIOKM, IRFDZ13, 85170, 2N7000, and VN2222L 
lowest notch frequency with the second and succeed- have been evaluated for these applications. One prob- 
ing traps tuned to the higher frequencies. lem, however, is that they require different gate bias 

other applications 
Another example of the utility of the noiseless feed- 

back method is a broadband low impedance amplifier 
fabricated from off-the-shelf components covering the 
10 kHz to 1 MHz region. The Mouser TL004 iron core 
transformers are used for both input and output coup- 
ling by rearranging the windings to approximate the 
turns ratios required for operation. A true noiseless 
feedback amplifier might use an alternate input trans- 
former toroid wound as in the example of fig. 7. How- 
ever, the TL004 iron core transformer can serve as a 
reasonable substitute with somewhat less power gain 
because of reduced turns ratios for the feedback and 
coupling. A proposed application of this circuit might 
be for a VLF-LF ferrite core loop antenna where the 
loop windings (N2-N3 only) substitute for the input 
transformer. 

MOSFET selection 
Several different power MOSFETs including the 

voltages that vary from + 2  to + 4  volts. The 1 
megohm - 2.7 megohm voltage divider may require 
changing for optimum linear operation. Thus the 
2N7000 series operates better with a 1 megohm - 1.5 
megohm divider, producing a bias of about + 3V. We 
have also noted that different batches of the same 
transistor type may have a different optimum gate 
bias. These power MOSFETs are designed primarily 
for switching service applications, but they are also 
generally more linear in the triode region than many 
zero-gate bias JFETs. The power MOSFET field has 
changed so rapidly over the last five years that 3rd 
generation types are now being introduced with still 
different properties. Linear circuit applications of this 
type are not often found in the manufacturers' litera- 
ture because of the present emphasis on digital appli- 
cations. 

inductors 
Input inductors and TL004 output transformers are 

available from Mouser Electronics, 1143 Woodside 
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YOUALREADYOWN 75% OFA 
COLOR VIDEO STATION 
It's true. With your transceiver, antenna, television set and 
audio tape recorder, you already have 75% of what's 
required to receive and send 
color video world-wide! 1 

I 
I 

Add a v l W f i d e o  Wansceiver 
and your station is complete, 
Thousands of amateur video operators around the world are 
exchanging beautiful color images every day. Whether your 
favorite mode is SSB or FM or AM-direct, via repeater or 
satellite-you can join in l------------------------------------------------------------l 

the high-tech fun with- j Pleasesend me thefollowlng Robot equtpment I understand that ~f I am I 
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Phone (6191979.9430 ri rnn I 
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Message 
MasterTM a 

Real-voice message system 

I MASTER 
480 

For any repeater or base 

Now you can communicate vital information even when 
the station you are calling is not on the air - with 
Message Master. Message Master is a solid state voice, 
recording system which can record messages just by 
listening to you speak, store messages in memory, and 
deliver messages on demand. If you can't be there to 
deliver your messages let Message Master deliver them 
for you -any messages in any language and in your own 
voice! 

Message Master connects easily to any radio system for 
remote access: repeaters, base stations, even transceiv- 
ers. It can even be connected to an autopatch device to 

Create messages just by talklng. Message Master's 
'real-voice' technlque saves YOUR VOICE in  digltal 
memory to dellver messages in  your own voice, lan- 
guage and dlalect. 

Malibox-style operatlon glves lndlvldual message 
delivery senice to 100 system usen. 

Easily added to any repeater or base station for re- 
mote operation wlth only four connections. 

Special features Include callslgn Identiflcatlons, tall 
messages, and bulletln messages. 

exchange messages between your radio system and the 
telephone network. Digital message storage provides Instant playback d 

stored messages. 
Message Master is a multi-user system with mailbox 
style personalized message servicefora hundred users. . Modular memory meets Your exact meds from 2 to 8 
With 8 minutes of message storage it can store mlnutes of total message storage. 
hundreds of messages simultaneously making it ideal 
for large, active repeater groups. 

would vou like your callsiqn identifications, Serving all your repeater needs 
tail messages, and bu~let i imessa~es sent in 
rea~-voice? t,,lessage ~~~t~~ can send them - Mark 4 Repeaters and Repeater Controllers are THE PER- 

too. Record several identification messages FORMA NCE LEADERS with real voice, more autodial numbers, 

and it will even send adifferent IDeach time. more synthesized voice and more features. 

Almost like magic, Message blaster k r ~ ~ w s  - Mark 3 Repeaters offer the winning combination of high per- 
when to send identifications and tail mes- formance and hioh value. - 
sages so it needs no special control signals 
from your base or repeater. - LR- 1 Repeaters boast superb RF circuitry at an economical 

price. 

Or write further before - MR-4 Receivers with 7 helical resonators are the only receivers 
you make another wasted call. to choose in harsh RF environments. 

Commercial users: Ask for a brochure on - PA-100 Amplifiers with rugged TMOS power FETs give you a 
the Message Master Electronic Dispatcher continuous duty high power signal. 
with group and all call messaging. 

SEE US IN DAY1 
Booths 106, 107, 

'ON 
108 

KENDECOM INC. 
CONTROL SPEC1 

23 Elm Park 
ALTlES Groveland. MA 0 

COMING SOON: A #-channel re- 
ceiver voting system which oper- 
ates on true signal-to-noise ratio to 
extend your coverage by linking to 
remote receivers. 
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fig. 7. VHF-LF utility amplifier with noiseless feedback input method. 

table 2. Series filter resonance of readily available inductors. 
Mouser Nominal Self-Resonant 
Part No. Inductance 

(mH1 
68 
33 
10 
6.8 
3.9 
2.2 
1.5 

90OpH 

Frequency 
(kHz1 

174 
335 
588 
845 
885 

1460 
1510 
2370 

Resonance with 
lOpF added 

(kHz1 
134 
22 1 
388 
51 6 
614 
900 

1007 
1334 

Inductor 
distributed 

capacitance 
12pF 
6.8pF 
7.3pF 
5.2pF 
8.2pF 
5.5pF 
7.3pF 
5.0pF 

Avenue, Santee, California 92071. The 43LHXXX 
series inductors are encapsulated types with values 
ranging from 1 mH to 33 mH. The input transformer 
421F300 is a variable cup-core type with an inductance 
range of about 250 to 600 pH and a turns ratio of 12: 1. 
The 421F104 has an inductive range of 500 to 1000 
pH and a turns ratio of 221. These IF transformers 
are normally used in AM broadcast band radios but 
pro2ide very satisfactory traps with the circuits illus- 
trated. For the lower frequencies - below about 800 
kHz and where a maximum lowpass effect is desired 
- as well as the tuned trap frequency, the LH series 
inductors are wound with a small coupling coil as illus- 
trated in fig. 8. The polarity of the coupling is impor- 
tant. The circuits will oscillate with the wrong polar- 
ity of the feedback coupling of this neutralizing 
winding. If other inductors or transformers are sub- 
stituted, a bench check for proper operation should 
be conducted using the input test circuit of fig. 1. 

Table 2, lists the results of a series of measurements 
of these inductors used to select values suitable for 

traps in the A M  broadcast band and part of the LF 
beacon band. For the best lowpass effect, the total 
tuning capacitance across the inductor should be kept 
to a minimum. The table illustrates the resonant fre- 
quencies with the coil only and with an additional 10 
pF tuning capacitance. For the best lowpass effect 
with minimum response above the trap frequency, 
make the trap tuning capacitance equal to or less than 
the input antenna capacitance. Conversely, for the 
best bandpass effect, the trap tuning capacitance 
should be four to ten times larger than the input 
antenna capacitance so that the attenuation above the 
trap frequency is minimized. 

future developments 
Other experiments indicate that the feedback tech- 

nique can be used with shunt as well as series induc- 
tors to eliminate the undesired peaking effect for high- 
pass filters or traps. For future high impedance filter 
designs with multiple inductors, analytical methods 
similar to elliptic filters might be possible using these 
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fig. 8. Winding polarity for input trap inductors. 

feedback neutralizing methods of each inductor in the 
circuit. Perhaps a new class of high input impedance 
filters could be developed in which the input source 
impedance would vary inversely with frequency and 
an active feedback technique would be used to neu- 
tralize the undesired responses. 

In pursuit of these ideas, the experimenter should 
keep in mind that all inductors have distributed capac- 
itance which then becomes a much more critical cir- 
cuit parameter. For highpass shunt filters, the active 
feedback polarity is reversed from the series and low- 
pass filters, for peaking effect reduction. Another 
important consideration is the filter layout where 
mutual coupling between two or more adjacent induc- 
tors can enhance or deteriorate a given filter perfor- 
mance. Close shielding of the small encapsulated type 
of inductors usually increases the self resonant fre- 
quency and decreases the Q because of the shorted- 

turns effect on the outer windings of the inductor. 
Combinations of feedback neutralized inductors or 
traps with un-neutralized resonators results in addi- 
tional variety of bandpass or bandreject filters for use 
directly at the input from a high impedance source or 
antenna system. 

circuit boards 
For a list of experimental circuit boards and related 

products for these preamplifier systems, send an 
SASE to Burhans Electronics, 161 Grosvenor St. 
Athens, Ohio 45701 
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communications performance with reliable 
Telewave High "0" Cavities, Duplexers, & 
Filters. Telewave Cavities are ideal for use in 
frequency-congested areas, where protection 
is required from transmitter interference, 
spurious radiations, and receiver desensitization. 

Bandpass, Bandpass Band Reject, 
& Notch Cavities 

30 to 50 MHz and 66 to 88 MHz 
Single, Double and Triple Cavities 
in 5", 6", 8", and 10" diameters. 

66 !o 88 MHz and 118 to 174 MHz 
Single, Double and Triple Cav~t~es 
in 5", 8", lo", and 12" diameters. 

220 to 400 MHz and 406 to 512 MHz 
Single, Double and Triple Cavities 
in 4", 5", 6", 8". and 10" diameters. 

806 to 960 MHz and 1.1 to 1.3 GHz 
Single Cavities available in 
4", 6", 8" diameters. 

When frequencies are specified, 
all cavities are tuned prior to shipping. Telewave 
quality cavities are engineered for stability in 
temperature and stress extremes, and require 
no further adjustments. 

GSA Number OOK8BAGS0846 

Telewave, Inc. 
(41 5) 968-4400 
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1155 Terra Bella Ave., Mountain View, CA 94043 

in Canada - contact Telewave Ltd.. 11161 Horeeshoe Way +4 

Richmond. B.C. Canada V7A4S5 (604) 274-8300 
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the W2PV 80-meter quad 

Design notes 
for a 2-element 

parasitic delta loop 
I've been searching for a way to improve my 
80-meter antenna system for several years. Along the 
way I acquired (from Fred Lass, K2TR) the switching 
system for the late Jim Lawson's two-element delta 
loop array. Fred also sent me a copy of Jim's engineer- 
ing notes, which describe the evolution of his design 
over the summer of 1978. Although these notes do 
not define all of the antenna design parameters - par- 
ticularly loop circumference and spacing - I've been 
able to put together a fairly complete picture of Jim's 
antenna system. 

system description 
"Quad" is a convenient misnomer; the antenna sys- 

tem is actually a two-element parasitic array. Each ele- 
ment is a nearly one-wavelength equilateral triangu- 
lar loop, with one vertex (the feedpoint) at the top. 

FREOUENCY i N H I J  

fig. 1. Performance versus relative frequency. 

The loops are identical to permit convenient direction 
switching. The parasitic element is "tuned" to look 
like a reflector by shunting the feedpoint with an induc- 
tance. This arrangement provides very good gain, 
broad unidirectional main lobe, and moderate front- 
to-back (FIB) ratio, with reasonable bandwidth. Per- 
formance is not too sensitive to spacing and height, 
so the operating frequency can be moved from the 
phone band to the CW band by adding inductance in 
series with the loops. The array radiation resistance 
is quite high (near 100 ohms) so that losses in air- 
wound coils are negligible. 

There are two principal parameters to be specified 
for the two-element array: the loop perimeter and the 
parasitic tuning inductance. W2PV selected values for 
these parameters through a combination of experi- 
mentation and computer analysis. His gdal was to 
produce a resonant antenna system at the central 
operating frequency, with a peak in the F/B ratio 
versus frequency curve also at the central operating 
frequency. As nearly as I can infer from the notes, the 
loop perimeter was 254 feet (77 meters) and the reflec- 
tor inductor was 4 microhenries. These parameters 
apply specifically to loops with apex at 152 feet (46 
meters), spaced 40 feet (12 meters) apart. 

gain and radiation pattern 
I've modeled this antenna using the MlNlNEC pro- 

gram. Figure 1 shows the integrated gain versus fre- 
quency for fair ground. "lntegrated gain" is the aver- 
age value of the gain over all angles from zenith to 
horizon in the vertical plane containing the boom. 
"lntegrated FIB" is the ratio of the integrated back- 
ward gain to the integrated forward gain. I believe this 
provides a more useful representation of antenna per- 
formance on 80 meters, where the wave angles of 
interest span a very large range. Note that the direc- 

By Bill Myers, KIGQ, Box 501, Hollis, New 
Hampshire 03049 
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I fig. 4. Coaxial matching sections. I 

tion of maximum gain reverses about 125 kHz below 
the central operating frequency, where the reflector 
begins to act as a director. (MININEC seems to pro- 
duce reasonable radiation pattern predictions for 
loops, but centered at obviously wrong frequencies, 
so I left the center frequency undefined in fig. 1. Also, 
the MlNlNEC predictions of input impedance are unre- 
liable, but that's another story. ) 

The maximum peak gain is 11.2 dBi, 50 kHz below 
the center frequency. The peak gain at the center fre- 
quency is 10.8 dBi at an elevation angle of 30 degrees. 

These gains compare well with a rough estimate of 
potential gain: 3 dBi loop gain + 4 dB array gain + 
6 dB ground reflection gain = 13 dBi. 

Figures 2 and 3 show the H-plane and E-plane radi- 
ation patterns at the center frequency. Note that you 
could claim a very large FIB ratio by selecting 40 
degrees and 140 degrees as the forward and backward 
elevation angles. The fat H-plane forward lobe pro- 
vides good coverage of DX path wave angles, but less 
satisfactory coverage for the very high-angle (close- 
in) paths. The broad azimuth pattern is important 
because the antenna system is difficult to  rotate. 

matching system 
The input resistance of the driven loop, at the cen- 

tral operating frequency, is about 100 ohms. Initially, 
Jim used a multi-impedance tapped balun to match 
this to a 50-ohm transmission line. After exhaustive 
tests, he concluded that this balun was not suitable 
and changed to the matching system shown in fig. 
4. The half-wave balun at the feedpoint converts the 
100-ohm input resistance to 25 ohms. The series- 
section transformer then converts 25 ohms to 50 
ohms. All of these transformer sections are made of 
RG-8 (or RG-213) coax and are cut for 3.65 MHz. 
W2PV calculated the effect of the error in transform- 
er lengths when operated at 3.5 and 3.8 MHz and 
decided that the consequent mismatch was unimpor- 
tant. These length errors do not affect the array per- 

I FREQUENCY (MHz1 

fig. 5. Measured standing wave ratio. 
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formance, since the transformers are not part of a 
phasing system. The SWR data measured by WZPV 
is plotted in fig. 5; note the excellent bandwidth 
between the 2:l points. 

The central operating frequency is shifted down to 
3.5 MHz by adding inductive reactance to both loops. 
Since the direction switching requires a relay box at 
each loop feedpoint, it's convenient to include the 
mode-switching relay in the same box (fig. 6 ) .  The 
complete antenna system has three relay boxes; the 
central box is simply a single-pole, double-throw 
switch that connects the main feedline to one or the 
other of the two loops. WZPV arranged his relay con- 
trols so that the default (i.e., no power) condition was 
NEIphone (with the boom running NEISW). 

closing remarks  

This summer I plan to install a version of this 
antenna at 115 feet (35 meters) on a new tower. In 
addition to W2PV's parasitic arrangement, I plan to 
provide for feeding both loops out of phase, which 
yields a bidirectional pattern. The advantages of this 
feed are overall simplicity and small high-angle lobes. 
The disadvantages are somewhat lower gain and lower 
input resistance. If I don't knock the tower over as I 
cut down trees, I'll let you know how it works. 
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the colagiTM* antenna 
Improve gain, pattern 

by combining collinear 
and Yagi designs 

One of the most important parts of a communica- 
tions system is the antenna. Additional gain in an 
antenna will improve both transmit and receive capa- 
bility. Combining the gain available from a collinear 
with the gain of a Yagi yields a high-gain antenna with 
only short boom requirements. 

Omni vertical collinear antennas used by FM 
repeaters achieve gain by vertically stacking in-phase 
dipoles (E-plane stack). Yagi antennas achieve gain in 
both E and H planes through the use of resonant para- 
sitic elements. For Yagis with booms less than one 
wavelength long, almost all the gain is achieved in the 
H-plane. Figure 1 shows the rate of gain improvement 
for both E and H plane of Yagi antennas with up to 
20 dBi directive gain. As can be seen, a 3 dB improve- 
ment in the E-plane is not achieved until a total Yagi 
gain of approximately 16 dBi is reached. 

A dipole has 2.15 dB gain over an isotropic source. 
All this gain is in the E-plane; the H-plane is still omni, 
or 360 degrees. 

A three-element Yagi's - 3 dB E-plane beamwidth 
is approximately 65 degrees, and its - 3 dB H-plane 
beamwidth is approximately 90 degrees. 

Gain improvement in the E-plane is: 

78" (dipole - 3 dB B W) - IOLOG { - - - +0.79dBd 
65 " 

Gain improvement in the H-plane is: 

360" (omni) 10 LOG { - } = f6 .0dHd 90 

Total Yagi gain is: 6.79 dBd (E and H plane gain). 

* "Colagi" is a registered trademark of Sinclair Radio Laboratories. 

If the collinear method of achieving gain in the E- 
plane could be combined with the Yagi's method of 
achieving gain in the H-plane, then the results would 
be rewarding. The broadside collinear "bedsprings" 
antenna shown in fig. 2 does just this. The driven ele- 
ment is a pair of half-wave resonant dipoles (fed on 
the ends for high impedance) spaced a half wave apart 
(center to center) to achieve 2.4 dBd gain. This type 
of antenna achieves most of its gain in the H-plane 
by stacking. For those stations active on several bands 
and using horizontal polarization, the broadside col- 
linear antenna takes up valuable mast space which 
may limit the size and number of antennas used on 
the other bands. A collinear radiator plus a Yagi-type 
parasitic antenna system seems a logical solution - 
thus, a collinear Yagi, or "Colagi." 

Figure 3 shows the feed for a three-wide Colagi. 
Each of the three half-wave dipoles is in phase since 
the delay through the phasing network is a half-wave 
(180 degrees). The 0.83X0 dipole-to-dipole center is 
determined by the phasing sections. This section is 
a coaxial line which is dielectrically loaded with poly- 
ethylene. Its 180 degree electrical length is: 

X 

physically, so the outer conductor is basically .non- 
resonant at the design frequency. 

, If teflon dielectric were used, the physical .length 
1 would be: 

If air-spaced polyethylene were used, the physical 
length would be: 

By Bob Morton, VESBFM, P.O. Box 481, Gorm- 
ley, Ontario, Canada LOH 1GO 
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fig. 1. Dipole through 24 element Yagi -3dB beamwidth vs. directive gain. 

- - -. - 

-A/2 F E E O L I N E  

180' PHASE R E V E R S A L  

A /2 

- ---c -- 

I F E E D P O I N T  

A 12 

- I 
1 2 REFLECTORS 

i /2 

I 

1 
M A X I M U M  
RA D l 1  T ION 
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fig. 3. Current distribution for a 3-wide Colagi feed. I_.__ 

This length is now approaching resonance; out-of- 
phase radiation will occur, causing pattern distortion 
and reduced gain. 

If the basic collinear feed (fig. 3) is now backed up 
by three separate reflectors and three equal sets of 
directors, a high gain antenna will be produced. 

Figure 4 shows a basic seven-element Yagi using 
a conventional half-wave dipole feed system. E and 
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fig. 4. 7-element Yagi. 

H patterns for this Yagi are shown in fig. 5. E-plane 
- 3 dB beamwidth is 42 degrees and H-plane - 3 dB 
beamwidth is 46 degrees. Gain is: 

32,000 -2.15 = 10.04 dBd 10 LOG { 
If this Yagi is made into a Colagi (fig. 61, the H-plane 

- 3  dB beamwidth remains the same at 46 degrees. 
However, the E-plane - 3  dB beamwidth now be- 
comes 20 degrees. Gain now is 

fig. 5. Seven-element Yagi - 3 dB beamwidths 
A) E-plane - 42 degrees. 
B) H-plane - 46 degrees. 

stacking separate Yagis does not yield 
same improvements 

The same pattern could have been achieved by 
stacking three separate Yagis at 0.83X0 apart in the 
E-plane. The disadvantage of stacking is loss in the 
coax and loss in the impedance matching section for 
the three antennas. The Colagi eliminates these par- 
ticular losses. A gain improvement of 3.3 dB has been 
achieved and only a single feedpoint and signal boom 
have been used. 

Figure 7 shows the array factor curve1 for three 
antennas stacked at 0.83A0. The array factor in this 
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0 3  

TED SPACERS 

0 2  

fig. 6. 3-wide Colagi. J 

fig. 7. Array factor curve for three antennas stacked at 
0.83 A, spacing. 

case is the resultant pattern produced by three in-line 
isotropic radiators of equal amplitude and phase. If this 
pattern is overlaid on the E-pattern of the original 
seven-element Yagi, the product of the two patterns 
will yield the resultant Colagi pattern (for the seven- 
element long Yagi). 

The delay line phasing section is the limiting factor 
in determining the space between the "individual 
Yagis" of the Colagi. 

EOUAL CURRENT DlSTRlEUTlON 

9 - 

I I I 
FEED POINT I 

#.. 

fig. 9. Gain of center fed collinear array of dipoles spaced 
0.83 Xo with OdB and 2dB power taper per radiating 
dipole. 

7 WIDE-\ 

On long-boom Yagis, the E and H patterns are 
approximately equal. As gain increases, the beam- 
widths decrease. In order to realize stacking gains, the 
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fig. 8. Gain improvement of Colagi over conventional 
Yagi. 
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fig. 10. Phase error and power distribution affect on pattern: A) OdB power taper and 0'. 0'. 0°, phasing. 6 )  OdB power 
taper and 30Q, 0°, 30°, phasing. C) 3dB power taper and 0'. 0'. 0°, phasing. 0 )  3dB power taper and 30'. 0'. 30°. phasing. 

spacing betwen Yagis must also increase. Using a 28-degree beamwidth, made into a three-wide Colagi, 
Colagi type feed system, the spacing is fixed at would see a gain improvement of only 2.0 dB, while 
0.83X0; therefore, an understacking effect occurs on a Yagi with a -3 dB beamwidth of 42 degrees will 
long Yagis and all the gain available is not achieved. see a gain improvement of 3.3 dB. 

The cb~~inear feed system can be extended to five, 
seven, nine, . . . dipoles by increasing the number of unequal dipole feed reduces sidelobes 
parasitic elements accordingly. Since some power is radiated from the center dipole 

Figure 8 shows the gain improvements to be of a Colagi feed, there is not an equal amount left to 
expected for three, five, and seven-wide Colagis, be radiated by the other dipoles. Figure 9 shows the 
based on knowing the - 3  dB beamwidth in the E- gain to be expected from a center-fed collinear feed 
plane for the single Yagi. For example, a Yagi with a with a zero dB taper (all radiators equal in power) plus 
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the gain expected if a 2 dB power taper is used. On 
an 1 l-element center-fed collinear, if the center dipole 
power is used as a reference, then the outermost two 
dipoles will be 10 dB down in power. That's terrible! 
Right? Well, not really. The difference in gain between 
this condition and that with all dipole powers the same 
is only 0.5 dB. A slight widening of the main beam 
occurs when a power taper exists, but a big plus is 
in the reduction of the sidelobes. A very clean radia- 
tion pattern is produced. For weak signal work, hav- 
ing very low sidelobes is a real advantage, especially 
in EME work. The sky is full of noise sources and noise 
is additive, so why take chances with high sidelobes? 
A collinear fed Yagi or the Colagi is a natural for clean 

rhduced phase error pattern distortion 
What about phasing errors? Figure 10 shows the 

Colagi array factors: 
(A)  0 dB power taper and 0°, 0°, 0°, phasing. 
(B) 0 dB power taper and 30°, 0°, 30°, phasing. 
(C) 3 dB power taper and 0'. 0°, 0°, phasing. 
(D) 3 dB power taper and 30°, 0°, 30°, phasing. 

A phasing error of 30 degrees, which would be very 
bad on a conventional two-Yagi stack, has virtually 
no effect on the resulting pattern of a Colagi with a 
3 dB power taper. 

By making the Yagi into a Colagi, the E-plane pat- 
tern is about 70 degrees or less for any Yagi of three 
elements or nrore. The H-plane has not been changed. 
Conventional stacking will approximately halve this 
pattern's - 3 dB beamwidth each time the number of 
Colagis (or Yagis) is doubled. A ten-element Yagi (or 
Colagi) with a - 3 dB beamwidth of 38 degrees in the 
H-plane when stacked four high will have approxi- 
mately a 10 degree - 3 dB beamwidth. Made into a 
three-wide Colagi, this array will have a gain of: 

On the 2-meter band, this gain is sufficient to hear EME 
echoes from a 500-watt transmitter. 

A "first-level" Colagi (three-wide) on 2 meters is 
almost as wide as a 10-meter beam. A "first-level" 
Colagi on 70 cm is about 60 inches wide. 

Expanding to a "second-level" Colagi (five-wide) or 
a "third-level" Colagi (seven-wide) continues to 
sharpen the E-plane pattern. For the seven-wide and 
up, the - 3 dB beamwidth is basically the - 3 dB 
beamwidth of the array factor. Once the Colagi is 
expanded to this level, the effect of adding directors 
does very little to the E-plane pattern. A set of reflec- 
tors behind each half-wave dipole is all that is required. 
However, the H-plane pattern does benefit from the 

Optimum stacking of two three-wide Colagis in the 
E-plane is 2.5X0. This will give - 14 dB sidelobes if a 
seven-element long Yagi is used as the starting point. 
The - 3 dB beamwidth is approximately 10 degrees. 

Making a seven-wide Colagi will also yield a - 3dB 
beamwidth of approximately 10 degrees. On 432 MHz 
this width is 12.5 feet (3.8 meters); on 1296 MHz the 
width is just over 4 feet (1.22 meters). Mechanical con- 
siderations dictate just how far this type of antenna 
can be expanded. 

At antenna measuring contests, a "figure-of-merit" 
is used to determine gain density. It is simply the phys- 
ical dimensions of the Yagi divided into the measured 
gain of the antenna. My three-wide, seven-element 
long Colagi placed first on 1296 MHz at Dayton in 
1984. 

The groundwork for the Colagi is now complete. 
Although construction techniques will vary and final 
combinations will differ, all results should be 
rewarding. 

Extra antenna gain is always desired in weak signal 
work. The Colagi approach might be the answer. 

references 
1. JohnD. Kraus, Ph.D.,Anrennas, McGrawHill BookCompanyIncorporalEd. 
1950. References. Appendix 17. 
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A reverse-biased zener diode (zeners terminals on the HD-1422. You're now 
normally operate in the reverse bias ready to test the antenna. 

using the antenna 
noise bridge 
One of the most useful, inexpensive, 
and often overlooked test instruments 
is the antenna noise bridge. Over the 
years I've found it to be particularly 
useful for a variety of test and meas- 
urement applications, especially in the 
HF region, and those applications are 
not limited to the testing of antennas, 
which is the main job of the noise 
bridge. Several companies (Omega-T, 
Palomar Engineers, M. F. J., etc. have 
produced versions of this instrument. 
Recently, Heath added its new Model 
HD-1422 (fig. 1) to their line-up. 

Figure 2 shows a block diagram of 
this instrument. The bridge consists of 
four arms. The inductive arms (L lb  
and L lc )  form a trifilar wound trans- 
former over a ferrite core with Lla, so 
signal applied to L la is injected into the 
bridge circuit. The measurement 
procedure consists of adjusting a 
200-ohm potentiometer and a 120 pF 
variable capacitor. The potentiometer 
sets the range (from 0 to 200 ohms) of 
the resistive component of measured 
impedance, while the capacitor sets 
the reactive component. Capacitor C2 
in the UNKNOWN arm of the bridge 
is used to balance the measurement 
capacitor. With C2 in the circuit, the 
bridge is balanced when C is approxi- 
mately in the center of its range. This 
arrangement accommodates both 
inductive and capacitive reactances, 
which appear on either side of the 
"zero" point, i.e. the mid-range capac- 
itance of C. When the bridge is in bal- 
ance, the settings of R and C reveal the 
impedance across the UNKNOWN ter- 
minal (e.g. your antenna). 

mode) produces a large amount of 
noise because of the avalanche proc- finding impedance 
ess inherent in zener operation. While Set the noise bridge resistance con- 
this noise may be a problem in many 
applications, in a noise bridge it is 
highly desirable: the richer the noise 
spectrum, the better. The spectrum is 
enhanced somewhat in the HD-1422 
because of the 1 kHz squarewave 
modulator that chops the noise signal. 
An amplifier boosts the noise signal to 
the level needed in the bridge circuit. 

The detector used in the noise 
bridge is an HF receiver. The prefera- 
ble receiver is an AM receiver, or at 
least an SSB receiver with a wide IF 
bandwidth. Although it's quite easy to 
use your ears to detect the noise null 
that indicates bridge balance, it's best 
to use a receiver with an S-meter. 
Thus, the best receiver to use is an AM 
HF receiver equipped with an S-meter. 
If your receiver lacks an S-meter, then 
use an old-fashioned (analog) AC volt- 
meter across the receiver's speaker 
output. Since antennas are not always 
convenient to AC power, you might 
also consider adding "battery 
powered" to the list of attributes 
required of the receiver. 

adjusting antennas 
Perhaps the most common use for 

antenna noise bridges is finding the 
impedance and resonant points of an 
HF antenna. Connect the RECEIVER 
terminal of the HD-1422 to the 
ANTENNA input of the HF receiver 
through a short length of coaxial cable. 
The length should be as short as pos- 
sible, and the characteristic impedance 
should match that of the antenna feed- 
line. Next, connect the coaxial feedline 
from the antenna to the ANTENNA 

trol to the antenna feedline impedance 
(usually 50 or 75 ohms for most Ama- 
teur antennas). Set the reactance con- 
trol to mid-range (zero) Next, tune the 
receiver to the expected resonant fre- 
quency (fEXP) of the antenna. Turn the 
noise bridge on and tune the receiver, 
looking for a noise signal of about S9 
(this will vary on different receivers, 
and if - in the unlikely event that the 
antenna is resonant on the expected 
frequency - the S-meter reading will 
be much lower). 

Adjust the Resistance control, R, on 
the bridge for a null - i.e., minimum 
noise as indicated by the S-meter. 
Next, adjust the Reactance control, C, 
for a null. Repeat the adjustments of 
the R and C controls for the deepest 
possible null, as indicated by the 
lowest noise output on the S-meter 
(there is some interaction between the 
two controls). 

A perfectly resonant antenna of 
common Amateur designs will have 
a reactance reading of zero ohms and 
usually a resistance of 20 to 120 ohms. 
(There are exceptions, e.g., a resonant 
quarter-wave vertical has a 36.5-ohm 
resistive component - Ed.) Real 
antennas may have some reactance 
and a resistance that is different from 
20 or 120 ohms. Impedance matching 
methods can be used to transform the 
actual resistive component to the 20 or 
120 ohm characteristic impedance of 
the transmission line. 

In general if the resistance reading 
is close to zero, then suspect that 
there's a short circuit on the transmis- 
sion line and an open circuit if the 
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fig. 1. Compact antenna noise bridges 
are useful for antenna work and compo- 
nent value determination. 

resistance reading is close to 200 
ohms. (There are exceptions - e.g., 
a vertical longer than X/2 - Ed.) 

For quarter-wavelength verticals and 
half-wavelength dipoles near reso- 

change is given by dividing the 
expected resonant frequency FEXp by 
the actual resonant frequency (fR), 
and multiply by 100: 

C h a n ~ e  = (flc.ul~ x IOo%)(fR 

resonant frequency 
Connect the antenna, noise bridge, 

and the receiver in the same manner 
as above. Set the receiver to the 
expected resonant frequency: i.e., 
468/f for half wavelength types and 
234/f for quarter wavelength types. 
Set the resistance control to 50 ohms 
or 75 ohms, as appropriate for the nor- 
mal antenna impedance and the trans- 
mission line impedance. Set the reac- 
tance control to zero. Turn the bridge 
on and listen for the noise signal. 

nance, a reactance reading on the XL Slowly rock the reactance control 
side of zero indicates that the antenna back and forth to find on wh~ch side 
is too long, while a reading on the XC of zero the null appears. Once the 
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side of zero indicates an antenna is too 
short. This convention may not hold 
true for other antennas, such as a ver- 
tical longer than half wavelength. 

An antenna that's too long or too 
short should be adjusted to the correct 
length. To determine the correct 
length, we must find the actual reso- 
nant frequency, fR. To do this, reset 
the Reactance control to zero and then 
slowly tune the receiver in the proper 
direction - downband for too-long 
and upband for too-short - until the 
null is found. On a high-0 antenna the 
null is easy to miss if you tune too fast. 
Don't be surprised if that null is out of 
band by quite a bit. The percentage of 

direction of the null is determined, set 
the reactance control to zero and tune 
the receiver towards the null direction 
(downband if null is on XL side and 
upband if on the Xc side of zero). 

A less than ideal antenna will not 
have exactly 50 or 75 ohms impedance 
despite the coax impedance usually 
recommended, so some adjustment of 
R and C to find the deepest null is in 
order (actual values will be found 
throughout the noise bridge resistance 
range). You'll be surprised how far off 
some dipoles and other forms of 
antennas can be if they're not in "free 
space," - i.e., if they're close to the 
Earth's surface. 

fig. 2. Antenna noise bridge circuit incorporated in the Heathkit HD-1422. I 
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non-resonant antenna 
adjustment 

We can operate antennas on fre- 
quencies other than their resonant fre- 
quency if we know the impedance (R 
and X components) and then provide 
a matching network to transform the 
impedance. Set up the receiver and 
noise bridge as described above and 
then tune the receiver to the desired 
operating frequency. Find the nulls for 
R and X (as above) and note the scale 
readings. The X readings are not the 
reactance in ohms, but rather the 
capacitance (0 to 60 pF). We can now 
calculate the normalized reactance at 
1 MHz from the equations below: 

or, 

Now, plug "X," calculated from one 
of the above, into Xf = X / f  where f 
is the desired frequency in MHz. 

other applications 
The Heath HD-1422 noise bridge 

can be used in a variety of applica- 
tions. We can find the values of capa- 
citors and inductors, determine the 
characteristics of series and parallel 
tuned resonant circuits, and calculate 
adjustments of transmission lines. 

Some antennas and (non-noise) 
measurements'require antenna feed- 
lines that are either quarter wavelength 
or half wavelength at some specific 
frequency. We can use the HD-1422 
to find these lengths as follows: 

Connect a short-circuit across the 
UNKNOWN terminals and adjust R 
and X for the best null at the frequen- 
cy of interest (note: both will be near 
zero); 

Remove the short-circuit; 

Connect the length of transmission 
line to the UNKNOWN terminal - it 
should be longer than the expected 
length; 

For quarter wavelength lines, 
shorten the line until the null is very 

close to the desired frequency. For half 
wavelength lines, do the same thing, 
except that the line must be shorted 
at the far end for each trial length. 

The HD-1422 can also be used to 
pretune an antenna tuner in order to 
reduce the amount of tune-up time 
required on the air. A previous ham 
radio article dealt with a system for 
doing this same job using another 
noise bridge.' 

conclusion 
The Heath HD-1422 noise bridge is 

an easily constructed, simple device 
that nonetheless produces useful 
measurement results. 1 recommend 
that all Amateurs who operate in the 
HF bands keep one of these instru- 
ments in their armamentareum. 

reference 
1. Forrest Gehrke. KZBT. "A Precision Noise Bridge.'' 
ham md!n, Mmh, 19R1. page 50. 
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short circuit 
frequency and level 
standard 

In "A Frequency and Level Stan- 
dard" (Hans Evers, PAOCX, January, 
page 10) the caption for fig. 3 incor- 
rectly identifies U5 as 74SL90. The cor- 
rect designation is 74LS90. 
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solving transmission line problems 
on your Commodore 64TM 

"Transline Plus" 

eliminates drudgery 
from antenna system 

calculations 

When we  say the antenna is the most important part 
of an Amateur Radio station, we're really talking about 
the antenna system - and that includes the transmis- 
sion line. 

Planning a new system, or evaluating one that's 
already in place, requires transmission line calculations, 
which are by nature tedious and repetitive, and there- 
fore well-suited for calculation by computer. After 
reading K4Klfs illuminating article1 I wrote "Transline," 
a short program (fig. 1) for determining the impedance 
transformation by a given length of transmission line. 
It soon became apparent that it simply didn't do 
enough, and that's where the "Plus" came in. 

calculations 
If the impedance ZI at the input of a transmission 

line of length L and characteristic impedance Z, is 
known, the load impedance ZL can be found from: 

ZL ZI - jZ, (tan B) 
- (1) 

Z ,  Z ,  - jZl (tan B) 

where B = 0.367-F(MHz)*L(feet) and J is the opera- 
tor J -1  . 

This equation can be solved for ZI, yielding: 

ZI - ZL + jZo (tan B) 
- 

z, + jZL (tan B) 
(2) 

zo 
Recalling the rule of complex algebra 

both equations can be set into forms which readily 
yield formulas for RL and XL, and Rl and XI, respec- 
tively. Performing these transformations, one is struck 
by the similarity between the resulting formulas: one 
needs only to change the sign of the reactance, per- 
form the calculation, and change the sign of the result- 

ing reactance to use eqn 1 to find the input impedance 
when the load impedance is known. Physically, this ~ 
IS because the input termination must be the conjugate 
of the transformed load impedance. As a practical 
matter, it eliminates the need to include eqn 2 in the 
program. 

Knowing the load impedance, the SWR can be cal- 
culated from: 

I + G  SWR = -- - 
I - G  

where G is the reflection coefficient 

These relations may be used to calculate the SWR 
from the input impedance, substituting Rl for RL and 
XI for XL, or the input SWR may be measured; how- 
ever, line loss can cause the measured SWR to be sig- 
nificantly lower than the load SWR. The actual SWR 
and the total line loss can be determined from: 

A + B  SWR at load = SL = - A - B  
(6) 

B + C  S W R  at input = SI = 
B - C  

B2 - c2 Total loss = I 0  log 
B(1 - C2) 

where 

Thus, knowing the matched line loss, M ,  in dB, and 
either the input SWR or the load SWR, the total loss 
and the unknown SWR can be calculated. 

Matched loss as a function of frequency for a vari- 
1 ety of transmission line types can be found in numer- 

By Gary E. Myers, KSCZB, 28\1\1135 Hillview 
Drive, Naperville, Illinois, 60565 
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ous sources. The ARRL Antenna Bookz shows plots 
of log (frequency) vs log (attenuation) for most of the 
transmission lines in common Amateur use. These 
plots are approximately linear in the HF and VHF 
regions, so they can be described by y = mx + b 
where y = log (attenuation, x = log (frequency), m 
is the slope of the line, and b is the y intercept. Find- 
ing m and b for each line then allows one to calcu- 
late, with reasonable accuracy, the matched loss at 
any frequency up to and including VHF. 

I 

a typical calculation and that the electrical length is 90 degrees. Enter 
A half-square antenna has a feedpoint 135 and 0, respectively, when asked for the load 

impedance of 1500 + jO ohms at 7.05 MHz. resistance and reactance (the input impedance 
, Sixty-five feet (19.81 meters) of transmission line of the open wire section is now the load for the 

will be required to bring it into the shack. Since RG11). The program then tells you that the input 
only the @-foot (12 meters) distance from the resistance will be 41.6 ohms, the input reactance 
antenna to the house is in the clear, it will be dif- will be 0 ohms, the SWR at the load will be 1.8, 
ficult to use open wire all the way. the input SWR will be 1.7, and the total loss will 

RUN the program, and enter 7.05 at the be 0.1 dB. 
prompt. Try a Q-section of 450-ohm open wire, Finally, try again, to see what the results in 
to  bring the impedance down. When asked for the shack will be if you finish up with 8.82 feet 
the transmission line type, select "Other" and (2.68 meters) of RG213. Again enter 7.05 and 
enter 0 for the line loss per 100 feet (30.48 choose "D" (RG81213). The matched loss is 0.6 
meters), 450 for the line impedance, and 0.95 for dB per 100 feet U0.48 meters); enter 0.66 for the 
the velocity factor. Enter "Y" when asked if you velocity factor. You enter "N" at the Q-section 
want a 0-section. prompt and are asked for the line length, which 

The program indicates that a Q-section at 7.05 is entered as 8.82. You're told that the matched 
MHz will be 33.15 feet (10.10 meters) in length, loss is 0.1 dB for 8.8 feet (2.68 meters) and that 
that the matched loss will be 0 dB, and that the the electrical length is 34 degrees. When asked 
electrical length is 90 degrees. It then asks for for the known quantity, respond with "B" for 
the load resistance and load reactance. After you the load impedance. When asked for the load 
enter 1500 and 0, respectively, it tells you that resistance and reactance, respond with 41.6 and 
the input resistance will be 135 ohms, the input 0, respectively. The computer says that the load 
reactance will be 0 ohms, the SWR at the load SWR will be 1.2, the input SWR will be 1 .l, the 
will be 3.3, the input SWR will be 3.2, and that total loss will be 0, the input resistance will be 
the total loss will be 0. 46, and the input reactance will be 8. 

A 0-section of 75-ohm line might help at this With just a few keystrokes, you'll have 
point, so answer "Y" to the "try again?'prompt. planned the feedline portion of your antenna sys- 
Again enter 7.05 and choose "E" (RG11). The tem. You can easily do more: if you know the 
program says that the matched loss of this cable feedpoint impedance of the antenna at frequen- 
is 0.6 dB per 100 feet (30.48 meters). Enter 0.66 cies off-resonance, you can determine the 2:l 
when asked for the velocity factor. Again, SWR points and adjust the antenna resonant fre- 
answer "Y" to the Q-section prompt, and you're quency accordingly, to cover a preferred range 
told that a Q-section will be 23.03 feet (7.01 of frequencies without the need for a trans- 
meters) in length with a matched loss of 0.1 dB, match. 

the program (fig. 1) 

. 

Although even the intrepid antenna experimenter 
cringes at the thought of going through these exer- 
cises repeatedly, it's now far less of a chore, because 
Transline Plus will: 

determine the input impedance, knowing that of the 
load; 

determine the load impedance, knowing that at the 
input; 

determine the apparent input SWR, knowing that 
at the load; 

determine the load SWR, knowing that measured 
at the input; 

calculate the length of a Q-section; and 
calculate the total loss. 

In addition, the program ac~tomatically calculates 
matched line losses for several of the most common 
types of transmission lines in Amateur use today, and 
uses those values - no more thumbing through books 
and reading charts. It even chooses the correct Z,. 

Although the concept is straightforward, a brief 
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TELEPHONE PW 
INTEGRATOR 8 

-* I Voice Activated Telephone lnteg~ator I 
An electronic device that enables a 2-way 
radio to workasa mobile telephonesystem. 
When the integrator isconnected to a home- 
base radio and common phone line, it will 
automatically forward phone calls to your 
mobile 2-way radio. 
Integrator will also dial out when activated 
by mobile radio. 

$395.00 
Send $2 lor Caralog 

RHODE ISLAND RADIO 
P.O. Box 7275 - Depl. HR 

Johnston, RI  02919 
(401) 861-3340 , ,,, 

already wound and ready lor 1nstallaI8on In your 
lransmalch or you m a y  enclose lhem In a 
weatherprool box and connecl them dlreclly a l  
Ihe anlenna They aredesbgned lor 3 30 MHzop 
eralton (See ARRL Handbook pages 199 or 
6 20 for construclton delalls I 
loo Watt (I I 6 I 9 I OI I I l m ~ c  - select one) 1 9 50 
U n ~ n r u l  1r.n-tch 1 XW 11 I lrnmdansel $3  50 

Unorsrul 1t.nmatch 2 KW (4 I lrnpdsnse) 56 00 
Unlvcrul  lnnsrnalrh I K W  I6 1 9 1 or I 1 - .elect on.) 15 00 
UnlvsNl Transmatch 2 K W  16 1 9 I or I I - ut.1 w) 17 50 

Please send large SASE lor lnlo 

1 1 ~ ~ ~  HOTLINE" 
THE PROVEN MONEYMAKER 

The "Ham Hotline" IS a complete 
rna~ltng lhst of novlce amateur r a d ~ o  
operators and current hams who have 
renewed, upgraded or m o d ~ f ~ e d  the~r  FCC 
l~censes These ham enthuslasts have 
proven to be excellent prospects for r a d ~ o  
equipment, accessories and publlcahons 

The Hot l~ne IS UPDATED EVERY 
TWO WEEKS w ~ t h  an average of 8 000 
names and addresses each month And. 
because we know the Hotllne IS the most 
up-to-date amateur r a d ~ o  llstlng ava~lable. 
we II guarantee 98% del lverab~l~ty 

Target your sales efforts to your most 
llkely buyers Call OCC Data Serv~ce to- 
day and b e g ~ n  your subscr~pt~on to the 
"Ham Hotline" the proven 
moneyrnaker. 

I)CC Data  Servirc- 17' 

1990 M Street.  N.W. Su i te610  
Washington. D.C. 20036 

Toll-1rc.c 1-800-,4:11-2377 
I n  DC & AK 202-452-1419 

fig. 1. "Transline Plus" program performs transmission line calculations 

10 REM WRITTEN BY GARY MYERS K9CZF 
20 PR1NT"CCLR)" 
31:) FORJ=lTOS:F'RINT:NEXTJ 
4 0  PRINTT4R(10)"SlTF:ANSLINE P L U S l t "  
51:) PRINTTAR ( 1 2 )  " 4  PROGRAM FOR" 
6 C )  PRINTTAB(4)"TRANSMISSION L I N E  CALCULATIONS" 
70 L=LOG ( 1 0 )  
80 PR1NT:INPUT"FREOUENCY (MHZ)" :F 
90 PR1NT:PRINT"TRANSMISSION L I N E  TYPE:" 
1OCl P R I N T T A H ( 5 ) " A  - RG58" 
1 1 0  P R I N T T A H ( 5 ) " P  - RG59" 
120 P H I N T T O H ( 5 ) " C  - ' M I N I  8 ' "  
170 P R I N T T A H ( 5 ) " D  - RGB/?13" 
1 4 0  F ' E I N T T A B ( 5 ) " E  - R G l l "  
1 5 0  P H I N T T A H ( 5 ) " F  - RG8 FOAM" 
160 P R I N T T A H ( 5 )  "G - OTHER" 
1 7 0  GETCS: IFC%="  "THEN1 70 
180 IFC%="4"THENPOKE1558.1.1: L I = S Z .  5: GOT0700 
1 9 0  IFC%="R"THENPOIE1598.31:LI=73:GOT0710 
2150 IFC%="C"THENF'Ok'E1642.7.1: LI=51:): GOT0720 
2 1 0  IFC%="D"THENPOtE1681.  5 1  : LI=51>: GOT0710 
220 IFC%="E"THENPOYE171Q,7 i :L I=75:GOTO71~:~ 
231:) IFC%="F"THENPOI'E1762.71: LI=50: GOT074C) 
2 4 0  IFCS="G"THENPOP'E179?. 3 1  : GOT0261:l 
2 5 0  GOT0170 
260 PRINT: INF'UTULINE LOSS (DB/lCu:)' ) " :LO 
2 7 0  PRINT:  I N P U T M L I N E  IMPEDANCE": L I  : GOT0310 
2 8 0  L P = I N T ( L O l l O ) / l O  
3915 I F I N T  (LO* 1 C I C I )  / 1 l?O-LP=.  I:lSTHENLF'=LF'+. 1 
301:) PRINT: P R I N T "  MATCHED LOSS=" : LP: " DR/ I C I C I '  " 
71C1 PRINT:  1NPUT"VELOCITY FfiCTOR" : VF 
32CI F'R1NT:PRINT"WANT TO CALCULATE A O-SECTION ( Y I N ) ? "  
7 3 0  GETT%:IFT%=""THENS3O 
341:) IFT%="N"THEN371:1 
1.50 OL= (246 .067 I rVF)  /F:LL=OL: O L = I N T ( O L t l O C I )  Y 11:10 
360 PRINT:  P R I N T "  0-SECTION FIT" : F: "MHz=": OL: "FEET": GOT0380 
3 7 0  F'R1NT:INF'UT"LINE LENGTH ( F E E T ) " : L L  
381:~ A L = I N T ( l l : l t L L ) / l ( : )  
390 I F  I N T  ( lr:rO*LL) / 1012-AL=':. OSTHENAL=AL+. 1 
41:rCI M L = ! L O t L L )  / ~ I : ~ ~ : J : M P = I N T ( I O ~ M L ) / ~ C I  
4 1 0  I F I N T  ( 1 1:IOtML) / IOO-MP=' . O5THEFIMF'=MP+. 1 
4 2 0  PRINT:PHINTU MATCHED LOSS=":MP:" DH FORU:AL: "FEET" 
411:) F = (  ( L L / V F )  $ 2 $ ~ ) / ( 9 8 4 . 2 5 2 / F )  :HA=Bt57.: 
4 4 0  H P = I N T ( R A l  :HA=INT( l l : I tBA)  /10 
4 5 0  I FHA-HP=: . STHENBF'=RF'+ 1 
4 6 0  PRINT:  F E I N T "  ELECTRICAL LENGTH=": RP: " DEGREES" 
4 7 0  IFT%="N"THEN540  
4 8 0  FR1NT:INPUT"LOAD EESIST4NCE":HH 
490  PF:INT:INPUT"LOAD REFICTANCEW:FX 
c - .  .,l.ICI GOSUH 1 2 7 0  
5 1 0  PR1NT:F'EINT" INPUT RESISTANCE=":F:A 
=- J-U - PRINT:  P R I N T "  INPUT REACTANCE=" : XA 
c- a . A  GOTOBClCl 
5 4 0  F'R1NT:F'RINT"DESIGNATE KNOWN OUANTITY:" 
==. a a ~  FF: INTTAH ( 5 )  "A  - I NPUT IMPEDANCE" 
560 PRINTTAH (5 )  "H - LOAD IMPEDANCE" 
57CI F R I N T T A R ( 5 ) " C  - INPUT SWR" 
580 P R I N T T A H ( 5 ) " D  - LOAD SWF:" 
591:) GETDJ: I F D % = "  "THEN590 
61:11:1 IFD%="A"THEN75C) 
6 1 0  I FD%=" B "  THEN870 
620 IFD%= "C"THEN 1 I:l1:1SI 
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6 3 0  IFD$="D"THENlOBCJ 

6 4 0  GOT0590 
6 5 0  PRINT: F'RINTUTRY AGAIN ( Y / N )  3" 
6 6 0  GETO$ : I Fa$= " " THEN66Cl 
6 7 0  IFa$="Y"THENF'RINT" ,:CLF:> " : FORJ=iT08:  PRINT: NEXTJ: GOT070 
6 8 0  PRINT"  CCLR;.": FORJ=lTOl!:r:PRINT:NEXT 
6 9 0  F'RINTTAB ( 1 3 )  " 7 3  DE K9CZBU : END 
?(:I(:) LA=. 5376$LOG ( F )  /L+LOG ( . 4 2 )  / L :  LO=lO.t'LA: GOTOZB(:) 
7 11:) LB=. 458648LOG ( F )  /L+LOG ( . 4 )  / L :  LO=lO.t LF :  GOTO28C) 
721:) LC=. 59798LOG ( F )  /L+LOG (. 4 )  / L :  LO=lO't 'LC: GOTO28C) 
770 LD=.SIS~LOG(F)/L+LOG(.21)/L:LO=lC~~~LD:GOT0280 
7 4 0  LF=. SZ*LOG [ F )  /L+LOG ( . 1 5 )  /L: LO=lC)?LF: GOT028C) 
750 F'R I NT: INPUT" INPUT RESI STANCE" : BK 
7 6 0  INF'UT" INF'UT REACTANCE" : HX 
7 7 0  GOSUH1 20(3 
78C) F'R INT:  F'RINT" LOAD RESI STANCE=" : F:A; " OHMS 
79C) F'RINT: F'RINT" LOAD F:EACTANCE=" : XA: " OHMS 
80!:) NF'= ( BR-L I ) .t- 2+BX .t 2 
8 1 0  DP= (BR+L I ) .T 2+BX .t. 2 
8 2 0  F'=SQF: (NF'/DP) 
8 3 0  SW=(l+P)/(l-P):SW=INT(SWrC10)/1(:) 
84C) F'RINT: F'RINT" VSWR=": SW 
8 5 0  GOSUB 1 1 ZO 
8 6 0  GOTO65O 
8 7 0  F'F: I NT : INPUT " LOAD RESISTANCE" : RL 
8 8 0  INPUTnLOAD REACTANCE";XL 
89C) NS= ( R L - L I )  .t'Z+XL.t'2 
9 0 0  DS= ( R L + L I  ) 7.2+XL.t'2 
9 1 0  G=SOR(NS/DS) 
93C) SW=( l+G) / (1-G) :SW=INT(SW$lOC)) / I 0 0  
93.0 F'RINT: F'RINT" VSWR AT LOAD=" : SW 
9 4 0  GOSUB 1 1 2 0  
950 BR=RL: BX=-XL: GOSUB1200 
9 6 0  RA=INT (RA$l(:)) / l a :  XA=INT (-XA$lC,) /I(:) 
9 7 0  PRINT: PRINT"  INPUT RES ISTANCE=" : HA 
980 PR1NT:F'RINT"INF'UT REACTANCE=":XA 
9 9 0  GOT0650 
1OC)O PRINT: 1NPUT"INF'UT SWR": S I  
1 0 1 0  A S = ( S I + 1 )  / ( S I - 1 )  
1 0 2 0  BS=lO.t. ( M L / 1 0 )  
1 0 3 0  SW=(AS+BS)/(AS-BS):SW=INT(SW$l(:))/lO 
104(:) PRINT: F'RINT" SWR AT LOAD=" : SW 
1 0 5 0  CS=(SW-1) / (SW+l)  
1 0 6 0  GOSUB 1 1 7 0  
1 0 7 0  GOT0650 
1 0 8 0  F'RINT: INF'UTULOAD SWR" : SW 
109(3 GOSUH 1 1 2 0  
1 1 0 0  PR I NT: F'R I NT" VSWR AT I NF'UT= " ; S I 
1 1 1 0  GOT0650 
1 1 2 0  BS=l(:).t. (WL/10)  
1 1 3 0  C S = ( S W - l ) / ( S W + l )  
1140 SI=(HS+CS) / (FS-CS) : S I = I N T ( l O $ S I )  /I(:) 
1 1 5 0  IFDS="D"THEN117C~ 
l l 6 C l  PR1NT:F'RINT" VSWR AT INF'UT=":SI 
117C) L T = ( l O / L ) * L O G (  ( H S . t . 2 - C S . t . Z ) / ( H S $ ( l - C S . t . 2 ) ) )  : L T = I N T ( L T l r 1 0 ) / 1 0  
118C) F'RINT:PRINTv TOTAL L I N E  LOSS=";LT;" DH" 
1 1 9 0  RETURN 
1 2 0 0  I FCOS ( B ) =OTHENB= 1 . 5 7  
1211:) HH=TAN (H) 
1 2 2 0  D = ( L I + ( B X $ P B ) )  T 2 + ( B H f B B )  .t.2 
1 2 3 0  NA=BRSLIt(l+BB?Z):KA=(LI*NA)/D 
1 2 4 0  RA=INT(Rf i * l ( : ) ) / lC~  
1 2 5 0  N F = ( B X - ( L I $ B B )  ) $  ( L I + ( B X * B H )  )+(HF:.?2*BB): XA=(L I *NB)  I D :  

XA=INT(XA* lO)  / l C )  
1 2 6 0  RETURN 
1 2 7 0  RA=(L1.?2$BR) / (BR.t.2+BX.t.2) :RFI=INT(RASlO) /1C) 
1 2 8 0  X A = - ( L I  t 2 $ B X )  / (BR.t.Z+HX.t.2): XA=INT(XA*1(3) / i O  
1 2 9 0  RETURN 

READY. 
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review of the program will help to clarify things and 
make it easier to modify, if you wish. Since the Com- 

ALL OUR PRODUCTS MAM IN US4 

Quolth. Cornmunicot~on Products S~we 1932 
At yWr D l s t r ~ b u t m  wit0 Cf Call 
10 C o w l  Street Bnstai PA 19007 
(2f5) 188-5584 

Turn Your Comp~ller Into A 

$1 29.95 
(C6.1 Vr.rsi# 111 

DIGITAL . . 
STORAGE 
OSCILLOSCOPE 

I N T F R F A l  t LlNlT 

T ~ P  MR730 8s deslgned 101 use ~ 8 t h  your home or personal computer I1 
IS a complete Electron8c Instrument and Eleclro-Mechan~cal Workshop 
whlch contatns ln l r r face  Unl l .  D C .  Motors. Gears. Sensors. 
Construct~on Camponenlr. D ~ s k  Based Software and #nstrucllons lor 50 
sample prolects 

Included are 
Dcgllal Storage Oscilloscope 
Dlgllal Voltmeler 

. Dlgotal Speech 8 Sound (Record/Playbackl 
5-77 . AID-DIA Conversion r7 D InIrared C Motor Conlrol Control (Var Speed) . MOt016. Gears Generators 

V '  "' ' I R  . Molor8zed Mechanlcal Rohot~cs 

Cars. Cranes. Toys. Etc 
,.a, , I ,  ,,< a,,,, ,;t .>,<,; 

The heart 01 the ME230 Workshop IS Ihe BlOO Interlace Unkl whlcn 
connects to all types ol senso!s and 1s able l o  control Ilghts. motors, 
rclnys and olher external dPv!ces The ME230 manual cantalns 
suggrrllons and Inslnlctlons lor many advanced pro)ecls such as 
antenna posftnon~ng and relay control 

Avatlable lor the follaw~ng compulers 
Commodore 64 ($129 95). Apple 2.. 2E ($15995) 
Alarl ROO 1513995) 
C~manq soon lor IBM Amlga Atart 520ST 

T O  order or for more ~nlarmatlon call toll lree 1-800-824-2549 
Casher'4 check. Money order. VISA, or Maslercard orders accepted 

Order now to avold delay' 

ALL ORDERS SHIPPED UPS BLUE 
AT NO EXTRA CHARGE 

2561 South 1560 West MU LTIBOTICS9 INC. Woods Cross, Utah 84087 

modore 64 works in natural logarithms, l ine 70 saves 
typing later on. Lines 100-160 let you specify the type 
of feedline. If "other" is chosen in l ine 160, then 260 
and 270 are run to let you specify the matched loss 
per 100 feet (30.4 meters) and the characteristic 
impedance; otherwise the program will do it for you. 
Lines 180-240 confirm your choice with a graphic, 
choose the value for 2, and send the program to the 
appropriate matched loss calculation. (The loss for 
"mini-8" types is based on product review data for 
Tandy RG-8/M.3) Line 250 prevents invalid entries. 

Line 310 allows you to specify the velocity factor 
of the feedline. This could have been included in 
180-240, but since it tends to deviate from nominal 
values, especially in foam-dielectric types, the impor- 
tant part of the results may be more accurate if it is 
measured rather than assumed." Line 350 calculates 
the length of a Q-section if requested. Lines 380-410 
contain number-rounding operations and 420 displays 
matched losses. The electrical length of the line is cal- 
culated in radians and degrees, and rounded and dis- 
played in degrees, by lines 430-460. If a Q-section is 
not requested, l ine 470 sends the program to the next 
stage. 

Lines 550-630 let you choose your calculation, 
based on the known quantity, and send the program 
to the appropriate routines and subroutines. Line 1200 
prevents "division by zero" errors when the line length 
is exactly 90 degrees. 

After typing in the program, be sure to SAVE it 
before RUNning, in case you've made an error that 
will cause a system lockup. For those with little 
programming experience, note that the CLR in curly 
brackets in lines 20,670, and 680 means a SHlFTed 
CLRIHOME key; this shows on the screen as a 
reversed video heart symbol. 

results 
The program is designed to be easy to use. Just fol- 

low the prompts as they appear on the screen. 
Prompts that ask for a single letter response are 
executed immediately by GET statements; those that 
ask for numbers are INPUT statements, and require 
a RETURN for execution. If you want a hard copy of 
your results, add PRINT# statements after each 
appropriate screen PRINT. 

Some cautions are in order. The impedance trans- 
formation calculations don't account for line loss. Nor- 
mally this is of little consequence in well-designed sys- 
tems, but it may introduce significant errors if the total 
loss exceeds 2 dB or so. The exponential relations 
developed by KQOPS might be substituted for the cal- 
culations in lines 1210-1250, if better accuracy is 
desired for very lossy situations. The calculations for 
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matched loss are based on the assumption that the 
log (frequency)/log (attenuation) relationship is linear; 
this is only approximately true for some types, espe- 
cially in the UHF region. Rounding operations and 
some minor approximations cause the program to yield 
SWR and line loss results that may be inconsistent in 
the first decimal place. 

A typical calculation is illustrated in the sidebar. 
This program has taken much of the tedium out of  

m y  antenna system studies, and makes "what if?" 
exercises a real joy. If you don't care to  type the pro- 
gram, send me a formatted disk and $5, and I'll pro- 
vide you with a copy. 

references 
1. William Vissers. K4KI. "The Half Wave Transmission Line in Bridge Meas 

~trements." ham radio. November. 1984. page 108. 
2. The ARRL Anrenna Book. 14th Edition. American Radio Relay League. 
Inc . Newington, Connect~cut. 1982, page 3 20. 
3. Jerry Hall. K ITO.  "Tandy Wireand Cable RG-8IM Coaxial Cable," OST. 
December. 1980. page 49. 
4 G. Downs, WICT. "Measuring Transmosion-Line Velocity Factor " OST. 
June. 1979. pages 27~28. 
5. G. While. KBOP. "Computerized Smith Chan for Noise Bridge Applrco 
lions," OEX. Seplember. 1985. page 7. 
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for that next ticket. 
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Here it is at last! You knew it had to be 
written, and now we have it. A complete 
survival manual for every radio amateur 
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DXing. Chip Tilton breaks tradition to 
reveal what really goes on in the DX 
world. 
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Pol., Rmquwmmn! 12 roll. DC 11 100 ma 

PKI . FCC CERTIFIED. wired and tested In cablnet $149.95 

PKIS . Subassembly board -wired and tested $109.95 

PKDOC Documentation only. Refundable on first PKl 
purchase S 9.95 
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VTVM that has 2.5V full scale sen- 
ahvrty or better. 
Fast accurate measurements. 
Sinad measurement displayed on 
meter in "dB" scale. 
Sell contained, pocket size, go 
anywhere instrument. 
Powered by standard 9V battery 
or optional AC adaptor. 

SINADAPTOR SAI-01 

hlY re5 nod 7% raler mr 

J.S. Technology, Inc. 
39 Main Street 

Scottsville, NY 14546 
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New rigs and old favorites, plus the best essential accessories for the amateur. 

AlU ITI~MS ARF GIJAIIANII  I I i  OH SALT:. I'lilCE 
HLI IJNIJI 1) 

EQUIPMENT 
h<?r+w<x,, I C.311 t , r  r u l c ~ ,  of, all Kerrworxl 
K~mwoi 759405 ct,nlr:;lt:r s ~lr l l<] l ! l  Call 
Kr!~wornl TS 440 Call lor trndc 
Irnm R70OO75 7000 MHf 795 00 
Icorrt IC3200 489 95 
Sarltpr ST201 Hanrll ldk ln  28!100 
lcgnl 1C7:iS 7'18 00 
T r ! ,  Tr,c 2510(CnsvOSCAR) 4f18 00 

ACCESSORIES 
RRW Vlf W>;TAflANTFNNA TUNiH H9 95 
H w  HC3il.I(;41HC5 Slorh 
Hml RM 10 Bor,n~ Mike h c a t l ~ l  53 95 
CSI Priv.rl<. P:rlnh Ill 469 9s 

~ ~ 

FI IJKF 77 o ~ l o  r,?m,nrrq rl~c~d:ll mt~llmrclcr 1'5 00 
R~rd  03 W ~ l ! n ~ ~ l ~ r  Call - - . . . . . . .. 
Rlrd Flonrnls. HIS9 00 A FI0R 00 
D;i~wa CNG20B. 20 200. TOOOW 
U.l~wa CNG:IO 140 450 20 ?@OW 
Slahylcr 20SR 211 olnp I;'VI)C I 6  .!nlrl corll 
nvr?ruollil~je IlrOlcCI~~lt 
Alln,:orI I I >:)OD t~ r c l l cn !  lxry 
Nv r  MB5 /\(In! Ihul>rrl boys11 
Sltclrr ,1440 
Wnhl 7470 Soldcr#nq S13110n 
Kr,r\wood IF IOA. 6 C 
Kr:nwood IF 237C 1 live1 Irarlclal!rn~ 
Mlllrr I:5147 I ow (>;~,5 llllur 

QUANTITY DISCOUNTS @ 206.00 
W.mI .~qrxx l~ l~ \ r :nont~  G6'lthrc,i~i8l yrpr 1rr.nrl~anrlord 
1.1 Mn~l~sor>'s spcc:~:tl lo141 Inl prirrs I or ~lx.u~tl>lr% 
ICOM IC?7A 127000 

BOOKS 
W, 1 SAM:; TAI1. ARRl . RSGB. Ammo Rndca 
1'1,Iv Call 
Sc1111,101 the hcsl huv5 arc Ihc RSGB hooks 

CALRAD 65-7H7 SWR. Rclaltve Power Meler 32 '35 
3 ISOMHr KW+ 

PACKET P o m R  
AFA PK-60 dr~c.., RTTY ASCII.AMTORalw, 199 00 
AEA PKR0 TAW? 11 1990.7 
NFW Kanlronli-s Pa~:kol I1 1'1000 
lco!rl?7 1 A Glt!nI ~,achrl rndco Call 

SERVICES 
Al~r)nrnc~t~t, any lalr :n<xlrl r8q 50 00 
F1.81 lor Calllnc rr tni~ld Call 

ANTENNAS 
l .><l l~~>l,~ 44 95 
A4 269 00 
4U2CD 279 95 
4240 84 00 
215WB New IS FI. 2M tlcam 79 95 
AOP 1. Cornplclr (?scar Ar~lrrvla 149 95 
Burlrrnul tiF6V. 80 10 vt~~l8c;ll 125 00 
HF7V ROR 40 vnlh:.~l 1 I!) 00 
HFdQ 15!100 
Husllcr G7 144 1 19 85 
HIIsIII*~ GBTV 139 00 
Ham4 Rotalor T2X ~ n 4 5  7 Call 
KLM HF Work1 Cla?.s Sl?rtcs Antennas Call Don 
A l ~ h a  Dcl1.t Twln Sl,q~tv 49 00 
Co;lx S ~ n l  2 00iroll 
B8W Di~~o los  I css 1 Or",b 
Hy Gnln TH7I)XS 489 00 
r xplorcr I 4 34'3 DO 
Di?~c,vrr I cln1ncn140M 169 00 

7 cl<.rnr~ll 4nM 36!100 
..i ~~ Iv tn rn l  rmly 74q 00 

V2S (?rnelc!r) 179 00 
HG52SS 52 11 crnr,kop lowcr I199 00 
Pre~>,,(,l l r ~~ ! , ! l ~ I  wIw!\ y r w  orclcr ol l l r l  Hy Gatn 4lrnls w8lll 
I(>Wl', 

KL M KT 34A 339 00 
,!OM 2 799 00 

OTHER ANTENNAS 
I .IV.L!II Kulllli, k I 7  N 

41111 I IW 1i l '  wnvr ~ t ! l d t~ck  25 00 
Av.>r,lt AP 151 3G o i l  (ildss A111c:rlrm 36 00 
Anlcro :M. 5.8 M;IO Mnitnl Corn11 25 00 
Av.?oI~APR~!~O SG o r ,  r~ln.;-. 30 00 
Orr,r, 2M In w;~vt. t i ,ul i lv Anlenna I!] 00 
V,lrl G~rdnrr :;I A I IGfl 80 ~111 Sb(a:r 34 00 
Villor AR 5 Mnhflr 71 95 
Slr>rlr.# L>AlIl(l P Arttvc Rx Aolcllnn I 90 00 

SURPLUS 
24 PIII So ldc l ta l~ l~ l>  ';ockcls 251cach 
15OMf I)'400V DC 1 !IS 
1 5 Aml1i400V h111 wav? hrtdqr ~~~~~~~~r 1 95 
2 ~AIIOOOPIV ryu,,~ (IIOCIV 7 1  P.~(:II 01 19 OOIIOO 
0015111lKV 0Oll.'LlKV I Ti c;1<:1( 

3N701 Dij 
4 mrh lerrllt~ rml 
365pF call 
Snrtyo AAA AA N#r:a(r. wild11F. 
2 4 5 6.8 IT!" rnr r~l t i i~!  
115. 11.4 wall r:arlx<r~ rr,s~slors 05 ~?acl l  
Mclcrs 0 :I000 VL)(: 
:" :" Squ;sr 1) 1 Arr~p IIC 9 95 rv!cll 
Llmkr: Cnl l~~ts rntlt- n l~ tg  :? 00 
Clo'v'ot#t r r f l  1111s8 arrrssortr!~ All Ihc lunc CCIII 
WI! mavh;lvt wl,.$l vrnl 'rr  Inohrn~l lor 

AMPHENOL 
ti i l : , l '  1'1 .",'I S~lvcrplalr~ 
(I(; 1 ,'l; ~ < : c l o r ~ r  RGHX 
ll.ll,l l > ~ ~ , ~ l ~ l ~ ~ l  crnaIclJHF 
8;' 61 N M:llr 
87 97 N i ~.lllalc? Bl~lkl!rad 
fl? 63 I n l~ i~o  ft:rn.rle N 
IP '18 N r'll,nw 
31 717 BNC-RGS9 
31 2 BNC RGSH 

TOWER ACCESSORIES 
114" i t i  S Grly r .ltilr~ Rohn [IS I000 11 :?SO 00 
3116" 1 H S ca l~ l r  Rnllrt l l S  1000 11 21000 
114" Goy Cahle, 6100 17 x I slrsntl Irnr,orl 15clll 
31lfi" Guy C a l l l ~  3700 r 7  r 7 \!rand t!r~l?orl 17~1ll 
3lH r 6 FR.1 Tt~rnhlii:hI<~ 7 95 

II~" WIIV CI(~)S 
114 Thtrnl~lns 
Porcola!n 500D Guy lnsulalor (3116) 
Pnrc~!l:tlo 502 Guy ~nsb~l:~lnrs ( l l4 )  

COMPUTER STUFF 
Kanlrnr~~c,. I ITIJ X 1 
F il.. ;!z>y CIIIIIPIIIF~ (OYCI~  v01tr51) 
Morw Unlvers~ly (Great CW prr,!jrnrn lor C 64) 

USED EQUIPMENT - - - - - - -. . . . . -. . . 
All c.qolpr~l(?ol ~ll:*.d. ~ I e a r ~ .  w#ll? 90 dav wdrrmlyand30 
,laylll:1I S 1 x n l O l 1 l t l ~ l u l l I r ~ d c a r ~ ~ t r 1 ~ t n r w ~ ~ ~ ~ p m c n t  %I<? 

POLlClES 
Mtr~lrnum order $10 00 Maslercnrd VISA or C 0 I) All 

- ~ 

s.ilcs Inx All Ilcn)a lull Iactury wnrrnnlv trl(l$ Madl~;on 
w~trranly . A,. .I* E. .  

STOCK ITEMS 
CALL 

KEYS 
Rr!rtc I r r  R V~l,mplrx Lr!'s 10"'t' 8 ~ ~ ~ ~ ~ l o s z . .  st~l~r l~:ct~tcr In~llhr;~~d s l~ r ! l ~ l  45~111 
17r.rl<.l1r.r ~ s r ~ o w  ~mprovml Scrcws.8 ', l~f~nrp ,ill st;tinl+.ss 8;, 13[;H F,,zt,,, 43clll 
-,lrcl ;lr,rl r,xlm hand p o l ~ - . l ~ ~ l ~ q  
Vlllroplr!~ Cnrrytr~q C.lsr* 

8237 R[;R 37clll 
70 00 w'l'll;",';;; fJ8137 nn773 

MFJ Tu(wr keyl,r,orrf Y49h 
5?r:lll 

Nyr  I SK 001 KrvrY SH 110 
R(10fl 111 GR 'lrdnll?.d CO~L>I!T i l l 7 1  ~ l f ~  I Rclll 
13,I.iH R ,:urrrl~oclor totnr cablr 31~1ll 

TUBES 9,105 tir.;tvy ~ l u l y  2 l l iG, l ( i  18Gn 52clll 
(:nllr~,.PI Drnkf~Rr!,~l;a~.<~n~~,nl lul>cs qaxk 0758 RG8x l9r i l l  
or i , ~ . i c i ~  I t $15 9:'6!) nc, R2hllU 1Rr.Ifl 
I#m.ir 3 4002 I I ,  H403 Mlc Cnl,lr 3 zondclr R shlcld 80ciH 
G l  Imlustr~;,l Tlihcc C.111 100 1oc.l R:!l.l wlrntlr ~r~sl,lll~!d 45 W 
(;I I :)NY 7A G 00 8669 1116'' I#I>!,o,l # : G ~ ~ I X Y  l l r a ~ l  1 IOllt 
GI G.12i6C I 1  95 1r~t~~tn:tliorlnl Wlrt lI(;:'lel !>on mfl goodcshlr 7W:IfI 
Crtrla~t 5 ipB 68 (10 Inlt!rn:ll~nr~nl Wrro !lOftti rxilcl rrp1act:mrrll lor Ocldull 
GI R9'10 1.100 95113 36cIfi 
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hf ground wave propagation 
A computer program 

for calculating 

expected range 

While some hams are busy chasing rare DX, work- 
ing "skip" via F2 ionized atmospheric layers, many 
others are busy sending SSTV signals across town to 
friends or communicating with relatives in adjacent 
states by using "ground wave" propagation. If you're 
the latter, and you'd like to discover an armchair 
method of determining what your expected ground 
wave communications range should be, then read on. 

This article describes a computer program, written 
in BASIC for the Commodore 64 or 128PC - but eas- 
ily converted to other computers - which will pre- 
dict your range in miles as you experiment with trans- 
mitter power, receiver sensitivity, polarization, and 
antenna heights and gains. 

The program is completely menu-driven for ease of 
operation. Two typical screens are shown in figs. 1 
and 2. The first is used for selection of frequency band, 
equipment characteristics, and polarization, and the 
latter is used in the selection of antenna heights and 
gains. The typical output format is shown in fig. 3, 
and a routine is included to dump all applicable infor- 
mation to your printer. 

propagation curves 
Although propagation curves have been available 

for about 40 years, most hams have either not been 
aware of them or haven't known how to use them. 
The classic curves developed by Bell Labs cover 200 
kHz to 600 MHz over distances of 0.5 to 1000 miles 
(0.8 to 1600 km) and are arranged in six sections cover- 
ing propagation over poor soil, good soil, and sea 
water for vertical and horizontal polarizations, and 
include ground-to-air data to 40,000 feet (12,000 
meters).' Typical inputs and outputs are expressed in 
terms of 1 kW transmitted from a grounded whip and 
units of field strength in dB above 1 microvolt per 
meter, however, one must be wise in the ways of 
antenna conversions to use them. Although propaga- 

tion predictions at VHF and UHF are fairly straight- 
forward because antennas at these frequencies are 
usually mounted many wavelengths above earth, 
where ground effects are negligible,2~3 they are very 
complicated at HF, where antennas are usually located 
within a few wavelengths of ground. Under these con- 
ditions, actual antenna directivity and efficiency are 
a function of polarization and are directly affected by 
soil conductivity, and other factors. 

The user-friendly menu-driven computer program 
described below utilizes data taken from portions of 
selected curves in reference 1. Ground wave propa- 
gation data are included for the 3.5, 7, 14, 28, and 50 
MHz bands, with separate information for both verti- 
cal and horizontal polarizations for three different 
ground conductivities. 

program description 
The menu-driven HF ground wave propagation pro- 

gram includes a sufficient number of INPUT, PRINT, 
and REMARKS statements that should make it self- 
explanatory to most users. The program LlSTing in 
BASIC is shown in fig. 4. The following description 
is for those who wish to follow the program flow line 
by line. 

Lines 10 through 40 display the program title on the 
screen and provide you an opportunity to select any 
combination of border, screen, and letter colors 
desired; you're not stuck with the Commodore 64 
default conditions. In lines 50-74 you choose whether 
to work with receiver sensitivity and transmitter power 
in microvolts and watts or in dBm (decibels relative 
to 1 milliwatt). This is for your convenience only; the 
program converts either input to the other and displays 
both as an output. 

Line 76 branches to the program data in the subrou- 
tine beginning at line 9000 and running to the end of 
the program. (Details of the data format will be given 
later for interested programmers.) Lines 100-115 then 
branch to subroutines for initial inputs of the 
parameters described below. The subroutine in lines 
600-624 prints a menu on the screen (see fig. I) and 
requires you to select your operating frequency band. 

By Lynn A. Gerig, WASGFR, R.R.#I, Morgan 
Road, Monroeville, Indiana 46773 
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SELECT FREQUENCY BAND FROM MENU 

WHAT IS YOUR CHOICE? 5 

INPUT XMTR POWER (IN WATTS)? 100 
RCVR SENSITIVITY (IN MICRO-VOLTS)? . 8  

VERTICAL OR HORIZONTAL POLARIZATION 
(V OR H)? H 

SELECT PROPAGATION PATH FROM MENU 

1 = POOR SOIL 
2 = GOOD SOIL 
3 = SEA WATER 

WHAT IS YOUR CHOICE? 2 

fig. 1. Menus for selection of frequency band, radio 
parameters, polarization, and path type. 

CHOOSE ANTENNA FEEDPOINT HEIGHT ABOVE 
GROUND FROM THE FOLLOWING MENU: 

SELECT HEIGHT OF TRANSMIT ANTENNA? 3 
SELECT HEIGHT OF RECEIVE ANTENNA? 5 

ENTER GAIN OF XHIT ANTENNA <IN DB)? 12 
ENTER GAIN OF RCV ANTENNA <IN DB)? 7.5 

ENTER TOTAL LOSSES AT TRANSMITTING AND 
RECEIVING ENDS OF THE LINK. INCLUDE 
COAX CABLE LOSSES' ETC. (IN DB)? 4 

fig. 2. Menus for selection of antenna parameters. 

The subroutine in lines 700-740 asks for receiver 

soil, good soil, or sea water), also shown in fig. 1. 
All antenna parameters are input from the subrou- 

tine in lines 900-995. You must first select the heights 
of both the receiving and transmitting antennas from 
the menu (see f ig. 2). The program includes data for 
antenna elevations above ground from 10 to 150 feet 
(3.04 to 45.7 meters) in nine discrete increments. In 
addition, if you select vertical polarization, an addi- 
tional option for specifying your antenna at ground 
level is included. Next you're asked to input antenna 
gains in dB. Finally, you must input system losses. 
These would include coaxial cable losses, antenna 
matching network losses, and antenna losses due to 
a poor ground radial system, unless you took these 
into consideration when entering radio set parameters. 
For example, if you have a 100-watt transmitter and 
have 6 dB of coax cable and antenna losses, either 
use 100 watts as your power level and include 6 dB 
in losses (plus losses at the receiving end, of course), 
or use 25 watts (actual radiated power) with 0 dB 
losses. 

The main program calculations and outputs occur 
in lines 200-335. First, path loss vs distance and 
antenna height gain data for your operating conditions 
are selected based upon your inputs of frequency, 
polarization, soil type, and antenna heights. An 
equivalent "path" in dB is calculated in l ine 240. This 
number is basically the difference in dB between the 
transmitter power output and receiver sensitivity, with 
corrections for antenna gains and system losses, plus 
an equivalent antenna "height gain" for antennas at 
other than "reference height." Data stored in the pro- 

GROUND WAVE PROPAGATION AT 50 MHz 
HORIZONTAL POLARIZATION OVER GOOD SOIL 

TRANSMITTER POWER OUT: 50 DBH 
100 WATTS 

RECEIVER SENSITIVITY: -108.9 DBH 
.8 UV 

TRANSMITTING ANTENNA: 12 DB GAIN 
AT 30 FEET 

RECEIVING ANTENNA: 7.5 DB GAIN 
AT 50 FEET 

I SYSTEM LOSSES: 
sensitivity and transmitter power output. You'll either 1 MAXIMUM EXPECTED RANGE: 66.6 MILES 1 
be prompted for an input in dBm or in microvolts and 
watts, depending upon your preference selected in 
lines 70-74. Your i n ~ u t  is converted to both units, 

the screen requiring you to select polarization (verti- fig. 3. Typical program output format. 

cal or horizontal) and type of propagation path (poor -- 

....................................... 
F=NEW FREQ BAND R=RUN AGAIN 
A-MODIFY ANTENNAS PePRINTER DUMP 

which will be displayed later. 
The subroutine in lines 800-860 displays menus on 

82 a May 1986 

X=MODIFY R/T SENS/PWR Q=QUIT 
N=NEW PATH OR POLARIZATION 



fig. 4. Propagation program list in BASIC for the Commodore 64. 

2 C L S I O R . ( 1 4 7 )  a D . - " N ' a L T ~ I O R l ( l t J 7 ~  a-(l7> 
10 PRINTCL*DWIms" 3.S-m mz P R w M n T I O I I  
1 4  PRINTDI(.' FOR T I E  MC.IOWIIE 6 4  
14 P R I N T D N 1 D N . W M "  V1.0 C 1985 BV 
1s PRINTDN*" LVNN A. =RIB. W 9 6 F R  - -  . - 

20 FORJ-ITO~IPRINTIIIEXT 
2 2  PRlNT"T0 BORDER. BCROEI(, OR LETTER 
2 4  PRINT"CUOA8, PREBB B, 8, OR L, R E 8 P € C T I a V .  
2 6  PRINTDN*"TO E X I T  TO PRO6RW. PREBB <RETlRN>- 

4 0  GOT030 
Y) PRINTCL*DW.THIB PR06RCIII CALCUhTEB EXPECTED R M B  
52 PRINTe'FOR FREOUENCY BIY(DB O F  3.S. 7 ,  14. mre. 
5 4  PRINT-IVID 5 0 M Z .  T I E  PPPROXIMTE D W I C  
% PRINT0'RP*tE I S  FOR PATH LOSSES OF loo TO 2.00 
SB PRINT"DB, C W E R I f f i  MOST WPLICATIOI IB  FOR RCVR 
60 PR1NT"SEMB CF . 2  TO 1 0  MICRO-WXT8 W D  XMTR 
6 2  PR1NT"POYR ff .I TO 1000 WTTB. PR06RAM 
64 PRINT"C0VERB WT- H E I W T B  FROM GROUND - . - - - -  - 

66 PRINT'LEVEL TO 1Y) FEET. 
7 0  PRINTDN*DN*"PROGC(M DEFAUTB TO ReVR SENE M D  X m  
7 2  PRINTMPYR I N  D M .  Y U D  YOU RATIER YRK WITH 
7 4  PRINT"MICR0-VOLTS IVID W T T B  (V-VEB)"IIINPUT D* 
7 6  GOBUB90008REM READ DATA 
1 0 0  MBUE~OOIREM SELECT FREOUENCV B(WD 
105 G08UB700aREM SELECT XMTR PYR I RCVR BENB 
110 GOBUBBOOsREM BELECT PROPASATI[II PATH 
115 GOBUB9001REM SELECT I V I T E W  PCIRLYLTERB 

200 REM M I N  -IW CIYCUAT10110 
105 I F ( H I ~ Z - O ) ~ 2 T H E ~ 8 9 0 0  
210 H.-lW(PO,PP,FB)aREM DATA FOR SELECTED W L M I Z A T I O I I .  PIITH I FREO 
2 1 5  FORJ-ITOI~IX-~~(J-~)IP(J)-VIY(MID*~~W.X+~.~~) 
2 2 0  D(J)-VIV(MIM(M,X+4,3))aNEXT 
2 2 5  IFD~l2~-999THE14)~10)-10501D~ll~-1050aD~lZ)~1050 
2 3 0  HX-HG(W.PP.FB,HI)IREM XMIT CUSTEmA IEIW GL)IN 
2 3 5  CR-HG(PO.PP.FB.H2)aREM RCVR M W  HEIGHT W I N  
2 4 0  Pt-PD-RD+HX+m+GX*CR-LLIREM PATH I N  DB 
2 4 5  P R I N T C L * " m D  NAVE PROPPCATIDN ATWF(FB).WZ 
2 5 0  PRINTPO*(W)"  W L M I Z A T I O N  O M R  "PP*(PP) 
n s  PRINTDN*"TR(WS~(ITTER POYR WTI*PD(TAB(SO))"DB)( 
2 6 0  P R I N T T A B ( Z Z ) W I T A B ( ~ ~ ) " W T T S "  
2 6 5  PRINTDN*"RECEIKR SENEITIVITY8 *RDlTAB(SO)*DB)( 
2 7 0  PRINTTAB(22)CmTAB(JO)"W 
2 7 5  PRINTDN*"TRCVIBr(ITTING WTEHYA8 "6X"DB W I N  
2 6 0  PRIHTTIB(23)"AT"H(Hl)"FEET 
283 PRINTDN."RECEIVING M W a  "6R"DB W I N  
2 9 0  PRINTTf iB(23)" ITS 'H(K2)*FEET 
2 9 5  PRINTDN*"SVBTEM LOSBEBa "LLnDB.DN. 
3 0 0  I F P L < P ( l ) T H E m I N T " R C U C T  1(OT I N  PROGRAMI < " D ( l ) " M I L E B w ~ 6 0 T M O 0  
3 0 5  IFPL>-P(lZ)THEWFcINT"RA%€ r(OT I N  PROGRAM1 > " D ( I Z ) " M l L E B " 8 W T 0 4 6 0  
3 2 0  FORJ- ITO~I IX-J+ I  
3 2 5  IFR>-P(J)IU(DeL<P(X)THEWI-D(J)+(D(X)-D(J))8(PL-P(J))/(P(X>-P(J)) 
330 NEXTaDI-INT( lO*DI+.S) 1 1 0  
3 3 5  P R I N T W m X I M  EXPECTED R I Y ~ ~ E I  "DI'MILEB 
4 0 0  PRINTDNILL I  
4 0 2  PRINT"F-CEY FREO W A W I N  
4 0 4  PR1NT"A-)(lDIFY A N T E M  P-PRINTER DUrP 
4 0 6  PR1NT"X-rODIFV R/T SEMBlPYl  0 4 1 1  
4 0 9  PR1NT-N-NEW PATH OR P 0 L M I Z A T I O N m ~  
4 1 0  FORJ-ITOIOI~ETA+INEXT 
4 1 2  GETA*I IFAa-""THEN412 
4 1 3  IFA*-"P"THEN430 
4 1 4  PRINTDN. 
4 1 5  IFAS-"R'TIEN100 

- - 

4 2 6  GOT0412 
4 3 0  REM SCREEN-- TO PRINTER 
4 3 2  O P E N S , ~ I ~ P E W . ~ ~ F R I N T ~ ~ ~ ~ V ~ ~ ~ P R I H T I ~ ~ P R I N T @ ~ . L L S  
4 3 4  F O R J - O T ~ ~ S ~ I G E T + ~ . A * I P R I N T @ ~ . ~ ~ I N E X T I P R I N T + ~ . L L *  



0 
EXMET. your source for METALLURGICAL ASSIS. 
TANCE and DISCOUNTED PRICING on Alummum 
Tublng and Shapes. plus Carbon. Alloy. SS, and Gal- 
vanized Tublng Examples below are only a small 
lracrlon ol our stock Pleasecall or wrlle lor addlt~onal 
stock sees 

Aluminum Tubing (Alloy 6061.16) 
O.D. x Wall Length Price per  Length 

112" x 058" 12 fl S 10.26 
718" x 058" 12 (1. 18 40 

1" x .058" 12 11. 21.82 
1-114" x 058" 12 It. 27 35 
1-112" x 058" 12 11 33 37 
1-112" x 125" 24 It 76 20 

2 "  x 058" 12 11 44.93 
2 "  x 250" 12 It 193 92 
3" x 065" 12 11 76 14 

Slatnless Steel, Carbon Steel. Alloyed Steel and Gal- 
vanlzed Steel Tubtng I" stock that meets ASTM 
Slandards 
Policjes All prlces FOB Tw~nsburg. Ohfo. Paymenl 
by MC or V~sa, check or money order or COD Mtnb- 
mum order $50 00 Volume and Club d~scounts avail- 
able Ohlo resndenls add 5'4% Sales Tax 

EXMET, INC. a 
2170 E. Aurora Rd.. P.O. Box 117 

Twinsburg. Ohio 44087 216-425-8455 

See You A t  Dayton! 

I REPEATERVOTER I 

4RV Four  Channel Repeater VOlOr 

Signal to Nolse Type 
Expandable to 32 Channel by Just Adding Cards 
Desfpned lor Commercial and Amateur Service 
Conttnuous Instant Votlng 
Dual or Single 12 Volt Supply 
LED lnd~cators 01 COR and Voted Signals 
Front Mounted Level Pots 
Built I" Callbrator 
Remote Voted lndlcalors Pinned Out . 4 %  ' x 6 -  Double Snded Gold Plated 44 Pin Card 
Unsquelched Audio lnput 
On Board Audto Swllchlng and Mixing 
Audlo Mlxer lnput Available tor External lnput 
Open CollecYIr or Relay Contact lnput 
Open Collector NPN Output 
Remote Dosable Inputs 

I More 
4RV Kt1 Including board and parts wllh 20 pap. 
manual . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  S2OO.W 
Bulll, tert.d,andcallbraled withmanual.. . .1350.W 
For more Inlormation call or wrlta: . 

VOTER Hall Elsclmnies 2sy.E\1 
815 E. Hudson Strwt 

CoIumbu8. Ohio 43211 
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AMATEUR RADIO MAIL LISTS 

Sell-slick 1x3 labe ls  

"* N E W L Y  LICENCED H A M S * Y '  
*** A L L  N E W  U P G R A D E S  
*"' U P D A T E D  EACH W E E K  *** 

Tola l  LI',~ = 462,728 (Z IP  sorled) 
Prlco IS 2.5 cen l s  e a c h  (4-up C t i c s h ~ r e )  

B U C K M A S T E R  PUBLISHING 
M l n e r a l  V l r  lnla 23117  

703:891-5777 

L / 166 

600 PRINTCL*.BELECl FREDUENCV bANO FWH tEMJ"DM 
602 PRINTTAB(9)"  I - 3.3 M Z  
6 0 4  PRINTTAB(9). 2 - 7 W Z  
606 PRINTTA8(9) *  3 - 1 4  M Z  
COB PRINTTAB(9)"  4 - 28 M Z  
6 1 0  PRINTTAB(9)"  3 - 5 0  M Z " D N .  
6 2 0  1NPUT"YCYIT I B  YOU9 CK)ICE.IFB 

7 0 0  IFDI~"Y"THENIWWT. I I9UT XWTR POYR ( I N  W T T B ) " I P Y 8 6 0 T 0 7 1 0  
7 0 2  1WWT"INPUT XMTR POYR ( I N  DI*I)'lPD 
7 0 4  P U - ( P D - ~ O ) / I O I P ~ ~ I O " ~ Y  
706 I F P I > - I T M W P Y - I N T ( P Y 1 1 ~ . 5 ) / 1 0 8 W T 0 7 1 0  
7 0 8  I F P * < l T H E ~ I N T ( P Y I 1 0 0 0 * . 5 ) / 1 0 0 0 8 W T 0  7 1 0  
7 1 0  PD-IOIL~~PI)/L06~lO)+SO8PD-lNT~PD110+.5)/10 
7 2 0  IFD*-'Y'THEN1NWT"RCVR SEWBITIVITY ( I N  MICRO-WLTB)" lRB860T0730 
7 2 2  INPUT"RCW7 SENSITIV ITY ( I N  D B I 0 " l R D  
7 2 3  I F R D > O T l f r P R I N T " < l  rY I 6  A N E G 4 T I M  H)%R"860T0722 
7 2 4  ~ ( R ~ 1 0 7 l / 2 0 8 ~ 1 0 ' ' R H  
7 2 6  I F W > - l T H E N  F(rCINT~~110+.5)/101WT0740 
728 I F R M I T M N  R)CINT(Rt11100*.5)/1008WT0740 
7 3 0  RD~201Lffi(Rt1)/L06~10)-1078R~I~~RD110+.~)/10 
7 4 0  RETLRN 
800 REM BELECT P a l I R I Z A T I D W  b PROPASOTIOW PIITM 
BCn P R I N T M U W R T I C ( Y  (R K R I Z O N T A L  PCLPRIZATIDW 

830 PRINTDU.#..mECT PROPASOTIOW PIIW FROM 
8x5 PRINT' 1 - Pam B O I L  

8 4 5  PRINT" 3 - SEA WIT€RmDI(. 
BJO I W - l + # T  I B  V M  CNJICL'IW 
855 IFW<>1~<>2 IWPP<>3THEWIUO 
060 RETLRN 
900 REM mEllYA P m m E T E M )  
905 PRIWTCL*"DCI)(E - FEEDPOINT m 1 6 H T  - 
9JS IIPUT'BELECT m I 6 W T  OF TR-IT ~ ' I H I ~ H I - I W T ( H I )  
9 4 0  119UT.BELECT MIW OF RECEIVE AICTEmAm~H2tHZ-INTO(2) 

9 7 0  IM%T'ENTER - I N  OF XMIT M E W  ( I N  DD)-@SX 
9 7 3  1 W T " E N T E R  W I N  OF RCV AI(TEPCYI ( I N  W).16R ' 
VEO PRINTDNIDN..ENTER TOTAL LOBBEB AT T-ITTI* A)(D 
985 PRINT"RECE1VIf f i  EWB OF M L I W .  INLLuoE 
9 9 0  1 W T " C M X  CABLE LOBBEB, ETC. ( I N  D B ) " t L L  
995 PR INTCLII  RETURN 

9000 RD-78PFIINTDI(.DN.~Dm.CHPl(t~)*READIffi M T A  ")RDI 
9005 DIM ff i(2.3.5.9) 8 D I W ( 2 . 3 . 5 )  
9010 FORCO-ITOZ~REM I-VERT 2-umrz 
9 0 1 s  FLRW-ITOSIAEM 1- BOIL BOIL 3- tam 
9020 FORFB-ITMlREM 1-3.3 2-7 3-14 4-29 sIso(wZ 
9025 FOR-ITWnR€H 1-10' 2-20 3-30 ... 6-60 7-80 0-100 9-150' 
9 0 3 0  READ ffi(W.W.FB.PH)mREM H E I M  GAIN I N  DB 
9 0 3 5  W X T ~ W X T ~ R D - R D - I ~ P R I N T L T U T U T . R D I ~ I Y X T ~ ~ Y X T  
9 0 4 0  DATA 0.0.0.0.0.0.0.0,0 
9 0 4 2  DATA -1.-1.0..5.1.2,3.4.7 
9 0 4 4  DATA 0,1.5,3.5.7~8.10.12,1S 
9 0 4 6  DATA ~.a.e.l~.~~.5.14.16.s.i~.s.n 
9048 DATA (r.1i.i4.17.te.s.~.n.s.24.~ 
90% DATA 0.0.0.0.0.0.0.0.0 
9 0 5 2  DATA 0.0~0.0.0.0.0.0.0 
9054 M T A  -.5.-1.-1,-.3.0.1.2.4.7 
90% DATA 0.1,2.3.5.S.6.8.10.13 
9038 DATA 1.4.7.9.11.13.15.17.10 
9060 DATA 0.0.0.0.0.0.0.0.0 
9062 DATA 0,0,0,0~0,0.0,0,0 
9 0 6 4  DATA 0.0.0.0.0.0.0.0.0 
9066 DATA 0.0.0.0.0.0.0.0.0 
9 0 6 8  DATA -1.-1.5.-21-2.5,-3.-3~-2,-1.S11 
9 0 7 0  DATA 0.2.416.7.B.10.5.12,1S.5 
9 0 7 2  DATA 0,3.6,7.5,9,11,13,1S,lB.5 
9 0 7 4  DATA 0.4.8.11.13.14.16.19,22 
9 0 7 6  DATA O.S.5.9.12.14.15.17,19.S~23 
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9004 D n T n  o;a; 10. ii, ii, ib. 18,26.23 
90% DATA 0.6.10,12,14,16.18.20,23 
9088  DATA 0,6,10,12,14,18,1E,20,23 
9090 W T A  0.6.9.5.12.14.15.5,1E.20,23 
9 0 9 2  W T A  0,6~9.5,12,14,15.5,lE,20,23 
9094  W T A  0.6.9.5.12.14.15.5.1E.20.23 . . .  
9096  DATA 0;6;9.5,12,14,15.5; 18,20;23 
'?OW M T A  0.6.9.5.12.14,15.5.1E.20.23 
9100  ~~1.1.1)-~0W007109012119020129035139054149OBB1S9125 

HOT ROD 
rn :N h 

land-held 11 

Achieve 1 or 2 db gain over ANY V. wave 
two meter telescopic antenna. The AEA 
model HR-I Hot Rod" antenna was 
designed by Dr. D.K. Reynolds (designer of 
the  IsoPo le)  t o  del iver  msx lmum 
performance for any t 'unsceiver 
wlth a BNC fitting. 

The factory-tuned t ib shorter. 
lighter and places far # a s  stvrs5 on your 
hand-held connector and case. It will easily 
handle over 25 watts of power, maklng 11 an 
excellent emergency base or mobile 
antenna. In the collapsed position, the Hot 
Rod antenna w ~ l l  perform like a helical 
quarter wave. 

The Hot Rod antennas can bee) 
make the same ~mprovement to 
communicat~ons that the ISOPI 
antennas have made to basa s ~ a c t u ! ~  

operations. more when the best 
costs less? 

Pr ices and  Speci f icat ions subject  to 
change w i thout  no t ice  or obligation. 

cpected to 
hand-held 
3le brand - - . - . . - - 

ADVANCED ELECTRO 
APPLICATIONS, INC. 
P.O. BOX C-2160, 
Lynnwood. WA 98C 
(206) 775-7373 
Telex: 152571 AEA 

AEA br~ngs you m e  
Breakthrough! 

Please reserve my copy of  me 1986 Dick Smllh ( Catalog I enclose $ 1  to covet shlpplng I 
- I Name 

I Address - 

DlCK IYm( €L€CROIIICS INC 
PO 80x1740 P e d r m d  Clh CA O U l b J  I WFPVlHING FOP 1°C FLICIWNICS INlHlJIUIl' 



gram assume vertical antennas are at ground level and 
horizontal antennas are at 10 feet (3.04 meters). In 
lines 245-295 all your input parameters are displayed 
on the screen (see fig. 3). In lines 300-335 a check 
is made to ensure that the results of your parameters 
fall within the dynamic range of the program, the 
expected communications range is calculated based 
upon the nearest two data points stored, arid your 
expected communications range is displayed on the 
screen. 

One of the features of this program is that you can 
experiment with changes in a single parameter with- 
out having to re-enter all the inputs. Lines 400-426 
print a menu at the bottom of the screen (see fig. 3).  
Would you like to see how much further you could 
communicate if you increased your transmitter power 
from 100 to 500 watts? Press "x" on the keyboard, 
enter new receiver sensitivity and transmitter power, 
and your new range will instantly be displayed. What 
about raising that antenna from 30 to 60 feet (from 
9.14 to 18.28 meters)? Press "A," answer the ques- 
tions, and your answer immediately appears. If you 
have a printer connected, just press "P" and lines 
430-436 will give you a screen dump for a hard copy 
of all the information. 

data format 
The propagation curves from which the data in this 

program were taken assume that both receiving and 
transmitting antennas are dipoles at 10 feet (3.04 
meters) for horizontal polarization and grounded 
antennas for vertical polarization. In many cases for 
vertical antennas and in all cases for horizontal 
antennas, as you raise the height of the antennas, you 
can communicate over larger distances. 

Each antenna elevation has an associated "height 
gain." For example, for horizontal polarization over 
good soilat 14 MHz, raising the antenna from 10 feet 
to 30 feet (from 3.04 to 9.14 meters) will give you the 
same increase in range as increasing your power from 
100 watts to 1 kW or as increasing your antenna gain 
by 10 dB. Hence, a 30 foot (9.14 meter) antenna under 
these circumstances is considered to have a relative 
"height gain" of 10 dB. 

The data statements in lines 9040-9098 contain 
height gains for the various combinations of fre- 
quency, polarization, and soil type in this program. The 
first five lines are for vertical polarization over poor soil, 
the next five are for vertical polarization over good soil, 
etc., and the last five are for horizontal polarization 
over sea water. Each line contains nine numbers which 
are the height gains in dB for each of the nine discrete 
heights in the menu. For example, l ine 9084 contains 
data for horizontal polarization over good soil at 14 
MHz. The height gain for 10 feet (3.04 meters) is 0 
dB (reference height); for 20 feet (6.09 meters), it's 

6 dB; for 30 feet (9.14 meters), it's 10 dB . . . and for 
150 feet (45.72 meters), it's 23 dB. These data are read 
into the four-dimensional array HG in lines 9005-9035 
during program initialization, and the proper height 
gains for the antenna condition you choose in the pro- 
gram are selected in lines 230 and 235. 

There are 30 pairs of lines from 9100-9392, one for 
each combination of polarization (two kinds), soil type 
(three kinds) and frequency (five bands). HS~1.1.1) 
contains data for vertical polarization over poor soil 
at 3.5 MHz; H$(1,1,2) is for the same at 7 MHz . . . 
through H$(2,3,5), which is for the second polariza- 
tion type (horizontal), the third path type (sea water), 
and the fifth frequency band (50 MHz). Each nonlinear 
propagation curve of path in dB vs distance in miles 
is broken into 12 data points, each consisting of three 
digits for path in dB followed by three digits for dis- 
tance in miles for that point, and is reconstructed as 
an 11 -segment "piece-wise" linear equation by the 
program. For example, the first six digits of HS(1.1.1) 
indicate that for 3.5 MHz vertical polarization over poor 
soil, a path of 99 dB will yield a communications range 
of 7 miles (11 km). Similarly, the last six characters 
of H$(2,3,5) predict a range of 125 miles (201 km) for 
a 233-dB path for horizontal polarization over sea water 
at 50 MHz. 

The proper data set for the combination of fre- 
quency, path, and polarization chosen is selected in 
l ine 210 of the main program. This is then broken into 
12 path and 12 distance values by the character string 
manipulation in lines 215 and 220. In lines 300-305, 
your system path is checked to be sure it's within the 
program range: if not, a "range not in program" mes- 
sage is printed. In lines 320-330 your path is compared 
with each of the 12 path points stored. When it's 
found to be between the two closest path points, the 
variable Dl is calculated to be the same proportional 
distance between the associated distance data, and 
that distance is printed to the screen in l ine 335. 

entering the program 
Enter the program as listed, taking the normal 

precautions to SAVE it before you RUN it so that if 
you make a typing error that could cause a computer 
lock-up, you'll be able to go back to edit the saved 
version without having to retype the entire program. 
The remarks (REM ... ) are to make the program easy 
to follow and change. They don't need to be entered. 

If you have a Commodore 64 or 128PC, the program 
will run as LISTed. If you have another brand of com- 
puter, you'll want to delete lines 22-24 and 32-36, 
which are machine-specific (or add your own color 
commands), and change the "SYS65126" in l ine 416 
to "STOP" or "END." These are the only commands 
in the program that are machine specific, so the pro- 
gram should be easily converted to run on most com- 
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puters using BASIC. Some changes might be neces- 
sary; for example, some computers won't permit 
multiple statements on a single line, so new line num- 
bers will have to be added. The program as written 
requires just under 16K of RAM, but it could be 
"crunched" by deleting the title screen and REMarks 
statements. 

If you don't want to keystroke the Commodore 64 
program yourself, send a check or money order for 
$8.00 to me at the address shown at the beginning 
of the article. I'll send you a verified disk containing 
two copies of the program (1541 format). Add $2.00 
for tape or if you live outside the United States. I also 
have an IBM-PC version available on disc for the same 
price.) 

expected results 
In free space, path attenuation changes at a 20 

log(F) and a 20 log(D) rate where F is frequency in 
MHz and D is distance in miles. This means you need 
four times your present power (or a corresponding 6 
dB increase in antenna gain) to double your distance 
because your radiated power is expanding over an 
increasing area which is proportional to distance 
squared. This also means that when your frequency 
increases by a factor of 10, the signal decreases 20 
dB. The atmosphere doesn't really absorb the higher 
frequencies. A given radiated power will provide the 
same free-space field intensity (in microvolts per meter 
or watts per meter squared) at 30 MHz as it does at 
3 MHz, for example, but a half-wavelength dipole at 
ten times the frequency is physically only one-tenth 
as long and therefore will "capture" only one-tenth 
as many microvolts ( -20dB). 

Although free-space attenuation is very predictable 
[loss in dB = 37 + 20 log(F1 + 20 log(D)], actual 
attenuation is much greater due to the earth's curva- 
ture. In addition, some drastic and sometimes unex- 
pected results occur when your antenna is within a 
few wavelengths of ground - which is usually the 
case below 30 MHz. 

If you're using a vertical antenna at ground level, 
you can think of your system as if a return current were 
flowing through the ground, much as return currents 
flow through the shield of a coaxial cable. If the soil 
has low conductivity, the signal will be attenuated. For 
example, the same system that gives you a range of 
125 miles (201 km) using a grounded vertical antenna 
at 3.5 MHz over poor soil will give you a range of 230 
miles (370 km) over good soil and 740 miles (1 190 km) 
over sea water. In general, your communications range 
with vertical polarization will be poor over poor soil 
and excellent over sea water. 

If you place a horizontal dipole close to the ground 
(in terms of wavelengths), the earth will tend to act 
as a reflector. Because much of your signal will go 

"straight up," little will propagate along the horizon; 
the higher the conductivity of the earth, the more dras- 
tic the effect. For the same system parameters at 3.5 
MHz referenced in the previous paragraph, if you have 
a horizontal dipole mounted at only 10 feet (3.04 
meters) above ground level, your range will be about 
42 miles (67 km) over poor soil, 22 miles (35 km) over 
good soil, and only 17 miles (27 km) over sea water. 

Although the previous two paragraphs might lead 
you to beleive that vertical polarization is preferable 
to horizontal polarization for ground wave conditions 
(it sometimes is), other items should be considered. 
For example, a horizontal dipole at 3.5 MHz will be 
very efficient, but a vertical over a poor ground radial 
system may be less than 10 percent efficient. In addi- 
tion, as a horizontal antenna is elevated to greater 
heights, the effects of ground described above will 
greatly decrease. Raising your 3.5 MHz vertical 
antenna from ground level to 100 feet (30.48 meters), 
for example, will have a negligible effect on your 
expected range. However, moving your horizontal 
dipole from 10 feet to 100 feet (from 3.04 to 30.48 
meters) at this frequency will give "height gains" of 
12, 18, and 20 dB over poor soil, good soil, and sea 
water, respectively. 

At the higher frequencies, where antennas are 
generally mounted several wavelengths above ground, 
the propagation path is nearly independent of polari- 
zation. For example, at 50 MHz, using radio 
parameters of 100 watts out and 1 microvolt sensitiv- 
ity, and assuming dipole antennas at 70 feet (21.33 
meters) - with no losses for this "ideal" example - 
the predicted communications ranges fall between 54 
and 60 miles (87 to 96 km), no matter what combina- 
tions of polarization and soil type you choose. 

using the program 
No more needs to be said about the mechanics of 

using the program. Some explanations and precau- 
tions, however, are in order. 
1. Selection of frequency band, polarization, path 
type, and antenna height should be straightforward. 
2. For transmitter power, use actual output power, not 
rated input power. 
3. For receiver sensitivity, the actual receiver sensitiv- 
ity can generally be used at the higher frequencies if 
you live in a "quiet" (QRN-wise) location. However, 
if you're operating 40 meters, where the background 
QRM and QRN levels are S6 or S9 or worse, you're 
kidding yourself if you use 0.2 microvolts, because you 
might not hear anything below 10 microvolts or so. 
Disconnect your antenna and listen to the noise level, 
then connect the antenna. If the background noise 
doesn't rise, use your receiver sensitivity. If the noise 
rises, use the background noise level (you can cali- 
brate your S-meter with a signal generator). 
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4. If you'll be communicating over earth w ~ t h  low con- element usually distort the radiation pattern, so expect 
ductivity and low dielectric constant (such as dry sand, actual performance for vertical antennas to be less 
gravel, or rock), select "poor soil" from the propaga- than predicted. 
tion path menu. If you'll be communicating over soil 8. Remember to include losses at both the receiving 
with relatively high conductivity and high dielectric and transmitting ends of the circuit for total systems 
constant (such as cultivated farmland), select "good losses. 
soil." Maritime mobile operators will obviously select 9. As with any "prediction" program, use the results 
sea water. with caution. The curves are based on propagation 
5. Antenna gain for horizontal polarization will gener- 
ally be 0 dB for a dipole or inverted "V." If you're using 
a beam or directional array, enter the gain (in dB) rela- 
tive to a dipole. 
6. The curves for vertical polarization at ground level 
assume a grounded whip over a perfect ground radial 

.system. If you have a phased array, enter the gain. 
If you have a moderate or poor ground radial system 
(most hams do), performance will be poor. Even with 
15 ground radials, efficiencies as low as 50 percent can , 

be ex~ec ted .~  For this case, your gain would either 

over average terrain under average conditons. Actual 
variations of 20 dB or more can be expected. Neither 
"poor" conditions nor "extended ground wave" con- 
ditions will surprise an experienced operator. Expect 
inferior performance if your antenna is not "in the 
clear" (i.e. in a jungle, inside an apartment building, 
etc.) or if your path involves mountainous terrain. Per- 
haps the most useful purpose for this program is to 
experiment with antenna height or gain and transmit- 
ter power, etc., "on paper" (more accurately, "in 
RAM") to determine relative system improvements 

be - 3 dB, or 0 dB with 3 dB added to other system without having to spend a lot of time and money con- 
losses. If you have only a ground rod or a few short structing hardware and running comparative tests. 
radials, your efficiency may be less than 10 percent If you have comments or questions, feel free to write 
( - 10 dB). to me, but enclose an SASE if you wish a response. 
7. The height gains for elevated vertical antennas references 
assume a whip over a good counterpoise (such as a I. National Defense Research Committee 15. Propegat,on curves. Repon 

ground plane antenna). Although the theoretical gain S - 6 C  Bell Telephone Laboratories. Inc., Issue 3. October, 1944 ldeclassi 
fied lo "open" status March 8. 19461. 

of a ground plane antenna is 3 dB above a dipole, the 2. ESSA Technical Repon ERL IT 1 . 1 ~ s  7 9  Tmsmiwion LOSS Allas for Sr l~c t  
oattern maximum is normallv about 30 degrees above Sewtce Bands lrorn o 125 to 1.5 GHZ. Institute for Telecommunication - 
the horizon, and the signal is usually down about 6 Sciences. Boulder. Colorado. May. 1969. IAvailablc for $1.25 from Surlrtin 

tendnnt of Documents, United States Goverrrment Prinling Office. Wash~ng 
dB at the horizon (or 3 dB below a dipole level). If ton D.C. 20402. .. ~- 

you're using a vertical dipole or beam antenna elevated 3. Lynn A. Gerig, WASGFR, and Joseph R. HenneII. "Trade off Power lor - 
more than a wavelength above ground (such as a Antenna Gain at VHF'," ham radio. July. 1985 

4 .  The ARRL Antenna Book. American Radio Relay League. Inc.. Newinq 
6-meter beam above 20 feet, or 6.09 meters), add 3 ton. Connecticut. 1964. 

dB to the antenna gain. However, the presence of con- 
ducting tower and coaxial cables parallel to the driven ham radio 

LOOP YAGlS AND AMPLIFIERS FROM I DOWN EAST MICROWAVE I . WEAK SIGNAL . OSCIR MOOE L 6 MDOE S 1 1 . f Z S  2 .21C@MHz I 
I m 5 L V  45 el lwp Yag, 1296 MH.- 201 dH8 935 

2145LV 45 el Imp Yag! 1269 MH: 20+ dl18 SH5 
1345LV 45 el loop Yagl 2304 MHI 7 O +   HI $75 
3331LV 33 el lwp Van, 902 MHz 18 5 6111 $85 I 
I .ill antennas are assemhkd and 1rslt.d 

All .dum~nun~ and sla~~~lers const,uct!al\ Klts also ava~lable 
Add $8 ($11 west ol Hock~e~l per arllmna lor UPS shlDPlnQ I 
I 2 6 4 way p o r a  dlvldsrr complsla arnw mllabla 

2316 PA Llnear Amp tw k 1Rw 11111 1796 MHI 13 5 V $230 
7114 PA I #nwr Amn l h  I" Ihw oul 1296 MHI 11 5 V $280 

I i i i i n l X ~ ~ t  ups klup - 48 states 
WHIP about HlQher Power. 2304 Ihnears. GaAs Fel preamps 

Free catalog 
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how high 
should your 

Knowing the desired range 

determines height 

The question, "How high should my antenna 
be?" is often asked. But the only way to answer that 
question is by asking another: how far do you want 
to communicate? It's the answer to this question that 
allows the first to be answered. 

Most hams build an antenna and then determine its 
capabilities and limitations by experiment. They never 
know whether poor communications should be 
blamed on the antenna or on propagation. A systems 
engineer, on the other hand, begins the process of 
designing a communications link by first determining 
the required distance for the link and then selecting 
the proper antenna, which is then built to the height 
that provides the optimum radiation pattern for the 
desired communications link. When link quality is 
poor, the designer can be certain that propagation 
conditions - not the antenna - are the limiting 
factor. 

skip angle versus distance 
The choice of antenna type and height can be read- 

ily determined from two simple graphs. First select the 
distance of the desired communications link. With that 
value in mind, refer to fig. 1 to determine the opti- 
mum radiation angle or elevation take-off angle. 

The graph shown in fig. 1 is based on the average 
height of the ionosphere; although this distance varies, 
the typical Amateur antenna has a broad radiation pat- 
tern in the elevation plane, so high accuracy is not 
required, either for the height of the ionosphere or the 
height of the antenna. 

Typically, we want to be able to select from a broad 
range of communications distances rather than be 
limited to only one location. So you'll need to deter- 
mine the range of communications distances and the 
resulting range of optimum elevation radiation angles. 

antenna be? 

If the range of radiation angles is too broad, more than 
one antenna may be required to optimize station per- 
formance, as will be shown later. 

I height versus skip angle 
Figure 2 shows a computer-derived graph of 

antenna height versus skip angle. To allow the graph 
to be universal, antenna height is shown as a func- 
tion of wavelength. Therefore, when you find the 

I desired height, the physical height can be determined 

, from the familiar equation of A = 984/f ,  where A is 

, measured in feet and f is the operating frequency in 
MHz. For example, if the optimum height 0.75 X, find X 
for your operating frequency by multiplying it by 0.75. 
This allows the graph to be used at any frequency. 

To explain the use of the graph, let us say we deter- 
mined the distances we wanted to cover to be a range 
of 10 to 500 miles. From fig. 1, this translates to a radi- 
ation angle range of 87 to 37 degrees. From fig. 2 we 
find the antenna could be anywhere betwen 0.1 and 
0.4 X for 87 degrees and between 0.2 and 0.6 X for 
37 degrees. To cover the desired range we need a 
horizontal antenna located between 0.2 and 0.4 A. 
Since this is probably a good ragchew antenna for 75 
meters, this translates to: A = 98413.9 = 252 feet 
(76.9 meters). Therefore, 0.2 X = 50 feet (15.4 meters) 
and 0.4 X = 101 feet (30.8 meters). 

The black area of the curve covers the 3 dB beam- 
width of the antenna. At 50 feet the antenna gain 
would be down 3 dB at a takeoff angle of 37 degrees, 
and down 3 dB at 87 degrees. The peak of the antenna 
pattern would be in the center of the black area of the 
curve. 

Understanding the graph may be simplified by relat- 
ing it to a "standard" antenna pattern. Figure 3 shows 
the pattern of a dipole 1.25 A above ground. If you 
were to draw a line on fig. 2 at a height of 1.25 A, 
you'd note that it would cross the first black curve at 

By Ted Hart, W5QJR, P.O. Box 334, Melbourne, 
Florida 32902 
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Be at the Crystal Palace on Thursday, Friday and 
Saturday, June 19,20 and 2 1, 1986. 

1950 Stemmons Freeway 
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g. 1. Optimum angle of radiation vs. distance for 1-hop and 2-hop communications based on average height of ionosphere. 

5 degrees and 18 degrees (corresponding to the first 
lobe in the pattern), at 30 degrees and 45 degrees (cor- 
responding to the second lobe), and at 62 degrees and 
continuing through 90 degrees on the third lobe. 
Hence, the multiple black areas correspond to the mul- 
tiple lobes of the antenna pattern, when the antenna 
is high above ground. The areas between the black 
areas correspond to the nulls in the antenna pattern. 

For a beam antenna, the same curves apply, except 
that the beam reduces the lobes on the back side 
because of the front-to-back ratio. 

The graph presents only the elevation angles of the 
various lobes in the antenna, not the relative ampli- 
tudes. Typically, one lobe will be predominant in ampli- 
tude, with the other lobes at a reduced level. Since 
very few ham antennas are used at heights above one 
wavelength, this is a secondary consideration. 

The graph also applies to vertical antennas. Nor- 
mally, Amateurs use verticals only at ground level, but 
if the vertical were raised to a great height, multiple 
lobes wold appear in the radiation pattern. Since a ver- 
tical is a complement to a horizontal antenna, where 
one has a lobe the other would have a null in its pat- 

tern, asssuming both were at the same height. When 
using the graph for vertical antennas, simply use the 
areas that are not dark to derive the pattern. 

what are your antenna's 
characteristics? 

By working backwards, you can readily determine 
the range of communications for your existing 
antenna. Measure the height of the antenna and draw 
a corresponding line on fig. 2. Determine the eleva- 
tion angles of the lobe(s), transfer that information to 
fig. 1, and read the corresponding range of commu- 
nications distances. Again note in particular the nulls 
in the antenna pattern and the corresponding range. 
Now you know why you rarely talk to anyone at a dis- 
tance that corresponds to a null in the antenna pat- 
tern. Also note that horizontal antennas close to the 
ground do not provide signals at low angles; conse- 
quently they're not useful for long range communica- 
tions.* Conversely, vertical antennas don't radiate at 
high angles and are therefore not useful for short- 

"Unless other modes of propagation exist - e.g. ducting, M. N, derived. 
etc. - Ed. 
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fig. 2. Antenna height vs. skip angle. 

fig. 3. Dipole 1.25A above ground. 

range communications (less than 500 miles). Truly 
complete Amateur stations have both dipoles and ver- 
ticals for the low bands. 

summary 
Figures 1,2, and 3 were reproduced from my book, 

The Rules of The Antenna Game - Alias What Every 
Ham Must Know About Antennas, available from the 
author for $5.95 + $1 for postage and handling. Please 
address inquiries to Ted Hart, W5QJR, W50JR 
Antenna Products, P.O. Box 334, Melbourne, Florida 
32902. 

ham radio 
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long 2-meter collinears 
- a simple way to 
achieve gain 
Depending on the size and con- 
struction techniques chosen, it's 
possible to build vertical or horizontal 
collinears in as little as one hour - or 
at most, one day. The cost is low, and 
gain can be increased by adding ele- 

fig. 1. Two examples of half-wave col- 
linears (A)  3 section. (8)  4 section. 

ments, one set at a time, to the array. 
Support can be a rope attached to a 
tree, a tower, or a building. 

With only moderate variation in gain 
and SWR, a 2-meter collinear can be 
cut and matched for the middle of the 
band and it will work over the entire 
4 MHz. 

The antenna illustrated in fig. 1 is a 
string of half-wave elements laid end- 
to-end and fed in phase by a series of 
half-wave delay lines (quarter wave 
shorted stubs). For use on 2 meters, 
the antenna is made from No. 12 solid 
copper wire. PVC pipe is used for insu- 
lators. 

My antenna is fed with coax. The 
VSWR is less than 1.5:l over the entire 
band at the transmitter. With a ten- 
element array, I've had contacts with 
mobile stations 50 miles (80 km) away 
and constant contacts through re- 
peaters 80 to 100 miles (128 to 160 km) 
away. 

If side-mounted on a tower or pole, 
three collinears can be phased so that 
two can be used simultaneously, with 
an additional 3 to 4 dB gain realized in 
any six directions. 

gain over a dipole 

2-element 1.9 dB 
3-element 3.2 dB 
4-element 4.3 dB 
10-element 10.0dB 
20-element 13.0 dB 
40-element 16.0 dB 

The phasing stub supports are PVC 
pipe measuring 2.5 inches (6.35 cm) 
long and drilled 0.5 inch (1.27 cm) from 
the ends. By changing the dimensions 
for other bands, this type of antenna 
can be used horizontally for gain on 
432 MHz and 6, 10, and 15 meters, etc. 
On 6 meters it works especially well for 
auroral contacts when set up to radi- 
ate horizontally, north and south. It's 
better than a 5-element beam. 

The feedpoint impedance is a func- 
tion of the array. 

Figure 2 provides the actual lengths 
used in a six-section collinear together 
with construction notes. Provide a 
loop at both ends for the support rope 
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fig. 2. Lengths and con- 1, 1 
struction details for six- 
section collinear. 

/ 

' 
or insulator and support wire. Assem- 

1 ble all driven elements, then add the 
1 phasing stubs, made from No. 12 or 

larger stiff copper wire, to be self- 

supporting for vertical mounting. Slide 
the coax feed along the driven stub in 
order to achieve the lowest VSWR. 
Figure 3 shows one method of 
increasing the gain of the "Ringo 
Ranger" through the addition of a two- 
section collinear. 

I 

larger design 

fig. 3. Modifying a Ringo Ranger pro- 
vides 3 dB more gain. 

I've built antennas using this design 
for 435 MHz, 439 MHz, and 2 meters 
for horizontal operation. My horizon- 
tal 2-meter antenna is a 40-element 
version in an inverted V form, made 
from No. 22 stranded teflon-coated 
wire. 
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Yagi facts and fallacies 
Surely the Yagi beam is the most 
commonly used Amateur antenna 
between 14 and 450 MHz - and right- 
fully so. It can yield higher gain for its 
physical size than any other antenna 
type. Its low profile makes it an excel- 
lent choice for those who are either 
stacking an array for very high gain or 
desire to operate several bands using 
the same antenna mast. 

Over the past ten years there has 
been a definite improvement in the 
gain and especially the radiation pat- 
tern of long, high-gain Yagi beams. 
However, with these improvements 
there have also been seemingly unex- 
plainable performance failures that 
have created confusion. Furthermore, 
pretentious gain claims have been 
made by some well-intentioned 
Amateurs. 

In light of the above, I'm going to 
devote this month's column to the 
Yagi beam. Emphasis will be placed on 
attaining optimum performance. Cer- 
tain problem areas will be discussed. 
I hope this material will be informative 
and put some of the myths to rest. In 
addition, it should provide guidance on 
how to select the proper parameters 
and obtain optimum performance 
when designing and building Yagis. 

history 
First, a few notes on the develop- 

ment of the Yagi-type antenna might 
be in order. The basic Yagi antenna 
structure as we know it today is clas- 
sified as an "end fire" array. It usually 
consists of a single driven element with 
a reflector and one or more directors 
(fig. 1). The reflector is used mainly to 

decrease radiation off the rear of the 
antenna; the directors primarily deter- 
mine the shape of the radiation pattern 
(or gain) in the forward direction. 

The Yagi antenna was first devel- 
oped in Japan during the late 1920s by 
Dr. H. Yagi and S. Uda.' Dr. Yagi pub- 
lished abroad in English, giving rise to 
the "singular" credit for this type of 
antenna.2 His work with Uda on this 
antenna was published in book form 
in reference 3. 

In the early days the Yagi antenna 
was typically used with only two to six 
elements. In the 1950s Kmosko and 
Johnson published one of the first 
really long Yagi antenna d e ~ i g n s . ~  
However, their heuristic ("cut and 
try") work had somewhat less gain 
than claimed and the radiation pattern 
had many sidelobes. These designs 
used tapered spacing and little or no 
director length tapering. 

Greenblum published what was 
probably the first cookbook on Yagi 
 design^.^ However, how his graphs 
were to be used wasn't completely 
clear; some missed the point that the 
elements were through the boom, and 
the director lengths included the boom 
correction. The director spacings were 
not specific (a range of values was 
given) and some director lengths were 
also missing on the original charts. 
Regardlesss of the above, Tilton had 
great success using Greenblum's 
d e ~ i g n s . ~ , ~ , ~  

Ehrenspeck and Poehler showed yet 
another design approach primarily 
aimed at decreasing the number of ele- 
ments in the director structure; pat- 
terns were not ~ p t i m i z e d . ~  

Many years later, Dr. Ehrenspeck 
suggested that the best design for 
gain was probably the 0.3 wavelength 
spaced model.'O He also said that if 
two additional directors were added to 
the front of the structure (as shown in 
fig. 2), that pattern could be improved 
and the gain increased by up to 1.0 dB. 

Other individuals likewise published 
specific designs, but Amateurs really 
had to wait until Viezbickie and Reisert 
published the NBS Yagi  design^.^,'^ 
Unfortunately, the NBS designs cov- 
ered only six specific boom lengths, 
0.4, 0.8, 1.2, 2.2, 3.2, and 4.2 
wavelengths. Therefore, one couldn't 
easily design intermediate or longer 
boom designs (more on this later). 

Hoch published design curves for 
Yagis of any length up to 47 direc- 
t o r ~ . ~ ~ . ~ ~ , ~ ~  His initial work was based 
on the designs of Greenbl~m.~ He was 
able to improve the patterns and gain 
as well as account for the boom cor- 
rections. Hoch's designs work partic- 
ularly well with booms 2 through 20 
wavelengths long. 

However, credit for the really serious 
work on tying down the optimum ele- 
ment lengths and spacings for Yagi 
antennas should probably go to 
Morris.16 In his PhD thesis, he wrote 
computer programs to not only deter- 
mine Yagi antenna patterns but also to 
optimize the lengths and spacing 
based on the desired pattern and gain. 

Morris's work was followed by that 
of Chen and Cheng and others in the 
professional community who had 
access to large mainframe computers 
capable of handling the complex cur- 
rent r n a t r i c i e ~ . ~ ~ , ' ~  The late Dr. Jim 
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bling of the boom length. Gain is 3.Yagiantennaswithhighgainusua1ly 

I O I R E C  TORS I shown both in dB over a dipole and dB have good front-to-back ratios. This 

fig. 1. This is a typical Yagi antenna 
structure. 

Lawson, W2PV, published similar 
work in the Amateur field, although 
his designs were limited to about 1.75 
wavelengths.lg Finally, Stan Jaffin, 
WB3BGU, published a program to do 
Yagi pattern measurement with a 
home computer,z0 giving the enterpris- 
ing Amateur all the tools he or she 
needed to do serious Yagi design and 
optimization. 

facts and fallacies 
The above history is brief but 

necesary for understanding the devel- 
opment of the Yagi. Now let's proceed 
into the general area of facts and fal- 
lacies about it: 

1. The gain of a Yagi antenna is deter- 
mined by the nurnber of elements. 
This is false. Gain is primarily a func- 
tion of the length of the boom. The 
number of directors and their length 
and placement on the boom is a 
secondary factor that determines 
whether the gain for a particular boom- 
length is achieved, as well as the band- 
width, pattern shape and sidelobe 
levels. 

Figure 3 is used to illustrate this 
point. This graph shows the highest 
possible gain that can be attained by 
a Yagi antenna on a specific boom- 
length (in terms of wavelengths). Note 
that the gain of a typical well-designed 
Yagi antenna increases in a logarithmic 
fashion at about 2.2 dB for each dou- 

over an i s o t r o p i ~ . ~ ~  
Therefore, using the graph in fig. 3, 

i t  can be shown that the highest pos- 
sible gain for a 5-wavelength boom 
Yagi is approximately 15.3 dB over a 
dipole or 17.45 dB over an isotropic 
radiator. In reality, it will seldom be 
possible to attain this gain. If you can 
get within 0.5 dB of the value shown, 
consider yourself lucky! 

2. A greater number of directors for a 
specific boomlength can increase the 
bandwidth of a Yagi antenna and 
improve the radiation pattern. This is 

isn't always true. The maximum gain 
and highest front-to-back ratio are not 
always coincidental for a specific 
boomlength. This means that for some 
boomlengths, either the gain or the 
front-to-back ratio may be optimum, 
but not necessarily coincident. 

The NBS Yagis are an example of 
this p h e n ~ m e n o n . " ~ ' ~  The 0.8 
through 4.2 wavelength models were 
carefully designed to have both good 
gain and reasonable front-to-back ratio 
at the same time. Viezbickie noted that 
the gain increased similar to that 
shown in fig. 3, but small oscillations 

I 
E X I S T I N G  YAGIS 

fig. 2. These are suggested improvements to the 0.3 wavelength spaced design of Ehren- 
speck and P o e h l e ~ . ~  LD is the length of the last director in the original design. L, is 
5 percent shorter than LD and Ly is 10 percent shorter than LD. The pattern is improved 
and the gain is increased by up to 1 dB. 

true. There are a minimum number of 
elements needed for each boom- 
length. Evidence of this was described 
above in the discussion of the Ehren- 
speck and Poehler Yagi designs. 

However, if only this minimum num- 
ber of elements is used, the pattern 
may have poor sidelobes, the front-to- 
back ratio may be low, and/or the fre- 
quency operating bandwidth narrow. 
You may ask why the latter item is 
important, since most weak signal 
operators operate only over a narrow 
bandwidth. The reason is that less pat- 
tern distortion will be prevalent with 
lesser element tolerances, weather 
changes, or structural changes - e.g., 
if an element loosens or breaks. 

above and below the line were noted. 
He also stated in his report that cer- 
tain boomlengths had slightly higher 
gain. 

It has since been shown by com- 
puter analysis that certain boom- 
lengths naturally exhibit high front-to- 
back ratio and optimum gain simul- 
taneously. lg 

For the majority of moderate boom- 
length designs (less than 2 wave- 
lengths), and especially the NBS 
designs, the optimum boomlength 
tends to be a multiple of odd quarter 
wavelengths long (for example, 0.75, 
1.25, 1.75 wavelength, etc.). This 
probably explains why the particular 
NBS designs were chosen. 
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A t  my request Stan Jaffin, 
WB3BGU, ran some examples of my 
DL6WU designs15 on his mainframe 
computer program.20 The results were 
quite interesting and I've plotted this 
data on the graph shown in fig. 4. 
Note that in the DL6WU designs there 
are also optimum boomlengths, but 
they seem to be spaced about 2 
wavelengths apart. I would recom- 
mend using, if possible, the specific 
boomlengths where the front-to-back 
ratio is highest. 

4. Tubing and rods of the same diam- 
eter have the same electrical wave- 
length. This is definitely not true, but 
this fact appears to have escaped most 
Yagi designers, especially at the lower 
frequencies, where tolerances are not 
as much a problem as they are in the 
UHF range. The NBS Yagi designs 
used rods for their elements." There- 
fore, if you use an NBS design with 
tubing, the electrical length may not be 
the same as it would be with an 
equivalent rod. A UHF design may be 
slightly off frequency. 

This phenomenon was apparently 
known by those who did the NBS Yagi 
designs. One document showed that 
if the end of the element was 
hemispherical instead of a flush cut, 
the frequency shifted upwards. The 
recommended change was to add an 
overall lengthening factor of 0.4 times 
the diameter to the element (0.2 times 
the element diameter to each end of 
the element). 

Steve Powlishen, KIFO, has also 
noticed this phenomenon and has 
seen even a chamfer on the end of an 
element shift the frequency up perhaps 
1 MHz or so at 432 MHz. A word to 
the wise: if you don't use solid rods 
and/or don't cut the end of the ele- 
ment off flush, check the resonance to 
see if the frequency shifted upwards! 

5. Scaling elements must be done 
using the published charts and graphs 
similar to those of Viezbickie, Reisert, 
and H o ~ h . " ~ ' ~ ~ ~ ~ , ~ ~  This is not true. 
Scaling performed on these charts can 
be accurate if you don't make any mis- 
takes in the process! 

I B O O M L E N G T H  I N  WAVELENGTH I 
fig. 3. This graph represents the highest possible gain that can be achieved on a con- 
ventional (single plane) Yagi antenna. See text for further explanation. 

However, scaling can also be done 
quickly -- with probably greater 
accuracy - on a computer using the 
methods and equations 8 through 13 
proposed by L a w s ~ n . ~ '  These equa- 
tions can easily be programmed on a 
personal computer to yield rapid and 
accurate data without referring to 
graphs.22 

6. The NBS designs are the best Yagi 
designs available. This is false. The 
NBS designs are good and reproduce- 
able. However, they represent only six 
specific models, as discussed above. 

Computer analysis has shown some 
discrepancies in these antenna 
designs.lg Others have found that the 
patterns and gain don't match the data 
in the technical note at the design fre- 
quency on several of the models. Stan 
Jaffin, WB3BGU, has shown that if an 
extra director is placed approximately 
0.15 wavelength ahead of the driven 
element on the 4.2 wavelength design, 

the gain can be increased by almost 
0.5 dB.20 This has been verified by at 
least one antenna manufacturer. 

The NBS designs are good and 
reproduceable. If you feel comfortable 
with them, and if the boomlengths 
presented fit your needs, by all means 
use them. Perhaps you should also try 
the extra director. However, if you add 
this director to an existing antenna, it 
will change the impedance match. If 
the boomlengths of the NBS Yagis are 
too short, try one of the DL6WU 
designs.15 

7. The best reflector system is the 
trigonal method proposed by NBS. 
This is definitely not true. When I first 
tried this reflector system on a 3.2 
wavelength NBS Yagi, the gain 
dropped by almost 1.5 dB below the 
same antenna with a standard reflec- 
tor. Repeated tests showed that the 
reflector lengths suggested by NBS 
were definitely too short. 
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fig. 4. This is tabulated data from computer analyzed front-to-back ratio versus boom- 
length for the DLGWU Yagi designs." Note the boom lengths where the front-to-back 
ratio is naturally highest. 

I lengthened all three reflectors by 
0.007 wavelength, the length needed 
to make them similar to the existing 
single reflector. Voila! The gain came 
back to normal. Repeated measure- 
ments showed, however, that the gain 
of a trigonal reflector system over a 
single reflector as suggested by NBS 
was only about 0.1-0.2 dB with per- 
haps 6 dB better front-to-back ratio. In 
hardware alone, this represents quite 
an increase in mechanics and wind 
load! 

Several years later I mentioned this 
to Stan Jaffin, WB3BGU, and sug- 
gested that he could somehow test my 
theory on his computer program.*O His 
tests confirmed my results and showed 
the same gain changes with the opti- 
mum lengthening factor to be 0.009 
 wavelength^.^^ 

8. The VSWR of an a Yagi is not im- 
portant. This is false. Although a 
moderate 12:l) VSWR would not seem 
to be important, it can be detrimental 
at VHF and especially UHF. The rea- 
son is that the feedline losses increase, 
especially if the nominal insertion loss 
is high (>  IdBI. 

High VSWR can also be a sign that 
there is something wrong with the de- 
sign. I once noticed high VSWR on a 
commercial antenna, only to find that 

the position of the hole for one of the 
directors was misdrilled. In addition, if 
the VSWR on an antenna is low and 
it changes, this can be an indication of 
trouble. 

Then there's stacking, a typical way 
to increase gain on VHF and above. A 
high VSWR may have a very adverse 
effect when two or more antennas are 
summed together. Poor matching 
could divert more power to one of the 
antennas which would "hog" the 
power and thus decrease the anticipat- 
ed gain increase.25 

9. Stacking antennas is a good way to 
increase gain. This is true. However, 
the antennas must be properly 
designed and stacked a certain dis- 
tance apart to obtain the increased 
gain. If the spacing distance is too 
close, the gain increase will be low. 
Stacking too far apart will increase 
sidelobes and noise pickup. The bas- 
ics of stacking are thoroughly dis- 
cussed in references 25 and 26. 

10. Elements that are insulated from 
the boom of a Yagi work better than 
those that are in ohmic contact with 
the boom. This is definitely false. 
There are advantages and disadvan- 
tages to either type of mounting. 

Insulated elements are less likely to 
induce boom resonances on other 

bands, a common problem on HF. 
While it can be argued that the insula- 
tors don't corrode, it can also be 
proved that the dielectric material in 
the insulator can get contaminated or 
deteriorate with age and exposure to 
the sun and weather. 

Mounting elements in ohmic con- 
tact with a boom is a technique that 
has been around for a long time. This 
method is less likely to produce prob- 
lems with static buildup and stray HF 
pickup from the feedline. Usually this 
technique is easier to use, and if the 
elements are properly installed without 
dissimilar materials, the corrosion 
problem is minimal. 

Finally, some of the myths about 
element mounting have been per- 
petrated by those who say that 
antennas with insulated elements are 
detuned during wet weather. Tests 
have shown that by pouring water on 
an existing antenna with and without 
insulated elernents that the detuning 
effects are about the same for either 
method using a similar Yagi design. 

The primary reason for detuning in 
a Yagi antenna during wet weather is 
the sensitivity to element diameter. 
When ice or water is present on an ele- 
ment, its electrical length is changed. 
The higher the gain and the closer the 
antenna is operated to its cutoff fre- 
quency, the more the detuning effect 
will be noticed. 

1 1. Boom corrections are not impor- 
tant since the boom does not detune 
the element. This is a serious miscon- 
ception. The easiest way to envision 
the electrical characteristics of a boom 
is that it shorts out part of the ele- 
ments. Therefore, any elements pass- 
ing near or through a boom must be 
lengthened to reestablish the intended 
electrical length. 

Fortunately, if too little correction is 
applied, the frequency of a Yagi is 
increased. It is well known that a Yagi 
antenna has a very rapid cutoff above 
resonance and a slow cutoff below 
resonance. Hence, if the correction 
factor is too small, only a slight degra- 
dation in performance will be noticed. 

Boom corrections seem to be a big 
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Under New Ownership 

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

95 year warranty prompt U.S. service and assistance 

RF AMPLIFIERS WATT/SWR METERS 

2 METERS-ALL MODE 
R23 2W in -30W out 
(useable in: 100 mW-5W) 
B108 10W in=80W out 
(1W =15W, 2W=30W) RX preamp 
I31016 10W in= 160W out 
(1 WZ35W, 2W =%W) RX preamp 
83016 30W in=160W out 
(useable in: 15-45W) KX preamp 
(low = 100W) 

220 MHz ALL MODE 
C106 10W in=60W o u t  
(1W=15W. 2W=30W) RX preamp 
C1012 10W in=120W 3ut 
(2W =45W. 5W =%W) RX preamp 
C22 2W in =20W out 
(useable in: 200mW-5W) 

RC-1 AMPLIFIER 
REMOTE CONTROL 
Duplicatcjs all switches, 18' cable 

peak or average reading 
direct SWR reading 

MP-I (HF) 1.8-30 MHz 
MP-2 (VHF) 50.200 MHz 

430-450 MHz ALL MODE 
D24 2W in =40W out 
(1W =25W) 
Dl010 10W in*100W out 

(1W=25Wq 2W-50W) 

Available at local dealers throughout the world. 
r, 140 

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



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. 

"Ul ic le  Ben" Snyder.  W2SOH 
the head man of 

Just ask any of the many thousands of "HAM H E A D ~ U A R T E R S ,  
hams all over the world who have been U S A 9 "  . . S ~ n c e  ;925' 
enjoying my friendly good service 
for over a half a century. 73. Uncle Ben, W2SOH 

CALL ME. .. WRITE ME. .. SEE ME ... 
(516) 293-7995 For mv ~ r o m ~ t .  At one of the world's laraest 

Ham Supply Ce 

HAS THEM ALL! Kenwood TH21AT 

KENWOOD 

Kenwood TM-2570A Kenwood TS-940s 

', 31 AT, 41 AT 1 

Kenwood TS-711A (2m) 
TS-811 A (70 cm) 

Kenwood TR-2600, TR-3600 
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fig. 5. This graph shows three of the most popular boom correction factors. See text 
for further explanation. 

mystery despite the fact that they've 
been mentioned in the literature for 
many years. A correction must be 
made whenever an element passes 
through or within one radius of a boom 
with a diameter exceeding 0.0025 
wavelengths with respect to the oper- 
ating frequency (0.2 inches or 5 mm 
at 144 MHz). 

Several different correction factors 
have been considered. Many years ago 
a 66 percent correction was recom- 
mended for through the boom ele- 
ments.* Later we had the NBS correc- 
t i on~ . " , ' ~  Then DL6WU proposed a 
correction factor.13 Unfortunately they 
don't all agree, but they are close! I 
have shown these corrections in fig. 5. 

What if you don't go through the 
center of the boom or use insulated 
elements? I have measured some 
effects on my "backyard" antenna 

range. For mounting elements on top 
of the boom a la Cushcraft, the cor- 
rection seems to be about 0.32 inches 
(8 mm). Using through the boom insu- 
lated elements such as the K2RIW 
19-element 432-MHz Yagi seems to be 
about 40 to 50 percent of the NBS cor- 
rections. 

Finally, when mounting above the 
boom, I constructed a sort of pyramid 
correction factor shown in fig. 6 .  It 
can be used to estimate the percent- 
age of change based on where the ele- 
ment is mounted with reference to the 
boom center. For instance, if the ele- 
ment is mounted at least one boom 
radius above the boom there is no cor- 
rection, but mounting right on top of 
the boom would require about a 50 
percent correction as opposed to 
mounting directly through the middle 
of the boom. 

12. The material used for Yagi ele- 
ments is important. This is true. Alu- 
minum is preferred since it's easy to 
work with, light in weight, and very 
efficient. Furthermore, aluminum-to- 
aluminum contacts are recommended. 
Brass is also usable, but it gets quite 
brittle after exposure to the weather. 
Copper is usually too expensive, 
heavy, and soft. Stainless steel ele- 
ments, however, are not recom- 
mended since the skin effect will 
definitely lower antenna efficiency, 
especially above 1000 MHz. 

13. There is nothing wrong with 
changing an existing design. This is 
definitely false unless you really know 
what you're doing. For example, some 
Amateurs have tried to second-guess 
the NBS designs and have invented 
new variations. A 4.2 wavelength NBS 
Yagi model at 432 MHz is less than 10 
feet (3 meters) long, while standard 
tubing comes in 12-foot (3.5 meter) 
lengths. Why throw away the extra 2 
feet (61 cm) of tubing, they ask? Just 
add on a few more elements to the 
extra tubing. 

This approach has always resulted 
in disaster. The element lengths and 
spacings for each specific design are 
carefully chosen to yield a certain 
phase velocity. Changing a design calls 
for a new phase velocity. Failing to 
obtain the correct parameters, or 
changing elements arbitrarily, will 
usually decrease gain and distort the 
antenna radiation pattern. 

What this boils down to is the fol- 
lowing: if you must redesign an exist- 
ing design, you can do so only if you 
have the proper tools at your disposal. 
These include, but aren't limited to, 
lots of know-how, an acceptable 
antenna range, perhaps a computer 
program, and lots of time and 
patience. Better yet, start out from 
scratch, using one of the NBS or 
DL6WU designs. 

14. Impedance matching is easy. This 
is true, but you must know what 
you're doing. For instance, the length 
of the driven element in a Yagi isn't 
critical, but the matching method may 
be. 
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CORRECTION 

4 
---NONE 

- 2 5 %  

r-- 50% 

- 7 5 %  

DIAMETER 
- F U L L  

fig. 6. This figure will allow you to approximate boom corrections if an element is not 
placed directly through the center of a boom. (See text.) 

It's been pointed out many times in 
this column that the Gamma match is 
especially poor above 150 MHz. Fur- 
thermore, Gamma matches often 
introduce unbalance into the antenna 
which may cause radiation on the 
feedline. A folded dipole with a 4:l 
half-wave balun is an acceptable feed, 
but it can be difficult to match if the 
feed point isn't the proper impedance. 
I personally prefer the "T" match 
(without series capacitors) with a built 
in half-wave balun. It's inherently 
balanced, easy to tune, and efficient; 
it also suppresses the possibility of 
feedline radiation. 
1 5. Computer-designed Yagi antennas 
are coming. This is true. First you'll 
have to have a computer program. 
Next, you'll need some antenna savvy 
on what to do to make a particular 
Yagi design work. 

The NBS and DLGWU designs can 
be used for starters. Just pencil up a 
Yagi design. Then tweak the element 
lengths and spacing on the computer 
until you get the desired pattern. 

I predict that before long, computer 
designs will be the most promising 
thing to happen in Yagi design in a 
long time. You'll be hearing more 
about this subject in the future. If 
you're so inclined, review references 
19 and 20. 

final evaluation 

VSWR has to be matched; the lower 
the VSWR, the better - but 1.2:1 is 
more than sufficient. 

If you have a radiation plot, your 
work is easy. Just measure the radia- 
tion pattern by the methods described 
in reference 23 and compare your 
results to the measured results. If the 
beamwidth is near the expected value 
and the sidelobes are down as many 
dBs as expected, you're probably in 
good shape. 

If the beamwidth is too wide, the 
sidelobes are better than expected, 
and/or the first nulls are deeper than 
expected, the antenna may be tuned 
too high in frequency. If the beam- 
width is too narrow, the sidelobes are 
worse than expected and/or the first 
nulls are shallow, the antenna is tuned 
too low in frequency. You're now on 
your way. 

summary 
This month's column was primarily 

aimed at taking the mystery out of 
Yagi antenna design and trying to dis- 
pel some myths. For those who are 
timid, the NBSl1~lZ or the DL6WU15 
Yagi designs are recommended. If you 
have a personal computer and can 
obtain a Yagi program such as 
MlNlNEC or those mentioned in refer- 
ences 19 and 20, you can "roll your 
own" without even cutting a piece of 
tubing! 

Now comes the fun. You've built 
that new su~er-high- gain Yaai and acknowledgements 

- - - 
want to know if it plays. First the I'd particularly like to thank Gunter 

Hoch, DLGWU, Stan Jaffin, WB3- 
BGU, Steve Powlishen, KlFO, and Dr. 
Hermann Ehrenspeck for their discus- 
sions with me about some of the mate- 
rial presented in this month's column. 
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ham radio 

new records? 
One of the greatest magnetic 

storms in recorded history occurred 
on February 8 and 9, 1986. While 
the HF bands went dead, numerous 
auroral contacts were made as high 
as 432 MHz over some incredible 
distances. If you had an aurora 
QSO over a longer distance than 
showh in table 4 of this column in 
the July, 1985 issue, I'd like to hear 
from you so we can see whether 
you've set a new aurora record. 
Forms for authentication are avail- 
able for an SASE. 

A new 9-cm (3456 MHz) world 
record was made by VK5QR and 
VK6WG across the great Australian 
Bight for a distance of approxi- 
mately 736 miles (1185 km) on 
January 25,1986. Soon afterwards, 
a new North American 13-cm (2304 
MHz) overland tropo DX record was 
made between W 4 0 D W  and 
WBSLUA. Hearty congratulations 
to all! (Stay tuned for more details.) 

important VHFIUHF events: 
May 4: Predicted peak of the Eta 

Aquarids meteor shower at 
1saO UTC 

May 8: ARRL 1296-MHz Sprint 
Contest 

May 1011 1 : Southern California 6-Meter 
Club QSO Party lcontact 
N6FSLI 

May 16-18: 12th Annual Eastern 
VHFIUHF Conference, 
Nashua, NH lcontact W1EJ) 

May 17: ARRL 50-MHz Sprint 
Contest 

May 24: EME perigee 
June 6: Predicted peak of the day- 

time Arietids meteor shower 
at OlW UTC 

June 7-8: ARRL VHF QSO party 
June 15: Predicted peak of the June 

Lyrids meteor shower at 
21W UTC. 

June 21: EME perigee 
June 21: Mean date +one month for 

peak of Sporadic-E propa- 
gation. 

Turn a few hours work into years of 
fun with Amateur Television. 
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w ~ l h o b ~ l  n ~ o ~ ~ l ~ r a l ~ o c ~  18, l h 6 ,  <,,,I 1 1 7 ~  < ? !  . , , . I~  w, n i  ..c<innl r r ,ep l lnn Thv 
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, ~ ~ ! # v ~ ~ l I , ~ !  rnq01 tP5  an cxl,.c 
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odl I? volt DC r rq t l l a l  

~ ~ ~ > I ~ c I I Y  Th? r v m  r 8  <.<I I,, W?! !.,,,131, a1 

I r ~ r ~ n l ~ o h  o l  . I  dua l  RF d ,,n mt l l ~nm j> \  
SI,K~O l h ~  nu, r<,.,l,tl, 
<lv',(q(3. and tho I,!)! ,.af!8+,, ! 6 t Y . Z . P K  KII in, lh,1<1', ~ 1 ~ ~ 1 ; 1 # l ~ ~ 1 1  

,l,'>,l,~ <l",,l,l<~ I,~,I,~"~P,I ,T>l.,.! 
. . I ~ ~ F ,  I , ~ . . . I ~ . ~ ,  ,mL.1ro, I I , ~ . .  ~,r#c>It. l l  r l r r l , l l  

r~di l r<,< UHF TV #!?I,.~I.) il  pl-18 I .  . I # c l  . ~ f l t l  , $ 1 1 ~ . 1 ~ <  I l r l l l u  ,.< r l r l l l l l f l l  nl.:.~?, xhlmwil 

Ikrn5 An? d ~ f i l ~ l ~ n i i . t l  I t . . t l t ~ l t ~  11r81 q $44.95 
I no r~ r l  1111 1.1111(1 A I V  11, Y I ~ (  n l l ~ r ' r l f ~ ~ ~  

, ATV.2.W ! ' d # # #  11.11111 11 l l i l  $59.95 
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'..RS 2 3 2 C  VOLTMETER FOR VOURPC." 
8 challni,( 1 . t r8c l ,~  Ar. nc .n~t81,v~1., K muollw 
IIENSATUOL LII~L ytrr  r rimpuler s langusge' Set- - hnd i u ~ i  easily LO ~IlMemnLlol InpuL5 pmldlnq 15 
bcls nl lIiOllv Sner8nl ~n slnw senel (HLWI all- 

t m 5  1 3 8 5  M M P L E l E I  
O U L E U  INOUIUIEI) WELCOME. 

8 0 3 - 5 8 8 - 3 7 4 8  
BOX 33.  mANCEQTOWN. NU 03045 

AUTHORIZED KENWOOD 
I-COM RADIO DEALER 

H. L. HEASTER. INC.. 203 Buckhannon Pik. Clarksburg. W. 
Va. 26301 Clarbburg Phone (304) 624-5485 or W Va Toll- 
hee  1-800352.3177 
HAROLD HEASTER. KABOHX. 91 Ri4gefield Plan. Ormond 
Beach, 1.1 32074 Floilda Phone 19041 673.4065 
NEW MTIOKWlOE TOW-FREE lELEPIIONE ldOW&RIO(O 

1-72346 
Call us lor a quolal~on. WE WILL SAVE YOU MONEY1 

SERVICE CENTER 
for 

ICOM, KENWOOD 
and YAESU 

Fully equipped repair shop Amateur, 
Marine and Land Mobile repairs. 

FCC NABER Lic 

Mon-Fri 70:OO-4:00 pm 
(206) 776-8993 

PACIFIC RIM 
COMMUNICATIONS 

Bob KG7D 
23332 58th Ave. West 

Mountlake Terrace. Wa 98043 = a a C.O.D.S. welcome 13' 

I Great gift idea for a ham friend or for yourself! I 
The new 1986 ARRL HANDBOOK is chockfull of projects, ideas, 
hints and kinks, theory and thousands of other handy things for 
your hamshack. New items include: switching power supplies, data 
and telemetry transmission, a section on conjugate matching by 
Walt Maxwell, data interface and Packet Radio, and remote control 
aircraft to name just a few examples. New projects include: 30 
amp power supply, ATV monitoring instruments, digital frequency 
synthesizer, 1500 watt output 160 meter amplifier, state-of-the-art 
preamps for all Amateur VHFlUHF frequencies and much, much 
more. A grand total of 244 new pages! This is the reference book 
to have. Order your's today. 01985. Over 1100 pages. 
OAR-HB86 Softbound $17.95 
OAR-EBB6 Hardbound $26.95 1 m, Please enclose $3.50 to cover shipping and handing. ,- I 
ham 
riiidi0~.,.-B00KSTORE I 

GREENVILLE, NH 03048 

The Packet Xadio tiandhook 
Over 150 pages of information exclusively on packet radio i 

: Packc 
u r  first pi 

17 Chapters including: 
ing a TN( z t  protocol for the beginner * Packr ~ r i e s  
make yo acket contact * Packet Bulletin Boa1 ions 

$12.95 plus $2.50 for first class shipping and handling in U.S. and Canaua. I :t Accessc 
rd Operat 
4. 

Also available The Commodore Ham's Companion $15.95 
(see January '86 QST page 47 or February '86 CQ page 681 P.0  mxmz 

Springfield. IL 
and Command Post $9.95. r u l i . l w l N O  62708 I 



Band Kit Wired - - 
10M,6M, 
21111,220 $680 $880 

440 $780 $980 

FEATURES: 

SENSITIVITYSECONDTO NONE; 0.15 uV(VHF), 0.2 uV(UHF)TYP. 
SELECTIVITY THAT CAN'T BE BEAT! BOTH 8 POLE XTAL FILTER 
&CERAMICFILTERFOR > lOOdBAT + 12KHZ. HELICALRESON- 
ATOR FRONT ENDSTO FIGHT DESENSE & INTERMOD. 
OTHER GREAT RECEIVER FEATURES: FLUTTER-PROOF 
SQUELCH, AFC TO COMPENSATE FOR OFF-FREQ TRANSMIT- 
TERS, SEPARATE LOCAL SPEAKER AMPLIFIER & CONTROL. 
CLEAN, EASY TUNETRANSMITER; UPTO20 WATSOUT(UPT0 
50W WITH OPTIONAL PA). 

. . 
resonator front end for exceptional se~edtivity, 
z 100dBat i 12kHz, bestavailabletoday. Flut- 
ter-proof squelch. AFC tracks drifting xmtrs. 
Xtal oven avail. Kit only $138. 
R451 FM RCVR Same but for uhf. Tuned 
line front end, 0.3 uV sens. Kit only $138. 
R76 FM RCVR for 10M, 6M, 2M, or 220. As above, 
but wlo AFCor hel. res. Kits only $118. Alsoavail w/4polefilter, only $981kit. 
RllO VHF AM RECEIVER kit for VHF aircraft 
or ham bands or Space Shuttle Only$98. - qqn a . T51 VHF FM EXCITER forlOM,6M,2M, or A-w 
220MHz 2Wattscont1nuous, upto3W 
~ntermlttent. $681kit 
T451 UHF FM EXCITER2to3Watts.K1tonly$78 
Xtal oven avail. 
VHF & UHF LINEAR AMPLIFIERS. For either FM or SSB. Power levels 
from 10 to 45 Watts to go with exciters 8xmtg converters. Several models. 
Kits from $78. 

NOW-FCC TYPE-ACCEPTED TRANSMITTERS & RECEIVERS AVAILABLE 
FORHIGH-BAND & UHF. CALL FORDETAILS. 

Models tocoverevery practical rf 8 i f  range tollsten toSSB, 
FM,ATV,etc. NF =ZdBorless. I 

Antmnna Racalvsr 
Input Range Output 

28-32 144-148 
50-52 28-30 
9 - 5 4  144-148 

144-146 28-30 
145-147 28-30 

144-144 4 27-27.4 
146-148 28-30 

VHF MODELS 144-148 9 -54  
220-222 28-30 
220-224 144-148 Kit with Case rz 222-226 144-148 

Less Case 220-224 50-54 
Wired $69 222-224 28-20 

for a GaAs FET Preamp. 

FEATURES: 
Very Low Nose:0.7dB VHF, 0.8dB UHF 
High Gain: 13 to20dB, Depending on Freq. 
Wide Dynamic Range for Overload Resistance 
Latest Dual-gate GaAsFET, Very Stable 

UHF MODELS 
432-434 

MODEL TUNES RANGE PRICE 
28-30 - 

Kit with Case $59 435-437 28-30 LNG-28 
432-436 144-148 

26-30 MHz 
Less Case 

$49 
$49 

Wired $75 432-436 
50-54 LNG50 46-56 MHz 

439.25 61.25 
$49 

LNG-144 137-150 MHz $49 

SCANNER CONVERTERSCopy 806MHzbandonany scan- 
LNG-160 150-172 MHz $49 

ner. Wlredltested ONLY 1688. LNG-220 210-230 MHz $49 

Exciter Antenna 
For VH F, Input Range Output Low-noise preamps with 

Model XV2 2830 144-146 
28-29 145-146 

he l i ca l  r esona to rs  re- 

Kit $79 28-30 50-52 d u c e  i n t e r m o d  a n d  
27-27.4 144-144.4 

Wired $149 28-30 220-222- cross-band interference 
(Specify band) 220-224 

50-52 
12dBgain. 
in  cr i t ical  applications. 

50-54 144-148 
144-146 28-30 

For UHF, 28-30 432.43 
28-30 435.437 Model Tuning Range P+ Model XV4 50-54 432-43 

Kit $99 61 25 439 25 HRA-144 143-1 50 M Hz $49 
144-148 432-436' 

Wired $169 'Add120forZM Input 
H RA-220 21 3-233 M Hz $49 
H RA-432 420-450 M Hz $59 

I VHF & UHF LINEAR AMPLIFIERS. Use with above. HRA-( ) I 150-174MHz $54 
Power levels from 10 to 45 Watts. Several models, HRA-( ) 450-470 M Hz $64 
kits from $78. 

GaAsFET Preamps with fea- 

pt designed for LOW 
COST and SMALL 
SIZE: only 518"W x 

1-518L x 314H. Easily 
mounts Inside many 

MODEL TUNES RANGE KIT WIRED 
LNW-144 120-150MHz $19 $34 
LNW-160 150-200 MHz $19 $34 
LNW-220 200-270 MHz $19 $34 
LNW-432 400-500 MHz $19 $34 

GaAsFET NEW Pre- 6 
. - -  y 

Automatically 

transceivers up to 25W. Tower mtg hdwr incl. I 
MODEL TUNES RANGE KIT WIRED 

LNS-144 120-150 MHz $68 $98 
LNS-160 150-180MHz $68 $98 
LNS-220 200-240 MHz $68 $98 
LNS-432 400-500 MHz $68 $98 

MO-202 FSK DATA MODULATOR. Run up to 
1200 baud digital or packet radio signals 
through any FM transmitter. 
DE-202 FSK DATA DEMODULATOR 
COR-2 KIT With audio mixer, local speaker 
amplifier, tail & time-out timers. 
COR-3 KIT with "courtesy" beep". 
DTMF DECODERICONTROLLER KlTS 
AUTOPATCH KITS. Provide repeater auto- 
patch, reverse patch, phone line remote 
control of repeater, secondary control. 
CWlD KITS SIMPLEX AUTOPATCH 



GET YOUR 
COMMERCIAL LICENSE 

AMECO has the only books available written for the 
FCC administered General Radiotelephone and 
Marine Radio Operator Permit. General electronic 
theory is fully covered in the Commercial Radio 
Operator Theory Course. cat. #15-01. Two O&A 
books cover the specific requirements for the FCC 
administered exams; Element 3, for the General 
Radio Telephone License, is contained in cat. #9-01 
and Elements 1 and 2, for the Marine Radio Opera- 
tor Permit. are covered in cat. #8-01. Fully up-to- 
date and revised per the current FCC exam syl- 
labus. 

15-01 Commercial Radio Operator Theory Course $8.95 
9-01 Q&A Element 3 General Radio Telephone $5.95 
8-01 Q&A Marine Radio Operator $3.95 

Please Include $3.50 shlpplng and handllng 

Ham Radio's Bookstore 
Greenvil le, NH 03048 

1-603-878-1 441 

ELECTRONIC Equipment? 
You'll Find Them 

in the Nation's No. 1 
Electronic Shopper Magazine 

NUTS & VOLTS 
Now tn Our 5th Ymr 

Nuts  & Volts is published M O N T H L Y  and features: 

NEW STATE-OF-THE-ART PRODUCTS 
SURPLUS EQUIPMENT USED BARGAINS 

LOW COST AD RATES PRIVATE AND 
COMMERCIAL CLASSlFlEDS NATIONAL 
CIRCULATION NEW PRODUCT NEWS 
SECTION AND A FREE CLASSIFIED AD 

WITH YOUR SUBSCRIPTION 

SUBSCRIPTION RATES 
One Year - 3rd Class Mail . . . . . . . . . . . . . . . .  $10.00 

. . . . . . . . . . . . . . . .  One Year - l s t  Class Mail. S 15.00 
One Year - Canada & Mexico (in U.S. Funds) . . $ 18.00 

. . . . . . . .  Lifetime - 3rd Class Mail (U.S. Only) .S35.00 

ORDER WOWt 
U CHECK Lj MONEY ORDER 

MASTERCARD 

NUTS & VOLTS MAGAZINE 
P.O. BOX I I I I-H 

PLACENTIA, CALIFORNIA 92670 
(7 14) 632-772 1 

Name 

Addrerr 

C,ty 

State ZIP 

Card No 

E x p  Date 

IF YOU'RE INTO ELECTRONICS, 
THIS MAGAZINE WILL SAVE YOU MONEY1 

Dealer Inquiries Invited fl 132 

Tell 'em you saw it in HAM RADIO! 





FORECASTER 

sporadic-E propagation 
From May through September the 
overhead sun fills the lower ionosphere 
with ions that support short-skip 
propagation, even multiple short skips. 
The geomagnetic field clusters these 
ions into cloud-like patches known as 
sporadic-E. These patches form a thin 
layer of intense ionization about 60 
miles (100 km) above the Earth. 

A patch gives a strong, mirror-like 
signal reflection over skip distances of 
600 to 1200 miles (1000 to 2000 km). 
Signals remain strong for about half an 
hour, up to a couple of hours after the 
onset of the first strong signal. 

Station location determines how 
strongly the sunspot/geomagnetic dis- 
turbances affect sporadic-E propaga- 
tion, with mid-latitudes the least 
affected and equatorial and polar paths 
the most affected. The best locations 
for these E, openings are in the North- 
ern Hemisphere from June through 
September and in the Southern Hem- 
isphere during their summer, Decem- 
ber through March. The best E, is on 
either side of the geomagnetic equa- 
tor; it's especially good where the 
geomagnetic equator is furthest from 
the geographic equator. These special 
areas are Southeast Asia in the North- 
ern Hemisphere and South America in 
the Southern Hemisphere, with the 
former the better of the two. 

The highest frequency propagated 
by E, occurs at local noon, following 
the sun across the sky. However, the 
highest probability of occurrence is 
near sunrise and again around sunset. 

Garth Stonehocker, K0RYW 

These two characteristics of E, affect 
short-skip openings differently. Open- 
ings on the higher-frequency bands 
occur around local noontime; the 
lower bands tend to have openings 
near sunrise and sunset. 

Most of us don't live in the special 
areas. The maximum E, frequencies 
around the mid latitudes are 8 to 9 
MHz. With the oblique factor of 5 for 
a 2000 km maximum-hop, the E,-MUF 
becomes 40 to 45 MHz (almost 6 
meters). So while the 10 and 6 meter 
bands have a good probability of open- 
ing up, 2 meter openings are rare 
indeed. 

last minute forecast 
The second and third weeks of May 
are expected to be the best for the 
higher frequency daytime bands, 10 to 
30 meters. The solar flux 27-day vari- 
ation should be maximum during those 
weeks. The lower frequency bands for 
daylight, short-skip, and nighttime DX 
are expected to be best the first and 
last weeks. Disturbed periods are pos- 
sible around the 10th and 21st, with 
MUFs down 15 to 20 percent on the 
first day of the disturbance. 

Of interest to moonbounce DXers, 
the lunar perigee occurs on the 24th. 
The full moon occurs on both the 1st 
and 30th of this month. The Aquarid 
meteor shower, of interest to meteor- 
scatter and meteor-burst DXers, peaks 
between May 4th and 6th, with rates 
of 10 to 25 per hour for the northern 
and southern hemispheres, respec- 
tively. 

band-by-band summary 
Six meters will provide occasional 
openings to South Africa and South 
America around local noontime by 
short-skip E,. 
Ten meters will be open to the south- 
east for a short period before local 
noon; to the south at noon and to the 
southwest after noon. Openings will 
last longer when the solar flux is at a 
maximum. 
Fifteen and twenty meters, almost 
always open to some part of the world, 
will be the main daytime DX bands. 
Twenty meters should stay open on 
long southern paths into the night, 
though 15 will drop out in the late 
afternoon. Operate on 15 first, then 
move down to 20 meters later. DX is 
5000 to 7000 miles (8000 to 11,300 km) 
on these bands. There may be some 
one-long-hop transequatorial propa- 
gation. 
Thirty and forty meters are both day- 
time and nighttime bands. Intermedi- 
ate distance operation, 1000 to 1500 
miles (1600 to 2400 km), in any direc- 
tion, is considered daytime DX. Night- 
time DX on these two bands may be 
expected to occur over greater dis- 
tances than on 80 meters and, like 80, 
will follow the darkness path across 
the sky. Signal strength and distances 
covered are lower on days of high solar 
flux values. In addition, no 30-meter 
openings will take place during the 
predawn hours on the morning after 
these high radio flux values. 
Eighty and one-sixty meters will exhibit 
short skip conditions during daylight 
hours and lengthen for DX near dark 
when the QRN isn't bad. Eighty meters 
will open to the east just before your 
sunset, swing more to the south as 
midnight approaches, and end up in 
the Pacific areas during the hour or so 
before dawn. (One-sixty opens later 
and ends earlier.) 
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NEMAL ELECTRONICS - 
I lNTRoDucToRY SALE! n I 

A monthly of 100-plus pages-has everything you 
need to know about where to find equipment, how to 
install it, system performance, legal viewpoints, and in- 
dustry insights! With your subscription to STV" you will 
receive a FREE LCD CalendarlClock. 

Only $19.95 per year (12 monthly issues) 
$1 .OO for sample copy 

BRAND NEW 
JUST RELEASED 

ARRL 1986-87 
Repeater Directory 

Fits in your shirt pocket 3-114" x 5-114" 
Over 10.000 listings from 28 MHz to 10 GHz 
Latest info on all repeaters 

Also includes CTCSS (PL) tone chart, VHFIUHF 
and Repeater Advisory committee addresses, spe- 
cial mode repeaters (packet and ATV,) band plans, 
repeater operating practices, ARRL Frequency Co- 
ordinators, and Special Service Clubs. 

I IAR-RD86 Softbound $3.00 

Please add $2.00 for shipping and handling 

rn radio"-,- BOOKSTORE 
Greenvilla. NH 03048 (603) 878-1441 a 

The best in satellite programming! Featuring: *All 
Scheduled Channels *Weekly Updated Listings 
*Magazine Format *Complete Movie Listing *All 
Sports Specials *Prime Time Highlights *Specials 
Listing and *Programming Updates! 

a Only $45.00 per year (52 weekly issues) 
2 Years $79.00 (104 weekly issues) 
$1 .OO for sample copy 

Visa'" and Mastercard." accepted (subscrip- 
tion orders only). All prices in US funds. Write 
for foreign rates. 

Send this ad along with your order to: 
STV@/OnSat@ 

P.O. Box 2384--Dept. HR Shelby, NC 28151-2384 
SUBSCRIPTION CALLS ONLY 

TOLL FREE 1-800-438-2020 



35 MHz DUAL TRACE OSCILLOSCOPE 

RAMSN 20MHz 

- $49995 b"::?::.:Eh --- 4nq clrcult lor rrsrstar. 

wpa< 111,r d~qltal c S~CIIII imd diode 1esttng TV vadeo svnc l8lter wide hand- 
wldlh & hlqh SBIISI~IVII~ . lnternal qratlcule . front panel trace rotator * 2 8x8s 

high senslllvtly x-y mode rcgulatcd power supply hul~t-tnca~lhrator 15 MHz DUAL TRACE PORTABLE OSCILLOSCOPE 
rock so l~d  ttlggerlng 

was $399.95 NOW O~Lys36g95 hp:%::!tz? On 

v181ti !II~C ~t~, !nss~onal  q ~ ~ r l l ~ t y  meter L(,!III,.~' 1 i , i t ,d ~PI.II) l t i y  itlld rlcctirscy 
C,,hpr tc ,,,, rrs dcr,hal . Tltrs Li,l> iilc~ltal n l t i l l l ~ ~ s t r ~ r  t.aslly Ills ~n 
7rtK volt mrlerlng system . 3 " mlr- yvur pu<:h(,l you ~ i m  I L I ~ C  11 n n y ~ h ~ l c  

r o r ~ d  rcnl r  polarlly rwl lch . 20 It l r a t u l e ~  lull overluilll protect#c#n . 3': 

tneastnrlrq ranges . aatrty probps . 

CT-90 9 DIGIT 600 MHz 
COUNTER 

1 . I ,  . a i  I ,. . $  1 t18r~1k! !~r~~ i>q l t  ~ 1 1 1 1 .  Fnalurel . t,,, ,, , .. , ,, , r ,  to t  I,.s, # t , t ~ s ,  $ 3 ~  ~ ~ s a t t , r ~ s ~  

See mustc come ' ,,,.,>,,< , , , r.,,,<,<., Path W,tt?  or* ,dm,> d8l-I 5. I , ,  I S I , 8 <  >, , , , , , . .5 . c4?, ,<2, ,? . ,,.,, v ,"d,ca,c,, 

illlvt-1 3 dlllerent 
. . , . . " 3 , .  a ,  , C "  . . .,,.,,, ,. I ,  , ,  . .,.,,"",* ir,,,MH; lyjllcal ,.,, 
' iiiii ', (iil I ' i i i  M*I, I v n c ~ l l  .ll.llrlllu l y  . l ' r j ( .  Ilr >#,ms,,,, . I t ,  f A * t ,  t,n>,,b,v.c, t,,r wbS,vt ,,!,!,,;>I, ,,, 

Ihr.~t~ts llach~r ~ 8 t h  , >  ,,,., ., , , . , , . I . .  . : 1,11tl,.M~m.7.,,Y • > i I . ~ I > . , ~ ,  ,ll.lcY s 1 1 995 ""d '"Ct""" 
AC adapter $1 4995 p,";~' 

s08.95 C I " . , .' 
8 9 1  i i V  ' .' l i'i'h' lv3.n Ihrnm.7~ 

s1a.95 

131, .t rn,, ,,,,,,,,, . 59 95 
8 91 

CT-125 9 DIGIT'1.2 GHz 
s 1 6995 COUNTER 

u:;;: $1 6 995 ;zd$:"" 

PR-2 COUNTER PREAMP 

PA- 1 10 W p r l  llmP ha! 
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/ product -\ 

Heath HD-1481 remote 
coax switch 

Hams have long known that Heathkit has 
produced some of the most memorable and valu- 
able pieces of Amateur Radio gear, from trans- 
mitters and receivers to simple but useful sta- 
tion accessories. 

A few years ago Heath came out with their 
first remnte coaxial switch, the HD-1480. The 
beauty of this switch was that it allowed you to 
remotely select five antennas from a single feed- 
line. This represented a significant cost savings 
in that you'd have to run only one coax line out 
of the shack to the switch: usually antenna fee& 
lines from this point are much less. It also 
improved reliability in that instead of dealing with 
as many as 10 PL-259s lfive antenna feedlines 
at two each1 corning o ~ r t  of ynur shack, you'd 
have only two connectors. 

The HDl480 used a wafer switch and a step- 
ping motor. Two problems, however, limited the 
switch's usefulness. The first was that you 
couldn't remote the switch much more than 200 
feet from the shack due to power supply limita- 
tions. (Heath did beef up the supply to correct 
this in all but the longest runs.) The second proh- 
Iem was that the installation required the use of 
a separate control cable to run the switch, mak 
ing installation more diffictrlt and adding to the 
overall expense control cahle isn't cheap. 

The new HD 1481 remote coax switch solves 
these two problems in an interesting and inn ova^ 
tive way. The control cable has been el~minated 
by using the coax itself to carry the switching 
~nstructions - but more on how this is done 
later. You can remote the switch almost any dis- 
tance away from the control unit because there's 
very little voltage drop in the heavy conductors 
used in coaxial cable. Installation is greatly sini- 
plified and consequently less expensive. 

description 
The rernote coax switch comes in two units. 

There's the switch that you remote at the 
antenna site and the power supplyicontrol unit 
that goes in your shack. The only interconnec 
tion necessary is the coaxial cable. 

The remote unit uses two heavy-duty 24-volt 
DPDT relays as a switch. The unit is weather pro- 
tected by a high strength black plastic cover, and 
all openings are sealed with silicone to ensure 
weatherproofing. It mounts via a single U-clamp 
arrangement. 

The power supplylcontrol unit includes a 
24-volt power supply and a rotary switch that 
selects the appropriate polarity voltage to make 
the switch work. 

theory of operation 

I'm sure that by now you've either figured out 
how you can select four antennas with this 
switch or that you're fully confused. Fear not. 
Here's how it's done: 

In switch position 1, no voltage is applied to 
the coax and Antenna 1 is selected. In position 
2, the 24-volt AC is rectified to produce a posi- 
tive24-volt DC voltage. This is injected into the 
coax and energizes Relay 2 at the remote switch 
end and Antenna 2 is selected. In position 3, this 
is reversed: riegative24 volts is injected into the 
coax, energizing Relay 1 and routing the RF to 
an unenergized Relay 2 and Antenna 3. Finally. 
Antenna 4 is selected by sending AC to two 
diodes in the remote switch that energizes both 
relays. Sounds simple, doesn't it? 

construction 

Typical of a Heathkit. the instruction manual is 
clearly written, explained, and fully illustrated to 
minimize confusion and troubles during con 
struction. I have the impression that Heath has 
gone to considerable time and expense making 
the mariual easier to use than the ones that 
accompanied its kits of 10 to 15 years ago. 
(Maybe this is a sad commentary on the level 
of technical awareness of the average Ham 
nowadays!l The circuit diagram along with the 
exploded drawing should be more than enough 
to allow completion of this project with a mini- 
mum of fuss arid trn~~hln. 

After completing a couple of tests you're ready 
to install the rernote switch, a fewantennas, and 
presto that's i t !  

use 

I've installed the switch out at my 160-vertical. 
which is locntetl over 200 feet from the house. 
For starters. I've installed 80-and 40 meter 
antennas and have had no problems using either 
low or high power switching between any of the 
three antenrras. 

Heath incllirles selfadhesive labels so you can 
mark the antenna by both band and design, a 
neat extra touch. 

I expect that this switch will give the average 
user thousands of hours of reliable use with few. 
11 any. problems. 

For more information, contact Heathkit. Ben- 
ton Harhor. Michigan 49022. 

- NlACH 

products 

new IC-751A base station 
transceiver 

The ICOM IC-751A 100-watt HF base station 
trasceiver and general-coverage (100 KHz-30 
MHz1 receiver incorporates the high performance 
features of the IC 751 with new, lmproved fea- 
tures requested by hams worldwide. This newly- 
designed, top.of-the-llne HF transceiver Includes 
the following: 
*All modes IUSB. LSB. AM, FM. CW, RTTY) 
are built-in 
,100 duty cycle transmitter 
-105 dB dynamic range 
012 volt operation 
*Electronic keyer unit is included' 
*FL-32A 9 MHz at 500 Hz CW factory-installed 
filter 
*QSK up to 40 WPM 
'New LED annunciator 
-32 memories 
~Thermo-sensor for improved stability 
*Now 9MHz notch filter 
*New AGC and improved noise blanker 
=CW sidetone for code practice 
.Low noise receiver 

Optional filters Include the FL 52A CW 455 
KHz at 500 Hz, FL 53A CW N 455 KHz at 250 
Hz. FL-63A CW N 9.0106 MHz at 250 Hz. FL 33 
AM 9.010 MHz at 600 Hz, and CR 64 high 
stability 30.72 MHz crystal filters. 

The IC-751A will be available in April 1986 and 
will be displayed In the ICOM booths at the Day 
ton Hamfest (April 25 271. 

For details, contact ICOM America. Inc.. 2380 
116th Avenue NE. Bellevue. Washington 98004. 

Circle n 1 7  on Reader Service Card. 

current probe 
The new MFJ 206 Antenna Current Probe 

determines the current distribution and RF radi~ 
atlon pattern of antennas, transmission lines. 
ground leads, building wiring, guy wires, enclo 
sures. shtelds, etc. I t  monitors RF currents by 
sensing the niagnetic field around a current 
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carrying conductor. It uses an electrostatically 
shielded ferrite core tuned circuit, and FET RF 
amplifier, and an operational amplifier meter cir- 
cuit for excellent sensitivity and selectivity. 

It can be used to adjust an antenna for maxi- 
mum efficiency, gain, and FIB ratio to improve 

dipole. $54 plus $8 shipping; kit of eight traps 
for 2-element tribander. $105 plus $10 shipping; 
kit of twelve traps for three-element tribander; 
and kit of two traps for vertical, $27 plus $6 
shipping. 

For information, contact GZDYM Aerials, 
Uplowman, Tiverton, Devon, England EX16 70H. 

Circle n 1 5  on Reader Sawice Card. 

DX, and to determine whether a ground system 
is effective so you can radiate more power. You 
can also use it to determine the best place to 
mount a mobile antenna on a vehicle for a 
stronger signal and eliminate RFI by pinpoint- 
ing leaky shielding. It can even be used as a sen- 
sitive tuned field strength meter. 

The MFJ Antenna Current Probe is powered 
by a 9-volt banery and covers 1.8 to 30 MHz in 
five ranges. It includes a telescoping antenna for 
the field strength meter. and sensitivity and tune 
controls are provided.'Also included are an on/ 
off switch, a power LED indicator, and an inter- 
nal meter zero adjust. 

The retail price of the MFJ-206 is $79.95. 
For information, contact MFJ Enterprises, 

Inc.. P.O. Box 494, Mississippi State, Mississippi 
39762. 
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antenna traps 
G2DYM Aerials, makers of the well-known 

AntiTVl trap dipoles, has announced the avail- 
ability of new traps for 10 and 15 meters. A 
6-inch length of aluminum tubing at the end of 
each trap facilitates the construction of two- and 
three-element rotary tribanders, rotary tribander 
dipoles. and trap verticals, either quarter or half- 
wave in height. 

Pr~ces are as follows: 10 and 15.meter traps, 
$16 plus $5 shipping; kit of four traps for rotary 

buying, installing 
marine electronics 

In his new book. The Straightshooter's Guide 
to Marine Electronics, Motor Boating & Sailing 
Magazine columnist Gordon West speaks frankly 
buying and installing marine electronics gear. 

According to West, "More and more mariners 
are doing their own installation of marine elec- 
tronics. In my book I tell them where to get the 
best deal, how to buy the equipment, and final- 
ly, how to install it so 11 meets the criteria to be 
covered under a manufacturer's warranty. I also 
talk about the necessary FCC licensing as well 
as steps to avoid electrolysis." 

Topics covered include depth sounders, hand- 
held and 25-wan VHF radios, marine SSB ra- 
dios and ham radios: VHF and MF direction 
fiders. LORAN equipn~ent, satellite naviqation- 

STATE OF 
THE ART 

The ARRL 1986 Handbook  For 
The Radio  Amateur  carries o n  the 
tradi t ion o f  t he  previous editions 
by presenting 1192 pages of com-  
p rehens ive  i n f o r m a t i o n  f o r  t h e  
r a d i o  amateur ,  eng ineer ,  tech-  
n ic ian and  student. Paper edition: 
$18 in the  U.S.. $19 in Canada, a n d  
elsewhere. C lo thbound  $27 in the 
U.S.. $B in  Canadaand  elsewhere. 

*. , . 
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cable and connector guide 
Nemal Electronics international has published 

a comprehensive guide for the selection of elec- 
tronic wire, cable, and connector products. The 
32-page guide contains detailed specifications 
and illustrations of over 550 items. along with 
cable construction and performance charts, and 
a complete tooling cross reference. 

Among the 32 product categories listed are 
fiber optic cables and connectors, plenum ca- 
bles, satellite control cables, and numerous RF 
and data connector types. Nemal's new cable 
and connector selection guide is available for 
$4.00 (credited with a $50.00 order). 

For information, contact Nemal Electronics, 
12240 NE 14th Avenue. North Miami. Florida 
33161. 
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replacement mic 
for discreet 
communication 

Ace Communications. Inc. has introduced the 
IECS-200 Inter-Ear Communication System. The 
IECS-200. which replaces any HT's speaker 
microphone, allows the user to speak as well as 
lisren through the earpk?ce. protecting the priva- 
cy of communications. 

ms .\~I~I~I,I,l'I~I~ 
1 'I'I:l< 
.\v1:1<s, IS(.. 

INSTALL YOUR OWN 
SATELLITE SYSTEM 
G SAVE DIG $! 

DRAKE, CHAPARRAL, DX, 
HOUSTON TRACKER, 

PANASONIC, STS, TOKI, 
NIDEN, RAY DX, LAUX, 

PARACLIPSE, ECHO, 
WINEGARD, PRECISION 

SPACEMATE. ,,, 
COMPLETE SYSTEMS 
OR COMPONENTS. 
CALL FOR PRICE LIST, 

OR QUOTES. 

1 -800-468-3478 
IN MISSOURI 

1 -31 4-838-0364 
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COMPACT 75 M SSB TRANSCEIVER 1986-87 

Complete K I ~  

PIUS $3 00 
Shlpotng ana 
nandltng 

h m n n o n s  2' x 6' x 6' 

R E C r n :  
Fr- 3 0 4 0  MHz 
Snnsaonly 0 5 *V lor 10 dB S N  
Selocbnty -6 dB @ 2 4  KHz 
AGCRaW +€4dBtn-+3dBoul ~~IllD.ylonloolh~J55 
Audm Ouput > 3 M  mW Into 8 ohm RAM0 K t l  

T M l S M m R :  r /  123 BOX 411 H 
Frequsney 38.4 0 UHr 
Dlllplt W warn unlo M ohms Grwnvllls, NH 
IMO -30 dB 0 3 x 3  
H~~~ p - 4 7  a. p -55 d~ POWER REQUIREMENTS: (€43) 17E1033 
SWR Immunity 30 I @ all phM wbs Vmw 28 Vdc recplalsd 

M C  Amprfisd, 1x1 rmponss rate (qum ProcsJrlq) Currenl U lransmtt 65 mA rmvr 
telex 887897 

The IECS-200 measures only 2 x 2.9 x 0.9 
inches. Housed in a durable metal case, i t  can 
be clipped to the belt or holstered. Custom hy- 
brid audio processing circuitry provides natural 
audio reproduction for various applications such 
as law enforcement, military service, and con- 
struction. 

For information, contact ACE Communica- 
tions, Inc.. 22511 Aspan Street. Lake Forest, 
California 92630-6321. 
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146 and 440 MHz mobile 
antenna 

Austin's new 19-inch Model 5M)C antenna is 
designed using state-of-the-art technology cur- 
rently being used in the cellular radio field. 
Ruggedly built with a low design profile, it takes 
advantage of several patent-applied-for tech- 
niques that enhance its radiation efficiency. The 
antenna uses the standard Motorola vehicle 
mount (not suppliedl. 

On 146 MHz, it uses the vehicle body as a 
ground plane and is a 114 wave vertical with an 
elevated feedpoint. This technique brings the 
main lobe down to 16 degrees above the hori- 
zon: this lower angle of radiation improves the 
antenna's ability to get into distant repeaters. 
The standard 114 wave vertical has a main radi- 
ated lobe of 60 degrees above the horizon (the 
518 wave is 22 degrees). Overall bandwidth is 
around 20 MHz; the antenna is rated at 100 
watts. 

On UHF, the &C operates independently of 
the vehicle and is a 112 wave element. Tuning 
of the ?/2 wave stainless steel whip is achieved 
in the re-entrant cavity. 

The retail price is $49.95: the Motorola MAG 
Mount is priced at $39.95. 

For information, contact Austin Custom An- 
tennas, P.O. Box 357. Sandown, NH 03873. 

Circla rill on Reader Sswica Card. 

new Yaesu duplexer 
Yaesu Electronics has announced the release 

of the new AD-2 Duplexer for the FT-2700RH 
Dual-Band FM Transceiver and FT-726R VHFI 
UHF All-Mode Transceiver. The AD-2 provides 
for semi- or even full-duplex VHFIUHF cross- 
band operation with a single 2-meter170 cen- 
timeter dual-band antenna. The single antenna 
serves for both transmitting Ion one band) and 
receiving (on the other band], simultaneously. 
Band-to-band isolation of more than 50 dB 
assured minimum receiver interference between 
bands.At high power lup to 50 watts), there is 
minimal insertion loss of transmitted power or 
received sensitivity. 
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specifications: 
pass bands: 140-150 MHz 

and 400-450 MHz 
maximum power: 50 watts 
insertion loss: VHF less than 0.3 dB: 

UHF less than 0.5 dB 
impedance: 50 ohms 
VSWR: . less than 1.2:l 
receive isolation: 50 dB 

For details, contact Yaesu Electronics Corpo- 
ration. 17210 Edwards Road, Cerritos, CA 90701. 
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newsletter index 
After serving the owners of Yaesu equiprnent 

for 14 years. Milt Lowens, N4ML. has an- 
nounced the termination of the publication of 
the FT Newsleffer, the official journal of the In- 
ternational Fox-Tango Club, which he organized 
in January 1972. All of the back-issues of the 
Newsletter have been republished in calendar- 
year volumes, mostly in booklet form; each has 
its own index. 

To simplify the task of selecting the volumes 
most appropriate to individual needs, Fox Tan- 
go has also published a comprehensive 32-page 
cumulative index covering the years 1976 
through 1985 in detail, and summarizing the 
years 1972 through 1975. Most articles are 
grouped according to model number IFT.101. 
FT 757, etc.); within such groupings. newslet- 
ter articles are listed chronologically by year and 
page: by topic (such as user report, modifica- 
tiot~s, etc.1; and by title and author's call slgn. 

The price of the index (including a rebate cer- 
tificate creditable towards the purchase of news- 
letter volumes) is $4.00 postpaid in the United 
States and Canada (elsewhere, $5.00). 

For information, contact Fox Tango Corpo- 
ration, Box 15944, West Palm Beach. Florida 
33411. 

super-small encoder- 
decoder foi  portables 

Communications Specialists. Irlc., of Orange. 
California has announced availability of their 
TS 32HB Super-Microminiature Progratnmable 
EncoderDecoder for handhelds. The TS-32HB 
comes in two different configuratiotls to take  ad^ 
vantage of the limited space available in the new 
er super-small handheld radios. The TS-32HBH 
measures 1.5 x 0.65 x 0.65 inches. The TS- 
32HBL, lower in profile, measures just 1.5 x 1.2 
x 0.4 inches. 

Programming the 32 available CTCSS EIA 
tones is done through a five-position DIP switch 
mounted on the board, and installation is sim- 
plified by the use of two plugs with color-coded 
cables attached. A crystal-controlled clock o s ~  
cillator allows excellent stability under all con. 
ditions. and sensitivity is rated at 6 mV RMS for 
LISP with the lowest output receivers. Decode 
bandwidth is + 1.5 Hz. The TS-32HB provides 
an adjustable slnewave output and encodes with 
an accuracy of +0.1 Hz maxlnlum at 40 

degrees C to + 85 degrees C. Output level is 6v 
P-P across 10k. 

Priced at $64.95. the TS-32HB is in stock for 
immediate delivery and is covered by a fill1  one^ 

year warranty. A catalog is available on request. 
For details, contact Communications Spe- 

cialists. Inc.. 426 West Taft Avenue. Orange. 
California 92665-4296. 
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Commodore/lCOM 
interface 

Microcomputer Electronics Corporation has 
announced the release of the new MEC 71rr, a 
computer control interface for Commodore 
641 128 computers and ICOM R71A and 751. The 
MEC 71,r is easy to use; screen menus guide the 
user through operation of the system. Features 
include UTC time dispay. frequency display!con~ 
trol with 10 Hz resolution, mode displayfcontrol 
including narrow filter status. and stnglepage 
viewing of ICOM's 32 internal memories. Full 
control of the ICOM's 32 internal memories, f r e ~  
quency stepping with selectable steps. and c o m ~  
plete VFO and memory control, including VFO/ 
memory exchange, are included. 

The MEC 71,, is designed to be used with the 
ICOM EX-309 module, available at low cost from 
any ICOM dealer. The ICOM EX-309 is easy to 
install in the radto. The MEC 71,r plugs into the 
expansion port of the 64 or 128 computer and 
a cable exiting from it plugs into connector 
provided with the ICOM EX~309 module. 

The MEC 71," includes a 90-day warranty and 
a coniphrehensive user's guide for detailed infor 
mation on system operation. 

The MEC 71er. pr~ced at $199, is designed and 
manufactured by Microcomputer Electronics 
Corporation arid is ~i~str~bured by the Electronic 
Equipment Bank. 516 Mill Street. Vienna. Vir- 
ginia 22180. 
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infra-red sensing 
digital thermometers. 

North American SOAR has announced the 
release ol  four inlra-red sensing digital ther 
mometers 

Model TX-700L is a general-purpose. hand- 
held. battery-operated portable instrument that 
can measure an object's temperature with a 
6 irich 1150mml spot slze at a distance of 16 feet 
(5 metersl. Model TX 7005 uses an LED as a 
spot marker, mak~ng aitning easy and sure. 
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Measure Up With Coaxial Dynamics 
Model 85A Termination Wattmeter 
A d~rect-read~ng Instrument for servlclng 50 ohm communlcatlon systems and 
rnalntalnlng them at peak operation 
The Model 85A features 

Dry load no coolant requlred 
Replaceable connectors, Interchangeable without affecting Instrument 
cal~brat~on 
Four power ranges eas~ly sw~tchable - 
0-3115150 and 150 watts full scale 
Frequency Range 20 to 512 MHz 
Accuracy * 5% OFS 4 
Temperature Compensated - - 

Contact us for your 1 
author~zed Coax~al 
Dynamlcs 
representative or 
dlstr~butor In our 
world-w~de sales 
network I 

COAXIAL Cleveland. Ohlo 44135 

DYNAMICS, INC. 216-267-2233 I-~oo-COAXIAL 
Telex 98-0630 

Semce and Dependab~lity.. .A Part of Every Product 

j SPECIALIZED COMMUNICATIONS 
FOR TODAY'S RADIO AMATEUR! I 

1 I 
I 
I 

SSTV, FAX, OSCAR, I 

.- .. . R l T ,  EME, LASERS 
I 
I 

or COMPUTERS, you need I 
I 
I "THE SPEC-COM JOURNALm" I 

Published 10 Times 
I 
I 

Per Year I 
By WB0QCD I 

I 

I 
CALL TOLL-FREE 1-800-628-2828 ext. 541 1 

... and place your subscription order today! Our Membership Services I 
HOTLINE is good for all 50 U.S. States including Hawaii 6 Alaska and ALL of I 
CANADA! U.S. subscriptions $20 per year. Foreign slightly higher. I 
Back issues are also available tor $ 2 . 0 0  each prepaid. I 

I 
THE SPEC-COM JOURNAL 

P.O. BOX H, I 
I LOWDEN, IOWA 52255 I 

CndnCrdOldm(#.db.d) I) 
I 

lorr .R. . ldntrMd1Wstr( .w.rT. I  , 

products 

Models TX-7lOL and TX-710s are monitor ver- 
sions (i.e.. no pistol grip) of the TX-700. 

The TX-700 Series units are small in size, light 
in weight, and easy to use. These units meas- 
ure an object's temperature without touching 
and are highly accurate with resolution to 0.1 
degree C. A Data Hold function is trigger acti- 
vated and readings are viewed on a large 3-1 12 
digit LCD in approximately half a second. The 
TX-700 Series has a high.10~ limit set capabili- 
ty with alarm output: it also has an analog sig- 
nal output. An automatic "low battery'' 
indication appears in the LCD readout when the 
battery's voltage falls below operating level. The 
TX-700LIS can be AC operated using an adap- 
ter provided. The price of the TX-700L is 
51470.00 and the TX-700s is $1495.00. 

For more information contact North American 
Soar Corporation. 1126 Cornell Avenue. Cher- 
ry Hill. New Jersey 08002. 
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simplex autopatch and 
HF base station 
control system 

The Coni-Shack 64 has been designed to give 
the ham shack a new dimension in user control. 
The full-featured simplex auto-patch and HF 
remote base operate under control of the Com- 
modore 64 computer. A clear digitized human 
voice announces your call sign and alerts you 
to an incoming call. All parameters such as tim- 
ing windows and time-out controls are adjustable 
from a user-friendly menu. A real-time menu dis- 
plays all system parameters. Call waiting and last 
number memory features are included. The 
autopatch works on any phone line in either tone 
or pulse mode. A Yaesu 757 and a VHFIUHF 
transceiver are all that are required to complete 
the setup. 

A fast-scan and a slow-scan mode provide 
remote tuning on all bands. The hardware inter- 
face board plugs into the I10 port of the Com- 
modore 64 or 128. All hardware and cables and 
connectors are supplied along with a program 

L,-,-----------------------------' 
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7995 bMmel  
4248 74 PI 7Drm boonar 77 W 
41618 IG el OSCAR 411 

56 MH: 
A144~10T 10 el OSCAR 145 9 

MU7 
OSCAR pack 2ml 6 AOP-1 
7wm 140 

HY-GAIN 
I H I  i 1.1 li1li.11111 ! I  I 
IH!>Mh?S 5 r l  I ~ I I , I ~ ~  !si q5 
~ ~ 1 . 1  4 Cl llil~.ill!l 
,Hi,IRS el 751)\Y pep 

3'1 
?1R'15 

t s ~ v r l W 8 S  5 band 1h.v vert 1;; ,9; 
I.lA?OIWBS 4 baoll l r ? ~  verl 

2ml unllli dlrccl V7!, 
70cm ,,,,,, ,l,recl ;q v4 

HBl44MAG 71111 mag m l  !,5 
AND MORf 1 

KLM 
KT34A lrtband 4 el 33795 
KT34XA lrlband 5 el 485 95 
2M l4C 21111 salelltle 87 95 
?M ??C 2 s 1  salcll~le 
435 18C i k r n  salctl~te 11; 
405-4(CX 7a:m sdlcll~le 155 95 
MOSLEY 
Td:lR 3 el. lrbband 239 W 
J 3 el lrmband 179 W 

6 el lr8band 359 UO 
CLJJ 3 el I!<hand 265 110 

2u.i veil rlnqo 24 50 

TET 
llll.lR:l!ll' .I!) I ?  10 J el ).:.I <I5 
MV3AH i 21.28 vert .I8 !IS 
MVRAHR 1/21/28 verl 80 45'wllh rddln 
MVRHWR 14/21/18 verl 80 45 wtlh rarlin 
uL.n .I onp 3 ~ 2 1 , ~ s  139 s', 
SO I n  18 MHz Swtss Ouad t l R  R', 
SIIY ffi 2ln1 SWISS ~ a a d  !IS !I,, 
SOY 08 ?mI Swlrr Oanil 66 9'1 
MISC. 
Arvlta Cmlla Twrn Slope1 49 95 
L.I I \P~KD~.I~O.HO 16 95 
L.8cen Otlal Randrrs 38 45 
11~1a~111la I 1 1795 
An1 Spec AP151 3 6  34 511 
x panda ftve 14 15 
L~<~ht l l#nu  Arreslor UHF-M-f 3 80 
R,,~~,,~,,,,~ Hv3B 165 no 
HII<IIPI UGM 19 !I5 
Unt~ona Dual Band 51 110 

AR.2 
PRn37 7 el l r i l r ,~d  665 00 

ARX-2 2rnt verl rmoo VAN GOROEN 
(anger 30 w PI)8010 80.10 dnpole b l  3-4 95 

~ ~ x . 2 8  2,111 vert rlnqo ranger PIIRMO 80-40 dl(lOlP kit 32 50 
I1 37 w PIl.ll l lf l 40 10 rl~p<lle k11 309!, 
AND MORE' S11fl0 80 sho11cned d l w k  78 95 

HUSTLER 
SIIJU sl'orle'"!if :: 2 ALINCO ALR 2061 SPECIAL 5 CALL 

GRTV 6 band lrap verl 12895 
BANDER 160-10n'1 

ANll MflRF' 
. :. ?, >.,I!, IU (:I\ ! ,# , . ,##f#! "  

5HIV 5 band lrap vcll 108 95 . ! h ~ , , , , t  (OII',~#I , , $ I  Msc 

4RTV 4 band lrilp YP~I .84 95 I I I~#!I  So!> Alfdto  ion^ #:!:M G7 144 FIX stat l m l  d l  90 . lllr ALH . ' E l  I< l lw sales1 moblle nu on 
cnll~nrar 71695 NLAISOMM 45 90 the fmilrwl No I IC ,~~  10 lake your eyes olt 

MO.llMO.2 nlob81~ mast 21 95 NMDISOMM . 45 90 Ihc road CriMPLl IELY PROIiRAMMABlI 
RMIOIRMI5 IOill l 5n l  lesonalol K I 1  1.17 HO 16'15 FROM YII: 

11 95 AND MORE' ALINCO ALM.2031 SALE I C 8 U  

4 kH? bltel replaces 6 kHz wtde l~ller- 
Inlprouer AM relecllvlly 
A~I~IOO~IIP,~ uo,~!ildt q ~ m  m e  and~dloa1~~1 
dtclorl~on m o r e  p.!sy Ikslpnlny 
AGL l8nlr cas~l.lnl lor opl8nlulll ACC conlrol 

ALLIANCE ROTOR 
PAKIUTT PK.64-Wofld's W 

RS 237 oplrlin rvallable ALINCO "Ouad Pad" the petlecl tnalch lo1 
KANTRONICS UTU tndays antenna ~nstallalcons I ? OSCAR sys- 
Novi Av.<il.~hlt, al IEB terns, lhght HF beams. VHiUHk hrams 

Ihnlcl bea!#il(l. I~gh twe~~ht .  durrblt alarn~ilum 
. can ,,!,d ",, CW. ASCII AMTOR 4 legs-strong-rotor plale-accrpls uul~onal 516 Mi'' Street NE 

RiTY 
[nsy 10, beginners C O I I ~ I I ~ C I ~ O O - ~ I ~ ~  INWI,IIIAIIO~ Vienna. VA 22180 USA 

ETS 120 46" 
ETS.150 55" PIII.FS swcs  suhlPcl to change 
EIS 180 Gi" 1 95 00 Shil,plng charger nnl lncludPd 
ETS-210 71'' Rpl~rns  SI,~I?CI 11, ?NB ~ ~ r l o c k  charge 

I 1 fi , II,T,I '1,. I East Coast Dealer AAZ 7A T~~~~~ B~~~ ( 8 ~ 8 ,  ralalrlc $11 USA All ntllcl 3 IRC c 
I a!",, ,)vr.n!i,,i Pachagc Deal 1 CALL S AAZ 7 Rolor h Cnnlrol $171 IK) ORDER TOLL FREE 8OOJM.3210 
Riir! l 3  rl?,r~t~rll~-lnall5 See Almco Ads lor Detallr Tech Info-VA ordars 703 938.3350 

, 
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I ne ~ o d e l  DX-A cornu lnes rne r n r n e n u u u s  I l n p u w e r  ui rllr quar-rer' 

wave sloper with the wide bandwidth o f  a half w le. Simple 
to  install, quick to  tune. onghaul DX pet% 

Installs like an inverted+ dipole. u,,c down. A single "ISO-n~.. ,.Y,aLU,-,C.U,,..U, 

for 80 meters (67') and the other leg for IS used in the 160/40 meter leg. 
160/40 meters (55'). Fed wlth a single Curnnt lobe up high for maximum radla- 
SO ohm coax. 50.239 connector provlded tion and excellent DX performance. Can be 
on mounting bracket. Installed from 25 to 40' high. . Configuration provides wide bandwidth The Model DX-A Antenna is fully assam- 
on all three bands Qp~cally 70 kHz on bled. uses all sta~nless steel hardware. a 
I60 meters. 200 kHz on 80 meters and full UV.protected "150-RES" roll. "12 copper 
band on 40 meters. Much wider than most wlre and IS rated for severe envtronments. 
other loaded slopers. dlpoles or vert~cals. Specrally coated wlre dlsappean from your 
lbner usuallv not reaulred. nelahbors' vtew. ' 

disk and instruction manual. Easy to install, the 
system is priced at $229.95 

The Com-shack 64 is available from Engineer- 
ing Consulting, 583 Candlewood St., Brea. 
California 92621. 

affordable tool kits 
Jensen Tools. Inc. has introduced a new eco- 

nomical line of electronicielectrical tool kits for 
students, hobbyists. and in-house service depan- 
ments. While not as comprehensive as the 

Model DX-A also operates on 30-17.12 $ 4 9 9 5  Available fmm professional Jensen line, the new Telvac kits 
meters. VSWR of less than 2.5:l. Eas~ly your local include tools for most service needs and come 
matched wlth a tuner. Alpha Delta Dealer 

High-power operation. Rated at 1500 or add $4.00 shipping in a choice of attache or zipper-style cases. 

watts PEP output. No traps to break and handling (USA only). The tool seleclion includes more than 30 stan- 
dard tools for servicing electronic and electrical 
equipment as well as for model building. Tools 
are supplied in single pallet attache-style cases 

P 0 Box 571 Cerilervllle. OH 45459 of woodivinyl or aluminum/vinyl construction. 
(513) 435-4772 Orders (513) 376-4180 Anlenna Tech Info @ or in a heavy-duly zlpper pouch case. 

current solutions to current problems 

BRAND NEW JUST RELEASED 
Explore the world of 

" '  THF RADIO \hl.\T[UR'S 

MICROWAVE 
Microwave communication! 

COMMUNICATIONS Oneof Amateur Rad~o's last fron- 

HANDROOK t~ers IS the microwave reglon. Th~s 
book IS the flrst ava~lable to glve 

I ) \ \ I  I W . R \ \ I  h41lit th~s ever expand~ng area of Ama- 
teur commun~cat~ons u n i q u e  -n treatment. Areas covered ~nclude: 
communlcatons equ~pment for 
1.2,2.3 and 10 GHz, networking 
and data packet~ngconceptsw~th 

.- speclal attent~on to 24 GHz sys- 
tems. des~gn parameters, rf and 
env~ronmental cons~derat~ons 

$$'-+y - # c +  and system des~gn suggest~ons 
&'?%% % &z for future growth and mod~f~cat~on, 

F projects and much more You also 
I -  _ I  get ~nformat~on on TVRO and 

MDS systems w ~ t h  suggestions The Radio Amateur's and ~deas on how to bull, your 

MICROWAVE own 1985 184 pages 1st Ed~t~on 
I IT-1594 Softbound $12.95 COM M U N ICATlONS pleasead,,, 5Otorshpp1ngand handling 

Handbook Ham Radio's Bookstore 
by Dave Ingram, K4TWJ Greenv~lle, NH 03048 

Telvac Kits are ideal for those seeking a highly 
functional and attractive kit at a minimum invest. 
ment. For more information, contact Jensen 
Tools Inc.. 7815 S. 46th St., Phoen~x. Arizona 
85044. 

Circle 1304 on Reader Service Card 

new commercial license 
materials 

In response to popular demand. Ameco Pub- 
lishing has rewritten two Comnlercial Radio 
Operator Question and Answer License Guides 
for two popular commercial exams: the General 
Radiotelephone Operator's License and the 
Marine Radio Operator's Permit. 

For preparing for the General Radiotelephone 
exam. The Commercial Rad~o Operator OBA 
Lrcerise Gurde for Element 3 (Cat. No. 9-01. 
$5.951 contains over 270 questions taken from 
the latest FCC syllabus. Detailed answers, writ- 
ten in Ameco's proven, easy-to-understand 
style, are included. 

For preparing for the Marine license, the 
revised Commercial Radio Operator License 
Guide for Elements 1 arid2 (Cat. No.8-01, $5.951 
contains all the information needed to pass the 
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Electronic Enthusiasts. 
Maglc Mouse for C64 Pyle Woofer 

3 /  dlgtl shock mounted display Creates compllcaled grsphocs on Superlor quatlty Fyla drivers are 
Four DCV ranges Four DCA tws than hall the llme requlrea avaltable from US al lanta~llc 
ranges Two ACV ran* Four lor convenl~onat programmmg prlcer Buttd your own speaker 
ohm ranges Input tmwance ne3-775 (49"s system and save 10 16 ounce 

52995  
magnet 75 walls 
*55-1W 
When you buy a paw '23'0 

Breadboard Module 
~ u w t o r  -eta pawc 'wan) K b  
Holds lorm and reststs Mat up lo  <=- 
W C  624 t ~ e  poonls 2W dost - 5  , , We carry unlque eleclron~c klls la 
Polnls Ihe advanced and bgllnner 

'19 '5 *I?-337 \995 

HwMnks DlgHal Capacitance Mskr Butane Soldering Iron 
We carry heat sqnb lor TO 3 Chw k tolerances son values Go anywhere soldering ,won NO 
TO-5 TO 2273. Iranstston Perlecl measure unmarked capac~tors cords no charqtng Refill qu8ckly 
lor kt1 buftdtng 

20' 
and rnore *11h lhtr capacllance wtth widely avabtable butane 

&Iowa meter Ntne ranges lrom IpF lo  I 
I8  BOBuF x- ~ 2 1 ,  >399; 

U72-MO s5980 

FREE Electron~c Dov~ces Catalog illled w~th 
resistors, capact tors ,  transistors speakers. 

CALL TOLL FREE 
transformers, switches, tubes. ICs, test 1-809-551 -6 522 
equipment, k~ts, fuses, connectors, wtre and 
more Forhrther ~nformat~on about these  - products and other exclttng values, ge t  a copy 

MCM ELECTRONICS 
A DIVISION OF PAEMIER INDUSTRIAL 

of our new 64 page catalog 

~cmti .  R 1111 - 3Ra i i t .  
')'I t i .  &less - 3 L f d i i ~ .  

Y 
BLLDEN 9258 KC-IiX 

$l f ,O [Jtv IOOII I!. or I :U/ft. 
A m p h e n o l  c o n n c r l o r ~ :  

111, 211, N' M . ~ l r ~ , ~ l ~ l ~ ~ ~ ~ n d  I tY1 
11t...'Ic. 1 ~ 1 1 ~ ~ ~ 1  I<,, Hc,lrlc,n LIOI I' 4 ill 

I l l ;  ,?CIA N ll,~rrc~l c ~ ~ t ? o c ~ c l ~ ~ r  4 ? %  
L'l, FRA 'N' Ivm,ltt. rl>.l\rar nrount I 511 
1 ,  I Y'I'I~~~1011111 1.v h :ill 
L,l,.IIl N I .8cL Ic#1111l 111~): I1 ill 
PI sill IIIII hlrll. c ,1011. e.o>cI v1w.r I .'F 
It 2 -  I It I1 B.lrr'.l I I l " " , Y  I < , ,  .'IN1 
1 '(, 17: I(t.lluc~r lor R(I '~H~. l l , l~~ li 
( ' I ,  171, R~~,lu~c.rf~~f N, 5,l  M8mX 1'- 
1'1. IUI RN( PI,,~IO~ u ( ;  -,II :IWI 
I # ( .  JfdIH Ill N Phlellll W O - i l l  2 Ill 
I,(. ?l<IR R N r  Flu): lklr htlnlXf#l11~1I I Id1 

8 gauge hook-up wire 28C/ft. 
PC~IKI tor power suppttn. Red of Black onlv 
COMPLETE STOCK. SAME DAY SHIPPING 

U.S. Geological Survey Maps a 
C m l e t r  N I Index m rtwL - plvl  

201-887-6424 

110-4 R o u t e  10 1 E. t ianover.  N.I. 07936 

7 MILLION TUBES 

FREE CATALOG 
Includes all Current, Obsolete, An- 
tique. Hard-To-Find Receiving, 
Broadcast. Industrial, RadiolTV 
types. LOWEST PRICES, Major 
Brands, In Stock. 

UNITY Electronics Dept. H 
P.O.Box213 ,118 

Elizabeth, NJ 07206 

eonr.r lv  us.3 eryrtal r.f.rmc. 10 !orb  ante the Ihr 459 2 1  EIYl 
I f l n d l d  -or- rrcond rhrnn.1 at 421 25 or 126 15 or 116 15 MHz 
Thlr renrrrlrr also I U P P D ~ ~ S  . mrnu.1 tvnlnq mod. 9r non-standard 
fr.qv.ncl.r Th. IT output cm 0. 0rd.r.d (or rhnn.1 2 or 3 
This ATY mshllr a r m ~ l l  MdonX1 rrqu1r.I r l Z Y C C  A mall IIV 
Irmrrormrr Ir swpImd r l l h  lhlr .sl.mOl.d and 1rrt.d r0nrrrl.r 
Tnlr ranr.rtrr US.'. O*, CCI er amp " l lh .  hl*hl" ,.l.<l,". brn*. 
prrr f7ll.r lhr l  rlll rul oul rlrnnq V M ,  l r  and 0lh.r Ilronq oul-of- 

Typlc.1 r.l.cl>on @ 5 W  MHz - -50 d, F 2 2 0  HWz - -65 6. 
and @I44 MI * -70 d o r  qrr.l.r Th. pass-band 3s 420-445 PMI 

Vol lq .  r.wlr+mn IS r.ry sI.bI. md-r rarynp DC nput Con- 
v-rrwn srm 17 r p p r o x m r l . ~  20 d r l l h  loput a d  output surw 
wo(rctceo hpuf tr rm f v ~ .  n ronotrfer outoul ts r u  fyp. 'F" 
cenn.rl@r S1r. bs 5 125 r 5 5 '  r 1 5 -  

3608 CHARLES STREET 
FORT WORTH TEXAS 761 18 

- 
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Antennas 
WF l o a m  8 pm 
ldt lodm ' p n  

a m w n  w 9 a m - 7 P T  I C~shcrall 
<.. ." .- . -- Mlnl-Products -. ," m.,..F,, ~ ~ 

KENWOOD 0t.w 

1.1 N w  W 4 0  

Van Gorden 
K U I  

NCW IC-735 1 HF XCVR wttn built-in Anlcnna Tuner 
AEA 

C O ~ D O C ~  HF t r o n r i t l v ~ r  I C ~ I I  tor mtro orlcr 
Bunernut 

I 
New IC-7SlA 

HF X C V R / G P ~  Coverage 
ReCll"<r 

vurluni 
9 r  17A. 17H. 77IA. P71H 

190 MY.. 37A 
U. MY.- 4 l l A .  471H. 47A 

I<-OSAT, 04AT 
Small. Ilqhl Hfr lor 1m or 

440 MHZ 10 memorlcr 
ma 5c.n IYIIC~IO~I 

IC-SAT, SAT, 4AT 
Handheld lor 7m. 110 

MHz. 440 MHz 

New I<-AS in stock 

TS-940 - 
HF XCVR/Gen ( i ~ i c - # , w e  no, elver 

New TM-SS3OA/SOA/7OA 
15145/70 wnll ~llobllr ?m r l g l  

H e r  SO18 In Stoch 
7m Moblle. 45-waits 

nandhelds 
TR.26WA. IR3b00. lH91AT. 3 l A l .  

4IAT Call lor quoles 

MOI lCY 

Hustler 
Telex HY-Gain 

Larren 

Towers 
Unarco-Rohn. Hy-Gain, Tri-Ex 
Ask 10, spCr#al  quoltr on package 

deals #ncludlng cable, guyl. 
COnneClOrI. IumbuCUIeS. CtC 

Accessories 
Kenpro 
Alllance 

B8W 
Telex HyGaln 

Da~wa 
MFJ  

Bencher 
Amphenol 

Aslron " , 
B+ K Precision 

Sh0rtwa.e 

,\ 

W e l l  

Sony 
Panasonlc , , / i Amplifiers 

yaesu vocorn 
Kenwood Draws 

lrnm FT-757GX Ameralron 
8 HI XCYP <~,,.., I ... I ,ir *FC.I"CI 1 Amp Supply 

Scanners More Radios 1 TE systems 
Unlden/BedrCdl ' ! Tokyo Hy-Power 

Regency I 
Encornill Sdlllec ' 8  

KOK 
TenTec i Computer Stuff 

oar*.-, PlCll" - - -. - - - . Marone radlor b y  Regcncr Polar85 Hardware and Software 
am tcom Ask for Package for RTTYIMOR~ 
C0mmer~I.1 Lana Mobllr by Yacru , Quotes on Hbl 
and olherl 
Trlrphonrs by AT&T. Cobra. 

Kantronlcr 
southwerfem Bell and Panaronlr 4 

Radios/Acccssoria AEA . cnr br uniacn Mldlana Cobra - 8 Antennas/Towers Mlcrolog 
mad., ~ l ~ r ~ t o r s  b y  unbaen and 
wn<rtlCr I 

2.1 to 3.0 GHz 
SWEEP GENERATOR . Max~rnum s~nosod~al SWPCP from 

2 1 to 3 0 GHz 
Output vanes less 
than ? 2 Db @ @@ Sweep ad ustable 

RMswC 2 1-3 0,5144 00 t 10 over BOO MHZ 
0.11 ul IS attenuated lo aboul 0 DBm 
dn8transformed to about 52 ohms wllh 
20 tt of RG 58 cable (BNC plug) 
60 Hz hor~zontal sweep wlphase control 
Regulated + 12 VDC and - 15 VDC 
output at less than 50 Ma 
Input power IS 120 VAC 
Other microwave lest and communl- 
catlons equipment avatlable 
Pr~ces Include ostagelhandl~ng 11 order 
~ncludes checf or money order 
F 0 B Brookfleld. MO for C 0 D or 
charge orders 

ROENSCH MICROWAVE 
R R I 001 1568 816-895+31 
BROOKFIELD MISSOURI 64618 

MFJ I 1 
Ham Data Amateur Software. 

r /  1' 

L 

Crysfaf 

lor KENWOOD TS830. TS930. TS940 
our ~,!te,, r ,. . , ,;~,tveo b - ~ . r r s a  p . ~ # i r .  As I l m o ~ s  Con- 
~ ~ S ~ ~ , V L ~ R Y Y  woterecenl$) :)  Rac#oruorllna s revlew 
xeOwDOd w..,~ great D"I 8 po!~ F O X  rango lillers are 
oerler I n. . r~pu~ aparr ro my 9.iuaodrhe~mprovemenl~s 
Idilld<flC 

FOX TANGO MATCHED.PAIR FILTER KITS 
2.1 kHz lor SSB: 400 Hr 101 CW .................. Stw a l l  
Bolh SSB and CW SPECIAL ..................... 1315 lor Pour 
W , I ~  ,ilc:i,de crtnlpo nrltucllonr and all neerled Darts 
~ ~ e c l l ,  Oana~~olhr and Kenwood Mod81 when ordering 
FOX TANGO 'IIIIIII equal 01 exceed toe clalms 01 8mllatOrS 
why  r s r  o~rapoo1nlmen17 G e l  Ine real lomg' 

SHIPPING If' US $5 An /US d Csoadal.ll2 Elsewhwe 
Oriai by mall or phone YISAJMC or COD accepled 

Ash atmu1 Oa flners For Manp Olner Rigs 

FQXQXTAAICO C ~ r p -  
Box 15944. W. Palm Bch, FL 33416 

Telephone: (305) 683-9587 

examination, plus additional charts and handy 
reference material. 

Ameco also recommends its Commercial 
Radio Operator Theory Course (Cat. No. 15-01. 
$8.95). More than 450 pages long, it contains 
21 lessons and 600 FCC-type multiple choice 
questions. The book is a complete course in 
commercial radio: no previous technical back- 
ground is required. 

For details, contact Ameco Publishing Corp., 
2 2 0  East Jericho Tpke., Mineola, New York 
11501. 

Circle IJM on Reader Service Card. 

Yaesu newsletter 
International Radio, Inc., publishers of the 

ICOM and Kenwood Newsletters for the last five 
years, has now added the Yaesu Owners'News- 
letter, formerly a Fox Tango publication, to its 
list of monthly publications. Founded by Milt and 
Ida Lowens approximately 13 years ago, The 
Yaesu Newsletter, like its companion publica- 
tions, functions as a worldwide owner's infor- 
mation exchange. Each of the three newsletters 
features information gathered from readers, 
manufacturers or their agents, the IRI Service 
Laboratory, and Amateur Radio magazines 
around the world. 

Back Issues of the Fox Tango Yaesu News- 
letter are available!rom 1972: a cumulative index 
covering the years 1972 through 1985 is also 
available. Back Issues of the IRI ICOM News- 
letter and Kenwood Newsletter are available from 
1980: cumulative indices are also available. 

For information on these publications, send 
an SASE to International Radio. Inc.. 1532 S.E. 
Village Green Drive, Suite L, Port St. Lucie, 
Florida 33452. 

Circle C301 on Reader Service Card. 

new T/R relay module 
Hamtronics, Inc. has recently developed a 

low-loss transfer relay module for use with 
50-ohm coaxial cables at frequencies up to 1OOO 
MHz. The special shielded relay, with gold-plated 
contacts for high reliability and long life, is 
mounted on a stripline PC board with solder ter- 
minals. The relay module, which measures only 
1-1 18 x 1-518 inches, is easy to mount and con- 
nect. In a typical application, it would be wired 
to adjacent modules with miniature coax. To in- 
terface with larger cables. it's usually wired to 
appropriate connectors on the rear panel of the 
cabinet. Handy for TIR switching of devices 
such as the Hamtronics transmitter and receiver 



modules, band switching of transmit and receive 
converters, selection of antennas, switching test 
equipment paths, etc.,  the TR Relay Module is 
rated to switch RF up to 25 Watts with a VSWR 
of only 1.3:l. Special rounded contacts and 
shielding between ports provides an isolation of 
55dB a t  VHF and 48 dB a t  UHF. The maximum 
usable frequency is 1000 MHz. Transfer time is 
a fast 15  mSec, which makes it useful in appli- 
cations such a s  packet radio or simplex auto- 
patch. Operating power is 13.6 VDC a t  only 40 
mA, and on-board relay coil transient suppres- 
sion is provided. Standoffs are provided for 
mounting the relay module. 

The price of the TR Relay Module is only $24 
in kit form and $34 assembled. 

For information on the TR Relay Module and 
a 40-page catalog, contact Hamtronics, Inc., 
65-F Moul Road, Hilton, New York 14468-9535. 
(Enclose $1 to receive your catalog by return first 
class mailing. For overseas mailing, please send 
$2.) 

200-watt linear amp 
Microwave Modules Ltd., of Liverpool, Eng- 

land, has announced the availability of a com- 
bination 200-watt linear amplifier, the MML 
144/200-S, with selectable input levels and a 
GaAsFET receive preamplifier for 144-MHz oper- 
ation. This design provides an output power level 
of 200 watts that is fully compatible with 3-watt 
144-MHz handheld transceivers or multimode 
transceivers having either 10 or 25  watts output. 
The input power level is manually switch-selec- 
table t o  suit the transceiver in use, making this 
product appropriate for use with mobile, porta- 
ble, or base station equipment. RF VOX and a 
manual PTT are provided. 

The receive preamplifier uses one of the latest 
dual-gate GaAs FETs in a noise-matched con- 
figuration. Conversion gain is deliberately set a t  
only 12 dB in order to achieve strong signal han- 
dling capability while maintaining an overall noise 
figure of below 1.5 dB. The unit is housed in a 
durable extruded aluminum enclosure measur- 
ing 13-3/16 x 6-15/16 x 3-13/16. 

The MML 1441200-S is available from the 
" P X  Shack, Belle Mead, New Jersey 08502 and 
other Microwave Module dealers. 

Circle CJ20 on Reader Service Card. 

G T H E  H A R D W A R E  UTIEW~MYTH J O U R N A L  

Now there 's  a brand new magazine for the adventurous computer buff who isn't afraid to 
technically sophisticated microcomputer en- take the back off the case, who likes new ex- 
thusiast who likes to build, customize and explore periences and digs into any device, unsatisfied 
micro hardware at the chip and hoard level, until all its mystery is dispelled and its potential 

The publishers have recruited an outst:~nding is fully in hand. Our reader is a craftsman who 
staff of senior editors with more than twenty enjoys building, even while finding the adven- 
years of engineering, software and diagnostic ex- ture just a little scary. 
perience in the microcomputer field. Computer Our first-year line-up included: The SC84 com- 
Smyth is produced quarterly in Peterborough, puter; a brand new 280 system with exceptional- 
New H:lmpshire, home of ten other rnicrocom- ly powerful peripheral possibilities and a plain 
puting publications and a total of morc than English description of each and every capability 
twenty internationally circulated publications. of the machine and its operating system; an XIY 

Computer Smyth's primary interest is hands- charterlplotter you can build for under $60 that 
on construction, modification and expansion of will teach you a lot about how these devices 
micros. We see the IBM PC: phenomenon as a work; a neat, powered wire-wrap tool for two 
giant magnet or vacuum, dragging hardware and hours of your time and a little more than the price 
software talent into a vortex of activity that ig- of the tool's bit; an RGB color to composite con- 
nores and overshadows the line of new CPUs and verter board; Ed Scott's three part series on his 
peripheral hardware enhancements that are 68000 computer; Ken Barbier on printer inter- 
becoming available. We believe 32-bit architec- faces; a multipen plotter upgrade; a Data Destroy- 
ture is the proper and exciting growth direction er (for super clean disks) a review of the DTC XT 
for micros and too little talent is being invested clone; an RMN converter; and an audio module 
in that opportunity. for the Atari 8000. 

Computer Smyth's editors are 1150 deter- Coming up in 1986: a switched power supply; 
mined to cover all opportunities including the an EPROM programmer; a safe, active circuit trac- 
rich offerings of the IBM lines as they appear and ing tool; a silicon disk; how to identify and find 
especially to evaluate the so-called clones. microchips; how to buy a superplus keyboard; 

We believe magazines are hard-copy net- and builder reports on four single-board com- 
works-or extensions of the central nervous puters: 280, 648180, PC and XT. 
systems of those who read them and interact with O u r  Guarantee: Your money back after your 
each other through them. The inter-stimulus fac- first issue for any reason. 
tor accelerates each participant's learning curve. To subscribe, just fill out the order blank and 
produccs new combinations of ideas and new enclose your check for $15 for one year or $25 
answers, and defines fresh problems. We are con- for a special two-year introductory offer. If you 
tent ancl idea centered-not just a sales medium prefer, use your MasterCard or Visa card. Credit 
for consumer goods. card users are welcome to place phone orders 

Who reads  Computer Smych? We're look- at (603) 924-9464. 
ing for the intelligent, technically curious and 

.................................. ORDER BLANK------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I I 

I I 8 

NAME j Enter my subscription for I 

one yea; at $15.- , I 
STREET & NO. 

I 

I Make that two years at $25. I I 

j I enclose $ by CITY STATE ZIP I 
I 

I chcck money order I I 

j Master Card Visa • CWNO. EXPIR~S I 
I 

I COMPUTERSMYTH - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -a - - - - - - - - - - - - - - - - - - l  PO BOX 1 76 Dept. H-56 Peterborough, NH 03458 
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WAS $15.75 NOW $4.95 SAVE $10S0 
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Ins accepted For lnformat~ori or table reservatlons Dave Rose. 
KWlV ,  13 Long Cross~ng Rd. East Hamplon, CT 06424 12031 
267 8993 

OHIO: The Athens Cour~ty ARA's 7th annual Harnfest. Sun 
day. May 18, 8 AM to 3 PM, Clty Recreat~on Center. East Stdte 
Street Admissbon $3 00 advaticc and $4 00 at the gdte Thts 
year the focus w ~ l l  he on the use o f  computer tech~iology In 
ham radlo A specdal feature wlll be a Ifve denlonstrat~on of pack 
et radio. Those w ~ s h ~ n g  to take llcerise axanis send completed 
form 610 and check for $4 25 payable to ARRLIVEC by Apr~ l  
15 to John Cornwell. NC8V. exam coard~riator, 101 Coventry 
Lane, Athens, Ohlo 45701. Advance reglstratton requr:sted but 
walk ~ n s  w~ l l  be accepted Free flea tnarket space for those br~ng 
Ing own tables Talk In on club repeater 146 34 94. For reserved 
flea market space. Sam Stewart, KA8NIE. 116 Frankl~n Avenue, 
Athens, Ohlo 45701 16141 592~5330 For further tnforrnat~on or 
advance t~ckets write Carl J Denbow, KABJXG, 653 Morr~s Av 
enue, Athens, Ohlo 45701 

OHIO: Portaoe Hamfa~r soonsored bv the Portdae ARC Suri 
.Lk ~ a , ~ l 8 ,  j 30 AM lo  ~ ' P M  H;~!trllllrl F P  rnro~n;t> H I! .toll.rl 
r c... 15 $3 00 dcr\.8n~t, $3 50 .I! th. <IJI.: ntlnnf <,.,I locr! I t b  

oldrrc.1 sl,3rr.~ $2 00 A III 8' tau r 1111<1 1.1. I II I r $6 VU t .I I I  

KENTUCKY: The Northern Kentucky ARC's ''Harv 0 Rama 
'86". June 7 dnd 8. Best Western Veg,~s Convenr~o~l Center. 
Erlanger 18 m~les south of Clnclnnat~l Adtn~ss~on for both days 
$5 00. Chlldren under 13 free Open to pul j l~c 8 AM Indoor out 
door flea market. Contact AF4Y or WD4PBF at getc for flea Inar 
ket spaces and prlces Major vendors contact Joe Dunnett. 
WA4WNF at I6061 371 2255 for dddft~onal mfor~nat~on or wttle 
NKARC. PO Box 1062. Cov~rigtori. KY 41012 Talk ~ r t  on 
147 8551 255 and 147 975 375 

1986 "BLOSSOMLAND BLAST" Sunday October 5. 1986 
Write "BLAST". PO Box 175, St Joseph. M I  49085 

PENNSYLVANIA: The Delaware County Amateur Rad~o As 
w c  +t.oct # \  %C,nnhnroncj r l k \ q r  7th d n r >  ad r~d !n l t \ t  . % . r  t 8 Urvk 
,. HI! Mlda e Scnoo. Statr. H~.ao drlct P,.n~i A J ~ I I - ~ .  Urexr 1-111 
Dl,ors uuerl 8 AM St't..r~s 1 AM Adn, 54 o r  $3 00 locloc,~ ta- 
bles wlth electrlclty avatlable by reservation $3 CQ per space  out^ 
door ta~lgat~ng Novtce through Extra l~cense exams startlng 10 
AM Food and refreshmerits ava~lable Talk ~n on W3UER. 
147.96136 CIL 224.5 MHz and 146.52 s~mplex For reglstra 
t~on/~nfprmat~on Hamfest, DCARA, PO Box 236, Spr~ngf~eld, 
PA 19064 or contact Barbara, N3DLG 1215) 535 1616 

ILLINOIS: The SIX Meter Club of Ch~cago 4s hav~ng 11s 29th an 
nual Hamfest, Sunday June 8, Santa Fe Park. 9151 ;:nd Wolf 
Road, Willow Sprlngs. IL. ISW of downtowri Chtcagol. 
Advance registratton $2.00 At the gate $3 00. Swapper's Row. 
Gates open 6 AM Plenty of parktng, p~cn~ck~ng,  d~splays In pavilb 
Ihon, refreshments AFMARS meettng Talk In K9ONA 146 52 
or K9ONAIR 37-97. Advance tlckets from Val Hellw~d, K9ZWV. 
3420 South 60th Court, C~cero. IL 60650 

NEW YORK: The Rochester Hatnfest and Atlarif~c 01v1s1on 
ARRL Conventlon, sponsored by the Rochester Amdteur Ra 
d ~ o  Assoc~at!on, May 16, 17 and 18. Monroe County Fargrounds. 
Rochester. Tickets $5 00 advance, $7 00 at the gate Huge out 
door flea market $5 00 per space Spectal tndoor flea 
market for nor- cnmmerclal exhlb~tors. For tjckets Hamfest Tuck 
ets, 174 Croydorl Rd, Rochester, NY 14610 For ~nfotmat!on 
Rochester Hamfest. 300 W h ~ t e  Spruce Blvd. Rochester. NY 
14623 or phone 1716) 424~7136. Talk I r i  or1 146 28/88 

NEBRASKA: The Ak Sar Ber~ Amateur Radao Glut, Auct~on, 
May 18, Rad~al Soc~al Hall. 1516 NW Rad~al Hlghway, Omaha 
Eqt~~pment check tn 8 AM Auct~on beg~ns 9 15 AM Talk In on 
146 341 94 For triformdt~on Grey L~nlt~ierman, NOBTN 
1402)895 5219 

MICHIGAN: The Wexaukcc Aniateur Rad~o Assoc~at~ori's 26th 
annual Swap Shop, Saturday. May 17, Wexford CIVIC Arena, 
~ c t  of N. M~tchel l  and 13th Street 8 Am to 2.30 PM Adm~s  
s~on $2 50 Food and refreshments avatlable Talk In on WD8RZL 
97/37 For mote lnformat~on Wexaukec ARA. PO Box 163, 
Cadlllac, MI 49601 

NORTH CAROLINA: The Durham FM Aasoc~at~on w ~ l l  hold 11s 
annual Hamfest & Colnputcrfest. Saturday. May 24, lower lev 
el of South Saudre Mall. Durham. 8 A M  to 4 PM Adm~ss~on 

OHIO: The Sandusky Valley ARC's annual Hamfest May 18. 
Anierlcan Legton Home. 2000 Buckland Avenue. Fremant Ad 
vance t~ckets $2.50, at the door $3 00 8' table space $6 00 Free 
trunk space space, free parklng Talk In on 52 stmplex or 
146 31/91. For t~ckets or more ~ n f o  SASE to Pat D Keattng. 
WBBKWD, 615 Llme Street, Fremont. Ohno 43420 

mlsston for hams $3 00 9 I 'M Sellers car space $5 00. 
7:30 AM, no reservatlons Call Hank, WB2ALW n~ghts for ad- 
dit~onal ~ n f o  or LIMARC lnfol~ne 15161 796-2366 

PENNSYLVANIA: The 32nd annual Breezeshooters Hamfest, 
Sunday, June 1.9 A M  to 5 PM. White Swan amusement Park. 
Rt 60 near Greater P~ttsburgh lnternatlonal A~rport Free ad 
mlsston and flea market Family park Registratjon $2 00 each 
3/$5.00, 7/$10.00. Covered vendors area by advance regtstra- 

tlon. Mob~le  talk 111 on 28188 and 29 000 Mt41 Fa, niore ~nfor  
matlon. W~llianj Hall, Sr, K:IVSL, 3103 Wdlrlhell Avt:riue. 
Pittsburgh. PA 15716 14121 531 4821 

CALIF0RNIA:FCC cxdrrls. Noi~,:t: Extra Sunrlyvdlc, VEC ARC 
14081 255 9000 :'4 hour 13. Gordoli. W6NI.G. VkC 

NORTH CAROLINA: Rt~ l r~gh,  tile Cfty of Odks dncl rhc Rdlelqll 
Amateur Rad~o Soc!e:ty preset~ts the 14111 annual RARS Hdrn 
fest. NC State ARRL Corivenl~on arid Computt!r Fdlr, Jltn Cira 
ham Bu~ld~ng,  NC State Fa~rgrounds, H~llsborough Strt!ct 
Advance reglstr.$tlorl $3 50 ltntll Aprfl 7 $5 (I0 ~ t t  thv door Flea 
market space. orie t.lblf: and 7 chafrs lours only1 $6 00 cdch 
FCC exams by [,re r,:g~strat!o~, prlor to Altrll 1 Contact John 
.Inhnson WM4P d~rect Fre~: welconi~tiu o.lrtv In Grdham 

MASSACHUSETTS: The MI1 UHF Repr,.ater Assoc~at~o,l dnd 
the Ml t  Radlo Society offer monthly Hat11 Erams All classes 
Nov~ce to Extra Wednesday, May 21, 1986.7 PM. MIT Room 
1 134, 77Mass Avf,. Can~brdgu. MA  Reservat~o~~s requested 
2 days ~n allv;~nce Contdct Ron Ho f f n t~ l nn  16171 
253.58201646 1641 or Cralq? Rodgera at 225 661fi Ex,jni fee 
$4 W Bring co~ l y  of crlrrent Il<c.!rse. 2 form, of p~c-lure ID .$nd 
complett?d forrn 610 lav.~,lahle from FCC IN, I3nslo!> 223 66091 

OPERATING EVENTS 
"Things to do . . ." 

ARMED FORCES DAY: 111 rr,:ognltlon o f  t t~i:  37111 arirllvi!r>dry 
of th~s event, Amatt!ur Hadlo Statton W40DR. located North 
s~de aboard Naval Atr Stdtton Memphjs, Mnlltnglton. Tennessee. 
wtll be operatell by sallclrs and Marsties on Salurtlay, 17 May 
from 14002 to ?202 Fol ~ r ~ f o r r ~ ~ a t ~ o r ~  or? WUODR NAS Mem 
p h ~ s  coritact Station Custodtan. Ch~ef Petty Officer Bob Do 
nan, KA4FAL. 19011 872 2007 

QRP ARC1 Spr~ng CW Contest, Aprll 19 to Apr~ l  20 For ~nfor  
matton Eugene Snuth. KA5NLY. Chalrmdrl POBOX 55010, Llt 
tle Rock, AR 72275 

UNION ELECTRIC Hanl Radlo Club wrll olwrdte KAOAWS on 

Derb and District Amateur Radio, lncorporatlng Derby W ~ r e  
less Zlub 1911, will be celebratjng 11s 75th dnnlversary ~ lur lng 
1986 The Soclety plans at least one event per month through 
out the year c d ~ h  from a tl~ffercnl locallon wlth the C ~ t y  of Der 
hy The callsfgr~ to l~s l r r l  for wfll he GB3ERD 

1986 marks the 50th arrruvcrsary of the Greater Conr Ir,ndtl Aln 
ateur Radlo Assoc~at~on A number of speclal evt:nrs dre planr~ed 
Watch for anrlounccrr\etlts here 

CHARGE 
YOUR CLASSIFIED ADS 

to your 
MC or VISA 

\ 
write or call 

HAM RADIO MAGAZINE 
Greenville, NH 03048 

(603) 878-1 441 

squares. Send contest logs Ily July 7, 1986, to LIS.,   ow ell. I If possible let us know four to SIX weeks 
KAONNO, POB 249. Ft Luplor~. CO 80621 before vou move and we will make sure I 
ST. CHARLES ARC w ~ l l  operate WBOHSI l r o ~ n  the ,~nr~ual 
Lewts and Clark nays Festival. St Charles. MO. 1300 21002. 
May 17 18 For cert~f~catc:, send large SASE to St Charles ARC. 
PO Box 1429. St Charles, MO 63302 

ARMADILLO COUNTY. TEXAS wfll berornc~ couritv nuniber . . . . . . . . . - . - - . - . . 
3,077 from Mart:h 2 throuyh~t:cin.mber 31. 19% ~ovr;nor Mark 
W h ~ t e  w ~ l l  proclaim that any Amateur Radlo Opf,rator operat 
Ing along the Tt:xas Independence Trall du!,tigl th.jt tlme frame 
rnay broadcast thdt s/he 1s I r ,  Armadillo County Texas 

W.I.N.O.. the Wlreless lr ist~t~rte of Northern Ohlo. ,317 orgarll 
lul lon spunsort,~ Ily thl! Ldke County ARA will commrn~arate 
Ohlo W ~ n e  Month operattng a t.pec~al events statlor,, K080, Iron1 
a wnnery ~n Mari~son, Ohlo. Salurday. Jurw 7 and Sunday June 
8. A spectal cecttfc,lte 1s available from KO80 WINO Week 
end, 7126 Andover Dr~vc, Mentor, Ohlo 44060 Please st!nd le 
gal stzed SASl 

ARMED FORCES DAY The US Naval Re..ervv Readiness Corn 
mand w ~ l l  oper,tte spr!clal event statlorl WUNUS (Navy Url~ted 
States) from the battlesli~p USS North Caroltna at Wtlm~rigton, 
NC May 17 14002 to 02002 OSL to USS North 
Carol~na. Box 417. W ~ l r i ~ ~ r ~ g l o n .  NC 28406 SASE not r c q ~ ~ ~ r e d  
for your specla1 OSL 

OWENSBORO ARC N I oc><,r.<lr K 4 h Y  If, nl OULLZ Md, 10 l o  
05307 MA, I I t 8 :C s , I>~,~I ,  tnt, 8 ~ ~ l ~ ~ # ~ , ~ t  nf 4 BBO Fe\l8bG3 1245 
I,orll+. Ct.rrf r ,I, felt SASF r e h 4 t K L ;  l ( i l ' JF t ,~ t21~~1  Slnt.1 
Owensboro. KY 42301 

SCHOLARSHIP AWARD: Ttic Atlanta Hrtdlo Club IS ple.~sed 
to announce 11, 1986 scholar,,h~p awards prograrn Two sums 
of $1250 00 eac l~ will be awardc'd to the wlr~ners Allpltcants rnust 
be l~censed Raillo Amateurs graduating frorn hlgh school and 
entcrlng an accredtted college or slnwersnty ds Frehhmen for the 
flrst tlme I" 1986 Judging IS based on school grades, cttlzen 
shlp, ham radl<l dl:hlevement!, dnd flnanclal need For appllca 
tlon blanks wrlre: Phjl Latla. W4GTS. 259 Wedtherstone 
Parkway, Mar~i:tt;i. GA 30061 

THE FOUNDATION FOR AMATEUR RADIO. INC.. 9 w r ,  
rlrof I orq.,! udt 0 1 1  Nlln nrilnO..ttrtt.rS n Vv.tin nyt ,n I)C 1 ,111: 
rn 'j.v.~rcl 21 sco~~d ts r>  lor I< acll,r>> r \t:df 1986 87 10, t OISCVI 
Radua Amateurs may apply for these awards 11 they plan to pur 
sue a full tlme I ourse of s1ud11:s at an accredlted untverstly, col- 
lege or techn~cal school. For add111on;jl lnformatlon and 
appl~cat~on form send letter prlor to Mav 31, 1986 to FAR 
Scholarsh~ps, 6903 Rhode Island Avenue College Park, M D  
20740 

your HAM RADIO Magazine arrlves on 
schedule. Just remove the rna~ l~ng label 
from this magazine and affix below 
Then complete your new address (or any 
other corrections) in the space provided 
and w e ' l l  take care of the r e s t .  

ham 
Allow 4-6 weeks f o r  radio correct~on. 

Maaazine 

Thanks for helping us to serve you better. r--1 r - -  
I I I I 
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Ham Radio's guide to help you find your loci i 
California I Florida I TEL-COM, INC. 

AMATEUR ELECTRONIC SUPPLY 675 GREAT ROAD, RTE. 119 

C & A ROBERTS, INC. 1898 DREW STREET LITTLETON, MA 01460 

1851 1 HAWTUnRN RI vn CLEARWATER. FL 33575 61 7-486-3400 -.- 
'-- 7040 

TnRRANf Store of New England 

3ely On. 

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

I 81 3-461 -4267 I 
b l  l-4Ub-Y . -. .. .. .. .2E, CA 90504 

Clearwater Branch 
The Ham 

21 3-370-7451 
West Coast's only full service 

You Can I 
24 Hour: 800-421 -2258 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
71 4-822-771 0 
- - - - - - - - 

Amateur Radio Store. 
Hours M-F 9-5:30, Sat. 9-3 
AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLAND, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 

Michicran 
ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 48150 

I I 
I I. I r , n Y I V .  

Habla Espanol ~COM, Yaesu, Kenwood, KDK, Bird ... 4124 WEST L. ., 
9AM-5:30PM ROBBINSDALE, .... 
We service what we sell. D ~ I  II 1 

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 
800-882-1 343 Trades 

~ R ~ A D W A Y  
MN 55422 (MPLSIST. 

Colorado I Hawaii 

Outside Fla: 1 (800) 327-1917 
Hours M-F 9-5:30, Sat. 9-3 

Georgia 
DOC'S COMMUNICATIONS 
702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 

- - - - - -- - - 
COLORADO COMM CENTER HONOLULU ELECTRONICS 
!qco I ~ I A I C I  I DI 11n 1 819 KEEAUMOKU STREET 

31 3-523-1 850- 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WDEAHO 

Minnesota 
rur m a n l n  SALES 

I 
' ""L, 

TOLL FREE: (800) 328-0250 
In Minn: (612) 535-5050 
M-F 9 AM-6 PM 
Sat 9 AM-5 PM 

4L"L L V Y Y L L L  Y L V Y .  

DENVER, CO 8021 1 I HONOLULU, HI 96814 I Ameritron, Bencher, Butternut, Icom, 

(303) 433-3355 (808) 949-5564 Kenwood 

(800) 227-7373 Serving Hawaii & Pacific area for 53 

Stocking all major lines 
Kenwood Yaesu, Encomm, ICOM 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-s: ' ' 

I 
at ~ r i ces  vou can afford. 

years 

lllinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours. 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Missouri 
MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 641 50 
(800) 821 -7323 
Missouri: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 

WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom. Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more. 
One mile off 1-95. no sales tax. 

Massachusetts 
James Millen ComDonents bv 
ANTENNAS ETC. 
16 HANSOM ROAD 
ANDOVER, MA 01810 
61 7-475-7831 
Bezels, binding posts, capacitors, con- 
densers, chokes, coils, ceramics, H.V. 
connectors, plate caps, hardware 
knobs, dials, scopes and grid dippers. 
lnauire SASE or visit. 

New Jersey 
KJl ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(301 ) 239-4389 
Gene K2KJl 
Maryann K2RVH 
Distributor of: KLM, Mirage, ICOM, Lar- 
sen, Lunar, Astron. Wholesale - retail. 

I 
- - I 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 
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New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
91 5 NORTH MAIN STREET 
JAMESTOWN. NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 

North Carolina 
F a M ELECTRONICS 
3520 Rocklngham Road 
Greensboro. NC 27407 
1-919-299-3437 
9AM to 7PM Closed Monday 
ICOM our specialty - Sales 8 Service 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH 44092(ClevelandArea) 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30. Sat. 9-3 

DEBCO ELECTRONICS, INC. 
3931 EDWARDS RD. 
CINCINNATI. OHIO 45209 
(5 13) 53 1-4499 
Man-Sat 1 OAM-9PM 

Sun 12-6PM 
We buy and sell all types of electronic 
parts. 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS). OH 

43068 
614-866-4267 
Featuring Kenwood. Yaesu. ~com. 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
special~sts. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS. 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
21 5-357-1400 
Same Location lor over 30 Years 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON. PENNSYLVANIA 18509 
7 17-343-2 124 
ICOM. Bird. Cushcraft. Beckman. 
Larsen. Amphenol. Astron. Belden, 
Antenna Specialists. WPAUNJPVS. 
Tokyo Hy-Power Labs. WEU. Daiwa, 
Sony, Saxton. Vibroplex. Weller. 
THEVHFSHOP 
16 S. MOUNTAIN BLVD.. RTE. 309 
MOUNTAINTOP, PA 18707 
71 7-474-9399 
Lunar. Microwave Modules. ARCOS. 
Astron. KLM. Tama. Tonna-FSFT, 
UHF UnitslParabolic. Santec. Tokyo 
Hy-Power. Dentron, Mirage. 
Amphenol. Belden 

Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON. TX 77004 
71 3-520-7300 
Christmas?? Now?? 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND IIU LAC AVE. 
MILWAUKEE. WI 53216 
41 4-442-4200 
Wlsc. Wats. 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-530 Sat 9-3 

Electronic Repair Center 
Sewicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 

Kenwood, I C O ~  and Y ~ ~ s u .  

SEND US YOUR PROBLEMS 
Servicing "Hams" lor 30 years, no r ~ g  

too old or new lor us. 

wv*e 

4033 Brownsville Road 
Trevose, Pa. 19047 

2 15-357-1 400 
m 





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

Operates on 12 Vdc @ 1/2 Amp 
Available for immediate delivery $429.95 
delivered Add-on accessories available 
to extend freq range, add infinite resolu- 
tion. AM, and a precision 120 dB attenuator 

Call or write for details Phone in your 
order for fast COD shipment. 

VANGUARDLABS 
196-23 Jamaica Ave.. Hollls. NY 11423 
Phone: (718) 468-2720 Mon. thru Thu. 
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DX EDGE 

; . . . A .  . ...- - -- .*.T . . . - .  .. - ,.,.,.. .,. L.._._i.A.L . 

$1 6.95 
GRAYLINE AND LONG PATH 

PREDICTOR 

Great Circle Overlays 
20°, 30°, 8 40° Latitude (NSS) 
$5 Each 
$3 When purchnsd wllh allda  la DX Edge 
Pleas? ~nclors U 50 shlpplnr) and hanallng 

Ham Radio's Bookstore 
Greenville. NH 03048 

-- 
I 
I Don't buy from Hamtronics . . . , - - 

I I 
Unless you want the best possible equipment = I 

I at the lowest possible price! ! ! I 
I I 
I I 
I The "wheeler-dealer" is back and he's beating I 

everyone else's "deals." I 

I I 

We all know there's no such thing as  a free lunch . . . - 
I I - so How Can We Do This? I 

I We don't run alot of ads featuring sale items I - I - We don't spend alot of money on full page ads - - We don't have sales on just the fastest selling I - - - products - - - - We don't short cut you on service. We are a factory - - warranty repair facility for everything we sell! - 
- We don't mail out free catalogs 

We don't have a free WATS number. 
- - - You and every other Ham customer is paying for all - 
- these do-dads and sales gimicks. - - - - Hamtronics puts the savings into your pocket. - 

- - - - Hamtronics guarantees to meet or beat any advertised - - price on every item we sell. I 

I I 

I Hamtronics Has It All! I 

I I 

I I 

I Let Hamtronics be your Ham Radio equipment dealer. I 
We're celebrating our 35th year in the Ham business 

I 
I at the same location. I 
I I 
I I 

A DIVISION OF TREVOSE ELECTRONICS 
I 
m : 4033 B R O W N S V l L L E  RD. .  TREVOSE,  PA 19047 - 

1 ( 2 1 5 ) 3 5 7 - 1 4 0 0  H 

Invitation to Authors 

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

. ~ ~ .  ~~ ~ ~ 
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The Nicest P .% 

Things Come \\ x a 

Packages. 
The SS-32HB is a new hybrid sub-audible 
encoder plucked from Communications Special- 
ists' Hothouse. I t  has grown through a cross of 
the time tested SS-32, the subminiature SS-32M 
and space age micro circuitry. This program- 
mable 32 tone encoder measures a scant .5 x 1.0 
x . I5 inches: no small wonder it  allows the addi- / 107 

tion of continuous tone control to a bunch of 
hand held transceivers that lack space. 

aCOMMUN1CA TIONS 
Why not snip your problems in the bud, with 

- SPEC/Pf,, 
J20 \\ 1,111 Avc,  Ora11yc. 9,?(<i54?1fi 

our fast. one day delivery and attractive one year I I - X I  I;AX 1 7 1 3 ) o 7 ~ - . ~ ? 0  

rn 
Entire U.S. A. 1-800-854-0547 

- 
1-8 

warranty. 



major advances in Phosphide (InP), a successor of sorts to today associated with machines cost- 
GaAs. ing over $200,000. 

fiber optic systems - As if all of this weren't enough, Other types of memory devices have 
Throughout the world intensive 
work is being done to tap the poten- 
tial offered by fiber optic communica- 
tions and data transmission systems. 
The progress has been rapid and im- 
pressive; in the United States and 
Japan, vast optical networks are tak- 
ing shape that will handle much of the 
national communications load by the 
early 1990s. 

The development of critical compo- 
nents has been key to this progress. 
The use of single-mode fibers has 
reduced transmission losses to the 
region of 2 dB/km. Single-mode fibers 
have very small core diameters, which 
means that the light doesn't reflect off 
the core walls and cause correspond- 
ing losses. Other key components in- 
clude transmitting and receiving 
illumination and detection semicon- 
ductors, low-loss fittings and couplers, 
and integrated optical signal proces- 
sors and data switches. 

The bandwidths and data rates 
associated with fiber optic systems are 
dazzling, with several hundred MHz 
being common. These systems offer 
the further advantages of being small, 
lightweight, low in power radiation, 
EMP resistant, and very difficult to 
intercept or tap. 

During the past several months, 
researchers at GTE have published 
work that shows just how fast this 
technology is progressing. The GTE 
investigators have fabricated a laser 
diode with a cavity only 0.2 square 
microns. This small geometry has 
demonstated switching rates of 20 
Gigabits per second, and would theo- 
retically allow data transmission rates5 
million times greater than a conven- 
tional phone line. This remarkable com- 
ponent was fabricated from Indium 

extensive work is being done to 
develop RF-to-optical converters, opti- 
cal switches, and other devices aimed 
at eliminating the electronics al- 
together. Just when we thought that 
electronics was the way to go! 

thanks for the memories 
One form or another of electronic 

memory has found its way into nearly 
every type of consumer and industrial 
product: microwave ovens that store 
the cooking time for many foods in a 
permanent memory. . . scanners, Hi- 
Fi receivers, VH F-UH F transceivers 
and HTs, and so on - not to mention 
the proliferation of memory types and 
sizes available for computer appli- 
cations. 

Basic memory these days generally 
consists of CMOS structures organ- 
ized in various binary configurations. 
The largest of these arrangements has 
typically been 256K x 1, used in 
advanced microcomputers like the 
IBM, Apple, and HP machines. These, 
in turn, are organized into even larger 
grouping - up to 1 Megabyte ( 1  mil- 
lion x 8 bits). Toshiba has recently 
announced the limited availability of its 
TC511000 series of 1 Mbit (1 million x 
1) CMOS memories. Since most com- 
puters use a memory structure that 
calls for 9 bits (8 data bits plus 1 check 
bit), it will now be possible to have 1 
Mb of random access memory using 
only 9 ICs. It has just recently become 
possible to break the so-called 640K 
computer memory barrier with bank- 
switched cards that allow well over 1 
Mb of memory in microcomputers that 
nominally can address only 1 Mb of 
memory. The new Toshiba chip will 
help make possible IBM PC-type com- 
puters with processing power that is 

made equally impressive strides. 
Floppy disks capable of storing over 6 
Mb have been tested and are about to 
become available. Hard disks with 20 
to 50 Mb are now common adjuncts 
for microcomputers, and industry 
sources say that within two years, 100 
Mb drives will be "standard" on many 
advanced PCs. Plug-in expansion 
cards containing 20 Mb hard disks are 
now available at prices comparable to 
the cost of a single 360K floppy drive 
a few years ago. On the horizon are 
optical disks similar to those used in 
audio CD players; some are now avail- 
able as permanent back-up for com- 
puter data. These devices can be writ- 
ten only once, but have over 100 Mb 
of capacity and are quite cost-effective 
for this application. Good progress is 
being made on much larger optical 
disks, with storage capacities up to 1 
Gb, and the ability to read as well as 
write. Optical memories offer the pros- 
pect of being able to hold all the data 
that a single user may ever need, on 
a single disk! 

ultra-small transistor 
Scientists at Arizona State Univer- 

sity report that they have fabricated an 
operating transistor with a gate length 
of only 150 atoms. This is less than 
I /  10th the size of the average micro- 
wave GaAs FET. The device was made 
using a special very narrow electron 
beam to form the etching mask. Since 
frequency response is closely related 
to the dimensions of the gate, it is 
expectd that devices with such small 
geometries will provide good gain and 
low noise well into the millimeter 
(above 30 GHz) region. 

ham radio 
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THINGS TO LOOK FOR 
(AND LOOK OUT FOR) 
IN A PHONE PATCH 

One year warranty. 
*A patch should work with any 

radio. AM. FM. ACSB, relay 
switched or synthesized. 
Patch performance should not 
be dependent on the TIR speed 
of your radio. 
Your patch should sound just 
like your home phone. 

*There should not be any sam- 
pling noises to distract you and 
rob important syllables. The 
best phone patches do not use 
the cheap sampling method. 
(Did you know that the competi- 
tion uses VOX rather than 
sampling in their $1000 com- 
mercial model?) 

*A patch should disconnect 
automatically i f  the number 
dialed is busy. 

*A patch should be flexible. You 
should be able to use it 
simplex, repeater aided simplex, 
or semiduplex. 
A patch should allow you to 
manually connect any mobile or 
HT on your local repeater to the 
phone system for a fully 
automatic conversation. Some- 
one may need to report an 
emergency! 
A patch should not become er- 
ratic when the mobile is noisy. 
You should be able to use a 
power amplifier on your base to 
extend range. 

.You should be able to connect 
a patch to the MIC and EXT. 
speaker jack of your radio for a 
quick and effortless interface. 

*You should be able to connect 
a patch to three points inside 
your radio (VOL high side, PlT, 
MIC) so that the patch does not 
interfere with the use of the 
radio and the VOL. and SO. set- 
tings do not affect the patch. 
A patch should have MOV 
lightning protectors. 

*Your patch should be made in 
the USA where consultation 
and factory service are immed- 
ately available. (Beware of an 
inferior offshore copy of Our 
former PRIVATE PATCH 11.1 

ONLY 
PRIVATE PATCH I l l  

GIVES YOU ALL 
OF THE ABOVE 

PRIVATE PATCH Ill 
SIMPLEX SEMI-DUPLEX INTERCONNECT 

VOX . . . the right choice! 
With only three simple connections to VOX based phone patches offer many perf01 
your base station radio, PRIVATE PATCH mance and operational advantages over thl 
111 ,,,,ill give you more communications sampling method. These include operatio! 
power per dollar than you ever imagined through repeaters, compatibility with an' 

possible. 
radio, no lost words or syllables, greater range 
smooth audio free of continual noise burst: 

Suddenly the utility of your radio is drastically etc.l etc. 
increased. There are new sounds. . .dial tones. Most amateurs are not aware that the cornpet 
ring tones,CW IDand the sound of voices you tion's top of the line patch is VOX based. (Yo1 
never expected to hear on your mobile or HT know.. . the $1000 model they enthusiasticall 
radio! What a convenience! call "our favorite commercial simplex patch 

on page 3 of their SP brochure.) 

PRIVATE PATCH Ill frees you from member. PRIVATE PATCH Ill offers about the Sam 
ships, cliques and other hassles common to capability, performance and features as the 
many repeater autopatches. You can call who top model but is priced closer to their bottor 
you want, when you want and for as long as of the line (SP) model! 
you want. You can even receive your incoming So why settle for Sp when top of the line cost 
calls! little more? 

To Learn more about PRIVATE PATCH 111 and the advantages of the VOXconcepl call or write fc 
our four page brochure today! 

PARTIAL LIST OF FEATURES ' 

OPERATES SIMPLEX, THROUGH REPEATERS, OR DUPLEX ON REPEATERS VOX BASED TOL 
RESTRICT (Digit counting and programmable first digit lockout) SECRET CODE DISABLES TO1 
RESTRICT FOR ONE TOLL CALL-Automatic re-arm AUTOMATIC BUSY SIGNAL DISCONNEC 
1 CONTROL INTERRUPT TIMER (Maintains positive mobile control) CW ID When you connect again c 
jisconnect. Free ID ch~p. SELECTABLE TONE OR PULSE DIALING MOV LIGHTNING PROTECTORS 
rHREE DIGIT ACCESS CODE (e.g. *91) RINGOUT (Reverse patch) Ringout inh~bit if channel bus 

RESETTABLE THREE MINUTE TIMER SPARE RELAY POSITION 1ISVAC SUPPLY 
DEALERS 

Options: AMATEUR ELECTRONIC SUPPLY MADISON ELECTRONICS SUPI 

FCC approved coupler 
Mllldllkrt. WI Wlr k l i l l p  (111 I <  ,w\l~,n T X  
Orlannr, FL  C ~ ~ d r w a f r x  f l 

12 VDC or 230 VAC power ~ i l r  vcqa5 NV MIAMI M~~~~~ RADIO i L CENTER CORP 

BARRY ELECTRONICS CORP. MIKES 
NPW *.,r* N" 

F! Lstllirr0,llr Mmmrn, FL 
COLES COMMUNICATIONS 

S,lri A n ! r , n ~  T I  NLG DlSTRlBUTlNG CORP 

EGE. INC. 
Mlam r L 

W<rrlhndp VA PACE ENGINEERING 

ERICKSON [:h#c.lgn IL  COMMUNICATIONS 
" l C W n  A' 

THE HAM STATION 

HAM RADIO OUTLEI Fran~u~lcv. IN 

Ananrsrn CA llurllngarne CA T W S  TOWERS 
O;lklarnl CA Phhrt>#r A7  Pl~no.  1r 
Sao ilrrgo CA V w  Nuvr CA TNT RAm ULES 

HENRY RADIO R0l>bl!l5ddi~ MN 
Lil. Angplrs C A  WESTCOM 

INTERNATIONAL RADIO 5.7" Mnrcos C A  
.- . SYSTEMS 

Mlrrrli FL CANADA 
JUNS ELECTRONICS WLLARD ELECTRONICS 

< ,,,"',, P,," , a ,,,"f C,,,"'., lac. 

CONNECT SKYWAVE RADIO SYSTEMS L 
Rlirl 4, R I 

SYSTEMS (21 3) 3736803 
INCORPORATED 23731 Madison St., Torrance, CA 9050 



s Y 11'. with the money tau ve saved. 
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sing11 
split- 

(Xr filter. Ah! ;inti I:h1 mtxles. AF tlir m:asise I i c ~ : ~ t s i ~ i k ; ~ ~ i t l  duct-flo\s 
speech processor. And ;I 25-kHz . cool in^ systeni ;~l lo\s cont i~ iuo i~s 
marker wnerator. All ;it no extra K'PI1' oper:~tion for up to jO minutes. 
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All-Mode Mobilitv! 
w h  . r. 95 w;itlr7 t i ~ ~ t i / : ~  watts ;td~ustable low . Dual d~!l~tal VF0.i 

w 
.~ - 

~rogriinlni:tt>le scannirig'rnernory. :, Sem~ break-~n CW wlth s~de lone 
band, or mode scan with "COM" MC-48 16-kev DTMF hand mlcro 

Coml:,;.ck ;;-.- ,- ' I  S - . ? , - ~ ' P  channel and pr~or~ty alert phone ~ncluded 

t r a p s ~ o i . , r p '  .. 10 nifvnorv channels for frequency. .. Frequency lock, offset, reverse 
... .. ~ .,..- a. A.9 - mode, ClCSS tone. offset. Two chnn switches ' --.. the - meter . nels for oiid s ~ l ~ l s .  - D~git~al  Channel Ltnk (DCL) optton 

11se blanker. - .  , . . : . , ,  . 

11's rne -new aouna- on 
band-Kenwood's TR-7bi~! AUTO- - All mode squelch, nc 
matic mode selection, versatile and RIT 
scanning functions, illuminated multi- + to.re;,d analog & RF CD-10 call slgn d~splay 

function LCD and statup Iinh'e 
PS-430. PS-30 DC power wpplles 

a "J"." YII 

SW-100~/E SWRlpowrr meter -1 SW-SOOAIE SWRipower n~eler 

5rG?/ * MU-1 modem unlt for DCL system 
' 1 ~ ~ ~ " , , , , ,  v.,- VS-1 votce synthesizer 

L --. . -& ME-10 extra rnob~le 

) , , . PG-2K extra DC cable 
PG-3A DC lhne nolse ftlter 

" " - MC-GOA, MC-80. MC-85 
c l ~ ~ l ~ i x e  ha!,(! st;it~on rr:lcs. - MC-42s UPIDOWN rnlc. 

MC-55 (8-ptnl nioblle rritc. 

Actual size front panel 
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