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Deal yourself a wlnnlng hand in you'd expect from ICOM: high perform- and CAP operation plus weather broad 
modem technology wlth ICOM's new ance in a micro package. casts. 
mlcmslze 2-meter FM transceiver. Full Featured. And ICOM hasn't There's also a simple-to-use digital 
The IGp2AT combines maxlmum per- compromised features for size, The- Touchstep Tuning System for fast 
formance, rellablllty and easy opera- IC-p2AT DTMF version includes ten shirt-pocket frequency adjustments. 
tlon In a thln-shrled handheld that's The MICRO also includes a band or . - -~~  ~~ - ~ 

perfectly suited for today's active Ilfe- BNC memory manual scan function. An 
styles. A version is also available without 

- b e  IC-p2AT. A breakthrough that DTMF and PL tones. 
ends every amateur radio operator's Personalize your ICOM MICRO. 
quest for that one true, go-anywhere The MICRO utilizes most existing ICOM 
2-meter handheld. handheld accessories, plus it hosts a 

Mlnlaturlzatlon. The MICRO gives new line of versatile accessories includ, 
you all the advantages and performance ing the BP-24 2.6 watt high-power bat- 
of a larger handheld, in a package so tery pack, BP-23 long-life 1.6 watt bat- 
small, so refined, so well-built that only programmable memories, transmit off- tery pack, BC-50 desktop rapid charger, 
ICOM could build it. set capability from the back panel in- and a variety of carrying cases. 

Measuring only 4.6" high by 2.3" cluding odd offsets, an LCD readout on See the ICOM MICRO at your local 
wide by 1.1"  deep, the MICRO fits in the top panel for easy readability, up ICOM dealer. Play your cards right wit1 
your pocket or purse as easily as a cas- to three watts of output loptionall. 32 ICOM! 
sette tape. built-in subaudible tones AND wide- 

This miniaturization doesn't com- band receive coverage from 138 to 
promise ICOM quality. It's exactly what 162.995MHz in 5kHz steps for MARS 

r /  106 
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The new TS-940s is a serious radio 
for the serious operator. Superb 
interference reduction circuits and 
high dynamic range receiver com- 
bine with superior transmitter 
design to give you no-nonsense, no 
compromise performance that gets 
your signals through! The exclusive 
multi-function LCD sub display 
graphically illustrates VET, SSB 
slope, and other features. 

0 -  r 'er 
Super efflc~ent cool~ng system uslng 
spec~al alr ductlng works w~th  the Inter- 
nal heavy-duty power supply to allow 
continuous transmlss~on at full power 
output for per~ods exceeding one hour. 

o Hroh stabcl~ly, dual d ~ q ~ t n l  : lrOs 
An optlcal encoder and the flywheel 
VFO knob glve the TS-940s a posltlve 
tunlng "feel" 
Graoh~c rllsplay of operatlnq 
feat urps 
Exclusive multi-funct~on LCD sub- 

d~splay panel shows CW VBT. SSB 
slope tuning, as well as frequency, 
time. and AT- 940 antenna tuner status. 
Low @:sqrr:io'l transm't+er. 
Kenwood's unique transmitter design 
delivers top "quality (enwood" sound. 
Kovht\arr' en+r\f 6 ~ . p ( l ? ! ~ ~ ~ ) f  C C I P C ~ ~ O ~ .  
Operating frequencies may be directly 
entered into theTS-940s without using 
the VFO knob.' 
OPM-'iali!inq f~nttrre.. 
Remove "rotten QRM" with the SSB 
slope tuning, CW VET, notch filter. AF 
tune, and CW pitch controls. 
Etrilt-in F I F .  D'LIS S S 9 ,  C\hl, A M .  FSY. 
Semi or  ~ I I I I  b r ~ a k - i n  (O':fV\i C16,'. 
n o  m ~ m o - v  ch~n!,el+. 
Mode and frequency may be stored in 
4 groups of 10 channels each. 
Pr1,ur ~rnr inhie sc~nn ino .  

0 Genet al  roverage re?e;\rcr. 
Tunes from 150 kHz to 30 MHz. 
1 yr. lirvitc.fl warrnn'v. 
Another Kenwood First! 
Optioinl ?ccessorio%: 

AT-940 full range (160-10m) auto- 
matic antenna tuner * SP-940 external 

speaker w~th aud~o f~ l te r~~ ig  YG-455C-1 
(500 HZ). YG-455CN-1 (250 HZ), 
YK-88C-1 (500 Hz) CW filters; YK-88A-1 
(6 kHz) AM filter * VS-I volce synthesizer 
* SO-1 temperature compensated 
crystal oscillator - MC-43s UPIDOWN 
hand rnic. @ MC-6OA. MC-80, MC-85 
deluxe base station mics. - PC-1A phone 
patch TL- 922A linear amplifier - SM-220 station monitor * BS-8 pan 
display - SW-200A and SW-2000 SWR 
and power meters. 

More TS-940s ~nlorrnatiorl IS ava~lable 
from authorrzed Kenwood dealers. 

Complete servtce manuals are avallable 
lor all 7no-Kenwood rranscelvers and 
most accessories 
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cllange wjlhour nollce or oblrgarlon Complnn. Cal~lornla 90220 



Europe. 
A 

volume 20, number 5 

T. H. Tenney, Jr., WlNLB 

Rich Rosen, K2RR 
editor-in-chief 

and associate publisher 

Dorothy Rosa, KAlLBO 
managing editor 

Joseph  J. Schroeder. WVJUV 
Alfred Wi lson. WGNIF 

associate editors 

Susan Shorrock 
editorial product ion 

editorial review board 
Peter Bert ln~. K l Z J H  

Forrest Gehrke. K2BT 
Michael Gruchalla, P.E 

B o b  Lewis. WZEBS 
Mason Logan. K 4 M T  

Vern Riportetla. W A 2 L Q Q  
Ed Wetherhold.  W 3 N Q N  

publishing staf f  
J. Craig Clark, Jr., NlACH 

assistant publisher 

Rally Dennis, KAlJWF 
director of advertising sales 

Dorothy Sargenl. K A l Z K  
advertising product ion manager 

Susan Shorrock 
c i rculat ion manager 

Therese Bourgault 
circulation 

Hans Evers. PABCX 

ham radlo mayazlne IS published monthly by  
Cammun~cat~ons Technology, Inc 

Greenv~lle. New Harnpsh~re 03048-0498 
Telephone 603-878 1441 

subscription rates 
Unlted States 

one year $22 95. two years. $38 95, threeyears. $49 95 
Canada and other cauntrtes lvla surface mall1 

one year. $31.00. two years. $55 00: three yedrs. $74.00 
apan. A f r~cv  lvla Air Forward~ng Serv~cel one year. $37 00 
subscrlptron orderspayable ~n U S funds via lnlernal~onal 

postal money order or check drawn on U S bank 

international subscription agents: paye III 

M~cro f~ lm coples are available frorrl 
Univers~ty Microftlms. lnternat~onal 

Ann Arbor. Michtgan 48106 
Order publlcatlon number 3076 

Cassette tapes of selected art~cles from ha"! radro 
areavaolable lo  lhe blind and phvsrcally handicapped 

from Recorded Penodicalr. 
919 Walnut Street, Philadelph~a. Pennsylvania 19107 

Copyrlyht 1987 br Communrcat$ons Technology, Inc 
Title reg~stered at U.S. Patent Offlce 

Second class postage pard 
at Greenvtlle. New Harnpsh~re 03W-0498 

and at add!l#onal ma!ltng offkces 
ISSN 0148 5989 

Send change of address t o  ham radio 
Greenuille. New Hampshire 03048-0498 

ham 

magazine 

contents 

8 two-element hf beams: 
Les Moxon, G6XN 

35 homebrew antenna mount 
Howard A. Bowman, W601R 

42 Yagi triangular array 
John C. Cichowski, W2KIP 

55 ham radio techniques: 
an inexpensive base station 
antenna for 2 meters 
Bill Orr, WGSAI 

69 a no-compromise, multiband, 
low-VSWR dipole 
Maurice C .  Hately, GM3HAT 

81 practically speaking: 
grounding, shielding, and 
isolating - part 2 
Joe Carr, K41PV 

87 gamma matching programs 
for the C-641128 
Fred A. Sontag, N0CAO 

92 VHFIUHF world: 
optimized 2- and Bmeter Yagis 
Joe Reisert, W l  JR 

130 advertisers index 110 ham mart 
and reader service 114 new products 

6 comments 4 reflections 
105 DX forecaster 64 short circuits 
112 flea market 

May 1987 3 



it used to be . . . 
It used to  be one of the major considerations in planning any antenna installation. After the 
wish list ("How many?" "What kind?" "How high?" "What bands?") was complete, reality entered 
the picture, raising such questions as "Can I really afford all this?" and "What kind of reception 
will I get?" This latter question often had less to do with performance and more to do with worry- 
ing about what the neighbors - and the zoning board - would say. 

Radio Amateurs nationwide breathed (or should have breathed) a collective sigh of relief on 
February 12, 1987, when the courageous and persistent John Thernes, WM4T - who had taken 
on, a t  considerable personal expense, the city of Lakeside Park, Kentucky - won his case. In 
April, 1982, John had filed an application with the city zoning administrator for permission to 
erect a tower which was to include a triband beam at 70 feet and a two-element, 40-meter beam 
at  78 feet. (The specifics are important.) He was told, in effect, that the city's zoning regulations 
excluded all antenna towers. His application was rejected. 

The details can be found in all the major Amateur Radio news reports (HR's Presstop, The 
W5Yl Report, The Westlink Report, and The ARRL Letter) and in the other ham magazines, but 
basically what happened is that John took his struggle right on up to the Federal Appeals Court. 
And on February 12, the city of Lakeside Park agreed to sign a full consent judgment. What this 
meant to him was that he could now install his tower, his antennas, and his guy lines. There 
was a compromise - instead of a total height of 78 feet, he had to "settle" for 73 feet overall. 
(I believe I read that 73 feet would have been acceptable to John at the very beginning, before 
the city turned him down for any height at all.) 

The significance of this case isn't that one Radio Amateur won his own personal antenna battle, 
but that we all did. . . because this was the first time that Memorandum Opinion and Order FCC 
85-506, better known as PRB-1, was tested and supported in the higher courts. In its initial reso- 
lution, the Commission had declared that "local regulations which involve placement, screening 
or height of antennas based on health, safety or aesthetic considerations must reasonably ac- 
comodate amateur communications and represent the minimum practicable regulation to accomp- 
lish the purpose of the local authorities." In other words, it maintained that local and state 
governments cannot arbitrarily rule against the installation of Amateur Radio antennas. 

John's legal fees, I believe, exceeded $20,000. In deciding in his favor, the court ordered the 
city of Lakeside Park to pay all John's legal fees - almost $14,000 - incurred since the enact- 
ment of PRB-1. It now appears likely that any municipality that contests other proposed Amateur 
installations could very well lose and be held responsible for costs. 

This is our annual antenna issue. Personally, I couldn't have asked for a more appropriate time 
to acknowledge and discuss WM4Trs victory. 

You can get a copy of the consent decree from the Northern Kentucky Tower Fund (P.O. Box 
17721, Lakeside Park, Kentucky 41017; SASE appreciated). John, by the way, is reportedly still 
out approximately $7,000 of his own money; when you write for your copy of the decree, you 
may want to consider enclosing a donation to help minimize the impact. 

Rich Rosen, K2RR 
Editor-in-Chief 

Amateurs interested in further developments in this and other cases may want to attend the Amateur 
Radio And The Law Forum conducted by attorney Jim 0 'Connell, W9 WU, at 1 P M  on Sunday, 
April 26, at this year's Dayton Hamvention. 
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Affordable 5-wat t  hand-held 
transceiver. Ultimate Affordabil ity! I 
It's heie now! The affordable. I 

battery saver circuit, and, when 
ooerated on 12 VDC. a robust 

assurescool. reliableooeration. ;L' 

standard-vou can even listen 

Monitor sw~tch-to check fre- -/ 
quency when PL encodel 
decode switch is on. 

power supply operation. reliable operation. With the opt~onal 

"Kenwood Quality" hand-held trans- 
ceiver. Standard features include Large, easy-to-read LCD display. 
a large, easy-to-read LCD display, Frequency, offset. memory channel, 
wide-range power requirements TX. RX, and battery indicator. 
(operates on 7.2 VDC-16 VDC), 
3-channel memory, built-in Frequency UPIDOWN keys. Used to 

select frequency or scannlng direction. 

fi;e watts of power!'~he die- Scan function key. 

cast metal rear panel/heat sink Automatic battery saver circuit extends 
battery life. No buttons to push! 

Receiver frequency coverage ! 
from 141-163 MHz is  also Supplied accessories include: Rubber 

162.40 or 162.55 MHz! 

to use! Simply press the 
memory channel number to 
recall your favorite channels! 

l ) l ' l J ,  1 1 ,  ' , ' ~ ' . ~ ' ' ~ , I ~ . I I  : J l f  1 lb,Il 1 ,  ,# L # C > \ ' ,  ,,,I 
i 8 o l \  2) 1 %  :' 8 .I . ,Oi l  ,,,;>ti M"I i,,~!! I),:, h I;' .5 WJ 
notptlil 3) i'R :I / :' V fifI!I n l A t i  NCrl 11;1ll park  
11 5 W (ulll,uIl 4) Pb.1 i :' V lhflii r r lAH NICII tl-111 
1,;ic.k 1 1  5 \/Vnirl1'~111 5) RT ., AA ~ r r ; ~ n ~ ~ n n ~ ? s ~ i , ~ I k , ~ l ~ n ! ~  
I , i~ l l~ . rv  c.,lse 6) R C  i I~;IIII,~ !.ll;\rqi'l l o r  PR 1 ?. :I 

Extended frequency coverage 1 
' 

for certa~n MARS and CAP 
operat~ons. 
3 memory channels store fre- 

Night I~ght, offsetlreverse. -/ , 1 
16-key DTMF pad for repeater -' 
autopatch IS standard 

TRIO-KENWOOD COMMUNICATIONS 
1111 We41 Wnlnui Street 
Cnmplnri Cal~lornid '10270 



modifying the IC-02 
Dear HR: 
Readers may beinterested to know 
that the extended receive modification 
for the IC-02 described in my article, 
"Extending Receive Coverage for the 
IC-02 and IC-04" (July, 1986, page 771, 
will work for all IC-02 HTs, including 
those with serial numbers above 
34,000. 
Robert K. Morrow, Jr., WBGGTM 

Flora, Indiana 

Yagi design program 
Dear HR: 

Early in 1984, Jerry Haigwood, 
KY4Z, and 1 wrote a computer pro- 
gram, based on DL6WU's article in the 
March, 1982 issue of VHF Communi- 
cations, for designing long Yagi anten- 
nas. We presented that program at the 
West Coast VHF Conference held in 
May of that year at Paso Robles, 
California. Therefore, it should be no 
surprise that I have looked very care- 
fully at the program developed by 
VK4ZF and described in his article 
"Computer-Aided Design of Long 
VHF Yagi Antennas," which appeared 
in the May, 1986 issue of Ham Radio 
[page 281. 

SHORT CIRCUIT HOTLINE 

Short Circuit Hotline any time between 9 A M  and 
Noon. or 1 to 3 PM - Eastern time - before you 
begin construction. We'll let you know of any 
changes or corrections that should be made to the 
article describing your project. 

603- 878- 1441 

VK4ZF did an admirable job, but I 
believe that certain deficiencies should 
be pointed out. (The same could prob- 
ably be done about the program Jerry 
and I wrote.) 

First, the initial input requirement for 
the number of elements in the anten- 
na is irrelevant. The initial criterion 
should be the desired gain or the avail- 
able boom length. (Coincidentally, the 
irrelevance of the number of elements 
is covered by Joe Reisert in his column 
in the same issue [page 1031). Further- 
more, in an earlier paper, DLGWU stat- 
ed that the minimum boom length for 
an antenna of this type is about two 
wavelengths; a 2.2-wavelength boom 
will accommodate eight directors. 
There is no restriction as to the mini- 
mum number of elements in the 
program. 

Second, the diameter of the elements 
is limited to the discrete values for 
which data files have been made. This 
makes it impossible to compare the 
program results directly with the exam- 
ple antennas described by DLGWU, al- 
though the differences are slight. 

Third, the program is limited to 40 
elements, which makes it impossible 
to compare the data for directors 39 
through 47 of the 1296-MHz antenna 
described by DL6WU. There does not 
seem to be any valid reason for this 
limitation, since DLGWU states that his 
curves can be extrapolated almost in- 
definitely. 

Fourth, the program limits the boom 
diameter to 0.05 wavelength, although 
this can be changed easily by modify- 
ing line 490. Without this change, it is 
impossible to use a boom diameter of 
12.7 mm at 1296 MHz, which is the 
boom size used by DL6WU. Cor- 
respondence between DLGWU and 
KY4Z indicates that a minimum boom 
diameter of 0.075 wavelength is ac- 
ceptable. 

I have enclosed comparisons of the 
element lengths and spacings, show- 
ing DL6WU's figures, those obtained 
from VK4ZF's program, and those 
generated by the program written by 
KY4Z and me. A major discrepancy 
seems to be the length of the driven 
element in VK4ZF's program; it is far 

too short at 432 MHz, but slightly long 
at 1296 MHz. 

None of the limitations described 
above exist in the program written by 
KY4Z and me, although the program 
does not include calculation of beam 
widths or stacking distances. Further- 
more, it is a great deal easier to key- 
board because the 16 data files are not 
required (which also conserves disk 
space). 

Our program was written in Micro- 
soft BASIC and will run under 
GWBASIC and BASICA. Minor edit- 
ing may be required to convert it to 
other species of BASIC. 

The program exists, under the file- 
name DL6WU-1 .BAS, on most of the 
RCPM bulletin boards in the San Fran- 
cisco Bay Area, including KY4Z's 
AMPRO1 at 408-258-8128. 1 can also 
supply i t  in the following forms: 

1. A listing, with a sample printout 
of results, for $1 .OO (U.S. J plus a No. 
10 (business-size) SASE. (Outside of 
the United States and Canada, send 10 
IRCs.) 

2. A 5.25-inch soft-sectored floppy 
disk for virtually any CPM computer 
(except Apple) or for any PCIMS-DOS 
computer. Be certain to specify the 
disk format desired (and an alternate, 
if possible) or the version of PCIMS- 
DOS that is used. The cost in the USA 
and Canada is $5.00 (U.S.), elsewhere, 
$7.00 (U.S.); this covers the cost of 
the disk, mailer, and postage. The 
same costs apply to either a disk or 
tape cassette for the Commodore 64. 

Please address all requests to me. 
Robert S. Stein, WGNBI 
1849 Middleton Avenue 

Los Altos, California 94022 

any ideas? 
Dear HR: 

A friend installed a plastic owl on his 
beam to discourage birds. A real owl 
appeared and attempted to court the 
plastic owl. When the plastic owl failed 
to respond, it was attacked by the real 
owl, causing commotion and damage. 

Any ideas, anyone? 
Berand Kirschner 

Oceanside, California 92056 

6 May 1987 



220: Kenwood Stvle! 
r/ 

- - 

-m I -  .- r -> / , Big multi-color LCD and back-111 con- Frequency lock ..witch 
, ~ /  - ' -3 -.' . I - ;  

L .--'c a ,  . trols for excellent vislbillty Digltal Channel L ~ n k  (DCL) option 
:,s? C O V F ~ C  -nr.c: . irto Opt iona l  front panel programrnable38- Hlgh performance GaAs FET front 

tone CTCSS encoder includes97.4 Hz end receiver 
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N-3630A-25 watts of 220 MHz FM- 7 u /> q [>T 1 Q .. -1 .I\ TI-I~"I~:T,:.IIA ,I - , . :  ,..~r,r,r!,%,. 

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 rriobll(! transceiver with tele- 
phone number memory and auto- 
d~aler (up to 15 seven-digit telephone 
numbers) 
Frequency range 220-225 MHz 
Automatic repeater offset selection- 
a Kenwood exclusive! 
Dlrect keyboard entry of frequency 
23-channel memory for offset, fre- 

, , . -  ,-> -, , <,, : { ~ % ,  

Kenwood's advanced tech- 
nology brings you a new 
standard in pocket/handheld 
transceivers! 
* I w;llr tr~gli, I50 mW low - Super cornpacl and lightwe~ght 

(about 8 oz, w~th PB-21!) 
Frequency ranfle 220-224.995 MHz 
In 5-kHz steps 
BT Series has bu~ll-in lone 
Repeater offset-1.6 MHz. reverse, 
srmplex 
Supplied accessories: rubber flex 
antf!nn;r. e;trphk~nt!, wall charger, 180 
rnAH NlCd batt~?rv and wrlst s t r a ~  

HMC-1 headset wrlh VOX 
SMC-30 speaker mrcrophone 

* PB-21 NlCd 180 mAH battery 
PB-2lH NlCd 500 rnAH battery 

* DC-21 DC-DC converter lor 
1 1 1 ,  ~ b ~ l r  use 
BT-2 rnanganeselalkal~ne battery 
1 11s1: 

EB-2 external C manganese1 
,ilkalrne battery case 
SC-8/8T soft cases wrlh belt hook 

.TU-6 programmable sub-tone unit 
AJ-3 thread-loc to BNC female 
;~[lal)tf?r 
BC-6 2-pack quick charger 
BC-2 wall charger lor PB-21H 

* RA-9A StubbvDuk anlerina 
auencv and sub-tone I Oulck change, locking battery case . BH-3 belt hodk - 

I 

16-key DTMF pad. wtth aud~ble 
monitor 
Center-stop tun~ng-another 
Kenwood exclusive! 
New 5-way adjustable mount~ng 
system 

* Unique offset rn~crophone connector 
- relleves stress on microphone cord 

Hl lLOW power sw~tch  (adjustable 
LOW power) 

0~rmo:iI I;;, 9,l ;311;1%-!;t ., ! 
.- TU-7 38~torlf+ CTCSS cncc~df!! MC-60AfMC-80fMC-85 desk rnlcs 

MU-1 DCL modem unrt MC-489 rxtra DTVF m(. wlth UPIDOWN swltct 
* VS-1 voice synthesrzer MC-43s UPIDOWbI mlc 

PG-2N extra DC cable MC-55 (8  pln) rnoblle m~ic, with I~me-out trmer 
PG-39 DC line norse filter * SP-40 compact mubrle speaker 
MB-10 extra mobrle bracket SP-BOB mobile speaker 

KENWOD 
TRIO-KENWOOD COMMUNICATIONS 
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PS-430 DC power supply SW-1006 compact SWRIpower meter Conif~lon. Colllorn~a 90370 
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two-element hf beams 
Tune these medium-sized 

high performance antennas 
right from the shack 

Physically small beam antennas that represent the 
least compromise in gain and directivity have been dis- 
cussed in the literature.' Large antennas, for those for 
whom size is no problem, have received widespread 
coverage; the W2PV series of articles, for example, 
includes a wealth of material on large Y a g i ~ . ~  Yet the 
topic of medium-sized antennas - which includes the 
majority of Amateur beams - remains an area of un- 
certainty, about which many have sought without 
success for more information. The quad-versus-Yagi 
controversy continues unabated; conflicting claims are 
made for what might appear to be a bewildering var- 
iety of different beams, and an imperfect grasp of 
essentials has turned an inherently simple situation into 
one of needless complexity, with two-element beams 
deprived of their rightful status. 

how small two-element beams work 
In fig. 1, we have a bird's-eye view of two identical 

vertical elements carrying equal currents and spaced 
by a small fraction of a wavelength, with the plus and 
minus signs indicating that they are initially fed in 
opposite phase, thus tending to cancel each other. 

At this point it's not important to know how the cur- 
rents got there. Energy arriving at a specific point in 
space travels a different distance from each vertical 
element. This difference in path length and the oppo- 
site polarity of each vertical causes the maximum radi- 
ation from the array (two elements) to be along a line 
that goes through the elements. The two fields com- 
bine vectorially as shown in fig. 1 0 .  For small angles, 

halving the angle halves the field. As one moves 
around the antenna, the difference is reduced; there- 
fore the angle reduces, producing the directional pat- 
tern shown in fig. IC, which is independent of spacing 
as long as the angle remains small. It follows that be- 
cause energy remains similarly distributed throughout 
space, signal strengths must also be independent of 
spacing - provided there are no losses. Usually one 
introduces an electrical phase shift, 4. If this is equal 

to the spatial phase shift, c$,, cancellation takes place 
in the reverse direction, producing the well-known 
cardioid pattern of fig. ID .  As the electrical phase 
shift, 4, is reduced, the null in the back direction splits 
into two. It gradually shifts around, with the back lobe 
increasing in strength until we arrive back at fig. 1C. 
However, for a given ratio of +I&, the pattern re- 
mains independent of spacing. 

In the case of horizontal beams the directional pat- 
tern of the individual elements is superimposed on the 
beam patterns derived in accordance with fig. 1, but 
the principles are the same. Because no dimensions 
are mentioned, it follows that for two elements the 
directive pattern - and therefore the gain - depend 
only upon the phase shift ratio, O / & ,  and are indepen- 
dent of the size, shape, or spacing of elements, provid- 
ed the dimensions are not excessive. This rule is 
reasonably accurate for element lengths up to about 
0.71, and as shown in fig. 2, for spacings up to 0.21. 
It starts to break down if there are regions of high cur- 
rent that are separated by a substantial fraction of a 
wavelength, the 114 separation between top and bot- 
tom of a quad loop not being appreciable in this con- 
text. In this case, a directive pattern results through 
the addition of fields - a completely different mechan- 
ism that is the basic principle of large arrays. Figure 
2 shows the effect that element spacing has on gain 
and, from another source, a very similar curve for three 
 element^.^ 

The basic statement emphasizing gain as primarily 
a function of the phase shift ratio rather than spacing 
- though it seems physically obvious - is in flat con- 
tradiction of widely published figures. These figures, 
derived mathematically for parasitic arrays, show gain 
and directivity to be critically dependent upon spac- 
ing and whether an element is tuned as a director or 
reflector. But although the calculations are indeed cor- 
rect, they happen to be the wrong ones! More ac- 
curately stated, perhaps it's the designs to which they 
relate that are faulty, since I have assumed equal cur- 
rents, whereas normally performance is sacrificed if 
the elements are ~traight.~ As can be inferred from fig. 
3, this is the worst possible shape because it minimizes 
coupling, consequently precluding the possibility of 
the presence of equal currents, except with very close 

Les Moxon, GGXN, Gorse Hill, Tilford Road, 
Hindhead GU26 6SJ Surrey, England 
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spacing (0.05X). Nulls in the directional pattern are 
filled in and gain is also adversely affected. 

Coupling between straight elements can be in- 
creased by moving them closer together. But for this 
to be effective, spacing has to be reduced to about 
0.05X, which is normally regarded as unacceptable be- 
cause of reduction in bandwidth and efficiency. For 
this spacing, my calculations and those of W2PV are 
in close agreement. In my case, however, due to the 
assumption of equal current amplitudes, dependence 
on physical dimensions has been eliminated. 

Inductive coupling (fig. 3A) isn't advised because 
of the reduction in radiation resistance. More often, 
natural coupling tends to be capacitive and needs only 
to be supplemented. One advantage of the quad is that 
loops couple more tightly than straight dipoles; this 

0 I 
I 

probably accounts for its popularity despite a poor 
reputation for survival in high winds. On the other 
hand, bent elements (see figs. 36 and 3C) lend them- 
selves to the design of more compact but equally ef- 
ficient antennas with overcoupling rather than 
undercoupling as the more common fault. This is easy 
to correct either by an alteration of spacing or, if 
necessary, neutralization', as shown in fig. 3C. 

MA XIMUM RAOIA TION 
IS ALONG THIS L lNE  

mutual impedance 

8 

From the narrowing of the radiation pattern, it is 
evident that there must be gain relative to a dipole. 
But how, one might ask, can this be if the elements 
are tending to cancel each other? The answer lies in 
the fact that the element currents rise to whatever val- 
ue may be necessary to account for the observed gain, 
and they can do so only by virtue of the mutualresis- 
tance between the elements which subtracts from the 
self-resistances when closely spaced elements are ex- 
cited in antiphase. Without mutual resistance, there 
can be no power gain; these quantities are insepara- 
ble, so that given equal currents, one follows from the 
other. On the other hand, mutual resistance alone can- 
not achieve the degree of current equality necessary 
for obtaining deep nulls. This requires mutual reac- 
tance, which exists in most cases but may need to be 
increased or decreased, with reflector operation requir- 
ing negative reactance. Mutual resistance, R, and 
reactance, X, data appears to  be available only for 
straight XI2 elements (fig. 41, but the "size rule" im- 
plies that mutual resistance bears a constant relation- 
ship to the single-element radiation resistance (R),  and 
so the mutual resistance can, if necessary, be inferred 
from it. Likewise, if the elements are self-resonant, 
mutual reactance can in principle be determined from 

7-0 
I io p - 

1 

0 
MA X IMUY R l D l A T l O N  

ALONG THIS L l N E  

I / 0 / 
/ 

/ 

, a 8/' ,/ LENGTH OF L lNE  
WITHIN CIRCLE 

REPRESENTS RELATIVE 

F I E L D -  STRENGTH IN 

TH IS  DIRECTION 

I 
fig. 1. (A) Two closely-spaced sources separated by dis- 
tance "S." (B) Vector addition results in voltage V that 
for small angles is proportional to 4,. (CI Polar plot 
shows variation of field voltage as a function angle to 
observer. No additional (electrical) phase shift has been 
introduced - i.e., 4 = 0. (D) Field pattern if electrical 
phase shift, 4 equals physical phase shift (q4,). 5-  

3 ELEMENTS 

1 

s 3.- 

ELEMENT SPACING 1.4) 

fig. 2. Decrease of gain with increase of spacing. Note 
that gain is a minimum for both two- and three-element 
beams as spacing diminishes though practical constraint 
impose a lower limit of about 0.1X. 
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directions of minimum response by obtaining cor- 
responding values of 414, from fig. 5, since with no 
detuning the phase shift 4 is determined solely by the 
phase angle of the mutual impedance - i.e. by X,1 
R, so that by knowing 4, 4, and R, we can evalu- 
ate X,. This method has not been evaluated in prac- 
tice and its use is restricted by the fact that with large 
departures of X, from its optimum value the nulls will 
not be deep enough for their direction to be deter- 
mined. In general, however, with two elements there 
should be no need to know the actual value of X, 
since constructions are available which allow it to be 
adjusted by trial and error. Additionally, by virtue of 
the "size rule" calculations or measurements for a set 
of dimensions for which X, is known can be applied 
to any other, with due allowances for differences in 
R. Calculations, simplified by assuming equal cur- 
r e n t ~ , ~  have led to further results: 

Radiation resistance (Re) for a parasitic array is given 
by 

For an array in which each element has its own feed- 
line, the radiation resistances are: 

R director = R - RM cos 4 + XM sin 4 

R reflector = R - RM cos 4 - XM sin 4 

With a resonant reflector and equal currents, the null 
directions are approximately 130 degrees relative to the 
beam heading in all cases. The total resistance is the 
same as before, but that of the reflector (or director 
if XM is positive) can be zero or even negative, which 
bodes ill for the matching process. Until now, driven 
operation has been the usual method of trying to 
equalize currents, but the reason for some failures may 
now be apparent, particularly because the usual phas- 
ing lines must be matched for correct operation. Solu- 
tions to this problem have been discussed before.'s5 
Driven operation remains a possible solution to the 
problem of obtaining equal currents with straight ele- 
ments, and a number of such antennas have been 
described. Most of these, intended to be reversible, 
specify XI4 spacing, which is too wide, or XI8 spac- 
ing, which is convenient and simplifies the mathemat- 
ics to the extent that XM disappears. Unfortunately, 
because of mutual reactances of opposite sign, which 
each element induces into the other, a very high 
VSWR exists in each of the individual feeders. This 
high VSWR may not be noticed because it doesn't 
appear in the common feed from the transmitter; if 
it were corrected, the beam couldn't be reversed be- 
cause the correction would then be of the wrong sign 
and make matters worse. Open wire lines can be used, 
but result in excessively narrow bandwidth (though 
I've overcome this by using folded dipole elements). 

Overcoupling is a problem likely to be experienced 
in the case of quads with less than 0.15X spacing. The 
"Swiss Quad" (with 0.1X spacing) gets around this by 
driven operation, but as we'll discuss later, there are 
many advantages to be derived from resonant feed- 
ers, including the possibility of increasing coupling or 
neutralizing excess coupling by means of capacitance 
between the lines. Figure 5 shows the dependence 
of gain, radiation resistance, and null directions on the 
phase shift ratio.',5 If any one of these quantities is 
known, all the others except radiation resistance (Re) 
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fig. 3. Inductive and capacitive coupling of two elements. 
(A) Elements bent inwards at their centers couple induc- 
tively. (B, C) Ends bent inwards couple capacitively. (Dl 
Excessive coupling may be neutralized by capacitors as 
shown in (Cl. In (Dl, the two couplings cancel each other 
if S = XI8, leaving only the resistive coupling, R. Straight 
elements minimize coupling. 
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fig. 4. Mutual resistance A, and mutual reactance X, 
as a function of spacing for two-element beams. 

follow from it. For the last parameter, we also need to know the value for a single element (R); with a few 
exceptions, this can be obtained from fig. 6. The 
method of calculation is explained in reference 5. Fig- 
ure 7 is a further extension of fig. 5 showing the direc- 
tion and magnitude of the back lobes in the radiation 
pattern. They demonstrate the crucial importance of 
the ratio 4/4, in determining all aspects of the perfor- 
mance of two-element beams (including bandwidth, 
since this is linked to radiation resistance, as discussed 
later). 

directivity gain 
So far we've assumed that there are no losses. 

Apart from feeder loss, other losses may occur be- 
cause of proximity to nearby structures, use of very 
thin wire, or as the limiting factor when trying to make 
an antenna as small as possible. Besides radiation pat- 
tern distortion, currents induced in booms or support- 
ing structures due to lack of symmetry may introduce 
additional losses. If equal currents and correct phas- 
ing are maintained, losses as such have no effect on 
directivity which, because of high external noise levels, 
is usually the sole requirement in the case of recep- 
tion on the hf bands. 

Losses can make it impossible to equalize currents 
by means of increased coupling, but there is then no 
longer any problem with driven operation since the 
mutual resistance, as a result of these losses, is no 
longer in control of the situation. Because of this, it's 
customary to distinguish between directivity gain and 
power gain, the two being equal when there are no 
losses. 

; 6- $ 2  - 6 0  3 
L E ?  
5 

GAIN IdBI 
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fig. 5. Relationship between phase pngle, gain, null directions, and radiation resistance for all close-spaced, two-element 
beams wlth equal current drive. Note: losses not included; gain figures valid within 0.3 dB for null depths > 10 dB (ap- 
pro~.). Radiation resistance (in ohms) for half-wave elements spaced X/8 (see text for other beams). 

May 1987 11 



losses 
Horizontal monoband hf beam losses rarely exceed 

a few ohms, and with radiation resistances of a few 
tens of ohms, can usually be neglected. In doubtful 
cases they can be roughly estimated from conductor 
sizes, assuming one has some idea of the current dis- 
tribution. 

Resistance data in graph form can be found in text- 
books, but a handy figure to remember is one ohm 
per half-wavelength for 3-mm diameter copper wire 
(approximately No.10 AWG) at 14 MHz. The loss is 
inversely proportional to diameter and to the square 
root of frequency. However, divide by 2 for long con- 
ductors that have a sine wave current distribution, 
such as antenna wires or resonant feeders. This gives 
the resistance referred to a point of maximum current, 
which is standard practice also in the case of the radi- 
ation resistance with which it must be compared. For 
parallel wires, divide by the number of wires; for alu- 
minum alloy, multiply by 1.6, and don't use iron or 
steel! 

bandwidth 
Bandwidth is roughly proportional to radiation re- 

sistance but also varies inversely with the length of 
the resonant system (which includes the antenna up 
to the point of matching). We are interested in two 
kinds of bandwidth: 

SWR bandwidth - i.e., the frequency range over 
which the SWR is less than 2.0. As might be expect- 
ed by analogy with coupled circuits, bandwidth in this 
sense is improved by tighter coupling between ele- 
ments. The better the SWR bandwidth, the less fre- 
quently the antenna tuner has to be readjusted, or the 
better the chance of being able to dispense with it. 
In general, SWR tends to rise steeply at the low fre- 
quency end of the tuning range, since tuning low is 
equivalent to tuning the reflector higher. This reduces 
4, causing a shift to the left on the curves shown in 
fig. 5, with R B  dropping to a relatively low value. 

Pattern bandwidth, or the frequency range in 
which a specified null depth such as 10 dB is exceed- 
ed or the forward gain remains within 1 dB of maxi- 
mum. Despite their relatively small size the antennas 
to be described here come close to meeting the above 
specifications on most bands without retuning the 
reflector. This is consistent with a reasonable degree 
of operating convenience, but to take advantage of 
very deep nulls it's essential for the reflector to be con- 
nected through its own feeder to a tuning device at 
the operating position. In this case, pattern bandwidth 
is less important but makes for added convenience. 
Use of two feeders provides an additional bonus: the 
ability to reverse beam direction. 
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fig. 6. Radiation resistance of (A) "best possible" dipole 
elements (includes fig. 8C) and (Bl resonant XI2 dipoles 
fitting into restricted space (e.9.. fig. 801 - in this case, 
R is proportional to (l/lengthl*. 

design of elements 
Although elements don't have to be identical, it 

usually helps - and is essential if one wants to be able 
to reverse beam direction without having to retune. 
Figure 6 shows that half-wave elements can be 
reduced by 30 percent in length for only a trivial reduc- 
tion (17 percent) in radiation resistance, provided 
capacitive end-loading (or its equivalent) is used. Fig- 
ure 8 shows three practical ways of achieving this. 
In the case of fig. 8C, AB and CD act solely as end 
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loading because radiation from them is cancelled by 
that from AE and LIE. 

Most of the designs to be described are based on 
the small delta loop (fig. 8C), which can be suspend- 
ed between the tips of fiberglass fishing rods angled 
upwards, thus achieving an effective height consider- 

ably or no in radiation excess from of the the mast sides height, of the since loop. there's In this form little 
it has become known as "The Claw" for reasons ob- 
vious from the photograph (fig. 15). In most cases 
there seems to be little point in exceeding an element 
span of about 35 percent of the longest wavelength 
to be used; further size reduction is governed by three 
main constraints: bandwidth, losses, and difficulty of 
folding enough loading wire into the space available. 
For a reasonable approximation to "full size" perfor- 
mance, the above length can be more than halved if 
some form of remote tuning is provided.' Practical 
difficulties escalate rapidly as the span length drops 
below 0.2%. 

The arrangement shown in fig. 8D can be erected 
as an inverted V and is important as an alternative 
option though the sinusoidal current distribution halves 
the radiation resistance for a given span. 

coupling and null depth 
All four arrangements shown in fig. 8 provide in- 

creased coupling. In cases A and D, this is readily 
adjustable by altering the spacing between ends; 30 
inches for a span of 20 to 24 feet at 14 MHz has been 
found suitable, but some experiments may be advis- 
able. Ajustment of coupling isn't critical. I've found 
that "design by guesswork" frequently produces null 
depths in excess of 20 dB. It's best for errors to be 
corrected in the antenna itself, but for fine tuning, 
placing capacitors between convenient points on feed- 
ers has been found satisfactory. These can be con- 
nected either in phase to increase coupling or out of 
phase to neutralize excessive coupling. I then find it 
possible to get null depths usually in excess of 20 dB, 
and often much greater, for all back directions and in- 
band (14 MHz) frequencies with single-knob tuning of 

fig. 8. Two-element horizontal beams with reduced 
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length and enhanced coupling. Reflector should prefer- 
ably be a duplicate of the driven element (see text). 
Otherwise, if currents equal (i.e. if deep nulls are obtain- 

<. , able), tune reflector to the low edge of desired band. IA) 
Bent dipole elements (20 x 10 feet suggested, though 
dimensions are not critical) xy (nylon fishing line) ;. 30 
inches. (BI End-loading by vertical rods. Single elements 
have been used successfully with the dimensions shown. 
Coupling may need augmenting. (C)  Small delta loops 
(ABCD) should be just over Xl2. Size can be reduced by 
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, 
T 
.i 

8' 

n 

C1 



HF Superiority! 
SSB slope tuning-Another 
Kenwood First! 
CW VBT and pitch controls 
Tunable audio filter built in 
Dual mode noise blanker 
("pulse" or "woodpecker") 
with threshold control 
Eight memory channels 
RF speech processor 
High stability, dual digital 
VFOs 
AC power supply built in 
Fluorescent tube digital 
display 
One year limited warranty 

w on parts and labor 
A complete llne of 
accessorles IS available 

Throughout the contest Excellent receiver dynamic 
and DX world, theTS-930s range 
is recognized as THE HF All solid state, 28 volt final 
rig to own-with the most amplifier for lowest inter- 
outstanding performance modulation distortion 
per dollar ratio! * Power input rated at 250 

watts on SSB, CW. FSK, - Eas~ly modified for HF and 80 watts on AM 
MARS and CAP operation - Full break-in or semi- 

break-in CW 

- 8 memorles store mode, * Superlor solld state 

\L frequency, band Each deslgn 
* Dual dlg~tal VFOs 

channel may be used as VOX, seml break-ln CW A complete line of 
Compact $11 hanci VFO wlth sldetone accessorles IS available 
"ran~c_nijrpr l.wi!% 

C+ptl??"r7? Gt3\IC?r,?C?F 
r , + ~ ~ i v f ? r  

Kenwood engineering 
brings you "Digital 
DXterityW-OSY from 

mode, and frequency- 
to-frequency with ease! - Easrly modified for MARS 

operation 
* Superb interference 

reduction . .  I : : , .  - Programmable scanning 

TRIO-KENWOOD COMMUNICATIONS 

Cornpton. Cal~lotn~n 902?0 
',~,CV ,IN , ~ t ~ i i l . .  .mi! I~(,,.P( a,,, ~ o b l ~ c t  to change wtthoul rrot!ce 0, Obl!gatlOn 



-- 
-3 

i i :  

led for tc 
.-a I:--- 

DA7 pov 

r~ profile 
::A-.. bb., 

4- 

- " - 0 ,  ,. ,' 

* 
--m .--ilC* 

Cards and plaque courtesy W6TC 

FIMAC 
v new D cnamplo~ 

'he *""800P7 A 

Varian ElMAC contlnue inches (b.33 cm) high. C ' 

mit its development o requirements are moc 
tubes for HAM radio. i a matching socket, 

nney and anode clamp 
The new, rugged 3CX800A' ilable. 
power triode provides 2 kW PEF 
input for voice service or 1 kVI ata shee 

cw rating up to 30 MHz. Two tlon is available trom Varlan 

tubes will meet the new, higher EIMAC. Or the nearest Electron 
Device Group sales office. Call power ratings authorized by the ,vrite today, FCC. 

'arian EIMAC 
Desigr 01 Industrial Way 
compabt 1111ear ~ I I I V I I I I ~ I ~ ) .  LI IC ban Carlos, California W L I U  

elephone: 415.592 

W varian 

I 2% 
3 ing 

anc . . 

001- 
jest 
air 
are 

ma- 

16 a May 1987 v 1w 



the reflector. "Deepest possible" nulls aren't thought knobs). By the time these adjustments are made, the 
to be worth additional effort, given the unstable nature interference one is trying to remove has probably dis- 
of the ionosphere and sensitivity to local field distur- appeared anyway! With deep nulls a tendency has 
bances - for example, trees blowing in the wind, the been observed for non-reciprocity between transmis- 
presence of other antennas, even aircraft reflections. sion and reception, due probably to pickup on wiring 
Up to 30 dB can be useful, but deeper nulls require in the shack. If a linear is used, this won't be identical 
precise adjustments of phase and amplitude (two for the two cases. 
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fig. 9. Reflector tuning of "Claw" antenna: (A) Long feedline; (B) short feedline; (C) resonant feedline. This method, espe- 
cially as illustrated in (6).  is convenient, since point B is more likely to be accessible. Total L = 3.5 p H .  Terminations can 
be band-switched, but often cover two or three bands. 
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fig. 10. Application of enhanced coupling to conventional beams. (A) monobander - coupling wires (w) suggested as 
alternatives to  bending the elements. (B) Beam with traps. (C) is similar to A, except in that the reflector is tuned via 
the feeder. 

May 1987 17 



rst & 
Mad 

Soon 
'S 

I I 
SPECIFICATIONS 

Mirage Communicatiom Equipment, Inc 
EO. Box 1000 

Morgan Hal, CA 95037 
(408) 779-7363 J 110 

Electrical 1.5 - 1.2 - 44 LBX 
............. Band Width 1240-1300 MHz 1.4 - 

Gain. ............................. 18.2 
VSWR ............... Better than 1.5 to 1 

................... Feed Imp.. .50 Ohms 
Balun .4:1 Rigid Coax S ................... > 

Mechanical 1.1 

12' BOOM . 

Beam Length ..................... .................... 12' 4" I .O MI 
Element Length 4.5" 1240 1250 1260 1270 1280 1290 1300 1310 1320 

......................... Mast. 2 "  O.D. 
...................... Windload I sq. ft. FREQUENCY (MHz) 



reflections from other antennas 

1 9 ' E L E M E N T S .  12 AWG FF S M A L L  TO D I S T R I B U T I O N  O B T A I N  AMOUN CORRECT r O F  INOUCTIVE C U R R E N T  LOADING 

I # 

1 1 1  z 4 7 "  P,/ * / *-..q 1, ~ 1 5 "  

0 ,  b, C, 0 ARE l7AwC FORMING A  
O E L  TA LOOP C O N F I G U R A T I O N  

P L A N  V I E W  

I2 AWG 

E L E V A T I O N  SHOWS O N E  E L E M E N T  

These reflections can be large enough to seriously 
degrade forward gain at distances of over 30 meters 
at 14 MHz. (In one case I observed a loss of 2 S-units 
due to screening by another antenna at about 25 
meters.) Their effect on front/back ratio is much great- 
er. From mutual resistance data, it appears that an- 
other antenna 7 wavelengths away might be expected 
to degrade a 30-dB null by about 6 dB. Such effects 
depend, of course, on the extent to which the inter- 
fering antenna is in the beam path, so the effective 
radiation pattern varies with beam heading. The in- 
terfering antenna may be "removed" by detuning or 
rotating it to an end-on position, but any frontlback 
ratio it may possess applies only to its own input ter- 
minals and does nothing to help. Unless such effects 
can be eliminated, the possibility for serious errors 
remains. This further emphasizes the importance of 

14 4WG O P E N  W I R E  L I N E  - 

being able to make adjustments at the operating posi- 
tion to suit the needs of the moment. However good 
its f / b  ratio, a large Yagi will still be wide open to 
reflected signals from other antennas in its beam path. 

reflector tuners and t / r  switching 

I I 

I ( O T H E R  STUBS C O N N E C T E D  ar GROUND L E V E L  A S  R E O U I R E O  

I I 
I I 

fig. 11. Wire beam based on the small delta loop. In plan view, this may be recognized also as a derivative of the VK2ABQ 
antenna. Wires should not be attached directly to bamboo supporting arms. Lengths of nylon fishing line should be used 
as insulators. (Reproduced with permission from RSGB.) 

d 

Separate optimization of transmitting and receiving 
characteristics by switching between two different 
reflector tuners is a further important option. Tuning 
of the reflector to null out an interfering station can 
have a large effect on the SWR unless the antenna 
tuner is readjusted. Using an FS710H automatic in- 
line SWR meter, I haven't found this to be a problem, 
but without such a device and with modern solid-state 
amplifiers it can be an embarrassment. Because trans- 
mitting and receiving requirements aren't identical, it 
makes sense, in any case, to use separate tuners 
switched by a relay, not forgetting to use the "trans- 

H E 1  At' IN W A T E R P R O O F  BOX C L O S E S  S T U B  FOR I 4 M H r  
( I F  10MH2 O P E R A T I O N  T A K E S  P L A C E .  T H I S  RELAY W I L L  BE 
S U B J E C T  TO H I G H  O P E N - C I R C U I T  V O L T A G E S )  
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P.C. ELECTRONICS 2522 S.  PAXSON LN. ARCADIA CA 91006 (818) 447-4565 
TOM W6ORG MARYANN WB6YSS Compuserve 72405,1207 

ELECTRONICS SEE US AT DAYTON 
mm 

ATV MADE EASY WlTH OUR SMALL ALL IN ONE BOX TC70-1 
TRANSCEIVER AT A SUPER LOW $299 DELIVERED PRICE! 
CALL 1-818-4474565 A N D  YOURS WILL BE ON ITS WAY IN 24 HRS (VIA ups SURFACE IN CONT. USA). 

TC70-1 FEATURES: WHAT ELSE DOES IT TAKE TO GET ON ATV? 
Sensitive UHF GaAsfet tuneable downconverter for receiving Any Tech class or higher amateur can get on ATV. If you have a 
' Two frequency 1 wan p a p .  transmitter. 1 crystal included camera you used with a VCR or SSTV & a TV set, your cost will just 
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10 pin VHS color camera and RCA phono jack video inputs satellites you can use the same 70cm antennas on ATV. 
PTL (push to look) T/R switching DX with TC70-1s and KLM 440-27 antennas line of sight and 
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mit" (tuner) condition when checking for prior channel 
occupancy. While any feeder length can be used, it 
simplifies matters to choose one that allows series 
tuving as shown in fig. 9, preferably as shown in fig. 
9B, which increases the chance that points such as 
xx, where the rf voltage is suitable for coupling ad- 
justment, will still be available in the shack if required. 
With feeder impedances of both 50 and 600 ohms at 
14 MHz, I have found a capacitance (C) of 40 to 250 
pF and an inductance (L) of 3 to 4 pH to be suitable, 
but this would depend on feeder length. The trick is 
to pick a likely-looking capacitor out of the junk box 
and, with a grid dip oscillator, find an inductance that 
allows the reflector to be tuned through the band and 
down to about 2 percent lower. 

beam reversal 
This reduces the average time required for changing 

beam heading since rotation can be limited to about 
140 degrees. Also, in many cases an Armstrong meth- 
od of rotation can be employed, with two ropes sub- 
stituted for the usual heavy, expensive, and sometimes 
unreliable beam rotator. It can be particularly useful 
in multi-way contacts, and if there's uncertainty about 
whether propagation is short or long path. It also pro- 
vides confirmation that the antenna is working cor- 
rectly. Figure 10 includes suggestions for the addition 
of controlled coupling to conventional beams which, 
though as yet untried, may be useful to experimenters. 
In (A) and (C), it may be easier to pull the ends in to- 
ward each other with nylon fishing line. To permit 
beam reversal and null-steering, the reflector must be 
replaced by a replica of the driven element. 

to obtain in practice because one is working with too 
many variables. The two-element beam, moreover, 
provides the option of deeper nulls in specific direc- 
tions, though the rejection of QRM from several 
sources simultaneously may then be adversely affect- 
ed. In practice, not more than 1 to 1-1 I 2  dB extra gain 
can be expected from the third element, and in terms 
of the low-angle radiation required for chordal-hop 
propagation (which is probably responsible for most 
long-haul DX5), this is equivalent to an antenna height 
increase of only 15 to 20 percent. The small size, light 
weight, and construction of antennas described in the 
next section should, in many cases, lead to height in- 
creases of this order. It is not suggested that these 
small beams can compete with a six-element mono- 
bander on a 100-foot tower, but they can hold their 
own in more ordinary circumstances, requiring only 
a modest means of support, indifferent results quoted 
by earlier authors being attributable entirely to the 
assumption of straight elements and the resulting 
current inequalities. Much of this ground has been 
covered in earlier publications; a complete bibliography 
can be found in reference 5. 

multiband beams 
Multiband beams have previously consisted mainly 

of tribanders involving some degree of compromise. 
Instead of using the whole of a 14-MHz XI2 element 
on 28 MHz, it is cut down to size by traps, or 28-MHz 
loops are stacked inside 14-MHz loops which could 
be used to provide extra gain on 28 MHz. This sacri- 
fices 2 to 4 dB of gain at 28 MHz1, as well as incurring 
losses due to circulating currents in traps or "wrong 
way" currents induced in unused elements, which can 

comparison between two and three reduce bandwidth and affect coupling. 
elements Trapped beams rate highly in terms of convenience 

Two-element beams can be expected to produce 
deeper and more controllable nulls, but this may not 
help if more than one interference source is present. 
In this respect, three-element beams are superior, as- 
suming fixed tuning of the reflector in both cases. With 
two elements, a rejection ratio better than 18 dB can 
be obtained for all back angles if the nulls are placed 
at 150 degrees to the beam heading; this is for a spot 
frequency, but can be obtained throughout the band 
if reflector tuning is synchronized with the main tun- 

as well as off-the-shelf availability, and their popularity 
could no doubt be further enhanced by design im- 
provements - for example, along lines suggested by 
WOJF.ll At the same time, the fact that now we have, 
within 1-1 12 octaves, six bands instead of three, 
presents an exciting challenge unlikely to be met by 
traps or stacking without further compromises. The 
log periodic antenna, though simple in use, is large, 
heavy, expensive, and inferior in performance to a Yagi 
of the same size. 

ing. With three elements, W2PV2 found null depths 
in excess of 20 dB over 2 Dercent bandwidth in the the "poor man's log periodic" (PMLP) 
best case, but this was only for the 180 degree direc- 
tion. It has also been shown that three elements can 
provide rejection in excess of 28 dB at all back angles 
simultaneously on a spot freq~ency.~ From tuning data 
given in this reference, I estimate a minimum rejec- 
tion of around 18 to 20 dB over a 2 percent band, 
which is little better than the two-element result and 
requires very precise adjustment of the kind difficult 

When short of new ideas, it often helps to take a 
fresh look at old ones, which is what I've been doing 
in the case of resonant feeders. Though these have 
been blamed for TVI, radiation from balanced lines is 
very small, and they've consequently also been recom- 
mended as cures for TVI. It's true that they can get 
themselves twisted around the mast or entangled in 
guy ropes, but there's no excuse for this if beams are 
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reversible as previously recommended, since rotation 
can then be restricted to less than 180 degrees. A more 
serious objection is the restriction of bandwidth. But 
with remote tuning, this becomes an inconvenience 
rather than a basic limitation. Now, through a for- 
tunate accident, a solution to the bandwidth problem 
has also emerged and with it a family of small, light- 
weight antennas that provide the performance and 
other characteristics of the antennas described earlier, 
yet are tunable over the frequency range from 10 to 
30 MHz. This largely achieves the object of the log 
periodic antenna, though the principle at work is 
entirely different. 

the ideal antenna? 
To establish the respectability of resonant feeders 

and provide a useful perspective, the design of a "best 
possible" multiband beam will be attempted. 

Consider three identical straight tubing elements 44 
feet long, spaced 8 feet apart, fed with about 46 feet 
of open wire line, and tuned to 14 MHz. The radiation 
resistance of a single element is 150 ohms and the 
bandwidth of antenna plus feeder for an SWR of 2:1 
is about 8 percent, differing only slightly from that of 
a normal half-wave element. This should provide gain 
and f /b  ratio in line with the previous three-element 
example. The larger value of radiation resistance, how- 
ever, makes it much easier to use resonant feeders for 
remote tuning and beam reversal; even if this is not 
required, it helps to ensure reasonable bandwidth. The 
main benefit occurs at other frequencies, since on 28 
MHz the elements are "extended double Zepp," which 
was the reason for the choice of length. The boom 
length is nearly op t im~rn ,~  bringing the total gain to 
about 10.5 dBd. The spacing is too wide for good f /b  
ratio on 28 MHz, but this could be improved by addi- 
tional coupling. On 10 MHz, omitting the center ele- 
ment provides for satisfactory spacing and achievable 
gain is in accordance with numbers indicated in fig. 
5. Losses are negligible. The lower end of the feeders 
is assumed to be accessible near the antenna and can 
be lengthened or matched into, if necessary, utilizing 
band switching, depending either on local 
requirements or bandwidth considerations. With two 
elements, the boom length would have to be reduced, 
with 0.1X the minimum acceptable length at 10 MHz. 
The gain at 28 MHz is reduced to 7 dB, but remains 
high for two elements. For comparison, the gain of 
a log periodic will be in the region of 6 dBd, assuming 
a boom length of 50 feet, making the PMLP far supe- 
rior except for the inconvenience of having to tune it. 
This can be done in the shack if the feeders aren't too 
long. Nevertheless even the PMLP in this ideal form 
is in the "monster" class, and much effort has been 
devoted to applying the same principles to smaller 
antennas. 

the small delta loop 
The antenna shown in fig. 8C, a fixed pair of loops 

supported by a tree, was selected for this purpose after 
being used initially as the quickest and easiest way of 
getting back on the air from a new location. Though 
it wasn't possible to make a direct comparison, the 
performance of a full-size quad - in the same tree at 
the same height - was later judged to be about the 
same. The first multiband version of this antenna6, 
shown in fig. 11, was used initially without the 
switched stubs, with correct coupling established by 
capacitance between the corner stubs (which also 
provided a small amount of loading) and by bringing 
the lower corners in towards the mast. The electrical 
lengths from top center to a shorting bar at ground 
level were arranged to be X on 14 MHz, 1-1/2X on 21 
MHz, and 2X on 28 MHz, providing for 600-ohm feed- 
line matching as well. Current nulls in the center of 
the sides on 14 MHz ensured that all the radiation was 
from the top of the system, while at higher frequen- 
cies the loops radiated as ordinary loops, with effec- 
tive spacing reduced by bringing the lower corners 
together. The matched lines (120 feet) were taken 
respectively to an antenna tuner and a series-tuned 
circuit for reflector tuning via a beam-reversing switch 
which interchanged the feeders in the shack. The ele- 
ments were supported by four 8-foot bamboo garden 
canes radiating outwards and upwards from an alu- 
minum hub with four 4-foot spokes, for a total radial 
length of 12 feet. The SWR bandwidth for given set- 
tings of the antenna tuner and reflector tuning at 14 
MHz was only 100 kHz which generated a tendency 
to stay in one part of the band. Differences in tuning 
between wet and dry weather were a nuisance. These 
were aggravated by short lengths of 300-ohm line in- 
itially used for bypassing the rotating joint. Checking 
the feasibility of operation on 10 MHz was difficult be- 
cause it required the attachment of matching stubs 
at half the mast height, but it was achieved on one 
occasion, which resulted in an S8 report from VK with 
reasonable f / b ratio. 

Despite the narrow bandwidth, such an arrange- 
ment may well be acceptable on the grounds that it 
is simple, cheap, versatile, and efficient, especially if 
the shack is located at the base of the mast. For me, 
however, it has one fatal flaw: the difficulty of living 
with the knowledge that identical performance could 
be obtained from a smaller antenna! To improve band- 
width on 14 MHz, the stubs were moved a half wave- 
length closer to the loops, with relays to disconnect 
them as shown in figs. 11 and 12. This enabled tuning 
for the 21- and 28-MHz band, where the radiation re- 
sistance is much higher, to be carried out at ground 
level as before. 

The small delta loop is mechanically superior to a 
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center-fed bent dipole (fig. 8A), since the center of the element doesn't have to support the weight of the 
feeder. Other features include higher radiation resis- 
tance and reduced effective spacing on 21 and 28 
MHz, but on 14 MHz an adverse impedance transfor- 
mation takes place at the bottom corner of the loops 
so that an estimated radiation resistance of 45 ohms 
referred to the top center is stepped down to only 20 
ohms in the feeder. Using the relay as shown, this isn't 
important, since only a short length of line is affect- 
ed. But with no relay and No. 14 AWG feeders, there's 
an estimated loss of 1 dB, as well as the narrow band- 
width already noted. With tubing elements as shown 
in fig. 12, the situation is more favorable, with an es- 
timated impedance reduction of only 30 percent. 
There's also more flexibility because the impedance 
discontinuity at the ends of the tubing tends to offset 
the step-down at the bottom corner and the boom 
can, if necessary, be used to support a heavier feeder 
system. 
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fig. 12. One element of small delta loop array using tub- 
ing end-fed with wires. These wires can be thin because 
current zeros occur at the crosspoints on 14 MHz, and 
on higher frequency bands Rg is relatively large. Element 
spacing is with the lower corners 4 feet apart. (Repro- 
duced with permission of RSGB.) 
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Recommended domensions (Isel) 
Mintmum Ma%zmum Example 

33 37 36 
17 5 24 20 
13 20 19 

Example 
Band OH HJ 

16 1881 7 mchss 28 rnches 
30 lee1 24 rnches 

14 32 feel 42 rncher 
28 5 SWR = I 9 w~lh  no rlub 

I I 
I I 
I I 0 rY! !" 

1 /8 

ro 
A /1 Hp-l B I L U N  - . , . . . . . e rr 4 
LJ 50 CABLE OHM FEEDER COAXIAL 

fig. 14. Claw antenna design: (A) exact shape isn't critical lsee fig. 151; (6 )  small capacitors are used to adjust coupling 
if necessary. (Reproduced with permission of RSGB.) 

Figures 11 and 12 represent two extremes of design be assumed that although on 14 MHz the radiation was 
in which "anything goes." Typical observed SWR and coming from straight elements, the "quad loop effect" 
f / b  ratios are included in table 1. No additional coup- was operative with respect to coupling. In the anten- 
ling or neutralization was needed to obtain the results na shown in fig. 12, i t was found that for two-band 
shown. In the case of the fig. 12 configuration, it must operation (14 and 21 MHz), the relay could be omit- 

.. - 
ted because of a chance combination of impedance - 
transformations which caused the second harmonic 
resonance to occur at only 1-1 12 times the signal fre- 
quency. In general, I've not found it difficult to ob- 
tain efficient two-band operation of antennas without 
switching, but three bands are much more difficult. 

fig. 15. The Claw antenna. 

the impedance transforming loop(lTL1 
Disadvantages of the systems illustrated in figs. 11 

and 12 include the need for switches or relays in posi- 
tions that are usually inaccessible. Even if this is ac- 
ceptable, frequency coverage is restricted because as 
R decreases, switching devices have to meet increas- 
ingly stringent requirements with respect to capaci- 
tance and r f  voltages. 

Figures 13.14, and 15 show a means of dispensing 
with relays and, to a large extent, the need for match- 
ing stubs. This was the outcome of an unsuccessful 
attempt to develop a small (i.e., 18-foot, 14 MHz) 
broadband folded dipole by slowing down the wave 
velocity." The idea was to trick the wave into thinking 
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Table 1. Comparison of various antennas described in this article. 

BAND Bandwidth for FIB ratio Bandwidth for SWR 
(MHz) Antenna >20dB >15dB >lodB ~ 1 . 2 5  ~ 1 . 5  <2.0 
14 S.D.L. (wire) 140 280 110 190 300 

S.D.L. (tube] 150 220 385 225 390 
Claw No. 1 40 120 220 160 330 
Claw No. 2 145 300 230 
Folded Dipole 230 100 260 350 

21 S.D.L. (wire) 320 110 205 370 
S.D.L. (tube) 550 360 
Claw No. 1 85 210 350 330 420 
Claw No. 2 400 320 380 
Folded Dipole 260 450 

28 S.D.L. (wire) 190 500 
S.D.L. (tube) 800 550 800 
Claw No. 1 240-300 600 180 370 680 
Claw No. 2 170 840 10M) 1000 
Folded Dipole 280 1000 

the element was larger, but this was unsuccessful. Be- 
ing difficult to draw and of limited practical interest, 
its somewhat fearsome appearance will not be inflict- 
ed on the reader, though some performance figures 
are included in table 1. The surprise came in the form 
of a chance discovery that long feeders could be con- 
nected without degrading the bandwidth; the explana- 
tion, though elusive, led eventually to the design of 
a number of antennas bearing little resemblance to the 
original 

principles of operation 
Figure 13A illustrates a small loop element which 

could be any shape. Two or more half-wave wires are 
used in parallel for the top part of the loop, resulting 
in a low value of characteristic impedance ZOT. 

The remainder of the loop consists of a second XI2 
dipole with a high value of characteristic impedance, 
ZOB; this can be a helix as shown, or inductively load- 
ed in other ways. Each dipole functions as a XI4 trans- 
former so that the radiation resistance, R, after being 
stepped up to the value 

at the ends of the top dipole, is then stepped down to 

at the feedpoint. As illustrated, a typical R value of 
50 ohms is stepped up to 200 ohms at the feedpoint, 
which is high enough to ensure that bandwidth re- 
mains an intrinsic property of the antenna and is free 
from serious degradation due to the feeder. A selec- 
tion of Z values is given in table 2. Depending on size 
and construction, the lower dipole may be a thin wire 
unloaded V or one of the alternatives shown in fig. 
13B. All of these arrangements have been used suc- 

Table 2. Design data for ITL antennas. 

Characteristic impedance for various wire sizes and 
combinations. 

Number of Diameter Spacing Z.(ohms) 
conductors (inches) (inches) 
1 0.04 1000 
1 0.8 650 
2 0.04 4 690 
2 0.04 6 640 
2 0.04 12 550 
3 0.04 4 550 
4 0.04 4 490 

Equivalent Zo of lower dipole (wire diameter, 0.04 inches) with 
inductive loading. 

Physical length Equivalent 2, 
of dipole (ohms) 

(wavelengths) 
0.375 1200 
0.3 1500 
0.25 2000 
0.2 29000 

Note: Zo values are calculated for 14 MHz. However, because 
of some length dependance, they will be slightly different for 
other bands. No data is available for helical windings. 

cessfully. The usual objections to inductive loading 
don't apply because the radiation is mainly from the 
top part of the loop. This comes about because the 
current is stepped down in the ratio of the impedances; 
because the lower dipole is shorter; and because the 
current distribution in it is sinusoidal or triangular, in 
contrast to the almost uniform current in the top di- 
pole. This constitutes a major advantage over the quad 
loop, in which the mean height is dragged down by 
radiation from the lower side. On the other hand, there 
is some radiation from the sides; it can be cancelled 
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AVCOM " THE FIRST NAME IN 
SATELLITE TEST EQUIPMENT 

AVCOM PSA-35A PORTABLE 
SPECTRUM ANALYZER $1965 

AVCOM's PSA-35A Portable Spectrum Analyzer 
is the flrst spectrum analyzer designed for the 
satellite communication ~ndustry. The AVCOM 
PSA-35A offers frequency coverages of 10 to 
1750 MHz and 3.7 to 4.2 GHz. The PSA-35A is 
portable and can be operated from 115 VAC 
(220/240VACavailablej or itsown recharaeable 
internal batteries. ~ h d  AVCOM-PSA-35i will 
quickly become the most important test Instru- 
ment you own for installing or servicing TVRO 
systems. 

AVCOM PSA- ACCESSORIES 

TISH-40 - Termstrial Interference Survey 
Horn - $127 

SSC-70- Signal Sampler and Calibrator - $175 
AVSAC - AVCOM Spectrum Analyzer 

Carrying Case - $69 
WCA4 - Wavegu~do to Coax Adapter - $78 
QRM-35 -Quick Release Rack Mount - $124 

A W M  PTR-24 PORTABLE 
TEST RECEIVER $1375 

AVCOM's Portable Test Recelver has a full 
range of outputs to prov~de s~gnals for large TV 
monlton, v~deo recorders, and aud~o ampllflen 
A spec~al IF sampled output IS avatlable for 
observlng70MHz IFs~gnals~nclud~ng TI. tfany. 
on the PSA-35A Portable Spectrum Analyzer A 
large easy to read slgnal strength meter IS 

located on the control module and an audtble 
s~gnal strength lnd~catorfunctlon tsalso prov~ded 

AVCOM STA-?OD 
SCPC TEST ANALYZER $1980 
The AVCOM STA-70D conveniently connects 
to the 70 MHz IF output of your C or Ku band 
downconverter. S~gnal levels, interference, and 
all carrien appear on the spectral display. The 
display span ts continuously adjustable from 0 
to more than a full transponder. the display 
sensitivity is switchable from 2 dB or 10 dB per 
division. 

Mlc3800 MICROWAVE TRACKING 
GENERATOR $1865 

Turn vour HP 8566 Soeclrum analxzer into a 
p o w e i ~ l  m o r k  anah;zer WIM scala;lrequency 
response funct~on AVCOM's model MTG-3132 
  rack in^ Generator outputs a -5 dBm (typical) 
tracked RF signal from less than 100 KHz to 
over 1.0 GHz. Flatness 21.5 dB typical. IF 
feedthru below -65 dBm typical. L.O. is a phase 
locked cavlly oscillator riferenced to an oven 
stab~l~zed crystal oscollator 

AVCOM MSG1000A Oto1000MHz 
MICROWAVE SWEEP GENERATOR $1565 
The MSG-1000 generatess~gnalsfrom 100 KHz 
to 1OOO MHz Its LED frequency readout IS 

accurate to t l  MHz The MSG-1000 can be 
used as a marker generator for the PSA-358 
Spectrum Analyzer Other poss~ble uses Include 
sweeplng IFflltenand ampllflen Bulltln 1 KHz 
FM modulat~on standard Operates from 110 
VAC or 11s own Internal rechargeable batteries 

AVCOM MSG-5 3.7 to 4 2  GHz 
MICROWAVE SWEEP GENERATOR $1087 
AVCOM's MSG* M~crowave Sweep Generator 
prov~des the capablltty of generatlng very 
accurate s~gnals In the 3 7 - 4 2 GHz satellite 
communlcatlons band A weep capablllly IS 

standard over the entlre 3 7 4  2 GHz band to 
bandwidths less than one MHz at any center 
frequency between J 7 and 4 2 GHz Frequency 
can be read on an LEDdisplay w~th better than 1 
MHz accuracy A bu~lt-~n modulatlon generator 
can vertly TVRO system performance An ex- 
ternal v~deo modulatlon Input 1s included The 
MSG-5 features itne or battery operatlon, port- 
ablllty, and rugged construction 

AVCOM MSG175OA ,960 to 1750 M k  
MICROWAVE SWEEP GENERATOR ~ l n s  
The MSG-1750A d~gltal frequency reedout 1s 
accurate to + MHz The MSG-1750 has been 
developed for lnternatlonal use w~th  the wlder 
block frequency band from 950 to 1750 MHz 
Operat~on from 220 VAC e standard, 110VAC IS 

available The MSG-t750A can be used as a 
marker generator for the PSA-35A Spectrum 
Analyzer to accurately specify TI fllters or to 
establish performance crltena for satell~tecom- 
munlcabons contracts 

AVCOM MSG-2000A 1000 to 2000 MHz 
MICROWAVE SWEEP GENERATOR $1282 
The MSG-2000A generates signals from 1000 
MHz to 2000 MHz, Its LED frequency readout is 
accurate to r l  MHz. The MSG-2000A can be 
used with the AVCOM PSA-356 Spectrum 
Analyzer to specify TI filters or to establish 
~erforrnancecriterla for satellitecommunication 
;nstallat~on contracts Bu~lt-tn 1 KHz FM modu- 
lat~on standard The MSG-2000A can be oper- 
ated from an 110 VAC external power source or 
from I& own internal rechargeable batteries. 

Terms and opR~l~cat#ons Jublect lo change wllhout natlce 
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' AT A VERY ACFOROABLE PRICE I 

by reverting to a more or less triangular shape as 
shown in fig. 14. Assuming an ITL to be designed for 
14 MHz, operation on the higher frequency bands 
differs little from that of the small delta loops described 
earlier; at 21 MHz there tends to be some "wrong- 
way" impedance transformation, suggesting the 
desirability of matching stubs at ground level in the 
case of long feeders. Concentrated loading, as shown 
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fig. 18. Typical performance of Claw No. 1 on 14 MHz. 
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proaches zero. The reflector was adjusted for nulls at 
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in fig. 13B2, improves matters on 14 MHz by increas- 
ing ZOB (see table 21, but reference to a Smith Chart 
suggests that at 21 MHz this could lead to an increase 
of SWR in the open-wire line of 2 or more. On the 
other hand, with long coils of small diameter (20 inches 
x 1 inch), as shown in fig. 14, much better agreement 
between theory and practice resulted from regarding 
them as a harmless continuation of the traveling wave 
system. 

\ 
\ 
\ 
\ 
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>* 

0 
0 

construction 

-3.0 k 

? 

-. 2 . 0  

t 1.0 

Figures 14 and 15 illustrate the latest version of the 
Claw antenna, which uses two pairs of fiberglass fish- 
ing rods 13 feet long, extended at their lower ends by 
an additional 6 feet of 1-inch diameter fiberglass tub- 
ing. These are plugged into alloy sockets which radiate 
outwards from the top of the mast. They are braced 
back with further lengths of fiberglass tubing to a short 
mast extension. The elements are held apart by 6-foot 
spacing rods of 112-inch diameter alloy tubing. Plastic 
rod end-pieces are used to keep the rods a few inches 
clear of the elements; even so, these may be respon- 
sible for some of the coupling. The tips of the fishing 

28 28.5 29 29.5 

fig. 18. Typical performance of both Claws on 28 MHz. Curves demonstrate adverse effects on bandwidth of very long 
unmatched feeder. 

rods are pulled in by nylon fishing line to give an ele- 
ment spacing of 12 feet. Points on the rods are guyed 
back to crosspieces at the top of the mast. The top 
wires are held 11 inches apart in the horizontal plane 
by fiberglass spacers cut from the discarded tips of 
the fishing rods. Additional spacers on the rods them- 
selves (with fishing-line ties) are used to maintain even 
tension in the wires to avoid flexing and breakage. 
Earlier versions used three copper wires spaced 4 
inches apart, but the benefit from the extra wire hardly 
justifies the added complication (see table 2). The 
latest version uses No. 16 AWG aluminum alloy wire, 
which reduces weight for a given rf resistance, but 
increases windage. Since the rf resistance is only 
half that of a single wire, mechanical considerations 
are more likely to be the deciding factor. Wires break 
if not kept under tension, but with two antennas 
over a period of three years - which has included 
periods of heavy winds - no fishing rods have bro- 
ken, and there has been no other damage to the main 
structures. 

The same wire gauge is used throughout. The load- 
ing helices are each wound with 40 turns over a total 
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length of 20 inches, partly near the lower end of the 
rod extensions and partly on the bracing struts. Be- 
cause of the low radiation resistance on 10 MHz, it's 
advisable to provide matching as close as possible to 
the antenna. In one case, 28-inch stubs were placed 
16 feet, 7 inches from the element. Later, for greater 
convenience I used a pair of series-connected 10-pF 
capacitors near ground level. The location could be 
determined by finding points of "zero" current and 
then moving 3 feet closer to the antenna. Matching 
on the other bands was used initially, but discarded 
because it made no difference in signal strengths, 
though table 1 suggests the loss of some bandwidth. 
Even on 10 MHz, despite the additional 120 feet of 
open wire line (No. 19 AWG), the loss without match- 
ing was less than one S-unit. Measured performance 
data for both Claw antennas is included in table 1. 
The plots of f /b ratio and SWR shown in figs. 16, 17 
and 18 are typical of results obtained with Claw No. 1. 

alternative designs 
The loops can also be suspended from spreaders 

between two supports. In this case planar loading (an 
idea suggested to me by Steve Hart, VK5HA1, as 
shown in fig. 138, is suggested. The assembly can 
be supported by three lengths of nylon fishing line with 
small ring insulators cut from fiberglass tubing to keep 
adjacent edges apart. I find that nearly a 3:1 reduc- 

tion in length can be achieved this way; because it uses 
less wire, its efficiency is greater than with helical load- 
ing. For this reason, it was used in the first two ver- 
sions of the Claw,' but helical windings in this case 
are easier and neater, with losses insignificant. Similar 
loops can be suspended from their centers in inverted 
V fashion. I've also built a rotary version of such an 
antenna modelled after the one shown in fig. 38. This 
used a lightweight mast extension surmounted by a 
1/2-inch diameter aluminum boom. Two fiberglass 
radial arms were used to hold up the dipole ends. 
Apart from the neutralization problem mentioned 
earlier, this worked well on 14 MHz. A three-element 
version of the Claw was also constructed; since only 
triband operation was required, I was able to use a 
coaxial feeder for the center element and a relay to 
switch in an additional length of helix on 21 MHz. The 
third element was effective on 28 MHz and was in- 
directly useful for 10 MHz because, though not in use, 
it allowed wider spacing between the other two ele- 
ments without degradation of performance on 28 
MHz. On 14 and 21 MHz, there was no improvement 
compared to using any one of the three possible pairs 
on its own. SWR on 14 MHz could be varied between 
1.0 and at least 5.0 by tuning the parasitic elements! 
The problem was basically one of "too many vari- 
ables," and it was concluded that for three elements 
to be viable, they would need to be spread out along 
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a boom; the "Claw" concept would then lose most 
of its attraction in return for a relatively small improve- 
ment in performance. 

vertical arrays 
Vertical beams can also be constructed using con- 

trolled coupling.1° Figure 19 shows two examples. The 
first is an "asymmetrical dipole" array that uses 
inductively-loaded counterpoises to form the lower half 
of the dipoles. The inductances can take the form of 
linear l ~ a d i n g . ~  The elements are movable and can be 
plugged into sockets on fence posts. Coupling is var- 
ied by rotating the counterpoises towards each other 
and all adjustments are conveniently accessible. Each 
half of the dipole should be resonated separately 
against a XI4 wire. The second can be regarded as a 
"vertical VK2ABQ" antenna. It's best to use four wires 
at right angles; adjacent pairs may be connected in 
parallel, though they can also be used in a three- 
element configuration. In the two-element case, which 
is recommended, overcoupling was experienced, re- 
quiring neutralization as shown. ("Zepp feed" can also 
be used, provided the open end of the feeder is closed 
with a X/4 stub5.10 as recommended by G6CJ.l 

conclusion 
My intention has been to  provide guidelines, rather 

than blueprints, for the construction of antennas tai- 
lored to suit individual needs. The Claw designs will 
be useful even if the best mast available is only a gar- 
den post, and I hope that some who have decided 
regretfully that beams are "not for them" will have 
second thoughts. The null-steering and beam-reversal 
capabilities are particularly useful. In addition to cover- 
age of six bands - with "monoband" performance 
on several - Claw elements are particularly suitable 
for use as top-loaded verticals for the lower-frequency 
bands. 
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homebrew antenna mount 

Hand tools and 
standard hardware 

are all you need 
for this project 

A number of years ago I visited a ham friend who 
proudly showed me his new tribander. Sitting atop a 
rotatable mast secured to a ground-mounted fixture, 
the antenna could also be lowered so that one could 
work on it comfortably. 

We lived in an apartment then, and the only 
antennas I could install were dipoles for 80 and 40 
meters and a vertical for 20, 15, and 10. Later, when 
we finally bought a home, I found that despite a large 
back yard, power and telephone lines - as well as 
trees we'd planted - put an end to my plans for an 
antenna farm. 

Though finding antennas for 80 and 40 meters was 
no great chore, finding room for a tower or mast was. 
It was then I realized I already had a platform for 
working on my antenna - namely, the gently sloping 
garage roof. I decided I might be able to put up 
something similar to the arrangement my friend had 
shown me years before. 

My plan was to use a push-up mast, supported 
somehow at the bottom, and drive it, with the antenna 
on top, from ground level. I did some shopping for 
parts and spent some time at the work bench; using 
hand tools only (with the exception of an electric drill), 
the result was a mast which has been in use now for 
a dozen years or more, with no problems (Photo 1). 

initial considerations 
One of the first things to realize is that your antenna 

isn't going to rotate at 5000 rpm. It turns very slowly 
(my rotor takes a full minute to turn 360 degrees), and 
hence puts little strain on the bearing you'll use. Aside 
from the inevitable accumulation of dirt, which is easily 
removed with a stiff brush and some paint thinner, I've 
had no problems with the bearing at all. 

The second thing to realize is that when you have 
everything done, extending the push-up mast with the 
antenna on top of it isn't easy unless you've made 
some advance preparations. Suppose you've acquired 
such a mast; it will probably have three or four 
sections, depending on the height you've chosen. 
Mine has four, and the outside diameter of the lowest 
section is 2-1 14 inches. The lifting problem isn't one 
of weight, but of having some way of knowing when 
you're reaching the point at which you should stop 
lifting and secure the section with the clamp provided, 
and maybe even drill to pass a 114-inch bolt through 
the two sections if you're a bit timid. 

mast inspection 
Lay the mast out on the ground, fully extended, and 

examine the point at which the smallest section 
emerges from the one below it. 

Although the smaller section of my mast won't sep- 
arate from the larger one, there's an illusion at work: 
when you're lifting the smallest section, with the 
antenna mounted on it, you become absolutely 
convinced that at some point the whole thing will pull 
out, leaving you on the roof with 10 feet of mast and 
an antenna in your hands and nothing else to hold 
them. To avoid this, use paint or some other marker 
to warn you when you're just a few inches from the 
clamp-off point. Do this with all of the sections. At 
this point, let me add a caution: whenever you're 
extending or collapsing the mast, wear heavy gloves! 
( I  use a pair of leather gardening gloves.) The mast 
sections have a nasty habit of pinching your flesh 
between them. Wear those gloves! 

mounting the mast 
Decide where you'll mount the mast. For aesthetic 

reasons, an exterior garage wall is a good choice; you 
may prefer to attach hardware through to the exposed 
studs rather than to a finished interior or exterior wall 
of your house. 

You'll also have to decide how far off the ground 
the lower end of the mast will be supported. This will 

Howard A. Bowman, WGQIR, 5872 West 77th 
Place, Los Angeles, California 90045 
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confuse everyone in the world except plumbers. Pay - no attention to the designated pipe sizes; use a tape 
or a scale and measure everything for yourself. Try 
the mating pieces to be sure they do what they're 
supposed to do. That way you won't encounter 
unwelcome surprises. 

The next step takes place in your own workshop. 
Screw the nipple tightly into the reducing fitting, 
securing it by drilling and tapping for a machine screw 
of some convenient size. (The screw won't bear any 
load, but will keep the two parts from coming apart.) 
Then slide the nipple into the lowest section of the 
mast until the lower edge of the mast section rests on 
the reducing fitting. 

At  this point I drilled and tapped for 114 inch x 20 
machine screws and used hex-head screws about 112 
inch long. This was overkill, but, to  some extent, the 
number of screws you use will depend on the snug- 
ness of the fit between the lowest mast section and 
the pipe inside it. The idea is to square things up as 
well as you can. If you need four screws 90 degrees 
apart, use them. 

You'll need a bearing with an inside diameter large 
enough to accept the smaller end of the reducing 
fitting. The tapered shoulder of the fitting will ride on 
the inner race of the bearing. I've used two bearings 
- one a standard ball bearing and the other a tapered 
roller bearing. Either does fine. The inside diameter of 
each is 1-518 inches, and the outside diameter is just 

Photo 1. Complete installation. 

depend on the length of your rotor, which will hang 
below the "shelf" you'll build (see photo 21, and 
should clear the earth by a few inches. At this point, 
do one other thing as well: measure the inside diameter 
of the lowest section of your mast. 

Before you-head out to the plumbing supply shop, 
try to visualize what your array of mast, rotor, and 
connecting pieces of pipe will look like overall. A short 
length of pipe should fit snugly inside the lower end 
of the mast. (Though it doesn't have to be an exact 
fit, it should be fairly close.) It should be 5 or 6 inches 
long and threaded on both ends; you'll find it at your 
local plumbing supply house, described as a "nipple." 
You'll also need two lengths of pipe - one to run from 
the support you'll build to the upper clamp of your 
rotor, and the other to run from the lower clamp of 
the rotor to about a foot below the surface of the 
earth. One end of the upper piece must be threaded. 
Aside from this, it's probably simpler to get one long 
piece and cut it in half yourself. 

You'll also need a reducing fitting. At  its larger end, 
it should accept the threads on the nipple, and at its 
smaller end it should accept the threads on the longer 
piece of pipe. Caution: pipe sizes are guaranteed to 

a bit over 3 inches. It's important that the slanted 
portion of the reducing fitting fit inside the bearing, 
so take careful measurements or take the fitting with 
you when you shop for the bearing at an establishment 
that stocks new and used machinery. In a pinch, you 
may find one at an automobile junkyard: 

mast and rotor support 
Having come this far, you've done all but the 

drudgery of making some kind of a support for the 
mast and rotor. Mine is made of ordinary 1-114 inch 
angle iron, which you can find at any iron fabricating 
shop or even at some large hardware stores. If you 
get it at a hardware store, it will most likely be sold 
in 6-foot lengths; you'll need three of them. If you get 
it from a shop, be careful. Be sure of your measure- 
ments, since the cutter may distort the metal where 
the cuts are made, making part of it unusable for your 
purpose. 

In planning your shelf, be sure to consider its height 
above ground and its depth. The shelf must be high 
enough so that your rotor can hang below it with a 
few inches clearance above ground. Its depth depends 
upon the distance your mast will be positioned from 
the wall. In my case, eaves extend 7 inches from the 
wall, meaning that my shelf had to be about 15 inches 
deep to allow the mast to clear the eaves and still 
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provide adequate support. If you have no eaves to 
contend with, you may be able to make the shelf only 
8 or 10 inches deep. (Keep in mind that this dimension 
will have some effect on the amount of angle iron 
you'll need. ) 

triangular supports 
The next step is to make two right-angled triangles 

out of angle iron. They should be made so that they're 
mirror images of each other; that is, each should have 
the open sides of the angle iron pieces facing the 
other. One leg of the triangle will extend outward from 
the wall, another will fit vertically against the wall, and 
the third will complete the triangle by extending from 
some point near the outer edge of the horizontal piece 
to some point toward the lower end of the vertical 
piece. 

Start by drilling both the vertical and horizontal 
pieces where they overlap and bolt them together. I 
used 114-inch bolts on mine. Use a square to make 
certain that the angles form a 90-degree angle. 
Measure carefully for the third leg, cut it to size, and, 
once again, drill for bolts. Do the same with the other 
three pieces of angle iron, making sure that the open 
sides of the triangles face each other. 

Now, try to mount these triangles - at least 
temporarily - to the wall to which they'll be bolted. 
Once you've decided how far your shelf is to be above 
ground, locate a point on a stud adjacent to where 
you want to mount the antenna. (That point should 
be 2 or 3 inches below the intended level of the shelf.) 
Drill a small hole through from the inside, keeping it 
as close to the center of the stud as you can. Now 
move to the stud on the other side of the intended 
location and drill a similar hole. These holes should 
go all the way through the studs and the outside 
covering of the wall. 

Locate one of the triangles over the small hole, have 
someone hold it there, go back inside with your drill, 
and, using the hole through the stud as a pilot, drill 
into the metal of the triangle at least far enough to 
make a mark. Now both holes can be enlarged to 
accept a 5116-inch diameter bolt. You can also drill 
another hole in the triangle vertical leg toward its lower 
end. Align things carefully so that the leg is vertical, 
then drill through the wall and the stud for a second 
bolt. 

Studs are sometimes not exactly vertical, so this 
hole may be a bit off center. Don't worry. If the triangle 
is vertical and your bolt has a good bite on the wood 
of the stud, you'll be all right. Use a washer under the 

Photo 2. Lower support: the shelf. 

be as level as possible. The easiest way to do this is 
to have someone hold the second triangle against the 
wall so that one edge of the vertical leg is beside the 
hole you've drilled through the wall, and so that a spirit 
level across from the first triangle to the second shows 
that both are at the same height. Carefully mark the 
angle iron beside the point at which you've drilled, 
then drill the angle iron for the bolt. Locate the position 
of the second bolt just as you did for the other triangle. 

joining the triangles 
At this point you have two triangles bolted to the 

outside wall of your garage. The next step is to join 
them, using two pieces of the same angle iron. One 
piece should join the outer ends of the triangles, and 
the other will be several inches closer to the wall, 
depending on just where the mast will come. It should 
be midway between these two crosspieces. Having 
located both pieces, and drilled them and the upper 
leg of the triangle to accept 114-inch bolts, secure 
them in place. 

head of the bolt, and a fender washer (one that is 
larger in diameter), a lock washer, and a nut on the shelf assembly 
inide. You'll note that these two cross-pieces and the 

Locating the second triangle is a bit tricky because triangle legs to which they are bolted form a rectangle. 
you want its top and the top of the first triangle to Find a piece of wood about 3/4 or 1 inch thick and 
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Photo 3. Lower suppon viewed from different angle. 

cut it to  lie inside this rectangle. Then find a piece of 
aluminum about 118 inch thick to  go on top of it. (I 
used marine plywood for the wood, but a solid piece 
would do just as well.) This assembly - the pieces 
of aluminum and wood - will form the actual shelf. 
Drill them for mounting with 114-inch bolts, but don't 
assemble them yet. With the two pieces clamped or 
bolted together, mark the center by drawing cross lines 
from the corners. This is where the bearing will rest. 
You'll need to drill a hole through both pieces that's 
large enough to clear the inner race of the bearing, 
and any ham who has had to make a hole for a meter 
can cope with this. One precaution: make a small pilot 
hole through both pieces first. You may find that a 
large socket-hole punch will do for the aluminum, and 
an expansion bit for the wood. 

bearing placement 
Once you've made this hole, you can mount 

everything but the bearing. Center the bearing over 
the hole and mark around the circumference of the 
bearing with a pencil. You'll need to  devise something 
to make a "fence" around the bearing to hold it in 
place. I used some 112 x 112-inch aluminum angle 
stock I happened to have. Almost anything will do, 
so use your imagination. You can use small machine 
screws to fasten this fence to the shelf; there's little 
strain on it. When it's complete, the bearing should 
drop neatly into the hole. 

When the bearing is in place, lean over and sight 
down through it to the earth beneath and mark the 
spot with a chip of wood or some other marker. You 
may want to drop a plumb bob down to mark this 
spot; it's where the lower pipe on your rotor will enter 
the earth. 

Your next job is to dig a square hole about a foot 

deep with this point at the center. You can also 
prepare the length of pipe by drilling holes through it 
at a point which will be well below the surface of the 
earth. Run some long bolts through it, leaving them 
so they extend a couple of inches on either side of the 
pipe. Two or three of these should do nicely. 

What will happen, you ask, when you get the mast, 
the various pieces of pipe, the bearing, the rotor, and 
everything else set up on the shelf? Answer: it willall 
fallover. To prevent this, you'll need an upper support, 
located directly above the shelf and as high on the wall 
as you can get it. Perhaps "support" is the wrong 
word, since it doesn't bear any load. All it does is hold 
the mast in a vertical position and allow it to rotate 
within a loose collar. 

wall-to-mast structure 
, Install a piece of the angle iron horizontally on the 
wall, bolted between the same pair of studs as the 
shelf. Then put the mast up temporarily and make sure 
it's in a vertical position (use a spirit level). You'll 
probably need a helper to make sure the mast stays 
in this position while you measure the distance from 
the wall to the nearest edge of the mast. 

Now, using the leftover pieces of angle iron, you'll 
need to  assemble a rectangular structure as deep as 
the distance from the wall to the mast. It needn't be 
as wide as the distance between the studs; mine is 
only 8 inches wide. It must be wide enough, however, 
to accept either a band bent to go around the mast, 
or perhaps a large U-bolt. It should be braced corner- 
to-corner so that it retains its shape, and further braced 
by two supports running from the rectangle down to 
a point on the wall. These last two supports may be 
pieces of the 1-inch strap iron, suitably bent in your 
vise, and bolted to the wall. These bolts needn't go 
through the studs, but remember to put those large 
fender washers on the inside. 

erecting the mast 
Now put the mast up on the fittings you've made. 

Clamp the rotor to the pipe extending below the 
bearing. Clamp the other piece of pipe to the lower 
part of the rotor. Mix up some cement and pour it into 
the hole below the rotor. Go inside, wash your hands, 
and find yourself a good book that will take you a 
couple of days to read while the cement cures. 

guying 
When the curing process is complete, you may want 

to shovel some dirt back over the top of the cement 
block. You'll then be ready to install the antenna on 
the topmost section of the mast. At this point, you'll 
probably recall that your mast was supplied with a set 
of guy rings - one to fit atop each of the larger 
sections. In large part, whether you'll use any at all 
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Photo 4. Upper support. 

will depend on how high your mast is, how much 
support you can give it at the bonom, and whether 
experience has told you if you're likely to have a wind 
problem. 

Consider the matter of support at the bonom. My 
lower installation is on a planter, but yours may be at 
ground level. Although I had eaves to contend with, 
you may have none. If your installation allows 
positioning your lower shelf close to the ground and 
your upper support near the top of the wall, you may 
have 7 feet or so between the bearing and upper 
support. (I have 4.) If there are no eaves to force you 
to extend your structures away from the wall, they'll 
be more rigid; you may be able to avoid guys entirely. 

In my case I thought it best to have a set of guys 
at the bonom of the topmost section of the mast. 
Hams traditionally have followed the practice of using 
three guys spaced 120 degrees apart. However, the 
guy rings supplied, for reasons known only to the 
manufa~turer, have four holes spaced 90 degrees 
apart, and a fifth hole midway between two of the 
others. It appears not to matter. Just use what you 
can, and don't tighten the guy wires as if they were 
violin strings. Remember, the mast is going to rotate 
inside that guy ring, so leave a bit of slack in the wires. 

installing the antenna 
At last you're ready to install the antenna atop the 

mast. I certainly wouldn't advocate installing a monster 
with a 30-foot boom, but I used to have a tribander 
on the mast, and all went well. My present antenna 
is a 10-meter monobander. Just raise that upper 
section to about eye level, mount the antenna on it 
when you get it clamped off, and do whatever final 
work is necessary while standing in reasonable safety 
and comfort on your roof. 

Once the antenna is mounted, you'll have the task 
of extending the mast. Let me repeat my warning - 
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Sound Off Model 10 is a self-contained mes- 
sagegenerator complete withcaseand power 
supply. The Model 10 was designed specifi- 
cally for applications where repetitive high 
quality natural voice announcements are re- 
quired, i .e Amateur repeater and commercial 
radio systems. The Model 10 stores your 
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Here's a collection of 30 super programs written 
by ON4UN. Just about every interest or need is 
covered-from antenna design and optimization 
to general operating programs. Antenna pro- 
grams include: shunt and series input L network 
design, feedline transformer, shunt network 
design, SWR calculation, plus 11 more! General 
Ham programs include: sunriselsunset, great 
circle distances, grayline, vertical antenna de- 
sign program, sunrise calendar plus 9 more! 
Phew. When you sit down to use these programs 
you'll be amazed at what you have. Super value 
at a super low price. The best value in computer 
software available today. O 1986. 
OUN-Apple llelc $19.95 
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THE DIGITAL NOVICE 
by Jim Grubbs, K9EI 
Now that novices have digital privileges, there 
are thousands of new Amateurs anxiously 
awaiting to get on-the-air. Who's going to 
answer their questions, however? Jim Grubbs' 
new book, The Digital Novice, is written with 
beginner's needs in mind. Each of the popular 
digital modes is fully covered with a brief 
history and full description of how it works. 
Hardware and software are covered in clear, 
concise terms. The book finishes with a look 
toward the future. Four appendixes cover; 
Morse, Baudot, AMTOP and ASCII Codes and 
has a glossary full of commonly used but 
misunderstood terms. Great for beginners and 
experts alike. 01987 1st edition 

JG-DN Softbound $9.95 

THE PACKET RADIO 
HANDBOOK 
by Jonathan Mayo, KR3T 
Packet radio is the fastest growing mode in 
Amateur operation today. No wonder - it 
combines the power of today's microcomputer 
with worldwide digital communications. New- 
comers will find this book to be full of helpful 
tips, tricks and information that will help get 
them on Packet as quickly as possible. Providing 
you first with packet basics, this book 
progresses through the inner workings and 
operational aspects of packet to a look at 
future technology still in developmental stages. 
Also includes: using bulletin boards, traffic 
handling on packet, modulation methods and 
networking principles, protocols (both AX.25 
and VADCG) and a thorough discussion of the 
various TNCs and accessories available. 
01987 1st Edition 218 pages. 

OT-2722 Softbound $1 4.95 
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ham ?S- 
r a d i o - , ~ - B 0 0 K S l O R E  I GREENVILLE, NH 03048 603-878-1441 

-- - 

40 May 1987 

wear heavy gloves! As you push the mast up, you'll 
find that by pushing the section to one side a bit, it 
will bind enough so that you'll have a momentary res- 
pite and will be able to change the position of your 
hands. 

Remember those marks you made on the mast 
sections for later reference? Now they'll prove their 
value. When you get the top section fully extended, 
clamp it off securely. If you're using the guy ring at 
this position, be sure to attach the wires to it before 
you raise it out of reach. If you have doubts about the 
efficacy of your clamp, you may even want to drill 
through the overlap between the two mast sections 
and secure them with a 114-inch bolt, flat washers, 
and a lock washer. 

The higher you raise the mast, the less secure it will 
seem. Don't worry. Even though what you're lifting 

.does indeed get heavier (because there's an extra 
section of mast each time, and the lower sections are 
larger and therefore heavier than the upper ones), 
you'll find that the load is well within your capacity. 
Of course, if you want to be doubly sure, ask a friend 
to hold the mast while you take a breather, search 
around for the pliers or wrench you've dropped, or just 
stand back and admire what you've wrought. 

final precautions 
One last thought: if you live in an area where the 

climate is less benign than it is here in Southern 
California, you may want to consider some sort of 
protection for the bearing assembly before you mount 
the mast to the nipple. The protective device will likely 
need to be attached, in some fashion, to the lowest 
section of the mast. Some sort of clamp or machine 
screws, with holes suitably drilled and tapbed, can be 
used to secure it to the mast. 

ham radio 
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Yagi triangular array 

Somewhat unconventional 
stack performs well 

mechanically and electrically 

Inspired b y  recent articles on stacking Yagis, I 
decided to improve my 2-meter antenna system, which 
consisted of a single 19-element, horizontally polarized 
Yagi. Before long, I had installed another 19-element 
antenna above it - and with great anticipation, began 
making comparative checks with the new system. 

Because my primary interest is in terrestrial com- 
munications, the 2.5- to 3-dB increase in gain didn't 
overly impress me. With a 2 x 2 array in mind, I bought 
two more antennas and started designing an H-frame 
structure. Very quickly, however, I realized how large 
and heavy the completed array would be. I weighed 
the possibilities: a tilt-over tower, with block and 
tackle, would allow access to the array, but would 
probably be unfeasible because of the antennas' size 
and weight. After much soul searching, I decided that 
a stack of four antennas, with the required H-frame, 
would be out of the question. 

I alternate stacking methods 
I have, from time to time, heard mention of the dia- 

mond stacking configuration and claims of improved 
performance when compared with conventional 
rectangular stacking. Assuming reports on the 
diamond's performance to be correct, and seeing a ' triangle as half of a diamond, I concluded that a 
triangle would be likely to offer better performance 
than an inline stacked array. 

Unfortunately, oddball stacking geometry such as 
the triangle or diamond has received little or no 
publicity; I've yet to find informative literature on 
anything but the inline stacking methods. (It would 
almost seem that the numeral 3 simply doesn't exist 
in the world of antennas. Instead, the philosophy of 
"double or nothing" seems to prevail.) Nevertheless, 
after due consideration of weight distribution on the 
mast and tower, I concluded that a triangle stack 
configuration - with two horizontally stacked 
antennas located at the lower level of the mast and 
a third Yagi mounted at the top of the mast - would 
best suit my needs. 

Theoretically, three Yagis would provide an addi- 
tional 1.75-dB gain over a pair. Subtracting the phas- 
ing harness loss from the theoretical value, a realistic 
gain of 4.5 dB over a single antenna should be pos- 
sible. What was more important to me at this time, 
however, was what the plotted antenna pattern would 
be. How would it differ from a rectangular stack of 
four  antenna^?^ The only way to find out would be 
to build the triangular array and compare the results 
with published articles on a four-antenna array. 

optimum stacking distances 
The first problem was to determine the optimum 

spacing required between antennas. Available stacking 
data apply only to a pair of antennas stacked in either 
of two unique locations with respect to each other. 
Both antennas must be located on the axis of either 
the E or H plane. Polarization and phasing of both 
must also be the same.'.2 With triangular stacking, 
the two lower antennas would satisfy the above con- 

john C. Cichowski, W21KP. 167 Erneline Drive, 
Hawthorne, New Jersey 07506 
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ditions. However, the upper antenna is offset, and its 
H plane axis does not fall upon that of either of the 
two below. Consequently, the spacing from it to  ei- 
ther of the two below will differ from dimensions found 
in previous After a little head scratching, 
'it became apparent that non-standard H plane stacking 
dimensions were still useful. 

Visualize, as in fig.1, a pair of vertically stacked 
Yagis evolving through positions into a horizontal 
stack. For example, by keeping the lower antenna 
location and polarization fixed, and swinging the upper 
one through an arc (which defines a locus), while 
maintaining the same polarization as the lower one, 
one ends up with a horizontal stack. Each and every 
point along the locus will locate the movable antenna 
at an optimal distance from the fixed antenna. Also, 
at some point along the locus, the antenna will be 
equidistant to  either of the two lower antenna 
positions (see fig. 1). 

E and H optimum spacing differs 
If optimum spacing for E and H plane were identical, 

the locus would be a 90-degree arc of a circle, with 
its radius equal to the optimum spacing dimension. 
However, the E and H plane optimum values are not 
equal, and studies have shown that optimum spacing, 
in a particular plane, depends on beamwidth in that 
plane. The greater the beamwidth, the closer the 

I fig. 1. Vertical-to-horizontal stack orientation. I 
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CUSHCRAFT 132 -19  ANTENNAS 

ALUMINUM MAST 2"DIA 0.25" WALL 

FOR DETAILS @@@ SEE 
FIG. 2 .  

FOR DIMENSIONS 5, AND Sh 
SEE REF. I AN0  2.  

FOR THE SAKE OF SIMPLICITY, 
HARNESS CABLE WAS OMITTEO 
FROM ORAWING. 

DRAWING NOT TO SCALE. 

fig. 3. The Yagi triangle. 

spacing.' The one feature all Yagis seem to have in 
common is greater beamwidth in the H plane than in 
the E plane. Consequently, H plane spacing will be less 
than the E plane's. The locus in this case is an arc of 
an ellipse. (To visualize an ellipse, picture a hoop 
rotated about its diameter and viewed at an angle.) 
Put into usable terms, E plane spacing is the value 
recommended by Joe Reisert, W1 JR1 and Steve Pow- 
lishen, K1 FO.Z Their tabulated data includes the most 
popular antennas in use today. The vertical stacking 
dimension is 86.6 percent of the optimum H plane 
dimension or S = 0.866 SH where SH is the optimum 
H plane stacking dimension recommended for inline 
~tacking.',~ 

horizontal H-frame construction 
Horizontal stacking of horizontally polarized 

antennas requires the use of dielectric material in the 

immediate vicinity of the Yagi elements. A minimum 
distance of 1 I2 wavelength of metal-free structure is 
recommended, or 1 /4  wavelength beyond the active 
element tips.3 Detail drawings for the structural parts 
used to assemble the H-frame are shown in fig. 2. The 
Cushcraft A32-19 antennas used in the Yagi triangle 
normally require boom supports supplied by the 
manufacturer; these are not necessary when mounted 
on this horizontal H-frame. The upper antenna, how- 
ever, must be mounted in accordance with the 
manufacturer's recommendations (see fig. 3). Within 
reasonable limits, variations in frame design are 
certainly permissible. 

If antennas other than those shown are used, 
changes in the overall length of items 1 and 2 might 
be required. Should it be necessary to make such 
adjustments, remember that the fiberglass support 
arms of the H-frame must be located midway between 
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H F  COAX C O N N E C T O R  W I T H  1 / 2 - 2 8  

S O L D E R  N P L A C E S 1  

- I / 2 - 2 8  L O C K N U T  

fig. 4A. Sectional view, 144-MHz three-way power divider. 

the director elements of the antennas as shown three-way power divider 
in fig. 3. 

Obtaining a three-way power divider meant build- 

material sources ing one from scratch, because I couldn't locate any 

I made use of readily available material. A local metal 
fence supply dealer stocked aluminum pipe and was 
also equipped with Heliarc welding facilities, which 
became very useful while constructing the H-frame. 
The 1-112 inch diameter fiberglass tubing, available in 
5-foot lengths and used for satellite antenna work, was 
purchased from my local Amateur Radio dealer. 

Because the inside diameter of the 1-112 inch 
aluminum pipe measures slightly more than 1-1 12 
inches, it was necessary to shim the fiberglass tubing 
with glass filament tape to achieve a tight fit. The 
assembled frame and the three Yagis mounted on top 
of the tower are shown in fig. 3. All that remained 
at this point was choosing a feedline and deciding on 
a power divider method. A 50-ohm impedance, 
718-inch hardline had already been installed with the 
previous array. The phasing harness and feedline 
around the rotator used more flexible RG8U. 

Use good quality cable for the harness. Each leg 

commerical units. So I went back to the books and 
set off on a thorough search of local supply houses- 
for appropriate hardware. 

To my knowledge, two methods for power splitting 
are commonly used. Most popular is the trans- 
formation of impedance by the use of a single 114 
wavelength of coaxial transmission line. A common 
input port is located at one end and the required num- 
ber of output ports at the other end. The characteris- 
tic surge impedance is determined as the mean value 
between transmitter output impedance and the parallel 
combined load impedance presented by the three an- 
tennas. Manufacturers of communications equipment 
have standardized their products for use with 50-ohm 
coaxial line. This simplifies the mathematics to deter- 
mine power divider impedance when using more than 
one Yagi. Reduced to its simplest form, the equation 
for characteristic surge impedance for the above pow- 
er divider  become^:^-^ 

must be cut to equal electrical lengths, preferably from z = - = -  ZO 50 
the same run of cable. Each antenna must be parallel 

(1 1 
n Jn 

to the others - elements as well as booms - and the 
most forward director element of all three Yagis must where n = number of antennas in array, Z, = 
be located within the same vertical plane. Otherwise, impedance of each antenna and equals the transmit- 
the wavefront launched by any one individual antenna ter output impedance of 50 ohms. 
will be out of phase with the others, resulting in lower Using eqn. 1, the characteristic impedance is: 
gain, greater sidelobes, and possible multipath 
propagation. Phasing lines, besides being equal in z = =  j0 28.9 ohms 
length, should be kept as short as possible, especially ~'3 
at higher frequencies. Mounting the power divider as 
shown in fig. 3 allows shorter harness leads. To determine the proper diameter ratio for coaxial line 
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fig. 48. Details of 144-MHz three-way power divider. 

with the above impedance, the following relationship 
is used: 

a = Inside diameter of outer conductor 
b = Outside diameter of inner conductor 
Z = Characteristic surge impedance of coaxial line in 
the power divider. 
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The above diameter ratio (alb) can be closely satis- 
fied by using standard 314-inch diameter copper 
plumbing tubing (which actually measures 718 inch di- 
ameter) and 1-112 inch diameter brass tubing with 
0.02-inch wall, normally used for kitchen sink drains. 
.It can be purchased without the usual nickel plating 
at most plumbing supply stores. 

To cap each end of the 114-wavelength line, it's 
necessary to machine 1-1 I 4  inch NPT brass cleanout 
plugs and end caps to the dimensions shown in the 
detail and assembly drawing for the three-way power 
divider (fig. 4). 

Suitable connectors for this application are the 
familiar UHF type with 1/2-28 thread mounting capa- 
bility. Amphenol 83-875 or equivalent can be used. By 
removing the snap ring, the connector can be disman- 
tled and soldered to the body of the divider. Other- 
wise, excessive heat will destroy the insulator insert.. 
To simplify assembly, it was necessary to include what 
at first would seem to be two unnecessary steps: first, 
the addition of a banana plug and jack at the input 
end of the line, to allow for adjusting the position of 
the inner conductor when you're soldering to output 
ports; and second, the drilling of three tapped holes 
(112-28) at the output end to hold coax connectors 
in place while you solder them to the 1-112 inch di- 
ameter brass tubing. 

The power divider shown in figs. 5 and 6 is the 432 

fig. 5A. Three-way power divider before assembly. 

MHz version of the above. Also, a scaled-down H- 
frame for a 432-MHz Yagi triangle is shown in fig. 7. 
(Although the antennas shown aren't representative 
of 144-MHz proportions, the reader may find the fig. 58. Three-way power divider output ports 

photos helpful nevertheless.) For further harness de- 
tail, see fig. 8A. The alternate power divider method 
(fig. 881 requires 86.7-ohm impedance transformation 
sections of coaxial line in each leg of harness to the 
antennas. 

z = z,Jn (3) 

A 114 wavelength of RG-62lU cable whose impedance 
is 93 ohms should work well. However, transmitter - .I 
power must be limited to a couple of hundred watts. 
With higher power, use of RG-63lU is recommend- 
ed. The velocity factor for both cables is 86 percent. 
which makes the overall length (including connectors) 
of the 114-wavelength sections 17 inches. 

A three-way "T" junction must be used at the feed 
point. A weathertight metal junction box with closely 
spaced coaxial connectors will easily satisfy the short 
junction lead lengths required at the distribution point. 
A variation of the above division method is shown in 
fig. 8C. The three 114-wavelength sections as well as 
the three 50-ohm harness cables are replaced with 
equal lengths of RG-62lU. The three lengths, 
however, must be odd multiples of 114 wavelength 
each. 

fig. 5C. Dismantled Amphenol coax connector. 

Before connecting the harness to the power divider, 
best results will be obtained if each antenna is 
separately adjusted for best SWR using that leg (i.e, 
the same length) of feedline intended for the harness. 

After adjustments have been made, connect the 
power divider to the antennas and feedline. Measure 
the SWR of the assembled array. In some cases, the 
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final SWR measurement will appear to be better than 
that of the individual Yagis. Offhand this would seem 
to indicate an improvement to  the system; however, 
this may not necessarily be so since the SWR 
measurements, other than 1:1, simply indicate the 
presence of a reactive load. The reactance, which can 
be either inductive or capacitive, depends upon how 
far the operating frequency is from the center 
frequency of the antenna and on the adjustment of 

I the matching device at the individual antennas.. The 
inductive reactance of one antenna can cancel out, 
in part or completely, the capacitive reactance of 
another so that the resulting sum can be less than that 
of the individual antenna. Other than becoming more 

fig. 6. Assembled three-way power divider. 
broadband (i.e., having lower a), this does not imply 
that gain performance of the stacked array will be - .  

enhanced in any way. The SWR, as previously 
.measured at the individual antennas. still exists and 
should be adjusted for the lowest ratio attainable or 
the maximum forward gain will be degraded 
accordingly. Once assured that the individual as well 
as the overall system SWR measurements are 
satisfactory, the Yagi triangle is ready for use. 

E plane plot 
The E plane plot shown in fig. 9 indicates a half- 

power, 1Sdegree beamwidth. This was determined 
by the 48.5-percent method described by Gunther 
Hoch, DLGWU.* A comparison of the E plane plot of 
four stacked NBS-17 antennas with that of the Yagi 
triangle shows very little var ia t i~n .~  In fact, the front- 
to-back response seems to be better with the triangle. 
This might be attributed to  the trigon reflectors on the 
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fig. 9. E plane plot 

No attempt was made to plot the H plane pattern, 
since no facilities to do so were available. It's my guess 
that the pattern would very much resemble that of two 
vertically stacked A32-19 antennas. Since I expect to 
duplicate the Yagi triangle at higher frequencies in the 
near future, a smaller array will be more manageable 
for the setup required to make H plane measurements. 

antenna rotators and resolution 
As the gain of a beam antenna system is increased, 

the beamwidth gets smaller until the point at which 
the resolving capability of the rotating system reaches 
a practical limit. 

Most rotators available for Amateur use are geared 
to rotate at 1 rpm. The indicator on the control unit 
is graduated in divisions of 5 degrees. This means that 
rotation occurs at a rate of 6 degrees per second, or 
to put it in more dramatic terms, less than one sec- 
ondper division. A Isdegree segment (three divisions) 
will be scanned in 2.5 seconds. 

To fix a beam heading, the antenna rotation 
between first nulls on either side of the main lobe 
shouldn't take less than 5 to 6 seconds. A main lobe 
with 1Sdegree beamwidth will have approximately 30 
degrees between first nulls. Therefore, l-rpm rotators 
will perform at the limit of their resolution capability. 
Antennas with beamwidths less than 15 degrees 
should be rotated with slower-speed devices. Aircraft 
prop-pitch motors are often used for this purpose. 
Manufacturers of one or two commercial rotators 
available for Amateur use claim dual speed, but the 
load capability of these units isn't sufficient for the size 

I GREENVILLE, NH 03048 603-878-1441 1 
I I 
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of the 144-MHz antenna array that would require the 
lower speed. 

Used with 1-rpm rotators, antennas with less than 
15degree beamwidth require rocking the rotation back 40 to 10oi1 MI)) lunet: 10 your lrequency 
and forth several times to attain true beam heading. 
The problem is further compounded because of play 
(backlash) inherent in all such devices. 

Still another resolution gremlin is the inertia that FANTASTIC REJECTION! 
builds up during antenna rotation, causing long-boom 
Yagis to  whip laterally when rotation is suddenly 
stopped. Many of these antennas have boom braces 
to keep them from sagging. However, the brace does 
little or nothing for the side motion. Heavy gusts of 
wind will also cause lateral flexing with these antennas. 
Though the two lower antennas of the Yagi triangle 
aren't prone to  this problem because of the H-frame 
construction, the upper antenna does occasionally do 
a little dancing. Polypropylene guys from the upper 
antenna to  the H-frame should remedy this problem. 

Rotation at 1 rpm seems like a long enough period 
of time for a complete 360-degree turn of the antenna, 
and many of us - myself included - wouldn't relish 
the thought of extending the time. Therefore, antenna 
arrays with beamwidths of 15 degrees, or perhaps by 
stretching a point or two, even 14 degrees, should 
satisfy the resolution capability limits of 1-rpm rotators. 
This Yagi triangle is such an antenna. 

performance 
The triangle-stacked Cushcraft A32-19 antennas 

certainly perform better than the original dual stack. 
The theoretical 1.75-dB increase in signal seems to 
mock the theoretical 3 dB originally obtained while 
using the dual stack. QRP signals, unheard before, are 
now Q5 copy. Reports on my signal are almost always 
complimentary. 

Raising or lowering the tower with the triangle stack 
is a one-man operation. Repeated inquiries about the 
triangle stack seem to indicate that others would like 
to give it a try. Anyone interested in a totally different 
approach for stacking Yagis will find building the Yagi 
triangle a worthy and rewarding effort. 
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ham radh 
ham radio techniques 
In the northern areas, winter is 
almost over and signs of spring are in 
the air. It's a good time to think about 
antenna systems. A lot of interesting 
antenna concepts have just been wait- 
ing for some good weather to set in! 
Here are some interesting projects for 
you to consider . . . . 
inexpensive base station 
antenna for 2 meters 

I think Fred Dietrich, NMGJ, has 
come up with a winning 144-MHz 
antenna that has decent gain and a 
low SWR, and costs very little to con- 
struct. Shown in fig. 1, this verti- 
cal, omnidirectional array is only about 
6 feet tall. The antenna structure is 
made of a length of 314-inch Sched- 
ule 40 (thick wall) PVC water pipe. The 
overall pipe length is long enough so 
that the antenna can be supported by 
clamps at the base end. For this par- 
ticular installation, an 8-foot length of 
PVC was selected. The top of the pipe 
is closed with a PVC cap cemented in 
place using the liquid sealer that ap- 
plies to such material. 

The radiating portion of the anten- 
na is a No. 12 copper wire 51.75 inches 
long. Enough extra wire is added to 
this length to allow it to be attached to 
the cap with PVC cement and to form 
a solder connection to the coax line at 
the base of the antenna. 

Two phasing sleeves are used. 
They're made of galvanized hardware 
cloth folded around the PVC pipe and 
wrapped with wire to hold them in 

place. Each sleeve is 17.25 inches long. 
The retaining wires are soldered to the 
hardware cloth at several points 
around the circumference. * 

JUMPER TO WIRE 

JUMPER m 
SHIELD OF COAX 

WIRE WRAP - 

- N O  SCALE- 

COAX  AN^ LENGTH) 

fig. 1. Two-meter PVC base station 
antenna. 

A short jumper wire joins the top of 
the upper screen to the antenna wire 
running inside the PVC tubing. It is 
suggested that this wire be soldered to 
the antenna wire and then fished out 
through a small hole drilled in the PVC 

wall. If this and the following step are 
done before the top PVC cap is fasten- 
ed in place, the assembly will proceed 
smoothly. 

A second phasing sleeve is affixed 
to the structure below the first, as 
shown in fig. 1. This sleeve is connect- 
ed to the outer shield of the coax line 
by means of a short length of wire in- 
serted through a second hole after the 
antenna wire has been passed within 
the PVC pipe. After assembly, the 
holes are filled with cement to make 
the assembly waterproof. 

The antenna is mounted in a verti- 
cal position and the coax line is 
brought down directly below the an- 
tenna. A VSWR plot representative of 
the antenna's performance is shown in 
fig. 2. 

a "rubber duckie" for 160 
meters 

The ham who lives on a small, tree- 
less lot faces a real problem when con- 
templating 160-meter operation. One 
solution to this problem is a vertical 
antenna. But a quarter-wave vertical 
antenna on "top band" is over 130 feet 
high. Joe Moraski, KY3F, has a solu- 
tion to the problem. He recommends 
a helix antenna operating in the nor- 
mal mode - that is, a coil with a small 
diameter compared to the operating 
wavelength. Maximum radiation is 
normal to the axis, hence the name. 
This is the same mode of operation as 
that of the 2-meter "rubber duckie" 
antennas used on handhelds. 
*Though more expensive copper-based hardware cloth 
would maintain its electrical properties longer. - Ed. 
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fig. 2. Measured performance of PVC an- 
tenna on 2 meters. 

Photo 1. Base assembly of the KY3F verti- 
cal antenna for 160 meters. Final frequen- 
cy adjustment is made by varying number 
of turns at the bottom of the helix. 

There are no hard and fast rules 
about the length or diameter of the 
helix. The rule of thumb is that about 
a half-wavelength of wire is used to 
make the helix. 

Antenna size is a matter of trade- 
offs. The shorter and thinner the helix, 
the narrower the bandwidth. The long- 
er and thicker it is, the harder it is to 
build and keep up in the air! A shorter 
helix is less efficient - consequently, 
the longer the better. 

Since the helix bandwidth is narrow, 
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a top hat is added to  reduce antenna 
Q and add capacitance at the high 
voltage point. The resulting reduction 
in circuit Q causes the feedpoint im- 
pedance at the antenna base to  vary 
less rapidly with frequency change 
than the unloaded antenna. This 
means that the antenna can be used 
over a larger portion of the band than 
would otherwise be possible. 

By experiment Joe found that a 

SCREEN CYLINOER HAT 

J0)OIHT WITH J U Y C C I  

RAlSIYG THE ANTENNA 

fig. 3. KY3F's 160-meter "Rubber 
Duckie." 

20-foot antenna was a good operating 
compromise. Accordingly, he used 
two 12-foot sections of Qinch di- 
ameter PVC water pipe cemented 
together to make a 24-foot mast. He 
wound No. 18 insulated hookup wire 
on it at ten turns-per-inch spacing. 
This helix, in combination with a 
screen wire capacitance hat on top, 
resonated in the 160-meter band when 
operated against a ground rod and 
quarter-wave counterpoise wire run 
a-round the backyard. Four 30-foot 
radials were added. A sketch of the an- 
tenna is shown in fig. 3. 

The construction is simple if done in 
the proper sequence. The first step is 
to drill holes for the end tie bolts that 
terminate the winding. The holes are 
10 feet apart. Galvanized bolts are 
used, with washers on each side of the 
PVC pipe. With a tape measure and 
felt-tip pen, make small marks at 
l-inch intervals between the bolts. 

Next, fasten an eye-lug to one end 
of a 140-foot length of No. 18 insulat- 
ed wire. Fasten the lug to one bolt and 
wind the coil on the PVC pipe, using 
the pen marks as a guide - one turn 
per mark. Use tape to hold the coil in 
place as you progress along the form. 

Wind the wire as tightly as you can 
and when you reach the second ter- 
minating bolt, cut the wire and place 
an eye-lug on the end that will fit over 
the bolt. 

With the winding properly spaced, 
run a bead of RTV along the length of 

10 FT. LONG 
4 lNCW Ol lYETER PVC P wc COUPLING 

B E I D  OF GLUE RUN OVER 
TURNS AFTER WlUOlNG 

\--UOIa INSULAIED WIRE 
I TURN PER lWCW 
ll5 TURWS TOTAL 

CENTER JOIN WITH PVC GLU 
METAL SCREWS H REQ'Ol 

b 
fig. 4. Mechanical details of the coil sections. 
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The standard of the electronics industry 
is selling a new standard for amateur 
radio use as well. 

The Fluke 77 mullimeter is ideal lor 
testing and repairing any amateur radio 
gear. H's inexpensive, easy to use, and filled 
with prolessional features. Plusa full line 
ol  accessories let you measure high fre- 
quency, high voltage and current, and lem- 
perature. Made in the U.S.A. and backed 
by a 3-year warranty, the new Fluke 77 
is the world's first handheld meter lo 
combine analoa and diailal dis~lavs 

For a free brochure 0-1 the distributor 
nearest pu, call toll-free 1-800-227-3800, 
ext. 229. Or write John Fluke Mlg. Co.. 
Inc.. PO. Box C9090, Everett, WA 98206. 
Distributor programs available. 

FROM T H E  WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 73 FLUKE 75 FLUKE 77 .," ,,m, C , " < ,  
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pipe over the coil turns to lock them 
in place. 

You have now completed half the 
antenna. Now, wind a second similar 
coil on the second section of PVC 
pipe, making sure that both coils are 
wound in the same direction (left- or 
right-hand turns, but be sure they're 
both the same). 

7'7 

- - I  FX "4 F L  STIFF WIRE SCREEN. 
I / Z  INCH YES" OROII"".LL 
SCREEN. FOWY 8UTO L W P  WlTU 

fig. 5. Top Hat assembly. 

THIS JOINT 

COAX m 
SHICI 

i I 

fig. 6. Mounting arrangement of anten- 
na to post. 

Photo 2. View of winding and capacitance 
hat on KYBF helix antenna. 

The two pipe sections are now 
joined with a plastic pipe splice section 
and PVC cement. Align them quickly 
and let the joint dry (fig. 41. Some PVC 
pipes have a built-in coupling joint - 
nice if you can locate one. For added 
strength, run four No. 10 self-tapping 
sheet metal screws through the joints 
where the PVC pipes and splice sec- 
tion overlap. Finally, connect a wire 
jumper between the two coils to form 
one 20-foot coil. 

The next step is to make the "top 
hat." A section of 112-inch mesh 
chicken wire or drywall screen can be 
used. Wrap it into a cylinder about 1 
foot in diameter and 4 feet long. Solder 
the overlapping wires. Drill the cap 
piece of the antenna for a No. 10 bolt, 
which is bolted through the overlap 
portion of the top hat. Use large wash- 
ers on each side of the screen to en- 
hance stability. Then run four No. 18 
sheet metal screws through the screen 
and cap to keep the screen from turn- 
ing or buffeting in the wind (see fig. 
5). 

The final step is to attach the top hat 
to the top of the helix with a jumper 
wire. Glue the top hat in place and 
pass four sheet metal screws through 
the hat to hold it securely to the PVC 
pipe. 



We just struck gold with a miniature, high qual- 
ity and very reliable DTMF decoder at a rock 
bottom price of $59.95. Our DTD-I will decode 
5040, 4 digit codes with the security of wrong 
digit reset. It contains a crystal controlled, single 
chip DTMF decoder that works great in bad sig- 
nal to noise environments and provides latched 
and momentary outputs. Why carry that heavy 
gear when its size is only 1.25 x 2.0 x .4 inches 
and it comes with our etched in stone, legendary, 
one year warranty. 

Instead of sifting through the field.. .search- 
ing, use our super quick one day delivery and 
cash in on a rare find. 
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Photo 3. Joe, KY3F. standing beside his 
160-meter "Rubber Duckie." 

C6 Pm- 19.0 bwr 
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flg. 7. "Rubber Duckle" for 180 matera 
has 2:l bandwidth SWR over 110 kHz. 
Antenna was adjusted for 1940 Hz. 

Dig a 3-foot hole for the mounting 
post. Wrap the portion of the post that 
will be beneath the surface of the 
ground with heavy kitchen-type alumi- 
num foil. A double wrapping held in 
place with plastic tape will protect the 
post from ground water. After the 
sides and bottom of the post have 
been wrapped, place the antenna in 
the hole and drive a ground rod into 
a corner of the hole, as far down as 
possible. Fill the hole with concrete, 
using a level to make sure the post is 
vertical. 

To make the pivot joint, insert a sec- 
tion of 2x4 lumber within the PVC tub- 
ing. Fasten this extension to the 4x4 
ground post with one lag bolt, used as 
a pivot. (See fig. 6 for details.) Bolt the 
2x4 and 4x4 together, with the 2x4 in 
a vertical position. Then raise the an- 
tenna to a vertical position and drop 
it down over the 2x4 section. When 
the antenna is in the final position, it 
will sit atop the 4x4 post with the 2x4 
section acting as a positioning guide. 
Various views of the installation are 
shown in the accompanying photo- 
graphs. 

When completed, the radials and 
outer shield of the coax line are con- 
nected together and the inner conduc- 
tor is connected to the helix by a short 
length of wire. The open end of the 
coax is taped and covered with RTV 
to  keep water out. 

As shown, the antenna is resonant 
at the top end of the 160-meter band. 
Four close-spaced turns were added at 
the bottom of the antenna to bring the 
resonant frequency down to 1.94 
MHz. By picking the part of the band 
you wish to use most and adjusting the 
extra turns at the antenna base, you 
can resonate the antenna at any spot 
in the band you wish. SWR plots of 
Joe's antenna are shown in fig. 7. 

Joe says the helix seems stable 
without any guy ropes, but recom- 
mends that ropes be added if the an- 
tenna is in an exposed, windy location. 
Light nylon guys would do the job. 

ham radio 

Invitation to  
Authors 

ham radio welcomes manu- I scripts from readers. If you 
have an idea for an article I I 

Your SINGLE 
SOURCE for 
MOBILE 

ANTENNAS! 

NEW.. . 2  metersquared SSB moblle $45." 

*Bug Catchers*. . .still the best HF moblle 
antenna 250 watt 81 lkw sizes 80-lometers 
(we pay shipping on above Items) 

Call for other antennas avallable- 
both comrnerclal and amateur 
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11903 Alief Clodine Rd #500 

Houston. Texas 77082 
713-879-7764 

telex 166872 MCON UT 
(MCIVISAICOD) 

COMMODORE 64 
LADDER NETWORK 

ANALYSIS PROGRAM 

This program is a menu-driven design 
tool with a built-in circuit file editor. 
fast calculations d graphic output to 
either the screen or prlnter. Useable 
for circuits which operate from VLF 
through Microwave. Circult elements 
include R's. L's, C's, transmission 
lines, transistors and FETs. Output 
format rectangular or Smith chart. 
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you'd like to have consid- 
ered for publication, send for 
a free copy of the ham radio 
Author's Guide. Address 
your request to ham radio, 
Greenville, New Hampshire 
03048 (SASE appreciated). L, 
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< 
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a 2-meter halo antenna 
After obtaining a 2-meter multimode 
radio and operating it mobile for a 
short time, I came to a conclusion: 
2-112 watts output and a 518-wave 
vertical wasn't good enough. 

I decided to improve the antenna 
first; I could install my small 80-watt 
amplifier later for long trips. I decid- 
ed to build a 2-meter halo since I'd 
worked several mobile stations who 
were using them, and they seemed to 
do a good job. 

construction 
The halo is a half-wave dipole bent 

into a circle (fig. 1). To make the in- 
sulator mounting block (fig 21, cut a 
piece of 112-inch thick plastic into a 
2-112 by 3-inch rectangle. Cut a slot 
and drill the holes as shown in fig. 2. 

The driven element or dipole is made 
from a 38-inch long, 3/8-inch diameter 
piece of copper tubing. Mark the ten- 

ter of the piece of tubing and bend it 
into a hoop measuring 12 inches in di- 
ameter. Drill a 9164-inch hole at the 
top of the center mark on the dipole 
element. Secure the dipole element to 
the mounting block by inserting a 
screw through the dipole element and 
mounting block. Fasten with a lock- 
washer and nut. Insert a small piece of 
5116-inch diameter wood dowel into 
the ends of the halo element, leaving 
a 1-1 12 inch gap between the tubing 
ends. This completes the main element 
of the halo (see fig. 1). 

To assemble the rest of the halo, 
refer to fig. 3. Mount the small plastic 

3/8'COPPER TUBING 

-3/4" OIA. HOLE 

WOOD DOWEL 
SPACER 

\ 
GAMMA MATCH BOX 

6-32x1 l /2" SCREW 
ltyp 3 PLACES) 

MOUN TIN6 BLOCX 

fig. 1. Top view of 2-meter halo. 

9/64 DlA THRU HOLE 

3' 

9 / 6 4  DlA HOLE FOR 
MAST CLAMP 

2 1/2 

fig. 2. Insulator block details. 

(not metal!) box under the insulator 
mounting block. 

Following the details shown in fig. 
3, drill the holes in the box and install 
the coax connector and gamma match 
capacitor. A variable capacitor of 
about 35 pF will work fine. 

A 6-inch length of 3/8-inch diameter 
copper tubing is used for the gamma 
rod. Bend it around the halo's element 
to form it into a slight circle. Make a 
shorting bar now so you can secure 
the gamma rod to the halo antenna. 

(Any kind of easily bendable metal will 
work.) Be careful to keep the spacing 
between the gamma rod and dipole 
element to about 1-314 inch. 

Insert one end of the gamma rod 
into the gamma match box and install 
the shorting bar on the other end. 

Lay the halo on its side, with the 
open end of the gamma box facing up. 
Apply some 5-minute epoxy around 
the gamma rod and let it dry. Your 
halo is now finished and needs only to 
be tuned. -'UW 
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The "Flying Horse" 
sets the standards 

Contlnulng a 66 year tradltlon, there are 
t h r w  new Callbooks for 1987. 

The North Amerlcan Callbook l l sn  the calls. 
names. and addrars lnformatlon for llcensed 
amateurs In all countrles from Canada to  
Panama lncludlng Greenland, Bermuda, and 
the Caribbean islands plus Hawall and the 
U.S. Possessions. 

MALO DRIVEN ELEMENT INSULATOR MWNTlNb #LO% 

GAYNA YATCM #OX 

SUPPORT wsr - 

fig. 3. Matchbox details. 

L 

The lnternatlonal callbook ~ 1 s t ~  the 
amateurs In countries outslde North 
Amerlca. CoMrage Includes South America. 
Europe. Afrlca. Asia, and the Paclflc area. 

The 1987 Callbook Supplement is a new idea 
In Callbook updates; ~t I IS~S the activity in 
both the North Amerlcan and international 
Callbooks. Published June 1 1987. thls 
supplement wil l  include all the new Ilcenses, 
address changes, and call sign changes for 
the preceding 6 months. 

Publication date for the 1987 ~a l ibooks IS 
December 1. 1986. See your dealer or order 
now directly from the Publisher. 

 north Amerlcan Callbook 
Inct. shipplng wlthln USA $28.00 
Incl.shlpping countries 

o lnternatlonal callbook 
incl. shlpping wlthln USA $28.00 
Incl. shlpplng t o  foreign countrles 30.00 

nCallbook SUpPlement. published June 
Incl. shlpplng withln USA $l3.O0 
Incl. shlpplng to  forelgn countrles 14.00 

SPECIAL OFFER 

0 Both N.A. & lnternatlonal CallbooW 
Incl. shlpplng wltnln USA ,53,0 
Incl. shlpplng to  foreign countries 58.00 ............ 

llllnols residents Please add 6h% tax. 
AII payments must be In U.S. funds. 

RADIO AMATEUR 

Dept. F 
925 Sherwood Dr.. 60% 247 &callb00L Lake Bluff. IL60044. IN=, USA 

Tel: (312) 2346600 

tuning One final word of caution: if you 
Mount the halo 5 to 6 feet above the build and mount the halo, be prepared 

ground or temporarily attach it to your for lots of stange stares and questions. 
car. Adjust the spacing on the driven You'll get plenty of them. 
element for minimum Jerry Felts, NR5A 
indication. (Mine was lowest at an ham radio 
11 116-inch spacing.) Do the same for 
the shorting bar, sliding it back and 
forth along the gamma rod. (My low- 
est SWR was 1 inch from the end of short circuit 
the gamma rod.) The final adjustment MMIC multiplier 
is made by tuning the gamma-match 
capacitor for minimum reflected power. In fig. 5 of NGJH's article, "MMIC 
My final SWR is 1.2:l on the halo. Multiplier Chains for the 902-MHz 

Remove the halo and seal the gam- Band" (February, 1987, page 72), all 
ma match box. Plug the end of the values indicated as "pF" should be 
gamma rod with RTV or epoxy. Coat corrected to read "pF." Note too that 
the wood dowel spacer on the driven coil L1, which can be seen just to  the 
element with epoxy; this will water- left of the crystal and directly above 
proof it and keep it from slipping. The the partially meshed plates of the vari- 
last step is to spray paint the assembly able capacitor (fig. 71, is not the same 
with a nonlead-based paint. as the coils in the multiplier. L1, which 

The 2-meter halo has increased my is five turns of No. 24 (AWG), is air- 
range significantly. While on vacation wound with an interior diameter of 
in Oklahoma, I worked West Virginia, about 0.2 inches - this dimension is 
New Jersey, and Maryland during an not critical because only broad reso- 
E opening. (My normal range is 50 to nance is needed to select the correct 
100 miles with only 2-1 I 2  watts.) crystal overtone. 



Under New Ownership 

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

05 year warranty prompt U.S. service and assistance 

RF AMPLIFIERS WAIT/ SWR METERS 

2 METERS-ALL MODE 220 MHz ALL MODE peak or average reading 

C106 10W 1n=60W out direct SWR reading 
B23 2W ln=30W out 
(useable in: 100 mW 5W) (1W-15W. 2W=30W) RX preamp MP-1 (HF) 1.8-30 MHz 

MP-2 (VHF) 50-200 MHz 
Bl08 10W in=80W out C1012 10W in=lZOW gut 
(1W = 15W, 2W =30W) RX preamp (2W =45W, 5W =90W) RX preamp 

B1016 10W in=160W out C22 2W in =20W out 430450 MHz ALL MODE 

(1 W =35W, 2W =90W) RX preamp (useable in: 200mW-5W) D24 2W In =40W out 
(1 W =25W) 

B3016 30W in = 160W out RC-1 AMPLIFIER 
(useable i n  15-45W) RX preamp Dl010 10W in=100W out 

REMOTE CONTROL 
(low = loow) ( lW=25W. 2W-50W) 

Dupl~cates all sw~tches, 18' cable 

Available at local dealers throughout the world. 
r /  152 

16890 Church St, Morgan Hill. CA 95037. (408) 779-7363 
COMMUNICATIONS EQUIPMENT,INC. 
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1.2 GHz Transce~ver: 
The F~rst Full-featured 

Coverage Receiver 1240-1300 MHz Transceiver 

SALE!CALL FOR PRICE ARE YOU READY FOR 
1.2 G H z  OPERATION? 

The Latest In ICOM's Long 25 MH:-1300 MHz 
L ~ n e  of HF Transce~vers 

I M M E D l A  T E  D E L I V E R Y  

i,'lJl ;6l .3llli ,2131 A602040 ,.I151 :+1,'5iS; L B ~ l v e p r i  O ~ ~ ~ i ~ t . y l , ~ n O  O 
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, , , , . , . , ,  ..". , , m  

Y45 S.FI{-Br $549 
TOP-OF-THE LINE 
HF TRANSCEIVER 

., , .,., ,, l,,,,,G,, <,;.,,4, ,, , 8 , 
55' TUBULAR TOWER .\llcll.tw,t 1 1 1 8 t , ~ ~ . . 1  r($,lbl. 

GREAT P P ! C r .  CALL WM.SS' .-: $899 . / . , 1 l , l , , l ,  lr, 1111111.1 11111111.1 

HandleS lOsq  11 a1 50 mph 
Pleases neqhborr W I I ~  LOW PRICE! 

lub~IR1 rlrcamlnned look 

Handles I 8  sq (1. a1 50 mph 
No guying requared 
Exlra-rlrenglh Conslructlon 

5w. Dual Band 
2m1440 MHz 

T , , ,  , ,,.,I < , t , l , , , , , . t  .,#>.,#\, 
::I!i MHz I hJ ll.llll, lllvl.l Enhanced \rersion 

ARE YOU READY FOR Frnw Jv?i!a)l !c! 
220 MHz OPERATION? GREAT P R I C E !  

HG37SS - 37' Tower 
l a ' r  r 

HG52SS - 52' Tower 9(k In, 1- an. 
wilh l a - n d m  

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

Includes base 8 rotor 

No guying required 
Hot dip galvanized 

More Details? C H E C K O F F  Page 130 May  1987 a 67 



New PK-232 Breakthrough 

Six Digital Modes - Including Weather FAX 

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

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

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

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

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

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

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



a no-compromise, 
multiband, low-VSWR dipole 

Back-to- basics design 
uses capacitor dividerlbalun 
for high-efficiency operation 

In  searching for an effective, balanced feed sys- 
tem for a dipole, I developed an antenna that's effi- 
cient, exhibits low VSWR across several bands at the 
same time, and meets my original objectives. Patent- 
ed under the title, "Dipole of Delight," its design is 
based on the use of a capacitive balun at the center 
of the d ip~ le . ' ,~ ,~  

The use of capacitors at the midpoint of the dipole 
allows the resonance currents in the dipole to reach 
larger amplitudes than are possible when the 50-ohm 
cable impedance is present as a series resistance. 
Apart from the copper loss, the principal limitation of 
resonant currents is the radiation loss. For this reason 
the capacitor dipole is highly efficient and has a very 
wide bandwidth. 

Before studying the details, one should review the 
problems associated with the traditional half-wave 
dipole (see fig. I ) ,  which are chiefly: 

an unbalance that causes an undesirable current on 
the outside of the shield results in higher levels of elec- 
trical noise from local sources on receive, and on trans- 
mit provokes annoying rf voltages at the transceiver 
(i.e., microphone feedback or finger burns); and 

matching problems between free-space impedance 
(377 ohms), a typical traveling wave on a wire dipole 
(800 ohms), and the feedpoint impedance of a half- 
wave dipole, said to be 73 + j 42 ohms.4 

The first problem experienced with the conventional 
dipole has traditionally been solved by using a bal- 
anced feedline or a transformer balun. Unfortunately, 

use of a transformer brings its own problems: increas- 
ed weight; the possibility of saturation and harmonic 
generation; or introduction of even more inductive 
reactance, from its leakage reactance, which neces- 
sitates shortening the antenna more than the cus- 
tomary 5 percent to achieve resonance. 

The next step involves replacing the dipole with its 
equivalent (resonant) circuit as seen at its center where 
the voltage is least and the current is maximum. See 
figs. 1, 2, and 3. 

The magnitude of the various components are: 

where Z, = traveling wave impedance 
where L = inductance per meter 
and C = capacitance per meter 
traveling wave velocity 

Rearranging terms, the impedance exhibited by a wire 
can be expressed in terms of velocity and capacitance 
as: 

Because the velocity of a traveling wave on a wire in 
air is almost equal to its free-space velocity (3 x lo8 
mls) and the capacitance per meter of a 2-mm (0.08 
inch) diameter wire is approximately 4.17 pF, then this 
same 2-mm diameter wire impedance is: 

zo = 
I = 800 ohms 

3 x 108 x 4.17 x 10-12 

The circuit can be considered to consist of two equal 
and opposite sign reactances (800 ohms) that corres- 
pond to two oppositely traveling waves, and a shunt 

Maurice C. Hately, GM3HAT, 1 Kenfield Place, 
Aberdeen ABI 7UW, Scotland, UK. 
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fig. 1. Traditional coax-fed half-wave dipole. 
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fig. 2. Symmetry of field conditions around basic dipole. 
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fig. 3. Equivalent resonant circuit of basic dipole. 
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fig. 4. Parallel resonant circuit equivalent to practical 
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fig. 5. Equivalent circuit symmetrically splitting all three 
terms. 
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resistance that represents total losses (mainly attribut- 
able, one would hope, to radiation into space). The 
half-power bandwidth of a half-wave dipole is 9.3 per- 
cent of the nominal resonance frequency.= Q is the 
reciprocal of the percentage bandwidth or equal to 
110.093 = 10.7 (for a length-to-diameter (LID) ratio 
of 10,000 and a height above ground of Xl4). The 
shunt loss resistance value (i.e., radiated power) in par- 
allel resonance is reactance times Q or 800 x 10.7 = 
8.56 k. On the other hand, the series equivalent "loss" 
resistance (series resonance) is 800110.7, or approxi- 
mately 73 ohms. Figure 4 shows the complete paral- 
lel equivalent circuit. Figure 5 shows the next 
progression, developed by splitting all three terms, 
which enables one to place at this location a virtual 
ground or balance point. Next, fig. 6 shows the actu- 
al induction field couplings which exist from end to 
end. M shows the magnetic field and E shows the anti- 
phase electric field coupling. (The electric field has two 
180-degree out-of-phase components that are at the 
same time out of phase with the current maxima and 
magnetic field. In other words, the energy stored in 
the resonant system of the antenna has either most 
of its energy in the electric field, or a quarter of a cycle 
later in time, in the magnetic field.) These are not small 
effects - in fact. they are considerable and must 
therefore always be taken into account. 

If Kraus had drawn the half-wave dipole in this way, 
he would have shown it as it appears in fig. 7.4 The 
extra -j42 ohms required for resonance, and the neces- 
sity for some balun in order to properly feed the coaxial 
cable, led me to decide to put in series two equal-value 
capacitors of -j21 ohms reactance and to feed the 
power across one of them as shown in fig. 8. The 
coaxial shield is now connected to the electric field 
center of the antenna. When first tried, this arrange- 
ment immediately showed promise in the removal of 
most of the local hash from machines, TV sets, and 
computers. But the VSWR on the feeder could not 
be reduced below 2:l no matter what value capaci- 
tors were tried, or at which length or frequency the 
antenna was operated. Some of the problems must 
have been attributable to the unwarranted connection 

E 

_----I---- . -. 
/ -, 

/ I , I ' M 

& 

fig. 6. Equivalent circuit with accompanyingsymmetrical 
field. 
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fig. 7. Symmetrical equivalent circuit with losses trans- 
formed to feed point. 
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fig. 8. Basic capacitive balun system. 
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fig. 9. Additional inductor to correct feedpoint impedance; 
monoband antenna. 
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fig. 10. Alternative correction technique; multiband 
antenna. 

of a capacitor of only 21 ohms across a W-ohm feed- 
er. It turns out that there are two solutions to this prob- 
lem: you can install a series inductor before the 
capacitor (see fig. 9) or use a second resonant circuit, 
thereby making the antenna a dual-band radiator (see 
fig. 10). This approach extended its operating on two, 
three, four, or even five bands with low SWR, while 
still providing a balanced structure - hence the name, 
"Dipole of Delight," under which these capacitor 
dipoles are sold. 

The additional reactance needed in the capacitive 
balun of the monoband dipole helped match the trans- 
mission line (50 ohms) to 800-ohm characteristic im- 
pedance of the antenna wires. It turns out that the 
optimum capacitive reactance is -j50 ohms (see fig. 
11). If this is redrawn as a single-ended equivalent, all 
the components must be scaled down by a factor of 
1 /41  (This is due to the sharing of the load in 
the two halves and the doubling of the impedance on 
return to a dual, or balanced form (fig. 12). After slight 
rearrangement (fig. 131, the two capacitors are seen 

- 

fig. 12. Rearrangement to show all losses transferred to 
one side of ground point. 
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fig. 11. Optimum reactancevaluesin parallel equivalent cir- 
cuit of dipole. 



as a capacitive autotransformer that works efficiently 
because of the considerable circulating current I. The 
equivalent inductive autotransformer is shown in fig. 
14. The input resistance seen by the source is 

Figure 15 shows a series inductive reactance of al- 
most j50 ohms. This is needed to cancel out the equal 
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fig. 16. Four-band antenna. 
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fig. 14. Analogous inductive autotransformer. 
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Table 1. Input impedance is a genuine 50 ohms for a con- 
siderable bandwidth. 

Frequency VSWR 
(MHz) 
13.7 1.45 
13.8 1.25 
13.9 1.14 
14.0 1.08 
14.1 1.03 
14.2 1.02 
14.3 1.07 
14.4 1.13 
14.5 1.22 
14.6 1.30 
14.7 1.40 
14.8 1.50 

0 

RIN 
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: 
: 
/ 
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and opposite capacitive reactance of 50 ohms, leaving 
a pure resistive termination of approximately 50 ohms. 
The Q of this resonant circuit is 1, and consequently 
does not affect the overall bandwidth of the system. 
The antenna bandwidth is determined by the Q of the 
dipole (10.7). As table 1 shows, the input impedance 
is a genuine 50 ohms over a considerable bandwidth. 
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fig. 15. Full equivalent circuit; inductor-corrected capaci- 
tive balun rnonoband antenna. 
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fig. 13. Circuit redrawn to show capacitive autotrans- 
former. 
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fig. 17. Preferred route of coax feeder. 
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OPTOelectronies inc 

POCKET SIZE 
FREQUENCY 

SIZE:4" Hx3.5" Wx'IuD 
MADE IN USA 

TO 1.3 GHZ 
8 LED DIGITS 2 GATE TIMES 

ANODIZED ALUMINUM CABINET 
NI-CAD BArrERlES INCLUDED 
PTER/CHARGER INCLUDED 

EXCELLENT SENSlTlVl W 
& ACCURACY 

AC-DC POnTABLE 
OPERATION 

A C  ADAPTER 
CHARGER 

Small enough to  fit into a shirt pocket, our new 1.2 GHz and 1.3 GHz, 8 digit frequency counters are not toysl 
They can actually out perform units many times their size and price1 Included are rechargeable Ni-Cad batteries 
installed inside the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC 
adapter/charger supplied with the unit. 

The excellent sensitivity of the l2OOH makes it ideal for use with the telescoping RF pick-up antenna; 
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police, 
firefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hldden 
"bug" transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with aprobe 
for measuring clock frequencies in computers, various digital circu~try or osc~llators. Can be bu~l t  lnto transmit- 
ters, signal generators and other devices to accurately monitor frequency. 

The size, price and performance of these new instruments make them indispensible for techn~clans, engrneers, 
schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others. 

STOCK NO: 

#1200HKC Model 1200H in kit fonn, 1-1200 MHz counter complete including 
all parts, cablnet, Ni-Cad batteries, AC adapter-battery charger and 
instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S 99.95 

b1200HC Model l2OOH factory assembled 1-1200 MHz counter, tested and 
calibrated, complete including Ni-Cad batteries and AC adapter/banery 
charger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  d 1 3 7 . 5 0  

#1300HC Model 1300H factory assembled 1-1300 MHz counter, tested and 
calibrated, complete including Ni-Cad batteries and AC adapter/battery 
charger SlM.00 

ACCESSORIES: 

#TA-100s Telescoping RF pick-up antenna with BNC connector . . . . . . . . . . . . . .  $12.00 

#P-100 hobe, direct connection 50 ohm. BNC connector . . . . . . . . . . . . . . . . .  S18.00 

XCC-70 Carrying case, black vinyl with zipper opening. Will hold a counter and 
accessories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $10.00 

/ 157 
ORDER FACTORY DIRECT 

FLA (305) 771-2050 1-800-327-5912 
OPTO~lrctmnicr  inc 

5821 N.E. 14th Avenue Orders to US and Canada add 5% of total ( $ 2  mln., $10 max) 
Ft. Lauderdale, Florida 33334 Florida residents add 5% sales tax. COD fee 32. 

SEE US AT DAYTON BOOTH #49 



fig. 18. Route of chimney-supported inverted V. 

- 

This second solution - i.e., the addition of a sec- in wire 1 to right-hand-traveling current in wire 2 into 
ond, third, or fourth resonant system with voltage capacitor 2, and so on. Table 2 gives the measured 
dividing capacitors, as shown in figs. 10 and 16 - SWR values for a four-band antenna for the older hf 
works by inducing current in the resistive components Amateur bands. The system is not harmonic-depen- 
by inductive coupling from left-hand-traveling current dent however, as can be seen in table 3, which lists 

data for a production version for the WARC Amateur 
bands. 

Figure 19 shows the Smith chart display of the in- 
put impedance of a four-band Dipole of Delight when 
fed through approximately 50 feet of transmission line. 
The dot at the exact center of the chart represents 
exactly 50 ohms. Notice how closely the curve ap- 
proaches this point for the 40, 20, 15, and 10-meter 
Amateur bands. Figure 20 illustrates the effect with 
the feeder length canceled out. The equipment used 
for these experiments was a Hewlett-Packard Network 
Analyzer Model 8407A sweeping from 1 to 33 MHz. 

fig. 19. Input impedance of a four-band antenna at height of 8 meters (approx. 27 feet), fed by coax 15 meters (approx. 
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a YOUR ONE STOP m 
m m 

m " rn ELECTRONICS SHOPPING CENTER ,. 
m m 

NOVICES! 
= Call TODAY (215) 357-1400 = - - - for all your new gear needs. Transceivers, handhelds, D - - - digital gear - everything you need to take advantage - - of  your new, expanded voice and digital privileges! - 

- - - - - - 9 - - - 9 - AEA B & W  ECG Rohn - - Hy-Gain Sylvania - - Arneco Bencher - 
Astron Cushcraft MFJ - - If you stop in, we would like to shake your hand, congratulate you - - and give you a free gift for your shack ... No, you don't have to buy anything. - = - 

= ACCESSORIES PLUS MUCH MORE = 
R rn 
R Technlclans, Generals, Advanced 

= 
m m 
w and Extra Class Operators Too! = 
111 = 
m 

HAS IT ALL 
I 

m m 
rn m 
m Call today 
IE for Your 

SPECIAL PRICES A DIVISION OF TREVOSE ELECTRONICS rn 
m 4033 BROWNSVILLE RD , TREVOSE, PA 19047 1 ,,-.a r, m r 7  . A n n  
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Join AMSAT.. .Today 
Amateur Radio Satellite OSCAR 10 

provides: 

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

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

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

Full Operating Privileges 
open to Technician Class 

licensee or higher. 

Other AMSAT Membership Benefits: 

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

Satellite Tracking Software 
Available for most popular PCs. 

QSL Bureau, AMSAT Nets, Area Coordinator 
Support, F O N ~  Talks 

Construction of Future Satellites For Your 
Enjoyment! 

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

AMSAT 
P.O. Box 27 

Washington, DC 20044 

Table 2. Measured SWR values for a four-band antenna 
for the older hf Amateur bands. 

Frequency VSWR 
(MHz) 

7.00 1.3 
7.05 1.2 
7.10 1.3 
7.15 1.4 
7.20 1.6 

14.0 1.32 
14.1 1.15 
14.2 1.20 
14.3 1.30 
14.35 1.45 
21 .O 1.3 
21.1 1.15 
21.2 1.15 
21.3 1.25 
21.4 1.37 
28.0 1.62 
28.2 1.45 
28.4 1.22 
28.6 1.05 
28.8 1.35 
29.0 1.55 

Table 3. Measured SWR values for a production version 
for the WARC Amateur bands. 

Frequency VSWR 
(MHz) 
9.9 1.45 
10.0 1.3 
10.1 1.18 
10.2 1.25 
18.0 1.25 
18.1 1.15 
18.2 1.20 
18.3 1.32 
24.8 1.38 
24.9 1.12 
25.0 1.08 
25.1 1.22 

capacitor construction 
The capacitors consist of etched double-sided 

epoxy-glass-fiber circuit board. One side is not etched 
at all and is connected to the coaxial cable shield. The 
other side is etched, leaving copper patches (in pairs) 
of sufficient size to provide the needed capacitance 
for each wire. The glass fiber acts as the dielectric of 
the capacitor. In this way a lightweight capacitor balun 
without too much wind-catching area and usable at 
a kilowatt PEP level can be made from single-layer pc 
board. The only reported failures have been thought 
to be due to lightning flashover across the unconnect- 



shows the center card and UHF connector and cable 
hanging from the water-shedding cowl. I 

wasting time retuning. For blind or handicapped oper- Photo A. Capacitor card of a three-band Dipole of Delight for 
ators, it offers considerably simplified operation. For 14.21, and26 MHz. 

fig. 20. Antenna feedpoint input impedance as shown in fig. 19, but with effect of feeder cable counterbalanced out. 
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use with a no-tune semiconductor PA or linear, no an- 
tenna system could be more appropriate. The VFO is 
the only control that has to be moved! 

Electrically, it's advantageous to have the shield of 
the coaxial cable at the rf zero potential right down 
to the shack. It should be emphasized that in order 
to preserve the balance, the cable should come away 
from the dipole at right angles until the feeder gets 
to an object such as the ground beneath the anten- 
na, a tree, or a garage roof, for example, where it may 
then be turned to run to the shack along the same 
earth boundary (see figs. 17 and 18). This helps reduce 
VSWR. Observe SWR as shown in fig. 17, then pull 
the feedline to the side and watch the SWR rise from 
1.02:l and go up to 1.3:l. With the thorough balance 
of the Dipole of Delight it's never necessary to ground 
the case of the transceiver. There's a complete ab- 
sence of rf feedback to the microphone and electron- 
ic keyer, and never any sign of "hand capacitance." 

Because the feedline is at rf zero voltage right to 
the center balun unit, the Dipole of Delight works well 
as an inverted V. The support can be metal or any 
other material and there will be no effect on VSWR 
or radiation pattern. 

helps TVI 
Since no current flows down the outside of the feed- 

line, no vertical polarization rf currents are induced into 
the downleads of nearby TV antennas. One disabled 
GM operator for whom ham radio is his main daytime 
activity (he tells me he is on 40 and 80 meters for 8 
to 10 hours every day and likes to use his linear all the 
time) has found that a dual-band Dipole of Delight has 
not only cured TVI and BCI next door, but has also 
cured interference to an electronic organ at a church 
across the street. Now he can operate on Sunday 
mornings as well! We don't promise purchasers that 
TVI will be less than they've had with other antennas; 
in fact, the ground plane versions of these  antenna^',^ 
are definitely not recommended where TVI is a prob- 
lem, though they are nevertheless useful for low-angle 
radiation, of course. 
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New Receivers. New Showrooms. 
If you want to own the newest receiver 

around, then you'd better take a Qood look 
a t  the Kenwood R-5000. GILFER 
SHORTWAVE has them in stock - walk in 
and try it out in our new showmom - 210 
sq. ft. of shortwave heaven. All the receiv- 
ers and antennas operational. 

You'll also see the best portable around, 
the Sony 2010. Why buy the copy when 
the original is at its lowest price wer! 

New Book 
HANDRDOK I IJY ,_._ - 

Gilfer has a fascinating new book for util- 
ity buffs. Entitled Utility Address Hand- 
book, authored by Reinhard Klein-Arendf 
this compilation of UTE station addresses 

8 has the majority of world addresses and 
they're 99% up-to-date! Countries are 

! listed in aloha order with stations listed bv 

For DXers interested in the subrosa 
broadcasts of the world, Gilfer publishes 
Confidential Frequency Wst, a 304 pp 
compendium of fixed. FAX, miliiy, aero- 
nautical, embassy, INTERPOL. VOLMET, 
press, coastal and hundreds of RTTY 
stations plus mystery stations etc. Covers 
4 - 26 MHz by frequency and gives broad- 
cast modes and hours. Chapters include an 
Introduction by Tommy Kneitel, a Primer 
on R 7 n .  About Cyrillic, etc. Now in its 6th 
edition. $15.95 ( + $2). 

Save with this Combo Ofier. Order 
both the Utility Address Handbookand the 
Confidential Frequency List and save 
$6.95. Both for just $24.95 postpaid! 

The Best In Listening Aids. 
This Datong F'L-3 Automatic Audio 

Filter, exclusive with Gilfer, qives vou six dif- 

The Best 
in Active 
Antennas. 

Gilfer exclusive - Dressler Active 
Receiving Antennas. They're perfect for 
limited antenna space -perform like they 
were outdoor full size jobs, but they fit any- 
where. Two models: ara 30 is ideal for 
SWL, covering 200 kHz to 30 MHz opti- 
mum, up to 100 MHz reduced perform- 
ance. 10 dB gain. $159.95 ( + $4); model 
ara 500 is perfect for VHF-UHF scanner 
receivers, covering 50 MHz - 650 MHz o p  
timum, UD to 900 MHz reduced wrforrn- 

I type. ~ d d i e s s  divisions are Post, telephone ferent ways to dig out t h e w e a i ~ ~ ~  DX, ance. ~ i t o  16 dB gain. $169.95 ( + $4). 1 
& telegraph. maritime, aeradio, airlines, hear CW you didn't know was there, pull order ,,h. 1 - 8 0 0 - ~ I L ~ ~ ~ - 1  
meteorological, military, relief groups (Red R'ITY out of noise, remove whistles and 
Cross etc.) diplomatic, police, press, scien- heterodynes. Has two notch filters, one For Flyer, send SASE 

tific, U.S. MARS, etc. This is the easiest way manual. one automatic; variable high and GILFER SHORTWAVE 
I to w t  UTE addresses and the least costlv, low pass filtering. Easy between-r&eiwr- 52 Park Ave. Park Ridee. NI 07656 1 
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grounding, shielding, 
and isolating: part 2 
Last month we discussed the prob- 
lems of keeping outside interference 
from adversely affecting our equip- 
ment and preventing cross-interference 
between equipment in the same 
system. 

Grounding problems affect not only 
single circuits, but collections of equip- 
ment as well. In fig. IA ,  we see a 
prescription for disaster: the equip- 
ment grounds are daisy-chained to- 
gether and grounded to earth at a 
point close to only one piece of equip- 
ment, identified as D. Typically, the 
ground lines are small-diameter sec- 
tions of wire not particularly appropri- 
ate for the purpose. 

One way to correct this problem - 
the star ground - is illustrated in fig. 
1B. Ground conductors from all four 
pieces of equipment are brought to- 
gether at a common point, which is 
then grounded. Although it's difficult 
to achieve the exact configuration 
shown in fig. 1 B in an actual Amateur 
station, we can approximate it using 
the arrangement shown in fig. 2. Keep 
in mind that our goal is to radiate as 
much of the available power as possi- 
ble, while keeping spurious radiations 
(mostly harmonics) at home. Given the 
nature of most radio communications 
situations, if we have to sacrifice a lit- 
tle power at the fundamental operating 
frequency in order to lower the level 
of harmonics, then it's to our advan- 
tage to do so. 

The signal flow logic for an hf sta- 

tion is shown in the inset in fig. 2. The 
output circuit, a low-pass filter and an 
antenna matching network, surprises 

0 

@ 0 

1 . 1  

0 

fig. 1. (A) Daisy-chain method of ground- 
ing equipment; (B) star grounding. 

few Amateurs. The low-pass filter for 
hf usually has a cutoff frequency 
above the 10-meter band, but below 
6 meters (36 and 42 MHz are often 
quoted in the advertisements). Above 
that frequency, attenuation is quite 
high. 

The antenna matcher is seen in 
many Amateur stations today because 
solid-state final amplifiers aren't toler- 
ant of high VSWR loads. Such rigs in- 
clude shut-down circuitry that reduces 

output power sharply when a VSWR 
greater than 1 :I is encountered. Pre- 
viously, many Amateurs didn't use 
matching networks because tube-type 
finals used pi networks that could 
match a wide variety of antenna im- 
pedances. Many years ago, former 
ARRL President Vic Clark (W4KFC) 
told me that he recommended anten- 
na matching networks even on well- 
matched antennas because they add 
another stage of relatively high-Q 
tuned circuitry between the transmit- 
ter and the antenna . . . and thus 
reduce TVI-producing harmonics. 

What may come as a surprise to 
many readers is the low-pass filter at 
the input of the linear amplifier. Be- 
cause the exciterltransmitter output 
signal isn't perfectly clean, and will 
contain harmonic energy, we should 
attenuate those signals prior to am- 
plifying them in a 1500-watt amplifier! 
Use of a low-pass filter helps that sit- 
uation tremendously. 

  here is one problem with using a 
low-pass filter on some solid-state 
equipment. Many linear amplifiers, 
especially grounded-grid designs, 
either don't have a %-ohm input im- 
pedance or have a widely varying in- 
put impedance that is frequency 
dependent. The characteristics of LC 
low-pass filters are guaranteed only 
when the correct load impedance is 
presented to the filter (in our case nor- 
mally 50 ohms, resistive). If the linear 
amplifier input impedance varies, then 
filter performance is adversely affect- 
ed. In addition, the impedance reflect- 
ed to the filter input will also vary. This 
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Announc ing  
N e w  6- & 8-Pnlc Crys ta l  F i l te rs  For 
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difficulty will cause a high VSWR to 
be seen at the transmitter output, 
causing it to fold back. 

I experienced this problem using a 
Drake low-pass filter between a Ken- 
wood TS-120 transmitter and a Heath 
SB-220 linear amplifier. There are two 
possible solutions. First, we can place 
a %-ohm attenuator pad between the 
filter output and the linear amplifier in- 
put. The pad swamps out the impe- 
dance variations, although at the loss 
of some power. The attenuator pad 
method is recommended only where 
suitable resistors are available, and 
there's plenty of power to drive the 
linear and accommodate a 1- to 3-dB 
power loss. Second, we can either 
replace the low-pass filter with a vari- 
able matching network or add an an- 
tenna matcher to the circuit between 
the filter and amplifier. When I owned 
the TS-120, my solution was to use a 
Drake MN-4 matcher in place of LPF 
A (see fig. 2). 

Note the configuration of the oper- 
ating position in fig. 2. The equipment 
was mounted on a door converted into 
a table. The grounding system consist- 
ed of a piece of 7-inch wide copper 

TRANSMITTER LINEAR AMPLIFIER 

0 

ALTERNATE 
7" WIDE COPPER FLASHING 

z 
/ 

ULTIPLE NO 6 / N O . B  WIRES TO 

TA rlTON GROUND POINT 

fig. 3. Multiple-wire grounding lowers in- 
ductance. 

- 2  

roofing flashing along the back of the 
table. Though you probably won't find 
copper flashing at your local hardware 
store, it should be available from metal 
distributors and professional roofing 
supply outlets. I 1  found mine at a metal 
distributor after asking a neighbor, a 
contractor, where he bought his cop- 
per roofing supplies. ) 

Although the cost per foot (or per 
pound, as some sell it) for the amount 
that you need will probably be relative- 
ly low, the distributor may want a $50 
to $100 minimum purchase. Joining 
with other Amateurs in a group order, 
therefore, might be wise. Copper flash- 

7 

ing, or similar copper stock, is some- 
times available through artists' supply 
outlets in areas where copper bas relief 
engraving and smithing is popular. The 
stock he showed me was only about 
half as thick as roofing flashing, but 
should work just as well. 

The copper flashing on my desk is 
grounded at one end with a ground 
rod. In the station where I used this 
system, the building was a well-con- 
structed (i.e., heated and air-condi- 
tioned) shed in the backyard. I was 
able to drop the copper foil through a 
break between the wall and the floor, 
then sweat-solder it directly to a 
ground rod driven into the earth. In 
other cases, it's necessary to use a 
heavy ground wire between the desk 
and the ground rod. 

ground wires 

.' 

A ground wire must be short and 
nonresonant, and possess low induc- 
tance. As a result, it's usually best to 
use a piece of heavy flat braid rather 
than circular wire. You'll find braid for 
sale at some outlets, but it's often 
quite expensive. I've found it cheaper 
to strip the shield carefully from an 
appropriate length of RG-8 or RG-11 
coaxial cable. 

Low inductance is achieved by using 
a wide, short conductor. The braid 
mentioned above possesses this prop- 
erty. It's also possible to cut some of 
the copper flashing into slices thinner 
than 7 inches and use it for a ground 
conductor. In other cases, it's possible 
to approximate the ideal by using or- 
dinary circular wire conductors, but be 
sure to use multiple lengths of conduc- 
tor in parallel (fig. 3). Automotive parts 
stores are often the best sources for 
such wire stock. Use either No. 6 or 
No. 8 "primary wire" or copper battery 
cable wire. 

The conductors can be either clamp- 
ed to the ground pipe (or rod) or 
sweat-soldered. Because of the heat 
sinking capacity of the pipe and 
ground, it's usually necessary to use 
a torch for sweat-soldering. Either a 
propane torch, one of the home "braz- 
ing" torches sold in hardware stores, 
or a jeweler's torch will suffice for this 

J - 
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I 
-GROUND WIRE OR 

BRAID 

1/4 - 2 0  NUT 

STAR WASHER 

1"PIPE WITH TOP 
END FL A r TENEO- 

fig. 5. Adding connections to pipe 
ground. 

NIPPLE SHORT PIPES 

1 
1 7 1  ~lI111 1 

one of the advantages of this system. 
With conventional ground rods you 
must either sweat-solder the ground 
wire (which is sometimes difficult), or 
use a clamp (which easily comes 
loose). The pipe end can be flattened 
with a heavy pair of pliers, hammer 
(with a 2 x 4 backstop used as an "an- 
vil"), or other means. You can then drill 

' 
CAROEN HOSE 

TEE F ITT ING 

Ie4x a * c o P P E R  P I P E /  

one or more 1 /Cinch holes in the flat- 
tened end to accept a nut and bolt to 
hold the ground wire (see fig. 5). 

A word of caution is needed for 
those who are going to drive ground 
lines into the earth. Find out where the 
gas, water, sewer, and power lines are 
on your property. Although you can 
usually make intelligent guesses, some 
configurations are hard to determine. 
For example, at my old QTH, the gas 
line ran in a dog-leg path from the shut- 
off valve on the street to the meter on 
the back of the house. Unless you 
knew that the gas company was trying 
to serve two dwellings with the least 
amount of pipe, you wouldn't easily 
guess its path. Information on utility 
service run locations is often recorded 
on your survey plate, or in the local 
building inspector or engineer's office, 
or can be obtained from the utility in- 
volved. An &foot ground rod can dis- 
rupt these utilities - and that's always 
expensive and sometimes dangerous. 

a warning on some 
defibrillator capacitors 

BEVELED END 1 
fig. 4. Pipe ground uses water pressure 
to simplify installation in hard soil. 

/ - I  

In an earlier column I mentioned 
using medical defibrillator capacitors in 
high-power, high-voltage dc power 
supply filters. While that advice is still 
valid, a reader pointed out one possible 
pitfall. Some manufacturers of these 
machines depend upon the fact that 
defibrillator capacitors are charged for 
only a few minutes to de-rate some 
capacitors. As a result, in 7000-volt cir- 
cuits they use capacitors with as little 
as 2000-WVDC dielectric streng!h. The 
small size of these capacitors enhances 
the portability of the product. 

The capacitors to which I referred are 
high quality units manufactured by 
well-respected companies such as CDE 
and Sangamo; marked for 7500-WVDC 
or 10,000-WVDC, they're oil-filled and 
quite large. My reference capacitors 
came from American Optical and Hew- 
lett-Packard (Model 7802) machines. 
No one has miniaturized those high- 
voltage capacitors significantly, so if a 
surplus defibrillator capacitor seems too 
small to be a 7 kV unit, then it prob- 
ably isn't what it seems to be. 

ham radio 
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2.30 MHz 12V( ' -  28V) 
P/N Rating Net €8. Match Pr. 

MRF412,IA BOW $18.00 $45.00 
MRF421 0 100W 22.50 51 .OO 
MRF422' 150W 38.00 82.00 
MRF428,IA' 25W 18.00 42.00 
MRF433 12.5W 12.00 30.00 
MRF449,lA O 30W 12.50 30.00 
MRF450,IA Q 50W 14.00 31.00 
MRF453,IA 0 80W 15.00 35.00 
MRF454,IA 0 BOW 15.00 34.00 
MRF455.IA 0 BOW 12.00 28.00 
MRF458 80W 20.00 48.00 
MRF475 12W 3.00 9.00 
MRF478 3W 2.75 8.00 
MRF477 40W 11.00 25.00 
MRF479 15W 10.00 23.00 
MRF485' 15W 8.00 15.00 
MRF492 0 90W 18.75 37.50 
SRF2072 Q 85W 13.00 30.00 
SRF3882 0 110W 25.00 54.00 
SRF3775 0 75W 14.00 32.00 
SRF3795 Q BOW 16.50 37.00 
3800 Q 100W 18.75 41 .OO 
2SCZZBO BOW 19.75 45.50 
2SC2879 0 100W 25.00 58.00 

0 = S. lactd  High Qaln Matched Ouada Avalkbk 

VHF/UHF TRANSISTORS 
Rating MHz Net €8. 

MRF224 40W 138.174 13.50 
MRF237 4W 136.174 3.00 
MRF238 30W 138.174 13.00 
MRF239 30W 138.174 15.00 
MRF240,IA 40W 136.174 18.00 
MRF245 8OW 138.174 28.00 
MRF247 TSW 138.174 27.00 
MRFB07 1.75W 136.174 3.00 
MRF841 15W 407.512 22.00 
MRF844 25W 407.512 24.00 
MRF848 40W 407.512 28.50 
MRF848 8OW 407.512 33.00 
SD1441 l5OW 138,174 74.50 
SO1447 100W 138.174 32.50 
2N5591 25W 138.174 13.50 
2 N W 0  4W 138.174 7.75 
2 N 8 W  15W 138.174 9.00 
2N8082 25W 138.174 10.50 
2NBO83 30W 138.174 11.50 
2NB084 4OW 138.174 13.00 

Match Pr. 
32.00 - 
30.00 
35.00 
41.00 
85.00 
63.00 - 
49.00 
54.00 
59.00 
89.00 

170.00 
78.00 
34.00 - - 
- 

24.00 
31.00 

MISC. TRANSISTORS B MODULES 
MRF134 S16.00 M RF487 14.25 
MRF138 21.00 2N1522 10.50 
MRF138Y 70.00 2N3886 1.25 
MRF137 24.00 214048 10.50 
MRF138 35.00 2N4427 1.25 
MRF140 89.50 2N5590 10.00 
MRF148 35.00 2N5842 13.75 
MRF150 89.50 2N5843 15.00 
MRF172 82.00 2N5848 18.00 
MRF174 80.00 2N5945 10.00 
MRF208 11.50 2N5848 13.00 
MRF212 18.00 2SC2097 28.50 
MRF221 10.00 2SC2237 13.50 
M R F260 7.00 2SClBW 3.00 
MRF281 9.00 S10.12 13.50 
MRF282 9.00 SAVE 34.50 
MRF284 13.00 SAV7 34.50 
MRF408 14.50 SC1019 59.90 
MRF428 55.00 SCIO27 47.50 
NE41137 3.50 MS7737 47.50 

Solactad, matchad tlnala tor Icom, Atlas. Vaesu, KLM, 
Kenwood, Cublc, TWC. etc. Tachnlcal asalatanca and 
crosr.nfaranca on CO. PT, SD, SRF and 2SC PIN#. 

Ouantlty parts uaarr-call for quote 

WE SHIP SAME DAY C.O.D.IVISAIMC 
Mlnlmum Order-Twenty Dollam 

(619) 744-0728 
FAX: (610) 744.1043 
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I CALL LONG DISTANCE ON YOUR HANDHELD 

The Model 335A will del~ver 35 watts of Our products are backed by prompt fac- 
power uslng the latest state-of.the-arl clr- tory servtce and technical asststance 
cultry The arnpllfler wlll operate SSB or WE SPECIALIZE I N :  Complete p a r t s  
FM and 1s compat~ble wtth 
most handheld  trans- 
celvers, tncludlng the 
TR2400. TR2500. IC-PAT. 
Yaesu. Santec, and Ten- 
Tec Only 300 rnw Input will 
dellver 5 watts out: 3 watts 
In w~l l  dellver 35 watts out 
Maximum Input drlve level 

l i s t  f o r  t h e  140 w a t t ,  
300 w a t t  RF a m p l i f i e r s  
p e r  Mo to ro la  B u l l e t i n s  
EB27, EB63, AN758 and 
AN762. We a l s o  c a r r y  a 
l l n e  o f  ATV equipment. 
C a l l  o r  w r i t e  us  f o r  
o u r  f r e e  c a t a l o g .  

K i t  $79.95 
33% WLT $99.95 

I IS 5 watts Communication 
W C a n c e o t s  inc. 89 '" - 

Two Elements $235.00 
Extra Elements $164.00 

Price IS F.O.B. Transcona 

LNCLUDES U.S. Customs 
Duty 

KIT COMPLETE WITH 

'BOOM WHERE 

WINNER 01: hlANITOBA 
DESIGN INSTITUTE 

AWARD OF EXCELLENCE 
Buy rwo elemmrs now - a rhird and fourrh 
may beaddedlarer wirh lirrleefforr. 
Enjov up ro 8 db forwfard gain on DX, wirh a 
25 db back lo fronr rario and excellenr side 
discriminarion, 
Ask Jor our new 2m Quad Kit when you order 
your Gem Quad. 11's FREE for rhe a-<king! 
Ger maximum srrutrural strength wirh low 
weighr, usmf our "Tnderic" arms. Please m- 
qurre direcr!v ro: 

GEM QUAD PRODUCTS LTD. 
PO BOX 291 

BOISSEVAIN. MANITOBA ROK @E0 
CANADA 

TELEPHONE (204) 534-61 84 

SSTV SOFTWARE 
Introducing A New Dimension 

In S S N  

Gest VldeoTools 
-MS/DOS based advanced software 

package for 1200c  Robot users. 
-Create/transmlt your own high resolu- 

t ion graphlc images. 

Full Palnt Package Features: I -651 on screen colors out of a range of 2561 1 
-1COM-based menus, mousedrlven. easy to 

learn. easy to use 
--Over 70 functions 
-Enlarge, reduce. save, load vldeo Image and 

image fragments 
-4omblne vldeo Images, graphlcs and text 
-Full Image processlng lncludlng nolse reduc- 

tlon fllters 
-Save Images, llve off alr 
-Anlmatlon 
-Zoom 
-Full functlon robot control through software 
-Auto I.D. 

Now available to amateur  market 
Send check or money order, $599 

per system to: 

Torontel Technology 
Systems Ltd. 

174 Bellarny Rd. North 
Scarborough, Ontario 

Canada M i l  2L5 
416-292-9952 1' 'm 
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gamma matching programs 
for the C-641128 

Simplify antenna matching 
with WB0IKN's 
handy program 

WBBIKN's article, "Basic Gamma Matching"' 
provided a useful program for the Apple II + 
computer. Because I needed gamma matching data 
for a homebrew project but have a C-64, I decided to 
convert the program. (If you own a Commodore 128, 
simply set the computer to 64 mode and you're ready 
to calculate. 

Figure 1 lists the revised program. The most 
significant modifications appear in the calculation lines. 
These changes were made to avoid exceeding the 
C-64's maximum input of 80 characters per statement. 

I renumbered and compacted the program, adding 
an Option Menu from which you may choose to print 
hard copy, start new calculations, or end the program. 

The final results were also truncated to two 
decimals; for practical purposes, this number of 
significant digits should be sufficient. The last three 
inputs of line 10 change the screen/border/letter 
colors. If you prefer the standard blue, omit all POKE 
statements and colons in line 10. 

design examples and program notes 
To demonstrate the conversion program, and to 

allow you to check operation as well as the correctness 
of your data entry, I've used WBOIKN's design 
examples. I suggest you read his article; for 
convenience - or in case you don't have a copy of 
the January, 1985, issue - I've summarized details 
below. 

The hardest part will be determining the driven 
element impedance. Fortunately, the feedpoint char- 
acteristics of most common antennas are sufficiently 
documented to provide good data. Use your imped- 
ance meter or noise bridge, if no published data are 
available. You must know the diameter of your driven 
element and gamma rod. Then select an arbitrary 
gamma rod spacing. Use common sense, as in any 
homebrew project. 

Load and run the program. Input the requested data 
when prompted. The computer will then calculate and 
display the results in the format shown in figs. 3 and 4. 

If the values aren't acceptable, select Menu Option 
2 ("all new calculations"). By trying a different gamma 
rod spacing or diameter, or varying the feedpoint 
impedance by slightly changing the length of the 
driven element, you can find the best combination with 
reasonable mechanical and electrical parameters. If the 
antenna isn't suitable for gamma rod matching, you'll 
learn this quickly, without tedious experimentation. 

Figure 2 shows the screen display on a run for a 
computer-generated six-element, 20-meter Yagi design 
by L a w ~ o n . ~  The calculated feedpoint impedance of 
the antenna is 20 + j7.5 ohms. In this example, the 
assumptions are a 1.5-inch diameter element, a 
gamma rod diameter of 0.25 inch, and a gamma rod 
spacing of 3 inches. 

additional designs 
The results of two additional gamma match designs 

for the Yagi antenna are shown in fig. 3. In fig. 3(A) 
the gamma rod spacing has been increased to 6 
inches; in fig. 3(B) the gamma rod diameter has been 
increased to 0.5 inch. 

Figure 4 shows the results for a monopole 
approximately 1/4 wavelength high. In this case the 

Fred A. Sontag, NBCAO, Lake Farm, Route 1, 
Box 86, Tebbetts, Missouri 65080 
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10 PRINTCHRBC19>CHRB~1Y7):POKE53280,9:POKE5328l,0:POKE6Y6l5 
20 REM** * * * * * * * * * * * * * * * * * , * * * * * * * * * f  
30 PRINT "GAMMA MATCH DESIGN" 
90 PRINT "BY RICHARD A. NELSON - WBBIKN" 
50 PRINT"F0R APPLE 11+ COflPUTER" 
60 REfl******************************************* 
70 PRINT:PRINTWADAPTED 8 CUSTOMIZED FOR C69 WITH" 
80 PRINT"OPTI0NS FOR PRINT/NEW CALCS.8 END" 
90 PRINTnBY - FRED A.SONTAG,P.E. - N0CAO 
100 REM*I************************,******"****** 
110 PRINTm* UERSION 1.3 *":PRINT 
120 DEF FN CSHCX)=LOG(X+SORCX*X-1)) 
130 PRINTmENTER <M> FOR flONOPOLE":OPENl,B 
190 PRINT-ENTER <D> FOR DIPOLE > ";:INPUT#l,DMB:PRINT 
150 IF DM$-"Dm OR DM$-"M" THEN GOT0170 
160 GOT0130 
170 PRINT "ENTER FREQ IN MHZ > ";:INPUT#l,F:PRINT 
1E0 PRINTnENTER FEEDPOINT RESISTANCE > ";:INPUT#lIRA:PRINT:IFDMS~"D"THENRA~RA/2 
190 PRINTWENTER FEEDPOINT REACTANCE > ";:INPUT#l,XA:PRINT:IFDflS~"D"THENXAIXA/2 
200 PRINT "ENTER FEEDLINE RESISTANCE > ";:INPUT#l,RO:PRINT 
210 PRINT:PRINT:PRINT"** THE FOLLOWING ARE IN INCHES **" 
220 PRINT:PRINTmENTER DRIUEN ELEMENT DIAMETER > ";:INPUT#l,K:PRINT 
230 PRINT "ENTER GAMMA ROD DIAMETER > ";:INPUT#l,B:PRINT 
290 PRINT "ENTER GAMflA ROD SPACING > ";:INPUT#l,S:PRINT:CLOSEl 
250 H-(l+((FNCSHC(9*S*S-K*K+B*B)/C9*S*B)))/CFNCSHC('i*S*S+K*K-B*B)/C9*S*K)))))T2 
260 20-60*FN CSHCCY*S*S-K*K-B*B>/C2*K*B)):T-H/ZO:A-CCRO*XA)/(H*RA-R0)) 
270 Wg(RO*C(RA)t2+CXA)t2))/CH*RA-R0):Q-A+SQR(A*A+W) 
280 XS~H*(CRO*XA+SQR(CRO*XA)T2+RO*CH*RA-RO)*((RA)T2+CXA)T2)))/(H*R~-RO)) 
290 LDGA~AfN(Q*T):LDG-CLDGA*360)/C2*3.19159) 
300 E~(RO/RA)*(CCRA)T2+CXA)T2)/Q):G=CRO/RA)*XA 
310 CRg1000000/C2*3.1Y159*CE+G)*F):PRINTCHRB(l'i7) 
320 IF DMB="D" THEN RA-RA*2:IF DM$-"0" THENXA=XA*2:PRINT 
330 IFDMB-"D" THENPRINTmDIPOLE ANTENNA" 
3Y0 IFDMS-"M" THENPR1NT"MONOPOLE ANTENNA" 
350 PR1NT:PRINT"FREQUENCY <MHz> - ";F 
360 PRINTmDRIUEN ELEMENT DIAM = ";K:PRINT"GAMf"lA ROD DIAM ";B 
370 PR1NT"GAMMA ROD SPACING - ";S:PRINT"DRIUEN ELEMENT RESISTANCE - ";RA 
380 PR1NT"DRIUEN ELEflENT REACTANCE - ";XA:PRINT"FEEDLINE RES'ISTANCE = ";RO 
390 PRINT:NgLDG:GOSUB550 
YOO PRINTmGAMMA LENGTH <DEGREES> - ";U$:FT-C93E/F)*(LDG/3603:N-FT:GOSUB550 
910 PRINT "GAMMA LENGTH <FEET> - ";U$:IN-FT*12:N-IN:GOSUB558 
920 PRINT "GAMMA LENGTH <IN> - ";U$:CM-IN*2.59:N-Cfl:GOSUB550 
930 PR1NT"GAMMA LENGTH <CM> ";US:N-CR:GOSUBSS0 
930 PR1NT"GAHMA CAP IN PF - ";US 
950 PRINT:PRINTTABC13)CHRS(18)"OPTION MENU"CHRS(lY63:PRINT 
960 PRINT"1. HARDCOPY" 
970 PRINT"2. ALL NEW CALCULATIONS" 
980 PRINT"3. END" 
990 OPEN1,B:PRINT"PRESS OPTION NO.- THEN PRESS RETURN ";:INPUT#l,X:PRINT 
500 IFX~lTHENCLOSEl,0:GOTO530 
510 IFX=2THENCLOSE1,0:GOT010 
520 IFX-3THENCLOSE1,0:PRINTCHRSC197):END 
530 OPEN3,3:OPEN9,9:PRINTCHR0~19~;:FORI~0TO679:GOTO5Y0 
590 GET#3,AB:PRINT#~,AS;:NEXT:CLOSE3:CLOSE9:PRINTCHR0(197):GOTO970 
550 US-STRB(N):L-LENCUS1:PD-0:FOR I - 1 TO L:IF MIDB(UB,I,l)-"."THEN PD-I 
560 NEXT 1:IF L < -  (PD+2)THENRETURN 
570 R$~MIDS(UB,CPD+3>,1):U$ILEFTSCUB,CPD+2)):IF RB<"S"THENRETURN 
580 U-ABSCUALCUS))+.01:US-STRSCU*SGNCN)l:RETURN 

READY. 

fig. 1. Gamma matching program listing for the C-641128. 



GAMMA MATCH DESIGN 
BY RICHARD A. NELSON - WB0IKN 
FOR APPLE 11+ COMPUTER 

ADAPTED & CUSTOllIZED FOR C69 WITH 
OPTIONS FOR PRINT/NEW CALCS.8 END 
BY - FRED A.SONTAG,P.E. - N0CAO 
* UERSION 1.3 * 
ENTER <M> FOR MONOPOLE 
ENTER <D> FOR DIPOLE > D 
ENTER FRED IN MHZ > 19.200 
ENTER FEEDPOINT RESISTANCE > 20.0 
ENTER FEEDPOINT REACTANCE > +7.5 
ENTER FEEDLINE RESISTANCE > 50 

** THE FOLLOWING ARE IN INCHES ** 

ENTER DRIUEN ELEMENT DIARETER > 1.5 
ENTER GAMMA ROD DIAMETER > -25 
ENTER GAMMA ROD SPACING > 3.0 

DIPOLE ANTENNA 

FREQUENCY <MHZ> - 19 .2 
DRIUEN ELEMENT DIAM - 1.5 
GAMMA ROD DIAM - .25 
GAMMA ROD SPACING - 3 
DRIUEN ELEMENT RESISTANCE = 20 
DRIUEN ELEMENT REACTANCE = 7.5 
FEEDLINE RESISTANCE - 50 

GAMMA LENGTH (DEGREES, - 28.8 
GAMMA LENGTH <FEET> - 5.39 
GAMMA LENGTH <IN> - 69.09 
GAMMA LENGTH <CM> = 162.78 
GAMMA CAP IN PF - 188.92 

1. HARDCOPY 
2. ALL NEW CALCULATIONS 
3. END 
PRESS OPTION NO.- THEN PRESS RETURN 

fig. 2. Screen display for a sample run showing the 
sequence of data entry and output. (See text for Prneter  
Yagi description.) 

gamma rod is a length of No. 10 wire (approximate 
diameter = 0.1 inch). Figure 4(A) is for a 60-foot 
tower used as a vertical radiator on 3.8 MHz. 
(WBOIKN1s computer analysis shows its impedance 
to be approximately 33 + j1.3 ohms. Figure 4(B) is 
for a 55-foot tower operated on the same frequency. 
The results show how a smaller gamma capacitor may 
be used if the radiator is made capacitively reactive 
by reducing its overall height. 
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DIPOLE ANTENNA 

FREQUENCY <MHZ> - 19 -2 
DRIUEN ELEMENT DIAM - 1.5 
GAMMA ROD DIAM - .25 
GAMMA ROD SPACING = 6 
DRIUEN ELEMENT RESISTANCE - 20 
DRIUEN ELEMENT REACTANCE - 7.5 
FEEDLINE RESISTANCE - 50 

GAMMA LENGTH <DEGREES> - 25.32 
GAMMA LENGTH <FEET> = 9.7 
GAMMA LENGTH <IN> = 56.39 
GAMMA LENGTH <CM> - 193.12 
-GAMMA CAP IN PF = 291.89 

fig. 3A. Calculated results for additional run on the 
antenna described in fig. 2, showing gamma rod spac- 
ing increased to 6 inches. 

DIPOLE ANTENNA 

FREQUENCY <MHz> - 19.2 
DRIUEN ELEMENT DIAM - 1.5 
GAMMA ROD DIAM - .5 
GAMMA ROD SPACING - 3 
DRIUEN ELEMENT RESISTANCE - 20 
DRIUEN ELEMENT REACTANCE - 7.5 
FEEDLINE RESISTANCE - 50 

GAMMA LENGTH <DEGREES> - 38.39 
GAMMA LENGTH <FEET> - 7.11 
GAMMA LENGTH <IN> - 85.32 
GAMMA LENGTH <CM> - 216.72 
GAMMA CAP IN PF - 262.10 

fig. 38. Calculated results for additional run on the an- 
tenna described in fig. 2, showing gamma rod diameter 
increased to 0.5 inch. 

MONOPOLE ANTENNA 

FREQUENCY <MHz> - 3.8 
DRIUEN ELEMENT DIAM - 12 
GAMMA ROD DIAM - .1 
GAMMA ROD SPACING - 12 
DRIUEN ELEMENT RESISTANCE - 33 
DRIUEN ELEMENT REACTANCE = 1.3 
FEEDLINE RESISTANCE - 50 

GAMMA LENGTH <DEGREES> - 99.82 
GAMflA LENGTH <FEET> - 31.06 
GAMMA LENGTH <IN> - 372.69 
GAMMA LENGTH <CM> - 996.69 
GAMMA CAP IN PF = 122.62 

fig. 4A. Results of run for a =meter vertical monopole 
antenna on 3.8 MHz, 160-foot tower). 

fIONOPOLE ANTENNA 

FREQUENCY <MHZ> = 3.8 
DRIUEN ELEMENT DIAM - 12 
GAMMA ROD DIAM - .1 
GAMMA ROD SPACING - 12 
DRIUEN ELEMENT RESISTANCE - 25 
DRIUEN ELEMENT REACTANCE = -38 
FEEDLINE RESISTANCE - 50 

GAMMA LENGTH <DEGREES> - 53.73 
GAMMA LENGTH <FEET> - 37.29 
GAMMA LENGTH <IN> = 996.82 
GAMMA LENGTH <CM> - 1139.92 
GAMMA CAP IN PF = 76.99 

fig. 48. Results of run for 75-meter vertical bn 3.8 MHz, 
155-foot tower). 

A .. 
As stated brevious~y, I strongly recommend that you references 

read WB0IKN's article and also the publications 1. Richard A. Nelson. WBBIKN, "Basic Gamma Matching.'' ham radio. 
January. 1985. page 29. 

dealing with gamma matching design arid construction 2. James L. Lawson, WZPV, "Yagi Antenna Design", ham radio. JU~V, 1980. 
referenced therein. page 19. 

ham radio 
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TEN-TEC 
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GIVE YOUR EARS A BREAK! 

Stocking all major lines. San Antonio's 
Ham Store. Great Prices-Great Service. 
Factory authorred sales and service. 
Hours: M-F 10-6; SAT 9-3 
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optimized 2- and 
6-meter yagis 
Several years ago I decided to take 
a different approach to 2-meter EME. 
The idea was to build an array of eight 
small Yagis mounted on a short tower. 
The stacking frame would be attached 
to a single boom not exceeding 30 
feet. Such a system could be mount- 
ed conveniently in my back yard with 
minimum interference to existing 
structures and would be easily trans- 
portable for EME DXpeditions. 

It seemed reasonable that a physi- 
cally small Yagi with a clean radiation 
pattern and high gain-per-unit boom- 
length could be designed.' Small Yagis 
require only short, low-loss phasing 
lines. If this approach was successful 
on 2 meters, I concluded, the design 
could later be scaled to 70 cm (432 
MHz), where the individual Yagis 
could be rear-mounted and possibly 
rotated in polarity for EME operat i~n.~ 

I decided that a 12-foot boom, 144- 
MHz Yagi might be the ideal answer 
for the individual antenna; 12-foot 
boom material is readily available, and 
short Yagis can be mounted on towers 
that are only 12 to 15 feet high. 

Several designs emerged for both 2 
and 6 meters. While some of the re- 
sults of this study were unexpected, 
they do answer several frequently 
asked questions. 

where to begin 
I started by designing a 2-meter Yagi 

on a 12-foot boom. Obviously, the 
boomlength could not exceed 142 
inches - which, at 144 MHz, is ap- 
proximately 1.75 wavelengths. I wanted 
the sidelobes to be as low as possible, 
at least 16 to 18 dB in the E plane, and 

a minimum of 13 dB in the H plane. 
If improved performance was possible, 
so much the better. 

I studied but quickly discarded the 
NBS Yagis because the only designs 
near my requirements, 1.2 or 2.2 
wavelengths, were either too short or 
too long.3 Then I considered the 
Greenblum  design^.^ Unfortunately, 
design information was incomplete; 
furthermore, previous Yagi designs 
using the Greenblum tables didn't 
produce very clean radiation patterns, 
especially in the H or vertical plane. 

Several articles in the IEEE Proceed- 
ings discussed a method of optimizing 
Yagi performance through the use 
of nonequally spaced and nonuniform 
length  element^.^,^ They started with 
an initial six-element design using equal 
spacing and director lengths. The ele- 
ments were 0.0067 wavelengths in dia- 
meter on a l .49 wavelength boom. 
The reflector was 0.51 wavelengths 
long and spaced 0.25 wavelength be- 
hind the driven. All directors were 
equally spaced at 0.31 wavelength and 
were 0.43 wavelengths long. 

They ran a program similar to that 
used by Morris7 - the forerunner of 
the one used by W2PV8 - on a large 
IBM computer. It calculated the gain 
of this antenna at 11.2 dBi, with rela- 
tively high first sidelobes. 

Maintaining the same reflector 
length and spacing, believed to be near 
optimum, the director spacings were 
mathematically iterated (adjusted in 
small steps) for maximum gain. This 
step increased the Yagi gain by 1.65 
dB to 12.85 dBi. However, the boom- 
length had increased to 1.70 wave- 
lengths, and all director spacings were 
now unequal. The pattern was defin- 
itely cleaner, but not terrific. The next 

step involved adjusting the reflector 
length and spacing, but very little im- 
provement resulted. 

A further improvement in the com- 
puter program through the use of 
larger matrices allowed for the simul- 
taneous iteration of element spacing 
and length. The results were quite 
gratifying. After several optimizations, 
a new Yagi design with approximately 
the same boomlength (1.69 wave- 
lengths with a gain of over 13.4 dBi) 
emerged, showing an improvement of 
2.2 dB over the original constant 
length and spacing design and a clean- 
er radiation pattern. 

Some preliminary conclusions can 
be drawn as a result of this study. With 
a fixed number of elements, there is a 
particular boornlength for optimum 
gain. Furthermore, gain and pattern 
aren't optimum when constant direc- 
tor length and spacing are used. For 
best Yagi performance, the boom- 
length and all element spacings and 
lengths must be individually optimized. 

implementing the design 

Limited practical information was, 
however, available for the "optimized" 
Yagi design. No element diameter scal- 
ing information was available to me at 
that time (in the mid-1970s) and the 
diameters recommended were rather 
impractical - over 0.5 inch at 2 
meters! Therefore I decided to scale 
my own design by overlaying the ele- 
ment lengths on an NBS-type of scal- 
ing graph.3 I designed a 144-MHz Yagi 
using 3116-inch diameter rod (0.0023 
wavelength diameter at 144 MHz). 

I built this antenna and tested it on 
a commercial antenna range. The gain 
was as predicted. However, the band- 
width for maximum gain was very nar- 
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fig. 1. E plane radiation pattern of the original (solid lines) and modified (dotted lines) 
Yagi. Modifications involved lengthening the reflector and significantly shortening the 
last director. 

row, only about 1.0 MHz at the - 1 dB 
points, and gain peaked near 146 MHz. 
Back to the drawing board! 

Based on the data taken on the an- 
tenna range, I was able to correct my 
scaling graph. I then scaled the design 
to 50.1 MHz. It worked like a champ. 
The lengths and spacings chosen are 
shown in the first and second columns 
of table 1. A typical antenna radiation 
pattern is shown in fig. 1. 

Upon close inspection of the radia- 
tion pattern, however, the f /b  ratio 
wasn't worth writing home about. 
Dave Olean, KIWHS, figured that he 
could trade gain, if necessary, for a 
better f /b ratio. He left the element 
spacings constant, but shortened the 
last director by almost 10 inches; by 
lengthening the reflector a few inches, 
he was able to obtain a nearly infinite 
f /b  ratio, though over only a very nar- 
row bandwidth. The cost was about 1 
dB in forward gain. The pattern of the 
modified Yagi is superimposed on the 
original design in fig. 1. The final ele- 
ment lengths chosen are shown in 
column 3 of table 1. 

A close inspection of the patterns il- 
lustrated in fig. l shows that the side- 
lobes aren't as good as my original 
design goals. Also, the improved f 1 b 
design had lower gain than desired. 

With the help of John Kenny, WIRR, 
a computer optimization was conduct- 
ed on a similar six-element Yagi design 
scaled to 2 meters. * The results were 
similar to those reported in references 
5 and 6. Either maximum gain or rea- 
sonable f /b  ratio could be achieved, 
but not simultaneously! 

I decided to make another search 
and again reviewed the Greenblum 
 design^.^ Using his designs, I found 
that eight elements were required for 
a 1.75-wavelength boom. I quickly cal- 
culated a 144-MHz design and W1 RR 
computed the radiation pattern with 
his program. The gain was right on the 
money, but as previously speculated, 
the radiation pattern had very high 
sidelobes. 

Next John ran an optimization rou- 
tine on my new eight-element design. 
The input design parameters were 
maximum gain with all side and rear 
lobes at least 18 to 20 dB down in the 
E plane, with the overall boomlength 

'Yagi analys~s programs for computing gain and pat- 
terns of specific Yagi designs are readily a~ai lable.~" 
However, the programs used to optimize Yagi designs 
are much more complex and not available for distribu- 
tion. They're experimental, use proprietary software. 
and usually require a large mainframe computer. There- 
fore, I'd urge you not to contact persons doing such 
work until their programs are suitable for distribution. 

fixed at 1.734 wavelengths (142 inches 
at 144 MHz). 

After many computer iterations, a 
new design emerged. The pattern 
looked too good to be true. The gain 
penalty for a clean radiation pattern 
was only a few tenths of a dB, not a 
big compromise for over 13 dBi gain! 
The bandwidth of the design was also 
very good - several MHz at the - 1 
dB points. 

I hurriedly ran out and built the op- 
timized design using leftover materials 
from Cushcraft 2-meter beams. Cush- 
craft uses above-the-boom element 
mounting, which requires a 0.312-inch 
element extension when mounted on 
a I .O-inch diameter boom. A T match 
with a 4: 1 half-wave balun completed 
the design. Construction details on the 
final design are shown in fig. 2. 

Soon afterwards, the improved de- 
sign was measured on a commercial 
antenna test range and was found to 
be satisfactory. A typical radiation pat- 
tern is shown in fig. 3. All side and rear 
lobes were about 20 dB down, and the 
gain was only 0.75 dB less than the 
NBS 2.2-wavelength design that used 
a trigonal reflector. Not bad for a 
design with a lot less hardware, six 
fewer elements and a 36-inch shorter 
boom! 

Seven more copies were built along 
with the necessary phasing lines. They 
were assembled into a "quick and 
dirty" 2-meter EME array consisting of 
a 30-foot irrigation tube for the main 
boom, four 12-foot vertical masts, and 
a 12-foot portable tower. The spacing 
was 8-1 /2 feet horizontally and 8 feet 
vertically. The VSWR of the entire 
array was fine. A photo of the com- 
pleted array is shown in fig. 4. 

The rest is history. On October 17, 
1981 - even before making a single 
QSO - we broke it down and immedi- 
ately set off for Rhode Island, where 
we fired it up for the first time on EME. 
In two nights of activity, we worked 
25 stations in 16 states off the moon. 
Several stations completed a 2-meter 
WAS; only two stations scheduled 
were missed, but they turned out to be 
no-shows. Not bad performance for a 
small transportable array with only 64 
elements! 
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insulated element effort, I'm on 135-cm EME. (A photo &meter Yagi 
mounting of this array on a 1984 to Shortly after this 2-meter Yagi de- 

Since the original Yagi was con- New using the same sign was completed, several Amateurs and stacking frame, is shown in refer- who needed a high-pedormance, high- structed, insulated through-the-boom ence 
element mounting has become quite 
p ~ p u l a r . ~  Fortunately, the same 
dimensions as those shown in fig. 2 
can be used, since the correction fac- 
tor for through-the-boom with insulat- 
ed elements is about the same as the 
one used in the original design. Just 
maintain a I .O-inch diameter boom and 
3116-inch element diameters with in- 
sulators and keepers as described in 
reference 9. However, the driven ele- 
ment length andlor the lengths and 
spacings of the T match will probably 
have to be optimized if low (1.2:l max- 
imum) VSWR is to be maintained. 

I've used the eight-Yagi, 2-meter 
array on EME for several years. WAC 
was accomplished with less than 600 
watts of output in the shack. Several 
European stations are using this Yagi 
on tropo and meteor scatter. Several 
local Amateurs and I have also used it 
to put rare grids on the air, since it's 
so compact and uncluttered. 

This Yagi design is highly recom- 
mended where a small, simple, high- 
gain antenna with excellent sidelobe 
suppression is preferred. It's easily 
duplicated and can be used singly or 
as part of an array. Despite its size, 
four of these Yagis stacked 8-1 12 feet 
horizontally and 8 feet vertically make 
a good beginner's 2-meter EME array. 
Eight are better for the more serious 
EMEer, yet still affordable. 

A secondary benefit of this 2-meter 
array hasn't previously been discussed, 
but may be worth mentioning. Because 
of space limitations, I can't fit both a 
2-meter and a 135-cm (220 MHz) EME 
array in my back yard at the same 
time. But fortunately, if you use the 
4.2-wavelength NBS Yagi designs on 
135 cm, the mechanical spacings used 
on 2 meters just happen to be the 
same as the optimum mechanical spac- 
ing for 135 ~ r n . ~  In my case, when I 
change bands I just swap out the Ya- 
gis, reconnect the same phasing lines, 
change the power dividers, and presto! 
For just an hour or so of changeover 

Table 1. Length and spacing for six-element, 6-meter Yagi. 

Element Spacing Element length Element length 
(inches) (inches)* (inches)** 

R 113.75 117.0 
59.0 

DR 113.0 113.0 
68.0 

D 1 104.75 104.75 
95.5 

D2 103.88 103.88 
75.5 

D3 104.25 104.25 
100.0 

D4 103.88 93.88 

Maximum gain model. 
"Opt~mized for best f /b ratio. A 2-inch diameter, 33-1/2 foot boom is used. The elements are 314-inch 
diameter, and are attached to the boom with U-bolt mounting as shown in fig. 5C. A 0.625-inch element 
lengthening correction is included for this method of boom mounting. 

1"DlA. BOOM 

1" 19 1/32" 2 6  7/8" 4 3  3 h 6 "  64  1/16'' 8 9  7/8" 117 3 /4"  143 .  

May 1987 95 

C i 

DS 
3 6  13/16' 3 6  11/16. 3 6  9% 

SEE DETAIL A 

J / B " B U  7" TUBING (2 PLACES) 

fig. 2. Optimized eight-element, 2-meter Yagi construction details. The reflector and 
directors are 3116-inch rod. Element location is referenced from rear of boom to avoid 
tolerance buildup. A 4:l half-wave type balun made from R G l l  75-ohm coax is used. 
Overall length of the balun including connectors is 25 inches. 



gain 6-meter Yagi with clean radiation 
patterns - one that would also be 
usable on EME - approached me. 
Their requirements seemed to call for 
a frequency-scaled copy of the 2-meter 
design. At 6 meters, this would require 
a boomlength of about 35 feet. 

Several mechanical configurations 
were evaluated. It appeared that a 
boom diameter of at least 2 inches was 
in order. "Through-the-boom" ele- 

ment mounting (fig. 5A), either direct- 
ly in contact with or insulated from the 
boom, was immediately discarded 
since it would severely degrade the 
mechanical strength of the boom. In- 
sulated elements mounted above the 
boom are advisable, but require spe- 
cial materials (see fig. 5B). 

Several commercial element mount- 
ing methods were also evaluated. 
Cushcraft uses large diameter (314 

0 

270 

IRO 

fig. 3. E plane radiation pattern of the optimized &element Yagi. Both the2- and &meter 
models have the same radiation pattern. 

. I 

fig. 4. 2-meter EME array uses eight of the optimized Yagis. 

inch) elements on its 6-meter "Boom- 
er"'"' and places a U-bolt directly 
through the element with a stiffening 
half-diameter element above and be- 
low the element (fig. 5C). Wilson an- 
tennas (now out of production) used 
a different mounting method that 
doesn't pierce the element (fig. 50) .  
Finally, with the help of Don Cook, 
KlDPP, a hornebrew nonpiercing 
above-the-boom mounting was also 
fabricated (fig. 5E.) 

The final element mounting scheme 
chosen was that shown in fig. 5D, 
since many of the older Wilson eight- 
element antennas are still available and 
easily modified for the new design. 
However, any of the above-the-boom 
mounting schemes shown will work 
satisfactorily. If you don't have an old 
Wilson beam to  modify, I recommend 
the element mounting scheme shown 
in fig. 5E. More on this shortly. 

Based on the use of an obsolete 
Wilson eight-element Yagi, the 
2-meter design was scaled to 50.1 
MHz. This design uses a 4-foot section 
of 518-inch diameter tubing for the in- 
ner portion of the elements and 112- 
inch diameter tubing for the outer por- 
tion of the elements. Construction de- 
tails are shown in fig. 6. 

Several 6-meter Amateurs have 
used this design. Each has used a 
slightly different s'et of tubing for the 
driven element matching, so the sizes 
shown for the driven element match- 
ing assembly may need some final ad- 
justment. Either the length of the 
driven element andlor the length and 
spacing of the matching section may 
have to be changed slightly to suit your 
individual design. 

If you build your own from scratch, 
the element mounting schemes shown 
in figs. 5C. D or E are recommended. 
The elements used may be either 112-, 
518-, or 314-inch diameter tubing, or 
you can use graduated tubing as 
shown in fig. 6, since the difference 
in tuning is negligible (less than 100 
kHz). If you use insulated mounted ele- 
ments as shown in fig. 58, each of the 
elements should be shortened approx- 
imately by 518 inch. 

If you're building from scratch, I 
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recommend the use of a 30-foot length 
of irrigation pipe measuring 2 inches in 
diameter. This is available in farming 
supply stores. To obtain the required 
35-1 12 foot length, a 1-718 inch out- 
side diameter tube can be telescoped 
into the end of the tubing near the last 
director. Suitable tubing can be ob- 
tained from WD4BUM. ** 

Any boom this length and size 
should be supported from above. Two 
suggested methods are shown in fig. 
7. This beam is large and has a high 
wind load, so any short cuts can turn 
into an expensive disaster. 

If you decide to build your own, use 
the element mounting method shown 
in fig. 5E. A 2-inch wide aluminum 
channel measuring 1 12 inch thick and 
5 to 6 inches long is recommended. It's 
easy to file out a semicircular groove 
in the channel to match the boom cur- 
vature. Don't file too deeply; the 
strength of the channel will be 
diminished if you go all the way down 
to the base plate. 

The elements are held to the chan- 
nel with short pieces of aluminum 
straps approximately 112 inch wide, 
1 116 inch thick, and 2-1 12 inches long. 
These straps are held in place with 
stainless steel screws, nuts, and wash- 
ers. For best element alignment, each 
channel should be attached to the 
boom using two U-bolts. Suitable 
stainless steel U-bolts can be pur- 
chased from suppliers such as 
WB91PGX** or homebrewed. 

At the suggestion of K1 DPP, I made 
my own U-bolts using 3116-inch dia- 
meter stainless steel welding rods 
available from a local welding supply 
house. All that was required was a 
10-32 die, a die handle, and some 
patience. If you'd like to try this, First 
de-burr the edges of the rod and then 
cut the required length of threads on 
both ends. Next, place a 2-inch di- 
ameter thbe upright in a bench vise. 
Place about a 6-inch piece of suitable 
diameter tubing over each threaded 
end of the rod. Then carefully bend the 

'"George Shira, WD4BUM. Route 7, Box 258, Ander- 
son, South Carolina 29624. 
"**H. C. Van Valzah Company (WB9IPGI. 1140 Hick- 
ory Trail, Downers Grove, Illinois 60515. 

6 

INSULATING MATERIAL  

SADDLE BRACKET 

SADDLE BRACKET e 
fig. 5. Typical element mounting methods: (A) through-the-boom insulated, or in direct 
contact with the boom; IB) insulated above the boom; IC) element held in contact 
with the boom by a U bolt; ID) element held by special bracket. (Because of last-minute 
production problems, fig. 5E will appear next month. - Ed.) 

rod around the 2-inch diameter tube 
until the desired U-shape is obtained. 

6-meter results 
The performance of the 6-meter 

Yagi design has been gratifying to all 
who built one. Some Amateurs used 
it in contests to set high scores. Com- 
pared with most other designs, the 
pattern is very clean, and the gain 
definitely matches or exceeds that of 
any other 6-meter Yagi designs, even 
those with more elements or longer 
boomlengths. 

Ray, WA4NJP, who's been active 
on 6 meters for many years and has 
used several different Yagi designs, 

recently built a large array for 6-meter 
EME. After finding his results only 
marginal, he asked for my recommen- 
dation. 

I gave him the details shown in fig. 
6, and he built four of the 6-meter 
Yagis, stacking them 28-1 12 feet in the 
E plane and 24 feet in the H plane. He 
started hearing EME echoes on 50 
MHz immediately. Recent tests have 
yielded EME echoes regardless of 
where the moon is in the sky; previ- 
ously, he could use the moon only 
when it was at low elevations to ob- 
tain horizon gain. Echoes more than 10 
dB above the noise are now quite com- 
mon off the moon - even on SSB! 
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fig. 6. Optimized eight-element, Smeter Yagi construction details. Element location 
referenced from rear of boom to prevent tolerance buildup. A 4:l half-wave type balun 
made from R G l l  =ohm coax is used. Overall length of the balun including connec- 
tors is 78 inches. Coax can be coiled up in a 6- to 9-inch diameter and taped to boom. 

summary 
Since these Yagis were originally 

designed, additional data has indicat- 
ed that optimum boomlengths exist for 
Yagi antennas, especially those shorter 
than 4 wavelengths.' The optimum 
boomlength for short Yagi designs 
seems to be an odd multiple of quarter- 
wavelengths (i.e., 0.25.0.75. 1.25, and 
1.75 wavelengths). If these boom- 
lengths are used with the proper num- 
ber of elements, optimum gain and 
pattern can often occur simultaneous- 
ly. According to my analysis, the op- 
timum number of elements for any 
specific boomlength seems to follow 
those recommended by Greenblum.' 
Furthermore, the use of a T match 
with a built-in 4:l half-wave type ba- 
lun. as shown in figs. 2 and 6, is 
strongly suggested. 

This month's column was primarily 
aimed at the design of shorter boom- 
length Yagis. Emphasis was on perfor- 
mance, with high gain-per-unit boom- 
lengths and clean radiation patterns. 
Several designs for 2 and 6 meters that 
meet the criteria specified above were 

discussed. These designs should be 
just the ticket for those who want high 
performance with an antenna they can 
modify or build for themselves. 
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new records 
In last month's column I predicted 
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fig. 7. Recommended boom mounting method for extra strength: fAl use 112-inch or 
larger diameter tubing approximately 10 feet long mounted about 18 inches above the 
boom at the center. Flatten tubing ends and attach t o  mast and boom with U bolts. 
(01 Use Phillystran'" or equivalent cable mounted as shown to prevent swaying (side 
and top views). 

that before the April issue was print- 
ed, the 33-cm (903 MHz) record would East Coast VHF Society 
again be broken.lz On Christmas Eve, One of the first of its kind, the East 
1986, another unexpected Midwest Coast VHF Society is now being reac- 
tropo opening occurred; this time, tivated by president Russ Pillsbury, 
Sam, W2PGC (FNOZOR), completed a K2TXB, vice-president Roger Amidon, 
two-way QSO with Gary, K3SIW19 KZSMN, secretary Allen Katz, 
(EN52WA), for a record-shattering dis- K2UYH, and treasurer Tom Kirk, 
tance of 478 miles (769 km). Both sta- KA2VAD. There are plansfor a news- 
tions were using modest setups, 10 letter and an annual flea market, as 
and 70 watts, respectively, and single- well as antenna and noise figure meas- 
loop Yagi antennas. Signals were S9 uring contests in July. Equipment loan 
each way, and the contact was com- and activity to various rare grids are 
pleted on two-way SSB. Congratula- also planned. Contact K2UYH for fur- 
tions to Sam and Gary. ther information. 
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MlNlNEC 3 is available 
From time to time I've mentioned 

computer-aided antenna modeling 
programs. Till now, these computer 
programs were either difficult to ob- 
tain, not generally available, or suitable 
only for mainframe or other large com- 
puters. 

All that has changed. MlNlNEC 3 is 
now available for general distribution 
for use on IBM and IBM-compatible 
personal computer systems. This pro- 
gram is faster than its predecessor and 
has more available options. To obtain 
your copy, send an MS DOS-format- 
ted, double-sided, double-density disk 
with sufficient return postage and a 
note requesting a copy of MlNlNEC 3 
to Jim Logan, Code 822, Naval Ocean 
Systems Center, 271 Catalina Boule- 
vard, San Diego, California 95152-5000. 

important VHFIUHF events 
Mnv 2-3 West Coast VHF Conference lcontact 

WB6GFJI 
May 5 Predicted peak of the Eta Aquarids 

meteor shower at 1300 UTC 
Mav 8 ARRL 902-MHz Spring Sprint Contest 

[Friday eveningl 
MRV 9 2304 EME special by WAZWEB (con- 

tact KZUYH for skeds) 
Mav 14 ARRL 1296-MHz Spring Sprint Con- 

test (Thursday eveningl 
May 15 EME perigee 
May 15-17 13th Annual Eastern VHFIUHF Con- 

ference. Nashua. New Hampshire 
lcontact WlEJ) 

May 23-24 ARRL 50-MHz Spring Sprint Contest 
ISaturday eveningl 

June 7 Predicted peak of the daytime 
Arietids meteor shower at 1900 UTC 

June W Predicted peak of the Zeta Perseids 
meteor shower at 0400 UTC 

June f3 EME pe;gee 
June 13-15 ARRL June VHF OSO P a w  
June M-21 SMIRK 6-Meter OSO Pany Contest 

lcontact KAONNOI 
June 21 t 1 month. Peak of Sporadic E 

propagation 

references 
1. Joe Reisen, WIJR. "VHFIUHF World: Yagi Facts 
and Fallacies," ham radio. May, 1986. page 103. 
2. Joseph H. Reisen. Jr.. W6FZJIl. "VHF Antenna 
Arrays for High Performance." QST. December. 1974. 

page 38. 
3. Juseph H. Reisert, Jr.. WIJR, "HowtoDesign Yagi 
Antennas." ham radio, August. 1977. page 22. 
4. Carl Greenblum. "Notes on the Development of Yagi 
Arrays." OST. August, 1956. page 11. 
5.  David K. Cheng and C .  A. Chen. "Optimum Element 
Spacings for Yagi-Uda Arrays." I€€€ Transactions on 
Ar!fennns and Propagation. September. 1973, page 
615 
6. C. A. Chen and David K. Cheng. "Optimum Element 
Lengths for Yagi.Uda Arrays." IF€€ Trarrsacfions on 
Ann~v?as and P~opaqat& January. 1975, w.ge 6 

7 I. Lany Morris, "Opt,miration of the Yagi Amy, I. " 
PhD Thesis, Hewerd Univentfy, October, 1934. 
8. James L. Lawson, WZPV, "Yagi Antenna Design: 
Performence Calcularions, "ham radio. January, 1980, 
page 22. 
9. Joe Reisen. WIJR, "VHFIUHF World: A High-Gain 
70-CM Yagi." ham radio. December. 1986, page 75. 
10. Joe Reisen, WIJR. "VHFIUHF World: 220-MHz 
EME Requirements." ham radio. September. 1984, 
page 45. 
11. Stanley Jaffin. WBIBGU. "Applied Yagi Antenna 
Design," Pan 6. ham radio. October. 1984, page 89. 
12. Joe Reisert, WIJR. "VHFIUHF World: 33-CM Up- 
date." ham radio. April, 1987 page 00. 

ham radio 



Stuck Mic 

- .. -. 

Security I 12 VDC 0 

PROTO TYPE P.C. BOARDS 

AS LOW AS $25.00 
SINGLE & DOUBLE SIDED 
PLATE THROUGH HOLES 
TEFLON AVAILABLE 
P.C. DESIGN SERVICES 

FOR MORE 1NFORMATlON 

J'r Midland 
Technologies 

J 190 
34374 EAST FRONTAGE ROAD 
BOZEMAN. MT59715 (406) 586-1 190 

MAKE YOUR OWN 
CANOPIES 

WE HAVE: 
* SNAP JOINTS & PARTS FOR 

3h1' & 1 ' TUBING. 
* SILVER. WHITE OR BLUE 

TARPS. 
* BUNGEES &ACCESSORIES. 
* COMPLETE PACKAGES 

AVAILABLE. 
* FREE BROCHURE ON 

REQUEST. 

ELAINE MARTIN, INC. 
PO0 261, Dept. H 

Highwood. I L  60040 
Phone: 31 2-433-01 06 191 

I ,  DOWN EAST MICROWAVE 
1 

LNIE-CEC 
---- - - 

* Interference Locatio.. ; VHF and UHF coverage 

* * 
* ~ 8 ~ 1 8  I v ! speecn symneslzer 

1 * 
b- 

New Technology (patent pending) converts any VHF or UHF FM receiver into an 
advanced Doppler shift radio direction finder. Simply plug into receiver's antenna 
and external speaker jacks. Uses four omnidirectional antennas. Low noise, high 
sensitivity for weak signal detection. Call or write for full details and prices. 

@ DOPPLER SYSTEMS, INC. PO. Box 31819 
Phoenix, AZ 850 

755 

102 May 1987 

MICROWAVE ANTENNASAND EQUIPMENT . W Y . g l . .  Car0I.M.". U n r A n * N h .  CanpW. 
&mp. Y * r a m m n n n t . n .  W F E l  P n q  
T R O C O  . EYE w"LSlpnd. OSCAR. 802 1209.12* 
. w M . 2 9 0 . 3 4 5 0 Y n l  

M L Y  45.1 lmpY.01 1ZMYHz aDdll l) 
15ULY 4e.l ImpY.01 P O l Y H I  m 8 l  110 
=LY u l  ImpY.01 R n Y H l  l L M B l  lM 

MO~. a n t s n m a ~ m b i e d  .ndmled K I I I W . ~ I ~ ~ I ~ .  
AIIAl~mlnum ma 31.lnless Conslrustlon. 
AMWUPS W. $11 West ol  IheMlsalsslW(. 

I ~ I ~ P A L I - A ~ ~  t w ~ ~ ~ l ~ ~ t ~ z + e ~ m i l ~ ~ . s m p ~ d  
? u s P A L l n u A m p l W I n Y S w W t  l 2 9 8 Y ~ 1 W . G S p p d  

NEW! MICROWAVETRANSVERTERS I 
BY LMW ELECTRONICS 

tZ#NRWOtW, O m A . F E T . T I R S . g u n u r . O l p l ( U 1 W  
1MRWD1W.O.*.Fn,TlR Squncn.Outpl (  Y . ( r m  

Add $6 lor lhlpplnp UPS140 
Stripped dawn venlon,  klts stso evallable 

Wnle For FREE Carslog = WWN EAST MICROWAVE 
8111 01.m WIHOT -. . . . . . . . . . . . . . . - 

Box 1SSA RFD 1. Burnham. ME0402ZU.SA 
non ~ u s 7 r 1  



O r l ~ r r  Accrt\orirs . ronrinurri: Regular SALE 
CC-5 World clock ..................... 91 95 89" IC-2AT wllh TTP ....... 299 00 259" 

IC-3AT 220 MHz. TTP 339 00 299" 
IC-4AT 440 MHz . TTP 339 00 29g9' 
IC-02AT 2.rneters ..... 365 00 299" ................ LC-10 Leather case 39 50 IC-02AT/Hith Power 399 00 329" 
IC-03AT lor 220 MHz 449 00 399" 
IC-0411 lor 440 MHz 449 00 389" 
IC-u2A 2-meters ...... 299 00 269" 

..... IC-uZAT w~ lh  T IP  329 00 289" 
Accessor~es for IC-u2A/T (CALL) 

. ... BP-8 800mah/8 4V N~cad Pak use BC.35 74 25 

Arrrcrorie\ rornrnon ro 271A/H and 471A/H 

EX-242 FM u n ~ t  .................... 44 00 

..... CA-5 5/8wave lelescop~ng 2m anlenna 1895 

..... UT-15s UT.1SS w/lS-32 ~nstalled 92.00 

...... FL-70 2.8 kHz w~de SSB filter 52.00 

R-7000 25 MH7.2 GHz scannlng rcvr 1099.00 969" 
MB Mob~le mount . 735/745/751A .... 24 50 

SM-8 Desk mlc . Iwo cables . Scan ..... 78.50 

More Details? CHECK-OFF Page 130 May 1987 GI 103 



104 May 1987 H 193 



mencement geomagnetic-ionospheric George Jacobs, W3ASK, and others 
disturbance. As a result of a favorable of us, hams became their own fore- 
sun-earth equatorial alignment, an A casters. 
of 49 and a K of 7 were registered, with Now the Space Environment Ser- 
an aurora visible as far south as Albu- vices Center (SESC) in Boulder has re- 
querque, New Mexico, and Columbia, sumed radio quality reporting with an 
Missouri. MUFs decreased 25 percent expanded, worldwide version of the 

DX FORECASTER on September 12, with considerable "N7" report1foreca.st system. They've 
fading and weak signals occurring on divided the northern hemisphere into 

Garth Stonehocker, K0RYW east-west paths. There must have a grid of four longitude quadrants, 0 
been good transequatorial openings to to 90 and 180 degrees east and west, 

1986 propagation southern areas on this one, but I didn't and five latitude zones, 0-10-30-55- 
hear of them. 70-90 degrees north. A two-digit code 

review The last of the four events took (such as N7) appears in each grid 
Now that most of the geophysical 
and propagation data for 1986 is in and 
has been analyzed, let's review the sig- 
nificant events so you can compare 
them with your DX operating log. 

There were only four major geomag- 
netic-ionospheric disturbances (i.e., 
those with a geomagnetic A index 
greater than 40) during the year and 
eight large ones (i.e., those with an A 
index greater than 30). Surprisingly, 
April was the quietest month. The four 
major disturbances occurred in Febru- 
ary, May, September, and November; 
with the exception of the September 
disturbance, these occurred as the 
27-day solar flux cycle was decreasing. 
The February event (from February 5 
to February 10) was so extraordinary 
that it warranted special coverage in 

place in early November, as the solar 
flux decreased from its October 23 
peak. The driving forces for this event 
were probably several small old-cycle 
flares and numerous solar flux bursts, 
the largest of which occurred on Octo- 
ber 31 at 2249 UT. A sudden-com- 
mencement geomagnetic-ionospheric 
disturbance (to K6) started on the 
November 3 at 2354 UT and ended at 
1500 UT on the 5th. A decrease of 20 
percent in the MUF during the early 
part of the 4th was experienced on 
east-west paths to Europe from this 
short disturbance. This MUF decrease 
is related to equatorward extension of 
the lower F layer electron density of 
the auroral Atlantic trough situated be- 
tween 60 to 70 degrees north latitude. 
Signal levels on the normal great cir- 

space. The letter (W, U, or N) re- 
presents conditions for the current 
6-hour period; the number (1 through 
9) indicates the forecast for the next 
6-hour period. The primary forecast is 
at 0600 UT daily with 6-hour updates. 

You can use your computer termi- 
nal to obtain these forecasts from 
SESC's "bulletin board" service. Call 
(303) 497-5000 with the usual 3001 
1200-baud, &bit (1 stop bit, no prior- 
ity) conventional protocol of bulletin 
board systems. An simple menu will 
allow copying data for up to 5 minutes. 
Registration (entering your name and 
intended use) will give you a user num- 
ber and extend available data-copying 
time to 15 minutes. User acceptance 
of the experimental service will assure 
permanence and menu expansion. 

the July, 1986, cohmn. 
- 

cl; paths are lower and QSB is ex- 
The next maior solar event, which ~erienced. However, DerhaDs other last-minute forecast 

. . 
occurred from May 1 through May 4, less common paths were useful and re- The higher frequency bands, 10 
included a geomagnetic-ionospheric sulted in some interesting DX in your through 30 meters, are expected to be 
disturbance (to K7) at 1200 UT on May log. favorable for DX openings the first and 
2. On May 3, an old-cycle solar flare last weeks of the month, when the 
at 2017 UT (with signal attenuation in new forecasting too' possibility of higher solar flux is 
the United States and in the Pacific -via computer BBS greatest. Short-skip sporadic-E open- 
area) produced protons at the polar 
regions at 1255 UT on the following 
day, with the next geomagnetic-iono- 
spheric disturbance (to K6) about 2100 
UT on May 5. A decrease of as much 
as 22 percent in mid-latitude maximum 
usable frequencies (MUF) occurred on 
east-west paths, which included QSB. 

On September 11 at 1837 UTC, the 
next major event occurred during a 
period of relatively constant solar flux. 
Possibly attributable to a small new- 
cycle flare, it produced a sudden-com- 

In October 1978 the Institute for 
Telecommunication Science of the 
Department of Commerce in Boulder, 
Colorado, stopped providing radio 
propagation quality information to 
the public via mailed weekly bulletins 
and WWV broadcasts of "N7's" at 14 
minutes after the hour. These were 
replaced with solar flux and geomag- 
netic A and K data included with the 
geophysical alert announcements at 
18 minutes after the hour. With the 
help of articles by Ted Cohen, N3AT, 

ings are also possible during the last 
week or so. On the lower bands, the 
middle weeks should be best, with 
higher daytime and nighttime signal 
strengths. Atmospheric noise (thunder- 
storms) may be building up generally 
now, but not significantly - so enjoy 
these bands while you can. 

Of interest to moonbounce DXers, 
the lunar perigee occurs on the 15th 
with a full moon occurring on the 13th. 
The Aquarid meteor shower, of inter- 
est to meteor-burst DXers, peaks be- 
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New rigs and old favorites, plus the best essential accessories for the amateur. 
3621 FANNIN ST 
HOUSTON. TX 77004-3913 

CALL FOR ORDERS 
1.713-520-7300 OR 

*) 

1-713-520.0550 
-' 

TEXAS ORDERS CALL COLLECT 

ALL ITEMSARE GUARANTEED OR SALES PRICE 
REFUNDED 

EQUIPMENT 
Kenwood TH205AT Trade ~n your old HT 
Kenwood TS 440 Call lor trade 
tcom R7000 25 2000 MHz 949 00 
tcom lC735 849 00 
Ten Tec 251 0 (Easy OSCAR) 439 00 
KDK FM 240 NT 279 00 
Mlrabe Amps 15% OFT 
Tokvo Hv Power HL l K  AMP no4CX250B 699 00 
New Kenwood TM 22lA 45W mobtle Call 
VJ Ampllller VHF bull1 In England 1 In l00out 

3 100 5 100 (ea ) 269 00 

25 !n 160 oul 319 00 
All models lriclude preamp 
ILunar 2M4 40P 109 00 

ACCESSORIES 
B&W VlrWSTARANTENNATUNER 89 95 
Hell HC41HC5 Stock 
Hell BMlO Boom Mlke headset CALL 
Trl H 5000A Remote Phone $189 00 
Dacwa NS660A 30130013000 wans 135 00 
Allnco ELH 230D Excellenl buy 88 00 
Nye MB5 A (lor Ihe btg boysl) 529 00 
S h u r ~  444D 54 95 
Ameco PT 3 Soon 
New Tokyo HC 2OOA 11500 
Net Tech Labs D~g~la l  Votce Keyer DVK 100 335 00 
Aslalc S~lverEagle 8 Base 66 00 
Ten Tec Moblle Swllch 30001 1700 

BECDEN 
o~llbratd shleld 51clll 

,3214 RGBFoa 45dll 
39cin 

8267 RG213 55~111 
8000 14 Ga slranded copper ant w~re 13~111 
8448 8 conduclor rotor cable 332111 

56~111 
20c1n 
16~ l l l  
45Clll 
54 00 

8669 7116" l~nned copper hrald 1 OOlll 

AMPHENOL 
8JISP PL259 Sltver lale 
u G l i 6  reducer RGfx 
831 J Doublc Fpmalc UHF 2 00 
82 61 N Male 3 00 
82 97 N Female Bulkhead 3 00 
87 6'7 Inline Fpmale N 4 00 
82 98 N elbow 9 00 
31 212BNC RG59 1 50 
31 216 UG201 AIU N Male BNC Frmale 2 00 
31 2 BNC RG58 1 50 
34025 N Male RG58 3 00 
34 125 N Female UHF male 9 00 
3128 BNC Female PL259 3 00 
4400 N Male 50 239 7 00 

TOWER ACCESSORIES 
114" E H SGuy cablr Rohn US 1OOO fi 250 00 
3116" F H Scablr Rahn US 1MM 11 210 00 
114" Guycable 6100 117 x 7 strand tmporl l&lfl 
3116" Guy Cable 3700 67 x 7 strand Import 15clll 
318" x 6 EBJ Turnbuckle 7 95 
3116" Wtrc RopeCl~ps 40 
114" wse clqp~ 50 
114 Thtmble 45 
Porcelain 50 99 
Porcelain 502 Guy Insulalors (114) 3 39 

ANTENNAS 
lsopolr 144 MH 4 95 
AOP 1 Complet 9 95 
Burternut HF6V 5 00 
HF2V 80840v  9 00 
HF4B 189 00 
Hustler G7 144 11995 
Husller 6 B N  139 00 
KLM HF World Clasq Serles Anlennas Call Don 
ALPHA Della DX DD 63 00 
Coax Seal OOlroll 
BBW Dipoles s lOo/o 
KLM KT 34A 399 00 
W?AU W7nU Now Avadahl~ 
NEW KLM 1 2 44LBX 129 00 
I296 Power Dlvlder Soon 
Create 349 00 
GS RV 44 00 

OTHER ANTENNAS 
Dnamond D 130 Dlstonr25 1300 MH7 79 00 
Larsen Kulduch 1700 
Larsen 2M '/zwave trlescope an1 25 00 
Avant, AP151 3G on Glass Antenna 36 00 
Anleco2M 518 Maq Mount Comp 25 00 
Orlon 2M 112 wave Handy Antenna 19 00 
Van Gordon SI A 1 160 80 40 S lo~er  44 00 
Valor AB 5 Moblle 79 95 
Stoner DAl  00 D Acl~ve Rx Antenna 190 00 
DC Tenna H~lch 318 24 Thread 

F~ls 314" lraller httrhes 29 95 

KEYS 
Bencher 8 Vlbroplex Less 10°/o 
Bencher ,snow lmproved Screws8 sprlngs all slalnless 
slrel and exlra hand pallshlng 
Nye ESK 001 K~ye r  58 00 

TUBES 
Coll~ns 8 Drake Replacemenl tubes Slock 
GE 61468 12 95 
3 5002 10995 
GE lnduslr~al Tubes Call 
GE l2BY7A 7 00 
GE 6JS6C 12 95 
GE 8950 16 00 
12JB6 Sylvanla 6 00 
Hard lo l ~ n d  Tubes 50 90% ofl llsl 
6JB6A 9 95 
6JF6Cl6L06 9 95 
5728 69 00 
6KD6 10 95 

BOOKS 
WcslockSAMS TAR ARRL RSGB AmecoRad~o 
Pubs Call 
New 1987 Radlo Database Book lnternatlonal SW 

POLICIES 
Mfn~mum order 510 00 Maslercard. VISA, or C 0 D All 
prtces FOB Houston. excepl as noled. Pr~ces sublect lo  
changew~lhoulnol~ce llemssublecllopriorsale Callany- 
lcme lochnk the statusol your order Texasres~denlsadd 
sales lax All llems 111ll lactory warranly plus Madlsan 

NEW AUPLlFlER LINE .. - ........ -. .. -. . -. .. - 
C,,nnnnq%oo,t h~.wInr~..yaportableIran%r~vo~ Thelac 
~ ~ ~ S O O ~ I O P !  are SI~P IPalLres rrl al) Illy parlSava ranfl#lv 
0~81s dc I.SA Cat lor #ltor#nst on 

DON'S CORNER 
WP wull be glad lo do your Kenwwd Warranty repan even 
11 youd~dnol purchaselromus Sendyourrlg, copyolyour 
recernt and return address 2.3 weeksturnaround 

STOCK ITEMS 
CALL 

p .rs revleurz 1295 
PARTS 
I I ,  Am~.400V 1.01 ware br~flqe rpcl lac# 1 95 PACKET POWER 
? 5A~IOOOPIVFpoxy noup ? I  9 l O  Af A F'r(2.1:' 2W 00 
OOI5.lDKV 01 001 20<V 1 95 racrl Kanlrnncs Packel I 149 00 
3N201 95 MFJ 1270 175 00 
.I ,rich lerr#lcrcd 195 MFJ 1274 149 00 
RR5vF c.ay> 195 AFA PM I 149 UO 
Sat yo AAA AA N cads *llabr 2 110 hvw AFA UDC.732 f rmware homcdem 
7 4 5 6 F p8n mlc I) ~ q 5  3 00 .#st 279 00 249 00 
1 ~ 8  1 4 *a11 c;~rn<m 1<!S1910#S 05 eacrt New <anfronrs <AM 799 00 
Meters0 3000 VDC 2 '? "  Square0 1 A n  P DC 9 05 SERVICES 
Dlare -L'oof~stu~kt. y,lttq 2 00 C ~u,$p..l< I(WM 2 Rrl . rh~ 17900 
i t ~ n ~ o ~ n d s  01 pan01 rl>etcls 3 95 upCAL L F .,I I.,cC 11 n? r?tlt.llil Cill 
U CA Csp 0004/:iKV 5 00ornr rsCA~l  
C ?so 02 or) r .gs  8 accessor es A1 Ille I rnc Cal USED EOUIPMENT 
NC ma) nave nh3t  yo^ rr ook ng lor At ~ l l# ! l , !n~n l  , .<in cean *8th90daq warranlyano30 
U nrlrq 3A 100') P L 29 a,% I! a S f r  ~ n o o ~ t ~ z l ~ d  !r;t(lcaqa n<tnr~w~~t.zpmrnt Sale 
D..rac~IDVol Baltely 2 PakMN1604 3 49 CP ICIU~~PII I no! WI ql m 
DC FLjf>:ll>' :;Q K 1" 9 95 'Call li r lalrst ~ s e o  gear Is1 
C hTk? 12 p n conn I I7 (Df?ke etc ) IPmJIR 3 00 1R001?31 3051 

S w  you at Dayton Flea Market. Spaces 2435-37. ( ,I\ I ' I  I 1 ' 
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The italicized numbers signify the bands to try during the transition and early morning hours, wh~le the standard type provides MUF during "normal" hours. 

'Look at next higher band for poss~ble openings. 

n 
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USA { A  dallvarad 

Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial 
Accuracy +/-  1 part per 10 million at all 
frequencies Internal FM adjustable from 
0 to I00 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 rnV at 50 Ohms 

Operates on 12 Vdc @ M Amp 
Available for immediate delivery $429.95 

I 1 ~ a s y  to ins ta l l .  LOW prices. i '  
C r a n k - u p s  to 100 ft. ijj~ I 

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. 

VANGUARD LABS '90 / 
19623 Jamalca Avs.. Hollis. NY 11423 
Phone: (718) 468-2720 Mon. IhN Thu. 

I . cw IO M ~ ~ ~ , . . ~  . nnonlr81ra~r ccm I ~ W I  - 1 8 m  Chjl I#ml . II*>h CL,~!CIII P I T  llllrllacc . PCP Tn-I Warnitq MSG . 5,,* W.$w lane Gerlclalrn . PW I,-I cw MSG . I ~ r i w  1 1 5  VDC UP 7m ma . C,,,,""." Bno . St," 3 '" . 3 5.  
• Au.imary Innt>ls . All i'un$uclor,. I n d n M l  I 
RPT.ZA KII only $129 plus m shtoolns 

PROCESSORCONCEPTS 
P 0 BOX 26073 
ST PAUL. MN 55126 
(tj12) 484 91 76 7pm lopm eventngs = 

CALL OR WRITE FOR FREE CATALOG AN0 SPECIFICAIIfINS 

Want to 
Advertise in 
HAM RADIO? 

Call Rally Dennis 
(603) 878-7447 
today for more 

information 
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ALL ABOUT 
VERTICAL 

YWj-bll ANTENNAS/,,, 1 
by Bil l  Orr, W6SAl and 

Stu Cowan, WZLX , - 
Smart DX'ers know that the vertical antenna can 
be the secret to low band DX success. Theory. 
design, construction. operation-all the secrets of 
making the vertical work-are fully covered by Ham 
Rad~o's well known columnist and book author Blll 
Orr ~n a clearconcise easy-to-read text. Orr is a 
master at mak~ng Me complex simple and MIS book 
is no exception. Here's lust a sample of what this 
exc~ting new book covers: Hor~zontal vrs ver- 
tical-which is best? Top loaded and helical an- 
tennas. 5 h ~ g h  efficiency Marconi antennas for 80 
and 160. verticals and TVI-Is there a problem? 
The effects of ground on vertical antennas and a 
how to make an effective ground system. The Bob- 
tall beam, construction data for 25 different an- 
tennas. match~ng c~rcuits of all descriptions-whlch 
is best. plus P-L-E-N-T-Y more! For years Hams 
hav~ng been asking for this book. Get yours now. 
You won't regret ~ t !  , 1986 
ORP-VA Softbound $10.95 

Please enclose $3.50 shipping and handling 

ham radio's bookstore 
Greenville, NH 03048 

tween May 4 and 6, with rates of 10 
to 25 per hour for the northern and 
southern hemispheres, respectively. 

band-by-band summary 
Ten, twelve, fifteen, and twenty 

meters will support DX propagation 
from most areas of the world during 
daylight and into the evening, with 
long-skip out to 2000 miles (3500 km) 
per hop. Signals on the upper three 
bands arrive mainly from the southern 
countries and occur near noontime. 
Sporadic-E short-skip will be available 
on some days toward the end of the 
month near local noon. The direction 
of propagation will follow the sun 
across the sky: morning to the east, 
south at midday, and west in the 
evening. 

Thirty, forty, eighty, and one-sixty 
meters are the nighttime DXers' 
bands. Because of low solar flux in 
midmonth, daytime DX - particular- 
ly in the early mornings - may be 
worthwhile. The direction of propaga- 
tion follows the darkness path across 
the sky: evening to the east, south and 
north around midnight, and toward the 
west in the predawn hours. Distances 
will decrease to 1000 miles (1600 km) 
generally, for skip on these bands. 
Sporadic-E openings will be observed 
most frequently around sunrise and 
sunset toward the end of the month. 

ham radio 

Crys fa/ 
Fjlters ll? 

For m o s t  Ham Rigs f r o m :  
KENWOOD YAESU HEATHKIT 

Also Drdke R 4C17 L l t i r  COLLINS 7553 BIC 
and ICOM FL44A. FL52A FL53A Clones 

F ines t  8 -po le  C o n s t r u c t i o n  
ALL POPULAR TYPES IN STOCK 

CW.SSB*AM 
ASK ABOUT OUR MONTHLY 

UNADVERTISED 
SPECIALS 

Phone for l n f o r r n d t ~ o n  o r  to Order. 
V ISA/MC or COD accepted 

Why rlsk d isappoln t rnent '  Buy time- 
t e s t e d  Fox -Tango  F l l t e r s  t o  b e  =! 

FOX-TANGO Corp- 
Box 15944 W Palm Bch FL 33416 

Telephone (305) 683 -9587  
European Agent INGOIMTEX Posl Fach 2449 

08070 ln~olslddl Wesl Germany 



Light Weight/ 
High Strength 

ALUMINUM Tubing 
lor Masts and Telescoping ~iements 
How many antennas have you seen ruined by the 
failure of the mast? If you are stacking antennas, 
or have a beam antenna, our Light WeightIHigh 
Strength Aluminum masts will increase the sur- 
v~vab~lity of your antenna system. These masts are 
67% lighter and 50% stronger than galvanized steel 
tubing. Example of weight difference: %"  wall x 2" 
OD x 24' long: AL. 39 Ibs.. Steel. 112 Ibs 
Sizes available: 
1.112'' to 8" OD x 118" to 314" wall x 24' long 
114" to 2" 00 x 058" wall x 12' long (drawn tor 
telescop~ng) 
Club and volume discounts are onered MC 8 VISA accepted 
For a complete slocklpc~ce 1151. please wrlte or call. 

Metal 8 Cable Corp., Inc. 
(formerly Exmel. Inc ) 

P.O. Box 117,2170E. AuroraRd. , ,95 
Twinsburg, Ohio 44087 

(216) 425-8455 
See you in Dayton at Booth 313. a/ 

TROUBLESHOOTING 
MICROPROCESSOR-BASED 

EQUIPMENT 
AND 

DIGITAL DEVICES 
Attend th~s 4-day seminar and master the essentials 
of microprocessor maintenance Garn a firm under- 
stand~ng of microprocessor fundamentals and learn 
spec~alized troubleshooting techn~ques 

Call or write for brochure with full details and 
current schedule. Fee is $795.00 

8 and 16 b ~ t  systems 
Signature analysis 
Logic analysis 
Machine-language programming 
Diagnostic programs 
Emulation 
BUS Systems 

MICRO SYSTEMS INSTITUTE 
Garnett .  Kansas 66032 c, ,96 

(800) 247-5230 

AUTHORIZED KENWOOD 
I-COM RADIO DEALER 

H L HEAS7ER MC 203 Bucldmmn Rke Wuksbq. W 
Va 26301 Uarksburg Phone (301) 624 5485 oc W Va Toll- 
Frea 1 W 3 5 2  3177 
HAROLO HEASTER. KAB(WX. 91 Rdgeleld Place Ormond 
lleach FI 32074 Flor~da Phone (904) 673-4066 
NEW NATIOKWIDE mu-FREE TELEPHONE 1-RAMO 

l.aob~72346 
Call us for a quotabon. WE WILL SAVE YOU MONEY1 

*Dual Rernole bass (H.F & V H F . )  
*Autopatch & Super Repeater Controller I 0  H F Mernwy channels/enter or recall 
*Program volca ID (all message from your H T *Automatic USB/LSB/FM/AM mode select 
*Automatic voice clock &act iv i ty timers *Scan up/down, fast, or 1 OOhz steps 
*Multiple commands can be executed at once *Control CS-8 rel8y/latch /master reset /Status 

(up to 16 digits per mmmand string) *H.F./V H F Monitor only or TX enable modes 
*Sub-audible tone & speed dial compatible *All control inputs ere voice confirmed including 

Sn- 
Generates random code prectlw Q any speed wl lh 3 OPDT 2A relays, 5 open collector ou t~u t s  

voica reedback after each 20  random code group1 + user defimd 2 letter function m e  & state 
*Set CW speed & pltch from your H T + automut~c PTT fan amlrol/mester a l l  off coclB 
*Input up to 22 v m b  words & letters as ID or *Optionel CMOS auto-boot 72k EPROM Cartridge 

mail box messsge Q speed dial rates from H.T programmed with your parameters $99.95 
*Enable/disable UD to 50, tel P ' s  + wild cards *Keypad Control for VHF remote. RAP 1 $149.95 - *Super ComShack Menwl ( credit later) t 15.00 
'300 Touchtone toedsbte Aulcdiat numbers 
plus 10 Emerpency Aulodlal (quick c c m s )  

*300 Reverse patch call slgns uploaded from 

More Details? CHECK-OFF Page 130 May 1987 109 



Ham Radio 3 guide to help you find your local I 
California 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

Colorado 
COLORADO COMM CENTER 
525 EAST 70th AVE. 
SUITE ONE WEST 
DENVER, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu, Encomm, ICOM 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

Delaware 
AMATEUR & ADVANCED COMMUNI- 
CATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more 
One mile off 1-95, no sales tax. 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-191 7 
Hours M-F 9-5:30, Sat. 9-3 

Georgia 
DOC'S COMMUNICATIONS 
702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 1 861-5610 
ICOM, Yaesu, Kenwood, Bird ... 
9AM-5:30PM 
We service what we sell. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu, Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke, Belden, Astron, etc. 

Idaho 
ROSS DISTRIBUTING COMPANY 
78 SOUTH STATE STREET 
PRESTON, ID 83263 
(208) 852-0830 
M 9-2; T-F 9-6; S 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on 
Hand 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO. IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Maryland 
MARYLAND RADIO CENTER 
8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1 21 2 
Kenwood, Ten-Tec, Alinco, Azden. Full 
service dealer. 
T-F 10-7 SAT 9-5 

Massachusetts 
TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Michigan 
ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 48150 
31 3-523-1 850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WD8AHO 

Minnesota 
TNT RADIO SALES 
4124 WEST BROADWAY 
ROBBINSDALE, MN 55422 (MPLSIST. 

PAUL) 
TOLL FREE: (800) 328-0250 
In Minn: (612) 535-5050 
M-F 9 AM-6 PM 
Sat 9 AM-5 PM 
Ameritron, Bencher, Butternut, ICOM, 

Kenwood 

Missouri 
MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY. MO 64150 
(800)-821-7323' 
Missouri: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 
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Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30, Sat. 9-3 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 

Indiana 
THE HAM STATION 
220 N. FULTON AVE. 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prtces on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 
SASE for New & Used Equipment List. 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 
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Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON, TX 77004 
71 3-520-7300 
Christmas?? Now?? 

KENNEDY ASSOCIATES 
AMATEUR RADIO DIVISION 
5707A MOBUD 
SAN ANTONIO, TX 78238 
Stocking all major lines. San Antonio's 
Ham Store. Great Prices - Great 
Service. Factory authorized sales and 
service. 
Hours: M-F 10-6; SAT 9-3 

MISSION COMMUNICATIONS 
11903 ALElF CLODINE 
SUITE 500 (CORNER HARWIN & 
KIRKWOOD) 
HOUSTON, TEXAS 77082 
(71 3) 879-7764 
Now in Southwest Houston-full line 
of equipment. All the essentials and 
extras for the "ham." 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 Sat 9-3 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radro Aurlrna 
Karln Ueber Canada Send orders to 

P ~ l l a c h  2454 Ham Radlo Magalme 
D-7850 Loerrach Greenvllle. NH 03048 USA 
West Germany P T I C ~ S  ~n Canadian tunas 

Ham Radn adglum 
1 yr $41 65. 2 yrb $74 25 

Slsreohouse 
3 yrs $99 90 

Brusselrerteenweg 416 
8.9218 Genl 
Belgium Ham Radio Italy 
 am Radio Holland 

Polllb~s NL-7800 413 A, Emmen 
%Kh%nb5 I I~ IY 

~ ~ l l a n d  

Ham Radbo Eumpe 
BOX 2084 m am  adl lo ~wllrtlrland 
s-194 02 Upglands Vssby Ksvn Ueber 
Sweden P W I I ~ C ~  2454 

0.7850 Loerrach 
Ham Radw France WBDI Germany 
SM Eleclronlc 
M bls. Ave des Clar10n5 
F-891x4 Aursrre 
France Ham RsdO England 

clo R S G B 
Ham  adl lo Germany  a ma House 
Karin Uaber Clanborne Road 

POSIBC~ D - 7 8 ~ )  Lcerrach 24% 
P O I ~ ~ , D  Bar 
Hens EN6 U W  

West Germany England 

New Hampshire 
RIVENDELL ELECTRONICS 
8 LONDONDERRY ROAD 
DERRY, N. H. 03038 
603-434-5371 
Hours M-S 10-5; THURS 10-9 
Closed SunlHolidays 

New Jersey 
ABARIS SYSTEMS 
276 ORIENTAL PLACE 
LYNDHURST, NJ 07071 
201 -939-001 5 
Don WB2GPU 
Azden, Larsen, KLM, Mirage. Newmar, 
Vocom, WlJC, many others. 
M-F 10 am-9 pm 
SAT 9 am-7 pm 
VISNMC 

KJl ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(301 ) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM, Mirage, ICOM, Lar- 
sen, Lunar, Astron. Wholesale - retail. 

QEP's 
1 10-4 ROUTE 10 
EAST HANOVER, N. J. 07936 
201-887-6424 
In N.J. 1 -800-USA-991 3 
Bill KA2QEP 
Jim N2GKW 
VISNMastercard 
Belden Coaxial Cable 
Amphenol Connectors 
Hours: 9:30 am-7:00 pm 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAIN STREET 
JAMESTOWN, NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 

North Carolina 
F & M ELECTRONICS 
3520 Rockingham Road 
Greensboro, NC 27407 
1-91 9-299-3437 
9AM to 7PM Closed Monday 
ICOM our specialty - Sales & Service 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE,OH44092(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 
(51 3) 531 -4499 
Mon-Sat 10AM-9PM 

Sun 12-6PM 
We buy and sell all types of electronic 
parts. 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featuring Kenwood, Yaesu, Icom, 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
21 5-357-1 400 
Same Location for over 30 Years 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
ICOM, Bird, Cushcraft. Beckman, 
Larsen, Amphenol, Astron, Belden, 
Antenna Specialists, W2AUIW2VS, 
Tokyo Hy-Power Labs, WELZ, Daiwa, 
Sony, Saxton, Vibroplex, Weller. 

Tennessee 
MEMPHIS AMATEUR ELECTRONICS 
1465 WELLS STATION ROAD 
MEMPHIS, TN 38108 
Call Toll Free: 1-800-238-61 68 
M-F 9-5; Sat 9-12 
Kenwood, ICOM, Ten-Tec, Cushcraft, 
Hy-Gain, Hustler, Larsen, AEA, 
Mirage, Ameritron, etc. 



flea m t  market 
MOTOROLA C34MSV MOTRAN 402-420 LHF Base Stat~ons 
Sold by iiidiv~dual strlps only, RX. TX. TCN 10-58A control chas- 
ss  w, wruelch aate and station loaic cards. and TLN.8204A meter 

TRS8O 4PlKANTRONICS UTU RTTY. Split-screen. 10 user 
keys, file transfer. Runs in Mod 4 180 char) mode. $30 to 
COMMPRO RTTY. c/o KB6IC. 371 1 Gayle Avenue. Omaha. NE 
68123. 

-- 
COMPUTERS COMMODORE 64 and XT repaw ABS (201) 
758-6673. 

panels. NO channel elements. $23.00 ea strip including postage, 
add $3.00 for Air Parcel Post. Also 2 C~34RCB MlCOR base 
stations --make offer. Greg Westrup, WA9BWZ. 202 C Avenue. 
Apt D. Kodiak, AK 99615. (9071 487-2476. 

FOR SALE: TR-7950, 
mount. $275.00 FOB. 

25 watt 2 meter transceive~ 
(4011 789-1817. WICPI. 

with mobile CODE PROGRAMS. Apple C-64. 31 modes, graphcs. tnt:nLs. 
wordprocessor. etc. LARESCO, POB 2018. 1200 Ror~g Road. 
Calumet Cltv. IL 60409 13121 891-3279. -- 

LEARN MORSE CODE IN I HOUR. Amazing new easy tech- 
nique. Moneyback guarantee. $10. Bahr. 2549H Temple, Palm- 
bay, FL 32905. 

SOLAR ELECTRIC PANELS and System Components. 1st 
quality for home or repeaters. Lowest prices in country 
KABDSS, RADIANT DISTRIBUTORS. 3900 Dursum, Ada, MI 
49301. (6161 874-8899. SUPERFAST MORSE CODE SUPEREASY. Subliminal cas- 

sette. Moneyback guarantee. $10. Bahr. 2549H Temple, Palm- 
bay. FL 32905. WA9GFR RF SOFTWARE $15.00 disk contains 

HFIVHFIUHFIL-BAND propagation and Smith Chart ~mped- 
ance matching programs. Specify Commodore-64 or MS-DOS 
BASIC. Lynn Gerig, 6417 Morgan RD. Monraville. IN 46773. 

RATES Noncommercial ads 106 per word;  
commercial ads 606 per word both payable 
in a d v a n c e .  No cash discounts or agency com- 
missions allowed. 

HAMFESTS S p o n s o r e d  b y  non-profit or- 

ganizations r e c e i v e  one f r e e  Flea M a r k e t  ad 
(subject  to o u r  edit ing) on a space available 
basis only.  R e p e a t  insertions of h a m f e s t  ads 
pay t h e  non-commerc ia l  ra te .  

ANALOG AND RF CONSULTING for the San Francisco Bay 
area. Jarlies Long. Ph D N6YB 14081 733-8329. 

TEN-TEC now shipping new-boxed USA made latest 1987 fac- 
tory models Corsair II, Century 22. Argosy II transceivers. Titan 
linear amplifier 229A 2kw antenna tuner plus accessories,  an^ 

tenna. For the best Ten-Tec deal write or phone Bill Slep 17041 
524-7519. SLEP ELECTRONICS COMPANY, Highway441, One, 
NC 28763. 

REMEMBER TROLLEY CARS? Trolley Treasures: The War- 
time Years in New Jersey (1939-1947), a 4-volume pho- 
todocumentary history, includes 1MX) unpublished, orlginal 
photographs plus extensive historical notes. Volume I. The Com- 
promise Roof Cars o f  Public Sewice Coordinated Trarrsport, 
ready now. SASE for details. To order, contact Trolley Themes. 
A.W. Mankoff. 2237-3 Woodside Lane, Sacramento, CA 95825. 
($14.95 plus $1.50 S&HI. 

-- 
UHF PARTS. GaAs Fets. MMICs, trimmers, ch~p caps. teflon 
pcb, and other builder parts. SASE brings list. MICROWAVE 
COMPONENTS. 11216 Cape Cod. Taylor. MI 48180. 

WANTED Schematic for Bearcat 100 Electra, Model BC-100 
Scanner Please contact Ralph E Sm~th. 857 Rougemont. St 
Foy. Ouebrc C~ty. Canada 

COPY No special layout  or a r r a n g e m e n t s  

ava i lab le .  Material should be typewr i t ten  or 
clearly printed (not all capitals) and must in- 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radlo can- 
not check each advert iser and t h u s  c a n n o t  be 
held responsible for claims m a d e .  Liability for 
correctness  o f  mater ia l  limited to corrected  ad 
in n e x t  available issue. 

DEADLINE 1 5 t h  of second preceding 
m o n t h .  

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenvi l le ,  N. H .  03048. 

HEATH Deluxe antenna tuner Model SA2060-a beauty b e s t  
offer. 14011 789-1817 FOB. 

$$$$$SUPER SAVINGS on electronic pans, components,  sup^ 

plies and computer accessories. Free 40-page catalog for SASE. 
Get on ow mailing I&. BCD ELECTRO, PO Box 830119, Richard- 
son. TX 75083 or call (2141 690-1102. 

CHASSIS, CABINET KITS. SASE. K31WK. 5120 Harmony 
Grove Road. Dover. PA 17315. 

COLLINS KWM-380. Fully updated. Excellent condition. Full 
service manual. Write or call. W31RE. 9436 Howes Road, 
Dunkirk. MD 20754. (301 I 257-3041. 

SHOW IT IN STYLE Full color QSL's by Smith Printing. From 
your printslslides. Sample packet. SASE. M420 Calhaven Drive. 
Saugus. CA 91350 18051 251-7211. 

BACK ISSUES OF HAM RADIO Magartne from March 1968 
to June 1974. Complete your collection. lr~d~vidual issues $4.00 
each. KX9P (3191 377-3563. 

WANTED: For Drake 4C the noise blanker 4NB (dead or alivel. 
H. Schroefer. Dorfstr. 14. 3131 GollaulLuechow, West 
Germany 

IBMIAPPLE COMPUTER program "Hamlog". 18 modules logs 
auto-sorts 7-band WAS/DXCC. Full feature. Also CP/M Ap- 
ple $19.95. IBM $24.95. HA-KAIAWH, PB 2015, Peabody. MA 
01960. 

ANTIQUE RADIOS, schematas, tubes and literature. Send 
SASE to VRS IHRI. 376 Cillev Rd. Manchester. NH 03103 for 
large list 

-- 
BOUND VOLUMES CQ 1958169, 73 1963172. Audio 1957168, 
Radio Electronics 1950169. Radio News (Electronics World) 
1950169. Electronics 1953173, $5 per year plus shipping. Also 
some later indiv~dual issues. K4QQK. 307 Old Fort. Tullahoma. 
TN 37388. 

HAM MONITOR SCOPE Milaen 90932 $85. a d o  slgnal gencr 
ator HP200-CD $125. Precis~on E-200 C A M  FM s~gnal qenera- 
tor $45. Yaesu FRG 7 general coverage recelver $125. Jonnson 
phone patch $25. trade for TR 9000 K6KZT. 2255 Alekander, 

HOTINEW PACKET PROGRAMS FOR YOUR IBM PC. Sev~ 
era1 telecommunications programs to choose from, especially 

Los Osos. CA 93402 
- 

IBM-PC SOFTWARE: CW Kever COM sends CW from RS232 YAESU OWNERS: Hundreds of modifications and imorove~ wrntten to lrlterfdce your packet conlro,ler wlth your PC or com 
pat~ble clone Features l~ke Full Screen. L.ne Screen ed~ung. Spl~t 
Screens. ASCII. B~narv X-Modem or uset deftrled ftle transfers. 

port any ,pee0 uslrlg lype dhvad buffer memory or alsr 
$29 50 ELEC EX€ solves most commor, elecrronoc equaltons 
$19 50 Boll Feldmann 6677 Charlng St Slnu Calif 93063 or 

ments for your rlg Selecl tne best from fourteen years of ger~ 
utlie top rated Fox Tango Frewsleners DV dslng our new 32 pagr 
Cumulat.ve lnoex Only $5 postpa~d lcash or 'heck1 wtth $4 Re 
bdte Cenlllcale credltdble toward Newslener pbrcnases Includes 

DOS shell. Macro ~ e y s ,  Command Flles, many types of 
timeldateloper. ID. Multi-page brochures explaln them all. Soft- 
ware Support. Write for new ififormation and pricing. KALT & 
ASSOCIATES, 2440 E. Tudor Rd. Suite 138. Anchorage. AK 
99507 (9071 248-0133. Charge Cards accepted. 

- -- 
HOMEBREW PROJECTS LIST SASE. WB2EUF. Box 708. East 
Hampton, NY 11937. 

SASE for details. 
famous Fox-Tango Filter and Accessories Lists. Milt Lowens, 
N4ML (Editorl. Box 15444. W. Palm Beach. FL33416. Telephone 
(3051 683-9587. 

TELEVISION SETS made before 1946, early TV parts, Ihtera- 
lure wanted for substantial cash. Especially interested in "mir- 
ror in the lid" and spinnlng disc tv's. Finder's fee paid for leads. 
Arnold Chase. 9 Rushleigh Road. West Hartford. Conn. 06117. 
12031 521-5280. 

RTTY JOURNAL-Now in our 35th year Join the clrcle of 
RTTY friends from all over the world Year's subscription to 
RTTY JOURNAL. $10.W, foreign $15.00. Send to: RTTY JOUR 
NAL, 9085 La Casita Ave.. Fountain Valley, CA 92708. 

IMRA International Mission Radio Association helps mission- 
aries. Equipment loaned. Weekday net. 14.280 MHz, 2-3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother Frey, 
1 Pryer Manor Road. Larchmont. New York 10538. 

FOR SALE: Tower. Rotator. Antenna Package-Tri-Ex W-67 
Tower, motorized extension from 22' (nested) to 67' plus mast 
height. Hand winch operated tilt-over feature. CDE Ham Ill Ro- 
tator. Wilson DB-33 (10115 meter beam). Cushcraft 20 meter 
beam. Very good condillon. Package price $1250 firm. 
WAIUSO. Fred Moller. Old F~tzwilliam Rd, Jaffrey. NH 03452. 
16031 532-7635. 

WANTED: ElMAC8873 tube for Heath SB-230. Please contact 
G2DRT. F.S.G. Rose. 84 Cock Lane, High Wycombe. Bucks 
HP 13 7 EA England. 

- 
ENGINEERS reauest free cataloa of Electronics Software Cir- 
cult analyss. filter des~gn. etr 8V Englneerlng. 2200 
Bus~ness Way, Suite 207. R1vars6de. CA92501 17141 781-0252 

- 
PERFORATED ENCLOSURES 17 x 8 5 x 7 5 oeep w th grey 
palnt and 17 x 8 5 x 11 deep wlth !rlalle flnlbh Unpdlnred dank 
front panel Approximately 50 each $10 and $15 respcct>vely 
Ouantltv d~scount avaflable Don Reed KOlFO 911 North Lynn 
Independence MO 64050 18161 252 9436 

RUBBER STAMPS: 3 lhnes $4.50 PPD. Send check or MO to 
G.L. Pierce. 5521 Birkdale Way, San Diego. CA 92117. SASE 
brings information. 

NJ-NJ-NJ-NJ-NJ-NJ-NJNJ A Full-Serv~ce Ham~SWL-CB~ 
Scanner store in NJ. Discount Grand Openlng Pr~ces. Top per- 
forming radio systems for every budget. New 10 meter and 
VHFIUHF rlgs. ARRL. Amphenol. Astat~c, Astron. Arden. 
B6W. Rilal Belden 9913. Butternut. Clear Channel. KLM. Lar- 
sen, MFJ. Mlrage. Mil Spec Cables, much more. Open M F 10 
AM-9PM. Sat 10 AM-7 PM. Buy and sell used gear and have 
qualif~ed repair facility. ABARIS SYSTEMS, 276 Orlental PI. 
Lvndhurst. NJ 07071 (2011 939-0015. 

ELECTRON TUBES: Receiving, transmitting, microwave . . .  all 
types available Large stock. Next day delivery, mosl cases 
DAILY ELECTRONICS. PO Box 5029. Compton, CA 90224. (213) 
774- 1255. DISCOVER "THE RADIO WORKS". See what we are doing 

with high performance HF and VHF antennas, parts, and ac- 
cessories. Unusual 48 page discount catalog. 22 cents SASE. 
The RADIO WORKS. HRAPR. Box 6159, Ponsmouth. VA 23703 
IBMI 484-0140. 

- -- 

R-390A RECEIVER: $195 check. $115 reparable. Parts, tubes, 
sections. Info SASE. Mint military-spec pull-out 12AT7, 6AG5: 
515ldozen. CPRC.26 six meter transceiver lsee Ham Radio. 
March 19851 $17.50 apiece. $32.50 pair ladd $4.50lunit ship- 
plngl. Baytron~cs. Box 591. Sandusky. OH 44870. 14191 627-0460 
evenings. 

- -- 
VHS VIDEO CASSETTES $29.50 total price for a box of 10 
delivered anywhere in continental U.S. Call for 24-hour order 
information. KB6MT 17141 990-9622. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape. 
colors Five patch minimum. Free sample, prices and ordering 
informallon HElN SPECIALTIES, Inc., Dept 301. 4202 N Drake, 
Chicago. IL 60518. 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter. 2697 Nlckel, San Pablo. CA 94806. 

-. 

LO COST Sensitive-Selective HF receiver system. Idealllst s ta~ 
toon set Enhanced Novice 10115140180m coverage. Send 2 
stamps for free ~nfo. I. Megeff. KOZEF. 729 Lori Dnve #101, Palm 
Springs. FL 33461. 

.- 

HOBBY, EDUCATIONAL, INDUSTRIAL PRODUCTS. 70 k~ts 
Amplifier. FM transistor. VU meter, door bell, alarm system. 
power supply. Send $3.00 to HOBBY ELECTRONIC. PO Box 
1339. Claremont, NH 03743 or call 16031 543-0033. 

COMING EVENTS COLLECTORS: Have Karl Pierson KP 81 communicat~ons re- 
ceiver for sale. Complete system- receiver. speaker cabinet and 
book. Open to offers. Cal. KL7HEM. 10300 Silver Knolls, Reno, 
NV 89506 

Activities - "Places to go . . ." WANTED TO BUY zip code and d~rectory published before 1980 
publication No. 65. Bernard Fair. 19455 Houghton. Detrolt, MI  
48219. 

- 

IBM-PC RTTYICW. New CompRtty II IS the complete 
RTTYICW program for IBM-PC's and cornpat~bles. Now with 
larger buffers, better support for packet unlts, pictures. much 
more. V~nually any speed ASCII, BAUDOT, CW. Text entry vla 
built-in screen ed~tor! Adjustable spl~t screen d~splay. Instant 
modelspeed change. Hardcopy, dtskcopy, break-in buffer, select 
calling, text file transfer. customizable full screen logging. 24 
programmable 1OOO character messages, Ideal for MARS and 
traffic handling. Requires 256k PC or AT compatible, serial port. 
RS 232C TU. $65. Send call leners lmcludlng MARS1 with order. 
David A R~ce. KC2HO. 25 Village View Bluff. Ballston Lake, 
NY 12019 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICI- 
TY COORDINATORS: Please indicate in your announcements 
whether or not your Hamfest location, classes, exams, meet 
ings, flea markets, etc, are wheelchair accessible Thls ,"forma- 
tion would be greatly appreciated by our brotherlsister hams 
with limited physical ability. 

S.S.B. CRYSTAL FILTERS. 9 0 MHz, 2.2 kHz bandwidth, six 
pole, with data 520.00 postpaid. OEM quantlty available. ICL7117 
D V.M. I.C.'s direct drive 3-112 digit LED sameas7107 plus hold. 
wtth data. $6.00. 21510.00 postpaid. Dentron Scout C.A.P. 
transceiver. 4 MHz, 100 watts, new; $250.00 A.C.P.S. $75.00 
postpaid George Misic. 14481 Watt. Novelty, Ohio 44072. 

-- - 

MASSACHUSETTS: April 19. Spring Flea at MIT Sponsored 
hv  the MIT Electronics Research Societv anti WIXMIR. 10-4 

DC to 400 MHz Spectrum Analyzer Kit. For info SASE to: A 
tt A ENGINEERING, 2521 W. La Palma Ave. #K. Anaheim. CA 
92801. (7141 952-21 14. 

-, 
PM Albany and Maln Streets Cambr~dge Buyers admlsslon 
$1 50 Selkrs $5 per space Talk ~n on 146 52 449 2 W1XMJR 
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NEW YORK: June 14. The Hall of Science ARC Hamfest. New 
York Hall of Science parking lot. Flushing Meadow Park, 
47-01-1 11 Street. Queens. 9 AM to 3 PM. Donations-buyers 
$4.00: sellers $6.00 per space. Talk in on 144.300 simplex link 
223.600 repeat and 445.225 repeat. For information call Steve 
Greenbaum, WB2KDG 17181 898-5599 or Arnie Schiffman. 
WB2YXB 17181 343-0172 evenings. 

ILLINOIS: May 17 The Knox County Radlo Cldb'sannual Ham- 
fest. Knox Codnty Failgrounds. Knoxville. IL Galesopen 7 AM 
Bulldong open 8 AM. Free flea market spaces ava~lable ARRL. VE 
testlng. For tablt, reservations, pre-registrat~on for testing and 
advanced ticket., wilt*? Kelth L Watson. WB9KHL. 119 South 
Cherry Street K3 Galesburg. IL 614014527 or call 13091 342-3885 

NEW HAMPSHIRE: May 9. New England's favorite T h e  Hoss- 
traders Spring Tailgate Swapfest, Deerfield Fairgrounds. Ad- 
mission $2.00 per person including sellers and commercial 
dealers. Friday night camping at nominal fee only after 4 PM. 
Profits benefit Shriners' Burns Hospital. Last year's gift over 
$13.5001 win. ME For 04091 map, SASE to WAIIVB. RFD Box 57, West Bald- 

evenings. 

PENNSYLVANIA: May 3. The Delaware County ARA 1s spon- 
soring their 81h annual Hamfest. Drexel Hill Mlddle School. State 
Road and Penn Avenue. Drexel Hill. Doors open 8 AM. Setup 
7 AM. Admission $3. Reserved indoor tableslelec. available for 
$3.00 per space. License exams. Refreshments available. Talk 
in on 147.96136, 224.5 and 146.52. For registration and tnfor- 
mation write Hamfest, DCARA. PO Bkox 236. Springfield, PA 
19064 or call Barbara. N3DLG 12151 535-1616. 

LOUISIANA: May 2 and S The Baton Rouge ARC Hamfest 50 
and LA State Convention. Gym Armory, campus of LSU. Ba- 
ton Rouge. Sat 8 AM-3 PM. Sun. 8 AM-2 PM. Free admis- 
sion. Forums. ARRL speakers, Advanced swap tables 
reservations accepted. Dealers, tours. VE exams both days 9 
AM. SASE. 610, check for $4.00 payable to ARRLIVEC to Ge- 
orge Perry W5LVX 17424 Lady Constance. Greenwell Springs, 
LA 70739,'~alk in An 146.19179. For more info SASE to Rick 
Pourciau, NVSA, 879 Castle Kirk Dr. Baton Rouge. LA 70808. 
There will be Cajun food and entertainment Saturday nite. Come 
pass a good time! 

NEW YORK: May 30. First Skaneateles Ham and Computer 
Fest, Allyn Arena. Jordan and Austin Streets. 8 AM to 5 PM. 
Vendors, ham gear and computer displays, exhibits. VE license 
exams. For reservations, info, motel list, contact Hank Bryant 
13151 6857668 or write Skaneateles Hamfest, 49 Elizabeth Street. 
Skaneateles, NY 13152. 

ILLINOIS: May 17. The Chicago Amateur Radio Club's annual 
Mini-Hamfest, North Park Village. 5801 N. Pulaski, Chicago 9 
AM to 3 PM. Admission $1. Half table $3. Full table $5. Admlts 
one seller. For info call 545-3622. 

- 
1987 "BLOSSOMLAND BLAST" Sunday So tember 20 
,987. Write "BLAST" PO Box 175. s t .  Jdsepf, MI 49085: 

PENNSYLVANIA: May 17. The Warminster ARC'S 13th annu- 
al Hamfest, Middletown Grange Fairgrounds, Penns Park Rd. 
Wrightstown. Gates open 7 AM. 6 AM for Vendors. Donation 
$3.00. Non-hams and kids free. 8' indoor tableslpower $5.00 
by pre-registration only. Unlimited outdoor 8' space $5.00. Talk 
in on 147.69109 and 146.52. For info and pre-registration con- 
tact Frank Charlton. KA3FBP. 1479 Kingsley Drive, Warrninster, 
PA 18974. 12151 675-2549. 

NEW JERSEY: May 9. The Cherryville Repeater Association's 
annual Hamfest, Hunterdon Central High School. Flemington. 
8 AM to 4 PM. Indoor tables plus tailgating. FCC exams, forums 
displays and more. Talk in on 146.52. 147 9751.375. For further 
information or reservattons call Bill Inkrote. K2NJ 12011 788-4080 
or Don Mazak. NR2H 12011 782-1114. 

VIRGINIA: June 7. The Ole Virginia Hams present the Annual 
Manassas Hamfest, Prince William County Fairgrounds. 8 AM 
to 4 PM. General admission $4.00. Children under 12 free. Tail- 
gating $5.00/space, Dealers. ARRL booth, CW proficiency 
award. Talk in on 143.37197, 146.52. For lnformation write: Ole 
Virginla Hams ARC. POB 1255, Manassa, VA 221 10. John Gun 
sett, K14VP 17031 361-5255 or Gene Roberts. N4HFW 17031 
361-3983. COLORADO: June 20. The Grand Mesa Repeater Society will 

hold its 8th annual Western Slope Amateur Radio and Computer 
Swapfest, 9 AM to 4 PM. National Guard Armory. 482-28 Road. 
Grand .lunctinn Fre? admission. Swao tables $5.00 each. In- 

NEW JERSEY: May 17. D8RA Annual Festrval. Old Bridge Clvic 
Center Arena. Cottrel Road and Hwy 516. Old Bridge. Sellers 
6 AM $12.00. Buyers 8 AM, $5.00. Tailgating $8.00. FCC ex- 
ams, pre~registration suggested. Walks in 9 AM. Testing 10 AM. 
Talk in on 7.1217.72. For informatton NZDHN. 

- - 

MARYLAND: May 24. Maryland FM Association's annual  ham^ 
fest. Howard County Fairgrounds. West Frlendship. 30 miles 
west of Baltimore. Gates open 8 Am to 3 PM. Advance inside 
tables $7.00. At the door $10. Donation $3. Talk in on 146.16176, 
222.161223.76 or 449.11444.1 MHz. For tables or information: 
Jim Clifford, N3FBV. 7461 Terry Street. Ft. Meade, MD 20755 
1301 1674-4752. 

-. .. . 
door swapfest Amateur Radlo exams, auctlon and refreshments 
Talk on 146 22 82 ~nd449 20 For table, or ~nforrnat~on SASE 
to Les Scott NVOF 2105 Yellowstone Rd Grand J ~ n c t ~ o n  CO 
81503 or call 13031 242-5296 

NORTH CAROLINA: May 23 The Durham FM Association's 
annual Hamfest. Lower rear deck South Square Mall. Durham 
8 Am to 4 PM. FCC exams. vendors and free tailgating Talk 

CALIFORNIA: May 1.2, and 3: The Fresno Amateur Radio Club 
will hold its 45th annual Hamfest. Fresno Airpon Holiday Inn. 
Air conditioned dealer spaces and swap tables. FCC exams. 
Good programs and parking. Demonstrat~ons and forums. Talk 
in on 146.34-94. For ~nformation: Glen T Caine, Fresno ARC, 
PO Box 783. Fresno. CA 93712 or I2091 292-4611 

COLORADO: May 16.Pikes Peak Radio Amateur Association 
1987 Swapfest. Rustic Hills Mall, Palmer Park and Academy 
Blvd. Colorado Springs. 830 AM. Free admission. Tables $8.00 
advance; $10.00 at door. VE testing. Talk in on 146,37197. For 
lnformation or reservations: Al, NOCMW (3031 4731660 or write 
PPRAA Swapfest. POB 1652, Colorado Springs, CO 80935. 

MICHIGAN: June 7. The Chelsea Swap and Shop, Chelsea  fair^ 
grounds, Chelsea. Sellers 5 AM. Buyers 8 AM to 1 PM. Dona- 
tion $2.50 advance and $3.00 at the gate. Children under 12 and 
non-ham spouses free. Talk in on Chelsea Repeater 146.980. 
For information: Robert Schantz, 416 Wilkinson St. Chelsea. 
MI 48118. 13131 475-1795. 

-- -- 

WISCONSIN: May 2. The Ozaukee Radio Club will sponsor its 
8th annual Cedarburg Swapfest, Circle B Recreation Center. 
Highway 60 and County I, Cedarburg. 8 Am to 1 PM Admls- 
sion $2.00 advance. $3.00 at the door. 4' tables $3.00 each. Food 
and refreshments available. For tickets, reservations or informa- 
tion SASE to 1987 ORC Swapfest, 101 E. Clay Street. Sauk- 
ville, WI 53080 or phone 1414) 284.3271. 

NEW JERSEY May 17. The Bergen County ARA is sponsoring 
its Spring Hamfest. Bergen Community College. 400 Paramus 
Road, Paramus. 8 to 4 PM Rain or shine. Buyers free. Sellers 
$5 per space, tailgate only. License exams. Talk In on 146.19179 
and ,520 slmplex. Forfurther information: Jim. KK2U 12011 
445-2855, 444 Berkshire Rd. Ridgewood. NJ 07450. 

NEW YORK: May 3. The Suffolk County Radio Club's in- 
doorloutdoor flea mctrket, 8 AM to 2 PM. Republic Lodge No. 
lW7, 585 Broadhollow Road. Rt 110. Melville. L.I. General ad- 
mission $3.00. Spouse and kids under 12 free. lndoor tables $10. 
each. Outdoor spaces $7.00 each. Includes one free admission. 
Talk in on 144.611145.21 and 146.52 simplex. For information. 
Bill Sullivan. NZETG 1516) 689-9871 evenings. 

ARIZONA: May 1-3. The Cochise Amateru Radio Association 
(CARAI will hold its 1987 Hamfest. club training facility. South 
Moson Road, Sierra Vista. Free tailgating. Talk in on 14y.52 or 
146.161.76. For information: Don Morgain, WACI .  16021 
458-5293 or CARA. POB 1855. Sierra Vista. AZ 85636. 

MISSOURI: May 17. The Western Illinois ARC will hold its2nd 
annual Tri-State Swapfest. Haerr Field, Taylor. Tailgate flea mar- 
ket, aircraft exhibits, plane rides and VEC exams. Flea market 
setup 8 AM. General admission 9 AM. Talk in on 147.03 repeat- 
er. For information: Western Illinois ARC, POB 3132, Quincy. 
IL 62301 

NEW JERSEY: May 3. The Tri-County Radio Association's an- 
nual lndoor HamfestlFlea Market. Passalc Townsh~p Commu- 
nity Center. St,rling. 9 AM to 3 PM. Donations $3.00. Tables 
58.a); wlpower $10.00. Resewed tailgating. Refreshments. Talk 
in on 147.8551.255, 146.52 and 444.9751449.975. For informa- 
tion: Dick Franklin. WZEUF. POB 182, Westfield. NJ 07090. lZOl1 
232-5955. NEW HAMPSHIRE: May 15-17. The 13th annual Eastern 

VHFIUHF Conference. Rivier College, Nashua. For information 
contact Lewis D. Collins, WlGXT. Publicity Chairman. Eastern 
VHFIUHFISHF conference. 10 Marshall Terrace, Wayland. MA 
01778. (6171 358-2854 16 to 10 PM EST) 

NEW YORK: May 17. LIMARC will sponsor the ARRL Long Is- 
land Hamfair, New York Institute of Technology, Rt 25A. North- 
ern Blvd. Old Westbury, NY. Sellers 7:30 AM. Buyers 9 AM. 
Outdoor tailgating. Sellers car space $5.00. General admission 
$3.00. Non-hams and kids admitted free. Talk in on 146.85. For 
information call Hank Wener. WBZALW 1516) 484-4322 
evenmgs. 

PENNSYLVANIA: June 7. The 33rd annual Breeze Shooters 
Hamfest, White Swan Amusement Park, Rt 60, near Pittsburgh 
International Airport. Free admission and Flea Market, family 
amusement park. 9 Am to 4 PM. For information and table reser- 
vations Bud Faulhaber, N3DOS. 1059 Balrnoral Drive, Pittsburgh, 
PA 15237 14121 366-5097. 

ARKANSAS: May 2. The Northwest Arkansas ARC will hold 
its 7th annual Hamfust. Rogers Youth Center. 315 West Olive 
Street, Rogers 8 AM to 4 PM. Doors open 6 AM for exhlbi- 
tors. General admission and parking free. Nearby recreational 
areas and parklng for RV's and campers. Talk in on 16176 or 
a3163. For information: Roy Milliren. AFSW. 2014 S. 16th Street. 
Rogers, AR 72756 15011 636-6750. 

OPERATING EVENTS 
"Things to do . . ." 

May 2. The Louisville A.R.T.S. will operate "Run For The 
Roses" under the call W4CN. 2400 to 0500 May 1 and 1300 to 
1700 May 2. For a commemorative certificate send QSL and 39 
cents SASE to ARTS Club, W4CN. POB 7391. Louisville. KY 
40207. 

VIRGINIA: May 3. The Lynchburg ARC will hold tts annual 
Swapfest. Brookvillt! High School grounds. Route 460 West. 
just outside Lyl~chburg. Rain or shine. Starts 9 AM. Admission 
$1.00. Tailgaters pay general admission plus $2.00. VE exams 
beginning 1 PM Please pre-register. For more information write 
Lynchburg ARC. PO Box 4242. Lynchburg, VA 24502. - 
RHODE ISLAND: May 16. The RI Amateur FM Repeater Serv- 
ice will hold thelr annual Spring Flea Market and Auction. Ameri- 
can Legion Fairmount Post 85,870 River Street, Woonsocket. 
Flea market opens 9 AM and spaces are $5.00 each. Auction 
from noon to 5 PM. Free admission. Food and beverages avail- 
able. Talk in on 34/91 and 52 simplex. For informatton: Rick Fair- 
weather, KIKYI. Box 591, Harrisville. RI 02830 or call 14011 
56:8-0566. 7-9 PM. 

. 

May 9. The Laurel ARC will operate special event statiori W3GFS 
from 1 W Z  to 20M)Z to help celebrate the 4th annual Main Street 
Festival In Historic Laurel, MD. SASE for 8x11 certificate. QSL 
to LARC. POB 1436. Laurel. MD 20707. 

- 
May 23: The Old Barney ARC os Southern Ocean County. New 
Jersev announces a soecial event Amateur Radio o~eration com OKLAHOMA: May 15-17. Green Country Hamfest. sponsored 

by the Broken Arrow and Tulsa ARCS, Vo-Tech SE Campus, 
4600 S. Olive. Broken Arrow. Friday night mixer 6-10 PM at the 
Travelodge. Flea market and dealers open 9-5 Saturday and 9-01 
Sunday. ARRL FCC exams. Children's room. Non-ham pro- 
grams. Family BBQ dinner. For information contact Ron gamel, 
N5WX. 19181 663-0385 or write Green CountryHamfest, PO8 
4970. Tulsa, OK 74153. 

~ ~ . ~ 

menloratlng the 15rh'ann~versary of the start of c;r~slr~rtnon of 
the Tuckerton Wireless Tower 0000lZ May 23 thru 23592 Ma> 
24 For ~nformatlon contact Bob Schench. hr200 Publ,cltv Man 
ager. OBARC. 16091 296-0307 

CONNECTICUT: May 31. The Newington Amateur Radio 
League will hold ~ t s  fourth annual Flea Market, Newington High 
School, Willard Avenue. Newington. 9 AM to 2 PM. Newlused 
ham gear, computer equipment. Admission $2.00 at the door. 
lndoor tables $8.50. $10 after May 23. Tailgaters $5. Guided tours 
of ARRL Hq. Amateur Radio exams. Talk in on 146.52 and 
WlAWIR, 144.851145.45 and 223.241224.84. For exam infor- 
mation or tablt: reservations: Les Andrew. KAIKRP. 23 Grove 
St. West Hartford. CT 06110. 12031 523-0453. Please SASE. 

. 

Maw 23. 24. 30. The Carroll Countv ARC will ooerate K3PZN 
;ncklib;aGn ~ i ~ a r r ~ l l ~ o ~ n t v ' s  ~e&q~lcentennoai For 8.11 cer 
t~flcate send OSL and SASE to Carroll Collnty ARC. PO0 X)99. 
Westmlnster. MD 21 157 MICHIGAN: May 16. Teh Wexaukee ARA's 27th annual Swap 

Shop, Wexford civic Arena. US 131 and 13th Street. Cadillac 
9 Am to 2 PM. Admiss~on $3.00. Reefreshments available. Talk 
in on 146.97. For table reservations and more info call John Crad- 
dock. 16161 797-5491 or write Wexaukee ARA, POB 163. Cadil- 
lac, MI 49601 

-- 
OHIO: May 17. TheAthens County ARKS 8th annual Hamfest. 
City Recrreation Center, East State Street. Athens. 8 AM to 3 
PM. Admission $4.00. License exams. Send Form 610 and $4.35 
check oavable to ARRLIVEC to John Cornwell. NC8V. 101 

ARMED FORCES DAY May 16 1987. In recognntlon of the 38th 
anniversary of thns event ARS W40DR aboard NAS Men~ph~z 
M~lltngton. Tennesse~ will be operated by ba~lors dr111 marone5 
from 13002 to 23002 For addstnonal ,nformaloon Stallon Custo 
doan. Senlor Ch~ef Petty Off~cer Bob Donan KA4FAL 19011 
872 M07 

ILLINOIS: May 17. The Kankakee Area Radio Society's annual 
Hamfest. Kankakee County Falrgrounds. 8 AM to 4 PM. Ad- 
mission $2.50 advance; $3.00 at the door. FCC and ARRL 
booths.Free flea market tables. Free parklng Talk in on 
146.34194, For information: KARS c / o  Frank DalCanton. 
KA9PWW. RR 1. Box 361, Chebanse. IL 60922.1815) 932-6703 
after 5 PM CST or 18151 937-2452 before 5 PM. 

MINNESOTA: May 9. The Arrowhead Radio Amateur Club's 
Swapfest '87. First United Methodist Church. 230 East Skyline 
Parkway, Dul~lth. 10 AM to 3 PM. Admission $4.00. 4' tables 
$5.00. License exanis 9 AM. For Amateur exams contact Eddy 
Lonnstrom. NSDHG. 2026 Baxter Ave. Superlor, WI 54880 17151 
392-2415. General trlformation: Ron Carlson, KOBR. 5128 Wyo 
ming Street. Dulutli. MN 55804 12181 525-6860. 

May 16. The Charleston Amateur Radio Soclety will operate 
Special Event Station from the deck of the aircraft carrler USS 
Yorktown CV-10 located m Charleston. SC. Callsign WA4USN 
lOOOZ to 22002. For a special QSL card with photo of the ship 
(to confirmed contacts) SASE to Special Event Station, 346 
Parkdale Dr. Charleston, SC 29407. 

~ovent; iane Athens OH 45701. Free oaved outdoor flea mar- . . - 

ket space. 811119 your own tables No reseruallons lndoor space 
bv advance reg~stration Contact Walt J o ~ ~ e s .  N8DDL. 17 Berk- 
.ey Dr. Athens. OH 45701 16141 593-7871 For general informa 
t~on  Carl Denbow. KABJXG. 63 Morrlz Ave Athens. Oh  45701 

THE FOUNDATION FOR AMATEUR RADIO, INC. plans to 
award 26 scholarshios for academ~c year 1987-88 to assist PENNSYLVANIA: May 24. The Ephrata Area Repeater Socie- 

ty's 2nd annual Hamfest. Walk in VEC exams. Packet and ATV 
demos. 

licensed Rad~o Amateurs who plan to pursue a full-time course 
of studies bevond hioh school and are enrolled or have been 
accepted by an accred;t~!d Jnlvcrslty, college or technluaa bcllool 
For fc.rther tnformat~on write FAR Schoarsh~ps. 6903 Rhodt, I, 
land Avenue. College Park, MD 20740 p#<or to M a  31. 1987 

MICHIGAN: May 30. The Central Mich~gan Amateur Repeater 
Association ICMARAI 13th annual Hamfest. Midland Comunl- 
ty Center. Midland. 8 AM to 1 PM Admission $3. Food avalla- 
ble. Dealers welcome. Packet radio, newlused Amateur 
electronics and equipment. License exams. Talk In on 147.00160 
Midland. For information CMARA Hamfest. PO0 67. Midland. 
MI 48640. Please SASE. 15171 631-9228 evenings and weekends. 

SOUTH CAROLINA: May 2 and 3. The Blue Ridge Amateur 
Radio Societv's 48th annual Greenville Hamfest and Electronic 
Flea Market. '~merican Legion Fairgrounds, Greenville. Satur- 
day 8 AM to 5 PM Sunday 8 AM to 3 PM. Admission $3.50 
advance and 55.00;lt gate. Indoor/outdoor flea market, license 
exams, free parking, food. For ttckets or information SASE to 
Blue Rldge ARA. PO Box 6751. Greenville. SC 29606. 

ARMED FORCES DAY 1987 May 16 The 38th anndal Arrnecl 
Forces Dav Communscatlon Test Trddltlnnal mll~tary to Amateur 
cross band operation and broadcast of the Secretary of Defense 
message are the featured htghlights and include operations in 
CW, SSB and RTTY. 
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minute detail) will certainly bring in more. Now Describing equipment available, Jim names 
these people will no doubt expect you, with your names and comments, with candor, on every 
higher class of license, to know everything. piece of hardware about which Novices need to 
What's more, they're going to be looking to you know, citing advantages and disadvantages of 
not only to know it all, but to explain it, too - each. Though addresses are not included, 
in terms they can understand - or at least direct they're all here: AEA, GLB, MFJ, Kantronics, 
them toward appropriate sources of information. Packeterm - and, of course, TAPR and Van- 

the digital novice 
The man who helped thousands of Amateurs 

Get """Connected to Packet Radio has done it 
again. In The Digital Novice. author Jim Grubbs, 
KgEI, explains the fundamentals of digital com- 
munications with authority, clarity, simplicity, 
and wit. 

Warning: This is a very basic book that covers, 
rather lightly - but in detail sufficient for most 
beginners - the whole range of Amateur digi- 
tal communications, from what Jim calls "cave- 
dweller digital" to spread spectrum and trans- 
mission, via packet radio, of animated visual 
images. 

Why are we recommending it to readers of 
ham radio with enthusiasm? Well, for one thing, 
we know that some readers are dyed-in-the-wool 
analog types to whom digital technology is "Cave Dweller Digital" was earliest form of 

something of a mystery. Others understand the digital 

THE 
DIGITAL NOVICE 

by 
Jim Grubbs, K9E1 

couver as well. 
The text is supplemented with an ample glos- 

sary plus appendices listing the various digital 
codes (Morse, Baudot, AMTOR, ASCII). There's 
a clever little bonus at the end, too: to give read- 
ers an opportunity to check how well they've 
retained what they've read, Jim has included a 
33-question test covering topics discussed in the 
book. Answers are included, plus references to 
page numbers where subjects covered by ques- 
tions can be found. Score 80 or better (on your 
honor), send Jim an SASE, and - just for fun 
- he'll send you a certificate attesting to your 
status as an official "Digital Novice." 

technology, but want to acquire an overview of 
The DigitalNovice helps you answer questions 

like "What exactly is AMTOR?", "How is packet 
different from earlier digital techniques like RTTY 
and ASCII?", and "What interface should I 
buy?" without having your face turn red or get- 
ting your tongue all tied up in embarrassing knots 
- and without confounding the questioner. No 
doubt you can answer all sorts of questions 
about digital techniques, even roused from a 
deep sleep after driving home from Dayton for 
two days straight. But wouldn't it be convenient 
to just point to The Digital Novice, roll over, and 
go back to sleep? "Noise Monster" substantiates author's 

 hi^ another book about packet radio, assertion that noise is the natural enemy of 

by the way, or a book about computers, though digital 

there's enough about computers to form a solid 
basis for understanding the material. It isn't "a Ted Barney's cartoons go a long way toward 
computer book." It is a book you can give with- lightening up The Digital Novice. I was pleased, 
out reservation to any interested beginner, too, by Jim's conscious (but never self-con- 
regardless of age. Though it's written for adults, 
I wouldn't hesitate to give it to a bright, highly 
motivated eighth-grader. There's no question 
about it: Jim is a born communicator, a writer 

New from (lSKY, The Dig its, in- who knows his audience and speaks to them in 

troduces beginners - regardless of license language they understand, simplifying complex 

class - to  digital communications. subjects without ever "talking down." What 
might cause us to be rendered essentially inar- 
ticulate (as a function of knowing either too 

equipment available, with an eye toward becom- much or too little), he explains with refreshing 
ing active in one digital mode or another. simplicity. As Jim points out, technically know- 

But there's a better reason to read this book. ledgable people aren't necessarily the best 
There are some 80,000 Novices out there, and "missionaries for the new technologies." Not 

scious or heavy-handed) effort to ensure gender 
fairness throughout the text; his deft use of 
pronouns may help women entering Amateur 
Radio through the digital modes feel more 
welcome. 

The Digital Novice will be released at this 
year's Dayton HamventionB, you can meet the 
author at his booth (OSKY Publishing, No. 358) 
if you're there. You can also catch his presen- 
tation on Sunday morning at 9:30 AM. Whether 
or not you make it to Dayton this year, you can 
order your copy of The Digital Novice from Ham 
Radio's Bookstore Store for $9.95 plus $3.50 

the new Novice enhancement regulations (which convinced? Quick: explain spread spectrum in shipping and handling. 
Jim spells out in comprehensive, up-to-the- language a Novice can understand. - KAlLBO 
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SEE WHAT WE'RE DOlNQ WlTH 
ANTENNAS&BALUNS 

CC,",~ ,,s,< ",,, ,In*. ,l<~%,Tl " l,\l I \ 

I > i w o v c r  28 X1 220 Voicc I 
I 

T l l t  FUNSTARTS NOW I 
E v c r y l h i n g  you ncrd lora  I 

M O D E L  LDM-120 ONLY S99 
U I T F C I S  SIORESANDDISPLAYS 
WORST CASE LINE VOLTAGE VARlh 
TION DUE TO BROWN OUTS SAGS 
AND SURGES 1'1 AND 3CYCLE 
RESPONSE TIMES60 160 VOLT 
RANGE 

W MODEL LSM-120 ONLY $139 
DETECTS. STORES A N 0  DISPLAYS 
WORST CASE PEAK SPIKE VOLTAGE. 
NORMAL ANOCOMMON MODE 
SELECTION 100V-2 5 KV RANGE. 

COMPLETE STANDALONE INSTRU- 
MENTS WITH INTERNAL AUDIBLE ALARM 
AND EXTERNAL TTL ALARM OUTPUT. 

FULLY ISOLATED. 1 YEAR WARRANTY 

CATCH THOSE GLITCHES! 

Full Feature 
Remotely Programmable 
Repeater Controller 

for under $600 
/Field tested for over 2 years 
r /  Full 2 year warranty 

Frcc  Full C o l o r  13rochurc 

Call Toll-Free 

1-800-621-8387 

solid-state linear amplifier 
The latest addition to the Yaesu product line 

- the new FL-7M)O Solid State Linear Ampli- 
fier for the 1M) through 15 meter bands - fea- 
tures an automatic antenna tuner with automatic 
band-switching when used with the Yaesu 
FT-757GX. FT-767GX. or FT-980 transceivers. 
Antenna switching is also automatic when using 
the FAS-1-413 remote antenna selector. Power 
output is 1200 watts, for approximately 70 watts 
input. A protection circuit prohibits operation 
with high SWR until the antenna tuner com- 
pletes matching process. Thermostatically con- 
trolled dual fans run even when the amplifier is 
turned off, if needed for dissipation of heat. 

For details, contact Yaesu U.S.A. Amateur 
Products Division, 17210 Edwards Road, Cerri- 
tos, California 90701. 

Circle 1312 on Reader Service Card. 

new dual-port tnc, 
personal mailbox upgrade 

The new KPC4 Dual Port Communicator from 
Kantronics features two fully-functional VHF 
packet ports, digipeating on each port, VHF 
gateway between ports, and an RS-232 com- 
puter port. Digipeating and gateway operations 
occur simultaneously while you're connected on 
one or both ports. You can bridge two frequen- 
cies on one band and operate crossbands. 

The KPC-4's RS-232lTTL terminal interfacing 
provides universal compatibility to all computers, 
including Commodores and PC compatibles. 
Stream switching provides for access to both 
radio ports, each of which supports AX.25. 

Priced at $329.00, the KPC-4 contains the 
popular Personal Packet MailboxTw feature 
(optional on all other Kantronics Packet Com- 
municators), a 256K EPROM that allows you 
land others1 to leave and collect messages on 

TRAP DIPOLES: 

' C m  I Y W W I M U l  lMl2IS 
.im4 lrn can M o u l l a  r gum 

ALL TRAP ANTENNAS are Ready lo use - Faclory asremblsd 
-Cmmerc~al Ouallly -Handle lull Wwar - Comes complele 
wllh ~IUIB Traps. OBluxe cenler connaclor. 14 ga Slranded 
CDppelWela an1 wlre and End lnsulators k~ lomatc Band 
Sw~tch~ng . Tuner usually never requtred . For all Transm~t- 
lers. Rerslvers b Transcelvsrr . For all class amaleurs One 
ledllne works all bands - Inslrucllons ~ncludea 10 day 
money back qvaranlae' 

SINGLE BAND DIPOLES (Kil form): 

li lo 40 
L, "0 w 5 110 
I, 'M 1W ?bO 

Includes asrembly ~nsltucllons. Deluxe cenler conneclor. 14 
Qa Stranded Copperweld Antenna ware and End lnsulators 

COAX CABLE: (~ncludes PL.259 connector on nach end1 

Ul,',B no 

DELUXE CENTER CONNECTOR . "0 Rub, ellrr lslmwl, . "0 iu lnp l  *,re, U* . NU \olsclm" . Bull! I,, ,l""l"l"l A l t t I r n  
W#!n 5" i l r  RxeLL* . ~ m d , e ,  r .  mn, . r o m n r l n  dud'., 

DELUXE ANTENNA TRAPS: Compielety sealad b 
WBdlnerplwl Solld brass lermlnals Handles Full 

Power - NO pmwrs NO Solderrng 
Instruclmns ~nc ludd 

I 
For 4-Wnd DlWle Anl 

h 40120115110 $36 OOlpr 
For 5-band DoWIe Anl 

Hiph quality roller inductor used in 1 KW HF 
transmitter; 21 non-linear turns of 0.25" 
silver-plated ribbon which forms 4.75"Lx3.63" 
dia coil, approx. 21 UH. Fiberglass end-plates; 
shaft l"Lx0.375" dia. Ola 8 .75~4~5 ,  3 Ibs sh. 
Harris 6938-0505-001. NEW ............ 545.00 
P t l c e ~  F.0.1. Umr. 0.  . VISA. MASTERCARD Aerepbd. 
Allow lor Shlpplng . W I I ~  lor lalert Ca t l l q  S v ~ l e m e n l  

Addratf Owl. HR . PDons 419/221-6573 
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f ARE YOUR REPEATER OR 1 
OTBEI A DDIO LEVELS I up AN. down .7 I 

I TRY THE AGC-4! I -- .DYNAMIC 
R A M  OF - 45dB 
.OUTPUT 
CONSTANT 
+ 2dB 
.SINOLE 

KIT - $28.00 PPD IN US/CANADA 
BARRE'IT ELEC.- 525N 2 150W 

LCR METER wl D Factor 
"...MEASURES BOTH YOUR COIL'S 
INDUCTANCE AN0 LOSS FACTOR"' 

Measunmenl range 

CA RES. +tax 

,YISa I/ p)g 

AMERICAN RELIANCE, INC. 
9241 E. VALLEY BLVD. (800) 654-9838 
ROSEMEAD, CA 91770 CA (818) 287-8400 

FOR MORE INFORMATION 
A m a t e u r  R a d i o  B a l u n s -  

T r a p s - R e m o t e  C o a x i a l  S w i t c h e s  
Or Write To: 

UNADILLA DIV. of ANTENNA'S ETC. 

products 

your system. All other functions of your packet 
unit continue to  be available at the same time. 
Established and operated from your keyboard, 
the mailbox uses familiar commands such as ~- ~ ~ 

SEND, LIST. READ. KILL, and BYE. The 
number of messages is limited only by the 
amount of RAM available in your packet unit. 

The Personal Packet Mailbox option is current- 
ly available for the KAM (Kantronics All Mode), 
the PKC-1, the KPC-2, and the KPC-2400. To 
add the Personal Packet Mailbox option to your 
Kantronics packet unit, contact Kantronia or an 
authorized Kantronics dealer. The option retails 
for $39.95 [plus $2.50 for shipping if ordering 
through Kantronics), and includes a replacement 
plug-in EPROM and an installationloperations 
manual. 

For further information, contact Kantronics. 
Inc., 1202 E. 23 Street, Lawrence, Kansas66046 

Circle #315 on Reader Sewica Cerd. 

new Radio Handbook 
The 23rd Edition of Bill Orr. WGSAl's, Radio 

Handbook has just been released by Howard W. 
Sams Et Company. 

Completely revised and updated, this edition 
contains new material reflecting the latest devel- 
opments in technology, covering everything 
from HF-VHF amplifier design to interference 
reduction for VCRs and video disc players. 

Readers will find schematics, photos, con- 
struction diagrams, tables, and charts right at 
their fingertips, for expert guidance and instant 
reference. Specific topics addressed include an 
introduction to Amateur Radio communications; 
fundamental of communications receivers; fm 
and repeaters; mobile, portable, and marine 
equipment; radio and television interference; 
equipment design, components, and controls; 
VHF and UHF antennas; and transmission lines 
and matching systems. 

Licensed as a radio amateur in 1934. Bill has 
authored or co-authored many books. Editor of 
the Radio Haridbook since 1955, he's written 

hundreds of technical articles, including a 
monthly column in ham radio. 

Bill Orr's Radio Handbook, 23rd Edition, (640 
pages, hardbound) retails for $26.95 and is avail- 
able from Ham Radio's Bookstore. Greenville, 
New Hampshire 03048. Add $3.50 for shipping 
and handling. 

new 900-MHz antennas 
Two new 900-MHz antennas available from 

NCG are specifically designed for operation in 
the 902-928 MHz band. 

The anodized black Model CMW-202N mobile 
antenna, a 5-dB gain antenna capable of a 
maximum of 30 watts of drive power, uses a 
magnetic mount with a double coil whip. The 
=MHz baselrepeater antenna, model CFC7-71, 
is a collinear fiberglass antenna with a gain of 
7.14 dB and maximum power capability of 50 
watts. Mast mounting brackets and hardware is 
included. 

For information, contact NCG Company, 1275 
N. Grove Street, Anaheim, California 92806. 

Circle #3lO on Reader Sewice Cerd. 

new hf amplifier 
Tokyo Hy-Power Labs' HL-2K/A isa compact 

hf amplifier utilizing the popular 3-5002 transmit- 
ting tubes. Similar to their HL-1KIA. i t  features 
a built-in power supply with a heavy-duty trans- 
former that permits continuous key-down oper- 
ation. The amplifier is equipped with two large 
panel meters: one monitors plate current, and 
the other can be switched to read plate voltage, 
grid current, or power output. A delayed cool- 
ing fan system protects the tubes for a timed 
period after the power has been turned off. 
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IWELZ CORP.~ ~~THLcoRP. I  
LOADS WATTMETERS AMPLIFIERS COUPLERS -= 

'- k- * I  - , ,  
* ~ . . .  . * . . ~ . . .  , 

- * * p l y '  

. -~ 7 ,x:--xz"* 

* I  .- 
rim 

- 

7-- - -  

are u 
WEL, 
- .. 

0 1 
'ORTABLES 

I' I1 

MOST POPULAR HAM RADIO ACCESS THL THE INDUSTRY LEADER IN DESIGN AND 
railable from WELZ. WELZ brand easy- i PERFORMANCE add-on accessory VHFlUHF 

to-read power and VSWR amplifiers, antenna couplers 
meters and other high and now HF LINEARS too. 
auality station accessories When power out is 

sed world-wide. / your problem. stop 
Z, good enough to # --- -- - in for the THL 

*be best. brand solution. 

\ 

LOOK CLOSELY AND YOU WILL CHOOSE SANTEC. 
Santec hand.helds are truly the BEST value + quality + 
-*srmance combination available today. A Full 5 Watts 

ut, Multi-mode Scan, 10 Memories and AUTO- 
.ER make the SANTEC a fantastic hand-held radio. 

Try one yourself at your next trip to your favorite Ham 
; Radioshop. 

- - )\ 

\ ROTORS AC 
\ 

WHEN YOU TURN YOUR ANTENNA, 
DO IT WITH KENPRO antenna aiming 

devices and accessories. From light to 
heavy-duty there's a KENPRO for you. NEW 

Satellite tracking AZ-EL units with external computer 
controller interface. 



Measure Up With Coaxial Dynamics 
Model 81000A RF Directional Wattmeter 

I Model mMX)A is a thoroughly engineered, portable 
designed to  measure both FWDIRFL 
C. W. wwer in Coaxial transmission lines. 

'. insertion type wattmeter 

... - . - , ;:,'>z 
meter protected by aihock-proof L, 1 
housing. Quick-match connectors. 
plus a complete selection of plug-in 
elements gives the FRONT RUNNER 
reliability. durability, flexibility 
and adaptability with a two year 

representative or distributor in 
wr worldwide sales network. 

152lO Industrial Parkway ' 3. 
'35 4 

lelex; a- 
-, - 

Service and Dependability.. .A Part of Ever :t - 
,/ 210 

NEMAL ELECTRONICS 
HARDLINE - 50 OHM CONNECTORS - MADE IN U.S.A. 

Mlr -#a WR - #& k r t o t m  
fX.412 112' Alvm~nvm Bhc1 Ixhl 89 N1120 I r u  N 108 8aldln 9913 4 25 
ILCI? 112- Corc Caps! 811 II 159  ' Nt173 N lrmnle fltlaen9913 4 75 
RC78 7 1 8  Corr Coppct 

3 9 2  I 
PL2581M hnphpnol Barrel 145  

NM12AL N Cann 177 Llum (Malew lmmakl 22 00 PL759 Slanaara Plug ID! RG8 213 lO l59Ow 65 
NM I2CC N Cann . 112 C o p m ( M a l a ~  lamale) 22 00 R759AM h ~ h a n ~ l  PL759 10 /790w 89 
NM 18CC N b n n  . I18 C a l m  (Malaor lrmalal 54 00 PL2591S PL259 l a l l on /S~ lm  159  

COAXIAL CABLES 
W 2 I D  Iyp N lot RG8 213.214 3 00 
W838  Nlamale lo PL759 6 50 

knd Ra kDvriptbn I W R  h T L  UC88C BNC RC58 125 
1100 RG 8 95% SheldM MII S w  28 00 32 UG 146 SO239 lo Male N 6 50 
1107 RG895% She ldMfo lm  3000 32 UGl l516 Maple! lor RC58 /591swd~ l  1 0 1 2 0 0 ~  22 
11 10 RC811 955  Sh~ald l m m  81 1500 I1 UC755 S0739 lo BNCLmphan~l 3 75 
1130 RG213fU Md S w  9 6 9 S h r l d  34 00 36 M51.18 TNCRC58 4 35 
1140 R C ~ I ~ I U M I I  S m  - 0 b l  S1111 15500 165  LM9501-I SMIRC142B 8 95 
1180 b l d m 9 9 1 3 L o * L m  4600 50 SO7391M h p h m d  SO239 89 
1105 RGI478/U I l l lon/S8lw 14000 1 50 
1310 RC7l71U 518  5Oohm Dbl Shda  8000 85 

GROUND STRAP - BRAID 
kmd lr k n p l n  P* fl. 

1410 RG223lU MrI S m  Obl Sllwr 8000 85 CS38 J!x 18nwdCOppn 30 
1450 RC114955 ShlddM Md S w  1700  14 6512 112 I r n n d C o p s t  40 

ROTOR CABLE - 8 COND. CS3l6 3116 I t n n e d b o ~ ( ~  I 5  
CS316S 3 / 1 6  Save! Plated 35 

M lr k n r t n  1mR. P m R  
E l 8 2 2  2 18Ga 6-22Ga I 9 0 0  21 GROUND WIRE - STRANDED 
E l 6 7 0  2 16 Ga. 6-70 Ca HedrfDuh 34 00 36 hd l a  D u n v l a  r" fl. 

' Shtpplng $3 00 - 100 11 / Cann 13 00 / C 0 D $2 00 mros 6 Ga mrula la rtranaed 35 

Call ur write for complete price list. Nemgl's 32-page Cable 8 Connector Selection Guide 
is available at no charge with orders of 550.00or more. or at acost of $4.00 individually. 

N EMAL ELECTRONICS, I NC. (305)893-3924 Telex 6975377 

12240 N.E. 14 AVO., NO. Miami, FL 33161 24Hr. FAX (305) 895-8178 

products 

The price of the HL-ZKIA is $1695. For details, 
contact ENCOMM. Inc., 1506 Capital, Plano, 
Texas 75074. 

Circle CJ09 on Reader Sewice Card. 

Lunar returns to market 
Lunar Industries. Inc., of San Diego has re- 

entered the Amateur Radio market with its well- 
known line of VHF and UHF preamps and VHF 
power amps, and has introduced a new line of 
products scheduled for production early this 
year. Glenn Rattmann. KGNA, heads the mar- 
keting effort. 

Lunar recently moved into larger facilities in 
order to accommodate expanded production of 
Amateur and commercial communications and 
television equipment. A network of select deal- 
ers is being established and inquiries are en- 
couraged. For details, contact K6NA at Lunar 
Industries, Inc.. 7930 Arjons Drive, San Diego, 
California 92126. 

Circle C308 on Reader Sewice Card. 

cordless tool for soldering, 
welding, heat shrinking 

The Ultratorch, available now from Jensen 
Tools, is a compact, cordless combination sol- 
dering iron, flameless heat tool, and torch. The 
Ultratorch burns ordinav butane lighter fuel to  
generate infra-red and ultra infra-red heat by 
means of a catalytic combustion system. Tem- 
perature can be adjusted from 394 degrees to 
2372 degrees. Normal settings range from 394 
degrees to 932 degrees F for soldering; to 1292 
degrees for heat shrinking: and to 2372 degrees 
for blazing, welding, and other high-heat appii- 
cations. Solderinglheat ejector, torch ejector, 

fl 211 tapered needle soldering tip, heat tip, solder 
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"The RC-850 Repeater 
Controller 

... still the leader of the pack!" 

autodial slots meet everyone's needs, with up to 
35 digit storage for personal MCI/Sprint codes. 

The RC-850 controller offers your group the most 
advanced repeater control technology available The easy-to-use mailbox lets You include phone 
anywhere. Through ongoing hardware and numbers. times, or frequencies in messages. The 
software enhancements, even our first customers controller is so Wnart. it'll leave You a message lf 
enjoy new features that keep it ahead of the pack. YOU miss a reverse patch or an  alarm. 

'With the '850. your repeater becomes fully Selective call capabilities range from CTCSS and 
remotely programmable. From command codes two-tone to display paging, so you can always be 
to the repeater's operating schedule. virtually available without having to listen. Voice 
everything can be easily changed. Touch-Tone response telemetry lets you remotely meter your 
programming from your radio or the phone \nth site. Its continuous measurements with storage 
synthesized voice readback. or programming of updated min and max readings let you find out 
from your home computer via modem or packet. how cold it gets, how high the reflected power 

The autopatch supports local and radio-linker1 
reads. . . and when. 

remote phone lines, extending your patch Individual user access codes, with callsign ID. 
coverage to match your RF coverage. You don't offer secure access to selected functions to 
even need a phone line at your sitel The 250 completely prevent horseplay. 

The industry's top-of-the-line controller, now 
better than ever, for your repeater. 

(408) 727 3330 

Torold Corer. 
Iron Powder 
6 Ferrite. 
Ferrite Beads. 
Ferrlte Rods. 

I Free catalog and wrnding chart on request. I 

CIRCUIT ANALYBIS 
COMMODORE 64 

ADVANCED LNCAP64 V4.1 

R? and Microwave Clrcult Analysis can 
caslly ba performed using U W 6 4 .  
Dasiqn and analyze R? clrcults 
contalnlnq B,Z ,Y  and A0CD-parameters; 
R,L,C'S, trdnmmlSSLon Illtea, coupled 
llnes, stubs and n n y  other clement 
blocks. Includes parallel and serles 
branchlnq and network co8blnlnq; 
scnsltlvlty and full op6lmlzatlon. 
Perform completa stablllty analyals for 
actlve networks. Also Includes flltar 
and latchlnq network dealqn program. 
print results to screen, dlsk or 
prlnter. Includes fllc sdltor rlth 
lnstructlons and examples. 

V4.1 ONLY e36.95 
plum 62.50 for SLH 
(up qrades 815.00) 

BnA softwaee 
1234 Rouaseau Drlve 
Sunnyvale, CA 94087 

1401 132-9415) 
M.O. or Check Accepted. 

PRESENTING 
THE FINEST 432 MHZ 
ANTENNAS AVAILABLE 
EME-WEAK SIGNAL-TROPO-ATV 

THE FO-22 15 8 DBD MEASUREO GAlN 
22EL 14FT $74 64 

AN OUTSTANDING ANTENNA FOR EME-WEAK 
SIGNAL-TROPO 

THE RIW-19 14 9 DBD MEASUREO 
GAlN 19EL 13FT $69 95  
FOR EME-TROPO-ATV 

Assembly nme 1 hr per anlenna 
Add $6 UPS SIH for s~ngle or paor of antennas. I west 

01 the M~ssossoppo PA res~dents add 6% state lax 

ALSO NAILABLE Power D~voders-Stackong frames 
Wrote for details and Proce Sheet 

RUTLAND ARRAYS 
1703 WARREN STREET ,, 215 

NEW CUMBERLANO PA 17070 
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products 

A. MI-n AaaalaNa 10 GHz Gunnplarar. Two 
mmmunlenllon .vslmm lor rolce. mew. rldw 01 da .. . 
MA87141 1 (palr 01 10 mW Innscalvmrs) $251.95 Hlyll.l ur.ll. ' 00  mWl armllable. B Mlcro 
ware As~~Is1.s 24 OH2 Qunnplexmr Slmllar eharaclarlsllcs l o  10 OHz unll MA878aO.4 loalr 01 20 mW 
I~.~.C~II~RI 5739 20 c mle  suowrt  modulm I. d.slmn.d lor use wlth the I ~d ...~ - - . - - ~ - ~ ~  ~~ 7 7 

prorldes all o l  the clrcultry tor a lull duplex audlo Iranscelva system. The b 0. 
3DMHz Im malver, modulmlon lor rolee and mcw operalion, Gunn diode rw Y. 
Matar outpula are pm4d.d lor monltorlng me l rnd  s l~na l  Iwele, dlscrlmlnalo~ '9 
vollags. RXMRWVO assambbd and tealed 1119.85. D. Complete, nady l o  u.- LVIIIIIIY,IIL~IIVII .)I..v m 
lor voice or mcw oprmllon. Ideal lor mp#alar llnklng. A power supply capable 01 dallvsrlng 13 volts dc 
at 250 mA (lor a 10 mW venlon), mlcmphone. and headphone andlor loudspeakar am the only addltlonal 
Items n d d  I w  oparmtlon. Tha Qunnplexar can be ramorsd lor nmols  movnllng l o  a lowar or 2 or 4 
loot parabolic antenna. TR1ROA (10 QHz. 10 mW) S388.95. Hlghn pomr  unlts avallabla. TRZIGA(24 OH& 

20 mW) $638.85. A l w  mrallable: horn. 2 and 4 I w t  par .  
'-'lc anlannas, Qunn, ramclor and detector diodes. 

rncsc ~rch and lock systems, oscillator modules, waveguide. 
we.. ate. Call or wdla lor addlllonml Inlormallon. Let 

:eivs R lake pu h g h a  *rlth quallly 10 and 24 QHz ewbmanll 

0 0 8  

U S  

llat 
ARI 

tSeQI. l l  
rlington CT 06013 

1A87141 end 
loard contaln 
~ulator and VI 
r output and b 

8 

ANTENNES 

/MAY ///,'// , / 52 S l o n e w y c k  Drive 
Belle M e a d .  ~ e w  J e r s e y  08502 

I V A R S  - KCZPX 
MARA - S A L E S  

- - . . . . - . . . - . . - - . . - 
7PM - l O P M  ORDERSITECHNICAL  C A L L  FOR CATALOG V ISA IMASTERCARD 
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sponge, t i p  cleaner and  spanner w rench  are all 

included. 

For more information and  free catalog, con-  

tac t  Jensen Tools, Inc., 7815 S. 46th  Street, 

Phoenix. Arizona 85044. 
Circle IJ)7 o n  Reader Service Card. 

new mic 
Shure Brothers Inc. has introduced the Shure 

Prologue 2L, a n  economical dynamic micro- 

phone for  gooseneck applications. 

Priced at  540, the Prologue 2L provides a wide- 
range frequency response w i th  a low-end rolloff 

and high-end presence boost for intelligibility and 

clarity. Other features include a long-life, easy- 



access momentary push-to-talk switch, a tight 
cardioid polar pattern for effective rejection of 
feedback And background noise and chrome- 
plated metal casing. 

For information, contact Shure Brothers Inc., 
Customer Services Department. 222 Hartrey 
Avenue. Evanston, Illinois 60202-3696. 

Circle KUl6 on Reader Service Card. 

two new KulglassTM 
antennas 

Larsen Electronics has added two new models 
to  its line of patented Kulglass antennas: the 
KG-@ and the KG-900. The two new anten- 
nas offer the same features as the earlier KG450 
and KG-825, but extend Kulglass"" convenience 
and performance to the 440-450 and 902-928 
MHz bands. 

The Kulglass tuning assembly is placed on the 
outside surface of the glass - a car windshield, 
for example. This allows a low-impedance power 
transfer through the glass. 

The K G 4  is based on a single half-wave 
design that offers unity gain performance with- 
out a ground plane and up to 2.4-dB gain in a 
typical vehicle installation. 

The antennas are fully adjustable to vertical 
for practically any window angle. This permits 
their resonant design to attain a low VSWR, a 
low radiation angle, and maximum omnidirec- 
tional range without a ground plane. This is 
especially important with the KG-900 because 

. 

Barry Electronics Commercial Radio Dept. offers the Best in two-way communications for Busi- 
nesses. Municipalilies. Civil Defense. Broadcasting Companies. Hospitals, etc. Sales and Service 
for all brands: Maxon. Yaesu, Icon. Tad. Octagon. RegencyIWilson, Mldland. Standard. Uniden. 
Shinway. Fujitus. Seas. Spillsbury. Neutec, etc. Call or write for information. 212-925-7000. 

-UP YOUR ERP- 
For HT owners operat~n 1ns11le a v e h ~ c l e  and Wanting 

Increased TIR range RF P W O D ~ C T S  has the low Cost 
+olb~llnn - - . - . - . 

Remove your BNC antenna from the HT and mount on 
the RF PRODUCTS BNC magnet mount, install the magnet 
mount on the roof topand connect the BNCco-axconnector. 

The r n l n n ~ l  rno~~ntlnarl no 1W-4451 has 10feetof small 
( 5 1 3 2 ~ 1 c ~ ~ ~ ~ t h 8 1 u ~ ~ o n n e c l o ~ a t t a c h e d a n d  ~sprqcea at 
S15 95 (lnclua~n shnpplng by UPS lo 48 stales) 
TO ORDER sods15 95 money order orcashlen check only 

Fla. rasidentsadd S%tax.lor air UPSadd $1.50 

TheRF PRODUC~S Magnet Mounts areoneol the few magnetlcantenna mountsavatlable 
that can berepa~redshouldlheco-axcable bedarnaged Theco-ax cable connector Includes 
ashrlnktubfngstraln re1 el lor ongllfeal Iheconneclorlcableflex polnl (anRF PRODUCTS I 
exclustve on all cable assemblies). I 
E~ght othermodelsava~lable w~th lhreeeachcho~ceolantennaconnectors,co-axtypesand 
transce~ver connectors (BNC. 1-118-18. 5/16-24 8 RG-122U. RG-58AJU. mlnl 8X 8 BNC. 
PL-259, type N) 

r /  200 
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of the multipath signals and low power used in 

I SAVE YOUR EARS I 
this band. 

Both antennas feature a removable w h i ~  

* 
MODEL 12 

N Fhla 
CW Processor 

MFR 

HCUP Re OUT urn 
M a  

- 

8 

H ildreth Engineering :gn=.,O. FJox 1799. Vancouver, Washing- 

WITH THIS HANDY 
SIGNAL ENHANCER 

See Article in HR's 
December, 1986 issue 

Q16ArdeaMW sMyvde.cA94086 Clrcle #305 on Reader Service Card. 
0 0 

(which can come in handy in zero clearance sit- 
uations, such as at the car wash) and Larsen's 
exclusive Kulrod T~ plating. The antenna kits 
include 14 feet of premium RG-58 A / U  dual- 
shield. low-loss coax and choice of connectors. 

For further information, contact Larsen Elec- 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repalr facil i ty on 
the  East Coast. 

Large parts inventory and factory 
authorized warranty service for 

Kenwood, lcom and Yaesu. 

SEND US YOUR PROBLEMS 
Servrcfng "Hems " for 30 years, no r fg 

too old or new lor us 

iGS,om 
4033 Brownsville R o a d  

Trevose, Pa. 19047 

21 5-357-1 400 
m 

1 TO 1000 MHz 
SWEEP GENERATOR 

RMSWG - 4 
$175 .00  

. SWEEP VARlARl C 1-250 MHz WITH 
LESS THAN 1 I10 AMPLITUDE 
VARIATION . AFTER WARM UP STABLE + 100 
KHz FOR 5 MINUTES 

115 VAC INPUT 
J ni 

ROENSCH MICROWAVE 
R.R. 1. Box 156B. PM: 016%3-2550 
BRWKFIELO. MISSOURI 64628 

HFIVHF packet radio 
controller with tuning 
indicator 

MFJ Enterprises' latest TAPR TNC-2 clone, 
the MFJ-1274. ($169.95) works not only for VHF 
but also for HF, OSCAR, and other non-fm pack- 
et. MFJ has made the 1274 modem-selectable 
for both VHF and HF operation, added their pre- 
cision 20-segment LED tuning indicator, a TTL 
serial port, an easily replaceable lithium banery 
for memory back-up, and a new cabinet. 

All you need to  enjoy packet radio is an 
MFJ-1274, your rig, and any home computer 
with an RS-232 or TTL serial port and terminal 
program. 

If you have a Commodore 64, 128 or VIC-20 
you can use MFJ's optional Starter Pack to get 
on the air immediately. The Starter Pack includes 
interfacing cable, terminal software on disk or 
tape and complete instructions . . . everything 
you need to get on packet radio. The MFJ-1282 
(disk) and the MFJ-1283 (tape) are $19.95 each. 

Wnh the MFJ-1274, you'll never have to worry 
about your TNC's becoming obsolete because 
you change computers or because packet radio 
standards change. You can use any computer 
with an RS-232 serial port with an appropriate 
terminal program. If packet radio standards 
change, software updates will be made available 
as TAPR releases them. 

With the addition of a suitable external mod- 
em, speeds in excess of 56 kilobaud are poaible. 

The MFJ 1274 features AX.25 Level 2 Version 
2 software, hardware HDLC for full duplex, true 
Data Carrier Detect for HF, multiple connects, 
256K EPROM. 16K RAM (expandable to 32K 
with optional EPROM), simple operation, and 
socketed ICs. 

You get an easy-to-read manual, a cable to 
connect your transceiver (you have to add a con- 
nector for your particular radio), a connector for 

SS8 ELECTRONIC TRANSVERTERS 6 PREAMPLIFIERS 
LT 25 144178 X V R I I I  ?OW GaAslel OHM TWA 
LT33S 902;IM Pvrlr 20W GaAslel 
L123S 12%1144 Xvrlr 10W GaArlel $549 
MICRO-13 230.11144 XVRTR 0 5W GaArlel . . . 5419 
MICRO-X 103681144 Xvrlr 0 1W GaAsleI . . . $599 
OX Series low notse GaAslet preamps hom$l?9 
MV Serlvs mas1 mounled GaArlel reampdl99 

setles rr cnvlrr GaAslel LIWhPfrom S I R  

TRIWMRTERS UNLIMITED 
1220128 220 Mhz Xvnr 28 or 513 IF. 20 w . . .  UM 
1144128 144 Hhz Xvrtr 28 or SO IF. 25 W ... $199 
PA237M) 1296 Mh2 2 rube PA. 2WW + . . .  fm 
PA23150 1296 2lube PA. 150+ W . . . . .  $449 
PA1325 2304 ltube PA. 25+ W ...... . . .  1429 
HF4W High power relay 2Ku al 144 MU... $129 
RK500 Medlum power relay 1KW a l  144 M M  69 
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T R A N M ~ S  ~ ~ ( u m r r ~ o  nws PEERS MJCIIU) 
BOX 6286 STATION A 1416) 7595562 
TORONTO. ONTARIO 
CANADA M5W 1P3 

"INSTANT" 
MORSE CODE 

Beginners: 
Deliciously Easy 

Experts: 
Automatically Fast 

CURLYCODETM MANUAL 
ONLY $6.50 

Guaranteed 

# 223 

MlndS eye Puallcatlons. oept. HZ5 
,,lNDs. suite 115.199 

1350 Beverly Re. *ye MCLean, VA 22101 

IF YOU BUY, SELL /- 
OR COLLECT 
OLD RADIOS, 
YOU NEED ... 
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Antique Radio's I&/ 
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4'* 
DUAL BAND ANTENNAS FOR 

C* ULTIMATE PERFORMANCE!! 

Model Description Sug. List 

2X4Z Base/Repeater 200 Watt $1 68.95 
Gain 146 MHz 8.2dB,446 MHz 1 1.5dB 

2X4SR Mobile with Mag. Mt. 150 Watt 71.90 
Gain 146 MHx 3.8dB,446 MHz 6.2dB 

2X4SDY Mobile with Mag. Mt. 100 Watt 65.95 
Gain 146 MHz 2.1 5 dB, 446 MHz 3.8dB 

HT 702 146/446 MHz Hand Held BNC 50 Watt 29.95 
(37-71 Base/Repeater 920 MHz $1 15.95 

50 Watt 7.14 dB Gain 
C202N Mobile 920 MHz with Mag. Mt. 72.95 

5 dB Gain 50 Watt 
1 234E Base/Repeater 200 Watt $1 78.95 

Gain 446 MHz 8.5dB, 1.2 GHz 10.1 dB 
124X Mobile with Mag. Mt. 100 Watt 104.95 

Gain 446 MHz 2.5dB, 1.2 GHz 3.5dB 
1221s 1.2 GHz Base/Repeater 100 Watt $1 58.95 

Gain 15.5d6, 21 Step colinear 
1210M 1.2 GHz Mobile with Mag. Mt. 50 Watt 76.95 

Gain 8.8dB 
41 5M High power duplexer 146 MHz 400 Watt 59.95 

446 MHz 250 Watt 
41 2N UHF/GHz Duplexer 446/1400MHz 68.95 

Max. 70 Watt 
/ 226 

1275 NORTH GROVE ST. 
ANAHEIM, CALIF. 92806 Dealer prices may be 
(714) 6304541 different than list. 
CABLE: NAKQL.QL.7 
FAX (714) 6367024 Prices and specifications subject to 

change without notice or obligation. 
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PC Board for above only, delivered.. ,324.99 
Ten-Tec Designer Cablnet for above.. .$12.M) 

......... KSCW Memory Contest Keyer.. .$109.00 
Oscar 10 Demodulator. .$139.95 ................. 
1M) kHz to 60 MHz Converter for 

.................... Y ~ S U  FRG-9300.. .$84.85 
...... Llghl Pen forTandy 1000,dellvered.. .532.95 

................. BASIC KIT- ww 75M SSB XCVR.. .$169.95 
1 -rotary inductor 2Brh. .$53.60 Factory Wimd .......... 
2.6:l ball drives.. .$6.00 ea. Nel-Tech DVK-100.. ................... .=49.@3 ............ 
1 0-100 turns counter. ,559.50 BBW PT-2500A Amp. .Call ...................... .......... . 
2 -variable capacitors WANG W P W  Portable Word Processor.. .5319.00 

......... 25245 pf 4500 v.. .S28.00 ea. Addl4.W UPSShlpplng D.rton 351952 
OPTIONS- 1987 catalog $1.00 
enclosure (pictured in Sepl. 88 CQ).SBO.W RADIO KIT P.O.BOX~~&H 
4:i balun kit.. .$18.75 Pelham, NH 03076 (803)695-2235 .................. 
dblr, tsrmlnalr, ehrulr, clnlnlc mndlr, hwdwam, loroids. arnp componsnlt. B&W coll stock., dc. 
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POCKET SIZED" 
1-502 MHz 
FRFOUENCY COUNTER 
BUILT. TESTED. AN0 
READY.TO-GO1 

ONLY $49.95 hepaid 

HAND HELD" 
1-1300 MHZ 
FREOUENCYCOUNTER 
BNC INPUT CONNECTOR 

ONLY $79.95 Prepaid 

PICK UP THOSE WEAK 

6.1 
SIGNALS1 FULLY 
ENCLOSED PA.19E HAS 
5.204 MHZ RANGE 
POWER SUPPLY OPTION 
AT NO CHARGE WITH 
THIS PREAMPLIFIER 

Without case..  . $9.95 
ONLY $24.95 Prepaid 

PA-20E PRE.AMP 
FULLY ENCLOSED 
WITH A ~c .1000  MHZ 
RANGE AND POWER 
SUPPLY OPTION . .'20L. 

ONLY $34.95 Prepaid 
Without case.. ,319.95 

a 
/ 229 

Speoly type of radlo when ~ d e r l n g  pre-arnplol~ers 

DlGlTREX ELECTRONICS 
division Of W e s t  C o a s t :  
10073 N o r t h  Maryann Call Ray Lukas 
Northville. MI 48167 805-497-2397 

P-ai C M F L S  m* 0,mrs Uas1"m.m or v r s  .ace 
w l m e  Or can m a C 0 11 P W N E  (313) 3.E-7313 W W '  
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products 

the TTL serial port and a power supply for 110 
VAC operation (you can use 12 VDC for port- 
able, remote or mobile operation). 

The MFJ-1274 comes with a double guaran- 
tee. If ordered directly from MFJ, it may be 
returned within 30 days for a prompt refund, less 
shipping. The MFJ-1274 is also covered by 
MFJ's one-year unconditional guarantee. 

For more information, contact MFJ Enter- 
prises, Inc., P.O. Box 494. Mississippi State, 
Mississippi 39762. 

Circle Bll on Reader Sawice Card. 

computer control of rf 
monitoring 

The CR 202, a sophisticated new receiver dis- 
tributed by Ace Communications, allows 
monitoring of any frequency from 25 to  550 
MHz. plus 800 to 1300 MHz. 

With both narrow and wide band reception 
modes in fm and also a-m, the receiver, priced 
at $445, is excellent for general monitoring and 
surveillance reception of a wide variety of 
services. 

Uses for the unit include general off-air 
monitoring, spot frequency monitoring and 
stength measurement, selective multi-frequency 
analysis, spectrum surveillance, and detection 
of unwanted transmissions. 

An optional digital control accessory permits 
the user to interface the receiver to any com- 
puter equipped with a standard RS-232C port. 
The resulting computer control permits virtually 
unlimited channel monitoring and activity analy- 
sis with normal communications, text editing, 
and data base software. A dedicated menu driver 
software package and a full line of accessories 
are available. 

For information, contact Ace Communica- 
tions. Monitor Division. 10707 East 106th Street. 
Indianapolis, Indiana 46256. 

Circle 1304 on Reader Sewice Card. 
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UES "F new battery packs 
Two new battery packs for King Radio Corpor- 

ation products are available from Centurion Inter- 
national Inc. No. Kt30105 is a 9.6-volt, 800 MAH 
nickel-cadmium rechargeable battery pack; No. 
AL0514 is a 13.5-volt, 2100 MAH throwaway 
alkaline pack. For prices and details, contact 
Centurion International, Inc.. P.O. Box 82846, 
Lincoln. Nebraska 68501. 

Circle 1303 on Reader Sewice Card. 
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THE ARRL 1987-1988. 
.REPEATER DIRECTORY! 

OVER 12,000 LISTINGS 
Novices will find the 220 and 1270 MHz listings a must. For those interested in packet radio and 
other modes there are almost 1,000 digipeaters and specialized repeaters listed. You'll find 
much other useful information including a CTCSS (PL) Tone Frequency Chart, addresses of 
members of both the ARRL VHF-UHF and Repeater Advisory committees, band plans, 
information on how to operate through repeaters, compilations of frequency coordinators and 
ARRL Special Service Clubs. Available in the handy pocket-size (3% x 5% in.) that was 
introduced last year. 16th Edition, copyright 1987, $4.00. Shipping and handling $2.50 ($3.50 for 
UPS). Off the press in late April. Purchase at your dealer or directly from: 

The American Radio Relay League, Inc. 
225 Main Street, Newington, CT 06111 

i , 
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products 

Super ComShack 
On January 1, 1987, Engineering Consulting 

shipped the first Super Com Shacks 64's to 
previous purchasers of the Com Shack 64 
Duplex/Simplex ham shack and repeater con- 
trollers. The first units shipped were designed 
to upgrade existing systems to allow the features 
found in the new "Super" version. 

New features of the "Super" version include 
a unique code practice mode, speed dial data 
entry of command strings consisting of multi- 
ple commands, and nine complete sets of ac- 
cess codes which can be changed at any time 
remotely from an HT or telephone, allowing 
instant repeater access code changes, which can 
reduce unauthorized use of repeater functions. 
The system autopatch supports up to 310 stored 
telephone numbers; ten emergency numbers 
may be accessed instantly with two digit com- 
mands. The balance of the 300 numbers may be 
stored via touchtone and recalled at any time. 

Three hundred callsigns can be programmed 
into the new Super ComShack. In the "directed 
page mode," an unlicensed person can call the 
repeater telephone line and receive a voice mes- 
sage identifying the repeater and requesting in- 
put of a three-digit code. A valid code will 
voice-page the selected callsign over the repeat- 
er. If the page message is answered by the 
Amateur with the proper answer code, the call- 
ing party is then put "on the repeater" and a 
normal conversation can take place. If a control 
operator needs tagain access to  the repeater. 
it can be done via telephone or touchtones from 
an HT. 

The Super ComShack system offers dual re- 
mote base capability, which allows both UHF 
and HF radios to be input or linked to the main 
repeater. Total control of the link radio is provid- 
ed through the use of serial data. Software is 
included to control the Yaesu FT-757. Fl767, 
FT980, and FT-727; the Kenwood TS440 and 
TS940; the TM7111811; and Icom's lC735 trans- 
ceivers. New radios are being added as manufac- 
turers provide samples for serial data programs 
to be tested. 

A new system - dubbed the "Ultra" - is 
currently under development. Compatible with 
the "Super." the "Ultra" will link several sys- 
tems together, allow for Packet input, and in- 
corporate other advanced features. 

The Super ComShack is available from Engi- 
neering Consulting. 583 Candlewood Street, 
Brea, California 92621. 

solder 14 different metals 
- with a match 

Ouick Silver is a new silver-bearing bonding 
paste that flows at 430 degrees F using a match, 
butane lighter, or soldering gun - not 1MO to  
1300 degrees F, as in conventional silver solder- 
ing. Quick Silver has a tensile strength of 18.000 
to 22,000 psi compared to only lead solder's 
3,000 psi. 

Quick Silver is furnished in a syringe-type 
applicator that enables the user to  apply the 
paste first and then hold and apply heat. Suit- 
able for electrical work where high conductivity 
and strength are required, it conforms to pure 
food laws (i.e. contains no lead, zinc, cadmium 
or antimony) and provides a good color match 
to stainless steel. It won't darken or tarnish. 

Ouick Silver can be used on brass, bronze, 
chrome-plated steel, chrome-plated copper. 
copper, gold-filled and gold-plated materials, 
molybdenum, nickel silver, silver, stainless steel, 
steel, sterling silver, 800 silver, tin, and zinc. 
Priced at $9.95 plus $2.00 postage and handling, 
it's available from E.L. Jones Company, P.O. 
Box 849, Sanford, North Carolina 27330. 

Circle 1302 on Reader Service Card. 

DX nets, beam headings 
OX Net List Around the World provides full 

information about all active DX nets and updates 
the DX Net List for 1987. Previous editions of 
the list - with information about DX Nets that 
might be reactivated as conditions allow - are 
still available. 

OX Beam Headings Around the World shows 
bearing, distance in miles and kilometers. and 
reverse bearing for your OSO partner), for both 
shortpath and longpath, for more than 450 lo- 
cations throughout the world. Special care has 
been taken for the Antarctic. USA, USSR, the 
Peoples Republic of China, and the Pacific 
Ocean. 

For information, contact Ing. Christian Hohen- 
wallner, OUCHN. Gneisfeldstrasse 5, A-5020 
Salzburg, Austria or Dieter Konrad. OEZDYL, 
Bessarabiemrasse 39, A-5020 Salzburg. Austria. 
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Solid Brass 
MORSE KEY KIT 

;, z 

Preclsii~ri f.nqlliP?rrd and l ah r~ca t~d  by A A Kent 
IEnq~nerr~ l  Fnqlantl 
Ratf tar? bear~nq? tor smooth Iroubte-tree 

. S eflot~naricP 
o l ~ d  stlvet contacts . Machtned hardwood we~ghted base wtth non-sltp 

lPPt . Easy assembly 
Exclusive U.S. Oistrlbulor: 

Tolal Electronic Concapfs ITECl 
Post Ol l~ce Rox H 400 L~ncoln. MA 01773 

16171 2590125 
Introductory Price KIT S4995 

ASSEMRLED 559 95 
elus f500poallga and handllnq Msuachutcna rerld8nts add Soo 

n" 

Plaasa send MSt lor lutfhcr lnlwmalion f l  231 
A 

A 
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SERVICE C E N T E R  
for 

ICOM, KENWOOD 
a n d  VAESU 

Fully equipped repair shop Amateur, 
Marine and Land Mobile repairs. 

FCC NABER LIC 

Mon-Fri 10:OO-4:00 pm 
(206) 776-8993 

PACIFIC RIM 
COMMUNICATIONS 

Bob KG7D 
23303 56 th  Ave. Wes t  

Moun t l ake  Terrace. W a  98043 =, a a C.0.D.S. Welcome f l  232 

7 MILLION TUBES 

FREE CATALOG 
lncludes all Current, Obsolete, An. 
tique, Hard.To.Find Receiving, 
Broadcast, Industrial, RadiolTV 
types. LOWEST PRICES. Major 
Brands, In Stock. 

UNITY Electronics Dept. H 
PO. Box 213 

Elizabeth, NJ 07206 f l  23 

SUBSCRIBE AND RENEW 

TOLL-FREE 
., - - r 

ham - 7" r- , 
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maqazme . 
Fi% - I 
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1 YR - $22.95 2YRS - $38.95 

3 YRS - $49.95 
Prices U.S. only 

' MASTERCARD 
&p 

VISA BILL ME 
Please have your charge card ready 

DATATE L 800 " 

800-341-1522 
Weekdays 8 A M  - 9 P M  EST Saturdays 9 A M  - 5 P M  E S T  

IN M A I N E  C A L L  C O L L E C T  (207) 236-2896 

OUR 800 NUMBERIS FORSUBSCRlPTlON ORDERS ONLY! 

For Errors or Change of Address CALL ham radio 
direct at (603) 878-1 441 8-5 EST 

< 
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137 TelCom 
178 Telewave In 
202 Teslware 
127 Tex.15 Radio Produels 
1 I 6  Thermar Co 

- 170 ToronleI Tec 
231 - Tolal Eleclro 
165 Trnnsleleron~c Inc 82 
222 Transveners Unlnm~led 122 
233 Unlly Eleclronlcs 

' UnoverSlly Mlcrofll 
180 uvcomrns 94 
198 Vanguard Labs 108 
109 Varlan 16 
183 W9lNN Antennas 94 
162 Websler Commun~cal~ons 80 
166 Weqtern Eleclron~cs 82 
236 Y ~ P S U  Ekclronnc~ Corp Clll 
115 E H YOSI CO 24 

PRODUCT REVlEWdEW PRODUCTS 

304 Ace Commun!callons 124 
- 303 Cenlurlon lnternallonal Inc 124 

309 Encomm. lnc I16 
127 
1 I 4  

307 Jensen Tcmls Inc I I 8  
302 E L Jones Company 127 
315 Kantronlcs 116 
305 - Lamen Eleclronncs 121 
308 Lunar llduslr8es lnc 118 
31 1 - MFJ Enlerprlsss 122 
310 NCG 116 

OE2CHN OEPDYL 127 
306 Shure Blolhers Inc 120 
317 Y a e ~ u  USAAmale 115 

'Please c o n t a c t  th is  advert iser direct ly.  Limit 15inquiriesper requesf  

Please use b e f o r e  J u n e 3 0 ,  1987. 

I 10 CHANNEL SCANNER 1 
Hear the Action As It's Happening! P~ck  
up a l l  t h e  l ls tentng e x c r t e m r n t  l n c l u d ~ n g  
flre, pol~ce, weather,  and m o r e  ... with t h ~ s  
p o c k e t - s u e ,  h a n d - h e l d  Bearca tmScanner .  
R e b u i l t - l ~ k e - n e w  by t r a ~ n e d  techn~c ians ,  
th is  Model 50XLcarriesaE)O-Day Limited 
Vendor Warranty on Parts and Labor. 
O r d e r  now at  a LOW liquidation pr ice!  

Scans 10 Channels O v e r  10 B a n d s  
C o v e r s  Frequencies 29-54. 136-1 74: 
406-512 MHz. Scans 15 Channels Per 
Second. Built-In 3 Second Delay. C u t s  
M~ssed Transmissions. 
K e y b o a r d  Lock Prevents Accidental I ln lormat ion  Entry 
F r e a u e n c v  LCD. Sauelch. Volume. Lock- I 

I 
. ,~ ~ 

o u t  and ~ k v i e w  ~ o n t r o l s . '  
6'/2" F l e x  Antenna.  Bel t  Clip. Uses 5 " A A  
Batter~es (Not Included).  

Compare At  . . . . . . . . 
UquMation 
Priced A t  . . . . . 

I I t e m  H-2256-7146-384 S I H :  54.00 ea. I 
I CmM card mrnbm u n  ordr by 

h e .  24 h a n  day. 7 dar. w&. I 

I - - - - - - - - - - -  
SEND TO: Item H-2256 
C.O.M.B. D l r d  MatIteHng Corp. 
1405 Xenlum Lane NIMlnneawlis. MN 55441-4494 I 

I Send Baam.1. Hand-Held Scanm(l)  llem H-2256- 
7146.384 a l  5139 each plu\ 54 each lor shlp, handlmng 
(Mlnnesnla rrsldents add 6",5 salrr u x  Sorry. no COD 
order5 I I 
O My check or money order 0% enclosed IN0 delays an 

process~ng Olderr pat4 by check 1 

PLEASE 
CHECK F-' 0 
ACCI NO E.~L 
PLEASE PRINT CLEARLY 

Name 

- ,  - 

Stale ZIP 

Phone I I 

Svgn Here 
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NO Daffy Deals - 
find You'll US i n  

Just Duckie Discounts Dayton, 
April 24-26 

' IA L 
ACF , 

13b4fi Jetlelson Davls Hlghway 
woodbrldqe. vlrglnla 22191 , fi 

Informallon (7031 643-1063 
Servlce Depl (703) 494-8750 
Slore Hours M-Th: 10-6 

F 10-8 
Sat 10-4 

Order Hours- M.F 9-7 
Sat 10-4 

EGE NEW ENGLAND 

M I ~ I  Handhelds ' lnlo & Serv~ce (603) 898-3750 ' 
for 2m I440  MHz HF Transc~ver with 

rlr call 800-336.4799 General Coverage Receiver 
Slore Hours MTWSat: 10-4 

ThF Noon-8 
'order L we'll ccedtt you $1 lor thecall 2m1440 MHz Mob~le 

lnlo R Servtce 1104) 882-5355 1 

Terms: ho personal cnecks acceprsd 
RICCS do not rnclude sh!pptng UPS 
con fee $2 35 pe, package Pnces are 
suofecl lo coange v,lhoul nollce or 
oo!,ga~ton Prod~cls are nor sold lor 
P Y Z ~ U ~ O O O  Aulharrzed refurns are sub- General Coverage Receiver 1 
,PC! lo  d 13% reslOtk8ng and handlrng , 
lee and credlr r r l l  be trsued lor use on 
rou, next purchase EGE ruppwls the 
manulaccrers' warraotres To pel a 
ropy of a warranty pnor 10 purchase. 
call curlomer sernce a1 703-643- 1063 ~ ~ ~ e ~ a l  Coverage Receiver 
,and 11 w811 De fsrnlrhsd a1 no cosl All mode 150 kHz-30 MHz 

Spring Buyer's , 
G u i d e l C a t a l o g  1 

, A v a i l a b l e - S e n d  $1. I FM 2 4 0  
Compact 7m Moblle Rad~o 

Scann~ng Rece~ver IC 02AT103AT104AT 
Amateur H F  Bands ,or 60.905 MHZ FMIAMISSB, Hdndneld lor ~m12201440 General Coveidge Receiver 
Cushcrall. But lernul  KLM. 

ALINCO 
Mosley. Hy-Gain. M I ~ I -  

Rad~os Now In Stock 

Producls. B&W. Van Gorden. 
Hustler. Larsen. Anlenna 

SONY 
Special~sls. Centurion. Smiley 

PANASONIC 
UNARCO-ROHN Packet Controllers AMPLIFIERS 

Recetvers 

Antennas in  Stock TRI-EX Kanlronlcs and MFJ Voconi Oa~wa. Tt Syslems. 
Amp Supply. M~rage. Allnco. 

REGENCY 
lor Mobiles. Base Stat~ons. 1 

I HY-GAIN Amateur Software Amerllron. ~ o k y a  ~ y - p o w e r .  
BEARCAT 

and Handhelds Scanners 
Ask lor package quotes on Ham Data Software for RF Concepts 

Everything from mini rubber complete lower assemblies 'I Commodore Compulers MIDLAND 
duckies to huge monobanders ,including Ph~llystran. guy I Ask tor Descr~pl~ons ANTENNA TUNERS CB Radios 

wire, anlennas. rotalors. etc. Amp Supply, Amerilron. MFJ COBRA 
I ASK FOR PACKAGE ' RTTYlMOrSelAmtor switches, couplers. Filters, CBs. Radar Detectors. Phones 

DEALS ON ANTENNAS ROTATORS Hardware and Software and ~ ~ ~ ~ ~ ~ t ~ ~ ~ ,  Mikes. Keyers, 
AND ACCESSORIES Kenpro. Alliance, Da~wa. packages by Kanlronlcs. Paddles. Headsets, Clocks. UNIDEN 

Telex Hv-Ga~n M~croloa. HAL. MFJ. & more Books. Power Supplles CBs. Radar Detectors - - , -- 
Also. . . - L Radar WHISTLER Detectors 

Anlennas for Scanners CBs 
Marlne Commerc~al and 

.J..&.-LW 2 4 F  2- && *&  *t& Southwestern Bell 
I Short Wave Llslenlng I 

More Details' CHECK-OFF Page 1 3 0  

Telephones 
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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 
color video 

I receive and 
world-wide! 

send L L I = I I I I I I I I I I I I I  

_r 0  % .  -. 

- I' 
1 ~ ~ I I I I ~ ~ ,  , I 
'.lllll - s - 4  'I' 

Add a v ] B o r ~ d e o  Pansceiver 
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 
the high-tech fun with- 
out modifying your 
present equipment. Just 
add a Robot to your 
station! 

See us In Dayton 
Booth #472 & 473. 

I 
I Pleasesend me the following Robotequipment. I understand that if I am ) 
I disatisfiedforany reason, Ican return the unit and receiveafull refund. I 
I I 
I leOOC high resolution video transceiver SIB5 I 

450C nandard resolution 5795 I 

i v i  I 
I 
I 

I I 
I I 
I Name Call I 

I ROBOT RESEARCH, INC. ~ d d ~ ~ ~ ~  
I 

I 
I 

7 5 ~ 1  convoy Court I 
San Dlcgo, California W11 City Zip I 

I 
I 

Phone (619) 979-9430 COD 
I 

I 
I 

I Enclosed check or money order S I 
I I 
I MC VISA * Exp. Date: 
I 

I 
t 



;:, , t formaxice just about anywhere. 
On vacation. Durim field 

day. On the road. Or in your 
shack. 

Because the FT-75' 
-packs all its HF perforn~ar~ct: 
into one highly compact, actior 
ready case. A case so small, 
it even fits under airplane seats. 

Of course, you've probably 
noticed a similarity to its pre- 
decessor, the FT-757GX.That's 
purely intentional. And now its 
performance is even better. 

With new features like mem- 
ory storage of operating mode. 
Slowlfast tuning selection. Auto- 
matic step-change according 

and 
ces: 
.... - gel11 

1- 
Dua 
m,,. 

~vut.. lr I I O ~ C ~  f i l ~ ~ .  lu 11 

ones. And VFO to VFO scan. 
Plus you get an iambic elec- 
~ i c  keyer. Woodpecker noise 

~lanker. 600-Hz CW filter. AM 
FM modes. AF speech pro- 

;or. And 25-kHz marker 
erator. All a t  no extra charge. 
Three microprocessors. 
11 VFOs. Single-button VFOl 

~ ~ ~ ~ ~ n o r y  swap. Receive cov- 
erage from 500 kHz to 30 MHz. 
Ransmit coverage from 10 
to 160 meters, including WARC 
bands. All-mode coverage 
(LSB, USB, CW, AM and FM). 
ioo-watt RF output. 

QSK operation. Massive 
heatsink and duct-flow cooling 
system for continuous RTTY 

, l ~ c l a ~ ~ n  for up to 30 minutes. 
Computer Aided Pans-  

ceiver (CAT) System for com- 
puter control via optional 
interface (software is available 
from your Yaesu dealer). 

Of course, the FT-757GXIII 
offers the kinds of options 
you'd expect from Yaesu, too. 
Including standard and heavy 
duty power sul)ldies,  auto^ 
matic ant,enna tuller, and more. 

So no mattclr ~vhcrt? you 
work the DX, take along kiesu's 
FT-757GXIII.Th~~ f u l l  fibarurcbd 
HF rip, you'll h i i ~ t '  it rval field 
day with. 

esn USA 17210 Edwa,,,., ,.,,<..,, Gerritos, CA 90701 (213) 404-2700. Repair Service: (213) 404-4884, Wrts: (213) 404-4847 
Yaesu Cincinnati Semce Center 9070 Gold Park Driwk, Hamilton, OH 45011 (513) 874 :3IOO 

Pnres an 



A Kenwood original just got better! 
Kenwood was the first to develop a 
2 m/70 cm mobile radio in a single, 
compact package. Since then, 
other companies have imitated the 
concept, but still have not done it 
the "Kenwood way: The all-new 
TW-4100A is more compact, more 
powerful , and packed with more 
features than ever before! With 
many new features and accesso- 
ries, and backed by Kenwood's 
experience, the allInew Kenwood 
Dual Bander is light years ahead 
of the rest! 

0 l u l l  ~:uplex c ross  hand 
- I  ' ~ ~ I ~  :ne sty ip ' 1  or,er,ltior>. 

Remote base or cross band repeater 
function possible (a control operator 
IS needed for remote or repeater 
operation'). 
1, w.  . , i t t s  o n  2 m. 3 5  v,~a:ts or1 
70 cm. 5 watts (adjustable) low. 
F requ rncv  coverage:  :.17-16'-: h4H7 
(a l lows ooera t lon  o n  r  PI:;!^:! 

P A R S  a n d  CAP f r e q t ~ ~ n c i ? ~ I  and 
1 ~ - 4 n - n ~ ~ . u g 5  MHZ. 

rst Again! 

~ ty  In direct sunlight or darkness. 
1.9 1" 11 x i 8 7" D and wc!lghs less - :.PI+-, +;I'.,I,> ~ l ~ . ~ l ~ l ~ l ~ , : ~ ,  ? : P ! ,  
than 4 pounds! r>~~i(;t. ~ r t r l  , + c ) . ,  f)~?", 

* P l -ovc~!  hi !'I oerf rrl,ar!cr Y r \;nlc;r, z y n ' ' : r c : 7 p ' C f . ? - ; J  n(.lln:l 
K ~ n \ v ~ ? o < ~ !  !.;i$,\? , r T  ' rnnt r ~ r l r l  
IC?C!IVI'I f~Jn' lnnr! l  : . c i  ~,..~..,orlc.; 

F a i v  t o  u ) ~ r r f e  Only 3 knobs and ;PS-~OIPS-430 DC power suppler 
8 keys on Ihe front panel. MU-1 UCL nri~dern unit * TU-7 CTCSS en- - :;PO;?I i t ( .  ;'r!+pnrirl lj(l!vt.; fnr Vt4F corl(?r * VS-2 Vi>l<.f? synthes~rer * SW- lOOB 

nnrl Ut-ir-. Minimizes loss and SWHIPowcrlVnll nieter 140-450 MI</ for 
rnnhle use * SW-2OOB SWRlPower meter 

Increases rellablllty and performance' for h;tsr stn11011 ijsc 1.1!1-450 Ml1z 0-200 W 
i l l  , ~ ! c l  . o r  : r L!,blr:-:..l.; Llthlum battery In 2 + SW-,,SW-~ 2 and 70 
backs up memory. Store frequency. ;inlenn;i tuner SP-40 c)ornpacl speaker 
offset, subtone. Two channels store SP-508 Mohll~i spr~,~kf?r * PG-2N Extra 
the lransmtt and receive frequenc~es DC 1:31111, * PG-3B DC nolse f11Iti.r MC-GOA, 
~ndependently for odd split or MC-80, MC-85 t!as~ stallon rnlcs. MC-55 
cross band operation. (ti OI~II Mot>~lr ~~in.r.,phone ' MA- 4000 

, ,., . I  . . . .:,? CTCSS ,D~lal band rliub~le ;111lenna 
t n n r x  I>.,, :, t r j ! ~ ' l o f i  : . !-I-- IT  

wlth duplexer (mount not 

ln:,;~Il 1 
~ncluded) ME-11 Extra 
rnoblle ~nou r~ l  

TRIO-KENWOOD COMMUNICATIONS 
1 1  1 1  \V\,,.I v/,,lrlt,l ,,tl<,<.l 
(:<,l,,~,l,,,, (::,lll<,f,,!, ~41l:':>rl 
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