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With the new TR5 I>lI, L,l I Ill q 

versatility and value are spelled ID-R-A-K-E . . . 
The dynamic range o f  the TR5 is unexcelled by any transceiver in its class. The TR5's DYNAMIC greater than 0 dBm third order intercept point (85 dB twcbtone dynam~c range) at 20 
kHz spacing can be achieved only by the use of a passive diode-ring double balanced 

RANGE mixer. Drake was the first to  bring this technology to  the Amateur market with a 
high-level mixer in  the TR7. 

- - 

When you purchase a TRS, or any Drake product. you acquire a product of the latest RELIABLE production techniques, which provide reliable performance. 
Yet w ~ t h  a product as sophisticated as one of today's transceivers, after-sales 

SERVICE service is a must. Ask any Drake owner. Our Customer Service Department has a 
reputation second to  none. 

Drake is the only Amateur Radio manufacturer who offers a ful l  complement of 
accessories to  satisfy almost every desire the HF Amateur may have. This wide ACCESSORIES selection allows any operator t o  assemble a station which meets his needs. and 
assures compatible interfacing and styling instead of a desk full of equipment with 
a variety o f  styling and poor operation as a system. 

- -  

Everyone wants to  be heard! The accessory L7S and its 3-5002 ( 1  200 watts PEP 
input) and a decent antenna will do the trick. This rugged self-contained amplifier/ 

AMPLIFIER power supply will put the TR5 on an even footing wi th  the best o f  them. 
-~ 

The TRS and all Drake Transceivers, are backed bv the best in enqineerina. The TRS 
is the result of an extensive engineering effort, combining provenupast techniques ENGINEERING and Ideas with new state o f  the art  concepts. 

As a result. the TR5 will not be suoerceded bv a new model everv six months. I t  
represents a true radio communicatidns value that will provide many years of 
operating enjoyment. 

See your Drake deale 
or write fo 
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This month I present a guest ed~torial by one of our authors. Gary O'Neil, N3GO Gary feels that operating procedures on 2-meter 
fm need to be changed and offers his suggestions. Alf Wilson. WGNIF, editor 

When the subject of Amateur Radio slips into a casual conversation, I spend a great deal of energy playing the 
role of recruiter. If successful enough at motivating an individual to join the family, I like to make his transition 
painless. 

My latest recruit, although a licensed Amateur, had been inactive for some time. With a bit of persistence and 
a great deal of encouragement, I was able to pry him out of the closet and sell him on the virtues of 2-meter fm. 
After some shopping around, he was able to locate a nice compact 2-meter fm rig and carefully proceeded with 
the neat installation of his new acquisition into the family car. 

Formerly an a-m operator on the high-frequency bands, but having some appreciation for channelized line-of- 
sight communications, he correctly deduced that a lengthy CQ would not be necessary. After listening to  the 
limit of his patience, he decided to try "CQ, CQ CQ this is WA2- listening for any calls. What say somebody 
please?" He was answered immediately, welcomed to 2 meters, and quickly informed he was using incorrect 
procedure. On a few occasions that followed, he tried several variations of CQ with similar results until a neigh- 
borhood ham informed him, "You just don't call CQ on 2 meters!" 

After a week or more of announcing he was listening on frequency to all of his available channels without re- 
sponse, he retreated back into the closet concluding that 2 meters is not used for talking. If current procedures 
were effective, I would be less likely to agree with him, but personal observations tend to support his comment. 
The "acceptable" procedure is not only ineffective, it is cold and uninviting. 

The use of "listening on" or "monitoring" implies, "Call me if you have something important, otherwise I 
would rather not talk to anybody." Personally, I can justify only two reasons for calling a listener: 

1. I know the person and I have something to discuss 

2. The person appears to have equipment trouble and should be made aware of it 

Another classic is, "QRZ the frequency?" If there truly is a stupid question, this one fits the category. Several 
hours of silence are broken by "OR2 . . . This is N2- I" This in turn is followed by - what else? Why, several 
hours of silence of course. Did that person really detect somebody calling him? The truth is, I am supposed to 
interpret the announcement as a CQ and give him a call - I think. 

Clearly, if one announces he is listening, he is being self-contradictory; for at that moment, he is in fact talking 
and unable to receive. The obvious idea here is that the listeners wish to let other listeners know that they are 
not listening alone. Stated another way, they want everybody to hear them listening. On many occasions, I 
have heard stations respond by calling the listener after perhaps 30 seconds or so of inactivity. You guessed it - 
the listener got impatient and went off to listen somewhere else. 

Collectively, these procedures tend to discourage and minimize 2-meter activity, which today is in competi- 
tion with the TV cable industry. If we don't demonstrate our intentions to keep it active, we could very likely 
lose the 2-meter band. If it continues to appear we are going the way of CB, the FCC may decide to take early 
corrective action before the situation becomes uncontrollable. If the extreme sounds far-fetched (that is, the 
total loss of 2 meters), consider the "egg on the face" circumstances that CB has created for the FCC. How 
many times does one run out of gas before he starts watching the fuel gauge? The broadcast industry may or 
may not have a powerful lobbying organization, but why take the risk? 

Aside from the legal ramifications, what is the problem with making Amateur Radio operating procedures at 
least spectrally universal? Why is calling CO such a "no-no" on fm and shamefully sinful on a repeater especial- 
ly? Why the concern with regard to the occasional use of a practical and informative operating procedure even 
though it differs from a habit created by a narrow view of the Amateur Radio disciplines? 

Different modes, for convenience or efficiency, use formal operating procedures for very good reasons,such 
as high-volume traffic handling; but I fail to  understand why a desire to communicate on 2 meters, in a manner 
similar to communications carried on in the high-frequency spectrum, needs to be initiated differently. Lengthy 
calls on 2 meters are in no way very useful and in the case of repeater operation, the procedure is even undesir- 
able, but a short CQ can at the very least be tolerated. 

Announce your desire to chat and assume listeners are present. CQ sounds like "seek you" and is perhaps 
key to  its origin. More important, CQ invites conversation with newcomers and may just open a lot of doors. 
The use of abbreviations, Q-signals and slang creates the impression of a clique organization closed to outsid- 
ers. The image that 2 meters exhibits today discourages more than encourages, and I for one am bewildered by 
how it all began. 

Lately, when I am coaxed into a ham radio demonstration, I hide my 2-meter rig, tune up on 40 and introduce 
my new recruits to some good-old-fashioned ham radio hospitality. When they are just about hooked, I take 
them out to the car, key up the local autopatch, and call their family to encourage their support. Then I immedi- 
ately shut off the rig and send them home. If I ever happen to hear them calling CQ on the local machine, we will 
likely have a very nice chat. When we finally sign. they will never know that they goofed. 

Gary O'Neil, N3GO 
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one-wavelength 
versus f ull-wave 
Dear HR: 

Several correspondents have indi- 
cated an error in my January, 1982, 
article, "A Neglected Antenna for 40 
and 80 Meters." 

There can be a difference between 
a one-wavelength and a full-wave an- 
tenna. The one-wavelength reference 
pattern in my article was taken from 
Fig. 2-47 of the thirteenth edition 
ARRL Antenna Book. The text does 
not qualify this pattern as that of a 
harmonic antenna or a full-wave an- 
tenna, although it should. 

If the one-wavelength wire were 
end fed, it would then theoretically 
match the reference pattern. End 
feeding would cause currents on 
each end of a one-wavelength wire to 
be out of phase; the antenna would 
qualify as a full-wave antenna and 
therefore nulls would appear broad- 
side to the plane of the antenna. The 
center-fed, full-wavelength configu- 
ration will cause currents to flow in 
phase on both halves of the dipole. 
The result will be increased radiation 
from the sides of the antenna with 
the minimum lobe at the ends, and 
not as my reference pattern shows. 

Using half-wave attachments to 
the open-wire feedline and selecting 
the proper impedance as I have 
shown in my article is still a good idea 
for maintaining a near omni-pattern. 

I have written to the ARRL asking 
that the full-wave pattern (Fig. 2-47) 
be further qualified in the text and 
identified as that associated with a 
harmonic antenna. I understand that 
a new edition of the Antenna Book is 
in process. 

Warren U. Amfahr, WBWL 
Des Moines, Iowa 

cheapie coax 
Dear HR: 

Gary O'Neil's article on traps in the 
October, 1981, issue of ham radio, 
page 10, was the answer to one of my 
antenna problems. I made a pair of 7- 
MHz traps to add to a 40-meter an- 
tenna for temporary or emergency 
use so it could be used on 40 or 80. 

One of the other hams at work said 
he needed some traps for an antenna 
he wanted to build, so I took Gary's 
article to work for him to read at 
lunch. Several days later he said he'd 
made a pair of traps for 10 meters and 
they worked well. 

Then he made a pair for 20, and 
crazy things started happening. One 
trap grid-dipped at 14 MHz and the 
other at 16 MHz. Investigation re- 
vealed that the 16-MHz trap was 
wound with a scrap of cheapie grade 
coax that had about 55 to 60 percent 
coverage by the outer conductor. 
The trap was rewound with a piece of 
good grade coax and it dipped at 14 
MHz. Cheapie coax may be good for 
some things, but for traps, no cotton- 
pickin' way. 

Wayne Stump, WB4AHZ 
Lake Worth, Florida 

good night! 
Dear HR: 

I'd like to respond to the comments 
of W6BQD in the January issue. The 
gentleman should recall the Biblical 
parable about attending to the beam 
in one's own eye before worrying 
about the dust mote in someone 
else's. For example, the best insult he 
could come up with for hams who 

like amusing phonetics is to liken 
them to folks from the "CB bands." 
The phrase is just as silly, grammati- 
cally, as 73s: it means Citizen Band 
bands. 

While cute phonetics can easily be 
a problem for DX work,  they 
shouldn't be for native speakers of 
English. Moreover, the clean ones are 
a lot easier to remember. For exam- 
ple, who could forget Under Forbid- 
den Skies? Try it in standard phonet- 
ics. I don't know about low-band 
voice, but these memory aids are very 
common on 2 meters - and an awful 
lot of 2-meter ops, including myself, 
have never used a CB. 

I think the FCC's objection to the 
use of Q signals on voice should also 
extend to the use of 73 - even 
though I use it myself, as well as a 
very common O signal or two. The 
philosophy is the same: these were 
intended as abbreviations in CW 
work. There are some hams who 
don't know all of the Q signals, and 
(according to W6BQD) there are 
quite a few who don't know how to 
use the numbers right. Maybe we 
should all try good night for a 
change. It takes no more time to say, 
and it's a lot friendlier. 

Phyllis M. Gilmore, KAGNFD 
Cotton, California 

the other guy 
Dear HR: 

Your request to appeal to Chair- 
man Fowler to "seek a relaxation of 
the projected cuts" is not, I hope, 
typical of all Amateurs. 

We have requested reduction of 
government spending and govern- 
ment controls - but some people 
think it should be for the "other 
guys," and not where it affects 
"me." 

As Amateurs, we should step in 
and offer our help to replace the ser- 
vices that the government will no 
longer provide. We probably can do it 
better and at less expense. 

John Waterhouse, KAZGXS 
East Aurora, New York 
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MFJ ANTENNA 
TUNERS 16 

MODELS 
- 

MFJ-941 C 300 Watt Versa Tuner I 1  
Has SWRMlattmeter, Antenna Switch, Balun. Matches evetything 1.8-30 MHz: dipoles, vees, 
random wires, verticals, mobile whips, beams, balanced lines, coax lines. 

ANTENNA 
1 4  

Ham Radio% most popular 
antenna tuner. Improved, too. 

Fastest selling MFJ tuner . . . because it has 
the mnst wanted features at the best prlce. 

Matches everything from 1.8-30MHz: dipoles, 
inverted vees, random wlres, vert~cals. mobile 
wh~ps, beams, balanced and coax Ilnes. 

Run up to 300 wans RF power oltpa. 
SWR and dual range wattmeter (300 & 30 

watts full scale, forwardlreflected power). w- 
tive meter measures SWR to 5 watts. 

Flexlble antenna switch selects 2 coax lines. 
direct or through tuner, random wirelbalanced I~ne. 
or tuner bypass for dummy load. 

12  position efficient airwound inductor for 
lower losses. more watts out. 

Built-in 4:l balun for balanced lines. 1000V 
capacitor spacing. 

Works with all solid state or tube rigs. 
Easy to use, anywhere. Measures 8x2x6", has 

S0.239 connectors, 5way binding posts, fin. 
ished In eggshell white with walnut.grained sides. 

4 Other 300W Models: MFJ-9400, $79.95 
( +  $4). l~ke  941C less balun. MFJ.945, $79.95 
( +  $4), like 941C less antenna sw~tch. MFJ-944, 
S79.95 ( + $4), like 945. less SWRIWattmeter. 
MFJ-943. S69.95 ( +  $4), like 944, less antenna 
sw~tch. Opt~onal mobile bracket for 941C. 9408. 
945. 944. $3.00. 

MFJ-900  VERSA TUNER 
- - 

MFJ-949B VERSA TUNER II MFJ-962  VERSA TUNER Ill 

Matches coax, random wires 1.8.30 MHz. 
Handles up to 200 wans output; efficient air. 

wound Inductor glves more watts out. 5x2~6".  
Use any transceiver. sol~d.state or tube. 
Operate all bands with one antenna. 

2 OTHER 200W MODELS: 
MFJ.901. $59.95 ( + $4). like 900 but lncludes 

4.1 balun for use w ~ t h  balanced lines. 
MFJ-16010, $39.95 ( +  $4). lor random wires 

only. Great for apartment, motel, camplng, opera- 
tion. Tunes 1.8.30 MHz. 

MFJ's best 300 watt Versa Tuner 11. 
Matches everything from 1.8.30 MHz, coax. 

randoms, balanced I~nes, up to 300W output. 
sol~d-state or tubes. 

Tunes out SWR on dipoles, vees. long wires. 
vert~cals, whips, beams, quads. 

Built-in 4:l balun. 3IJOB. O.ohm dummyJ&. 
SWR meter and 2 range wattmeter (300W & 30W). 

6 position antenna switch on front panel. 12 
pos~tion alr wound ~nductor; coax connectors, bind. 
ing posts, black and be~ge case 10x3~7".  

MFJ-984 VERSA TUNER IV  MFJ-989  VERSA TUNER V 

Up to 3 KW PEP and 11 matches any feedl~ne, 
1 8 30 MHz, coax. balanced or random 

10  amp RF ammeter assures max power at 
mln SWR SWRIWattrneter, for /ref . 20001200W 

18 pos~tion dual tnductor. ceramlc sw~tch 
7 pos. ant sw~tch 250 pt 6KV cap 5x14~14" 
300 watt dummy load. 4:l fernte balun. 
3 MORE 3 KW MODELS: MFJ-981, $239.95 

( +  $10) l~ke 984 11355 ant swllch, arnmettsr 
MFJ-982. $239.95 ( +  $lo) ,  l~ke  984 less am 
meter SWRlWattmeter MFJ-980. $209.95 
( + f 1 O), Ilke 982 less ant swltch 

New smaller size matches new smaller rigs - 
only 10-314Wx4 112Hx14-7/80", 

3 KW PEP. 250 pf-6KV caps. Matches coax. 
balanced Ilnes. random wlres 1.8-30 MHz. 

Roller inductor. 3.dig1t turns counter plus spln 
ner knob for preclse Inductance control to get 
that SWR down 

Built.in 300 wan, 50 ohm dummy load. 
Builtin 4 : l  lerrite balun. 
Buill.in lighted 2% meter reads SWR plus for 

wardlreflectcd power. 2 ranges (200 & 2000W). 
6 position ant. switch. Al cablnel. Till ball. 

Run up to 1.5 KW PEP. match any feed line 
from 1.8 30 MHz. 

Built-in SWRlWattmetcr has 2000 and 200 
watt ranges, forward and reflected. 

6 position antenna switch handles 2 coax lines 
(direct or through tuner), wlre and balanced lines. 

4:l balun. 250 pf 6KV cap. 12 pos. ~nductor. 
Ceramic sw~tches. Black cabmet, panel. 

ANOTHER 1.5 KW MODEL: MFJ-961. S189.95 
(+$ lo ) ,  slmilar but less SWRIWattmeter. 

MFJ-10. 3 foot coax with connectors, S4.95. 

For trcli ~n lo ord~r  or rrp,llr ht<1tuc, or cdlls 
outs~de contlnenlal U S and lns~de MISS . call 
601 323 5869 

All MFJ products unconditionally guaranteed for 
one year (except as noted). 
Products ordend hom MFJ are nturnabk within 
30 days for full refund (less shipp~ng). 
Add shtpptng & handling charges In amounts 
shown ~n aanntheses 

Wr i te  for FREE catalog, over 80 p roduc ts  

MFJ ENTERPRISES, 
INCORPORATED 

Box 494. Mississippi State. MS 39762 
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CHICAGO AMATEURS HAVE WON AN ANTENNA RESTRICTION FIGHT. A new ordinance would have 
permitted the installation of radio communications towers and satellite receiving dishes 
only as part of a "planned unit development" and would have required a special use per- 
mit as well. There are no current height limitations in that city covering Amateur in- 
stallations, but had local hams not acted quickly, the ordinance could have meant a sud- 
den death to new Amateur growth there. as well as havine, been a bad precedent which other - - 
cities might have copied. 

Chicago Hams Quickly Organized under attorney Jim O'Connell, W9WU. They deluged their 
aldermen with tele~hone calls and letters. and on Februarv 25th. O'Connell aooeared at a - ~ . - ' - 

City Council meeting. Near the close of that hearing an amendment was intro&ced, by the 
bill's original sponsor, which would exempt antennas and towers erected by federally 
licensed Amateur Radio operators from the ordinance proposal. O'Connell felt that Ama- 
teur Radio would probably receive the needed exemption. 

TRANSMITTERS CAUSING INTERFERENCE IN THE 440-MHz REGION have been T-Hunted down by 
Santa Barbara. California. Amateurs. These devices. which may be either locators for 
off-shore oil.drilling or "sounders" for oil exploration, were noted to cause RFI as far 
as 60 miles away. At least one of these transmitters was found on a U.S. Coast and Geo- 
detic Survey concrete benchmark along the Southern California coastline, completely un- 
attended. Some Amateurs feel these devices may pose a public safety hazard in addition 
to disrupting UHF communications. 

Another Site, 30 miles from the first, was discovered quite by accident. This time, 
however, a frequency near 1.6 MHz was being used. Both "boxes" bore labels written in 
French, and each appeared to transmit digital data signals in two distinct modes. Mea- 
surements made by Amateurs also indicated these units produce spurious radiation in the 
980-MHz region when switching modes. 

What Is Not Known is to whom these units belong and what purpose they serve. The FCC 
has reportedly been informed of their existence. At least one unverified rumor claims 
these are but two of several such devices that will eventually run the length of both 
coastlines. 

A ONE TIME EXCEPTION IS BEING MADE BY THE FCC regarding the renewal of club and mili- 
tary recreation station licenses. If you held such a license and it expired between 
March 11, 1977, and July 14, 1980, you can file for renewal before June 1, 1982, and have 
the request granted. Not included are repeater WR prefix callsigns, even if one was your 
club's call. As far as the FCC is concerned, WR callsigns for repeaters is a dead issue. 

THE COMMISSION HAS DENIED a Petition for Reconsideration on its recent relaxation of 
the Amateur identification rules (P.R. Docket 80-136). The petitioner wanted a change 
in the wording of the new I.D. rules but the FCC ordered the new rules to stand as im- 
plemented. Also denied were RM-3137, which would have raised the power limits on parts 
of the 2-meter and 314-meter bands up to 2 kilowatts dc (in order to encourage more EME 
communications); and RM-3181, a proposal to reduce legal power limits of hf radioteleg- 
raphy from 1 kilowatt to 250 watts. 

A NOTICE OF PROPOSED RULE MAKING AND A NOTICE OF INQUIRY concerning the expansion of 
radiotelephony on the hf bands has been issued by the Commission, P.R. Docket 82-83 
specifically addresses radiotelephone expansion on 20 meters, while the NO1 deals with 
methods to be used to implement such an,expansion, along with the question of additional 
phone expansion throughout the hf spectrum. The FCC did note that there had been seven 
petitions in regard to the subject, and that while all were in general agreement con- 
cerning the 20-meter proposal, there was a wide divergence of views about other hf phone 
allocations. The comment cutoff date is July lst, with reply comments due August 2nd. 

REGION I OF THE IARU HAS ALREADY FILED IN OPPOSITION to the ARRL proposal for expan- 
sion of U.S. radioteleohone orivileges below 14.2 MHz. statinz that permitting U.S. Ama- 
teurs (who would be ruAing high power and directional antennas) intb that spectrum 
would adversely affect the operation of foreign hams who run low power and very basic 
equipment. They also noted the decline in sunspot activity which in turn is leading 
many Amateurs away from 15 and 10 meters and onto 20. Region I feels that an influx of 
high-power U.S. stations could make Amateur operations in other parts of the world im- 
possible, thus causing some to move their phone operations into the CW segment of the 
band. The shared use of portions of 20 meters by some European government and fixed 
services was noted as well. 

ORBITAL SCHEDULES for Oscar 8 and for the UOSAT (Oscar 9) are available from ARRL 
headquarters for an SASE with "one unit of first-class postage attached." Send your 
request to the Club and Training Department, ARRL, 225 Main St., Newington, CT 06111. 
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electronic mail 

aerospace 
CONSIDER THE 

press 
satellite flTR-6800 
training aids 

You know of its reputation in Amateur 
embassyldiplornatic Radio. But did you know of its world- 

wide uses in commerciallindustrial 
maritime communications networks? ATR-6800's 

are communicating over land-lines, via 
government satellite, and on HFNHF radio links all 

over the world. They're teaching 
emergencyldisaster Morse Code on military bases around 

the country and operating as TELEX & 

ffleteor~loaical TWX terminals. We offer engineering 
expertise for your particular require- 

oceanographic ment be i t  Data Encryption, Computer- 
ized Training or any special interest. 

handicapped ATR-6800 with 9" video monitor and 
one plug-in Applications Module.. . 

civil defense $2495. Companion MX-80 printer. . . 
$699. Contact the "REAL-WORLD" 
at MICROLOG CORP. 18713 Mooney 
Drive, Gaithersburg, Md. 20879. TEL: 
(301) 258-8400. TELEX: 9081 53. You'll 
be pleasantly surprised. 

MICROLOG 
INNOVATORS IN DIGITAL COMMUNICA TlON 
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a quad owner switches 
Which is the better 

antenna, quad or Yagi? 
Read this dialogue 

to find out why a well- 
known ham switched to Yagis 

after using a quad for years. 

Thousands of words have been published about 
the relative merits of cubical quads and Yagi anten- 
nas, and probably millions of hours have been spent 
in on-the-air debates of the matter. 

Quad proponents claim their square-shaped, 
three-dimensional antennas have more gain than 
Yagis do - perhaps as much as 2 dB more. To sup- 
port their contention, they point to various studies of 
the two antenna types. But on the other hand, Yagi 
boosters claim there is little or no difference in the 
performance of the two antenna types - and they 
can point to research supporting their contentions. 

This article will never settle such a long-standing 
controversy, but it does tell an interesting story 
about the experiences of one ham who became frus- 
trated with his quad and switched to Yagis. Probably 
lots of people have become frustrated and replaced 

one kind of antenna with another, but this ham took 
the trouble to actually measure the gain of his old 
and new antennas under controlled conditions. What 
he learned should be of interest to others who want a 
big signal but are limited to a single tower on a city 
lot. 

Our story is about Dave Bell, WGAQ, the motion 
picture producer who made "The Ham's Wide 
World," "Moving Up to Amateur Radio," and most 
recently "The World of Amateur Radio." An avid 
DXer, he installed a large multi-element quad on a 
70-foot self-supporting tower at his Hollywood Hills 
home. The quad had a 27-foot boom, with three 
elements on 20 meters, four elements on 15, and five 
elements on 10. The quad design is a popular one 
that has appeared in the ARRL Handbook and ARRL 
Antenna Book for many years. 

Based on the often-quoted finding that a quad 
delivers the gain of a Yagi 1.8 times its boom length,' 
Dave was hoping to come out even with nearby DX- 
ers using Yagis up to, say, 48 feet long. But years of 
slugging it out in the pileups convinced him the quad 
just wasn't delivering that kind of gain. Sometimes, 
in fact, the big quad came out second best to small 
trap tribanders in the Los Angeles area: 

The painful decision to scrap the quad actually 

By Wayne Overbeck, NGNB, and Dave Bell, 
WGAQ, c/o California State University, Fuller- 
ton, Department of Communications, Fullerton, 
California 92634 
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came when my friend Bernie, W6PJX, took me in a 
long-path pileup into Europe. He's using a TH3 (a 
three-element tribanderl with a reflector that tilts as if 
a 60-pound owl crash-landed on it. That indignity, 
plus being regularly bested on 20 by TH6s (also tri- 
band Yagisl, forced me to hear what my pals had 
been telling me. My razor sharp mind started count- 
ing alternatives to the quad - alternatives that 
would fit on a 50-foot-wide lot. Let's see, there's the 
Yagi and.. . 

A major manufacturer (Hy-Gain) had just an- 
nounced a new line of five-element monoband Yagis 
with relatively short booms - antennas that could be 
stacked on Dave's existing tower without creating an 
excessive windload or a neighborhood revolution. A 
"Christmas tree" stack of these close-spaced Yagis 
is about as big an array as most Amateurs on a city 
lot could swing, Dave felt. So he ordered the new 
Yagis. 

the gain measurements 
Before Dave took down the big quad, we meas- 

ured its forward gain on all three bands, using the 
techniques described in two previous articles.2. 3 
Briefly, the technique involved placing a reference 
antenna (a small two-element tribander) atop a 

10 - 
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7 - 
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The new stack of monoband Yagis at WGAQ; they work 
trailer-mounted 70-foot tower beside Dave's an- 

great, but don't look up at them from the patio below! (See tennas. 
text.) In these tests, a station about 20 miles away (but 
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respectively). Data confirms W6AQ's on-the-air ex- 
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clearly line of sight from Dave's hilltop location) pro- 
vided a steady signal for gain comparisons between 
the quad and the reference antenna at various points 
across the 10, 15, and 20 meter bands. The relative 
gain of the two antennas was measured and record- 
ed, using a Drake R-4C receiver with the AGC turned 
off and an audio decibel meter reading the output. 

The quad was then taken down and replaced with 
the three close-spaced Yagis. The 20-meter beam 
was placed on top, with the 10 in the middle and 15 
on the bottom of the stack, using 7.5 foot vertical 
separation between antennas: 

The 20-meter Yagi is on the top of my stack for 
tuco reasons: 1) It's the first one Hy-Gain got into 
production and consequently the first one I put up; 2) 
The twenty ought to be the farthest from the ground, 

1 think, though I get kidded about it. 1 called Kit Kit- 
terer at Hy-Gain to ask his opinion of the twenty on 
top and he said that was the obvious place for it but 
their ads showed it  in typical Christmas tree fashion 
because that arrangement was more esthetically 
pleasing. (1 know it's heresy, but I don't think anten- 
nas are measurable in terms of esthetics.) The 10- 
meter antenna was next to arrive, so it went on the 
tower next, and finally the 15-meter beam arrived 
and there you have it. 

Even discounting any new antenna owner's antici- 
pation of better results, 1 got and am getting far bet- 
ter on-the-air reports with the new Yagis. 

There is only one complaint I can voice about the 
Hy-Gain stackables, as they call them. It is somewhat 
unsanitary to sit beneath them inasmuch as the 
birds, who never cared for m y quad, are absolutely in 
love with all of those straight branches I put up for 
them. When walking beneath m y Christmas tree, the 
best advice is, don't look up. 

To verify Dave's on-the-air observations about the 
relative superiority of the new Yagis, we repeated the 
gain measurements, using exactly the same hard- 
ware and test procedure as with the quad. The port- 
able tower was positioned in the same place and the 
same reference antenna was used, with the same 
station providing the test signal again. The reference 
antenna was even stored indoors during the interval 
between tests to assure that its performance would 
not deteriorate. The only thing different during these 
second tests was that a stack of Yagis was now on 
Dave's tower where the big quad had been. Dave 
even measured the new coaxial cables against the 
old: 

A friend of mine came upon a lot of new RG-273 at 
a bargain, so I of course bought some to use with the 
new Yagis. When I realized that it would present a 
variable in Wayne's measurements, 1 measured its 
loss. When the four-year-old RG-8 came off the 
quads, 1 measured its loss too. Predictably, the 213 
and RG-8 were identical at 28 MHz. The old coax is 
feeding a pair of two-meter antennas and my low 
band wires now. 

To standardize the height of each new antenna at 
the 70-foot boom height used in the prior tests, 
Dave's tower was lowered for the tests of the 20- and 
10-meter Yagis, which were 15 and 7.5 feet, respec- 
tively, up the mast from the top of the tower. Thus 
each Yagi was measured at exactly the same height 
as the old quad. 

The results of the test, shown in fig. I, were no 
surprise to  Dave because of his on-the-air ex- 

The final stacking arrangement, with the 10-meter Yagi at a 
right angle to the others. This configuration produced more periences, but the extent to which the Yagis outper- 

gain on 10 meters than the in-tine arrangement, but is it real- formed a quad of about the same size surprised - 
IY 2 - d ~  down in beauty? everyone else. 
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Replica of W6AQ's quad set up for testing at NGNB. After 
careful pruning, its gain improved but still didn't match the 
gain of several Yagis that were tested on the same tower. 

the results 
At every single frequency where a reading was 

taken, the Yagis were superior to the quad, often 
dramatically so. On both 15 and 20 meters, the Yagis 
were typically 3 dB better than the quad. That makes 
as much difference as doubling the transmitter 
power output! 

The 10-meter Yagi also outperformed the quad, 
but by a lesser margin, apparently due to interaction 
problems. The 10-meter Yagi's gain fell considerably 
below the manufacturer's specifications, while the 
measured gain of the 15- and 20-meter arrays was 
close to specifications (thus lending credibility to 
those specifications, especially since the original pro- 
totypes were undoubtedly measured in the clear; 
that is, unstacked). But we wondered if the 10-meter 
beam was performing as it should, even though it ex- 
hibited a good SWR and nearly 30 dB of front-to- 
back ratio. 

To find out, we rotated the 10-meter beam 90 
'degrees on the mast, turning its boom to a right 
angle in relation to the 15- and 20-meter booms. Re- 
measuring the gain without changing anything else, 
we found that the 10-meter antenna's gain had in- 
creased almost exactly 1 dB all across the band. Ob- 
viously, there were - and probably still are - inter- 
action problems on 10. 

To show you that the demon antenna expert is 
really just a pussycat, after measuring 7 dB or so bet- 
ter gain when the 70-meter beam was swung 90 de- 
grees, Wayne suggested we swing it back into line! 

I couldn't believe it! "It'll gain at least 2 dB in beau- 
ty," he explained. ''Humbug," said /, and the 70- 
meter beam remained pointed off in its own direc- 
tion, louder and prouder. 

Another surprising thing we discovered in the 10- 
meter tests was that the quad's gain abruptly fell off 
above 28.7 MHz. Up to that frequency, the quad's 
gain was close to that of the Yagi and it exhibited a 
seemingly normal front-to-back ratio (about 20 dB). 
But suddenly the quad's gain plunged downward; its 
gain was nearly 15 dB below the reference tribander 
at 29.0 MHz! However, rotating the quad revealed an 
incredible phenomenon: the quad had nearly 20-dB 
back-to-front ratio above 29.0 MHz. The reflector 
had ceased to function as such, and the first director 
had become a reflector! 

My face is red, but I have my excuses in place. 
First of all, ten was basically deserted during the 
four- year period that I used the quad. Second, I rare- 
ly operate above 28.7. Third, my inherent laziness 
allows me to work stations "off the back" if signal 
levels are mutually acceptable. 

Little did I know that in my case "off the back" 
could have been better than "off the front" since I 
never observed that curiosity. Had I done so I prob- 
ably would have chalked it up as a long-path contact, 
though I doubt there are many long-path openings 
between L. A. and Detroit. 

Frankly, I can't imagine the cause of the quad's 
not knowing which end was which unless mother 
nature took her toll on my solder joints and gremlin 
capacitances hexed the poor old wire monster. 

repeating the experiment 
Dave's quad was a faithful reproduction of a very 

popular design - one that has appeared in many edi- 
tions of the ARRL publications. Several well-known 
DXers with years of antenna-building experience had 
helped build Dave's quad. Did they incorrectly 
measure the elements on all bands? Or had old age 
set in? Was there really something wrong with 
Dave's quad, or could this be viewed as an indict- 
ment of quads in general? 

As we looked at the data, it was apparent Dave's 
quad wasn't performing as well as would be ex- 
pected on any band - not just on 10 meters where it 
abruptly developed backward directivity halfway up 
the band. And it seems unlikely the elements were 
mismeasured on all three bands. 

Then was the quad badly mistuned? Perhaps, but 
nowhere does the ARRL Handbook description of the 
antenna say the dimensions given may not work, and 
that each antenna must be individually tuned if it is to 
work correctly. If every cubical quad must be in- 
dividually tuned after it is installed, whereas Yagis 
can be simply cut to published dimensions, that 
would be a real disadvantage of quad antennas. 

To explore some of these questions, we built 
another cubical quad identical to Dave's, very care- 
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fully cutting the elements to the dimensions given in 
the ARRL Handbook. We put it atop the trailer- 
mounted 70-foot tower and placed the reference 
TH-2 beside it on another 70-foot tower. Since a 
variety of other antennas had already been measured 
in this test configuration, we could compare this new 
quad against a variety of different Yagis, both mono- 
banders and tribanders. 

When we put up the replica of Dave's quad, it was 
not resonant anywhere near the proper place in any 
band. In all instances, the elements turned out to be 
much too long in our installation, resulting in back- 
ward directivity much like that observed on 10 meters 
with Dave's quad. Using SWR plots made with the 
antenna at its full height as an indicator of reso- 
nance, we gradually shortened each driven element 
until it was resonant near the middle of the appropri- 
ate band. 

Next, we calculated the percentage longer or 
shorter that the reflectors and directors were suppos- 
ed to be with respect to the driven elements, using 
the Handbook dimensions. The result was an anten- 
na that faithfully reproduced the design concept of 
the Handbook quad: the reflectors and directors 
were the same percentage longer and shorter than 
the driven elements as in the original design, 
although the actual dimensions of all the elements 
were much shorter than those given in the Handbook. 
In working with wire antennas, we have often found 
that the correct dimensions for a given frequency 
may vary somewhat from those published, depend- 
ing on the size and type of wire, whether the wire is 
bare or covered, etc. 

Once we had completed these adjustments, we 
got good results - but not as good as some cubical 
quad devotees would predict. Across the 20-meter 
band, the quad averaged about 1 dB less gain than a 
similar-size four-element Yagi that we had tested on 
the same 70-foot tower in the same place, using the 
same feedline and the same TH-2 as a reference 
(with the TH-2 also in the same place). On 15, the 
quad was consistently 2 dB down from a five- 
element Yagi we'd tested on the same tower. And on 
10, the quad was about 0.5 dB down from a five- 
element Yagi - until we reached the frequency 
where the quad reversed its directivity. At that point, 
its gain dropped many, many dB below the Yagi's. In 
both on-the-air tests using skip signals and local 
measurements of directly radiated signals, we found 
the quad to be an excellent triband antenna, but no 
match for monoband Yagis of the same size. 

Ah, you say, but this was a comparison of a tri- 
band quad against monoband Yagis and therefore 
unfair to the quad. To find out how well the quad 
would work as a monobander with elements for just 
one band, we tested it as a five-element 10-meter 

quad (that is, with the 15- and 20-meter elements 
removed). The extra elements made virtually no dif- 
ference: if anything, the quad was a little better on 10 
meters with the 15- and 20-meter elements than 
without them, altough the resonant frequency was a 
little lower with the extra elements. Even as a mono- 
bander, the quad still didn't match the gain of a 
similar size Yagi. 

conclusion 
What does all of this prove? Well, it suggests that 

Dave's quad wasn't working quite as well as it should 
have been. With patience and pruning, it could have 
been made to work a little better, but probably not as 
well as his new Yagi stack. 

And that, really, was what Dave's experiment was 
all about: he wanted to know which antenna system 
is the best bet for someone who lives on a typical 
city-size lot as he does. Monster long-boom anten- 
nas (either quads or Yagis) were out of the question, 
but a stack of Yagis with relatively short booms was 
feasible - as was a multi-element quad. And Dave 
found out the stack of Yagis was the better per- 
former. 

Shortly after we finished testing the second ver- 
sion of the Handbook quad, Jim Lawson's article 
based on computer analyses of quads and Yagis ap- 
peared in ham radio.4 Lawson concluded that an 
ideal long-boom quad might deliver up to half a dB 
more gain than a similar size Yagi, but that in the real 
world, optimizing a cubical quad may be so difficult 
as to make this theoretical gain advantage illusory. 
(Lawson also pointed out that tuning any big anten- 
na near the ground is a sure way to guarantee that it 
will not be correctly tuned at its working height. If 
you want to optimize a quad, be prepared to  
repeatedly raise and lower it - or borrow someone's 
"cherry picker.") 

Our field tests of quads and Yagis have produced 
much the same conclusion as Lawson's theoretical 
analyses. In years of measuring the gain of quads 
and Yagis, we have yet to find any long-boom quad 
in the real world that performs as well as an equal 
size Yagi. 

We don't claim any of this settles the quads- 
versus-Yagis controversy for all time, but neither do 
we suggest that you try to hold your breath until 
Dave Bell switches back to a cubical quad! 
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dipole antenna 
over sloping ground 

Even slightly uneven ground 
beneath your antenna 
can have a big effect 

on the pattern 

Charts in numerous publications show the eleva- 
tion patterns of a horizontal dipole at various heights 
above ground. These patterns assume perfectly con- 
ducting flat ground. For horizontally polarized 
waves, the perfectly conducting ground is normally a 
good assumption. But for those who don't live over 
flat terrain, is the effect of uneven or sloping earth 
significant? 

A friend who lives on a hill informed me that, of his 
three antennas at 35, 50, and 100 feet (10.6, 15, and 
30.5 meters) the lower-height antenna gave consis- 
tently better results on 10-meter DX. I therefore 
decided to investigate the effects of sloping ground 
under an antenna. The results are quite interesting. 

fig. 1. Dipole located at a height above ground which 
results in an elevation pattern that matches the arrival 
wave angle. 

optimum wave angle 
The ideal antenna system will be optimized in per- 

formance by placing the antenna at a height above 
the ground that will match the vertical elevation 
angle to that of the propagation wave, as in fig. 1. It 
has been found that the vertical wave angle for a 
New Jersey-to-London path is inversely proportional 
to frequency! (see table 1). Note that the mean verti- 
cal wave angle is 22 degrees on 40 meters, 11 
degrees on 20 meters, 7 degrees on 15 meters, and 5 
degrees on 10 meters. 

A possible cause for higher vertical wave angles 
being useful at lower frequencies is D-layer absorp- 
tion. This absorption, which is more significant at 
lower frequencies, increases at lower vertical wave 
angles because the signal travels further within the D 
layer. Since D-layer absorption is a function of ioni- 
zation level, the wave on low frequencies may favor 
higher angles in the daytime. Also, for a given ioniza- 
tion-layer height, shorter-range communications 
involve higher vertical wave angles. Lawson2 dis- 
cusses useful wave angles. Good data on optimum 
vertical wave angles for DX Amateur communica- 
tions for varying diurnal, seasonal, and solar cycles 
and frequencies is sorely needed. 

dipole over flat ground 
To find the vertical wave angle of a horizontal 

dipole over flat ground, see fig. 2. The dipole at 
height, h,  above the ground has an image antenna an 
equal distance below ground. The reflected wave 
may be considered as emanating from this image 
antenna. The reflection from ground of a horizontally 
polarized wave also introduces an additional 180- 
degree phase shift. The incoming direct and reflected 
waves arrive at points A and B in the same phase, 
since they are both on the advancing plane-wave 
front. The reflected wave must advance the addi- 

By Randy Rhea, N4HI, 4414 Brockett Creek 
Drive, Tucker, Georgia 30084 
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- 180° 

fig. 2. Dipole at height, h ,  above ground has an image 
antenna an equal distance below ground. The reflected 
wave may be considered as emanating from the image 
dipole starting with a phase shift of 180 degrees. 

tional distance from A to the image antenna and 
therefore suffers additional phase shift plus the 180- 
degree reflection. Therefore, the two waves don't 
arrive in phase. 

There are certain elevation angles, a, for a given 
antenna height that will result in the extra path 
length, 6 ,  being 180 degrees. This 180 degrees will 
add to the reflected 180-degree phase shift and result 
in the two waves adding in phase, which will cause a 
maximum in the elevation pattern. Additional maxi- 
ma will occur when 6 = 540 degrees, 900 degrees, 
1260 degrees, and so on. (For a mathematical deriva- 
tion of this effect, refer to Appendix 1 .)  The total 
phase shift, A, is equal to 6 + 180 degrees: 

This equation can be solved for h in terms of A and a: 

h = A - 180' 
2 sin (a) 

By setting A = 360 degrees (first maximum of the 
pattern) and a equal to the optimum vertical wave 
angle for each frequency band, the optimum antenna 
height for each band can be determined. 

When a from the measured data of the London-to- 
New Jersey path is used, an interesting result occurs. 
The heights for 40 through 10 meters are 240, 472, 
738, and 1033 electrical degrees respectively. The 
electrical height, h ,  of the antenna may be converted 
to the physical height in feet, hf, by the relationship 

where f is the frequency in megahertz. This results in 
optimum antenna heights of 94, 92, 96, and 101 feet 
(28.7, 28, 29, and 30.8 meters) for 40 through 10 
meters respectively. The inherent uncertainties of the 
variables and the pattern width involved don't war- 
rant specifying the height to the nearest foot, but the 
interesting fact is that heights of 90 to 100 feet match 
quite well useful wave angles for 40 through 10 
meters. 

dipole over tilted ground 
A dipole over sloping ground is shown in fig. 3. 

The dipole is at a height, h,  above the ground imme- 
diately below the antenna, at the base of a vertical 
supporting structure. The true electrical height, he, is 
slightly less and is the distance from the antenna at B 
to the ground along a line perpendicular to the 
ground. 

The image antenna also lies on the perpendicular 
line at a distance he below ground. The first effect of 
tilted ground, therefore, is to lower the effective 
height of the antenna. This effect is rather small, 
however. 

A large ground tilt of 11 degrees reduces the effec- 
tive height of an antenna 100 feet (30.5 meters) high 
by only 1.8 feet (0.5 meter). A much more significant 
factor is the effect on the reflection angle at R of the 
ground tilt. For a mathematical derivation of the 
additional phase shift, A, refer to Appendix 2. The 
formula for phase shift is shown in eq. 4. 

table 1. Arrival wave angle from England to the New Jersey coast (from reference 1). 

angle below which angle above which angle above which 
signals arrived 99% signals arrived 50% signals arrived 99% 

frequency of the time of the time of the time 
(MHz) (degrees) (degrees) (degrees) 

7 35 22 10 
14 17 11 6 
21 12 7 4 
28 9 5 3 
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A = 2h cos (7) sin (a - y) + 180' (4) 1 + j O  

Solving this equation for h in terms of A, a, and y,  
we have 

A - 180' h = 
2 cos (7) szn (a - y) 

Now consider what happens when even a small 
ground slope of + 3 degrees exists. Using again the 
same wave angles of table 1 ,  A = 360 degrees for 
the first maximum; and solving for the optimum 
height, h ,  we have 108, 126, 168, and 252 feet (33, 
38, 51, and 77 meters) for 40 through 10 meters. As 
can be seen, the effect of tilted ground is very signifi- 
cant. The effect on the lower frequencies is less pro- 
nounced because of the higher wave angles. The 
higher-frequency bands require that the antenna be 
much higher than when over flat terrain. The effect 
of a downward slope of 5 degrees, or y = - 5  
degrees is also significant. 

Optimum antenna heights are 78, 64, 56, and 51 
feet (24, 20, 17, and 16 meters) for 40 through 10 
meters. It seems that the combination of a location 
on a hill plus a high antenna can be detrimental: too 
much of a good thing. 

patterns 
Determining the elevation pattern of the dipole 

cos A +jsin A 
l + c o s A  + j s i n A  

and then converting back to polar form, 

E = J(1 + cos A)2 + sin2 I + cos A 

The absolute magnitude of the total voltage 

I E I  = J(I + cos A)2 + sin2 A (8) 

may be rewritten 

IEI = (@)(.\/=A) (9) 

The E-field (horizontal) pattern that results varies 
from a maximum of 2 to a minimum of zero as the 
direct and reflected waves add and cancel in phase. 

To calculate the actual gain of a dipole over 
ground, the effects of the mutual impedance of the 
dipole and its image must be taken into account.3 For 
antennas high above ground, this effect is small. The 
relative E-field patterns found by the previous pro- 
cedure are not affected by the mutual impedances. 

The elevation patterns of a dipole antenna at 95 
feet (29 meters) over flat ground are given in table 
2." The first maximum of each is shown in fig. 4. 
Notice how well the patterns match the optimum 

fig. 3. Dipole at height h above sloping ground. The 
slope of the ground, y, is negative for ground below 
the horizon in the direction of propagation. The eleva- 
tion wave angle, a ,  is still referenced to the horizon. 
The height is the length of a vertical supporting tower. 

over ground from the phase shift of the reflected 
' I n  the following text, tables 2,  3,  and 4 refer to computer printouts. wave is straightforward. The direct wave is defined Copies of these tables may be obtained by sending a self-addressed, 

as 1 volt at 0 degrees, Or lk in polar form. The re- stamped business size envelope to  ham radio, Greenville, New Hampshire 
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flected wave is 1 volt at A degrees, or l k i n  polar 
form. The total voltage resulting from both waves is 
then ID + I&. Converting each of these to rec- 
tangular form and adding, we have: 

40 METERS 
r 

20 METERS - OPTIMUM ANGLES 
IS METERS (FROM REFERENCE 1) 

m 

50 

ELEVATION ANGLE, i r  (DEG) 

fig. 4. First maxima of the elevation pattern of a dipole 
95 feet 129 meters) above flat ground for 40 through 10 
meters. Notice how well the maxima match the opti- 
mum wave angles as shown in table 1. 
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40 METERS 
I I 

20 METERS - I 
15 METERS 
I 

10 METERS - OPTIMUM ANGLES 
(FROM REFERENCE 11 

ELEVATION ANGLE, u (DEGJ 

fig. 5. First maxima of the elevation pattern of a dipole 
95 feet (29 meters) above ground with an upward slope 
of 3 degrees for 40 through 10 meters. Notice the mis- 
alignment of the maxima and the optimum wave 
angles, particularly at higher frequencies. 

wave angle1 on each band. The elevation patterns of 
a dipole 95 feet (29 meters) above ground for 40 
through 10 meters (ground sloping upward 3 degrees 
toward the incoming wave) are given in table 3 and 
fig. 5 and in table 4 and fig. 6 over ground sloping 
downward - 5 degrees. Notice the severe misalign- 
ment of the wave angle and the elevation pattern for 
both cases. 

reflection point 
The distance, d ,  from the base of the dipole's 

tower to the reflection point is 

This is closely approximated by the simpler relation- 
ship 

h (11) 
d =  tan (a-y) 

where d and h are in the same units. For h = 96 feet 
(29 meters), a = the optimum angle for each band 
over level ground (y = 0 ) .  For Amateur bands 40 
through 10 meters, d equals 235, 489, 773, and 1086 
feet (72, 149, 235.8, and 325.8 meters). The effect of 
ground tilt on the distance to the reflection point is 
most significant on the higher frequencies. For 

y = - 5 degrees, the reflection point moves in to 539 
feet (164 meters) on 10 meters and 186 feet (56.7 
meters) on 40 meters. In estimating the effects of 
sloping ground at your location, it's usually neces- 
sary to take into account the location of the reflec- 
tion point. If, for example, your antenna is on a hill or 
in a valley of an extent less than the reflection-point 
distances involved, with flat ground beyond, then 
the net effect of the hill or valley will be to raise or 
lower the effective height of your antenna." 

Yagi antenna over 
tilted ground 

An excellent treatment of Yagis over flat ground is 
given by Lawson.2 He also discusses the tilted Yagi 
over flat ground. The case of a horizontal Yagi (per- 
pendicular to a vertical tower) over sloping ground is 
similar to a dipole over sloping ground. The largest 
effect of a Yagi in this case is that the magnitude of 
the pattern lobes is reduced at higher elevation 
angles. A high-gain Yagi will also lower, very slightly, 
the angle of the maxima. 

Tilted ground under a Yagi will also fill in the nulls 

* A  program for RPN calculators is available that gives the E-field in incre- 
ments of 2 degrees for the elevation pattern of a dipole over flat or tilted ter- 
rain. Send a self-addressed, stamped business size envelope to ham radio, 
Greenville, New Hampshire 03048, for a copy. 

40 METERS 

20 METERS 

IS METERS 

OPTIMUM ANGLES 
(FROM REFERENCE 1 )  

ELEVATION ANGL$ n (DEG) 

fig. 6. Low-angle maxima of the elevation pattern of a 
dipole 95 feet (29 meters) above ground with a down- 
ward slope of - 5  degrees for 40 through 10 meters. 
Notice on 10 meters the misalignment is so severe as to 
actually have a null in the pattern at the desired wave 
angles. 
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in the elevation pattern, much like a tilted Yagi over 
flat earth. To understand why this is so, refer to fig. 
3. Note that the direct and reflected waves arrive at  
the antenna at point B at  different angles. Therefore, 
the free-space elevation pattern of the Yagi will 
reduce somewhat the voltage of the reflected wave 
impressed upon the terminals of the Yagi as com- 
pared with that impressed by the direct wave. The 
two waves do not have equal amplitudes. Therefore, 
even when phase cancellation occurs, complete can- 
cellation of the voltage does not occur. This effect is 
most pronounced on high-gain Yagis with fairly large 
ground slopes. 
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appendix 1 
Refer to  f ig .  2.  Since A and B lie on  the plane wave front of the 

incoming wave, BAI is a right triangle. Angle IBA is equal t o  the 
elevation angle. The hypotenuse o f  the r ight triangle is 2h .  
Therefore. 

6 sln (a)  = 2h 

and then 

6 = 2h szn (a)  (A21 

The total phase shift must include the reflection 180 degrees, so 

A = 2h sln ( a )  + 180' (A31 

appendix 2 
Refer to  f i g .  3. Again BAI IS a right triangle. Angle IBA is equal 

to  CY plus 1. S ~ n c e  -y was chosen as negative for the downti l t  config- 
uration of f ig .  3, 

angle IBA = a  - y  (B1) 

The effective height of the antenna, h,, is 

h ,  = hcos(1)  (B2) 

therefore, 

6 = 2h cos (7) sin (a - y) ( 8 3 )  

The total phase shift is 

A = 2hcos(y ) szn(a-y )+180°  ( 8 4 )  

ham radio 
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inductance-tuned 
lowpass antenna matching unit 

An experimental design 
for low-power transmitters 

This article is meant to raise more questions than it 
answers, because it is about a subject where many 
questions still need to be answered. 

It's interesting to review the history of antenna 
matching in the design of manufactured final amplifi- 
ers. I remember working an old Johnson Viking In- 

IN 0 0  o e  I N  o 4 T r  

Q 0 

fig. 1. High-pass transmatches. 

vader into loads with SWRs as great as 5:1. Later 
vacuum-tube equipment was good for loads with 
SWRs up to only 2:1. But note what all the manufac- 
turers are selling us now: solid-state finals with no 
panel controls. Great - but suppose the load 
doesn't look exactly like 50-ohms resistive? You're 
putting out less power, or the safety relay opens up 
altogether. So obviously you may need an outboard 
gadget for your compact rig: an antenna-matching 
network, which is available from numerous manufac- 
turers, usually called a "transmatch." 

These commercial transmatches are usually copies 
or modifications of the original circuit by W1 ICP1 as 
"The Ultimate Transmatch." Its circuit is shown in 
fig. l a .  Variable capacitors Cla and Cl  b are ganged. 
Amateurs soon discovered that Clb did not contri- 
bute to a match: the basic circuit of fig. 1B works 
just as well. Virtually all rf matching networks except 
transformers are also filters, however, which may be 
lowpass, bandpass, or highpass configurations. It's 
evident that the circuit of fig. 1B is a highpass T net- 

By Richard Silberstein, WBYBF, 3915 Pleasant ! Ridge Road, Boulder, Colorado 80301 
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fig. 2. Lowpass T network. 

j--f-*-f?jJIL R I  

fig. 3. Capacitor-tuned pi-L network. 

work. Such a circuit is just the opposite of what's 
needed to attenuate harmonics.2 

With the prevalent highpass form of transmatch, 
one must rely for harmonic suppression entirely upon 
the lowpass untuned matching network built into the 
commercially manufactured transmitter's final ampli- 
fier, which is usually designed for a 50-ohm resistive 
load. Obviously, harmonics would be better sup- 
pressed if one could use a lowpass T as in fig. 2. 

There is a practical problem of how to tune low- 
pass networks. In the original transmatch of fig. 1, 
most of the tuning is done by variable capacitors C1 
and C2. When the mismatch is not very great, induc- 
tor L1 is varied only for band changing, taps and a ro- 
tary switch with grounded arm being used. Now in 
the case of the lowpass T, this design has been un- 
popular because of the difficulty of tuning inductors 
continuously over a wide range of values,3 or even of 
step-switching them at a high-voltage point above 
ground, which makes construction more difficult. 
These facts apply even in the case of the old-fash- 
ioned conventional lowpass pi network. However, 
JA6GW4 has succeed in building a lowpass T high- 
power antenna-matching network to handle SWRs of 
up to 3:1 on three bands. Referring to fig. 2, C is 
continuously tuned, L1 is untuned and L2 is step 
tuned. 

lowpass experimental network 
My objective was to design a lowpass tuned net- 

work for a QRP (low-power) portable transmitter that 
would match antennas under the variety of SWR 
conditions I was to meet, and, at the same time, 
would suppress unwanted frequencies sufficiently to 
eliminate the need for the fixed-tuned %ohm trans- 
mitter output network altogether. My first design 

was a capacitor-tuned pi, followed by a fixed-L net- 
work for additional harmonic suppression, as in fig. 
3. To keep the equipment small I used for C1 and C2 
small imported 365-pF variable capacitors with poly- 
styrene dielectric. Such capacitors proved to be rela- 
tively unsatisfactory because of contact jitter, espe- 
cially under salt-air conditions.5 

The obvious direction to move lay in using some- 
thing like a lowpass T and tuning L1 and L2 (fig. 2). 1 
had previously simplified the half-toroid powdered- 
iron-vane tuned inductor made by KlKLO and de- 
scribed by W1CER in a low-power version of the 
original transmatch.6.7 The photograph in the 1976 
article shows that K l  KLO apparently cemented one 
cut edge of his half-toroid core to a flat piece of 
metal, which was joined to the shaft collar. This was 
the core's sole support. As the shaft was turned for 
tuning, the core penetrated by varying amounts into 
the half-toroid coil. 

The main advantage of KIKLO's design is that, 
with its thin support, the core can be turned almost 
180 degrees. The disadvantage is that the support 
end of the core must be machined precisely at right 
angles to its plane. Thus the designer is pretty well 
limited to the use of powdered iron cores. This limita- 
tion is satisfactory for oscillator design, because tem- 
perature drift of permeability is so much worse in fer- 
rite cores. However, for tuned-radio-frequency 
stages in receivers, the temperature change of per- 
meability is usually of little importance, so that one 
can take advantage of the greater tuning range af- 
forded by inserting ferrite cores into a coil. The same 
is true of tuned inductors in transmitter-matching 
networks, except for the important fact that a ferrite 
core saturates easily. Core problems are discussed 
further at the end of the article. 

variable inductor 
My simplified design of a variable inductance3 en- 

tails the use of a flat sickle with central hub made 
from fiberglass-epoxy resin circuit board with the 
copper etched off. The half-toroid core is glued to 
the blade part of the sickle, and the hub is screwed to 
the end of the tuning shaft. With this technique the 
ends of the toroid do not have to be machined, thus 
making it possible to use ferrites. 

Contrary to popular belief, an attempt to split an 
expensive ferrite toroid core need not end in disaster. 
A method that works well is to lay a straight-edge 
across the middle of the core, separating it into two 
equal parts. A pencil is used to mark the ferrite ring at 
the two places where the straight-edge crosses. 
Then use the edge of a small triangular file to saw 
along the pencil lines. Sawing from below the origi- 
nal line and at the sides of the ring helps. It's usually 
not necessary to saw very far before the core breaks. 
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fig. 4. Inductance-tuned matching network. 

The break may be slightly jagged, but not sufficiently 
so to make the core unusable. In stubborn cases, 
gripping each half of the core (protected by masking 
tape) in a small portable vise and striking a blow to 
one half, or to a chisel along the filed slot, should be 
considered. Yes, one toroid core does supply two 
tuning units. 

The advantage of using ferrites can be appreciated 
by noting that one of my experimental units using 
Amidon FT 114-63 material at 10 MHz exhibited an 
inductance ratio of 5.9 to 1 between tuning ex- 
tremes. 

design considerations 
The theory of matching networks is very much of. 

an electrical-engineering specialty. Fortunately, how- 
ever, tables exist for values of circuit elements for 
matching a variety of sources to a fixed load of 50 
ohms, there being a table for each of several choices 
of Q and each of four basic matching circuits, with 
equations given.8.9.10 

In this design I've not attempted to provide an op- 
timum result but rather to show that an improved de- 
sign is feasible, leaving the full job as a challenge to 
the more capable Amateur. It's relatively easy to de- 
sign a circuit with tuned-inductance series arms and 
fixed-parallel capacitors for a 50-ohm resistive match 
with a chosen Q. If the inductive arms have a large 
tuning ratio, one can design for the %-ohm match 
values toward the middle of the tuning range and ac- 
cept the range of load matching made possible by 
adjustment of the inductance values. For my porta- 
ble operations this was not an unsatisfactory proce- 
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fig. 5. Circuit of experimental unit. 

dure, since I was using resonant, but sometimes 
loaded, monopoles and doublets. In the worst cases, 
the monopole ground plane might consist of only 
one wire laid along the railing of a motel balcony, or a 
doublet might be suspended very low above ground. 
I generally don't try to load up arbitrary lengths of 
wire. I especially avoid resonant wires with feed 
points close to a voltage maximum. 

experimental circuit 
The network I finally came up with was more of a 

mongrel than I had originally intended. It started out 
as the T network of fig. 2 with a Q of 4 and switcha- 
ble shunt capacitors for changing from 14 to 21 MHz, 
matching an assumed 100-ohm resistive output to a 
50-ohm resistive load. I found the information shown 
in table 1 by using reference 8 and making approxi- 
mations. However, I wasn't able to use the original T 
network because, apparently, the inductance of rf 
chokes in the transmitter final amplifier caused a 
parasitic oscillation at about 4 MHz. This oscillation 
was eliminated by placing a 100-pF capacitor across 
the transmitter output. 

table 1. Computed values for proposed T network of 
fig. 1; initial data used from reference 8 ( Q  = 4, RG = 

IOOohms, RL = 50ohms). 

f X,, L1 X, L2 X, C 

(MHz) (ohms) laH) (ohms) IpH) (ohms) (pF) 

14 400 4.6 287 3.3 174 66 
21 400 3.0 287 2.2 174 44 

The new circuit could be split and described as a 
number of different combinations. After examining 
published tables in reference 10, 1 chose to look at it 
as an approximation of fig. 4, an L network of 
Q = 2, transforming 100 ohms to a 50-ohm resistive 
load - the load being a symmetrical lowpass T net- 
work of Q = 6 with 50 ohms resistive output and in- 
put. Table 2 gives circuit parameters for 14 and 21 
MHz. 

Fig. 5 shows practical adaptation of fig. 4. The 
unit was connected to the output of a simple rf ferrite 
toroid transformer in the output circuit of a 2-3 watt 
transmitter for 14 and 21 MHz. For capacitor C2 I 
compromised on a single 100-pF silvered-mica unit. 
For tuning I used a 100-microampere meter in the 
transmitter to measure relative output. The IN914 di- 
ode, CRI, provides a measure of peak rf output 
across itself. It charges C1 and C5. The discharge of 
C1 through R1 (470k) provides the current to give a 
relative reading on the meter. Resistor R2 is used as a 
means of draining atmospheric electrical charges off 
the antenna. 
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table 2. Computed values for circuit of fig. 4, approximated in final unit (data from reference 101. Rg is 100 ohms resistive; RL is 
50 ohms resistive. 

f )(,a Ca ',a La %I L1 *LZ  L~ X~ C 

(MHz)  (ohms) (pF) (ohms) (pH) (ohms) (pH) (ohms) (pH1 (ohms) (pF) 

100 50 300 300 151 
14 110 0.58 3.4 3.4 74 
2 1 70 0.39 2.3 2.3 49 

tuning considerations 
When one tunes for a maximum relative output 

voltage at CRI, this is essentially a measure of the 
voltage across the antenna cable and therefore a 
measure of the maximum output of the transmitter 
for a particular feed line and antenna, irrespective of 
SWR. One must assume, of course, that as a result of 
previous experience with the antenna, the SWRs are 
not unreasonable if amplitude readings and dial set- 
tings are similar to those that have been noted under 
controlled conditions with an SWR meter in the line. 
Self-oscillation of the final (not keyed in my transmit- 
ter) can usually be recognized as small key-up read- 
ings or readings without rf drive. VHF parasitics 
sometimes appear as very large meter readings. In 
one case when the antenna cable's shield was mostly 
torn from the plug, so that the final amplifier saw a 
load favorable for VHF oscillation, there was a very 
large apparent output reading at unusual tuning posi- 
tions, but only during key down. An SWR meter 
showed very high readings. 

construction 
In the physical design of the unit, it was possible to 

build inductors with such a wide tuning range that no 
bandswitching of inductance was needed. In fact, La 
as seen from table 2 was so much smaller than L1 
that I simply regarded it as a part of L1, which I then 
wound identical to L2. 

I designed the matching unit to fit into a Bud alu- 
minum minibox (natural finish) CU3017A or equiva- 
lent, 3-114 by 2-118 by 1-118 inches (83 by 54 by 29 

A C R Y L I C  
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fig. 6. Matching network assembly. 

mm). Fig. 6 shows the layout in the cover of the box. 
I mounted each inductor on an acrylic plate about 
1-112 inches (38 mm) square. The central bushing is 
nylon 13/32 inch (10 mm) in diameter and 17/64 inch 
(6.7 rnm) high, drilled for a standard 11'4 inch (6.4 
mrn) shaft of Formica. Using the techniques of refer- 
ence 3, 1 cemented the bushings to the plates, which 
had oversized shaft holes. 

For each half-toroid I wound twenty-two turns of 
No. 20 (0.8 mrn) enameled wire on a 318 inch (9.5 
mm) dowel, two more turns than would be used, be- 
cause the coil would unspring slightly. A little more 
coil width would have allowed more core clearance in 
the finished product. I carefully wrapped this coil 
around the bushing, cementing twenty turns to the 
bushing and plate with Duro cement, having first 
brought leads out through holes in the plate. An rf- 
coil cement, Duco, or epoxy would all have done 
equally well. Holding the coil with a rubber band or 
small clamp until the cement hardens may be helpful. 

For the cores, I split an Amidon 114-63 core as de- 
scribed above and in reference 3. It was necessary to 
use washers between the sickle hub and shaft end to 
space the core properly inside the coil with the shaft 
all the way into the nylon bearing. To hold each as- 
sembly in place I made shaft collars with set screws. 

unwanted-output 
suppression characteristics 

Fig. 7 shows the test setup for measuring un- 
wanted-output levels relative to the level of the de- 
sired output. The low-power transmitter-matching 
circuit under test feeds a 50-ohm load of &watt dissi- 
pation, consisting of four 200-ohm, 2-watt resistors 
in parallel. This load is bridged by an arbitrary bleeder 
consisting of a 1000-ohm half-watt resistor in series 
with a 50-ohm half-watt resistor feeding a short piece 
of 50-ohm cable." This cable can plug into one termi- 
nal of a precision variable rf attenuator; the one in 
this case was a unit once made by Hewlett Packard. I 
also used a high-frequency signal generator set arbi- 
trarily at a high 50-ohm output level (mine was an old 
unit by Clemens Manufacturing Co.). Its output 
through 50-ohm cable can also plug alternatively into 
the attenuator terminal. 
-- -- - - 

'For greater precis~on the capacitances across the resistors should be ac- 
counted for, as in the case of the attenuator in an oscilloscope rf probe. 
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fig. 7. Layout for measuring relative strength of un- 
wanted output components. 
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The other terminal of the attenuator goes to a sta- 
ble communications receiver with a good AGC meter 
(S-meter). Mathematically it can be demonstrated 
that when the cables are matched at the sending end 
(not necessarily at the receiver) on any one receiver 
frequency setting, the output from the bleeder fed 
through the attenuator, and that from the signal gen- 
erator fed through the attenuator, are the same - 
except for attenuator settings when the AGC meter 
reads the same. Negligible cable losses are assumed. 

The procedure for measuring relative unwanted 
output is as follows: 

1. The bleeder output from the transmitter dummy 
load is put through the calibrated attenuator and a 
setting, A, made to give a convenient AGC-meter 
reading with the receiver resonated to the transmitter 
fundamental frequency. Setting A is noted. 

2. The signal generator is now plugged into the at- 
tenuator instead, with at least 20 dB of its own 50- 
ohm attenuator in use (to make sure of having a 50- 
ohm source). It is tuned to the receiver and a new at- 
tenuator setting, B, is made to bring the AGC-meter 
needle to the same point as before. The setting is re- 
corded. The receiver now shows that the signal gen- 
erator output and the bleeder output are equal. 

3. With the transmitter running again, a harmonic or 
other unwanted frequency is tuned in. 

4. Again the transmitter bleeder output through the 
attenuator is adjusted on the attenuator dial to a new 
convenient AGC-meter reading. The new attenuator 
setting, A: and the new meter reading are recorded. 

5. Again a new signal-generator output (with its own 
attenuator unchanged from step 2) on the new fre- 
quency is put through the attenuator. The procedure 
of step 2 is followed, and attenuator setting B '  for 
the AGC-meter reading of step 4 is recorded. 

6. The number of dB that the signal generator was 
below the transmitter-bleeder output for the funda- 
mental is ( A - B ) .  The number of dB for the unwanted 
signal is (A'-B'), which may be negative, so the un- 
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wanted signal is (A-B)-(A'-B') below the fundamen- 
tal in decibels. 

Table 3 shows the approximate results of the tests 
at 14 MHz. 

some final observations 
I've demonstrated that it's possible to build a sim- 

ple tuned output network for a low-power rf final am- 
plifier that has matched portable antennas in a vari- 
ety of situations and is, at the same time, a lowpass 
filter with very satisfactory suppression of unwanted 
frequencies. However, as stated at the start, this 
achievement raises more questions that it answers. 

In the first place the design, as mentioned above, 
was not optimized and I have not determined the ex- 
act range of loads that can be matched. Also, for the 
range of different possible settings, there must be a 
wide range of Qs, that I've not calculated. This is 
fair-to-poor ham practice, but terrible engineering. 
There's been a lot of theoretical research on match- 
ing networks and some practical engineering data 
published, but it appears that much more application 
information is needed. 

The tables of matching-network parameters rnen- 
tioned earlier are an example of good application in- 
formation, but they are chiefly concerned with 
matching a fixed load, generally 50 ohms resistive. 
The mere question of how to express load-matching 
capabilities and limitations of a tunable multi-element 
circuit is a difficult one to answer. Standing-wave 
ratio is a convenient measure of a mismatch to be 
matched, yet anyone familiar with the Smith chart 
knows that any SWR circle intercepts a variety of cir- 
cuit parameters and that it is these values that limit 
matching capabilities, not the SWRs. 

Returning to fig. 2, for a given design one could 
superimpose parametric curves on a Smith chart - 
for instance, varying L1 with L2 and C being fixed. 
One could do this for different values of L2 and C. 
From these curves one could see limits of SWR and 
circuit parameters for a particular design. However, 
the real problem is to optimize a design, starting with 
expressed limits of loads to be matched. We have 
here a problem worthy at least of a Master's degree 

table 3. Approximate attenuation of unwanted 
signals from low-power transmitter at 14 MHz fed 
through antenna-matching unit to 50-ohm resistive 
load. Transmitter final was push-pull 2N3948s. 

f dB below 
(MHz1 wanted signal 

28 55 
42 70 
7 (frornVF0) 48 



for some technically oriented engineering-school 
ham with skill in computer programming. 

Then there's circuit Q, which will vary as the cir- 
cuit is tuned. Does present textbook material do 
enough to relate the defined Q of a filter-circuit ele- 
ment to its overall Q, and how does this relate to the 
simple w L / R  of an LRC tank circuit so well explained 
in the textbooks? Then, what about the low Qs 
(some say not above 4) so frequently specified? The 
limitation here cannot be the passband as it is with 
vacuum-tube power-output circuits. I must guess 
that the higher-Q transistor-output circuits might 
tend to oscillate at some unwanted frequency where 
the matching circuit no longer matches but presents 
the collector circuit of the final amplifier with a load 
that would be favorable for oscillation - but I've not 
seen this in print. Passband characteristics involving 
harmonic suppression have been treated in various 
places. They must be of concern in an optimum 
design. 

Finally there is the question of the behavior of the 
core. Ferrites saturate at a low magnetomotive force, 
but with a half-toroid we have a big air gap. Never- 
theless, we should design for a large enough cross- 
section area to stay far below saturation. In fact, core 
nonlinearity produces harmonics that did not exist in 
the transistor output. To know where we stand rela- 
tive to saturation requires knowledge of the rf current 
and the core position for each set of load parameters. 
High currents cause excessive heat, which will do 
permanent damage to a core. 

Perhaps we should raise that proposed Master's 
degree to a Doctorate. I'm sure JA6GW already qual- 
ifies,4 but unfortunately he's shown us only part of 
his technique. It's quite likely, though, that experi- 
mentation alone will produce some useful, but not 
necessarily optimum, designs for higher-powered 
equipment than I've been using. Go to it, experi- 
menters. ' 
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Round after round of transmission, durable all- 
weather UNADILLAIREYCO baluns, traps and kits 
will take you the distance. UnadillaIReyco will sup- 
press feedline radiation and maximize antenna effi- 
ciency better than any competitive HAM line. 

The Big Signal W2AU Balun 
gives you the right connec- . -  - -  
tion between any antenna 
and transmitter. The W2AU 
Balun can withstand 600 Ibs. 
of pull. has a built-in lightn~ng 
arrestor and can handle full 
legal power. For more than 
20 years, it's been the 

1% 
choice of HAMS, Armed Q 

I Forces and commercial com- 
munication around the world. 

3 
The Old Reliable W2VS 
Reyco Trap will always give 
you the perfect dipole. Pro- 
fessionals demand Reyco 
Traps because they're 
weatherized and can withs- 
tand 500 Ibs. of pull. 
Developed by veteran HAM 
W2VS, Reyco Traps are 
paired by precision frequen- 
cy. 

The W2AUlW2VS 5-band 
Antenna Ki t  includes 
everything for low SWR on 
40 and 80  meters, and 
resonants on 10, 1 5 and 20. 
The quality crafted com- 
ponents in this kit are time " 

tested by HAMS around the 
world. 

Other UnadillaIReyco products include low pass filters, 
quad parts, insulators and endsulators. Call for our free 
catalog and the name of your nearest dealer. Hamfest 
managers: we cooperate. Remember: UnadillaIReyco 
will take you the distance. 

UNADILLAIREYCO 
Division of Microwave Filter Co., Inc. 

6743 Kinne St., East Syracuse, NY 13057 
Toll Free 1-800-448-1 666 TWX 71 0-541 -0493 

NYlHllAKlCanada (collect) 1-31 5-437-3953 

FOREIGN HAMS 
LONDON: AMCOMM 01 804 1166lVICTORIA: Scalar 7 2 5  
9677lPUNTA ARENAS: Novedades Rasmussen 22327lBUENOS 
AIRES: Mul t i -Rad~o 7 7 3 - 1  266lCOL. ANAHUAC: Radiac 
2-50-32-40lFRANCE: SFL (90 )  5 3 3 9  4 0  (30 )  61  1258  
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Outperforms commercially available tribanders and many monobanders, too! 

KLM's KT-34XA TRIBANDER is the 2nd generation of a unique new series of antennas designed to 
provide superior broadband coverage on 20, 15, and 10 meters. The combination of lossless linear 
loading and hi-O air capacitors enables the KT-34XA to outperform all commercial available tribanders 
and meet or exceed the performance of a conventional stacked monoband system. The lower weight 
and windload of a single antenna mean reduced tower and rotator requirements. Thus, overall system 
costs can be kept to a minimum while enjoying the best of monobander-type performance. 

KLM's field proven KT-34A is the heart of the "XA" model. The boom length of the "XA", however, 
has been doubled, and one tri-resonant and one full size 10 meter element have been added. These 
changes increase the gain to 11-11.3 dBd on IOM, 9-9.5 dBd on 15M, and 8.5-9 dBd on 20M. Two 
driven elements are used to make the KT-34XA unusually broadbanded (a concept applied to many KLM 
antennas). Gain is virtually flat across each band except for 10 meters which has been optimized for the 
DX'er, 28-29 MHz. The chart below shows the remarkable performance qualities of the KT-34XA. 

GAlN (dBd) 
KT-34XA GAlN vs. VSWR 

MHz 

KLM 
P.O. Box 816, Morgan Hill, CA 95037 

(408)779-7363 
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cylindrical feedhorns 
flectors are almost always specified. Therefore, Improved feedhorn provides 1 everything in my system had to be exactly right to 

I 
- 

produce acceptable satellite TV pictures using the 8- 
superior parabolic antenna foot (2.4-meter) dish. This meant that I had to pay 

I ,  particular attention to details. 
system performance 

1 
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M y  original atticle describing cylindrical feedhornsl 
for use with parbolic reflectors appeared in ham radio 
in May, 1976. Judging from the number of inquiries 
that have been - and are still being - received, the 
subject is obviously pertinent to many Amateurs and 
experimenters interested in working in the UHF and 
SHF ranges. Variations of the design have been used 
on the 1296- and 2304-MHz Amateur bands as well 
as the MDS2 and ITFS3 bands. The design is also well 
suited for use in the 3300-3500 MHz Amateur band. 

I recently experimented with cylindrical feedhorns 
for reception of satellite TV signals in the 3.7-4.2 GHz 
band. The design requirements here are similar, but 
in my case much more stringent - not because the 
frequency is higher, but because I chose to use a 
very small-diameter dish reflector (&foot, or 2.4 
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DISH FOCAL L E N G T H - T O - D I A M E T E R  RATIO 1 F I O J  

fig. 1. Feedhorn diameter in wavelengths as a function 
of focal lengthldiameter ratio, FID, of the parabolic re- 
flector. 

meters). Those who are familiar with TVRO design re- By Norman J. Foot, WASHUV, 293 East Mad- 
quirements know that 10-foot (3-meter) or larger re- ison Avenue, Elmhurst, Illinois 60126 



While this activity is not normally considered 
Amateur Radio in the usual sense, the modifications I 
had to make to the original design are certainly ap- 
plicable to the UHF and microwave Amateur bands. 
The purpose of this article is to describe the changes 
and 'the associated improvements in performance 
that were achieved. This information should be 
helpful to Amateur experimenters and others work- 
ing with parabolic reflectors who are interested in ob- 
taining superior performance from their antenna 
systems. 

a review of feed- 
horn parameters 

Important feedhorn parameters are length, diam- 
eter, and probe location. The most important of 
these is the inside diameternof the horn, which is 
tailored to match the associated reflector. The probe 
location is calculated after the diameter is estab- 
lished. 

The original article specifies a minimum diameter 
of about 5.68 inches (14.4 cm) for the 1215-1300 
MHz application to operate above the cutoff frequen- 
cy of the circular guide. A horn this small has a very 
broad beam and so would normally be used with a 
very deep dish. Large-diameter horns produce nar- 
row patterns and higher gains. Generally the diam- 
eter is selected to match the F/D ratio of the associ- 
ated parabolic reflector to achieve optimum design. 
A match is achieved when the gain of the horn off 
boresight at the periphery of the dish is approxi- 
mately 10 to 15 dB below the gain on boresight. This 
point is illustrated in fig. 3 of the original article. Note 
that my 3.7-4.2 GHz horn has a diameter of 2.25 
inches (5.7 cm), which provides a good match to my 
0.387 F/D ratio &foot (2.4-meter) reflector. 

Fig. 5 of the original article was difficult to read 
because th6 graph contained no grid. This important 
graph has therefore been reproduced here in fig. 1, 
but in a more universal form. Instead of specifying 
diameters for a specific frequency, diameter is speci- 
fied in terms of wavelength, d A o .  This makes the 
graph useful at any frequency. For example, from 
fig. 1 the diameter of a horn used with a dish having 
an F/D ratio of 0.387 is 0. 75ho. Therefore, the 1296- 
MHz feedhorn should have a diameter of 6.83 inches 
(17 cm): 

d = 0. 75ho 
= 9.113 inches (23 cm) 

Therefore, d = 0.75 x 9.113 = 6.83 inches 
(1 7 cm) 

quarter guide wavelength from the shorted end of 
the horn. The probe length is slightly shorter than a 
quarter free-space wavelength because of end ca- 
pacitance. Reference should be made to the original 
article, which fully describes probe parameters and 
the tune-up procedure. 

problem areas 
Up to this point it has been assumed that the beam 

cross-section is circular and therefore that the re- 
flector would be equally illuminated all around its cir- 
cumference. Fortunately this is as very good 
assumption for cylindrical horns, especially those 
having large d A o  ratios. In contrast, rectangular 
waveguide horns, which do not produce circular 
beams, require that a flare be added in the electric 
plane to achieve uniform illumination* in both the 
electric and magnetic planes. 

Large-diameter cylindrical horns, such as might be 
used with shallow reflectors, generally exhibit side 
lobes as high as 8 to 10 dB below the peak of the 
main beam. This is not efficient and is particularly un- 
desirable in TVRO systems. 

Besides beam cross-section ellipticity and side 
lobes, there is a third effect relating to the abrupt dis- 
continuity where the wave is launched from the open 

'The reference here to illumination of the dish denotes use as a transmitting 
system. Based on the reciprocity theorem, the system will work equally well 
for receiving purposes, but it is probably easier to visualize in the trans- 
mitting mode. 

Second-generation feedhorn has space-age look. This 2%- 
The relatively critical probe location can be de- inch (15.7-cm) OD horn operates across the 3.7-4.2-GHz sat- 

termined once the horn diameter is established. The ellite TV band. Rf-choke disc increases gain bv 2 dB and sia- - - 
original article describes the probe as being located a nificantly improves overall system performance. 
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end of the horn. The discontinuity causes what is 
sometimes referred to as a back radiation.4 The 
amount of back radiation is large for small-diameter 
horns but approaches zero for diameters larger than 
one wavelength. In the present application, horn 
diameters greater than a wavelength would be used 
with only very shallow (large FID) dishes. 

The cylindrical feedhorn is in reality a short section 
of circular waveguide with its open end coupled into 
space. Since the impedance of circular guides is 
always greater than the 377 ohms of free space,5 a 
small amount of energy will be available for back 

Another view of the horn showing probe location, which is 
calculated after horn diameter is established. The most criti- 
cal horn parameter is inside diameter, which is designed to 
match the associated reflector. 

radiation, while some energy may be reflected back 
into the coaxial input circuit. A means therefore is 
needed to' reduce the discontinuity at the mouth of 
the horn; this should reduce VSWR and increase gain 
and efficiency. 

matching the feed 
horn to free space 

Experiments have shown that the addition of an rf 
choke on the outside of the feedhorn near the open- 
ing is very effective in reducing back radiation and 
providing a better impedance match. Measurements 
show that the resulting increase in gain of the main 
lobe is between 1 and 3 dB, depending on the ratio of 
d/Xo.  VSWR measurements show that best im- 
pedance match is obtained when the choke is 
located at the best gain position. 

The choke is a flat washer positioned coaxially on 
the horn and located behind the open end. The 
choke used for the 4-GHz horn was 6 inches (15.25 

The flat disc rf choke is very effective in reducing back radi- 
ation and providing a better impedance match. VSWR meas- 
urements show that the best impedance match occurs 
when the choke is located at the best gain position. Details 
for adjusting the choke are given in the text. 

cm) in diameter and it was positioned approximately 
1-114 inches (3.175 cm) behind the opening. Note 
that the distance from the open end of the horn 
along the metal surface to the periphery of the choke 
is approximately one wavelength. Since this distance 
is critical, provisions are made for adjusting the posi- 
tion of the choke for tuning purposes. The effective- 
ness of the choke becomes clearly evident as it is 
moved back and forth during gain tests. Also, pat- 
tern tests show that the choke is effective in reducing 
minor lobes to very low levels and circularizing the 

8 * 270. 
e = 90.  

0 .90-  EDGE 

B: -90' OF D I S H  

fig. 2. Patterns of the 4-GHz feedhorn after having been 
adjusted for maximum gain. 
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beam cross section. Thus, the choke is instrumental 
in improving aNof the potential problem areas. Fig. 2 
shows the patterns of the 4-GHz horn in both the 
electric and magnetic planes after the choke had 
been adjusted for maximum gain. 

Fig. 3 illustrates the mechanical details of the 3.7- 
4.2 GHz horn, including the choke. Note that all of 
these dimensions can be scaled to other frequencies 
in proportion to wavelength except for probe loca- 
tion. The latter is a function of guide diameter, which 
in turn depends on FID ratio of the reflector. Fig. 4 is 
a graph showing the probe location in terms of d h o .  

design example 
The amount of Amateur activity on 1296 MHz has 
been increasing rapidly during the past few years. 
Seven-foot (2-meter) diameter dishes are quite 
popular on this band because commercial units in- 
tended for UHF TV are easily modified for use at 1296 
by the addition of screening and a more suitable 
feedhorn. It is appropriate, therefore, to include with 
this article a 1296-MHz design example of an im- 
proved feedhorn for this application. 

Most 7-foot (2-meter) reflectors have an FID ratio 
of approximately 0.38. From fig. 5 of the original arti- 
cle, the horn diameter is 6.75 inches (17 cm). The 
length is 12-14 inches (30-36 cm), but this dimension 
is not critical. Free-space wavelength is calculated as 
follows: 

X o  = c/ fo  

X o  = 
3 x 1010 = 9.11 inches 

1.296 X 109 x 2.54 (23 cm) 

where X o  = free-space wavelength (inches) 

Guide cutoff wavelength is calculated as follows: 
A, = 3 . 4 2 ~  

where A, = cutoff wauelength 

r = horn radius 
6.8 A, = 3.42 ---- = 11.63 inches (29.5 cm) 
2 

The cutoff frequency, f,,  is 1016 MHz. 

Finally, guide wavelength, Xg, is: 

= 14.057 inches (35.7 cm) 
In other words, the probe should be 3.5 inches (8.9 

cm) from the shorted end of the horn. The probe is 
slightly shorter than Ao/4, or about 2-17/64 inches 
(5.75 cm). Its length should be adjustable over a dis- 

+ RF CHOKE 

OLDER 

2.25'' 

fig. 3. Mechanical details of improved 3.7-4.2 GHz feed- 
horn. 
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fig. 4. Probe location in terms of horn diameter in 
wavelengths. 

tance of about f 114 inch (6mm). The adjustment for 
minimum VSWR should be made with the choke lo- 
cated at the maximum gain position. The technique 
illustrated in fig. 6 of the original article can be used 
for probe adjustment. 

The 1296-MHz feedhorn should be equipped with 
an 18.5-inch (47-cm) diameter, 0.032-inch (0.8-mm) 
thick brass rf choke, located approximately 2-1 12 
inches (6.35 cm) behind the open end of the horn. 
The inside diameter of the choke should be greater 
than the outside diameter of the horn, so that a 1- 
inch-wide, 0.032-inch-thick strip of brass can be sol- 
dered to the inside of the choke. This strip act, as a 
guide for adjusting the position of the choke, as illus- 
trated in fig. 3. It also provides good electrical con- 
tact with the outer surface of the horn. Be sure the 
sliding surface is clean and free of paint and other in- 
sulating materials. Once the choke has been posi- 
tioned for maximum gain, the outside surface of the 
horn and the choke can be sprayed with paint to pro- 
tect these surfaces from the weather. 

A typical 2304-MHz design uses a 4-inch (10-cm) 
diameter coffee can 5 %  inches (14 cm) long with a 
10-112 inch (26.7-cm) diameter choke. The choke is 
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1-1/4 inches (3 cm) from the open end of the horn. 
The probe (monopole) is located 2-3/8 inches (6 cm) 
from the shorted end of the horn. The improvement 
in gain due to the choke for this horn was 2.0 dB. 
VSWR was measured at less than 1.1 between 2.0 
and 2.5 GHz. 

The choke can also be made from 0.032-inch (0.8- 
mm) aluminum sheet stock. Cut the inside diameter 
1-1/2 inches (4 cm) smaller than the OD of the horn. 
Serrate the hole with a saber saw or hacksaw blade 
to the horn diameter, then bend the tabs at right 
angles to match the contour of the horn. Cuts should 
be made every 20 degrees or so. Finally place a hose 
clamp over the tabs to provide both a good electrical 
and mechanical contact with the horn.* 

adjusting the choke 
A suggested test setup for adjusting the position 

of the rf choke for maximum feedhorn gain is shown 
in fig. 5. A signal generator or other rf power source 
drives a dipole illuminating antenna. The dipole 
should have a reflector as shown, and a balun might 
also be used to connect the unbalanced generator to 
the balanced dipole antenna terminals. 

The horn antenna under test should be located at a 
distance from, and looking directly at, the illumi- 
nating antenna. A separation distance of 8 or 10 feet 
(2 or 3 meters) is generally satisfactory, although 
closer spacing may be necessary at higher fre- 
quencies. Orient the antennas so their polarizations 
match. Connect the output of the feedhorn to the in- 
put of a sensitive rf detector driving a microammeter 
or dc VTVM. If an rf amplifier is available, it can be in- 
serted between the horn and rf detector to obtain 
greater measurement sensitivity. Another option is to 
connect the output of the feedhorn to the input of a 

'Templates for several horn sizes are available from the author. Please state 
horn diameter and enclose $2.00 to cover the cost of printing and mailing. 

SIGNAL 
SOURCE 

DIPOLE 

REFLECTOR FEEOHORN 

D E T E C T O R  

fig. 5. Test setup for choke and probe adjustment. 

converter and receiver combination; the receiver's S- 
meter can serve as the detector. In none of these sit- 
uations is the radiation pattern of the transmitting 
antenna particularly critical, except that reasonable 
directivity is necessary to avoid reflections from near- 
by objects if the test is run indoors. 

After having obtained a Preliminary detector read- 
ing, slide the choke back and forth to identify the 
point that provides maximum detector current. Gain 
should be approximately 1.5 to 2.5 dB greater with 
the choke than without it. You can check this by re- 
moving the choke and noting the increase in genera- 
tor output power necessary to recover the lost gain. 

closing remarks 
We Amateurs have known as far back as we can 

remember that the most simple and least expensive 
way to improve system performance is by increasing 
antenna gain. Because this is equally true for receiv- 
ing and transmitting, any successful effort to im- 
prove the antenna is felt at both ends of the contact. 

As we move from VHF to UHF in our quest for new 
experiences, we find that the parabolic antenna 
system is used more and more. While there are very 
few dishes in use at 432 MHz and below - other 
than at a few EME installations - fifty-three percent 
of all stations listed in the 1981 1296-MHz directory' 
who specified their antenna type are using parabolic 
reflectors. These range in size from 30 inches (0.75 
meter) to 25 feet (7.6 meters) in diameter. The move 
to 2304 MHz will very likely see even greater use of 
the dish. 

In my case, the need to stretch antenna perform- 
ance to the limit in an effort to  achieve "sparklie- 
free" TV images with the use of a very small para- 
bolic reflector provided the impetus for improve- 
ment. It seems to me that Amateur EME and long- 
haul over the horizon (forward scatter) circuits stand 
to benefit also. I shall be delighted to hear from 
Amateurs and experimenters who prove this to be a 
correct hypothesis. 
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A grounded, vertically 
polarized antenna 
with some 
interesting features 

the half-delta loop 
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fig. 1. Grounded half-delta loop antenna and its image 
in the ground plane. 

In a recent article on the half-sloper antenna,' I 
suggested that a half-delta loop configuration would 
make a better antenna system, That is, the sloping 
wire would be attached to the top of a grounded 
tower, and this wire would be end fed, against 
ground at its far end (see fig. 1). The length of the 
half-delta loop, including tower height plus length of 
the sloping wire would be an electrical half wave- 
length, but the loop is "full-wave resonant," if ac- 
count is taken of its image in the ground plane. Ob- 
viously, characteristic of monopole grounded anten- 

- 
By John S. Belrose, VE2CV, 3 Tadoussac 
Drive, Aylmer (Lucerne), Quebec J9J 1G1, 
Canada 
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fig. 2. Vertical radiation pattern, vertical polarization. 
measured in the plane containing the half-delta loop. 
for the lowest resonant frequency yo) and for various 
harmonic frequencies (2f0, 3fo, and 4f0). 

nas, the half-delta loop will work best if a ground 
screen is used to improve the image that it sees of 
itself in the ground plane, and to provide a low resis- 
tance for return current flow in the ground to the 
grounded side of the coaxial feed. At the very least, a 
wire buried in the ground should connect the base of 
the tower to the shield of the coaxial feed cable, and 
two six-foot (2-meter) ground rods should ground 
the tower and the ground side of the feed. 

design considerations 
While other configurations will work, the antenna 

discussed here was arranged as a delta loop; that is, 
the antenna and its image have the shape of an equi- 
laterial triangle. Thus if the tower height is h ,  the 
length of wire should be Zh, and therefore: 

where k is a factor greater than 1 that relates the 
physical and electrical lengths of the antenna. For 
the model antenna built for test and evaluation at a 
scale frequency of 200 MHz, k was experimentally 
determined to be about 1.12. 

Thus the table below gives approximate dimen- 
sions for half-delta loop antennas for 160, 80, and 40 
meters. 

tower height, length of 
f h. sloping wire, band 

(MHz) feet (meters) feet (meters) (meters) 

1 .8 100 (30.5) 206 (62.8) 160/80/40 
3.6 50 (15.3) 103 (31.4) 80/40/30/20 
7.15 25 ( 7.6) 52 (15.8) 40/20/15/10 

Unlike dipoles, which are resonant at fo,  3fo, 5fo, 
etc., the half-delta loop is resonant at all harmonics 
of its fundamental frequency fo ,  2f0, 3fo, 4fo, etc. 
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Measured radiation patterns for the modeled an- 
tenna, measured on the National Research Council, 
Ottawa, antenna pattern range,' are given in figs. 2 
and 3. The curves in fig. 2 show the vertical radiation 
pattern for' vertical polarization, measured in the 
plane containing the antenna, at the lowest resonant 
frequency of the antenna, fo,  and for various har- 
monics of this frequency (2fo, 3fo, and 4fo).  While the 
polar pattern becomes more complicated at the high- 
er harmonics, the antenna radiates essentially like a 
monopole antenna in that the polarization is vertical, 
and maximum gain is directed toward the horizon. 

The curves in fig. 3 show the azimuthal radiation 
patterns for vertical polarization for a launch angle of 
10 degrees above the horizon, measured at these 
same frequencies. The polar pattern at the funda- 
mental frequency is interesting; the antenna radiates 
in the plane broadside to it like two quarter-wave 
monopoles in phase. In this figure, the tower was lo- 
cated at the center of the polar diagram, and the 
delta loop had its apex directed toward the 0 coor- 
dinate. At harmonic frequencies the antenna exhibits 
a different directivity. The maximum gain occurs in 
the plane containing the antenna, rather than broad- 
side to this plane, with the greatest gain in the direc- 
tion away from the tower and its feed; and nulls ap- 
pear in the plane broadside to the antenna - the 
nulls at 3fo are particularly deep. 

The vertical radiation patterns for horizontal polari- 
zation in the plane broadside to the half-delta loop 

0' 

90 

IBO. 

fig. 3. Azimuthal radiation pattern, vertical polariza- 
tion, measured at an angle above the horizon of 10 de- 
grees for the half-delta loop at its lowest resonant fre- 
quency (f,) and for various harmonic frequencies (2f0. 
3f0, and 4f0). The delta loop was located at the center of 
the polar plot with its apex directed toward the 0- 
degree coordinate. 



were also measured, and although these patterns are 
not shown, the horizontal field was small (especially 
at fo and 2fo). That is, the antenna radiates dominant- 
ly like a vertically polarized antenna. 

The input impedance of the antenna, mounted on 
an aluminum sheet, was about 74 ohms at fo, and the 
SWR was less than 2:l at the second and third cur- 
rent mode resonances, which occurred at frequen- 
cies of 1.7 and 2.71 fo (that is, about 10 percent lower 
than exact multiples of the fundamental frequency). 

influence of ground conductivity 
on the vertical pattern 

While we have not calculated the pattern for an- 
tennas mounted on a finitely conducting earth, the 
effect is expected to be like that for a vertical mono- 
pole antenna. Fig. 4 shows, for reference, calculated 
patterns for a quarter wave monopole antenna above 
earth having poor and good conductivity, compared 
with sea water, for 4 and 14 MHz.2 The gain (greater 
than 2.15 dBi) comes about by the fact that a 
grounded monopole radiates into a hemispherical 
space, whereas a dipole antenna in free space radi- 
ates in all directions (over spherical space). 

In concluding this brief discussion on the effect of 
the finite conductivity of the ground on the vertical 
radiation pattern of a vertically polarized antenna, 
and on the need to provide a ground screen beneath 
a current-fed grounded antenna, let me comment on 
a moot point not well understood. A radial ground 
screen beneath the antenna provides a low resis- 
tance path for the return current flow to the base of 
the antenna, or to the ground side of the coaxial feed 
in the case of the half-delta loop antenna. This is 
necessary to reduce the effective ground loss resis- 
tance, so that the antenna current contributes to ra- 
diation and not to ground loss. The ratio of the radi- 
ation resistance to the ground loss resistance refer- 
red to the feed point must be high for good radiation 
efficiency. However, to launch sky waves at a low el- 
evation angle (less than 10 degrees) above the hori- 
zon, the ground conductivity fifty or more wave- 
lengths in front of the antenna is important. As 
shown in fig. 4 the effect of the conductivity of the 
earth is large, particularly at low angles, and the in- 
fluence of the ground extends well beyond the limits 
of practical ground screens. This point was dis- 
cussed in my subsequent a r t i ~ l e . ~  

The various patterns shown in figs. 2 and 3 are rel- 
ative. While no attempt was made to measure the 
gain of the antenna at the harmonic frequencies, it 
should be noted that the pattern for the fundamental 
frequency, fo, was referenced to a half-wave dipole 
antenna one-quarter wavelength above the ground 
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Q 
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fig. 4. Theoretical vertical radiation pattern for a verti- 
cal quarter-wave antenna over three types of ground: 
poor (solid line). good (dashed line), and sea water 
(dotted line); calculated for two frequencies, 4 and 14 
MHz, (A and B respectively). (Taken from reference 2.) 

A 

plane; and 45 on the relative-amplitude scale corre- 
sponds to approximately zero dBd. The antenna 
therefore exhibits a maximum gain approximately 6 
dB over a dipole in free space. 
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tebook 

inexpensive automatic 8 0 7 . 6 1 4 6 . E T C  

send/ receive change- CHANGEOVER 

over relay 
Many older tube transmitters using TRANSMITTER 

cathode keying can be retrofitted to 
provide inexpensive and automatic + x ( S E E  TEXT1 

antenna sendlreceive change-over. 
All that's necessary is an antenna 
change-over relay controlled by the 
same circuit that grounds the final- 
amplifier tube cathode. However, un- 
less one provides for a delayed re- 
lease, the change-over relay "clunks" 
along with every depression of the 
key. 

circuit 
With the addition of a diode, a re- 

sistor, a large capacitor, and a sensi- 
tive relay (fig. I), the initial depres- 
sion of the key enables the antenna 
change-over relay as before, but the 
relay will not return to the receive 
position during subsequent code 
spaces until a short time delay has oc- 
curred. This time delay can be con- 
trolled by the sensitivity and dropout 
characteristics of the relay, and by 
the size of the capacitor. The delay 
can be made long enough to bridge 
spaces between characters, or even 
between words, wi th the proper 
choice of components. 

operation 
Assume that the key has been 

open for some time. The capacitor 
will have been charged to some posi- 
tive voltage, there will be no potential 
difference across the sensitive relay 
to cause any current flow, and both 

+ CAPACITOR 

T' 

fig. 1. Inexpensive automatic sendlreceive 
change-over relay. Values for the diode. 
resistor and capacitor are discussed in the 
text. 

relays will be de-energized (fig. 1). 
Closing the key will discharge the ca- 
pacitor through the diode and the 
small series resistor (the resistor is in- 
cluded only to protect the diode by 
limiting the discharge current). This 
action will produce a potential differ- 
ence across the sensitive relay, caus- 
ing current to flow through it. Its 
closing then will activate the antenna 
change-over relay. If an additional 
contact on the antenna change-over 
relay controls the B + to the transmit- 
ter final amplifier, this entire switch- 
ing process will be completed by the 
time any rf power has been gener- 
ated, and the normal load will be pre- 
sented to the final amplifier. 

When the key has been released, 
the diode will prevent leakage current 
through the tube from keeping the 
capacitor charged. (Note that the 
diode's PIV rating must be sufficient 

to withstand the key-up voltage at 
the cathode.) Thus, the capacitor will 
begin to charge from the current 
flowing through the sensitive relay. 
However, this current will keep the 
sensitive relay energized until the 
voltage across the capacitor has in- 
creased to the point that the potential 
difference across the sensitive relay is 
less than its dropout voltage (a relay's 
dropout voltage is always less than its 
pull-in voltage). If the key recloses 
before dropout occurs, then the ca- 
pacitor will again discharge, and the 
cycle will repeat when the key is re- 
leased. If the key remains open long 
enough (as at the end of the mes- 
sage), both relays will de-energize 
and reception again will occur. 

additional notes 
Since no internal connections to 

the transmitter are required, this 
change-over scheme can also be im- 
plemented as an outboard accessory. 
The relay can include contacts for 
more than antenna and transmitter 
power switching. Additional contacts 
can ground the receiver's antenna in- 
put, turn off the receiver's B+ ,  turn 
on the linear's power, or dim the 
lights. In many cases the change-over 
relay may require a higher positive 
voltage than the sensitive relay ( + 12 
volts versus + 6 volts, for example); a 
dropping resistor may be inserted at 
point X in fig. 1. 

final comments 
The version of this circuit that I've 

retrof i t ted into t w o  war-surplus 
TCS-13 transmitters used a junkbox 
rectifier diode, a 27-ohm, 112-watt re- 
sistor, a 1000-pF capacitor, and a 
small reed relay. The TCS-13 had two 
change-over relays. After the initial 
"ka-lunk," operation was blissfully 
quiet for about one second after the 
last key-down period, at which time a 
smaller clunk occurred, and the re- 
ceiver was again operative. 

Myron A. Calhoun, W0PBV 

(Continued on page 42) 
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PS-20 20A power supply (Reg. $229). .. NOW 199.95 

...... Adaptor cable for PS.20 to 720A or 730 10.00 
........ CF-1 Cool~ng fan lor PS.IS1 or PS.20 45.00 

...... BC-20 N~cads & DC-DC chgr for portables.. 57.50 
................ SP4 Remote speaker for portables 24.95 

.... IC-3PE 3A ps/speaker (Regular $95) NOW 89.95 

watts, lhumbwheel frequency select~on 6 ' ~ " w  2 ' " " ~  * 
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modifications to the 
Atlas 350 AGC circuit 

A renewed interest in CW and 
comments by Doug McDougall (ham 
radio, January, 1980, page 88) led to 
the following modification of an Atlas 
350. The AGC characteristics re- 
mained unchanged whether oper- 
ating CW or SSB. On CW, a shorter 
delay is desired, especially when 
operating QSK. 

The original circuit used a I-meg 
resistor as the discharge path for the 
AGC capacitor, C313. I decided that 
two resistors in series, one of which 
could be shorted out during CW, 
would allow two AGC time constants. 
The circuit (fig. 2) was developed 
and built onto a small piece of PC 
material, which was soldered to the 
ground plane of PC320, the AGCI  
AUDIO board. R1 and R2 replace 
R316, the I-meg AGC resistor. R1 de- 
termines the CW response, while R2 
was chosen to retain the original SSB 
response. 

The TUNE/CW-SSB switch pro- 
vides ground and a voltage to operate 
the circuit. On SSB a ground is pro- 

fig. 2. Modifications to the Atlas 350 AGC 
circuit for a shorter delay when in CW 
mode. Parts marked with an asterisk are 
added. 

vided to Q1, which turns on, thereby 
turning Q2 off; R2 is now in the cir- 
cuit. When in TUNEICW, 0 1  has a 

voltage applied to its emitter and 
therefore conducts less, allowing Q2 
to turn on, placing its now small col- 
lector-emitter resistance in parallel 
with R2, which makes R1 the primary 
discharge resistance. 

Performance is good, and I've no- 
ticed no degradation of operation. 

Ron Lile. KBRL 

tailoring audio response 
This is an old idea with merit, but 

I've not seen it in print for some time. 
Listening to the receiver hiss during 
long periods of reception can be tir- 
ing. The audio response of a low-im- 
pedance speaker or phones may be 
tailored by adding an electrolytic ca- 
pacitor of about 50 pF across the re- 
ceiver speaker terminals or audio out- 
put jack. This cap will limit the audio 
high-frequency response and thus 
the hiss, making both CW and SSB 
reception more pleasant. Some over- 
all attenuation will occur but it is rela- 
tively minor and can be compensated 
for by increasing the audio gain. 

Paul K. Pagel, NlFB 

antiflex coaxial cable connection cable as shown in fig. 3. 1 used a 
length of fiberglass rod tip salvaged 
from a discarded fishing pole, which I 
attached to the balun with a 1 -75-inch 

High onshore winds at my shack from the lower end of my antenna (4.4-cm) stainless-steel hose clamp. 
caused failure of my coax cable, the balun. I solved the problem by distrib- The cable was then taped to the rod 
result of flexing where it emerged uting the torque over a length of as shown in the sketch. The tape was 

further secured by wrapping small- 
. diameter nylon (not monofilament) 

ANTENNA WlRE \ line over the tape using a clove hitch. 
The line prevents the tape f rom 

HOSE loosening when the adhesive dries 
out. Finally, I covered the tape and 

FIBERGLASS ROD OR DOWEL twine with a generous coat of coil 
dope. 

While flexibility of the rod is impor- 
LOOP FOR MECHA tant, a 114-inch (6-mm) length of 

I ISOLATION OF TOROU 

1 ANTENNA WIRE 
maple dowel should do the job nicely 

I if it's tapered down to about 3116 
k- APPROXIMATELI 36" 10 .0  METER) - 

fig. 3. Method of securing coax cable to avoidtailure from flexing. 

inch (4.8'mm) at the lower end. 
Lefferts A. McClelland. W4KV 
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a Fresnel-zone plate 
for 10.4 GHz 

An alternative to 
a parabolic reflector for 

your Gunnplexer transceiver 

An increasing number of  Radio Amateurs are 
stepping up to  the 10.4-GHz Amateur band 
(10.0-10.5 GHz) to experiment with centimeter wave- 
lengths and Gunn diode oscillators. The popular 
Gunnplexer transceivers offer the Amateur an excel- 
lent introduction to the 10.4-GHz band with a mini- 
mum of effort. (A recommended text is The Gunn- 
plexer Cookbook, by Bob Richardson, W4UCH. It's 
available from Ham Radio's Bookstore, Greenville, 
New Hampshire 03048 for $9.95 plus $1.00 shipping.) 

The Gunnplexer uses a Gunn diode and a low- 
noise Schottky diode in a cavity that operates in the 
homodyne mode. The Gunn diode oscillates at the 
desired microwave frequency, which is the transmit- 
ted carrier frequency. The received carrier frequency 
is at some offset frequency (could also be the trans- 
mitted frequency that is returning to the Gunnplexer 
with some Doppler shift), which is mixed in a Shott- 
ky diode with the transmitted carrier frequency. The 
resulting i-f is then fed to a conventional high-fre- 
quency or VHF receiver for demodulation. 

The common method of improving the perform- 
ance of the Gunnplexer is the addition of a horn or 

By Wil l iam M. Brooks, WBGYVK, 2050 
Southwest Expressway 66, San Jose, California 
95126 
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- .  - GUNNPLEXER . 

cAvIrr 

FRESNEL Z O N E  P L A T E  

I 

fig. 1. Geometry of the Fresnel-zone plate showing the 
relationship between the cut-out zones, which pass rf 
energy, and the center, or optical axis. 

parabolic reflecting antenna to get some antenna 
gain. Some of the disadvantages of parabolic reflec- 
tors are that they are expensive, difficult to construct 
to the required tolerances, and difficult to mount or 
move because of their weight. This article describes 
an alternative antenna that yields results comparable 
to a parabola, yet is inexpensive and lightweight. 
Such an antenna is a Fresnel-zone plate. 

description 
The Fresnel-zone plate consists of a flat sheet of 

material that is opaque to 10.4-GHz energy (alumi- 
num or copper foil) with concentric circular zones cut 
out to pass rf. The zones are spaced such that each 
zone is one-half wavelength greater in path length 
from the plate to the Gunnplexer cavity, out from the 
center zone, which is a straight-line path (fig. 1). The 
result is that each zone passes rf spaced one wave- 
length and adds constructively to the intensity of the 
rf at the focal point. The effect of the plate is to colli- 
mate the rf during transmit and focus it during re- 
ceive, much like an ordinary optical converging lens. 

geometry 
To see how a Fresnel-zone plate works and to cal- 

culate the radii of the zones, refer to fig. 2. The outer 
edge of the nth zone is shown as R,. According to 
the Fresnel diffraction theory, a wave that follows 
the path L-Rn-F arrives nA/2 out of phase with a 
wave that travels the path L-O-F.  To express this 
mathematically, we say: 

With a little trigonometry we find that: 

and d, = J (R: + D;) (3) 

and using binomial expansion yields 

and d, = Do + - R: 
200 

(5) 

Substituting into eq. 1 yields 

which is identical to the thin-lens equation so familiar 
in classical geometrical optics. 

In this case the wave source at L is at some great 
distance from the point 0, thus the waves incident 
upon the zone plate are very nearly plane-wave in 
shape. Hence So approaches infinity and eq. 6 
reduces to 

A more precise equation can be derived from more 
terms in the expansion, which results in 

Thus, the radius of the nth zone is given by 

From the principle of reciprocity, during transmit a 
point source at F would produce an almost plane 
wavefront on the opposite side of the zone plate. The 
system thus behaves as a collimating and focusing 
lens for transmitting and receiving respectively. 

The dimensions for an experimental Fresnel-zone 
plate of ten zones, with a focal length of 100 centi- 
meters at 10.4 GHz are given in table 1. Note that 
the area of each of the zones is constant, thus each 
zone will contribute equally to the sum intensity at 
the focal point. Suppose that we construct a zone 
plate that passes only the odd zones and blocks the 

table 1. Dimensions for an experimental Fresnel-zone 
plate of ten zones with a focal length of 100 cm at 10 
GHz. 

radius of zone 1 17.0453 crn 
radius of zone 2 24.1918crn 
radius of zone 3 29.7339 crn 
radius of zone 4 34.4548 crn 
radius of zone 5 38.6564 crn 
radius of zone 6 42.4930 crn 
radius of zone 7 46.0561 cm 
radius of zone 8 49.4047 crn 
radius of zone 9 52.5800 cm 
radius of zone 10 55.61 15 crn 
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I . . . .  
HAL 2304 MHz DOWN CONVERTERS (FREO. RANGE 200012500 MHz) 
2304 MODEL Y1 KIT BASIC UNIT WIPREAMP LESS HOUSING & FITTINGS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
$48.95 

2304 MODEL 12 KIT (wlth p p )  $50.95 
2304 MODEL #3 KIT 1 ~ 1 t h  lah Gatn oreamol . . . . . . . . . .  . . .  ,289.95 
MODELS 2 & 3 WITH COAX FIT~INGS IN & O U T  AND WITH WEATHER PROOFED DIE CAST 
HOUSINGS 
FACTORY WIRED & TESTED 1 - $50 addltlonal 
BASIC POWER SUPPLY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $19.05 

. . . . . . . . . . . . . . . . . .  POWER SUPPLY KIT FOR ABOVE WITH CASE ,524.95 
. . . . . . . . . . . . . . . . . . . . . . . . . .  FACTORYWIRED&TESTED $34.95 

ANTENNAS &OTHER ACCESSORIES AVAILABLE. SEND FOR MORE INFO 
COMPLETE KITS: CONSISTING OF EVERY ESSENTIAL PART NEEDED TO MAKE YOUR 
COUNTER COMPLETE. HAL.800A 7-DIGIT COUNTER WlTH FREOUENCY RANGE OF ZERO 
TO 600 MHz. FEATURES TWO INPUTS: ONE FOR LOW FREOUENCY AND ONE FOR HIGH 
FREOUENCY, AUTOMATIC ZERO SUPPRESSION. TlME BASE IS 1 .0  SEC OR .1 SEC GATE 
WlTH OPTIONAL 10 SEC GATE AVAILABLE ACCURACY + 001%. UTILIZES 10-MHz 
CRYSTAL 5 PPM COMPLETE KIT $128 
HAL.3WA 7-DIGIT COUNTER (SIMILAR TO 600A) WlTH FREOUENCY RANGE OF 0- 
300 MHz COMPLETE KIT $109 
HAL.5OA 8-DIGIT COUNTER WlTH FREOUENCY RANGE OF ZERO TO 50 MHz OR BETTER 
AUTOMATIC DECIMAL POINT, ZERO SUPPRESSION UPON DEMAND. FEATURES TWO IN- 
PUTS: ONE FOR LOW FREQUENCY INPUT. AND ONE ON PANEL FOR USE WlTH ANY INTER- 
NALLY MOUNTED HALTRONIX PRE-SCALER FOR WHICH PROVISIONS HAVE ALREADY 
BEEN MADE 1 .0  SEC AND .1 SEC TlME GATES. ACCURACY + .001%. UTILIZES 10-MHz 
CRYSTAL 5 PPM. COMPLETE KIT $109 

FREE: HAL-79 CLOCK KIT PLUS AN INLINE RF PROBE WlTH PURCHASE OF ANY FRE- 
OUENCY COUNTER. 

PRE-SCALER KITS ~ ~-~~ ~- 

. . . .  HAL 300 PRE . . . . .  (Pre-drilled 0 - 1 0  board and all components). $14.95 
HAL 300 AIPRE.. . . . . . . .  (Same as above but w i t h  preamp). . . . . . . .  ,524.95 

. . . .  HAL 800 PRE . . . . .  (Pre-drilled G - 1 0  board and all components). $28.95 
. . . . .  HAL 800 AIPRE. . . . . .  (Same as above but w i t h  preamp). $38.95 

I TOUCH TONE DECODER KIT 
HIGHLY STABLE DECODER KIT.COMESWITH2SIDED. PLATED THRU AND SOLDER FLOWED 
G-10 PC BOARD, 7-567's. 2-7402. AND ALL ELECTRONIC COMPONENTS. BOARD MEAS- 
URES 3-112x 5-112 INCHES. HAS 12 LINES OUT ONLY 539.95 
NEW - 18 LINE DELUXE DECODER 589.95 

I DELUXE 12.BUTTON TOUCHTONE ENCODER KIT UTILIZING THE NEW ICM 
7206 CHlP PROVIDES BOTH VISUAL AN0 AUDIO INDICATIONS! COMES WlTH ITS OWN 
TWO-TONE ANODIZED ALUMINUM CABINET. MEASURES ONLY 2-314" x 3-314". COM- 
PLETE WlTH TOUCH-TONE PAD. BOARD, CRYSTAL, CHlP AND ALL NECESSARY COMPO- 
NENTS TO FINISH THE KIT PRICED AT $29.95 

I NEW - 18 LINE DELUXE ENCODER . . . . . . . . . . . . . . . .  $39.95 

I ACCUKEYER (KIT) Th S ACCLt(EYER S A REVISED VERS Oh OF TdE VERY POPJLAR 
WB4VVF ACCUKEYER ORlG NALLY DESCR BED BY .AMES GARRETT. th  OST MAGAZ NE 
Ah0  TrlE 1975 RADIOAMATEJR S hAhDBOOK $18.95 

I ACCUKEYER - MEMORY OPTION KIT PROVIDES A SIMPLE, LOW COST METHOD 
OF ADDING MEMORY CAPABILITY TO THE WB4VVF ACCUKEYER WHILE DESIGNED FOR 
DIRECT ATTACHMENT TO THE ABOVE ACCUKEYER, IT CAN ALSO BE ATTACHED TO ANY 
STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY $18.95 1 W I  BOTH THE MEMORY AND THE KEYERAND SAVE COMBINED PRICE ONLY S32.W 

I PRE-AMPLIFIER 
HAL.PA-19 WIDE BAND PRE.AMPLIFIER 2-200 MHz BANDWIDTH ( - 3 6 0  
POINTS). I S ~ B  GAIN FULLY AHSEWBLED AND TESTED w.95 

CLOCK KIT - HAL 79 FOUR-DIGIT SPECIAL - $7.95. 
OPERATES ON,12-VOLT AC (NOT SUPPLIED). PROVISIONS FOR DC AND 
ALARM OPERATION 

'V ' 6-DIGIT CLOCK 12/24 HOUR 

CLOCK CASE AVAILABLE AND WlLL FIT ANY ONE OF THE ABOVE CLOCKS REGULAR 
PRICE $6 50 BUT ONLY $4.50 WHEN BOUGHT WlTH CLOCK. 

SIX.DIGITALARM CLOCK KIT FOR HOME. CAMPER. RV, OR FIELD-DAY USE. OPER- 
ATES ON 12-VOLT AC OR DC. AND HAS ITS OWN 60-HZ TlME BASE ON THE BOARD COM- 
PLETE WlTH ALL ELECTRONIC COMPONENTS AN0 TWO-PIECE. PRE-DRILLED PC BOARDS. 
BOARD SIZE 4" x 3". COMPLETE WlTH SPEAKER AND SWITCHES. IF OPERATED ON DC, 
THERE IS NOTHING MORE TO BUY.' PRICED AT $18.05 
'TWELVE-VOLT AC LINE CORD FOR THOSE WHO WISH TO OPERATE THE CLOCK FROM 
11 0-VOLT AC $2.50 

SHIPPING INFORMATION - ORDERS OVER $25.00 WlLL BE SHIPPED POSTPAID 
EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES ARE REOUESTED. ON ORDERS LESS 
THAN $25 00 PLEASE INCLUDE ADDITIONAL $2.00 FOR HANDLING AND MAILING 
CHARGES. SEND SASE FOR FREEFLYER. 

DISTRIBUTOR FOR 
Aluma Tower AP Products 

(We have the new Hobby-Blox System) 

..HA,.. P. 0. BOX 1101 
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fig. 2. The Fresnel-zone plate is at 0, the Gunnplexer is 
at F,  and the contact station is at L. When the contact 
station is at a large distance (more than 10 wave- 
lengths), the distance So approaches infinity, and the rf 
wave at 0 appears as a plane wave. 

even zones. The amplitude, E,  at the focal point will 
be 

If we construct a plate that passes the first 10 odd 
zones, the sum is 10 E l .  The incident wavefront gives 
1/2 E l ,  so the amplitude at the focal point, F, will be 
increased 20 times. The intensity is therefore in- 
creased 400 times, or 26 dB. Larger zone plates and 
greater gains are possible as long as the focal point 
aberrations are less than the depth of the Gunnplexer 
cavity. 

construction 
The first Fresnel-zone plate antenna I constructed 

was made from art matte board covered with alumi- 
num foil and the radii cut out with a knife. Several 
"spokes" were left in the board to support the inner 
zones. Subsequent plates have been made with 
aluminum sheet metal. The resulting antenna has 
been tested with Doppler-shifted carriers and has 
confirmed the calculated focal length and gain. 

It might be pointed out that modifications of the 
zone radii would make it possible to make a plate that 
was not flat and could thus be incorporated into the 
various shapes of aircraft or other vehicles. In either 
case, flat or otherwise, the dimensions required for a 
zone plate are not nearly as tight as those for a parab- 
ola, and the resulting antenna is much lighter. 
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(Please Pnnt) 

address 
city 
state 
HAM RADIO 122-899 PC-142 



STAMP HERE 

wlll not 
dwllvor moll 

Heath Company 
Benton Harbor, MI 49022- 



Expose Your 
Recruitment Ads 

to the most 
Technical 

Audience of Radio 
- Hams Available 
Here's how 

Are you looking for a tech- 
nically qualified person and 
find that few are available 
locally? Broaden your 
search by running an ad in 
HAM RADIO Magazine. 
HAM RADIO'S readers are 
the most technically qual- 
ified. Over 60% are active- 
ly involved in one or more 
areas of the electronics in- 
dustry. Their skills range 
from bench technician to 
design engineer. Here are 
some of the benefits from 
running an ad in HAM 
RADIO Magazine. " 

National coverage at 
an affordable price 
Specially segmented 
audience 
Active Hams who do 
more than just read 
about electronics - 
they participate in it 

Call today for more infor- 
mation about placing an ad 
in HAM RADIO. Get the 
person you want! 

CALL TODAY 
(603) 878-1441 

Ham Radio 
Box 0 

Greenville, NH 03048 

THE IMPORTANT 

THE ACTIVE HAM 

concepts in Ham technology. 

Computer Operation: 
"Microw-enhanced ham shacks are 
the wave of this hobby's future. 
Pacesetter Amateur Radio en- 
thusiasts are using computers to 
design antennas, plot beam head- 
ings, track OSCAR and transmit 
RTTY. Heath and the Ham, once 
again, are the perfect partners in 
thts new adventure. 

Guaranteed Courses: 
Hea thk i t i Zen i t h  Educa t iona l  
Courses are the low-cost, time- 
saving way to learn. We have com- 
prehensive programs to help earn 
your Novice, General or Advanced 
Class I~censes. You can't fail - Heath 
guarantees that you will pass!-or 
we'll refund the purchase price. 

Service and Accessory 
Equipment: Whether you need 
a test Instrument for electronics 
service work, manufacturing and 
design or serious hobby applica- 
tions, see us. All Heathkit instru- 
ments are units of high professional 
quality offering you extra-value 
capability. Like our new 20 MHz 

I 
dual-trace portable oscilloscope, 
thev're built to last and aive vou 
reliable'results every time- 

' 

SEE IT ALL IN THE 
BIG NEW HEATHKIT 
C A ~  ALOG and read about our entore line of 
electronic kits. 

Benton Harbor, MI 49022 
SEND FORYOURS 

I 

TODAY! 
If coupon is m~ssing, wr i te : r  , Address 
Heath Company. 
Deot.122-892. 

I 
- -  . 

Benton Harbor. 1 City State 
MI 49022 I 
In Canada: Heath Co.. AM-424 Zip 
1480 Dundas St. East. I- - - , , , , , - - - , 
Mississauga. ONT 

J 
L4X 2R7 
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FOR ECAST 'ER 
Garth Stonehocker, K0RYW 

last-minute forecast a thin layer of intense ionization 

The first of the month is expected 
to favor the lower frequencies for 
nighttime DX activities. DX condi- 
tions for the upper-frequency bands 
should improve during the third 
week, then round off and drop during 
the end of the last week. Solar radio 
flux is expected to be high during that 
time. Propagation disturbances from 
solar-flare activity of two to three 
days' duration are possible around 
the 15th and 25th. Also, a disturbed 
period may occur around the 5th 
from a coronal hole. Conditions will 
generally be poorer for hearing and 
working DX during these distur- 
bances, but look for unusual DX loca- 
tions to appear with weak, fading 
signals. 

The lunar perigee, of interest to 
moonbounce DXers, will occur on 
the 24th of this month. An Aquarid 
meteor shower, of interest to meteor- 
scatter DXers, will show a maximum 
between May 4th and 6th, with a rate 
of 10 and 25 per hour for the Northern 
and Southern Hemispheres, respec- 
tively. 

sporadic-E propagation 
One of the major paths for excel- 

lent DX signals in the summer is short 
skip, or multiple short skips, on the 
higher frequency bands. Here we are 
in May, nearing summer. The end of 
May heralds the beginning of the spo- 
radic-E (Es) propagation season. Es is 

about 60 miles (100 km) above the 
earth. It gives rise to strong, mirror- 
like signal reflections over the short- 
skip distance of 600 to 1200 miles 
(1000 to 2000 km). Signals remain 
strong from a half hour to a couple of 
hours on the average, as the name 
sporadic suggests, rather: than all day 
long or all night as with other high- 
frequency propagation. 

The highest frequency propagated 
by Es follows the sun across the sky; 
the highest probability of occurrence, 
however, is near sunrise and again 
around sunset. These two facets of 
Es affect short-skip openings differ- 
ently. Openings on the higher-fre- 
quency bands occur near local noon- 
time and the lower bands tend to 
have openings near sunrise and sun- 
set. 

Now look at the best locations for 
these Es openings: since Es is related 
to the summer sun, the effect is in the 
Northern Hemisphere f rom June 
through September and in the South- 
ern Hemisphere during their summer, 
December through March. The best 
Es is on either side of the geomagnet- 
ic equator; it's especially good where 
the geomagnetic equator has great- 
est separation from the geographic 
equator. These special areas are 
Southeast Asia in the Northern Hemi- 
sphere and South America in the 
Southern Hemisphere. The first is the 
best of the two because the E region 
ionospheric electric currents are 

strongest there. Another location of 
prolific Es for short skip is the auroral 
oval at about 20 degrees around the 
geomagnetic pole. This Es is not a 
summer phenomenon, though; it's 
mainly equinoctial. During geomag- 
netic disturbances, particles from the 
solar wind entering the polar regions 
penetrate to the E and F regions pro- 
ducing ionization (aurora) there. It is 
associated with auroral scatter VHF 
openings which intrigue DXers who 
work eastlwest paths to Europe and 
Japan using this mode. 

To look for Es openings on the 
higher-frequency bands, monitor 
beacons on 6, 10, and 15 meters, 
WWV frequencies, and CB channel 
19. Also check TV channels 2 through 
5 for 6- and 2-meter openings. The 
lower bands don't need beacon moni- 
toring, since Es openings (sunrise and 
sunset) are available most nights. Re- 
member: couple your antenna to the 
ionosphere with takeoff angles of 
5-10 degrees (see the January, 1981, 
DX Forecaster). 

band-by-band summary 

Six meters will provide very good 
openings during high solar flux to 
South Africa, Australia, and New 
Zealand around local noontime. Look 
for possible Es short-skip by monitor- 
ing TV. 

Ten, fifteen, and twenty meters will 
have DX from most areas of the 
world during daylight and into the 
evening almost every day, either long 
skip to 2500 miles (4000 km) or Es 
short skip to 1250 miles (2000 km) per 
hop. The length of daylight is now 
approaching maximum, providing 
hours of good DXing. 

Forty, eighty, and one-sixty meters 
are the night DXer's bands. On many 
nights 40 meters will be the only usa- 
ble band because of thunderstorm 
QRN, but signal strengths via Es 
short skip may overcome the static 
when Es is available. Although Es is 
scarcely available in May, it should be 
better next month. 
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*Look at next higher band for possible openings. 
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Miniaturized, 5 memories, memory/band scan -- --qm Five memories 

j 1 %  - May I,(, opcr;ttc.d in simplex mode or  
rc.nratcBr rnodtx with th r  transmit fre- 

The TR-7730 is  an incredibly compact, 
reasonably priced. 25-watt, 2-meter FM 
mobile transceiver with five memories, 
memory scan, automatic band scan, and 
other convenient operating features. The 
TR-7730 is available in two variations: 
a 16-key autopatch UPIDOWN microphone 
(MC-46) version, and a basic UPIDOWN 
microphone version. 

- r - - - -  - -  

qilcncy offsct MOO kllz. The  filth 
rncSmory slores I)oth rrceivc. ant1 transmit 
frcqurncy indeperldently, to ;~llow opera- 
tior) on  rcpr;ltrrs with nonstnncl:~rd splits. 
Memory hackup Ivrrninal on rear pan(-I. 
Memory scan 
Autom;~tic.;rlly locks on  t)rrsv memory 
c , l~ ;~nnr l  ant1 resumes when signal 
d is ;~ppr ;~rs  o r  when SCAN switch is 
prlshrtl. Scan F101,D o r  microphone PTT 

T R - 7 7 3 0  FEATIJRES: switch canc,els scan. . Automatic band scan . Smallest ever Kenwood mobile Sc;rns cbntire t x ~ n d  in 5-kHz o r  10-kHz 
Mc;~s~lres  only 5-311 in(-hrs wide. steps ;lrld locks on  busy channel. Scan 
2 inches high. and  7-914 inches deep. and rrsurnrs whrn signal dis;lppttars o r  when 
weighs only 3.3 pounds. Mounts evcm in SCAN switch is pushrtl. Scan H01.D o r  
the srnallcst subcompact car. and is a n  rnicrophonr PT1' switch c:~ncc*ls scan. 
ideal cornhination with the equally com- . Extended frequency coverage 
pact TH-8400 syntht.sizcc1 70-cm FM (:overs 143.900-148.9115 MI lz in 
mobilc. tmnscrivcr. switchable 5-kHz o r  10-kllz s l rps .  . 25 watts RF output power . UPIDOWN frequency control from 
IlI/LOW power s\r9itch selects 25-W o r  microphone 
5 - W  output. h l<~nu ,~ l  U P  DOWN scan of entire hand in 

- - - - - - - -- - -  

Synthesized 70-cm FM mobile rig 
r -- 

-F'7-/ - acccs5sing autopatchesl o r  other tone- - slgnalrng drvire. 

5 kl-lz o r  10 Mlz steps is possible whrn 
using either autopatch o r  basic UI'!DOWN 
microphone versions. . Offset switch 
Allows V F 0  and four of five memory 
l r rq i~rncies  to be offset +GOO kl Iz for 
repeater access o r  simplex. . Four-digit LED frequency display 
Intlic,atc,s rrccive ;lnd tr:~nsmit Sreclurncy. . SIRF bar meter and LED indicators 
I3ar mcStrr of nlulticolor 1,El)s sho\vs SIRF 
Ic*vels. Other LI.:l>s indicate IWSY. ON 
AIR. and IIEPEATEH offset. . Tone switch 

Optional accessories: 
MC-46 16-key autopatch UPIDOWN 
rnicrophonr 
SP-40 compact mobile speaker 
KPS-7 fixrd-station powrr supply 

More information on  the TR-7730 and 
Ti<-8400 is available from all authorized 
dealers of Trio-Kenwood Cornmunicatlons 
1111 West Walnut Street 
Compton. California 90220 

P/- -Tm-,m ,F--- - - -  
. . .pnrrsrtf~r in atnnfrirr rndrn 

. - . HI/LOW RF output power switch 
+ Synthesized coverage of 440-450 MHz Sclrcts 10 watts or  1 ur:rtl output. 

Covcrs uppt'r 10 MI lz of 70-(.rn I);~nd In . virtually same size as TR-7730 
25-k11z steps. with two VFOs. F'erlc*c.t companion for TI< 77:10 in 
Offset switch a cornp;~ct rnobilv arrangemerlt. 
For t3 Mllz transmit offset on  both VFOs . other features sidlar to TR-7730 
and four of five memories. a s  well a s  Five. memories. nlrrnory srarl. automatic 
simplt3x operation. Fifth memory allows band stall ( i n  25.kI steps). UP/I>OWN 
any  other offset by mrmorizing receive scan, four.(1igit LI.:~, rrceive 
and transmit l iequmcies independently. frrqueney display (also shows transmit 
DTMF autopatch terminal frequency in memory 5). SIKF bar  meter 
On rvar pancl, for connecting DTMF and LED indicators. tone switch. and Spvci[icctiions and pricr>s or+. stth/ecl to 
(dual-Lone multitirqucncy) touch pad (for same optiorlal accessories. rhnnqr. tl~llhotrl noficc' or ol~liqnfion. 



! . . . bacesetter in amateur radio I 

-r:-4 - - - - -9 

$1 5P0 OFF $30P0 OFF 

Ihls KENWOOD BONUS BUCKS coupon, when presented to any factory authorized dealer 
1TRIO-KENWOOD COMMUNICATIONS products. may be used as partial payment i n  the 
mount of $30 00 toward the purchase of any new KENWOOD model R-1000. TR-8400, or I 1 ll9821 
R-7730 with MC-46 or basic UPIDOWN microphone, or may be used as partial payment Model Purchased Date Purchased 
I the amount of $15.00 toward the purchase of any new KENWOOD model TS-130s. 
S-130SE. or TS-530s amateur radio product. The purchase must be made during the Dealer Name: 
eriod March 1. through June 15.1982. The customer must present a separate coupon 
3ne only) for each of the listed models being purchased. Additional coupons are available Customer 
rom our authorized dealers.TRI0-KENWOOD assumes no responsibility for the inability Name: ;ign: - 
f any of its dealers or of itself to deliver any specific product w~th in  the period specified 
t the foregoing. Offer valid only i n  the U.S.A. Void where taxed or prohib~ted by law. 
lesellers are not eligible to participate in this program. This coupon IS a part of TRIO- 

OMMUNICATIONS 'BONUS BUCKS" sales program. It has no value unless 
:ompllance with the rules of that program prlor to June 15. 1982. City: Statelzip: - 

- Call E 

Participating Trio-Kenwood Authorized Dealers: 

Customer Signature: 

w v 1 u u u 
- .  - . ,  - -  -. -, - - -  .. 
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NI~VADA 
Amateur Electronic 
SuPPlY* 
I as Vcgas. NV 89106 
(702) 647-3114 
NEW HAMPSHIRE 
Tuft's Radio & 
Elect. Supply 
tIo:lsor~ '411 03051 
(503) 883-5005 
NtW MEXICO 
Electronic Module 
ti[llibs. NM 118240 
1505) 39, -3022 
NEW YORK 
Adlrondack Radlo Supply 
Anisterdani, NY 12010 
(5181 847-8350 
Harrlson Radlo Corp. 
Long Island. NY 11735 
(516) 293-7990 
Radio World 
Gr~skany NY 13424 
(3151 736-0184 
OHIO 
Amateur Electronic 
supply 
\'i kl<lle. OH 44092 
cL'11,i 585-7388 
Srepco Electronlca 
bayton, OH 45404 
15131 224-0871 
Unlvemal Amateur 
Radlo, Inc. 

TRIO-KENWOOD COMMUNICATIONS 
1111 west Walnut. Cornpton. California 90220 Good M& 1 through Jun. 15, 1982. 

MARYLAND 
Electronic Int'l Sewlce 
Whcalon. MD 20902 
(3011 946-1088 
The Comm. Center 
L;l~~rel. MD 20810 
(301) 797-0600 
MICHIGAN 
Radlo Supply & 
Englneerlng 
Llr~lruil. Full 48201 
l01:11 435 5660 
MINNESOTA 
Midwest Amateur 
Radio Supply, Inc: 
I . ! ~ r ~ ~ ~ ~ a l ~ o l i ~ , .  MN 55142 
(1;l71 5?1 4667 
MlSSOURl 
Ham Radlo Center 
St LOUIS. MO 63132 
(314) 993-6060 
Henry Radlo Company 
HIIIIP~. lM!% 114!30 
18161 6ic4.3127 
MldCom Electronics 
$>I  ILouls. 1.10 63144 
(314) 961-9990 
Mlssourl Radio Center* 
i. 1nS;rs Clly h10 b4150 
(8161 741.8118 
MONTANA 
Conley Radlo Supply 
~ll l ir lLls. MT 59101 
(406) 259 9554 
NEBRASKA 
Communications Center 
L'll1-"ln. Nu 68508 
(40?1 47b 7331 

ALABAMA 
Long's Electronics 
B ~ r m ~ n  ham, AL 35233 
(205) 252.7589 
ALASKA 
Rellable Electronics 
Anchorage. AK 99503 
(907) 279-5100 
ARIZONA 
Power ~ommunlcat lons 
Phoenlx. AZ 85015 
(602) 241-9288 
CALIFORNIA 
Ham Radlo Outlet 
Burl~n arne. CA 94010 
1415) 34 2 5757 
Ham Radlo Outlet 
S;ln D~egu. CA 92123 
1714) 560-4900 
Ham Radlo Outlet 
Van Nuy,,. CA Y14Ol 
1213) 988-2212 
Ham Radlo Outlet' 
Odklari<i (.A 94609 
14151 451-5757 
Ham Radlo Outlet 
Anaherni. CA 92801 
1714) 761-3033 
Henry Radio, Inc. 
Los Angclcs. CA 90025 
1213) 820 1234 
Henry Radio & Electronics 
Anahe~rn, CA 92801 
(714) 772-9200 
COLORADO 
CW Electronlc Sales Co. 
[lrznvnr (:(I 8020? 
13031 832 1111 

ii+"!rioldsburg. OH 43068 
t~i1.11 866-4267 
OKLAHOMA 
Derrick Electronics' 
tirukeri Arrow. OK 74012 
(9181 251-9923 

Radlo. Inc. 
Tulsa. OK 74119 
(918) 587-9123 
ORCGON 
Portland Radlo Supply 
Porllnnd, OR 517205 
15031 228-8647 
PENNSYLVANIA 
HamtronIcslTrevose 
Tri~vose. DA 19047 
(?15) 357 1400 
J.R.S. Dlstrlbutors 
Ynrk. PA 17404 
(71 7) 854-8624 
SOUTH CAROLINA 
Q.I.S.M.O. 
Communicationa 
frol k111ll. sc 29730 
(8031 366; 715/ 
SOUTH DAKOTA 
Burghardt Amateur 
Center 
\:'-11t.r'own. SD 57201 
rt,o'l~ 866-7314 
TENNESSEE 
Amateur Radlo Supply 
of Nashvllle 
F.lacl~,, r l ,  111 37115 
i h l r> l  tiB8-'1956 
Mamphls Amateur 
Electronics 
I.l+,nipt~is. l N  38108 
1 ~ ~ 0 1 1  b83-9125 

FLORIDA 
Amateur Electronic 
Supply 
Url,i~irlo. FL 32803 
(3051 894-3238 
Amateur Radio Center 
M~nrr i~.  FL 33137 
(305) 573-8383 
HAWAII 
Honolulu Electronics 
Honolulu. HI 96814 
(8081 949-5564 
IDAHO 
Ross Dlstrtbutlng Co. 
Prrslon, ID 83263 
(2081 852-0830 
ILLINOIS 
Erlckson Communlc~t lons 
Chli.ago. IL 60630 
(3121 G31-5181 
INDIANA 
Graham Electronles 
Ind~anapol~s. IN 46204 
(31 7) 635-5453 
Hoosier Electronics 
T ~ , l r t .  11.1111t~. IN 47802 
18121 238-1456 
Kryder Electronics 
For1 Wayric. IN 46815 
(2191 485-6434 
IOWA 
HI, Incorporated 
Couric~l Blcrlls, IA 51502 

' 1712) 323-0142 
KANSAS 
Associated RadloComm. 
Ovr~rlnnd Pork. K S  66204 
1913) 381-5901 

TEXAI. 
Douglas Electronics 
Cofprls Chr~sl~. TX 78404 
(512) 883-5103 
Electronics Center 
D,~llas. TX ;5701 
(214) 526-2073 
Hardin Electronlcs 
Fl Worlh. 1 X  76112 
(81 71 429-9761 
Msdlaon Electronlcs 
tlauslon. TX 7 1010 
i 713) 658-0268 
Kennedy Associates 
S . I ~  A n t t ~ n ~ , ~  TX 78222 
(512) 333-6110 
WASHINGTON 
A-B-C Communications 
5e.rllle. WA trH1 55 
i20hl 364.8300 
Amateur Radio 
supply CO. 
.I~~.IIIII~. WA 98108 
(:'(li,l 76; 3222 
c-COMM. 
.>r3.i(rlt. \YA 98107 
(?Of,] i84-7337 
WISCONSIN 
Am'ateur Electronic 
Supply 
t . 1 : ~  tukee. WI 53216 
(.:l,li 442-4200 



another balun design 
Discarded TV-set 

flyback transformer cores 
can be made 

into broadband baluns 
at minimal cost 

Modern Amateur equipment is designed for un- 
balanced coaxial-cable output. The proper way to 
connect this gear to a balanced load, such as a dipole 
antenna, is to place a balancing network, or balun, 
between the coax transmission line and the antenna. 
The balun ensures proper operation of the antenna, 
prevents antenna currents from appearing on the 
coax-cable shield, and keeps rf voltages from appear- 
ing on the outside of the rig. 

Theoretically, baluns can be constructed for any 
given impedance transformation, but standard trans- 
formation ratios are 1 : 1 and 4: 1. The 1 : 1 balun trans- 
forms a 50-ohm unbalanced coax transmission line, 
for example, to a balanced 50-ohm load, or a 75-ohm 
unbalanced line to a 75-ohm balanced load. The 4:l 
balun may be used to transform 300-ohm balanced 
line, such as twinlead, to a 75-ohm unbalanced coax 
line. 

the flyback balun 
Many balun designs have been described in the 

Amateur literature. The two designs presented here 
are in no way unique except in their use of ferrite 
cores from old TV-set flyback transformers. 

Any discarded TV set has a flyback transformer 
(sometimes known as a horizontal-output transform- 

er). This transformer, which has a ferrite core, is de- 
signed to operate at the horizontal sweep frequency 
of 15.75 kHz, and must handle harmonics extending 
to 1 or 2 MHz. The transformer is easy to disassem- 
ble, as the ferrite core is always in the form of two U- 
shaped halves. High-Q coils for low or medium fre- 
quencies can be made from this high-permeability 
ferrite, but in the upper high-frequency region, the 
core material is too lossy to form coils of any appre- 
ciable Q. This fact has probably deterred Amateurs 
from using these cores for baluns. (One exception is 
WGSJQ's article, "Three Baluns for a Buck," 73 
magazine, August, 1979, page 102.) However, the 
baluns described here don't require high-Q ferrite 
cores for their performance. This is because, at high 
frequencies, the magnetic field does not penetrate 
very far into the core, so core losses remain small. 

the 4:1 balun 
Essentially, the 4:1 balun consists of a pair of two- 

wire transmission lines wound into coils as shown in 
fig. 1. The air-core version of this type of balun was 
known as "elevator coils" in the early days of televi- 
sion. Its operation can be understood if we assume 
for the moment that both lines are of 100-ohm char- 
acteristic impedance and without standing waves. 
Since the two 100-ohm lines are connected in parallel 
at the input, they will be matched to 50-ohm coax. At 
the output, however, the two 100-ohm lines are con- 
nected in series to produce 200 ohms, balanced to 
ground. The purpose of the ferrite cores is to give the 
bifilar coils enough inductance to isolate the input 
from the output and prevent a low-impedance path 
across the input or output terminals. 

By Fred Brown, WGHPH, 1169 Los Corderos, 
Lake San Marcos, California 92069 
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FERRITE CORES 

50-OHM 
INPUT ?is!h 

t .,f 
PERCENT = E2-EI * MATCHED 

UNBALANCE EZ 

fig. 1. The basic 4:l balun consists of two ferrite cores 
wound with 100-ohm (or 150-ohm) transmission lines. 
The air core version is known in the TV industry as "ele- 
vator coils." At the right is shown a method of deter- 
mining the degree of unbalance at the output terminals 
by measuring the rf voltage across matched 100-ohm 
resistors. 

The transformation of 75-ohm coax to 300-ohm 
twinlead ideally would require bifilar coils wound 
with 150-ohm transmission lines. Since neither 100- 
nor 150-ohm twinlead was available, the 4:l balun 
coils were made with No. 24 (0.5 mm) vinyl zip cord. 
This wire is readily available in retail stores; often it is 
sold as "speaker wire." Q-meter measurements indi- 
cate its characteristic impedance to be about 156 
ohms. 

Vinyl, unfortunately, is quite lossy at radio fre- 
quencies. A better choice would have been twisted 
pair made of Teflon or polyethylene insulated wire. 
Ideally, the insulation should be of a thickness that 
give a characteristic impedance in the vicinity of 100 
or 150 ohms, but below VHF the impedance is not 
particularly critical because the lines are short in 
terms of a wavelength. Another possibility is 72-ohm 
receiving twinlead. 

Construction details are shown in the photograph. 
The size of the flyback transformer core is not partic- 
ularly important; the one used here had a cross-sec- 
tional diameter of about 518 inch (16 mm). The two 

50-OHM 
BALANCE0 

fig. 2. The 1 : l  balun is a short length of small-diameter 
coax wound on a ferrite core. A severe test for inser- 
tion loss with this type of balun is to connect an unbal- 
anced load the "wrong way" to the balanced output, as 
shown. 

bifilar coils are twelve turns each; they should be 
wound in the same direction and should be as identi- 
cal as possible. The coil ends can be anchored to the 
ferrite with epoxy cement. Leads to the input and 
output connectors should be short and of equal 
length for both coils. When wound, the two cores 
can be fastened to the wooden base by cementing 
the core faces to the wood with epoxy or super glue. 
If a metal box is used, the core faces should be 
spaced away from the metal by nonmetallic spacers 
of at least a few millimeters thickness. 

1: l  balun 
The basic design of the 1 to 1 balun, fig. 2, has 

been described previously by Joe Reisert, W1 JR .' 
This is a "choke" type of balun: a magnetic core 
wound with small-diameter coax. Losses are very 
low in this type of balun, and it is ideal for connecting 
coax to a dipole antenna. 

The toroidal ring is formed by cementing together 
the two U-shaped halves of the flyback transformer 
core. The coaxial coil is wound in two halves on op- 
posite sides of the core; each half is six turns. Be sure 
to adhere to the winding direction shown in fig. 2. 
The ends can be secured to the core by tying with 
short lengths of nylon fishline. 

The balun shown was wound with RG-196AlU 50- 
ohm coax; if 75 ohms impedance is desired, RG- 
187AlU is recommended. In either case, since the di- 
electric is Teflon rather than polyethylene, the 
power-handling capacity of this smaller coax is the 
same as RG-58 - about 400 watts at 30 MHz. For 
Amateur use this means the legal power limit below 
30 MHz, because the duty cycle for CW is only 50 
percent, and your kilowatt final is not going to ex- 
ceed 80 percent efficiency. (Just don't hold that key 
down too long!) SSB has an even lower duty cycle. If 
RG-1741U is used the power rating will have to be re- 
duced to 100 watts continuous at 30 MHz. 

results 
When the baluns were properly terminated, input 

SWR measured less than 1.1 on all bands, 160 
through 10 meters. Measured insertion loss is given 
in fig. 3. Accurate measurement of insertion loss in 
the 1 / 10 dB area is never easy, but these curves are 
believed to be fairly accurate. The 4:l balun has a 
power loss of 6.4 percent at 29 MHz. When 200 
watts of rf were run through this balun, the zip cord 
became warm to the touch, revealing that the vinyl 
insulation was the cause of the power loss. Two hun- 
dred watts is about the maximum continuous power 
that the zip cord will handle at 10 meters, although 
higher power could be run intermittently, or at lower 
frequencies. As mentioned before, much better per- 
formance could be expected from Teflon-insulated 
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ier ~erforrnance and versat ilitl 
and the 

T97A 'ransceiver 
CONTINUOU FREQUENCY COVERAGE - 1 .S t o  30 MHz full 

receive coverage. The optional AUX7 provides 0 t o  1.5 MHz 
receive plus t ransm~t coverage of 1.8 t o  30 MHz, for future 
Amateur bands. MARS. Embassy. Government or Commerclal 
frequencies (proper authorization required). 

Full Passband Tuning (PBT) enhances use of high rejection 
8-pole crystal filters. 
New! Both 2.3 kHz ssb and 500 Hz cw crystal filters. and 9 
kHz a-m selectivity are standard. plus provisions for two 
additional filters. These 8-pole crystal filters in conjunction 
with careful mechanical /electrical design result In realizable 
ultimate rejection in  excess of 100 dB. 
New! The very effective NB7 Noise Blanker is now standard. 
New! Built in lightning protection avoids damage to solid-state 
components from lightning induced transients. 
New! Mic audio available on rear panel to  facilitate phone patch 
connection; 

State-of-the-art design combining solid-state PA. 
up-conversion, high-level double balanced 1st mixer and 
frequency synthesis provided a no tune-up. broadband. high 
dynamic range transceiver. 

CONTINUOUS NO COMPROMISE 0 to  30 MHz 
frequency coverage. 

Full passband tuning (PBT). 
New! NB7A Noise Blanker supplied as standard. 

State-of-the-Art features of the TR7A. plus added 
flexib~lity with a low noise 10 dB rf amplifier. 
New! Standard ultimate selectivity choices include the 
supplied 2.3 kHz ssb and SO0 Hz cw crystal filters, and 
9 kHz a-m selectivity. Capability for three accessory 
crystal filters plus the two  supplied, including 300 Hz. 
1.8 kHz. 4 kHz, and 6 kHz. The 4 kHz filter. when used 
w ~ t h  the R7A's Synchro-Phase a-m detector. provides 
a-m reception with greater frequency response within a 
narrower bandwidth than conventional a-m detection. 
and sideband selection to  minimize interference potential. 

Front panel pushbutton control of r f  preamp, a-m/ssb 
detector, speaker ON /OFF switch. i-f notch filter. 
referencederived calibrator signal. three agc release 
times (plus AGC OFF), integral 1 SO MHz frequency 
counter/digital readout for external use, and Receiver 
Incremental Tuning (RIT). 

3CT contra 
plemented 

FREQUENCY FLEXIBILITY. The TR7A / R7A combination 
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quency control agility not available i n  any other system. 
'Twins" offer the only system capable of nocompromise 
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i is tant  transfer of transmit frequency control t o  the R71 
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i t l y  determine his transmitting frequency by 
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ontrolled Transmit). DSR is iml 
udio signals in  the R7A 
ALTERNATE ANTENNA CAPAl e R7A.s A I I L ~ I I ~ I ~  
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fig. 3. Measured insertion loss versus frequency for the 
two baluns. Percentage power loss is shown on the left 
hand scale. dB at right. 
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4 "  
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FREWENCY IMHzJ 

fig. 4. Measured percentage unbalance for the two 
baluns, measured across a balanced resistive load, as 
shown in fig. 1. 

twisted pair. Insertion loss of the 4:l balun measured 
1 dB at 6 meters and about 3 dB at 2 meters. 

The excellent results on 160 meters indicate that 
fewer turns could have been used on both baluns, 
which would reduce losses on the higher bands with- 
out much sacrifice of performance on 80 or 160 
meters. 

The 1:l  balun's insertion loss was measured by 
Joe Reisert's acid test; that is, by connecting the bal- 
anced output to an ordinary unbalanced-input watt- 
meter, with the inner conductor of the balun going to 
the outer conductor of the load, and vice versa (see 
fig. 2). As a result, most of the power loss shown in 
fig. 3 is radiation loss - not heat loss in the balun 
itself. . 

Initially the 1:l balun showed an insertion loss of 
3.5 dB on 2 meters. This high value was traced to re- 
flections from the inductance of the half-inch-long 
leads that connect the RG-196 to the input and out- 
put connectors. The loss was decreased to 1 dB by 
soldering 10-pF capacitors, with the shortest possible 
leads, directly across the connectors. 

Fig. 4 shows the degree of unbalance: 
E2 ' 

expressed in percent and measured for both baluns 
by the split-load method shown in fig. 1. Two 
matched 25-ohm resistors were used for the split 
load on the 1:l balun. 

reference 
1. Joe Reisert, WIJR, "A Simple and Efficient Broadband Balun." hem 
radio, September. 1978, page 12. 
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9 MHz CRYSTAL FILTERS 
Ap ll Band. 

MODEL catroi width Poles P r l w  
XF-9A SSB 2 4  kHz 5 $50.60 
XF-98 SSB 2.4 kHz 8 68.60 
XF-9B-01 LSB 2.4 kHz 8 91.35 
XF.98-02 USE 2.4 kHz 8 91.35 
XF.9B.10 SSB 2.4 kHz 10 119.65 
XF-9C AM 3.75 kHz 8 73.70 
XF.9D AM 5.0 kHz 8 73.70 
XF-9E F M 12.0 kHz 8 73.70 
XF-9M CW 500 Hz 4 51.55 
XF.9NB CW 5M) Hz 8 91.35 
XF.9P CW 250 HZ 8 124.95 
XF910 IF noise 15 kHz 2 16.35 

XFlO7.A 
10.7 MHz CRYSTAL FILTERS 

NBFM 12 kHz 8 $64.10 
XF107-B NBFM 15 kHz 8 64.10 
XF107-C WBFM 30 kHz 8 64.10 
XF107.D WBFM 36 kHz 8 64.10 
XF107.E P~xlDala 40 kHz 8 64.10 
XM107.SO4 FM 14 kHz 4 28.70 
Wrqte for Data Sheets. 
Export lnqulrles Inv~ted. 

Shipping $3.50 

MICROWAVE MODULES VHF & UHF EQUIPMENTS 
Use your exlsting HF or 2M rig on otherVHF or UHF bands. 

TRANSVERTERS 
Models. 10M IF l o  6M thru 435 MHz RF 

2M IF to 126911296 MHz RF 
Ch213 IF to 4211439 MHz A N  RF 

from $219.95 
from $399.95 
from $349.95 

Low Noise RECEIVE CONVERTERS 
6M thru 1296 MHz RF. 10M thru 2M IF from $64.95 
4211439 MHz RF. Ch213 ATV IF from $74.95 
1275 MHz RF. Ch718 ATV IF from $169.95 
also 1691 MHz RF, 137.5 MHz IF from $269.95 

POWER AMPLIFIERS 
2 Meters 25thru 1M) watts 
432 MHz 20thru 100 watts 
1296 MHz 10 watts 

from $134.95 
from $174.95 
from $469.95 

Write for technical dataand price details. 

ANTENNAS 
(FOB CONCORD. VIA UPS) 

144-148 MHz J-SLOTS 
8over 8 Hor. ool DW2M 12.3d 
8 by 8 Vert. pol DW2M.vert 12.3 dB4 
8 + 8Twist 8XY12M 9.5686 

420.450 MHz MULTIBEAMS 
48 Element 70lMBM48 15.7 dBd 
B8 Element 701MBM88 18.5dBd 

UHF LOOP YAGlS 
1250.1350 MHz 28 loops 1296LY Pod01 49.75 
1050.1750 MHz 28 loops 1691.LY 2OdBi 55.95 
Order Loop.Yagl connector extra: Type N 14.95 

SMA 6.45 

Send 400 (2  stamps) lor lull detalls of all your VHF 8 UHF equlp. 
men1 and KVG cryslal product reautremenls I- x 
Local Agents: 
Florida: Stlvernail Electronics. Inc., Largo. FL (8131 595331 7 
Mid.West. Lee-Tronics, Lld.. Canton. lL (309) 647.0153 
Calltornla: P.C. Electronlcs, Arcadia, CA (213) 447-4565 
N.W. 8 Alaska: Spectrum West. Seattie, WA (206) 523-6167 

tlNA I IVNAL, ldc. 
st Off ice Box 1084 

May 1982 57 



SATELLITE SYSTEM HEADQUARTERS 
Don't wait. Get Your TVRO System TODAY! 

the Recervers DEXCELand featuring & 5 
Automat~on Tech- 
nlques unlts 
Madulators / - 
Complete System >/ 
ready to install from CHAPARRAL DEXCEL SATELLITE ANTENNAS 
$2850 "Super Feed" 120 low nolse 
Call today for more feed horn ampl~f~ers MDS POWER SUPPLIES 
~nformat~on $85.00 $495.00 $35.00 

1900 to 2500 MHz Microwave Downconverters 
Kit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $28.50 
Assembled. . . . . . . . . . . . . . . . . . . . . . . . .  $48.50 
ALSO AVAILABLE 
Commercial M.D.S. System . . . .  $169.95 
SLOTTED ARRAY ANTENNA. . . .  $28.50 

PB RADIO 
SERVICE 

1950 E. PARK ROW ARLINGTON, TX 76010 

FOR INFORMATION CALL 

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

Small Orders Welcome 
Free 'Tech-Data' Flyer 

12033 Otsego Street, North Hollywood, Calif. 91607 

Covers100 lo 185 MHz In 1 k H z  sleps w~th lhurnb 
wheel d~al Accuracy 1 part per 10 mllllon at all Ire 
quencles lnlernal F M  adjustable trom 0 to 100 kHz 
at a 1 kHz rale Spurs and nolse at least 60 dB be 
low carrler RF output adjuslable trom 5 500 rnV at 
50 ohms Operates on 12 Vdc @ 1 /2 Amp Avatl 
able tor lmmedtate dellvery $349 95 plus shipplng 

Add on Accessor~es available to extend lreq 
range add lnllnlle resolution voice and sub aud~ble 
tones AM preclslon 120 dB callbraled attenuator 

Call lor details Dealers wanted worldw~de 

MICROVERTER VUC-36 
Converts Mid and Superband Slgnals to  
UHF Channels 43 to 83 Allows all sets to 
tune without costly separate selector 
boxes. 'Rated 11. Accessory kit ava~lable 
for $2.00, consisting of matching trans. 
former plus 2 jumper cables. 

Call or write lor Free Catalog 
Other 75 ohm Cable Supplies: 

. . . . . . . . . .  2-way Cable Switch. .S4.95 
. . . . . . . . .  F59A Connectors. .lOIS2.15 

. MTGUVFM Back of Set XFMR.. .S2.39 
. . . . . . . . . . . . . . .  2-way Splitter. .S2.79 
. . . . . . . . . . . . . . .  4way Splitter. .S4.39 

F81 "F" Barrel.. . . . . . . . . . . . . .  .S .48 
. . . . .  RG-591U Coax 100% Foil. S .lo111 

. . . . . . .  lnline Grounding Block. .S1.89 
. . . . .  Outdoor Matching XFMR. .S2.25 

. . . . . . .  Indoor Matching XFMR. .S1.25 
. . . . .  F61 Chassis Mt. Female.. . S  .48 

Parts shippin add lo%, $2.50 minimum. 
COD add P1.50. Fla. Res. add 4%. I 

NEMAL ELECTRONICS 
5685 SW 80th Street, Miami, FL 33143 

Tde~hone: 13051 661-5534 

TheBest 
Got Bette)\ 

MODEL 4381 R F  POWER ANALYST 

 this^^ 
RF Wathneterwrth n~ne-mode 

system versatility reads, 
IN STOCK QUICK DELIVERY 

AUTHORIZED ,- MSTllWTOI 

a s s o c i e t e s  
115 B E L L A R M I N E  

ROCHESTER. M I  48063 

CALL TOLL FREE 

800-521 -2333 
I N  M I C H I G A N  313 - 375 0420 
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THE SOLID STATE BEAM. - - -- 

Introducing the HyGain TH7DX. 

b~ THE MADISON SOLID 
STATE SPECIAL. 

Solid State rigs Mad~son makes 11 easy to 
demand a new go state-of-the-art. We 

have spec~al package pric- 
es when you buy a sol~d 
state rlg and the new 
TH7DX solid state beam to 

And HyGain has it: the new go with 11. Call today for a 
TH7DX, The Solid State Beam. \ quote on any of these ftne 

The TH7DX is the first antenna rlgs and the TH7DX cornbl- \ nation. 

KWM380 FT707 
IC730 FT107 
TR7A FT-One 
TS130S IC720A 

. SSB, Slow Scan, CW, and RTTY. is made possible by the new dual-driven element sys- 
Most importantly, the TH7DX covers 10,15, and 20 tem used on the TH7DX. 

meters, from band-edge to band-edge, with an SWR If you got a solid state rig, get the Solid State Beam 
below 21, SO you Can load your solid State rig to full - the new TH7DX from HyGain. And . . . get it from 
rated output without the use of time-consuming tuners. Madison. 

Forward gain and front-to-back ratio is just as good Madison not only has the TH7DX in stock, we have 
as the superb THGDXX - and the patterns hold at it at the lowest prices anywhere. Suggested List 
the edges of the band. This broadband performance $499.00. Call Madison today for a quote. 

We back everything w e  sell 
with our personal guarantee. 

All Prices FOB Houston 
and sublect to change without notice. 
Items subject to prior sale. Electronics Supply, I ~ c .  

1508 McKinney Houston. Texas 7701 0 713-658-0268 

Always. Always, Always 
call for quotes. 

Toll Free Nightline. 
1-800-231 -3057 
Monday. Wednesday. Friday 
7PM - lOPM CT. 

CODE PRACTICE TAPES FROM 
HRPG - Practice copying Morse 

Code anytime, anywhere. Whether 
you're upgrading your present license or 
just trying to up your code speed, a large 

assortment allows you to choose exactly the 
kind of practice you need. 

each tape $4.95 2/$8.95 3/$12.95 

Here s the way to go for those plannlng lo upgrade the~r present 
l~cense to General or Extra Class Both OSO tapes are reproducllons of 
actual on-the-a~r CW contacts. s~m~lar  ~n content to the FCC code 
exams Both tapes are recorded at speeds laster than those en- 
countered In Ihe exams Get the best practlce for that all-important code 
test by mastering these tapes 
A 90 mlnute tape of 25 OSOs sent at 15 wpm 
L I  HR-QSO-1 $4.95 
A 90 m~nute tape 01 30 OSOs sent at 22 5 wpm 
I I HR-QSO-2 $4.95 

University Microfilms 
International 

300 North Zeeb Road I I 
Dept. PR. 
Ann Arbor. Mi. 48106 
USA. 

30-32 Mortimer Street 
Dept. P.R. 
London WIN 7RA 
England 

PLAIN LANGUAGE TEXT SERIES 
Now. there s an opporlunlty to pract~ce copylng code ~n plaln language 
text, any tlme of the day The PLT serles IS excellent tor those who 
are learn~ng code by the word method These tapes can also be used to 
Improve send~ng speed and accuracy by us~ng the provlded text and a 
code practlce osc~llator to send ~n llme w ~ t h  the tape 
LiHR-PLT1 - $4.95 UHR-PLT2 - $4.95 

I 5  wpm code lor 20 m~nutes 30 wpm code for 20 m~nutes 
18 wpm code lor 20 m~nutes 35 wpm code tor 15 mlnules 
22 wpm code tor 20 mlnutes 40 wpm code tor 15 m~nutes 
25 wpm code for 20 minutes 45 wpm code for 15 mlnutes 

50 wDm code lor 15 mlnutes 

Please add $1 for shipping. 

Ham Radio's Bookstore 
Greenville, NH 03048 I 
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antenna geometry 
for 

optimum performance 
Design considerat ions 

in terms of path distance, 
ionospheric height, 
and antenna height 

If you had your choice of a 10-dB-gain antenna at 
40 feet 112 meters) or a 5 dB-gain antenna at 120 feet 
(37 meters), which would you choose? Presumably, 
there would be a split decision on such a question. 
However, the real reply would be that the question 
does not provide enough data to properly make a 
sound decision. Antenna gain or antenna height are 
secondary considerations in antenna design. The pri- 
mary objective in an antenna design is to provide 
maximum signal energy at the desired receiving loca- 
tion. This is done by providing the most favorable ra- 
diation pattern in both the horizontal and vertical 
planes to match the conditions of a very unstable 
propagation medium, the ionosphere. 

This article discusses the important relationship of 
the vertical radiation angle of an antenna, height of 
the ionosphere, and distance between the transmit- 
ter and the receiver. As to the opening question, it 
will simply be stated now that the high-gain antenna 
on 20 meters would be superior for domestic opera- 
tions. The 120-foot (37-meter) low-gain antenna 
would always beat out the higher-gain antenna for 
maximum distance, world-wide contacts. 

ionospheric reflections 
High-frequency propagation occurs between the 

surface of the earth and one or more layers of ionized 
atmosphere that exhibit sufficient conductivity to re- 

flect the radio signals back to earth. One reflection 
from the ionosphere is called one hop, and the num- 
ber of hops made by the radio wave before arriving at 
the receiving location is the number of successive re- 
flections from the ionosphere. These are called multi- 

1 hop transmissions. Single and multihop propagation 
can occur simultaneously. 

Propagation can be further complicated by reflec- 
I tions from more than one conductive layer. Fig. 1 is a 

simple flat-earth representation of a radio circuit 
showing reflections from the E, F1, and Fg layers of 
the ionosphere. Single-hop transmissions are shown 
by the solid lines and two-hop transmissions by a 
dashed line. 

Consider the multiple path signals, both one and 
two hop, arriving at the receiver due to reflections 
from the E, F1, and Fg layers. Such a situation could 
exist if there is a broad vertical lobe of radiant energy 
from the transmitting antenna. The path length of 
the different signals, as well as the height change 
with time of the three layers, will cause the signals to 
arrive at the receiver at different times; that is, the 

I signals will not all be in phase. Such a situation will 
cause fading of the received signal with loss in quali- 
ty of the communications circuit. 

One may eliminate the E-layer reflection complete- 
ly by choosing a frequency high enough to penetrate 
the E layer at any vertical angle of radiation. If the fre- 
quency is close enough to the maximum usable fre- 
quency (MUF) and F2 is controlling, then F l  reflection 
may be absent, or very small. In such a case, the re- 
maining conflicting wave arrivals would be from a 
one and two-hop reflection from the Fq layer. How- 

By Henry G. Elwell, Jr., N4UH, Route 2, Box 
20G, Cleveland, North Carolina 27013 
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ever, if it happens that the large angle of incidence at 
A and C of fig. 1 caused the waves at these points to 
penetrate the Fp layer without reflection, only the 
one-hop Fp signal would arrive at the receiver at max- 
imum strength with no fading. Elimination of the 
two-hop path could also occur by restricting the ver- 
tical radiation energy to a low angle of fire. 

At the other extreme, the operating frequency 
could be chosen so low that the signal would not 
penetrate the E layer at all, thus eliminating the F1 
and Fp reflections. However, there may remain multi- 
path E-layer signals unless the antenna radiation pat- 
terns at transmitting and receiving locations provide 
very low response at the higher angles at which mul- 
tipath E-layer signals could be propagated. 

The known methods of attack on the multipath 
problem involve these factors: 

1. Use a frequency that will cause reflection from one 
layer only, as nearly as possible. 

2. Use a frequency that will require reflection at the 
lowest angle of incidence possible, such that higher 
angle radiations will penetrate the layer and not be 
reflected. 

3. Use a directive antenna that will focus the angle of 
one dominant wave group and discriminate against 
other multipath signals by relatively low response to 
all other angles. 

On one-hop circuits it might be relatively easy to ap- 
ply any one or all three of the above principles for re- 
ducing multipath circuits. However, on multihop cir- 
cuits different ionosphere characteristics occur at 
each point of reflection. Also it is necessary to use a 
frequency that is a limiting factor at one of the reflec- 
tion points. Therefore, it is more difficult to adhere to 
those ideal principles for multihop paths. 

is highest gain and 
height always best? 

High antenna gain and high antenna height seem 
to be the dominant factor in today's selection of an- 
tenna systems. That philosophy without further 
thought to the overall consequences is all right if 
your goal is to put the strongest signal at the greatest 
distance at any particular time of the day. Don't be 
upset, however, if your signal is less than average at 
medium ranges during the daylight hours. 

The strength of your transmitted signal received at 
a distant point, at any time of the day, is a function of 
your power, antenna gain, antenna height, atmos- 
pheric absorption factors, and the height of the iono- 
sphere. Let's eliminate power, antenna gain, and ab- 
sorption in the following discussion. Power and ab- 
sorption are independent of the antenna system, and 

C 

F I 

E 

fig. 1. Flat-earth representation of a radio circuit show- 
ing reflections from the E ,  F , ,  and F, layers for a one- 
hop and two-hop transmission. 

the antenna gain, while important, does little good if 
the signal does not come down at the desired location. 

the propagation- 
distance formula 

The following equation relates the vertical angle of 
radiation from the antenna and the height of the ion- 
osphere, to the distance between the transmitted sig- 
nal and the point the signal returns to earth; that is a 
one-hop occurrence. (The derivation of the equation 
may be found in the appendix.) 

where D is the surface distance between the trans- 
mitting antenna and the first reflected return to earth 
in kilometers, a is the vertical radiation angle of the 
antenna in degrees from the horizon, and hi is the 
height of the ionosphere in kilometers. 

If you have a calculator with "cos" and "inverse 
cos" functions, the equation is easy to solve. How- 
ever, fig. 2 shows the equation pictorially for various 
heights of the ionosphere. 

The use of the chart is quite simple. Enter the left 
side of the chart with the known vertical angle of ra- 
diation of your antenna. Go horizontally to the right 
until an intersection with a curve of the desired iono- 
sphere height is met. Then drop down vertically and 
read the distance scale on the bottom of the chart. 

Example. Known: Vertical angle of radiation is 30°. 
Ionosphere height is 400 km. Distance: 1206 km for 
one-hop transmission. 

height of ionosphere 
You say you don't know the height of the iono- 

sphere or the vertical angle of fire of your antenna? 
OK, let's consider the ionosphere's height, and then 
we'll spend some time on the vertical radiation 
problem. 
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fig. 2. Vertical angle of radiation as a function of dis- 
tance with ionosphere height as a parameter. An exam- 
ple is given for a vertical radiation angle of 30' and an 
ionosphere height of 400 km; the distance for a one- 
hop transmission is 1206 km. 

The height of the ionosphere layers varies with lati- 
tude, with the hour of the day and the seasons, and 
with sunspot activity. Over the earth on any particu- 
lar day, the variations of height are of the order of 2 
to 1. Monthly average heights at any one location, 
however, usually follow a fairly constant pattern. 

In some older texts, typical heights were assigned 
to the layers, but such rough information may be 
misleading. The Central Radio Propagation Labora- 
tory, when at the National Bureau of Standards, 
Washington, D.C., used to publish monthly reports 
on details of various ionosphere heights, but that in- 
formation has been discontinued. However, we do 
know the bands of ionosphere heights that will give 
us sufficient information to make our distance calcu- 
lations; see table 1 for most intensely ionized regions. 
These bands of ionosphere heights will be used to 
show how the distance transmitted for a given verti- 
cal radiation angle changes from dawn to noon, for 
example, as shown in table 1. 

vertical radiation angle 
The vertical radiation angle of a horizontal antenna 

is easy to determine. Keep in mind that the vertical 
radiation of most horizontal antennas is a function 
only of its height above ground; this includes dipoles, 

table 1. Height of ionosphere. 

summer day winter night 
layer (kml (km) (kml 

E 110 - 130 110 - 130 - - 
F1 280 - 310 210 - 250 275 - 325 
F2 450-480 270 - 320 - - 

Yagis, and other horizontally polarized, single-level 
beams. The number of elements in a Yagi, for exam- 
ple, does not change its vertical radiation angle. The 
radiation pattern in the vertical plane perpendicular 
to the wire of the antenna is given by the equation: 

F(a) = sin (h sin a) (2) 

where a is the vertical angle of radiation from the 
horizon 
h is the height above ground in electrical 
degrees 

The equation is meant for radiation over perfectly 
conducting ground. However, it is used for pattern 
work for typical imperfectly conducting grounds 
such as are encountered in practice. 

The value of a for maximum signal at any given 
height, is when F(a) = I ,  since a sine function varies 
from a maximum of 1 to a minimum of 0. The latter 
factor, 0, means that there will be a null in the vertical 
radiation at some point. 

The workable equation is (see the appendix for 
derivation 1 : 

sin - 1 F(a 
h/' = L 3661sin b 

where: h3 is the height of the antenna in feet 
a is the vertical angle of radiation from the 

horizon for the antenna 
f isinMHz 

F(a) is 0 or 1, or as we will see later, any number in 
between such that sin -1(1) is 90° for first lobe, 270° 
for second lobe, 450° for third lobe, etc., and 
sin-*(0) is 180° for first null, 360° for second null, 
540° for third null, and so on. 

The solution of this equation with antenna vertical 
radiations of 90° to 1 O, to give corresponding anten- 
na heights for the first lobe at each frequency band, 
was done on a programmable calculator; doing it man- 
ually is a terrible job. Solution of antenna height was 
preferred over solving for vertical radiation angle be- 
cause of the limits of O0 to 90' expected from an an- 
tenna pattern; antenna height can be from 0 to infini- 
ty theoretically. 

The graph of the results is shown on fig. 3. That 
curve is very interesting so let's test it. You have your 
beam at an 80-foot (24-meter) level and are operating 
it on the 20-meter band. Enter the curve at the bot- 
tom for antenna height of 80 feet (24 meters) and go 
up vertically until you intersect the 20-meter antenna 
operating band. At that point go to the left horizon- 
tally and determine that the vertical angle of radiation 
for the antenna is 12.7O. The results for all Amateur 
bands for an 80-foot (24-meter) tower is shown in 
table 2. 
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table 2. Vertical radiation angle for all bands with 
antenna height of 80 feet (24 meters). 

vertical radiation angle 
frequency band first lobe first null 

(MHz) (degrees) (degrees) 
1.90 (note 1) - 
3.80 54.0 (note 2) 
7.25 25.0 58.0 

10.25 17.5 37.0 
14.20 12.7 25.5 
18.10 9.8 20.0 
21.25 8.2 17.0 
24.94 7.0 14.2 
28.50 6.2 12.5 

( 1 )  90° is achieved by an antenna 136feet 141.5 meters) high. 
12) 90° is achieved by an antenna 129 feet I40 meters) high. 

Table 2 should be studied carefully by one-tower 
owners who like to "Christmas-tree" monobanders 
for different bands. Such towers usually have the 40- 
meter beam at the lowest height, then the 20-meter 
beam is higher, followed by the 15-meter beam, and 
the 10-meter beam on top. From a propagation stand- 
point, isn't that the reverse order? I always put the 
40-meter beam on top to give it the lowest vertical ra- 
diation angle for the available height with the 10- 
meter beam on the bottom. The 10-meter beam auto- 
matically has a reasonable wavelength-height, hence 
a reasonably low vertical angle of radiation. It's the 
40-meter beam that needs the highest location. That 
of course requires proper consideration for structural 
integrity. 

For you 160-meter enthusiasts, table 2 shows why 
a horizontal antenna on that band will be very poor 
for DX work. Even at 136 feet (41.5 meters) high, it is 
putting out a vertical radiation angle of 90°. Put your 
effort and wire into a vertical antenna for DX on 160 
meters. 

Although an 80-foot (24-meter) high antenna on 80 
meters is probably better than the run-of-the-mill on 
that band, you will still do better with a properly don- 
structed vertical for DX work. 

vertical radiation null angle 
The second consideration for the antenna height 

is, "Where are the nulls going to fall?" By making 

F(a) = 0, such that sin-1 F(0) = 180°, the first null 
can be determined. These values are also shown in 
table 2. 

As you can see, fig. 3, showing the first lobe for all 
Amateur bands makes for a pretty busy graph. To 
show the additional lobes plus nulls would be a disas- 
ter. However, all bands for lobes and nulls up to the 
seventh is easily shown if height above ground is in 
electrical degrees. Fig. 4 shows such a curve. To use 
the curve a calculation is necessary for the height 
and frequency for which you are interested (see the 
appendix for proof 1. 

where: h = height above ground in electrical de- 
grees 

h j  = height in feet 
f = MHz 

Let's say you want to find the lobes and nulls for your 
100-foot (30.5-meter) high tribander at 10, 15, and 20 
meters. Solution of the equation for h for each band 
and subsequent use of f ig. 4 would give the results in 
table 3. You might ask the question, "Why bother 
about the null? There's nothing there anyway, so for- 
get it!" There may be plenty "over there" where your 
signal is nulled out, and you should at least know 
about it even though you intend to ignore it. It may 
be just the knowledge you need to design for a differ- 
ent height or provide for a lower-height antenna to fill 
in the nulled area. 

vertical radiation 
polar diagrams 

Let's look at another representation of maximum 
(lobes) and nulls: the vertical polar radiation dia- 
grams. See fig. 5, which is the 14.2-MHz plot of the 
100-foot (30.5-meter) antenna. The same data is be- 
ing used as in table 3. You have seen these in anten- 
na books many times I'm sure. If you are like I am, 
you may have wondered how they determine their 
shape. Well, f ig. 5 was calculated and then plotted 
using the same F(a) = sin (h sin a )  equation as 
before. 

All you do is select the height of the antenna you 
want, in feet, change that to electrical degrees, h ,  for 
the frequency desired, and solve the equation for dif- 

table 3. Nulls/lobes for tribander at 100 feet (30.5 meters). 

height radiation angle (degrees) 
band (electrical first second third fourth fifth 

(MHz) degrees) lobe null lobe null lobe null lobe null lobe null 

14.2 520 10.0 20 31 44 60.6 - - - - - 

21.3 780 6.5 13 20 28 35.0 43 52 68 - - 

28.5 1043 5.0 10 15 20 25.5 31 37 43 50 58 
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ferent values of vertical angle of radiation, a, from 
90° to OO. This will give you the left side of the figure. 
If you use a equal to 180° to  0°, you get the com- 
plete radiation pattern for a dipole. However, one 
side is a mirror image of the other, and a beam anten- 
na would be attenuated on the back side anyhow; 
use 90' to 0'. 

These calculations are very easy using a program- 
mable calculator when you program it to decrement 
automatically by 1 O, 2O, 5O, or lo0 steps from 90° or 

3 

AT I 4  2 M H z  
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fig. 5. Vertical-polarization radiation diagram showing 
a comparison of the radiation pattern in the vertical 
plane of an antenna at 50 feet 115 meters) and one at 100 
feet 130.5 meters). Nulls in the higher antenna may be 
filled by the lower antenna (frequency is 14.2 MHz). 
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180' as desired; a printer would automatically list the 
results. For those with computers, a program could 
be derived to plot the diagram as calculations progress. 

Examine fig. 5. It has three lobes and two nulls; 
the one at 90° is not a full null. Our lobes as shown 
pictorially there, and tabularly in table 3, are at ap- 
proximately 10°, 31 O, and 60°. An important null is at 
20°. Why important? Twenty degrees vertical radia- 
tion from fig. 2 with the ionosphere at 400 km, day- 
time F p  layer height, is a good 1750 km hop. 

From Cleveland, North Carolina, the distance to 
the heart of Germany is 7023 km, selected as being 
the center of a densely populated area. It so happens 
that 7023 km divided by 1750 km (the one-hop dis- 
tance above) is exactly four hops. From fig. 2, the 
10° signal gives a one-hop distance of 2650 km. Di- 
vide that number into 7023 and you will see it goes 
2.7 hops. You can't have 2.7 hops, so you have to 
have 3 hops. Three times 2650 km is 7950 km. There- 
fore, the 10' vertically radiated signal lands almost 
1000 km beyond the heart of Germany. However, if 
we had an antenna giving a 20° vertically radiating 
signal, it would be stronger than the lo0 signal in that 
area when the ionosphere is at 400 km in height. 

Referring back to fig. 3, you can see that a 20' 
vertical radiation can be obtained by an antenna 
height of 50 feet (15 meters). Superimpose this verti- 
cal radiation pattern on the vertical polar radiation di- 
agram, fig. 5, to get a pictorial representation of 
how the 20° null is filled in by the 50-foot (15-meter) 
antenna. All vertical angles from about 6O through 
36O are in excess of 80 percent of maximum signal. It 
is doubtful if you would want to use the 20-meter 
band for distances which 36O would provide - dis- 
tances less than 1000 km one-hop. 

Carry the analysis further to the 15- and 10-meter 

0  2 0  4 0  SO 8 0  1 0 0  I 2 0  I 3 0  

ANTENNA H E I G H T  ( F E E T )  

fig. 3. Vertical radiation angle as'a function of height 
for horizontal antennas with frequency as a parameter. 
Example shows that an antenna height of 80 feet (24 
meters) will produce a vertical radiation angle of 12.7O 
on the 20-meter band. 
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fig. 4. Vertical radiation angle as a function of antenna 
height in electrical degrees showing angles of maxi- 
mum radiation and nulls for use on all bands. 



bands with an antenna at 100 feet and one at 50 feet 
(30.5 and 15 meters); see figs. 6 and 7. On 15 me- 
ters, the lower antenna fills in the null at 15O, but 
leaves a null at the 28O vertical angle of radiation. 
That angle is good for about 1200 km; again a lower 
frequency would be better. 

On 10 meters the same combination appears to be 
good from about 3Othrough 17O to give at least an 80 
percent of maximum signal over that range. Again, 
vertical angles greater than 17O on 10 meters proba- 
bly are not necessary except for sporadic E transmis- 
sions. The 100-foot (30.5-meter) antenna by itself 
would leave some undesirable holes in your vertical 
radiation pattern. 

Those Amateurs with a computer can have a great 
time moving displays around to show the vertical 
pattern for a single antenna at different tower heights 
with a lower antenna to fill in the nulls. 

exciting two antennas 
for greater gain 

Of course, once you have two antennas at differ- 
ent heights, your next inclination is to say, "Why 
don't I excite both of them and get additional gain?". 
Good idea, but first you should know, "What is that 
going to give me in the way of vertical angle radia- 
tion?" A good question, and its solution is as simple 
as adding on a second term to the equation we've al- 
ready been using. 

F(a) = N [sin(hlsina) + sin(h2sina)l (5) 
See fig. 8 for definitions of hl, h2, and a; hl and ha 
are in electrical degrees for the frequency being 
measured. N is a normalizing factor (makes max- 
imum = 1 )  and may vary from one design to anoth- 
er. First run the equation from 90' to the lowest 
angle. You will see maximum lobe results greater 

LEOEND - 1 0 0  FOOT 
ANTENNA - - -  5 0  FOOT 
ANTENNA 

FREOUENCY: P I  J  MHz 
1 I FOOT= 0  J O b M E T E R l  

1 0  0 1  0 8  0 4  0 2  0  

fig. 6. Vertical-polarization radiation diagram showing 
a comparison of the radiation pattern in the vertical 
plane of an antenna at 50 feet (15 meters) and one at 100 
feet (30.5 meters). Nulls in the higher antenna may be 
filled in by the lower antenna (frequency is 21.3 MHz). 

than 1. To normalize the data, divide all results by the 
highest lobe results. That makes the highest results 
equal to 1, with a corresponding decrease in all other 
numbers. This is called "normalizing the data," and 
permits an easier comparison of different designs. 

The calculator or computer solves the equation for 
given heights of hl and h2 and varies the vertical 
angle a from 90' down to zero when programmed 
properly. Taking 5' steps works out well, but lo 
steps may have to be taken at crucial points to deter- 
mine the maximum point of a particular lobe. 

Using the 50-foot and 100-foot (15- and 30.5- 
meter) high antennas at 14.2 MHz fed in phase and 
solving the F(a) equation produced the plot shown in 
fig. 9. The plots of fig. 5 are superimposed on fig. 9 
to show the comparison pattern of each single anten- 
na and together. The curve has been normalized 
(maximum point = 1)  to compare its vertical angle 
with respect to the 50-foot and 100-foot (15- and 
30.5-meter) curves. It may be seen that the maxi- 
mum lobe for the combination is at 12O, with three 
attenuated ones at 38O, 53O, and 90°. A gain of 3 dB 
is realized in the horizontal plane with the combined 
antennas. 

You may be interested in determining for yourself 

LEGEND - 1 0 0  FOOT 
ANTENNIl - - - SO FOOT 
ANTENNA 

FREOUENCY 1 2 8  6 M U z  
11 FOOT= 0  3OSMETERI  

1 0  0 8  0 6  0 . 4  0 2  0 

fig. 7. Vertical-polarization radiation diagram showing 
a comparison of the radiation pattern in the vertical 
plane of an antenna at 50 feet (15 meters) and one at 100 
feet (30.5 meters). Nulls in the higher antenna may be 
filled in by the lower antenna (frequency is 28.6 MHz). 

fig. 8. Definition of heights and vertical angle of radia- 
tion for two antennas excited in phase. 
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fig. 9. Comparison of the antennas of fig. 5 with the 
two antennas fed in phase to give an increase in gain in 
the horizontal plane. The pattern for the in-phase an- 
tennas has been normalized as explained in the text for 
comparison purposes. 

what the pattern of half-wave spacing as well as 
0.625-wavelength spacing would provide in the way 
of vertical radiation angles with height. The 0.625- 
wavelength spacing is the optimum spacing for maxi- 
mum horizontal gain. 

When striving for minimum vertical radiation 
angle, consider the following. Fig. 2 shows that if the 
ionosphere were to attain a height of 500 km, the 
maximum one-hop distance would be 4850 km at O0 
vertical angle of radiation. To attain a 0.1 angle of 
fire would require a horizontal antenna on 28.5 MHz 
to be at 4,944 feet (1508 meters) high. On 14.2 MHz, 
a lo angle of fire would require an antenna at 992 feet 
(303 meters). So, do not expect to have horizontal 
antennas with a maximum lobe at OO. 

four-antenna array 
As a final exercise for a 100-foot (30.5-meter) high 

tower, an array of four antennas spaced one-half 
wavelength apart for 15-meter operation was calcu- 
lated. This is for the contester who wants to put a fixed 
array on the side of the tower for Japan, for example. 
The calculation is done using the same F(o) formula, 
but having four terms: 

Fig. 10 shows the vertical signal to be expected. 
What a beautiful lobe with negligible high angle 
lobes, thus minimizing interference from short-haul 
stations. The vertical angle of about 8O produces 
about a 4-hop trip from North Carolina to Japan. If 
your 3-element Yagis were used, the horizontal gain 
would be 14 dB over a dipole. Sure beats a 12-ele- 
ment Yagi on a long boom for simplicity, and remem- 
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ber all the high-angle lobes you have to put up with 
using the single beam (refer to fig. 6). 

conclusions 

This article has attempted to point out the impor- 
tance of designing an antenna system to put your 
signal where you want it to go. The variables under 
your control are the distance to your desired station 
and the height of your antenna. The variable not 
under your control is the height of the ionosphere. 
However, by judicious placement of secondary an- 
tennas in the vertical plane, you can effectively use 
changes in the height of the ionosphere and keep 
your maximum signal at a given receiver location. 

Also, by knowing the vertical angle of radiation of 
your antenna you can determine proper height for 
short-haul contest work such as Sweepstakes, as 
well as long-haul DX contest or general DX work. 

Although perhaps an over-simplification of the an- 
tenna problem, study of the multi-lobes of high an- 
tennas will show how "thin" the lobes are. Thus, 
changes in the ionosphere height will move the 
"footprint" of the transmitted signal into and out of 
your desired reception area more quickly than "fat- 
ter" lobes. Also, the multiplicity of lobes from the 
high antenna may result in multiple path fading prob- 
lems, as explained earlier. Lower antennas and phased 
arrays have fatter lobes, hence a broader footprint, 
and will maintain their signal strength into their di- 
rected area for longer periods of time. 

Ask yourself before investing in costly towers and 
antenna systems, "What are my antenna objectives?" 
Putting the signal into the area you want it to go still 
seems more important than putting the strongest sig- 
nal wherever it wants to go. A study of your antenna 
objectives is not to be taken lightly! 

ANTENNA HElOHTS 
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fig. 10. Results of feeding four horizontally polarized 
antennas in phase when stacked vertically to show 
elimination of extraneous major lobes [see fig. 6 for 
comparison). If three-element beams are used at each 
level, a l 4 d B  gain is realized in the horizontal plane. 
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appendix 

derivation of propagation- 
distance formula 

Fig. A - I  shows a transmitting point at A, a reflection from the 
ionosphere at point B, and a one-hop return to earth at point D. 
The virtual height of the ionosphere is hi, and the average radius of 
the earth, Re,  is a constant of 6,367.45 km. The intersection of the 
radius line from the center of the earth to  its surface forms a right 
angle at point A. The vertical angle of radiation, a, is an angle that 
is added to 90° when determining angle CAB. The distance, AD, 
along any great circle on the surface of the earth is given by: 
D = Re@ when 8 expressed in radians, or: 

Re D =  ----- 57,296 8, when 0 is expressed in degrees. 

The problem is to  find a relationship of 8 with respect to a and hi 
and involves the triangle CABC. Two sides of that triangle are 
known: BC = Re + h,, CA = Re.  Angle CAB is known: angle CAB 
= 90' + a  = angle A .  

Knowing two sides and one angle, the other side and angles may 
be determined from the law of sines. 

solution of problem 
by law of sines 

The law of sines says, given A ,  a ,  and b (see fig. A-1): 

Angle C = 180' -Angle A -Angle B 

b AISO, -- = A, thus B = sin-' srnB sinA 

and C = 180' - (90' + a) - s i n  (F) 

Replacing the above with our own symbols: 

But sin (90' + a) = cos a 
[ ~ . s i n ( 9 0 O  + a) 

and 90' - sin- - Re + hi I 

Ennrn's SURFACE 

C 

fig. A-1. Geometry f o r  derivation o f  propagation-dis- 
tance formula. Signal leaves the earth's surface a t  a n  
angle, a is reflected f r o m  the  ionosphere a t  point  B, 
and returns t o  earth a t  point  D. 

Therefore, 0 = 2 cos - 1 [?ye] p a  

Knowing 0 ,  we can now solve for D, and cleaning up the cos-1 
term, we get: 

but Re = 6,367.45 km 

Therefore: 

D = 222.265 [ror - 1 ( %gih,  ) - a] kilometers 

height-in-feet equation 
We start with the given equation: 

F(a) = sin (h sin a) 

We wish to change h, which is in electrical degrees to hft, which is 
the height of our antenna in feet above the earth's surface. 

We know that 1A = 360'. Therefore the fractional part of a 
wavelength (any antenna height) is the ratio of actual antenna 
height in feet to X in feet times 360°. 

h 
h = 360' 8 degrees, but A = 984 feet 

/r f MHZ 

We can say: 

~(a) = sin [ (0.366 fMHz hfd sin a] 

sin-' F(a) = 0,366 ~ M H ~  hjl sin a 

Therefore: 
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THE CRYSTAL B A L L  
. . 

ON OR OFF? 

From the articles printed in the Crystal Ball it is 
evident that most of the brethren have their mental 
machinery running at prewar speeds. Don't they re- 
alize that we have entered upon a new era of rockets, 
A-bombs, robots, and fungicides? Why hack around 
with these pitiful pseudo-modern ideas for the new 
Ham Station? Here is a plan for a rig combining 
simplicity and ease of operation. 

First let us examine the fundamental requirements 
of an ideal amateur station. The primary question 
confronting the average ham is: does he want his sta- 
tion on or does he want it ojfl Reference to the liter- 
ature will confirm that an "on-off" switch is the 
most practical solution to this problem. Having es- 
tablished this component as a prerequisite, let us 
delve into the less-interesting sub-assemblies to be 
tied into the on-off switch. The best way to cover 
this is to describe the sequence of operations occur- 
ring when this switch is thrown from the "off" to 
the "on" positions. 

Joe Blow strolls into his shack, turns on the afore- 
mentioned switch, lights a cigarette, and starts read- 
ing the latest copy of Esquire. Rotating beam anten- 
nas on all amateur bands start scanning the horizon, 
feeding in signals to appropriate receivers, which are 
scanning the bands in frequency, looking for a CQ. 
Let us suppose that the receiver system on band A 
finds a CQ first. The audio signal, having passed 
through the CQ-pass filters operates relays which de- 
energize the other receivers, switch off the scanning 
function of antenna A, and automatically point the 

beam at the originating transmitter by means of an 
appropriate servo system. Simultaneously, Joe's 
own transmitter is automatically tuned to the fre- 
quency of the incoming signal, and held in readiness 
to transmit. As soon as the received signal stops, the 
transmitter sends out a call automatically prepared 
on a magnetic wire recorder from the call sent by the 
other station and including Joe's call. 

Whenever the other station breaks in, Joe's trans- 
mitter stands by and his receiving system comes into 
its own. Basically, the signal is fed into three chan- 
nels, the Log Channel, the QSL Channel, and the 
Miscellaneous Channel. The Log Channel uses in- 
formation contained in the signal relating to the sig- 
nal strength and the time the QSO started, and prints 
it on the Log Sheet. The QSL Channel, in a similar 
manner, prints part of the QSL card. The Miscella- 
neous Channel accumulates the non-essential infor- 
mation passed out by the other station and feeds it 
into the waste basket. It also performs the very es- 
sential function of taking the signal report given, 
running it through a computer coordinating dis- 
tance, number of previous QSO's, and blood pres- 
sure of Brother Joe in calculating a weighting for- 
mula to be applied to the otherwise accurate RST 
report to be given back to the distant station. 

When the victim stands by, Joe's station automat- 
ically goes to the transmit position, sends out "Good 
Morning," "GoodEvening," or "Good Afternoon," 
as determined by a suitably-connected clock, trans- 
mits the other fellow's RST report complete with 
fudge factor, gives the weather as measured by a ba- 
rometer and thermometer on the roof, states the 
QTH (not a variable, making this part simpler), adds 
73 and signs. 

After the other station signs, the Log and QSL 
machines finish printing their respective cards. 
When this is complete and the QSL card has been 
automatically shot out to the nearest mail box, the 
second-hand air raid siren is energized to distract 
OM Blow from his Esquire. He is then faced with a 
decision. Should he let things take their course and 
have another QSO, or should he throw the switch to 
"off" and delve further into the printed pul- 
chritude? 

Carl C. Stotz, W3EPJ/2 



ham radio 
It is difficult to prophesy, especially with respect to the future. - Bob Booth, W3PS (Silent Key). 

What will Amateur Radio be l ike 
in 2015? Will there be Amateur Radio 
in thirty-three years from now? Inter- 
esting questions, to be sure. 

Reprinted from QST is a tongue-in- 
cheek prediction of Amateur Radio's 
future as seen from 1946. Is our vision 
of the future as clear as this one, writ- 
ten before the days of transistors, 
ICs, and computers? 

Looking into the cloudy crystal 
ball, I see Amateur Radio flourishing 
in 2015 but in a far different form than 
the hobby of today. 

In 2015, all the computers, commu- 
nications equipment, and data stor- 
age systems you see today will be ob- 
solete museum pieces. 

By 2015, great advances in fiber- 
optic transmission will make cable 
communications and most radio 
communications over fixed, short dis- 
tances obsolete. 

In 2015, long-distance communica- 
tions will be exclusively by complex, 
wideband, high-power satellites and 
land-based repeaters. 

Radio transmission via the iono- 
sphere, an unreliable medium at best, 
will be obsolete. VHF satellite repeat- 
ers and fiber-optic cables will replace 
them. Radio, television, and fm 
broadcast stations as we know them 
today will not be in use in 2075; they 
will not be needed. 

Home computers, tied into large 
computer networks around the 
world, will be commonplace. Infor- 
mation and entertainment will be 
available on a three-dimensional color 
screen in most homes. 

It will be possible to call up any of 
thousands of information channels at 
will - including direct communica- 
tions with other computer terminals 
- worldwide. 

why, then, Amateur Radio? 
As a consequence of the informa- 

tion explosion and instant cornmuni- 
cations available in 2015, radio trans- 
mission in the medium- and high- 
frequency spectrum will be obsolete, 
except for some military purposes 
(over-the-horizon radar, the Wood- 
pecker, for example), scientific stud- 
ies, and Amateur Radio communica- 
tions. All else will be transmitted by 
other, more reliable, means. 

Radio Amateurs will not be restrict- 
ed to bands in 2075. They will roam 
freely the entire high-frequency spec- 
trum. And more. Amateurs will work 
alongside the few users of the radio 
spectrum over a frequency range of 
500 kHz to perhaps 75 MHz. This is 
how it will be done. 

the ham station of 2015 
The Amateur station of the future 

will consist of a broadband transmit- 
ter, receiver, and antenna, computer 
controlled and capable of frequency- 
agile transmission at any point in the 
radio spectrum. Let's suppose Our 
Hero has one of these marvelous de- 
vices and wishes to make contact 
with another Amateur station. 

The computer terminal is energized 
and a propagation display appears 
on the screen, derived directly from 
the International Weather Service 
through the optic-fiber communica- 
tions line running into the home. 

Looking at Europe on the map, Our 
Hero decides it would be nice to have 
a chat with a German or French Ama- 
teur. He keys his instructions into the 
computer. Instantly his transmitter is 
armed with the proper data. It trans- 
mits a coded signal (similar to the CQ 
of olden days) that jumps about in 
frequency in a sequence selected by 
the computer that continually sweeps 
to interrogate the Maximum Usable 
Frequency (MUF) over the chosen 
path. Frequency agility is rapid, the 
signal remaining on any one spot for 
less than a second. To a casual ob- 
server, looking over the range of fre- 
quency spotting, no signal is appar- 
ent. To another observer, however, 
who has received the coded transmis- 
sion and keys his equipment up in re- 
sponse to this code, an interference- 
free signal is received that contains 
the data needed to transmit a reply in 
the same coded sequence as that re- 
ceived. 

Our Hero, then, has keyed in a fre- 
quency agility code, as well as codes 
that select the region of the earth (or 
country) to be scanned by his receiv- 
ing computer. All this information ap- 
pears on the video screen of his 
equipment. 

The signal is ignored by all stations 
except those whose computers are 
programmed to search for the partic- 
ular code Our Hero is using. Once a 
code match is established, the sec- 
ond ("reply") station alerts the first 
("search") station that it is in lock. 
The search station may jump about in 
frequency to dodge interference, but 
its continually transmitted coding sig- 
nal forces the reply station to follow it 
to the exact Hertz! 
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the QSO 

Now that the two stations are com- 
pletely in lock, the contact can run 
until the Maximum Usable Frequency 
falls below the critical cutoff frequen- 
cy at which signals are lost on the 
particular path. Continuously listen- 
ing to each other, the computers in- 
stantly shift frequency at will, seeking 
a clear channel for QRM-free commu- 
nications. 

Our Hero can now choose his mode 
of communications. Voice? Slow-scan 
digitized television? Practice CW? Or 
radio-teletype? Perhaps transmit 
some music? Why not? He can copy 
by ear, watch it on a video display, or 
record it on a form of tape for play- 
back. Or he can do all of these at 
once. 

While the QSO is in progress, giant 
Woodpecker transmitters used for 
ionospheric-reflected information 
gathering roam about the high-fre- 
quency spectrum. They, too, by in- 
ternational agreement are frequency- 
agile, perhaps transmitting only one 
pulse on a given frequency before 
moving on, continuously sensing the 
transmitting frequency for an existing 
signal before transmitting their pow- 
erful pulse. 

Intermixed with the Woodpeckers 
are other forms of pulsed transmis- 
sions for military and scientific pur- 
poses. And dodging about in this sig- 
nal mix are the Amateur signals. All 
services interrogate frequency after 
frequency until an open spot is found 
- then zip! the pulsed information is 
sent and retrieved and the transmitter 
moves on once again. 

Listening to this frequency-agile, 
frequency-hopping, computer con- 
trolled mode of transmission on an 
ordinary receiver would reward the 
listener with only a random hum, or 
loud background noise. No intelli- 
gence would be apparent. But a locked 
"reply" station would instantly sift 
through the myriad signal bits and ac- 
cept only those bits that its coded 
memory recognizes. 

Armed with propagation informa- 
tion and a "callbook" of the transmis- 

sion identification codes used by 
other Amateurs, Our Hero can quick- 
ly program his station to search for a 
single unique signal, or one group of 
signals among a family of signals, or 
any random signal the computer may 
process in a frequency search. Some- 
times it might be fun to speak at ran- 
dom to any station caught during the 
computer search. And other times a 
certain station or region may be pin- 
pointed for specific QSOs. 

At any given time, tens or hun- 
dreds of Amateur stations would be 
scanning the high-frequency spec- 
trum, either in search or reply mode. 
If Our Hero desires, each station 
scanned would pop up on the video 
screen, showing its individual coded 
signal (the equivalent of the call let- 
ters of half a century earlier). Our 
Hero can either pick out a contact as 
the codes pass across the screen or 
he can instruct his computerized re- 
ceiver to pick the contact for him. Or 
he can project himself into the ether 
with his own coded signal, and wait 
until another Amateur station locks 
onto his coded series of pulses. Auto- 
matic or manual coded search is avail- 
able at the touch of a button. 

the station library 
Once contact is established instant 

break-in is available, regardless of the 
communication mode chosen. Band- 
width can be tailored to fit the job at 
hand. If voice is chosen, the voice is 
converted into digital signals and re- 
converted back into speech at the re- 
ceiving station. Each station will have 
a memory library tape of thousands 
of words and the computer will auto- 
matically translate one language to 
another provided the correct coded 
language information is sent along 
with the voice. While the Amateur's 
computerized vocabulary may be lim- 
ited to perhaps 5,000 words or less, 
and his sentences may be somewhat 
constricted by the limited vocabulary 
of his equipment, a plain language 
QSO is possible, with each Amateur 
speaking his own native tongue. The 
computers will do the rest. 

If i t  is desired, a digital printer will 

reproduce the QSL card, or photo- 
graph of the station, for instant print- 
out at the other end. Or a video cam- 
era may be cut in for a slow scan pic- 
ture of station and operator. 

At the same time, Our Hero can be 
in contact with a local VHF repeater 
(or translator), which can bring in 
other interested parties to the QSO. 
These other Amateurs may be on var- 
ious VHF bands, with simplified equip- 
ment that can transmit a signal capa- 
ble of being translated to a high-fre- 
quency, computer-controlled station 
capable of worldwide communica- 
tions. Perhaps the high-frequency 
station is a remote site, located on a 
commanding hilltop QTH and oper- 
ated by club members who access 
the equipment with a private code. 
Thus the apartment-bound Amateur 
can achieve worldwide communica- 
tions through a mini-watt control 
console that fits on a corner of his 
desk, or atop his 500-channel, three- 
dimensional color television receiver 
and stereo system. 

Amateur licensing in 2015 
Amateur Radio, like other forms of 

communications in 2015, is under the 
control of the Department of Com- 
munications, which replaced the anti- 
quated Federal Communications 
Commission in 1986. The General 
class license costs ten "new" dollars, 
the new dollar being equal to one 
hundred old dollars (which were with- 
drawn from circulation in 1996 when 
their real value had depreciated to al- 
most nothing). 

The license, good for a lifetime, au- 
thorizes the Amateur operator to run 
up to 5 kW steady state or 50 kW 
peak power at a repetition rate of less 
than 10 microseconds. All operating 
frequencies between 500 kHz and 100 
MHz are authorized. Mode of trans- 
mission is not specified. The license 
exam requires a knowledge of the in- 
ternational communications laws (the 
licensee must pass a simple exam, 
somewhat akin to the written portion 
of the driver's license test). There is 
no technical requirement, as Amateur 
equipment is too complex to work on 
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or modify, and all operation and 
maintenance instructions are provid- 
ed in a video tape supplied with the 
equipment and are further encoded in 
the computer. Since the Morse code 
is an outmoded form of communica- 
tions, em'ployed only by eccentrics, 
no code test is required. 

As of 2015, there are over 40 mil- 
lion General class Amateur licensees 
in the United States, with an equal 
number scattered over the globe. 
Even so, with modern communica- 
tions techniques, interference be- 
tween Amateurs is at a minimum. 

the VHF Amateur license 
The highest grade Amateur license 

in 2015 is the VHF license, which per- 
mits operation above 100 MHz and in- 
cludes satellite operation. A complex 
technical examination is required for 
this license. Only 550,000 such li- 
censes exist in the United States. 

The VHF Amateur has access to 
over one hundred high power, repeat- 
er style, synchronous satellites, plus 
the ten active repeaters on the sur- 
face of the moon and the three re- 
peaters on Mars. With this galaxy of 
repeaters at his command, the VHF 
Amateur can talk to any spot on earth 
with a simple, ten-thousand channel 
hand-held VHF transceiver. In addi- 
tion, he can talk with the hams sta- 
tioned at the Moon Base (Luna One) 
and, at times, the hams on the first 
expedition to the moons of Jupiter 
and Saturn. He i s  also licensed for 
point-to-point earth VHF communica- 
tions using various exotic modes of 
propagation. 

the genesis of the 
2015 ham station 

For most of the twentieth century, 
high frequency communications were 
linked to limitations in frequency gen- 
eration. At first, crystal control was 
used on discrete channels. Later the 
variable-frequency oscillator provided 
some limited flexibility over narrow 
bands. Thus, because of the rigid fre- 
quency-generation scheme, a com- 
plete legal and technical system was 

III STEP UP TO TELREX ill 
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built up to control spectrum use. This 
led to the adoption of narrowband 
antenna systems for the frequencies 
assigned. 

In the late fifties and early sixties, 
frequency synthesis became a practi- 
cal reality, making possible high-fre- 
quency transmitting/receiving equip- 
ment capable of easily and rapidly 
tuning to any spot in the high-fre- 
quency spectrum. This revolutionary 
technique was inhibited by a regula- 
tory process based upon decades of 
control built around an outmoded 
channelized, or "band assignment" 
concept. With the elimination of the 
Federal Communications Commission 
and the establishment of a new regu- 
latory body that had expertise in 
"adaptive high frequency use," a 
new world of communications was 
opened for Radio Amateurs. 

The new communications tech- 
nique obviated frequency bands, 
heretofore thought sacrosanct. The 
new philosophy was to  use low 
power equipment to sweep through 
the entire high-frequency range and 

- ~~ 

to measure and log all propagation 
characteristics and interference, 
without indicating what frequency, or 
frequencies, would ultimately be 
used for communicating. Communi- 
cations with a coded station could be 
established on any part of the high- 
frequency spectrum that would sup- 
port a reliable radio path. Multiple 
transmission on two or more frequen- 
cies at one time, or sequential trans- 
missions on multiple frequencies, 
was the powerful tool used to achieve 
reliable communications. Rapid fre- 
quency-hopping transmissions, more- 
over, eliminated the need for Service 
Assignments, so jealously guarded in 
the closing days of the late nineties. 
The old administrative limitations on 
spectrum occupancy were Swept out 
with a convulsive, international con- 
ference, and new regulations were 
set up to reflect the modern techno- 
logical revolution. 

And thus Amateur Radio grew and 
prospered in the early years of the 
twenty-first century! 
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TUNE IN THE WORLD 
WITH HAM RADIO 

by ARRL Staff 
This package contains THE goodies 
needed by the beginner to get 
started in Amateur Radio. Assuming 
that you have no prior knowledge of 
radio, the reader is taught how to 
pass the Novice exam, both code and 
theory, and how to set up a station. 
Unique code study method makes 
learning the Morse code easy as 
1-2-3. And it's full of illustrations to 
help clarify difficult technical points. 
160 pages. 01981. 3rd edition. 
AR-HR 
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Opttons Available at Extra Cost 
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Shown with Rack Mount 

-. 

Shown with Front mF' 
Check these state-of-the-art specifications 

Power Capability: 2500 W PEP 

Frequency Range: Continuous 3.0 to 30 MHz (Including 
WARC Bands). 

m Impedance Matching: 10 ohms to 300 ohms to 50 ohms 
resistive. 

Direct Reading SWR Meter: 1:l to infinity. 

Direct Reading Power Meter: Two meter scales from 0 W to 
250 W and 0 W to 2500 W; front panel switch selects FWD 
or Reflected Power (Illuminatedpanel meters). 

Power meter displays RMS with continuous carrier and 
automatically displays PEAK when driven with SSB signal. 

Average "Automatic" tune-up time: 15 seconds or less. 

Tune-up time not affected by power level: can be as low as 
1 W (5-10 W preferred). 

A unique "Linear Disable" circuit autornatlcally switches 
companion linear amplifier to standby within milliseconds 
whenever SWR exceeds the threshold preset on front panel. 
thus protecting the linear from excessive SWR. 

m Toroidal bridge coupler provided in separate enclosure, per- 
mitting i l  to be installeddirectly at Iheoutpul of the transmitter 
for meaningful SWR measurements. 

Power requirements are 1151230 VAC 50-60 Hz, 10 W oper- 
atingl5 W standby; or 13.5 VDC. 1 A operating1.5 A standby. 

Antenna tuner packaged in cabinet 17"W x 5%"H x 14"D 
(Front panel handles or rack mount optional). 

S P C C I ' I C ~ ~ I O ~ S  Sublect to change WII~OUI notlce Write for literature. 

J. W. Miller Division 
BELL INDUSTRIES 
l1lIJ70 REYES AVF . P O liOX 5825 
COMPTON CALIFOIINIA 90 ' 24  
PHONE (213) 5.37 5/00 

More Details? CHECK-OFF Page 100 May 1982 75 



Ham Radio's guide to help you find your local 

California 

C & A ELECTRONIC ENTERPRISES 
22010 WlLMlNGTON AVE. 
SUITE 105 
CARSON, CA 90745 
21 3-834-5868 
Not The Biggest, But The Best - 
Since 1962. 
- -- 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
213-390-8003 Trades 
714-463-1886 San Diego 
The Home of the One Year Warranty 
- Parts at Cost - Full Service. 

SHAVER RADIO, INC. 
1378 S. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998- 1 103 
Azden, Icom, Kenwood, Tempo, 
Ten-Tec, Yaesu and many more. 

- - 

Connecticut 

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

Delaware 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
Icom. Ten-Tec, Swan, DenTron, 
Tempo, Yaesu, Azden, and more. 
One mile off 1-95, no sales tax. 

Florida 

AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33515 
813-461-HAMS 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 

AMATEUR RADIO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI, FL33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
Your complete Amateur Radio and 
Computer Store. 

Indiana 

THE HAM SHACK 
808 NORTH MAIN STREET 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

Kansas 

ASSOCIATED RADIO 
8012 CONSER, P. 0 .  BOX 4327 
OVERLAND PARK, KS 66204 
91 3-381-5900 
America's No. 1 Real Amateur Radio 
Store. Trade - Sell - Buy. 

Maryland 

THE COMM CENTER, INC. 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20810 
800-638-4486 
Kenwood, Drake, Icom, Ten-Tec, 
Tempo, DenTron, Swan & Apple 
Computers. 

Massachusetts 

TEL.COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3040 
61 7.486-3400 (this is new) 
The Ham Store of New England 
You Can Rely On. 

Minnesota 

MIDWEST AMATEUR RADIO SUPPLY 
3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
61 2-521-4662 
It's service after the sale that counts. 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Pete, WABPZA & Squeak, AD7K 
Outside Nev: 1 (800) 634-6227 

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO, NV 89502 
702-827-5732 
Outside Nev: 1 (800) 648-3962 
lcom - Yaesu Dealer 

New Hampshire 

TUFTS ELECTRONICS 
61 LOWELL ROAD 
HUDSON, NH 03051 
603-883-5005 
New England's friendliest ham store. 

New Jersey 

RADIOS UNLIMITED 
P. 0. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201 -469-4599 
New Jersey's only factory authorized 
Yaesu and lcom distributor. New and 
used equipment. Full service shop. 

-- 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for comdete details. 
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4ma teur Radio Dealer 

RANGERS 
MORE RANGE 
3 dB GAIN 
5/8 ASTAINLESS WHlP 
GRIP TIGHT 90LB 
MAGNET 
CHROME PLATED BASE 
NEAT APPEARANCE 
THUMB LOCK ADJUSTMENT 
NO WHlP CUTTING 
LOW PRICE 
MAGNETIC MOUNTS 
AMS-147 146-148 MHz 
AMS-220 220-225 MHz 

ROUTE ELECTRONICS 46 
225 ROUTE 46 WEST 
TOTOWA, NJ 07512 
201 -256-8555 

ROUTE ELECTRONICS 17 
777 ROUTE 17 SOUTH 
PARAMUS, NJ 07625 
201-444-871 7 
Drake, Cubic, DenTron, Hy-Gain, 
Cushcraft, Hustler, Larsen, MFJ, 
Butternut, Fluke & Beckman 
Instruments, etc. 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

GRAND CENTRAL RADIO 
124 EAST 44 STREET 
NEW YORK, NY 10017 
21 2-599-2630 
Drake, Kenwood, Yaesu, Atlas, 
Ten-Tec, Midland, DenTron, Hy-Gain, 
Mosley in stock. 

HARRISON RADIO COUP. 
20 SMITH STREET 
FARMINGDALE. NY 11735 
51 6-293-7990 
"Ham Headquarters USA" since 
1925. Call toll free 800-645-9187. 

RADIO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
TOLL FREE .1(800) 448-9338 
NY Res. 1 (315) 337-0203 
Authorized Dealer - ALL major 
Amateur Brands. 
We service everything we sell! 
Warren K2lXN or Bob WA2MSH. 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH (CLEVELAND AREA) 

44092 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featuring Kenwood and all other 
Ham gear. Authorized sales and ser- 
vice. Shortwave headquarters. Near 
1-270 and airport. 

TRUNK LIP MOUNTS 
ATS-147 146-148 MHz 
ATS-220 220-225 MHz 

Oklahoma 
DERRICK ELECTRONICS, INC. 
714 W. KENOSHA - P.O. BOX A 
BROKEN ARROW, OK 74012 
Your Discount Ham equipment dealer 
in Broken Arrow, Oklahoma 
1-800-331-3688 or 
1-91 8-251-9923 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same Location for 30 Years. 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-2124 
Icom, Bird, Cushcraft, Beckman, 
Fluke, Larsen, Hustler, Astron, 
Antenna Specialists, W2AUIW2VS, 
AEA, B&W, CDE, Sony, Vibroplex. 

Virginia 
ELECTRONIC EQUIPMENT BANK 
516 MILL STREET, N.E. 
VIENNA, VA 22180 
703-938-3350 
Metropolitan D.C.'s One Stop 
Amateur Store. Largest Warehousing 
of Surplus Electronics. 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
41 4-442-4200 
Wisc. Wats: 1(800)242-5195 
Outside W~sc :  1 (800) 558-041 1 

SAY 

YOU SAW 

IT IN 

ham radio! 

I BUY FROM YOUR DEALER I 
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Spring Picks 
For Your Bookshelf 

1 9 8 2  U.S.  RADIO 
AMATEUR CALLBOOK 
NO Amateur statlon IS complete w~thout the very latest Call- 
book1 The 1982 U S Callbook features over 390 000 up to 
date names and addresses r ~ g h t  where you want them - at 
your flnger tlps Also contalns many helpful operatlng and 
statlon a~ds  0 1 9 8 1  Softbound 
UCB-US $18 95+53 05 shrpptng (U s A ) = $22.00 RADIO HANDBOOK 

by Bill Orr, WGSAI 22ND EDITION 
The Radlo Handbook has been an electronic best seller for 
over 45 yearsf Thls brand new edft~on reflects all of the 
latest state-of the art advances ln a comprehenslve, slngle 

1 9 8 2  FOREIGN CALLBOOK source reference book An invaluable a ~ d  for Hams techn~ 
clans, and engineers a l~ke Also chock-full of prolects and 

If DX 15 your thlng then you need a copy of the 1982 For other ~deas that are of ~nterest to all levels of electronics 
elgn Callbook Gett~ng a OSL card can be qulte a chore wlth expertise 1136 pages e l 9 8 1  22nd edltlon 
out proper names and addresses Make sure you don t mlss 
out 0 1 9 8 1  Softbound 

021874 Hardbound $34.95 

UCB-F $ 1 7  95+$3 05 sh~pp~ng (U s A ) = $21.00 
BAND-AIDS 

Get 'em both! You save money too! by James E. Dersch, KB7FT 

DCB-USF Only $39.95 Thls rev~sed e d ~ t ~ o n  of Band-A~ds contalns 
a collect~on of the most often used oper 
atlng a ~ d s  charts and tables that every 

1982  ARRL RADIO Ham needs Not only does 11 cover the 
fundamentals of operating but 11 also 

AMATEUR'S HANDBOOK contalns operatlng a ~ d s  for CW Communl- 
catlons. WWV and WWHH broadcasting 

lnternatlonally recognized universally consulted It s the all schedules DXCC check sheet and lnter 
purpose volume for rad~o Jam packed wlth ~nformatlon nat~onal preflxes plus many other fea- 
drawlngs and lllustrat~ons that are useful to the Amateur tures A handy reference data sectlon ~ n -  
and professional allke Get your copy today 0 1 9 8 1  cludes conversion tables metr~c data and 
OAR-HB82 Softbound $10.00 abbrevlatlons 0 1  981 156 pages 
OAR-BB82 Hardbound $15.75 OCC-BA Spiralbound $9.95 

COMPLETE HANDBOOK OF 
RADIO RECEIVERS 

HOWTOBUlLDHIDDEN,LlMlTED by Joseph J. Carr, K41PV 

SPACE ANTENNAS THAT WORK 8% 
All ~n-one manual Contatns complete data 
on almost all receivers In use today Wrltten 

by R. J. Traister Ne In an easy-to read manner thls handbook 
Includes basrc recelver types speclf~catlons 

Space problems llmltlng your s~gnal? It doesn t have to be for the latest ~deas ~n parameter measure- 
that way How to book complete wlth plenty of projects on ments such as sens~tlvlty nolse f~gures dy- 
how to put out that blg s~gnal Projects ~nclude suspended namlc range and select~v~ty measurements 
multi-band vertical, w~ndow antenna, attlc dipole, 20m ~ndoor Also covered are all types of modern recelv 
antenna two meter coax~al and much more Softbound 308 er c~rcults and a w ~ d e  range of trouble- 
pages Q1981 shootlng ~deas for both solld-state and 
UT-1254 $9.95 vacuum tube rece~ver clrcults 0 1 9 8 0  300 

182 Softbound $9.95 

PACKET RADIO Send today for a free book catalog. 
by Robert Rouleau, VEZPY and Ian Hodgson, Chock-full of interesting books on 

VEZBEN 
all aspects of Radio Communi- 
cations. 

Packet Radlo could be one of the most Important technolog~cal develop- 
ments ~n Amateur Radlo thls decade Can you lmaglne gett~ng your 
newspaper or paylng b~l ls  through a computer termlnal llnked by rad~o 
w ~ t h  other computers? It s happening now And you should make 
yourself aware of all the amazlng thlngs packet radlo can do for you 
Th~s  comprehenslve sourcebook explalns all the prlnclples of packet 

Can't wait? 
rad~o In an easy-to understand non technical language You I1 learn all 

(603) 
about modulation bandwidths polling random access data rates and 

CALL TODAY 878- 144 1 
more Plus there 1s an overvlew of how the computer 15 Integrated lnto 
the packet concept w ~ t h  dlscuss~ons on the software and per~pheral 
equ~pment that IS used Flnally the authors glve you a detatled descrlp 
tlon of the packet system In use In the Montreal Quebec area e l 9 8 1  For books other than US and 
1st Ed~ t~on  304 pages Foreign Callbooks, please add $2.50 
OT-1345 Softbound $1 1.95 to cover shipping and handling. 

Ham Radio's Bookstore 
Greenville, NH 03048 
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NIVERSAL 

A Division of 

For information or ordering 
(81 7 )  860-1 641 

MC, VISA, Phone or Mail Orders Accepted. 
HOUE, 8:30-4:30 CST; MO~.-F~I. 

The ultimate in converter technology! Dual stage selec- PC Board, all components and instructions for a work- 
tive  ream^. mixer, i.f. amplifier and no-drift crystal ing unit. I - - .  
controlled oscillator. we recommend this kit for the ............ experienced kit builder. No Crystal supplied. VARIABLE POWER SUPPLY $24.95 

Complete kit includes all components for working unit .................. without preamp.. $59.95 including deluxe box and overlays. 

...... Superverter I built and tested $149.95 ............... DISH YAGl ANTENNA.. $25.00 ". Power SupPIy. ...... $24-95 Complete kit with Pvc and mounting brackets. Strong- 
.................. SELECTIVE PREAMP $39.95 er than loop yagi, equal in gain. 

This new unit is not like other wide band preamps. ...................... Experienced kit builders can easily add this unit to our KD44 Antenna $54.95 
existing boards or to other manufactured boards to Overall 25 dB gain. Partial assembly required. Shipped 
improve overall performance. UPS ground only. 

Our product may be copied, but the performance is never equaled. 

LUNIVERSAL COMMUNICATIONS P.O. Box 339 
Arlington, TX 76004-0339 

' 
protects 'Y-L solid state 

I. communications 
equipment 

.S>m from damage caused 
u * '  by high-voltage 
''%I L 1 5 4 ~  3 transients entering 

the antenna system 

These transients usually are caused by 
atmnspherlc statlc discharges or nearby 
lightning strikes 

The new Model 1549 Surge Shunt can be 
used w ~ t h  both receivers and transceivers 
havlno uo to 200 watts output z - r  

Conven~ent UHF type coaxlai connections 
are supplted. Price IS 524.95 

The arrester "pill" element has a long 
I ~ f e ,  but can be easlly and economically 
replaced if necessary 

Cred~l Card buyers 
may call toll free 

1-800-543-561 2 - < A  
In Ohlo. or for 
i n b r m a t ~ m  call: 
1.513.866.2421 

R. L. DRAKE COMPANY 
540 Rlchd~ll Sli,.('l M ~ a n i ~ s b ~ ~ ~ q .  0111u 45.142 

THL ,AST WORD II 

/ EATURES: 
32 CHARACTERS FOR EASY HIG 
OF MORSE 
ASCII and BAUDOT RlTY 
NO RECEIVER MODIFICATION NECESSARY 
INSTANT SPEED TRACKING FOR MORSE COC 
OVER WIDE SPEED RANG 
OPERATES FROM 12 V.D.C 

For AEA Readers or other 
AEA Products, call or visit: 

AEA Radios Unlimited 
1760 Easton Avenue 

Somerset. N.J. 08873 

Brings you the (201 ) 4-69-4599 

Breakthrough! 
\ tYJTlTUTlONll 1 W D  D C 1 L t l  IMOUlRltS INVITED 1 
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precision in strum^-- . 
built to last. 

- A 
is 

duty 
-I-:. .- 

The HD-73 combines Dual-Speed rotation 
and a single 5-position switch with the clear - visibility of a backlit D'Arsonval meter. So 
you net precise control for fast and fine tuning. 

nd the advanced technology of HD-73 
backed by quality construction. Heavy 
aluminum casings and hardened steel 
gears. Lifetime factory lubrication +h-+ 
- -  withstands -20° 

120°F. temperati 
The superior de 

of the HD-73 IIlasL 
support bracket, with 

optional no-slip positive 
drive, assures perfect 

in-tower centering with 
I special tools. 
,matic braking 
limizes inertia 

: 
Easy to in: 
pleasure t' 
The HD-71 

nc 
Autc 

mir 

Ir waveli 
e for pel 

ance c 

L I  l a r  

F. to 
Ires. 
sign 
---& 

;tress. 
;tall, a 
o use. 
3 is on 
mgth. 
rform- 
jetails 
todav. 

,,IIIIIIIIIIIIII 

I want to tune in on HD-73. 
\ 

I I 
I Send complete details I 
1 [7 Give me the name of my nearest dealer. I 
I NAME 

I 
I I 
I ADDRESS I 
I CITY STATE ZIP I 

The Alliance Manufacturing Company. Inc., 
I 

Alliance, Ohio 44601 I 
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BRITT'S A . . 

/ a 7/ sales and 
service 

Dan Britt 
K4URK I -- 

RADIO 
Dan's got Yaesu? 

From HF to VHF -you name it, 
Yaesu makes it, Dan has it. 
Full line of accessories in stock 

Britt's 2- Way Radio 
2508Atlanta St. 

Smyrna, GA 30080 
Belmont Hills Shopping Center 

by B ~ l l  Orr,  W6SAI 
Recommended read~ng Commonly asked queslrons like What IS the best 
element spacing? Can d~lferent yagt antennas be stacked wtthoul l0Slng 
performance? Do monoband beams outperlorrn trtbanders? Lots of conslruc- 
llon prolecls d~agrams and photos 198 pages 1977 Is1 ed111on 
CIRP-BA Softbound 35.95 
SIMPLE LOW-COST WIRE ANTENNAS 

by Bill Orr ,  W6SAI 
Learn how to bu~ ld  s~mple econom~cal wrre antennas Apartment dwellers 
take note' Fool your landlord and your netghbors wtth some of the lnvls 
~ b l e  antennas lound here Well dtaqramed 192 pages 1972 
L RP-WA Softbound $6.95 
THE RADIO AMATEUR ANTENNA HANDBOOK 

by W~lliam I .  Orr,  W6SAI and Stuart Cowan, W2LX 
Conralns lots ot well illustrated conslructlon projects for verl~cal long wlre 
and HF/VHF beam antennas There IS an honest judgment ot anlenna galn 
tlgures tnformat~on on the best and worst anlenna local~ons and helghts a 
long look at the quad vs the yagl antenna ~nforrnal~on on baluns and how 
lo use them, and new lnformal~on on the popular Sloper and Delta Loop 
antennas The lexl IS based on proven data plus pracllcal on the-a~r experl- 
ence The Radio Amateur Antenna Handbook wtll make a valuable and often 
consulted reference 190 paqes 1978 
CIRP-AH Softbound $6.95 
ALL ABOUT CUBICAL QUAD ANTENNAS 

by Bill Orr,  W6SAI 
The cub~cal quad anlenna IS cons~dered by many to be the best DX antenna 
because ot 11s slrnple ltghtwelghl des~gn and hlgh performance You II l ~ n d  
quad des~gns for everyth~ng from the srngle elemenl lo the multi-element 
monsler quad, plus a new hlgher galn expanded quad (X.0) des~gn 
There s a wealth of supplementary data on construction leedlng, lufllng 
and mountlng quad antennas 11 2 pages 1977 

RP-CI] Softbound $4.75 
Please add $1 00 lo  cover sh~pplng and handllng 

HAM RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 



7MlJE CMOS BCD Pr09. Tlmerlcounter 6.W 
7ZbOllE CMOS 8CD Ptag. TlmsrJCoun1.r 6 X 
7565IPA CMOS 555 Tlmsr (I 01") 
W l P D  CMOS556 Tlmsr (I4 plnl 
16IIBCPA CMOS U D  AmD Comparator IMV 2 . 8  
XIZBCPA CMOS 0 0  Amp €11. CmYr. SMV 2.W 
76ll8COA CMOS Dual OD Am0 Come. IMV 1 . I  
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TOP OF THE LlNE 
Ic-22u NUMBER ONE 

If you're the type of person 
that will settle for nothing IC-290A 

2 meter. FM. 10W. 800 
less, we've got what you're 

channel, synthesized. looking for. . .top of the line. 2 meter multimode mobile. 12 
Frequency selection remotable We offer more than just the VDC, 10 W. out. FM, SSB, CW, 
with EX199 adapter. Compact. rigs - super service after the Priority channel. scanning. CW 
easy to use, affordable. sale. Call us soon fora quote sidetone, squelch on SSB. 

on your next rig. 

Call Us 
TOLL FREE 

For All Your Radio & . Computer Needs 

800-845-61 83 lC-PAT 
SERVICE DEPT. 

803-366-7158 ICOM's popular 2 

IC-25A meter, 800 channel. e compact, handheld 
ICOM's small size (only 5%'' transceiver with Touchtone" 
wide) 2 meter FM transceiver. G.I.S.M.O. builtin. Comes standard with BP3 
Featuring 25 W. out, Priority (250 mAh) battery, wall charger, 
channel. scanning, 5 belt clip, flexible antenna. A wide 
memories. Touchtonee mic 
standard at no extra cost. 

LATH AM variety of batteries and 
ROCK HILL, S. C. 29730 accessories available. 

FAST 
- -- 

SCAN 
$2491 

A modular approach. . .for your own custom-designed ATV 
system. . . . Here's how TXA54AW EXClTERIMODULATOR.U)8ppd 

lnos wwea and tested module ts dss~gnsd lo dram (ha 
Molorola MHW 710 module ~n Ihe PA5 10 wall llnasr 

'"- amp The ctyslsl ~n the I W  mHz raplon kwps her 
monlcs OUI 0 1  IWO meters lo, talk back The rldso 

Pand'nD TWO f r e q u e n c ~ e s  a v a ~ l a b l e  

PA5 10 WATT ATV POWER MODULE $89 ppd 
Tns PA5 WIII pul oul I 0  walls RMS power on tne sync 
I~P. when dnven whh BO mw by me TXAS exct~er M 
Ohms ~n and out. plus banawldlh tor the whole band 
wtth p w d  llneerlly lot color and sauna Requ~res 13 8 
vdc regulalea d 3 amps 

FMA5 AUDIO * .................................. sze P P ~  
Puts audto on wlltl your camera wdeo lusl a s  broad 

. I  !he T X A 5  01 VM 2. 3 01 4 modulators R c q ~ r f r r r  low 7 
mlc l l M  lo 0 ohms). and r 12 lo 18 rdc @ 25 ma 
Works wllh any xmlr wllh 5 mnz rvdeo bandwadlh 

NC-2 ATV DOWNCONVERTER.. . . $55 ppd 
Slr~pl~ne MRFWl 11 7 dD NFI lrreamp and double bnl 
anced maser module dtgsoul !he week ones bul leE151S 
lnlermods and overload Conneclr between uhl anlen 
na and Tv re1 tuned lo cnar8nel2 of  3 Vat~cap lunes , 
420 10 450 mnz Raquares + 12 la 18 roc ru 20 ma 
Super 6enS~l~veTVC 2L *rlhNEM535preampl SdbNFI 
slape 169 ppd 

'TXAS, PAS, FMAS and TVC Basic Module Pkg. 
Cell or wrlte for our complete llst of spec i f~cat ions ,  stal lon set.up diagrams, a n d  

opt iona l  accessor ies  w h i c h  ~ n c l u d e  antennas,  modulators, detectors .  les t  

generators. cameras, e tc .  WE ARE A FULL.LINE SUPPLIER OF ALL YOUR AW 
NEEDS. 
TERMS: VISA o r  MASTER CARD b y  te lephone or  mail ,  or  c h e c k  o r  m o n e y  order b y  

mal l .  All  prices are  delivered i n  USA. Allow three  w e e k s  after order for de l~very .  

(213) 447-4565 Charge card orders only 

P.C. ELECTRON ICS 2522 Paxson Lane, 
T o m  W6ORG Meyann WB6YSS Arcadia, California 91006 

A N M I  GENERATION 
of REPEATER CONTROLLERS 

MS 101 

RCVR I DUPLEXER 

- MS-101 
Repeater 

Controller 

= l a  VDC 
PHONE 

LlNE 

4 ACCESS MODES 6 0  CONTROL FUNCTIONS 
AUTOPATCH 1 2  VOC & 117 VAC OPERATION 
AUTODIAL (72 No.) 3 0  TIMERS 
REVERSE AUTOPATCH MASTER RCVR CONTROL 
16  OlGlT XTAL CONTROLLED 2 XCVR LINKS 
TOUCH TONE DECODER 2 CW 10s 
COMPLETE RX. TX. & PHONE HIILO FREO. INDICATOR 
AUDIO INTERFACE WlMUTlNG RELAY DRIVER OUTPUTS 
EASY TO CHANGE CONTROL CODES OPTIONAL VOICE SYNTH 
TRANSISTOR BUFFERED INPUTS 

wired 6 tested 5849.25 MS-301 Voice synth. $219.95 

MICRO SECURITY 
9307 MEADOWS LANE 
GREENFIELD, IN 46140 

(317) 894-1201 
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products 

Valor's PRO-AM line 
Valor Enterprises introduces a new 

line of PRO-AM (Professional-Ama- 
teur) aqtennas, mounts, and acces- 
sories. Valor's PRO-AM line is com- 
patible and interchangeable with the 
Motorola TAD and TAE type mounts. 
This system is used extensively in 
commercial two-way and Amateur 

PRO-AM antennas. From left, Models 
PAQ, PUB, PLB. and PAQ. 

applications. Two basic mounts offer 
installation into a 314-inch or 318-inch 
hole; both utilize a 1-118 - 18 thread 
for mating parts. All components are 
inspected and tested to rigid com- 
mercial standards to insure perform- 
ance in the most demanding environ- 
ments. Quality materials include 
stainless steel whips and set screws, 
nickel-chrome brass parts, heavy 
gauge weather-proof coils, nickel-sil- 
ver contacts, and O-ring seals. 

Four mounts are offered: Model 
PAS, the basic surface mount that in- 
stalls in a 314-inch hole in roof, fend- 
er, or cowl. Includes 17-inches RG-58 
with PL-259 connector; Model 
PAS38, the basic surface mount that 
installs in 318 inch hole in roof, fend- 
er, or cowl; Model PAT, a heavy-duty 
no-hole trunk mount. Black ABS cup, 
17 inches RG-58 with PL-259 connec- 
tor; Model PAM, a low-profile, 
chrome-plated magnet mount with 12 
inches RG-58 with PL-259 connector. 

PRO-AM antennas are divided into 
four types: Model PLB, a 114-wave 
base-loaded low-band antenna. Five 
models cover 27-54 MHz. 200-watt 
power-rated, with cutting chart; 
Model PAQ, 114-wave, unity-gain 
VHF-UHF whips. Twelve models 
cover 136-866 MHz. Passivated 302 
S.S. whips factory tuned, ready to in- 
stall. Nickel-chrome brass base, 150- 
watt power-rated; Model PHB, a 518- 
wave, 3 dB-gain VHF antenna. Two 
models cover 144-174 MHz and 220- 
225 MHz. 200-watt power-rated, with 
cutting chart; Model PUB, a collinear 
5-dB-gain UHF antenna. Four models 
cover 440-512 MHz. 200-watt power- 
rated, with cutting chart. 

For more information, contact 
Valor Enterprises, Inc., 185 West 
Hamilton Street, West Milton, Ohio 
45338; telephone 513-698-4194 or 1- 
800-543-21 97. 

Code*Star 
Microcraft announces its new all- 

mode code reader and code convert- 
er, Code*Star. Code*Star is designed 

for novices, SWLs, and veteran Ama- 
teurs. It should also be very useful to 
people learning or trying to improve 
their Morse code skills. 

Code*Starls microcomputer moni- 
tors the incoming signal and converts 
it to characters on its large, easy-to- 
read LEDs. It decodes Morse code, 
Baudot (RTTY) and ASCll code. 

Code*Star features two specially 
optimized Morse code ranges with 
auto-tracking of speed from 3 to 70 
WPM. Special proprietary analog and 
digital filter methods are employed to 
substantially reduce errors. An auto- 
matic gain control circuit providing 
up to 16 dB gain is used to help main- 
tain signals under fading conditions. 
A built-in code practice oscillator is 
handy for code practice and learning 
the code. 

Code*Star operates on 12 Vdc 
which makes it ideal for field or 
mobile applications. An ac adapter is 
included if you wish to operate it from 
120 Vac. As a special option you can 
use Codesstar to drive a serial or par- 
allel ASCll printer, TV terminal or 
computer. 

C O D E  S T A R  

Code*Star is available as a com- 
plete kit or factory wired and tested. 
The kit, Model CS-K, sells for $169.95 
plus $5.00 shipping and handling. 
The factory wired version, Model 
CSF, sells for $249.95 plus $5.00 ship- 
ping and handling. The optional ASCll 
output port kit, Model CS-IK, sells for 
$69.95 plus $2.50 shipping and han- 
dling. 

For more information, contact 
Microcraft Corporation, P.O. Box 
513, Thiensville, Wisconsin 53092; 
telephone 414-241-8144. 
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software, 500 character sott-partitionedN memory with editing, exclusive beacon 
mode, exclusive automatic speed increase trainer mode, and exclusive automatic 
serial number generator. In addition, the MM-2 comes complete with CMOS memory 
and provisions for internal memory keep alive battery. The MM-2 operates from 
external 12 VDC at approximately 350 Ma. 

ACCESSORIES: ...... Model AC-1 600 Ma 12 VDC Wall Adaptor. . . . . .  $14.95 
Model ME-2 Memory Expansion (2000 Total Morse Characters) ........... $39.95 
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visit: 

G & K Amateur Supply 
2920 East 9th Street 

Des Moines. Iowa 5031 6 

UNARCO-ROHN FLASH!!! 
OFFER EXTENDED 

Self Supporting Towers On Sale! Cushcrafl 
1 EXTRA MONTH 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  A3 $169 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,I;/ Durtng AprI  these rugged beautlesar. being ollered at ~4 $209 
,*,, 61g D~scounts and - we are shlpplng them freight nYGA,N . . . . . . . . . . . . . . . . . . . . . . .  1.3 prepaid! Look over the spec~f~cattons and ptck the u n ~ l  TH3MK3 s179 

- I  most su~ted for your needs. Call us to place your order TH5DX . , , , , , , , , . , , . . , , . . , . . , , , $209 1;1, w ~ t h  Mastercard/V~sa or wrlte and mclude your Check THTDX , , , , , , , , , , , . , , , , , . . - .  . , $339 
lor qu~ck  sh~pment - Freight Prepaid! 

KLM . . . . . . . . . . . . . . . . . . . . . . . .  / i /  s a w  even more - Indude antenna and rotor of your KT34A. $319 
cho~ce wlth the order and we will ship them along KT34XA.. . . . . . . . . . . . . . . . . . . . . . .  $479 j;i freight prepaid also! HOW'S that lor good 0Id~Iash10ned 

lj / FREIGHT PREPAID ~ ~ 7 3  $99 
savings? Rotators 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  HamlV $169 

$239 

FREE 
BOOK 

CATALOG 
SEE PAGE 78 

Ham Radio's Bookstore 
Greenville, NH 03048 

products 

35-watt, 2-meter amp 
The Model 335A-K is an improved 

version of our reliable Model 335 am- 
plifier kit. The Model 335A-K repre- 
sents the latest in the state-of-the-art 
in Zmeter amplifier design. It incor- 
porates new features which make it 
one of the most useful amplifiers 
available today. 

The Model 335A-K is a linear ampli- 
fier and can be used on fm, SSB, or 
CW. The Model 335A-K can be used 
with all available handhelds (TR2400, 
TR2500, IC-2AT, Yaesu, Santec, 
etc.) and low power SSB transmitters 
to give added range and versatility. 

The Model 335A-K can be assem- 
bled easily in one evening using the 
step-by-step instruction manual. The 
quality parts and rugged construction 
used throughout the Model 335A-K 
make it a very reliable amplifier. 
When you construct the amplifier 
yourself, not only will you be saving 
money, but you will also experience 
the pleasure of constructing some of 
your own gear. 

For more information, contact 
Communication Concepts, Inc., 2648 
N. Aragon Ave., Dayton, Ohio 45420; 
telephone 513-296-141 1. 

CES 500SA autopatch 
The new CES 500SA simplex auto- 

patch is a high-quality unit that is sur- 
prisingly versatile and affordable 
($350.00 suggested retail price). It 

THE PRACTICAL HANDBOOK 
OF AMATEUR RADIO F M  & 
REPEATERS 

by Bill Pasternak, WAGITF 

provides positive radio operator con- 
trol and eliminates telephone VOX cir- 
cuits with a proprietary noise-gated 
sampling circuit. 

Comprehensive handbook covers lust smut every facet 1 01 FM onerallon In a s~mple. easy to undersland m n -  1 I 
I ner 45 chanters DUI all klnds 01 FM and Repeater I I 

--" v"z- - ,  - -- - 1 07-1212 Softbound $12.95 1 I 
I Please add $1 .OO for shipp~ng and handling. I - I HAM RADIO'S BOOKSTORE I 

Greenville, NH 03048 
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Suggested applications for the 
Model 500SA include mobile/remote 
base to telephone line via simplex 
base; mobile to mobile via phone-in- 
terconnected base stations (for great- 
ly extended range); and telephone 
line to mobile/remote base. 

For more information on CES 
500SA autopatch and other quality 
CES products, contact CES, Inc., 
Post Office Box 507, Winter Park, 
Florida, or telephone (305) 6450474. 

. 
f ield-tunea ble antenna 

Centurion International has intro- 
duced a new field-tuneable replace- 
ment antenna for hand-held radios in 
the range of 66-88 MHz. 

The new flexible antenna is avail- 
able with any of the twenty-five dif- 
ferent connector configurations in 
the standard Centurion line. This se- 
lection ensures high performance re- 
placements for virtually any radio an- 
tenna in this band. 

Input 144-146 MHz 
Output 28.30 MHz 
NF < 2db 
Power&16V, 15mA 
S ~ z e  2-34  X 2-36 X 718 

Other kits, pc boards and parts 
for amateurs available. 

Send for catalog. 

I 

Centurion field-tuneable antennas 
are protected by a neoprene jacket 
with flexibility between - 55OC and 
100°C. The jacket is self-extinguish- 
ing when exposed to flame. Approxi- 
mate length is 10 inches. 

For more information, contact 
Centurion International, P.O. Box 
82846, Lincoln, Nebraska 68501- 
2846; telephone 402-467-4491. 

RED HOT SPECIALS 
AZDEN PCS 3000 2m Xcvr . . . . . . . . . . .  283.00 

. . . . . . . . .  SANTEC 144,,p2rn Handheld.. .297.00 
. . . . . . . . . . . . .  KDK 2025A Mkll wlTf  Mike ,265.00 

JANEL OSA5 2m Preamp. . . . . . . . . . . . . . . .  .36.50 
BEARCAT 20.20 Scanner. . . . . . . . . . . . . . .  ,269 00 
KANTRONICS FDll Code Reader . . . . . . . .  ,360.00 
All MFJ Items.. . . . . . . . . . . . . . . . . . . .  12% off  l isl 
TEN-TEC Argosy Xcvr. . . . . . . . . . . . . . . . . .  ,469.00 
TEN.TEC Della Xcvr.. . . . . . . . . . . . . . . . . . .  ,738.00 
TEN.TEC Omni D Xcvr.. . . . . . . . . . . . . . . . .  1040.00 

. . . . . . . . . . . . . . .  TEN.TEC Hercules Amp. 1297.00 
AZDEN PCS 300 2m Handheld . . . . . . . . . .  .288.00 
KANTRONlCS Interface.. . . . . . . . . . . . . . . .  165 W 

Pr~ces sublecl lochange w~~hout notlce 
SASE lor our Larqe Specials 
and Used Equ~prnenf Llsls 

BEN FRANKLIN 
ELECTRONICS 

115% N. Main Hillsboro, KS 87063 
376-947-2269 
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WARNING 
8lVE V@BB [IOBE @B AN OMdbMV 

Base plates, flat roof mounts, hinged bases, hinged sections, etc.. are not 
intended to support the weight of a single man. Accidents have occurred 
because individuals assume situations are safe when they are not. 

Installation and dismantling of towers is dangerous and temporary 
guys of sufficient strength and size should be used at all times 
when individuals are climbing towers dur~ng all types of installa- 
tions or dismantlings. Temporary guys should be used on the 
first 10' or tower during erection or dismantling. Dismantling 
can even be more dangerous since the condition of the 
tower, guys, anchors, and/or roof in many cases is 
unknown. 

The dismantling of some towers should be done 
with the use of a crane in order to minim~ze the 
possibility of member, guy wire. anchor, or base 
failures. Used towers in many cases are not as 

Inexpensive as you may think i f  you are Injured 
or killed. 

Get professional, experienced help and 
read your Rohn catalog or other tower 

erector would be very lnexpenslve 

D ~ v ~ r ~ o n  ol  UNR. Inc 
6718 WeSl Plank Road 
Peorla, lllnno~s 61M)l 

C 

The New Standard.. . 
the Ultimate 

IAMBIC PADDLE w 
Modern CW technology at its best! Carefully engineered 
to make optimum use of today's keyers, the Bencher 

Standard $42.95 Iambic Paddle is a symphony of modern materials, design 
Chrome $52.95 and workmanship. This is the paddle that provides the 

'Iated s150.00 perfect interface between the CW operator and his rig. 
At selecrecl dealers or Smooth, instantly responsive and fully adjustable to suit 
add $2 00 handbng your own touch. From the gold plated solid silver contacts 

Write: to the heavy leaded steel base, it truly is the ultimate. 

333 W. Lake St., Chicago, IL 60606 
(312) 263-1808 

NEWCATUOGOP 
HARDTOFIND 

yarr Its. copy today' 

An uttra high quality IE)rLSENTOdSMC 
encoder tor ~rofessional u p s ~ s s o n  rernps.u -1 

application. ~b& lu te  reiiability and 
function makes the difference. There's a 
Pipo encoder for every system and 
application. Totally serviceable, easy to 
operate and install. Call or write for free 
catalog and information! (2 13) 852- 15 1 5 
or P.0 Box 3435, Hollywood, CA 90028. 
PATENTED . A T 6 1  

U N U S U A ~ U T S .  GADGETS & IDEA I T E M S  UNAVAILARLE I N  . 

XZ-2 audio CW filter 
Long known as a manufacturer of  

quality keys and baluns, Bencher 
now introduces the XZ-2 audio filter. 
As mentioned in D.A. Tong's article 
in the November, 1981, issue of ham 
radio, now that almost all receivers in 
use by hams feature good basic se- 
lectivity, it only makes sense to  per- 
form final bandwidth shaping in the 
receiver's audio section. 

Use of the XZ-2 is simple and easy. 
The filter has four selectivity selec- 
tions: SSB, 150 Hz, 115 Hz, and 90 
Hz. The XZ-2 runs on 12-16 Vdc, 
which can be supplied by Bencher's 
12-vol t  accessory power  supply  
(#190-10). Audio can be taken from a 
number of convenient places; Bench- 
er suggests that the phone patch out- 
let may be the most convenient. For 
our test, we connected the filter to  
the external speaker plug and put the 
filter in line with the speaker. This 
method provided convenient access 
to  the headphone jack for test pur- 
poses. Actual testing took place over 
several days of casual operating and 
during CQ's WW CW contest. 

When the power is connected, the 
unit remains on until power is re- 
moved. There is no way to  complete- 
ly remove the audio filter from the 
line, as may be done with several 
other makes of external filters. This 
isn't a major problem, however. It 
means that audio is still slightly ampli- 
fied by the unit but it is bypassing the 
filtering stages. To our ear this was a 
bit of  an annoyance, more due to  the 
"newness" of  the audio sound rather 
than a degradation of performance. 

To  use the filter, Bencher suggests 
that you tune the receiver with the fil- 
ter set t o  SSB. This will allow you to  
hear a wide range of signals as you 
tune the C W  band. When you hear a 
station you want, switch in as much 
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selectivity as is required to eliminate 
adjacent-channel interference. When 
you are trying to copy an exceptional- 
ly weak signal in the presence of 
stronger signals, Bencher suggests 
that you increase the audio gain and 
decrease ttie rf gain as much as possi- 
ble. Reducing the rf gain will limit the 
AVC control by the stronger signal. 
While trying to muck out a weak DX 
signal in the presence of a very strong 
stateside station, we found that 
Bencher's suggestions worked very 
well and we were able to effectively 
null out the interference created by 
the adjacent frequency station. 

In comparison with the receiver's 
internal i-f filters and passband tun- 
ing, the XZ-2 shows up quite favor- 
ably. Used in conjunction with the re- 
ceiver's built-in filtering, the XZ-2 is 
even better. 

During the CQ WW contest, the 
XZ-2 was used both independently 
and with the receiver's filters. Of note 
is the fact that there are switches to 
be switched and dials to be turned to 
use the unit, In the heat of the con- 
test this can hinder speed of opera- 
tion. It's our operating preference to 
scan with the filter on wide band- 
width and then narrow down when a 
station is found. We do not do a lot of 
contest work, and so this is not much 
of a problem. But for a dyed-in-the- 
wool contester, it will be necessary to 
select, and remain with, one filter 
position. The filter performed very 
well during the contest and permitted 
us to work a number of stations we 
feel confident would have been 
missed without the external filter. 

One final note. For those who own 
super-selective receivers, the XZ-2 
can be a very valuable addition to the 
hamshack. As Dr. Tong says, audio 
filters are the next logical step for im- 
proving station performance. We are 
sure you will be pleased with Bench- 
er's XZ-2 audio filter. 

The Bencher XZ-2 filter sells for 
$69.95, plus $9.95 for 12-volt power 
supply. For further information, con- 
tact Bencher, Inc., 333 West Lake 
Street, Chicago, Illinois 60606. 

the editors 

2100 to 2600 MHz Antennas I *Quality Microwave Systems ,, ,, ,,in or ! 
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ANTENNA BOOK 
14th EDITION 

Now you can get the most comprehensive and up-to-date antenna data available 
today. I t  has the antenna design to f i t  your needs and preferences whether they be for 
Yagis, quads, wires, verticals, or specialized antennas such as the Beverage, curtain 
arrays, or special vhf/uhf applications. You'll find effective antennas for any kind 
of real estate from the apartment dweller to the true antenna farm. The Antenna Book 
not only provides practical antenna designs, but also gives the theory of antennas and 
transmission lines, including the application of Smith Charts.@ Propagation 
phenomena are explained in detail. 

The new edition will be ready for mailing in late April or early May. 328 
pages, plus index. Price: $8.00 in the US., Elsewhere in U.S. funds: S8.50, at your dealer 
or direct from : 

- - Whatever became o l  the apple.cheeked lad (or - - - lass) who got thelr ham license before their - - - driver's license-who was so tickled by eleC. - - - tronlcs that they couldn't help but make It - - - thelr career??? - - - At Kernco we understand the care and feedlng - - - of such a career. In a small company environ- Order 24 hours a - - - ment we can support individual initiative, and - - - prov~de access to the high technology com. - - - munlty and academic community. - - - - We are looking lor an engineer and a deslgn - - 
- - techniclan to help us in our development- - - both in our R I D  Program tor satellite-borne - - - Frequency Standards and in our effort to - - - develop related commercial products. Please 
- - - call: Eric Blomberg NlBF, Chlel Englneer. - - (617) 777.1958. 

months without change. 33% 
discount allowed for ads run 12 
months without change. Pay- 
able in advance. Deadline 15th 
of 2nd prior month. 

From something simple to 
something exotic, ham radio 
readers are interested. And re- 
sults prove that they BUY! 

Send your ad in today. Send 
payment with order or give us 
your MasterCard or VlSA and 
we'll charge your account for 
you. 
Name 

Address 

City 

State Zip 

Card Number 
MasterCard VlSA 

Expires 

HAM RADIO MAGAZINE 
Greenville, NH 03048 
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flea w t  market 
RATES Noncommercial ads 10c per 

word; commercial ads 60c per word both 
payable In advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
o r g a n i z a t i o n s  receive one f r e e  Flea Market 
ad ( s u b j e c t  to our editing) on a space avail- 
able basis only. Repeat insertions o f  ham- 
f e s t  ads pay the non-commercial rate. 

COPY -No special layout or arrange- 
ments available. Material should be type- 
written or clearly printed (not all capitals) 
and must lnclude f u l l  name and address. 
We reserve the right to reject unsuitable 
copy. Ham Redlo cannot check each 
advertiser and thus cannot be held respon- 
sible f o r  claims made. Llabllity f o r  correct- 
ness o f  material limited to corrected ad in 
n e x t  available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

QSL CARDS 
OSL's - BE PLEASANTLY SURPRlSEDl Order our three 
colored OSL's In all varletles lor 38.00 per 100 or $13.00 
for 200. Satisfaction guaranteed. Samples 51.00 (refund. 
able). Constantine Press. 1219 Ell~nglon. Myrtle Beach. 
SC 29577. 

OSLs RUBBER STAMPS - TOP Ouallty l Card Samples 
and Stamp Info - 50a - Ebbert Graphics 5R. Box 70. 
Westervllle. Ohio 43081. 

OSL CARDS: 5001S12.50, ppd. Free catalogue. Bowman 
Printing. 743 Harvard. St. Louis, MO63130. - 
OSL'S: No stock designs1 Your art or ours; photos, 
orlglnals. 500 for samples 6 details (refundable). CeRI. 
fled Commun~cat~ons. 4138 So. Ferris. Fremont. 
M~chigan 49412. 

DISTINCTIVE OSL'a - Largest selection, lowest prices. 
top quality photo and completely customized cards. 
Make your OSL's truly unique at the same cost as a Stan 
dard card, and get a better return rate! Free samples, cat- 
alogue. Stamps appreciated. Stu K2RPZ Print. P.O. Box 
412. Rocky Poinl. NY 11778(516) 744-6260. 

Foreign Subscription Agents 
for Ham Radio Magazine 
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CADILLAC OF 0SL CARDS. 3 to 4 colors. send St for 
samples (Refundable). Mac's Shack. P.O. Box 43175. 
Seven Points. TX 75143. 

OSL ECONOMY: 1000 for $13. SASE for samples. W4TG. 
Box F. Gray. GA 31032. - 
HEATHKIT HW.101, very good condition wlth power sup. 
ply, speaker, microphone. CW filter and manual. $379 
offer. I ship. NSCFI. 12336 W. Holt. West Allis. Wls. 
53227. 

MOBILE OPERATORS: Anteck's Mobile Antennas cover 
3.2 to 30 MHz ~nclusive. with no coil changing. 50 Ohms 
input. Two models. the MT-1 MANUAL. MT.tRT RE. 
MOTE.TUNED from the operators position. Uses two 
Hyd. Pumps and Motors. MT.1 $129.95, MT-1RT 5240.00 
plus UPS postage. Check your local dealer or wrrte for 
Dealer List and Brochure. ANTECK. INC.. Route One. 
Box 415. Hansen. ID 83334.208-423-4100. - 
RTTY AND ASCll for your Atarl Computer: Modem, per 
sonalized program and manual to get your Atarl on ASCll 
6 RTTY. $125. 16K and Atari 850 interface required. You 
must lnclude your name. QTH and call slgn. Write: 
Robert Holsti, K7ZJDIKH2. POB 4426. AAFB Br.. Yigo, 
Guam 96912. 

WANTED: Micor and Mstr II Base Statlons 408420 and 
450.470 MHz. Also 2 and 6 GHz solid state microwave 
equipment. AK7B. 4 Ajax Place. Berkeley. CA 94708. 

WANTED FOR PARTS: Royce 1-612 CB transcelver, 
phase lock loop box must be working. Emll Polashek. 
117 E. Third St.. Cresco. lowa 52136. 

AMP.L€lTER: Devoted to deslgning, bulldlng, and oper- 
ating Amateur Radlo Ampllfiers. Sample $2.00. AMP- 
LETTER, RR2 Box 39A, Thompsonville, lL62890. 

SPRING CLEANUP - Commercial tower. 150 feet, suit- 
able lor Iarae Amateur arrays, broadcasting or TV. wlth 
guys and ~niulators, recently removed lrom~sewice, PIC. 
tureson reauesl Heath HW10t transcelver. PS23B. MFJ 
 randm master memory keyer and 520 BX speech proc- 
essor. All guaranteed At working conditlon. Renwick. 
P.O. Box 50. Clavet. Sask.. Canada. SOK OYO. (306) 
373-1988. 

TUBES.TUBESwantedforcashortrade.r)4TLL 4CX1000A, 
4PR60C. 7F7. 7N7.53.6L6M. Any hlgh power or speclal 
purpose tubes of EimacIVarian. DCO. 10 Schuyler Ave- 
nue. No. Arllngton. NJ 07032. (W) 528-1270. - 
WANTED: Hammerlund HQ145. Call Arnle (212) 
925-6048. - 
HAM RADIO FANATICS! You need the W5YI Report - 
Twice monthly award.wlnning Insider newsletter. 24 
issues - 518.00. Sample Issue SASE (2 stamps). W5YI. 
Box ItOlO1.H. Dallas. Texas 75207. 

ATLAS 350XL. DDBXL, AUXVF0305 $050. lcom IC211 
5450. SASE for llst. K4TO. Dave Sublette. 1207 Monte 
Sano Blvd.. Huntsville, AL 35801. 

ATLAS D W C  Dlgital Dlal 5120.00 plus $4.00 UPS. NEW. 
while they last. Mlcal Devices, P.O. Box 343. Vista. CA 
92083. 

BUY.SELL.TRADE. Send $1.00 lor catalog. Give name. 
address and call letters. Complete stock 01 major brands 
new and recondltioned Amateur Radio equipment. Call 
for best deals. We buy Collins, Drake. Swan, etc. Asso- 
ciated Radio. 8012 Conser. Overland Park. KS 66204. 
913-381.5900. 

CONNECTICUT'S Ham Store - R q u s  Electronics, 250 
Merlden.Waterbury Turnpike. (Rt. 66) Southington. (203) 
621.2252. 

RTTY FOR SALE Several machlnes remalnlng. Model 
15. Model 19. 28RO wlgearshlft. p.s. for ROBOT 800. d a  
luxe 34ASR. 28KSR. 28 keyboard typing reperf. 28TD's. 
33KSR. 33ASR. 35KSR. several demodulators, video f?lTY. 
Model 28 gearshifts, parts and supplles. Send SASE for 
complete list and prlces. Lawrence R. Pfleger, K9WJB. 
2600 S. 14th Street. St. Cloud, MN 56301. Phone (812) 
255-9794. - 
ELF II wlth Glant Board, 8K memory. terminal, complete 
software package and manuals. $400. Steven Powell, 
12607 Wellington Park. Houston. TX 77072 (713) 
495-0488. 

MANUALS for most ham gear made 193711970. Send 
51.00 for 18 page "Manual List".postpaid.HI-MANUALS. 
Box R802. Council Bluffs, lowa 51502. 

FOR SALE TRSBO model Ill. 16k computer and acces- 
sories. $900.00. Phone: 628.0402. Jlm Bellini, 1OOSArland 
St.. Rock Falls. IL61071. 

DON7 GET STRANDED1 Battery Watchdog's alarm in. 
forms you of excess power draln. 519.95. J.F. Ratcliff. 
3MX) Meadow N.. Renton. WA 98058. SASE brochure. 

 RON ANTENNAS 
THE BEST THINGS 

come in little packages... -- 
FOR 80-40-20 METERS 
7 - 

4 

: 

NEEDS NO RADIALS OR - 
MATCHING DEVICES 

ISOTRON 80 ISOTRON 40 ISOTRON 20 
54 INHIGH 21 IN. HIGH 17 I N  HIGH 

BIG ON PERFORMANCE 
SMALL ON SPACE 

BlLAL COMPANY 
(303) 687-3219 

STAR ROUTE FLORISSANT CO 80816 

MODEL P50 to P500 

50 - 500 MHz 
Ultimate rejection over 80 dB 
Five large helical resonators 
Low noise 
High overload resistance 
Typical rejection figures: 
t 600 kHz at 144 MHz: -30 dB 
t 1.6 MHz at 220 MHz: - 40  dB 
2 5  MHz at 450 MHz: -45 dB 

The solution to interference, intermod and 
desens problems on repeaters 
12V OC operation 
Dimensions only 1.6 x 2.6 x 4.75 exclud- 
ing connectors 
Custom tuned to your frequency 
Low cost - only 569.95 
Allow 52.00 for shipping and hrndllng 

We have a complete l~ne 01 transmllter and receiv- 
er strlps and synlheslzers lor Amateur and corn- 
rnerc~al use. Wr~le or call lor our lree catalog 

We welcome Mastercard or VISA 

I GLB ELECTRONICS I 
1 9 5 2 C l i n t o n  St., B u f f a l o ,  N. Y. 14206  

1-(716) 824-7936,9 t o  4 
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I PowerLine I 

These filters protect any sensitive electronic 
equipment from power line translent damage 
and radlo frequency interference. Both 
models offer common mode and dtfferential 
mode surge suppresslon for power llne . "spikes". Rf interference IS suppressed using 
both ~nductive and capacitive components. 
Ideal for computers, test equipment or TV. 

LF2 a duplex outlet. 120V. 8 amps max . $39.95 

LF6 three separately filtered duplex outlets. 
120 V. lotal lused capaclty 15 amps. 
power swltch and indicator lamp . . . 559.95 

Add $2.50 sh~pptng and handling per order. 

Send check w ~ t h  order and provide street address 
for UPS shipment. Ohto residents add Sales Tax. 
Charge card buyers may call toil free: 

1-800-543-561 2 
In Ohlo, or for 
lnformalion call: 
1.51 3-866-2421 

R. L. DRAKE COMPANY 
Richard Slr1~c.1 M~anilsburq Olllo 45J47 

INSTITUTIONAL AND DEALER INOUlRlES INVITE0 J 

NEMAL ELECTRONICS 
COAXIAL CABLE SALE 

POLYETHYLENE DIELECTRIC 
RG213 nonconlamtnaltng 96% sh~eld m11 spec 36'111 
RG214lU double sllver shleld 500hm $1 35/11 
RG62U 93 ohms 10'111 
R G l  tU 96% shleld 750hm mll spec 25'111 

'RG 8IU 96% sh~did MII Spec ($23 9511001or 31'tI 
RGGAIU double shleld 75 ohm 25'111 
RG 5581U double sh~eld (RG 58 sue) 50 ohm 50'111 
RG58U mtl spec 96% shleld 11'111 

LOW LOSS F O A M  DIELECTRIC 
'RG.8X (MtntX)Y5% shleld ($14 9511001or 17'111 
RG8U 80% Shteld 18'1fl 
RG 8/U 97% shleld 11 gauge(equ1v Belden 82141 30'111 
R(IS8U 80% shield 07'111 
R G W  95% shleld 10'111 
RG~YIU 100% 1011 Shleld TV type 07'111 

Rolor cable 2.18 aa 6.22 pa 19'111 

CONNECTORS MADE IN USA 
Amphenol PL 259 79' 
PL 259 push.on adapter shell 10153 89 
PL 259 R SO 239 101S5 89 
Double Male Connector SI 79 
PL 258 Double Female Connector 98' 
1 11 patch cord wlRCA type plugseach end 3/57 00 
R P ~ L ~ P P ~  l l C  175nr 176 lOl$l 99 
uL"i% (bi 25910 BNC) $3 50 
Elbow (M359) UHF Elbow $1 79 
F54A ( T V  typel 101$1 99 
UG 21 DIU Type N Male tor RG8 Amphenol $3 00 
UG 88CIU BNC Male lor RG-58 Amphenol $1 25 
Do'lble Female N ChasslS MI UG 30 $4 75 
7 / 1 6  lnch Mike Pluo lor Coll~ns etc 51 25 

Call or write for Free Catalog 

I 
shlpplng 
Cabla - $3.00 1st 100 fi., $2.00 each add'l 100 fi. 
Connectors - add 10% $2.50 mlnlmum. 
COD add $1.50. Florlda Residents add 4%. 

NEMAL ELECTRONICS 
5685 S W  80th St., Dept. H, Miami, F L  33143 

Teleohone: (305) 661.5534 

WANTED: Surplus 1.3 kW HF transmitter type FAT-15. 
Coll~ns TDH or equivalent, or higher power up to 20kW 
SSB not necessary. P.J. Plishner. 2 Lake Ave. Ext.. Dan- 
bury. CT 06810. WAlLDU. 

RTTY JOURNAL.EXCLUSIVELY AMATEUR RADIOTELE- 
TYPE. one year subscrlptlon $7.00. Beginners RTTY 
Handbook35 00, RTTY Index $1.50. P.O. Box RY. Cardiff. 
CA 92007. 

HARDWAREISOFTWARE subassembly provides Morse 
ASCII conversion without any manual adjustments. 
Many extras. $169 bargain. Telecraft Laboratorles, Box 
1185. E. Dennis. Mass. 02641. 

CUSTOM EMBROIDERED EMBLEMS - Your design. 
low mintmum, lnformal~onal booklet. Emblems, Dept 65. 
Littleton, New Hampshire 03561. (6031 444-3423. 

PACKET RADIO - Start a network with our hardware 
and free software using HDLC. ASCII. Smart terminal 
controller pcb $30, parts $112. 1200 baud radio modem 
pcb $15. tested $70 Newsletter $10. VADCG. 818 Ron- 
deau St.. Coquitlam. B.C. Canada V3J 523. 

OUR KEYERS turn difficult DX into logged contacts. 
SASE for ~nlormation. Webco. Box 740211. Houston. 
Texas 77274. 

SELL: 4.NB noise blanker from Drake R4C. $30 postpaid. 
HO-18OC and speaker $225. Much hlgh.power gear. M.E. 
Coombs. 839 West M. Springf~eid. Oregon 97477. 

WANTED: Pre.1950 TV sets and old N Guides. Jeff 
Kadet. W3CRH. Box WHR. Rockville. MD 20850. (301) 
654.1876. - 
SlNCLAlR RADIO LABS MR.3448 four cavity 450 MHz 
duplexers. Mint condltlon. $25 Alan Brown. K5MW. 
Route 4. Box 200-A. College Station, Texas 77840. 

TRYING TO CONTACT present and retired employees of 
the E.I. DuPont de Nemours Company of Wilmlngton. 
Delaware. A DuPont Employees Cailbook IS being r e  
searched with publication expected in June 1982. Write 
to O.R. Averitt. Budding 357. DuPont Experimental Sta. 
tion. Wilmlngton, Delaware 19898 for intormation. 

WANTED: Early Halllcrafter "Skyriders" and "Super Sky- 
rlders" with silver panels, also "Skyrider Commerclal". 
early transmitters such as HT.1. HT.3. HT.19, and other 
Hail~cralter gear, parts. accessories, manuals. Chuck 
Dachis. WD5EOG. The Hallicrafter Collector. 4500 Rus. 
sell Drive. Aust~n. Texas 78745. 

ROHN TOWERS - Wholesale direct to users - all prod. 
ucts ava~lable - wrlte or call for price list. Also we are 
wholesale distributors for Antenna Specialists and 
Regency FM radtos - Hill Radio. P.O. Box 1405 - 2503 
GE Rd.. Bloomtngton, IL61701. (309)663-2141. 

- 

YAESU OWNERS: Join your international Fox.Tango 
Club, now tn  is eleventh year. Calendar year dues still 
only $8 US. $9 Canada, $ 12 alrma~l elsewhere. Don't mlss 
out, get 1982 top.raled FT Newsletters packed wlth mod- 
iflcat~ons monthly, catalog of past mod~llcatlons, free 
advertisements, technical consultation. FT net (Sat~r- 
days. 1703Z. 14.325 MHz). more. Go Fox-Tango! To joln, 
send dues to FT Club. Box 15944. W. Palm Beach. FL 
33406. 

SALE NEW FRG.7 in factory sealed carton for $250 in. 
cludlng shlpplng and original lnvolce dated Feb. 1982. 
Roy Merkei. W3HPP. 959 Georges Lane. Warminster. PA 
18974. (215) 675.5864. - 
HAM RADIO REPAIR, experienced, reasonable, commer. 
clai Ilcensed. Robert Hall Electronlcs. P.O. Box 8363, 
San Francisco. CA 94128. W6BSH. (4081 292-6000. 

FOR SALE: Yaesu FTlOlE with dig~tal display YC601 - 
together w~ th  DenTron linear MLA 2500. Best offer - all 
guaranteed perfect condillon - on air every morning 
3990 KC. Tel 1-401.789.1817. WlCPI. 

RUBBER STAMPS: 3 lines $3.25 PPD. Send check or MO 
to G.L. Pierce. 5521 Blrkdale Way. San Diego. CA 92117. 
SASE brlngs ~ntormation. - 
HAM.AD.FEST~~ - Next 6 issues. $2.00. WAIOSR, Box 
973. Moblle. AL 36601. - 
MOBILE IGNITION SHIELDING provides more range 
wlth no noise. Avallabie most englnes. Many other sup- 
pression accessortes. Literature. Estes Engineering, 930 
Martne Dr.. Port Angeles. WA 98362. 

SAFETY BELTS. $35.00 and up. Free information. Avatar 
Co.. (W9JVF) 1147 . (H) N. Emerson. Indianapolis. IN 
46219. 

CONTESTERS: Package of programs designed for the 
ARRL DX. COWW, CQWPX and IARU Radio Sport Con- 
tests produces scored, duped log, dupe sheet. OSLs and 
many valuable operator statistics. TRS-€30 Model 1,48k. 1 
or more dlscs. MX-80 prlnter required. $69.95 plus tax 
non.refundable. Sample printout with SASE. P. Chama- 
Iian. WIRM. P.O. Box 1188, Burltngton. CT 06013. 

1 July 31 thru August 13,1982 1 
I Our 23rd year I 

Have trouble finding time to study for 
Upgrading? Do it on your vacation at the 

OAK HILL ACADEMY RADIO SESSION 
in the 

Blue Ridge Mountains of Virginia 
Two weeks of intensive Code and Theory 
Study starting at your level. 
l Novice to General 
l General or Technician to Advanced 

Advanced to Amateur Extra 

Expert Instructors - Friendly Surround- 
ings - Excellent Accommodations. 

Ham Lab set up for all to use. 

"A Vacation with a Purpose" 
I-----------------------------------' 
I C L. PETERS K4DNJ Director 

I 

oak Hlll  cade em^ ~rnateur RadloSesslon 
I 

I P. 0. Box 1461, N. Myrtle Beach. SC29582 
I 
I 

1 (803) 2728428 I I 

! Name-  . C a l l -  I 
Address- - I I 

p- -- . -  
I 

CONNECTORS 
BNC TYPE 

UG-260/U (BNC Male lor RG 591U). . . . . . . . .$1.25 
UG-88/U (BNC Male lor RG 58/U). . . . . . . . . .$1.25 
UG-274/U (BNC "1") . . . . . . . . . . . . . .$3.00 
UG-306/U (BNC-90) . . . . . . . . . . . . . . $3.00 
UG-2551U (BNC Male to UHF Female). . . . . . . . $2.95 
UG-273/U (BNC FemaletoUHF Malel . . . . . . .$2.25 
~ ~ - 1 0 9 4 / 1 j  (BNC  hai is is Mount) '. . . . . . . .79t 
UG-914/U (BNC FemaletoBNCFemale). . . . .$1.69 

"N" TYPE 
UG-21 /BU (Male for RG-BIU) . . . . . . . . . -32.75 
UG-23lBU (Female for RG-BIU). . . . . . . . . . .$2.85 
UG-58/AU (Chassis Mount) . . . . . . . . . .$2.25 
UG-57/BU (Double Male) . . . . . . .U.25 

Soecral Wholesale Pnces Ouored To 
Accred~led Dealers 

FREE CATALOG - Mlnlmum Order 525.00 
55 RAILROAD AVE.. GARNERVILLE. N.Y. 10923 

SAY 

YOU SAW 
IT IN 

ham radio! 
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T w o  E l e m e n t s  $215.00 
E x t r a  Elements $154.00 
Price is F.O.B. Transcona 
lNCLUDES U.S. Customs 
Duty 

KIT COMPLETE WITH 

*BALUN KIT 
*BOOM WHERE 

WINNER OF MANITOBA 
I DESIGN INSTITUTE 1 AWARD OF EXCELLENCE 

Btiv twa elements now - a third and fourth 
ma.v be added larer wirh little effort. 
Enjoy up to 8 dh forward gain on DX, with a 
25 dh hack ro front rario and excellent side 
discriminorion. 
Ask for our new 2m Quad Kit when you order 
your Gem Quad. If's f.'REE for rhe asking! 
Ger maximum srrucrural strengrh wirh low 
weight, using our "Tridetic" arms. Please in- 
quire direct!~ to: 

GEM QUAD PRODUCTS LTD. 
B o x  53 

T r a n s c o n a  Manitoba 
Canada R2C 225 

Tel. (204) 866-3338 
I 

I * Scanner Slgnal Boosters * Frequency Converters * Frequency Lists 
$r Antenna Tuners I 

For more lnlorm~llon rdk 

OVERPRINTED - 1981 Fox.Tango Club Newsletters. 
S~xty loose-leaf pages packed with modifications and in- 
lormation on Yaesu rigs. Only $6 while they last. Also e 
few 1980 sets at $5. (Overseas add $3 each, airmail.) 
N4ML. Box 15944. W. Palm Beach. FL33406. 

-- 

HAM RADIO OPERATORS who are owners of Atarl 
Mlcro.Computer systems. Join the Atari Micro-computer 
net l o  exchange ~deas on applications, programming. 
hardware and software development. Please contact 
Jack McKlrgan II. WDBBNG, 4749 S.R. 207 N.E.. Wash. 
ington C.H.. Ohio 43160. (614) 869-3597. 

-. 

SALE - HW.16 $125 (wlcrystais 5150). 2 Johnson match. 
box tuners. besl $50. other (needs repair) $25. Heath 2 
meter mobile amp $30. 10-40 vertical $25. You pay ship 
ping. KA4EBW, Jim Howell, 18 Dan Street. Salisbury. NC 
28144. 

SATELLITE TELEVISION: Information on buildlng or 
buying your earth station. Six pages of what's needed. 
where to get 11. etc. $4.00 to Satellite Television, RD 13. 
Oxford, NY 13830. Parabolic antenna construction book 
also available. Send SASE for details. 

WANTED: New or used MS and coaxial connectors, syn. 
chros, tubes, components, military surplus equipment. 
B ~ l l  Willams. PO U7057. Norfolk. VA 23509. 

MAKE HAM RADIO FUN! Supplement your learning pro- 
grams with a motlvatlonal hypnosis cassette. Tape U3. 
Learning the Code; Tape U4. Breaking the Speed Barrier; 
Tape U7. Electronic Theory. Free catalog. For tapes, 
$10.95 each to Gem Publishing. 3306 North 6th St.. 
Coeur d-Alene. ID 83814. 

CORDLESS TELEPHONES - Low prices, all major 
brands. Inquiries or VisalMasterCard orders call (206) 
743.3977 or Write Trinetics. Box 6005. Lynnwood. WA 
98036. 

VERY Intsrart.lngl Next 5 issues $2. Ham Trader 
"Yellow Sheets". POB356. Wheaton. iL60187. 

MICROWAVE CONVERTERS, decoders. Catalog 2Oa. 
G.W. Electronics, PO. Box 686, Greenwood, lndlana 
46142. 

CB TO 10 METER PROFESSIONALS: Your rig or buy 
ours - AMISSBICW. Certified Communications. 4138 
So. Ferris, Fremont. Michigan 49412; (616) 924.4561. 

AFC SEMI-KITSI Stop VFO drift. See June 1979 HR. 
$55.00 plus 53.00 UPS. Mical Devices. P.O. Box 343, 
Vista. CA 92083. 

HAMS FOR CHRIST - Reach other Hams wlth a Gospel 
Tract sure to please. Clyde Stanfield, WABHEG, 1570 N. 
Albright. Upland. CA 91786. 

PURPLE HEART VETERANS: Organizing natlonai Ama. 
teur Radlo Chapter and Net l o  be affiliated with Military 
Order of the Purple Heart, Inc. For information and appli. 
catlons contact Clem Harrls. KC5MM (ex WB5VDL). 61 10 
Pecan Trail Dr.. San Antonio. TX 78249. (512) 699-1420. 

Coming Events 
ACTIVITIES 
"Places to go ..." 

ALASKA: The Arctic Amateur Radio Club of Fairbanks 
will hold a Hamfest. June 5, Kiwanis AG Hall. Tanana 
Valley Fairgrounds. Doors open 8 AM. $5 sellers' fee. 
There will be a Lelt Footed Key for a code contest end- 
ing at 5 PM for a pot luck dinner. Also ARRL representa- 
tives and Alaska QSL Bureau will be there. For inlorma- 
tion: Herb Walls, KLIJLF. P.O. Box 1625. Fairbanks. AK 
99707. - 
ARKANSAS: The Northwest Arkansas Amateur Radlo 
Club's 2nd annual HamfestlSwapmeet. Saturday. May 
15. Community Building. Rogers on US Hwy. 71.6 AM to 
4 PM. Commercial exhlbilors and flea market tables1 
space FREE. Doors open 8 AM. Main prizes include a 
complete Kenwood station, lcom iC2AT hand-held, 
Diawa Model 720 cross-needle SWWpower meter. Door 
prizes. Free parklng. MARS. DX and Skywarn. Talk.in on 
146.161.76 or 146.52 simplex. Main prize tickets 3lt5.00 or 
$2.00 each. For ~nformatfon: Mary Webb. KASHEV. P.O. 
Box 338, Prairie Grove. AR 72753. (501) 846-2847, 

CALIFORNIA: The Fresno Amateur Radio Club's 40th 
annual Hamfest, May 21. 22 and 23. Hacienda Inn, Ciln. 
ton and Highway 99. Fresno. Activites include a golf 
tournament. swap tables. CW contest, MARS meetings. 
lransmitter hunt, cocktall hour, banquet. Talk-in on 
146.34193, Advance registration $20.00. For informationl 
registration: Fresno Amateur Radio Club. Inc.. P.O. Box 
783. Fresno. CA 93712. 

SEE KENWOOD 
CENTERSPREAD 

USE BONUS BUCK 
COUPON AND SAVE!!! I I 

L a u l w ~  r l a d  

t H E  Route 19L I\ \\ Laurel, Md. .4T NTER Rooao I 
I OPEN TUES. THROUGH SAT. ICALL TOLL FREE[ 

May 1982 91 M o r e  Details? CHECK-OFF Page 100 



IT S AMALING H O W  EASY b C C  E X A M S  H L A L L Y  A R E '  

The Or~g~nal Tests-Answers Exam 
manual prepares you at home 

Ing all areas tested on the actual 
FCC exam. Also ~ncluded-help. 

ful study t~ps, short cuts. and 
"Self.Study A b ~ l ~ t y  Test." 
These updated FCC Tests. 
Answers take the mystery 

out of preparmg for current 

Mater~al. $12.95 postpa~d. 

SEND TO: 
HAM RADIO'S BOOKSTORE 

I 
I 

Greenville, NH 03048 I 
Please rush me Tests-Answers for FCC : 
License. My $12.95 is enclosed. I 

I N,,,", _ _ I 
I I 
I A''o'er' 

Coly Stale - Zm- L I I - I I I I I I - - - - I I I I I I - I I  
I Call  603-878-1 441 i 

NO HUGE A0 JUST SAVINGS FOR YOU 

ON 

CUSHCRAFT. HUSTLFR. 1 ARSEN. UNADILLA. BELOEN, 
COPPERWELD. SIGNALCRAFTER. PALOMAR. NYE VIKING. 
TRIONYX. TRAC. JANEL. UENCHER. VIUROPLEX. 
AMPHENOL. GOULD. OURACELL, W E L L E R  ANDOTHERS 

QSL'S CUSTOM MADE ALL CRYSTALS from $4 W 

your up from 545 New trom us lrom $179 

SEE US A T  OVER 70 SHOWS A YEAR CALL Oil W R l l E  FOR WOTE. 
CATALOG. tNFORMAT101 D I L  SAMPLES 150-",$I 

I CALL COLLECT TO ORDER 

ITS WORTH YOUR WHILE TO CHECK WITH US' 

SF€ I O U  AT GRLENVILLC ROCHESTER KNOXVILLE 1 CAVILLAC M I N N F A P O L I S ~ C B ~  OTHERS 

ATT'ENTION 
DEALERS! 
Interested in 

making a PROFIT? 

Sell our magazine in 
your store with 

100% Return Privileges 
Rose will tell 
YOU how - 

CALL 1-603-878-1441 

The Ham Radio 
Publishing Group 

Greenville, NH 03048 

COLORADO: The Rocky Mountain VHF Society's annual 
spring Harnfest. Sunday. May 23, 9 AM to 3 PM. rain or 
shlne. Boulder National Guard Armory. 4750 North 
Broadway. Donation $2 per family. Gates open for sellers 
8 AM. Brlng own tables. Door prizes include synthesized 
FM transceiver. Extra raffle tlckets available. Refresh. 
ments avallable. Talk-ln on 146.161.76 and 146.52. For in. 
formation: Rlchard Ferguson. KA0DXM. 1150 Albion Rd.. 
Boulder. CO 80303. (303) 4992871 

COLORADO: SUPERFEST 4 sponsored by the Northern 
Colorado Amateur Radio Club. June 5. 8 AM to 430 PM. 
McMfllen Building. Larlmer County Fairgrounds. Love. 
land. $3 admission includes swap table. Exhibits, tech 
talks, code contest w ~ t h  prizes, auction, swapfest, prtze 
drawings ~ncluding a synthesized 2-meter hand-held. 
Food service, free parktng. Spec~al activities for non- 
Hams and kids. For information: Gene Bellamy, 
WD0DRM. 3124 West 6th Street. Greeley. CO. 

GEORQIA: The Anderson. Hartwell and Toccoa Amateur 
Radlo Clubs' 4th annual Lake Hartwell Hamlest. May 22 
and 23. Lake Hartwell Group Camp. Highway 29. Free ad. 
mlssion, free camplng (campground opens 6 PM Friday) 
free flea market space. Blngo, horsehoes. a left-footed 
CW contest and other activ~ties for the whole famlly. 
Fishing, swimming on site. Main prize drawtng 2 PM 
Sunday. Ta lk - in  on  146.191.79. 147.931.33 and 
146.8951.295. For informalion: Ray Pettit. WB4ZLG, Rt. I 1  
Dooley Drive, Toccoa. GA 30577. 

IDAHO: The Kootena~ Amateur Radio Society's Hamfest 
'82. Saturday. June 12. 8 AM to 4 PM. Kootenai County 
Fairgrounds, north of Coeur D'Aiene on old Highway 95. 
Pr~zes, flea market, food avallable. NO prcl.reglstration. 
free tables ava~lable. Talk-in on ,381.98. For Information: 
SASE to Avon Anderson. WB7WBZ. N. 1035 Highland 
Ct.. Post Falls. ID 83854. 

ILLINOIS: The llliana Repeater System's 13th annual 
Danvriie Area Hamlest. May 23, Georgetown Fair- 
grounds. Flea market, forums, family enterlainment, free 
parking. Many prizes. Gates open 6 AM. Tickets $2.50 ad- 
vance. $3.00 gate. Ta1k.m on 22182 and 146.52. For inlor. 
mation. tickets, tables: Wendell Lyons. KA9AYS. Ham- 
lest Chalrman. 930 Polk St.. Danville. IL 61832. (217) 
431-2124. 

INDIANA: The Tristate Amateur Radio Society's annual 
Hamfest. Sunday. May 16. Vanderburgh County 4H Cen. 
ter. Evansville. Grounds open 6 AM. Admission $2. Out. 
door flea market. Indoor tables ava~lable. Talk.in on 
147.751.15 and 146.191.79. For informationllable reserva. 
tions: Hal W~lson. WBgFNN, R.R. W8. Box 4278. Evans. 
vllle. IN 4771 1. 

INDIANA: The 3rd annual MAARC (Muncie Area Amateur 
Radlo Club) Hamfest. Mav 23. 8 AM to 3 PM. Ball State 
Unlverstty ii-tdoor track buildi"g. Muncie. prizes, forums, 
refreshments, parking. Flea market tables $4.00. Talk-ln 
on 146.13173, 146.52. 223.101224.70. Tickets $2.00 ad- 
vance; $3.00 door. For information: Terry Evans, 
WDSHQH, 522 S. Brotherton. Muncie. IN 47302. (317) 
282.0615. 

INDIANA: The Wabash County ARC'S 13th annual Ham- 
fest. Sunday. May 16,5 AM to 4 PM, Wabash County 4.H 
Falrgrounds, Wabash. Admission $2.50 advance; $3.00 
gate. Plenty of food and parking ava~iable. Free over. 
n~ght camplng Saturday. Talk.in on 147.631.03 or 146.52 
slmplex. For informationltickets SASE to Dave Spangler. 
NSADO, 45 Grant St.. Wabash. IN 46992. 

KANSAS: The Chippewa Amateur Radlo Club is havlng 
11s 20th annual Hamfest. May 23, at Garnett North Lake, 
Garnett. For ~nformation: Reid R~chardson. 518 West 7th. 
Garnett. KS 66032. 

KENTUCKY: The N.K.A.R.C.'s annual HAM.A.RAMA. 
Sunday, May 23. Burlington Falrgrounds. Burlington, o f f  
2.75 Florence exlt. Tickets $4.00 each; family ticket 
$6 00. Each tlcket entitles you to major prize drawing at 4 
PM. Flrst prize: Kenwood TS-130s or $500.00. Second 
prlze: Kenwood HC-I0 station clock. Special raffle for 
lcom 2AT. Door prlzes every hour. Indoor vendors, flea 
market. refreshments. Talk-in on 146.19179 and 
147.86126. For information - Jack R. Thompson. 637 
Wolf Rd., Covington. KY 41015or call (W) 291-2153. - 
MAINE: The Portland Amateur Wireless Association and 
the Southern Maine University Radio Club will hold thelr 
annual Flea Market. May 22, Gorham. Maine campus. 8 
AM to 4 PM. Admission $1.00. Food availabie. If raining, 
w ~ l l  be held inside. Talk-in on 146.73R and 146.525. For 
informahon: John Taylor. NISO. (207) 773-2851. 

MARYLAND: The eighth annual Easton Amateur Radio 
Society's Hamfest. May 16, rain or shine. 8 AM to 4 PM, 
Easton Senlor High School. Donation $2.00 plus $2.00 
for tables or tallgaters. Talk-in on 52 simplex and 
146.4451147.045 repeater In Easton. Van Herridge. 
WB3HGQ. Box J. St Mlchaels. MD 21663 or Easton ARS, 
Box 781. Easton. MD 21601. - 
MARYLAND: The Maryland FM Association's annual 
Hamfest. Sunday, May 30, Howard County Fairgrounds. 
West Friendshlp. 8 AM to 4 PM. Donation $3.00. Tall- 

.g 

New 5th edition by Perry Ferrell 
Bigger and better than the world- 
acclaimed 4th edition, this new book 
has 3O0I0 more stations listed, more than 
7500 operating between the interna- 
tional broadcasting and amateur radio 
bands. spanning 4-28 MHz. Listings by 
both frequency and callsign r e f l e c t  
present and p o s t - W A R C  assignments. 
Complete list o f  Coastal CW stations 
plus Embassy. Ae ronau t i ca l ,  Military, 
Time Sigs. Feeders, V O L M E T .  FAX.  IN- 
T E R P O L ,  etc. New d e t a i l s  on scheds, 
emergency channels, alternates, and 
neve r -be fo re -pub l i shed  IDS. 
In U S A :  $9.95 Book Mail. or $12.00 UPS. 
Outside USA:  Book Mail US$l l .OO. 

1 Overseas A i rma i l :  US$14.00 + US$3.30 
R e g i s t r a t i o n  to a s s u r e  de l ivery .  

GILFER SHORTWAVE 
Dept. H5, Box 239, Park Ridge NJ 07656 

If p o s s ~ b l e  let u s  k n o w  four t o  SIX w e e k s  
be fo re  y o u  move and we w ~ l l  m a k e  su re  
your HAM RADIO Magazine ar r lves  on 
schedule .  Just r emove  the  mail~ng label 
f r o m  this magazine and af f ix  below. 
Then c o m p l e t e  your new address (or any 
o the r  corrections) in the  space p rov ided  
and we'll take c a r e  o f  t he  rest.  

ham 
Allow 4-6 w e e k s  for  radio correction. 

Maaaz~ne 

Thanks for helping us to serve you better. r--1 r - -  
I I I I I  

L-f 
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SPRING CLEANING SALE 

TR-9 130 '47 gg5 
Get THEIR lowest price 

THEN CALL US! 

1 ALASKA 99504 (907) 3380340 DEPT HR! I 

- - 

More Details? CHECK - OFF Page 1 

gating $3.00. Advance tables $6.00 each. Lfmlted quan. 
Illy at door $10.00 each. Talk.in on 146.16176 and .52 For 
intormation: MFMA Hamfest Committee, PO. Harmans. 
MD 21077. For Table ~nfoireservatlons: John Elgln. 
WA3MNN. 5495 Apt. 2. Harpers Farm Road. Columbia. 
MD 21044. (301) 596-3741 

MASSACHUSETTS: The South Shore Repeater Associa. 
t~on's annual Ham Rad~olElectron~clComputer Flea mar- 
ket. Saturday. May 22. Weymouth South H ~ g h  School 
Cateterla. 300 Pleasant Street. Weymouth. Doors open 
tor sellers 9 AM. buyers I 0  AM. Admiss~on $1 each buy 
er. Tables $5 advance; $8 as ava~lable at door. Refresh- 
ments avallable. All proceeds support the 147.90130 Wey 
mouth Repeater. For ~nformat~onladvance tables: SSRA. 
Davld Newman. P.O. Box 447. Abington. MA02351. 

MASSACHUSETTS: The Hampden County Radio Associ. 
allon's annual Flea Market, Feeding Hills Congregat~on. 
al Church. Rts. 57 and 187. Feedlng Hllls. May 7. 8 PM. 
Talk.in on 146.34194, For intorrnat~on: Larry Langevln. 
KIGXU. (413) 583.8236. 

MASSACHUSETTS: The eighth annual Eastern VHFIUHF 
Conference. May 14.16, Sheraton Inn and Conference 
Center. Boxboro. Activities o f  Interest to the serlous 
VHFers. Friday nlght hospitality room. Saturday night 
banquet. featuring roast sirloin of beef, $14.00 before 
May 10. Reglstrat~on $13.50 to KILOG, Rick Commo. 3 
Pryor Rd.. Natlck. MA 01760 before May 10. Door regis- 
tration $20.00. 

MICHIGAN: The Central Michigan Amateur Repealer 
Associat~on'S eighth annual Hamfest, June 12, Valley 
Plaza Complex, off At. 10. Mldland. 8 AM to 4 PM. Dona. 
tlon 53.00. Children under 12 free. Tables $6.00; trunk 
sales $2 00. Free parking. Hourly prlze drawings. Malor 
prlze drawtng 2.30. Ta1k.m on 146.67107 and 146.52 slm. 
plex. Motels. RV hookups, swimming, dlnlng. bowllng 
alley, theaters, picnlc area at Hamfest location. For in. 
tormat~on. Carol Hall. WDBDQG. 4651 Cardlnal Dr.. Mt. 
Pleasant. MI 48858. (517) 772.0363. 

MICHIGAN: The Chelsea Swap and Shop. Sunday. June 
6. Chelsea Fairgrounds. Chelsea. Gates open for sellers 
5 AM; public 8 AM to 2 PM. Advance donatlon $2.00: 
$2.50 gate. Children and non-ham ?.Douses admltted 
free Ta1k.m on 146.520 slmplex and 147.855 Chelsea Re- 
peater. For informat~on: Wlll~arn Altenberndt. 3132 Tim- 
berllne. Jackson. MI 49201. 

MICHIGAN: The Independent Repeater Association's 
annual Grand Raplds Festlval Swap 8 Shop. Saturday. 
June 5.8 AM to 3 PM. Kentwood F~eld House. south of 
60th Street on Kalamazoo Avenue. Admission $3.00 8 11. 
swap lables $7.00; $4.00 half sue. Prizes and refresh- 
ments. For information or dealer reservations: I.R.A. 
SWAP, 562.92nd Sf S.E.. Byron Center. MI 49315 or call 
(616) 455-2926. -- 
MINNESOTA: The North Area Repeater Assoclation's 
Swapfest and Expos~tion tor rad~o Amateurs and com. 
puler hobby~sts. June 5. Minnesota State Fairgrounds. 
St. Paul. Admission $3. Exhibits, booths, prizes. Free 
overnight parklng tor self.conla~ned campers. June 4. 
Call w~de area repeaters 25185 or 16176 tor directions. For 
informat~onlreserval~ons. Amateur Fa~r. P 0 .  Box 30059. 
St. Paul. MN 55175. -- 
MISSISSIPPI: Old Natchez Amateur Radio Club's Ham- 
test. Sunday. May. Natchez Convention Center. Doors 
open 8 AM. Free admission and swap lables. Food ava~l. 
able. Talk.in on 146.31191. For ~ntormat~on: S.W. Gates. 
N5AXV. P.O. Box 203. Natchez, MS39120. 

-- 
MISSOURI it KANSAS: Pittsburg Repeater Organiza. 
t~on's 8th annual Hamfest and Picnic. Sunday, May 23. 
L~ncoln Center. Pittsburg, Kansas. Covered dish prcnlc. 
chlcken and soft drlnks suppiled. Open 10 AM. Free 

1 parklng; Indoor flea market; door prlzes. Grand prlzes: 
FT.20867. Cushcraft Boomer. Rlngo Ranger. Grand prlze 
tickets (hams only) $2.00 each to KCQES. 505 Karen 
Drlve. Carl Junct~on. MO 64834. 

MISSOURI: The Indian Foothills Amateur Radlo Club's 
7th annual Hamfest. May 16. Saline County Fairgrounds 
Bu~ld~ng. Marshall. Tickets $2.00 each; 31f5.00 at door or 
4lt5.00 advance. No charge for tables but reservations 
requested. Doors open 8 AM. Coffee and rolls avallable 
till 10 AM. An all.you.can.eat lunch at 11:30. First prlze 
drawlng 2:30 PM for a KDK 2025 Mark II. Talk.in on 52. 
,281.88 and 147.841.24. For inlormat~on and Ilckets: Jlm 
Little. KB0DA. 405 E. Rosehill. Marshall, MO 65340. (8161 
886-8583 alter 5 PM or K8BVB (816) 886-2837. 

NEW JERSEY: The Fort Monmouth ARCand Haverlm are 
sponsoring the Jersey Shore Hamtest and electronic 
flea market. June 6. 9 AM to 4 PM. Jewlsh Community 
Center. 100 Grand Ave . Deal Admlsslon $3 per person 
(children under 12 and XYLs free) Refreshments avall 
able Door prtzes Table ($5) and tallgatlng ($2) spaces 
may be reserved by SASE and advance payment to Jer 
sey Shore Hamfest. P 0 Box 2078. Ocean NJ 07712 by 
May 25 Talk In on 147 045 and 6 146 7751 6 146 52 

-- 
NEW VORK: The 30th annual ROME HAM FAMILY DAY 
sponsored by the Rome Radlo Club, Sunday. June 6. 

STILL MORE 
USABLE ANTENNA 

I FOR YOUR 
I MONEY.. . 
PLUS 30 Meters! 

I 1  

Butternut's new HF6V 

automatic bandswitching 

vertical lets you use the 1 ! entire 26-foot radiator 

on 80/75.40.30.20 and 

1 0  meters (full quarter- 

wave unloaded perform- 

ance on 1 5 meters). No 

1 1  IOSSV traps Butternut's 

exclus~ve D~fferent~al 

Reactance ~ u n ~ n ~ ' ~  clr- 

1 1 
c u l t r y  uses rugged ce- 

1 ! r a m l c  capacitors and 
$- l a r g e - d ~ a r n e t e r  self-sup- I 

p o r t l n g  ~ n d c r c t o r s  

r a d ~ a t ~ o n  e f f~c~ency  and 
I OX p e r f o r t m a n c e  un- ( 
( matched by r:onvent~onal ~ 

cornparable he~ght 
. i 

-Y 
- I 

m 

- I 
For cor~i l~lete ~ n f o r t n a t ~ o n  

c o n c e r n l r l c j  the HF6V 6 

o t h e r  B ~ r t t c ? r n c l t  products 

see y o u r  dealer or wrlte 

f o r  our free catalog 

GARY AIRPORT 
aox 356E Rte. 2 

SAN MARCOS, TX 78666 1 
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Beck's Grove. Oswego Road. Rome. Activilies for Hams 
and non.Hams; door prizes, presentatlons of an educa. 
Ilona1 and scient~fic nature. the area's largesl Flea Mar- 
ket. An early brunch will be ava~lable as well as a f ~ n e  Tristao TOW= &. 
buffet dinner. Ta l k4  on 28188 and 146.55 simplex. 
Beck's Grove has overnighl parklng for campers as well 
as f ly in capablllties. For ~nformation. Rome Radio Club. 

209 733-2438 
P 0.  Box 721. Rome. NY 13440. -- 
NEW YORK: The Putnam Emergency Amateur Repeater 
League's flrsl annual Indoor Hamfest. Saturday. May 8,9 LOU T ~ ~ s ~ o o  introduces 
AM to 4 PM. JFK Elementary school. Foggintown Road, todays premier freestan- 
off Route 312. Brewsler. General admisston 5 0 ~ .  Exhibi. ding crankup tower line. 
tors $2.00. Talk-ln on 52 and 146.1351144.535. For Infor. 
mationladvance table registration: Frank Konecnik. Hot D~pped Golvon~zed Flnlsh 
WB2PTP. RD1.224C. Carmel. NY 10512. - Check 

NEW YORK: The Long Island Mobile Amateur Radio Sue 
Club's Hamfair '82, May 23. lslip Speedway, Long Island. Copocity 
General admtssion $2.00. exhibitors $5.00 per car space. 
Refreshmenls available. Door prizes and speclal prlzes 

Versotllity 

drdwn all day from 9 AM to 4 PM. Talk-~n on 146.85. For Strength 
information call Sld Wolln. K2LJH (516) 379-2861 or Hank Conservotlve Des~gn 
Wener. WB2ALW (516) 484.4322 (evenings). Eose of lnstollotmn 

NORTH CAROLINA: The Durham FM Association's an- 
nual Durhamfest. May 15. South Square Mall. U.S. 15-501 

FM TRANSCEIVERS south. Admission $3.50 including dealers. Prizes, flea 

FM & AM RECEIVERS market, free tallgating spaces, overnight parking. Talk-ln 
on 147.8251225. For lnformation: Durhamfest. Box 777. 

FM EXCITERS & XMTRS Hillsborough. NC 27278. Wrlte or call for 
FM & SSB POWER AMPS 

- 
OHIO: The Champaign Logan Amateur Radio club's an. complete information 
nual Hamfest and Flea Market. Sunday. June 13. Logan 
County Fa~rgrounds, Bellefontaine. Gates open 7 AM 
EDST. Hourly prize drawlngs 9 AM to 3 PM. Major prizes 
of $200. $100 and $50 drawn at 3 PM. Tickets $1.50 ad- 
vance. $2.00 door. Tables $3.00 advance. Conlact M.A. 
Grlswold. WBJXM. P 0. Box 301. Urbana. OH 43078 for 
information. ttckets or tables. 

OHIO: The 15th annual Goodyear ARC Hamfest, Sunday. 
June 13. 10 AM to 5 PM. Goodyear Wingfoot Lake Park. 

MASTS TRAILER 
near SR224 and 43 east of Akron. Fam~ly admission $2.50 
advance. f3.M) gate. Outside flea market $1.00 per 
space. lnslde dealers $5.00 per table. Suggest reserva- 
tlons. Prize drawings throughout day. Grand prlzes: First 
- Kenwood TS 830s; second - Yaesu FT-290R; third - P.0. Box 3715 
Kenwood TR-2500 and more. Ladies' prizes too. For tick- 
ets and lnformat~on SASE to Don W. Rogers. WABSXJ. VISALIA. CA 93278 
161 S. Hawklns Avenue. Akron. Ohio 44313. (216) 
864.3665. - 

I NDDOR 
~NTENNCI SYSTEM 

Buarantmrd t o  work - 
or  your r o n r y  back!  

Trapprd lndoorm? Nrmd an a n t m n a  
t h a t  rr.11~ workm? Thmn t r y  
our BANTIM DIPOLE f o r  covmragr of 
.I1 bandm from 8 0  t o  2  amtmrm. 

BPECIFICATIONBS 

BO. ao. 20. IS. 10. 6 .  2  rmtrrm 
(band changm w i t h  c o i l  taps)  

Covrrm NEW 30. 17. I 2  r bands. 

FUII 3.4 t o  30 MHz. covmrapm - 
Ormat f o r  SUL and MARS. 

Opmratmm f u l l  mix- a t  13' lOn9, 
r r d u c r d  mixm a t  7 '  lonO. 

INTEBRAL t u n r r  and balun - 
ratchrm SO ohm c o a ~ .  

Ratmd a t  230 U. RF. 

Nrmdm NO ground mystma. 

Ymlght B  Ibm. Mounts anywhrrr. 

B r r a t  f o r  F imld  Day! 
A  rmal boon t o  thm a p a r t r m t  ran.  
Idma1 f o r  t ravml ing .  

U.B. PATENT 4,207,574 

Optional  c a r r y l n g  camm - a10.00 

6-1 thm Aluminum P.O. BOM 273 
Bonifay.  FL 32423 (904)  347-4411 

OHIO: The Athens County ARA annual Hamfest, Sunday, 
May 16. Athens City Recreation Center, East State St., 8 
AM to 4 PM. Free flea market for electronics.related 
Items. Setup 7 AM. Tickets $1 advance; $2 gate. Nearby 
restauranls and recreation area. Talk-in on 34194. For in. 
formation SASE to: ACARA. P.O. Box 72. Athens. Ohlo 
45701 or telephone Joe Follrod. WB8DOD. (614) 
797.4674. - 
OHIO: TheOhio Radio Club and the Ottawa County Ama. 
teur Rad~o Club and area dealers are sponsoring a Ham. 
lest. May 23. Fremont. Ohio. Fairgrounds. Gates open 8 
AM. Dealer setup 7 AM. Advance tlckets $2.50. $3.00 
door. Talk-in on 31191 and 52. For table reservationsltick. 
ets SASE to: John Dickey. WBCDR. 545 N. Jackson St., 
Fremont. OH 43420. - 
OREOON: The Oregon State Ham Convention co-spon- 
sored by the North Coast Repeater Association and the 
Oregon Tualatln Valley Amateur Rad~o Club, June 4 . 
June 6. Seas~de Convention Center. Seaside. Friday 12 
Noon to 5 PM; Saturday 8 AM to9:30 PM; Sunday 8 AM to 
2 PM. Registration $5.001single; $7.001couple; $1.00 chil. 
dren. A spec~al ticket for a drawing of etther an lCOm 
2AT. 3AT, or 4AT plus extra tickets for maln prlze draw- 
Ing will be given to those who preregister before March 
31. Registrations between April 1 and 30 will receive one 
extra tlckel for matn prlze drawing. Seminars on recetver 
design.. construction, contests and more. Talkm on 
146.52 and local repeater 145.45. For informat~onlreser. 
vations: Doc McLendon. W7GWC. P.O. Box 920, Seaside. 
OR97132. - 
PENNSYLVANIA: The 11th annual MARC (Mllton Ama. 
teur Radio Club) Hamfest. June 6. rain or shine. Allen. 
wood Firemen's Fairgrounds. U.S. Rt. 15, 8 AM to 5 PM. 
Advance registration $2.50; $3.00 gate. XYLs and chll. 
dren free. Flea market, auction, contests. Cash door 
prlzes. Camplng and motels nearby. Talk.in on 37197. 
0251625 and 52 simplex. For details: Jerry Williamson. 
WA3SXQ. 10 Old Farm Lane, Milton. PA 17847. (71'1) 
742-3027. - 
PENNSYLVANIA: The 28th annual Breeze Shooters 
Hamfest. May 23. Noon to 5 PM. White Swan Amuse- 
ment Park. PA. Rt. 60 near Greater Pittsburgh Interna. 
tional Airport. Registration $2.00 each; Yf5.00. Free flea 
market, prizes, family amusement park. Talk.in on 
146.281.88 or 29.0 MHz. Contact Joe Kyler. K3SJD. 4430 
Evergreen Road. Pittsburgh, PA 15214. (412)931-2756. 

PENNSYLVANIA: The Warmlnster Amateur Radio Club's 
annual Hamfest. Sunday, May 16. Middletown Grange 
Fairgrounds. Wrightstown (near Philadelphia). 7 AM to 3 

Keep those valuable 
issues of Ham Radio 
like new. Prevent 
smears, tears and 
dog ears. Bind 'em 
together and enjoy 
for vears to come. 
~ o u ' l l  be happy you 
did! 

HAM RADIO BINDERS 
Beautiful buckram bound, 
rich brown material with gold 
embossing. These binders 
will really dress up your col- 
lection of Ham Radio. Year 
stickers included. 
OHR-BDL $6.95 ea. 

3 for $1 7.95 
Please add $2.00 for shipping 

and handling. 

HAM RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 

Tell 'em you saw it in H A M  R A D I O !  94 May 1982 



Digital 
Multimeter 

The Drake OM2350 Dlgltal Mult~meter IS a 
convenient. small handheld llquld crystal 
dlspiay meter Ideal for the serviceman or 
hobbylst Thls 3% dlglt meter IS auto-ranging. 
auto zerolng, has polarlty ~nd~catlon. and an 
over-iange warnlng s~gnal Battery life IS 

greater than 300 hours wlth a low battery" 
~nd~cator A contlnulty test sounds a slgnal 
when clrcult resistance IS less than 20 ohms 
Dc accuracy IS a bastc 0 8% 

Baner~es. probes. 20 amp current shunt, spare 
fuse and son carrytng case all lncluded at 595.95 

Add 52.50 shlpping and handling per order. 

Send check with order and provide street address 
for UPS shipment. Ohlo residents add Sales Tax. 
Charge card buyers may call toll free: 

1-800-543-5612 

R. L. DRAKE COMPANY 
540 R~chard SlrrSt!l. M~am~sburo Ohlo 45342 I 

L lNJllTUllDNIl AND DEILER INDUlR~ES INVITED 1 

More Details? CHECK-OFF Page 100 

PM. Admisslon 53.00 gate; $2.00 addltlonal for each sell. 
er space. Chlldren and spouse free. Pre-registration by 
May 1. 51.00 off admlssion. Door prizes every half hour 
starting 9 AM. Talk.ln on 147.6901090 and 146.52 slmplex. 
For information: P.O. Box 113. Warminster. PA 18974 or 
call Bill Scott. KA3CHB after 6 PM (215) 249-0568. 

PLAYBOY RESORT at Great Gorge. McAlee. NJ - the 
place to relax and enjoy - see all the manufacturers' 
and dealers' exhiblts - attend the vital and informative 
forums- renew old acquaintancesandmakenew ones - 
all at the ARRL Hudson D~vislon Convention. October 
20.31. Send SASE now for complete details to HARC. 
Box 528. Englewood. NJ 07631 

TENNESSEE: The ARRL Delta Dlvislon Convention and 
16th annual Knoxvltle Hamfest. May 22 and 23. Bearden 
High School. 8352 K~ngston Plke. Knoxville. Saturday 9 
AM to 5 PM; Sunday 10 AM to 4 PM. General Admission: 
$2 advance; S3 door. All tickets good lor grand prizes 
and door prlzes. Exhibltors SBltable both days; SYlable 
one day. Grand prizes: cash plus many door prizes. 
Bonus prize Saturday morning drawn on advance tickets. 
Forums: DX, ARRL, fast scan TV. Women's programs, 
outdoor flea market, own tables. Saturday banquet. 7:30 
PM. Sheraton Executive Park, Knoxvllle. tickets 515.00. 
For information, tickels, reservations: Raymond Adams, 
N4BAQ. 5833 Clinton Hwy . Suite 203. Knoxville, TN 
37921. (615) 688-7771 Days. (615) 687.5410 Nights. 

TENNESSEE: The Humboldt ARC'S annual Hamfest, 
Sunday, June 6 at New Location - Bailey Park. N. 22nd 
Avenue. Humboldt. Tickets S2.M). Prizes, flea market. 
ladies' and children's activities. For ~nformatlon: Ed 
Holmes. W4IGW. 501 N. 18th Avenue. Humboldt. TN 
38343. 

KNOXVILLE TENNESSEE: See World's Fair while at- 
tending 1982 Knoxville Hamfest and ARRL Delta Divi- 
sion Convention. Memorial Day Weekend (May 22-23). 
DX, computer, and technical forums; air.conditloned ex. 
hibit area; and large indoorloutdoor flea market make 
t h ~ s  Tennessee's largest Hamfest. More inlormation? 
(dealers. tlckets. reservations) N4BAQ. 5833 Clinton 
Hwy., Suite 203. Knoxville, Tenn. 37912. - 
VIRGINIA: The Ole Virginia Hams ARC 01 Manassas an. 
nounces its eighth annual Mid-Atlantic are Quallty Ham. 
lest. June 6. Prince William County Fairgrounds. Gates 
open 8 AM. Tailgating setup 7 AM. Admission $4.00, chll- 
dren under 12 free, tallgaters 33.00 additional per vehi. 
cle. lndoorloutdoor exh~bits. YL program, relreshments 
avallable. Fanlaslic prlzes. Brlng your famlly. Talk.in on 
37197 and 52 simplex. For InformaHon: Jim Lascaris. 
WA2OEJ, 11053 Camfleld Ct.. Manassas. VA 221 10. 

WEST VIRGINIA: The Trl.State Amateur Radlo Associa. 
t~on's 20th annual Huntington Hamfest. Sunday. June 
13. Camden Park 011 route 60 west. 9 AM to 3 PM. Regis. 
tration $3 per person. Children under 12 free. Flea mar- 
ket 53 per space. Overnight parking for self-contained 
RVs. Talk-In on 146.04164 and 146.52152 WBVA. For onfor. 
mation SASE to T.A.R.A.. Inc.. P.O. Box 4100. Hunting- 
ton. WV 25729. - 
WISCONSIN: The 7th annual Swapfest of the Green Bay 
Mike and Key. Saturday, May 22. Norwood School, cor. 
ner of 9th and Norwood. Green Bay. 8 AM to 3 PM. Ad- 
vance tickets 51.50 (by May I), $2.00 door. Tables $2.0014 
It. space. Free admlssion lor one for every 2 tables 
bought. Door prizes. Refreshments available. Talkm on 
146.52and 147.72..12. For information: Robert Duescher. 
101 1 .13th Avenue. Green Bay. WI 54304. 

ONTARIO: The Guelph Amateur Radlo Club's 7th annual 
Central Ontario Flea Market. Saturday, June 5, 8 AM to 4 
PM. Regal Halt. 340 Woodlawn Road West, Guelph. Ad. 
mission $2.00; under 12 free. Vendors $3 add~tlonal. 
Tables avallable at $5 each. Commercial displays, sur- 
olus dealers. comDuter softwarelhardware. Refreshment 
concession For ~nformat~on Bob Lacombe. VE3IYE. 
(519)843.4618or Rocco Furlaro. VEJHGZ, (5191 824.1157. 

OPERATING EVENTS 
"Things to do ..." 

MAY 12.16: The Holland Amateur W l o  Club wlll operate 
KBDAA wlth other partlclpeting stallons lor the Nether- 
lands-Amerlcan Bicentennial durlng Tullp Tlme. Opere 
lions on all phone bands and posslbly some CW. One 
contact wlth K8DAA or two particlpatlng stallons quai- 
ifles lor certlf~cate. QSL to HARC. P.O. Box 92. Zeeland. 
MI 49464. 

MAY 15 & 16: The Rocklngham County ARC wlll be oper- 
ating from the Cape Hatteras Lighthouse on the Outer 
Banks 01 North Carolina. This Is the tallest brlck Iight- 
house In the country and Is designated as a National 
Historlc Landmark. Operating frequancles: 30 Kc up 
from bottom of genaral porlion 01 each bend, phone and 
CW. 

B&W ,' 
RO hn:~omer 

& 
Books from 
ARRL, Bash, 
Hayden, AmeCO, 
Shrader 

HATRY ELECTRONICS 
SO0 LEDYARD STREET 
HARTFORD, CT 06114 

(203) 527-1 881 
SHIPPING F 0 .B  HARTFORD, CT 

May 1982 95 





x . . . for literature, in a hurry - we'll rush your name 
to the companies whose names you print below. 
It's simple to do. Simply select the advertiser's 
number and name from the Advertisers' Checkoff 
list found on the same page as the Advertisers' 

f f Index. Just print the number and the company's 
name and drop in the mail. 

NUMBER NAME OF COMPANY NUMBER NAME OF COMPANY 

Please r/ month Mar. - April - May Limit 14 inquiries please. 

NAME CALL 

ADDRESS 

CITY STATE _ ZIP 





Radio 
Handbook 

by Bill Orr 

NEW 22nd EDITION 

The Radio Handbook 
has been a best seller for 
over 45 years. This 
brand-new edition covers 
in complete detail all of 
the latest state-of-the-art 
advances in electronics. 
Hams and engineers alike 
will find this handy, 
single-source reference an 
invaluable aid. Chock- 
full of projects from sim- 
ple test equipment to 
complex receivers and 
amplifiers. Chapters in- 
clude an explanation of 
Amateur Radio commu- 
nications, electronic and 
electrical theory, tubes 
and semiconductor de- 
vices; a special chapter 
on RFI and more . . . 
This invaluable book is a 
must for every ham- 
shack. Orders yours 
today and save. 1 136 
pages. 01982 0 2  1874 

Please add $2.00 for shipping and handling. 

More Details? CHECK-OFF Page 100 

Get uninterrupted, maintenance- pandlng the solar array All systems 
free electric energy for years. offer a cholce of battery packs and 

Introduc~ng SolarTrekTM a new and AC or DC output 

deslgn and superlor rellabll~ty that describes many pract~cal 
With SolarTrek you can have fuel- - and economical 

uses, to Solar lnnovatlons 
Corp . 18 Cloverdale Ave , 
Salem, MA 01970 

Modular design lets you plan for 
any power requirement. 

SolarTrek 1s modular and upgrade- 
SOLAR I W A -  

able The baslc system will power CORPORAflON 
tools, appliances, communlcatlons 
and refrlgerat~on equipment, and 
llghtlng Add power anytime by ex- 

-------. 
I'm interested in energy independence. 

SolarTrek portable systems ($3) 
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~dver t~ers  v 
check-off 

. . .  for literature. in a hurry - . we'll 
rush your name to the companies 
whose names you "check-off" 

Place  y o u r  c h e c k  m a r k  in the s p a c e  e tween  

n a m e  a n d  n u m b e r  . Ex: Ham Radio -/234 

AEA 677 JDL-  986 
Advanced Rece~ver Jatneco _ 333 

Research - 919 Jan - 067 
Alaska M~crowave - 826 J~~~~~ 293 
All Elec - 926 KLM _ 073 
Alllance - 700 Kenwood ' 
Alpha Delta - 949 Kernco ' 
Amateur Elec 

Supply 659 
ARRL 780 
Am~don 005 
Atlant~c Surplus ' 
Barker B 

W~ll~amson 015 
Barry ' 
Bencher _ 629 
Ben Frankl~n 864 
B~lal _ 817 
8r1tt s 2 Way Radlo 953 
Butternut ' 
CES _ 985 
C Z Labs 980 
Centur~on 798 
Certtfted Int 976 
Command Producttons 
Comm Concepts _- 797 
Comm Spec - 330 
Drake ' 
EEB 2 8 8  
EGE _ -  901 
ETCO 856 
Fa~r Rad~o 048 
G 6 K 967 
GLB 5 5 2  
Gem Ouad ' 
G~lfer Assoc ' 
G I S M O  -891 
Gotham Antennas -_  981 
Grove - 848 
Hal Comm 057 
Hal Tron~x 254 
H R 8 -150 
Ham Shack 879 
Hamtrontcs N Y - 246 
Hatry 889 
Heath 060 
lcom ' 

MFJ 0 8 2  
Madnson 431 
Microcraft _- 774 
Mtcrolog _ 982 
Mlcro Secur~ty - 939 
M~crowave F~lter _ 637 
J W Mnller - 745 
Mlrage 760 
N P S 866 
Nemal . 968 
Oak H~l l  Academy A R S 
P B Rad~o - 921 
P C  - 

Palomar Eng ' 
Panasonlc _ _  683 
Ph~ll~ps Tech 936 
Pip0 _- 481 
Pro Search 983 
Callbook 100 
Radloklt 801 
Rad~os Unl~m~ted 941 
Radlo Warehouse ' 
Radlo World - 592 
Smlthe - _ 930 
Solar 987 
Spectron~cs ' 
Spectrum Int 108 
Telrex ' 
Texas Towers - 681 
The Comm Center 634 
Tr~stao - 984 
Universal Comm 885 
Un~versal Elec _- 653 
UNR Rohn - 410 
Valor _- 946 
Vanguard Labs - 716 
Webster Assoc 423 
Western Elec 909 
Yaesu 127 

'Please contact this advert~ser d~rectly 

Limit 15inquiries per request . 

May. 1982 
Please use before June 30. 1982 

Tear off and mall to 
H A M  RADIO MAGAZINE - "check of f "  
Greenville . N . H . 03048-0498 

NAME . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALL . . . . . . . . . . . . . . . . . .  

STREET . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

STATE . . . . . . . . . . . . . . . . . . .  ZIP . . . . . . . . . . . .  

call toll free:nights 
1-800-231 -3057 

(TEX . RES . Call Collect 7-10 PM CT . 
M.W.F. 1-71 3-721 -7920) 

days 1-71 3-658-0268 

YAESU F T  1 2395 00 
F T 9 0 2 D M  1 249 00 
FTlOlZD M a r k  3 749 00 
F r 2 0 8 R  7 0 8 R  289 0 0 e a  

ICOM IC3AT I C 4 A T  269 00 e a  

IC25A 309 00 
I C 7 3 0  C a l l  

I C 2 A T  249 00 
I C 2 2 U  269 00 
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AE A C K I  1 1 5 0 0  

CK2 89 00 
MBA KO 269 00 
MBA R C  C a l l  

ROCKWELL KWM380 2795 00 
COLLINS HI SIN All mods 
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I<ENWOOD C o m l ~ l e t e  L ~ n e  C a l l  
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SAXTON 450 OHM Open W l r e  

Ladderlrne 2 0 C  f t  
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9251 . S t o c k C a l l  

H A L  C W R 6 8 5 A  

+ K e y b o a r d  875 00 
CT2100 699 00 
K B 2 1 0 0  1 5 9  00 

World Radto T V  H a n d b o o k  

1 6  50 ppd U P S  

HYGAIN TH7DX 349 00 
10% Off C u r l ~ s  Sherwood Palomar 
BUTTERNUT H F 6 V  Veri~cal 1 0 0  00 
T O N N A  F9FT 9 EL 2 M e t e r  30 00 
K A N T R o N l C S M t n ~ r e a d e r  24900 

MlcroRlTY 249 00 
ANTIQUE R a r e  T u b e s  C a l l 1  

MOSLEY A n t e n n a s  C a l l 1  

MASTERCARD VISA 
All prlces fob Houston except where lnd~cated Prlces 
Sub~ect to change wlthout notlce all Items guaranteed 
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from Barker & Williamson 

Model 593 
Slngle Pole 3 
Pos~tion with 
grounding of all 
unused positions 
Crosstalk (mea- 
sured at 30 MHz) is -45db between ad- 
jacent outlets and 60 db between alter- 
nate outlets 

Model 594 
2 Pole 2 Posltlon 
Crosstalk 45db 
(measured at 30 
MHz) 

Specifications for both switches 
Power 1 KW-2 KW PEP 

a Impedance 50-75 ohms 
VSWR 1.2:l up to 150 MHz 
Dimenrlonr 1%" high. 5" wide. 3" deep 
Welght 1 Ib. 
Mount Wall or desk 

Available at your BBW dealer 

Barker & Williamson. Inc. 
10 Canal St. Bristol. Pa. 19007 
Telephone: (215) 788-5581 

F I J L L  1/41h W A V E  - A11 Band,' Aulom.l#c Select ion wltn 
o.oren HI-0 Traps 3 Moae l r -ALL  s e l l  susoorrlno -Ground 
or root  rnovnt HI STRENGTH FIBERGLASS TUBING 
OVER - A L L  NO WOBBLY. LUMPY T R A P S  - N O  U N -  
SIGHTLY CLAMPS needed - Smc 1 114- -11 the way rp - 
T r a p s  hlddrn nsldo  You can use ll In 1 I t .  sq  B a c k y d  
FOR APARTMENTS. MOBILE HOMES - CONDOS .I=. 
wnsre mmimum spas. and na.1 .pocuonse Is MAND- 
ATORY! Instan! "Orlrs 1n"waund mount (Included1 . U.o wmh 
or wnhout (hcbded l  (Al l  nnalc root mount - E.u.) 
COMPLETELY PRETUNEO- NO ADJUSTMENTS NEEO- 
ED EVER1 NO TUNER NEEDED FOR MOST TRANS-  
CIEVERS I Usc - RGau leadhe. any Icnmh I ZOO0 W.11 
PEP 1npu1 W-M. Shlppcd - PREPAID IN USA, As.am.(.. 
ln 10 u.lns onlr s c r e w d n r e r  WEATHERPROOF1 

I I I g  END FULL PRICE FOR PP DEL IN USA (Canad. b 5.00 ext ra  fw po.c.oo.cl&.l Custom. .IcJ ot wdsr ulkp  
VISA. MASTER CAR0 or AMER-EXP. Ph 1-308- 
236-5333 9AM-6PM wechd*rs We SMD In 2-3 I - . . . - - - 
d.ys All An1cnn.r Gur.nlceb lor 1 ye- -10  dm). 
money back 1d.I Frsc In1 

WESTERN ELECTRONICS I Dev l  AR- 5 Kaarnay Ne. 80847 I 
WEATHER MAPS. PRESS' 

 he ~ a x s  A,,. Cl ra r  i,n r,ur l ~ i l l  51ze 118-1 2 I 

SAY YOU SAW IT 
IN 

HAM RADIO 

More Details? CHECK-OFF Page 100 

When it comes to 

RADIO QSL9s. . . 

US or Foreign Listings 

Here they are! The latest edltlons. World- 
famous Radio Amateur Callbooks, the 
most respected and complete listing of 
radio amateurs. Llsts calls, license classes, 
address information. Loaded with speclal 
features such as call changes, preflxes of 
the world, standard tlme charts, world- 
wide QSL bureaus, and more. The U.S. 
Edition features over 400,000 Iistlngs. 
with over 70.000 changes from last 
year. The Forelgn Edition has over 
370.000 listlngs, over 60.000 changes. 
Place your order for the new 1982 Radlo 
Amateur Callbooks, avallable now. 

Each Shipping Tdal 

' : Uscallbook $18.95 $3.05 $22.00 

$17.95 $3.05 $21.00 

Order both books at the same time for 
$39.95 including shl~plng. 
Order from your dealer or directly from 
the publisher. All direct orders add shipping 
charge. Foreign residents add $4.55 for 
shipping. Illinois residentsadd 5%sales tax. 

SPECIAL LIMITED OFFER! 

Pegasus on blue field, red lettering. 3"wide 
x 3" high. Great on Jackets and caps. 

RADIO AMATEUR 

a Learn the truth about your 
your antenna. 

a Find its resonant fequency. 
Adjust it to your operat- 
ing frequency quickly and 
easily. 

If there is one place in your station where 
you cannot risk uncertain results it is in 
your antenna. 

The Palomar Engineers R-X Noise Bridge 
tells you if your antenna is resonant or 
not and, if it is not, whether it IS too long 
or too short. All this in one measurement 
reading. And it works just as well with 
ham-band-only receivers as with general 
coverage equipment because it gives 
perfect null readings even when the 
antenna is not resonant. It gives 
resistance and reactance readings on 
dipoles, inverted Vees, quads, beams, 
multiband trap dipoles and verticals. No 
station is complete without this up-to- 
dale instrument 

Why work in the dark? Your SWR meter 
or your resistance noise bridge tells only 
half the story. Get the instrument that 
really works, the Palomar Engineers R-X 
Noise Bridge. Use ~t to check your 
antennas from 1 to 100 MHz. And use it 
in your shack to adjust resonant frequen- 
cies of both series and parallel tuned cir- 
cuits. Works better than a dip meter and 
costs a lot less. Send for our free 
brochure. 

The price IS $59.95 In the U.S. and 
Canada. Add $3.00 shipp~nglhandling. 
California residents add sales tax 

Fully guaranteed by the originator of 
the R-X Noise Bridge. ORDER YOURS 
NOW! 
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A fresh idea! 
Our new crop of  tone equipment is the freshest thing growing in the encoder/decoder 
field today. All tones are instantly programmable by setting a dip switch; no  counter 
is required. Frequency accuracy is astonishing + .1 Hz over all temperature extremes. 
Multiple tone frequency operation is a snap since the dip switch may be remoted. 
Our TS-32 encoder/decoder may be programmed for any of the 32 CTCSS tones. 
The SS-32 encode only model may be programmed for all 32 CTCSS tones plus 
19 burst tones, 8 touch-tones, and 5 test tones. And, of course, there's no  
need to mention our one day dellvery and one year warranty. 

a p- COMMUNICATIONS SPEClALL/ST 
4:h L l  c \ t  Taft A\cnue,  Orangc, C a l ~ f o r n ~ a  92667 
(XOO) 854-0547 / C a l ~ l o r n l a :  (714) 998-3021 

Em SS-32 $29.95, TS-32 $59.95 



~ n t  EVOLUTION ur A CHAMPION 

The FT-101 ZD Mk Ill is the latest chapter in the success story of the FT-101 line. 
Armed with new audio filtering for even better selectivity, the FT-101 ZD now 
includes provision for an optional FM or AM unit. Compare features and you'll see 
why active operators everywhere are upgrading to Yaesu! 

Variable IF Bandwidth 
Using two 8-pole filters in the IF, Yaesu's pioneering variable band- 
width system rovides continuous control over the width of the IF 
passband - t o m  2.4 kHz down to 300 HI - without the short- 
comln s of single-filter IF shift schemes. No need to buy separate 
filters for 1.8 ~ H Z ,  1.5 k ~ z ,  etc. 
Improved Receiver Selectivity 
New on the FT-101ZD Mk Ill is a high-performance audio peaklnotch 
filter. Use the peak filter for single-signal CW reception. or choose the 
notch filter for nulling out annoying carriers or interfering CW signals. 
In the CW mode, you can choose between the 2.4 kHz SSB filter and 
an optional CW filter (600 or 350 Hz) from the mode switch. 
Diode Ring ~ r o n t '  End 
The FT-101ZD now sports a high-level diode ring mixer in the front 
end. This type of mixer, well known for its strong signal performance, 
is your assurance of maximum protection from intermod problems on 
today's crowded bands. 
WARC Bands Factory Installed 
The FT-101ZD Mk Ill comes equipped with factory installation of the 
new 10. 18, and 24 MHz bands recently assigned to the Amateur 
Service at WARC. In the meantime, use the 10 MHz band for monitor- 
ing of WWV! 
RF Speech Processor 
Not an additional-cost option, the FT-101ZD RF speech processor 
provides a significant increase in average SSB power output, for 
added punch In those heavy DX pile-ups. The optimum processor 
level IS easily set vla a front panel control. 

Worldwide Power Capabll i ty 
Every FT-101 ZD comes equipped with a multi-tap power transformer. 
which can beeasily modified from thestock 117 VAC to 10011 101200/ 
2201234 VAC in minutes. A DC-DC converter is available as an option 
for mobile or battery operation. 
Convenience Features 
Designed fundamentally as a high-performance SSB and CW trans- 
ceiver, the FT-101ZD includes built-in VOX, CW sidetone, semi- 
break-in TIR control on CW, slow-fast-off AGC selection, level 
controlsforthe noise blanker and speech processor, and offset tuning 
for both transmit and receive. The Mk Ill optional FM unit may be used 
for 10 meter FM operation, or choose the optional AM unit for W W  
reception or VHF AM work through a transverter (AM and FM unlts 
may not both be installed in a single transceiver). 
Ful l  L ine o f  Accessories 
See your Yaesu dealer for a demonstration of the top performance 
accessories for the FT-lOlZD, such as the FV-1O1Z External VFO, 
SP-901 P SpeakerIPatch. YR-901 CWIRlTY Reader, FC-902 Antenna 
Tuner. and the FTV-901R VHFlUHF Transverter. Watch for the 
upcomin FV lOlDM Di ital Memory VFO, with keyboard frequency 
entry an8 s inn ing In 18 HZ steps! 
Nationwide Service Network 
During the warranty period, the Authorized Yaesu Dealer from whom 
you purchased your equipment provides prompt attention to your 
warranty needs. For,long-term sewicing after the warranty period. 
Yaesu 1s proud to malntaln two fully-equlpped servlce centers, one In 
Cincinnati for our Eastern customers and one in the Los Angeles area 
for those on the West Coast. 

Note: A limited quantity of the earlier FT-101ZD (with AM as standard feature) is still available. See your Yaesu dealer. FT-101ZD Mk Il l  
designates transceivers bearing serial #240001 and up, with APFlNotch filter built in and AMIFM units optional. 681 

Puce And Spec~t~cat~ons Subject To 
Change Wlthout Not~ce Or Obl~gat~on 

The radio. 'i/ 

YAESU ELECTRONICS CORP., 6851 Walthall Way, Paramount, CA 90723 (213) 633-4007 
YAESU Eastern Service Ctr.. 981 2 Princeton-Glendale Rd.. Cincinnati. OH 45246 (51 3) 874-31 00 



QSK, dual NB, 2 VFO's, general coverage receiver. 
I I 1 ,  ( . \  

-, ( 

The TS-930s i s  a superlative, high per- 
formance. all-solid state, HF transceiver 
keyed to  the exacting requirements of the 
DX and contest operator. It covers all 
Amateur bands from 160 through 10 
meters, and incorporates a 150 kHz to  
30 MHz general coverage receiver having 
an excellent dynamic range. 
Among its other important features are. 
SSB slope tuning. CW VBT. IF notch filter, 
CW pitch control, dual digital VFO's. CW 
full break-in, automatic antenna tuner. 
and a higher voltage operated solid state 
final amplifier. It is available with or 
without the AT-930 automatic antenna 
tuner built-in. . TlJPF-" :  

160-10 Meters. with 150 kHz - 30 MHz 
general coverage receiver. 
('ovt,rs ;ill Aniatrur frrclurncies from 160-10 
rnrters, including new WAIIC. 30. 17, and 
12 meter bands. on SSI1. <'W. FSK. and AM. 
Fei~tures 150 kHz - 3 0  MHz general cover- 
age receiver. Separate Amateur band 
ac,cess keys allow speedv band selertian. 
UP/DOWN bandswitch changes in 1-MHz 
steps. A new. innovative. quadruple ron- 
version, digital PLL synthesized circuit 
provides superior frequency accuracy and 
stability, plus greatly enhanced selectivitv. 
Excellent receiver dynamic range. 
lirceiver two-tone dvni~rnic rangr. 100 dH 
typic;~l (20 meters. 500 Hz CW bandwidth, 
at sensitivity of 0.25 pv. SIN 10 dB), 
pnbvides the ultimate in r~jection of 
IM distortion. 

" All solid state. 28 volt operated 
final amplifier. 
' 1 ' 1 1 ~  fi11;11 ;~mplifier operates on 28 VDC for 
lowest IM tlistortion. Power input rated at 
250 W or1 SSB. CW. and FSK. and at 
8 0  W on A M .  Final amplifier protection 
circuit with cooling fan. SWRIPower 
mrter built-in. 
Automatic antenna tuner. built-in. 
Available with AT-930 antenna tuner built- 
in. or a s  an option. Covers Amateur bands 
80-10 meters. including the new WARC 
bands. Tuning range automatically 

prr-s~lec.tt.d wit l r  t);uid sc.lvctiot~ to mini- Fluorescent tube digital display. 
mize tuning tinir. "AUTO-'rHIIU" switch on I:l~rorc~~c.c~nt tube. di211i1l dispI;~y llas analog 
front panel. tvpe SIIII-S(.RIP ~ ~ i t h  20-kt 1% strps. Separate 
CW full break-in. 2 digit tiisplnv indic;~tc.s IilT lirclurnc.y shift. 
CW fill1 I~reak-in circuit uses CMOS loglc IC RF speech processor. 
plus reed relay for maxlmum flcxibilitv, liI: c,lippcSr type' proc,rssor provides hlgher 
coupled with smooth, quiet operation. ;~ver;~gc. 'talk-power: plus improved intelli- 
Switchable to semi-break-in. gihility. Sepi~rate "IN' and " O U T "  front 

* Dual digital VFO's. 11;inrl level controls. 
10-llz st,.[] du;~l  digital VFO's include band ' One year warranty. 
information. Each VFO tunes continuously ' ~ ' i i ( ~  'I'S-990S carries a one year limited 
from hand to band. A large. heaw, flywhrel warranty on parts and labor. 
tvpe knob is usrd for Improved tuning ease. Other features: 
T.F. Set switch allows fast transmit SSI3 monitor circuit. 3 step RF attenuator. 
frequency setting for splil-frequency opera- VOX, and 100-kHz'marker. 
lions. A-B switch for equalizing one VFO Optional accessories: 
frequency to the other. VFO "Lock" switch KI..Q:{O ;lutom;ltic ;~ntenna tuner. 
provided. RIT control for T9.9 kHz receive ~1 ' -93( )  t,xtrrnal speaker with selectable 
frequency shlft. audio filters. 
Eight memory channels. YC-455C-1 I500 Hz) or YC-455CN-1 (250 Hz) 
Storrs t)oth frequcncv and band informa- plug-in CW filters for 455-kHz IF. 
tion. wO-MEMO switch allows use of each YK-88C-1 (500 Hz) CW plug-in filter for 
memory a s  an independent VFO. [the 8.83-MHz IF. 
original memory kcquency can be rec:~lled YK-88A-1 (6 kHz) AM plug-in filter for 
at \villi, or a s  a fixed frrquency. Internal H . ~ ~ - M H z  IF. 
Uattrrv memory back-up, estimated 1 vrar MC-60 (S-HI deluxe desk microphone with 
life. (Hattrries not Krnwood supplied). UPIIIOWN switch. 
Dual mode noise blanker ("pulse" TL-922A linear amplifier. 
or "woodpecker"1. SM-220 station monitor. 
NR-I. witli threshold control. for pulse-type HC-10 digital world clock. 
noise. Ni3-2 for longer duration ' HS-6.  115-5. HS-4 headphones. 
'woodpc.cker" type nolse. 
SSB IF slope tuning. More information on the TS-930s Is 
Allours inclrpenclrnt adjustment of the low available from all authorized dealers of 
andlor high frequency slopes of thr IF Trio-Kenwood Communications 
passband. for best interferrnce rejection. 1111 West Walnut Strert. 

" CW VBT and pitch controls. Compton. California 90220 
CW VIII' IVariat~lr Bandwidth TuninR) 
control luncs out interfrring signals. CW r - ,r- ;r-r-- r- r=- 

pitch controls shifts IF passband and simul- -. - .. 

taneously changes the pitch of the beat . . . part~rffw in amafrur radio 
frequency. A 'Narrow/Widr" filter 

- ~ .  

120:220, or 240-VAC. switch selected S I J I ~ ( . I / I C ' < I I I O ~ I \  r~rlrl prlcc.5 are 

(oper:~trs on A<: only). sub/ecr to changr ilutholrl noticc7 or ohligntlon. 
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