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NEW!

Ultra Compact

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

More Standard
Features

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

It's a high performer on all the ham
bands, and as a general coverage re-
ceiver, the IC-735 is exceptional. The

IC-735 has a built-in receiver attenuator,

preamp and noise blanker to enhance
receiver performance. PLUS it has a
105dB dynamic range and a new low-
noise phase locked loop for extremely
quiet rock-solid reception

Options. A new line of accessories
is available, including the AT-150 elec-
tronic, automatic antenna tuner and the
switching PS-55 power supply. The
IC-735 is also compatible with most of
ICOM’s existing line of HF accessories
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Simplified Front
Panel

The large LCD readout and con-
veniently located controls enable easy
operation, even in the mobile environment.
Contrals which require rare adjustment
are placed behind a hatch cover on the
front panel of the radio. VOX controls,
mic gain and other seldom used controls
are kept out of sight, but are immediately
accessible.

See the IC-735 at your authorized

ICOM dealer. For superior performance
and innovative features at the right price,
look at the ultra compact 1C-735.

ICOM|

First in Communications

ICOM America, Inc, 2380-116th Ave NE, Believue, WA 98004 / 3331 Towerwood Drive, Suite 307, Dallas, TX /5234

All ICOM radios significantly exceed FCC reguiations limiting spunious emissiuie. 735485



Kantronics SNVIART

Presenting three intelligent, versatile,
compatible terminal units.

means an internal microprocessor I1s used
to improve performance and add versatility. The

Smart" Kantronics TU's can transmit and receive - - /
CW/RTTY/ASCII/AMTOR or Packet when i ey U'ru:‘ﬂ)?(“:ru—“ /
combined with your computer and transceiver. — /
Any computer with a serial RS232 or TTL h /
port can connect directly to a Kantronics TU ' W
A simple terminal program, like one used with a
telephone modem, is the only additional program
required. Kantronics currently offers Pac-
term and UTU Terminal Programs for ReKantron
IBM, Kaypro, Commodore 64, VIC 20, and " ey mt.:mﬁ
TRS-80 Models Ill, IV, and IVP. Disk
version $19.95. Cartridge $24.95

The Universal Terminal unit (UTU)
is the original “Smart” amateur TU
CW, RTTY, ASCII, and AMTOR can all
be worked with this single unit
Switched capacitance filters and
LED display tuning make using the
UTU easy for even the Novice. 12
Vde 300mv power supply required.
Suggested retail $199.95

The UTU-XT 1s an enhanced

version of the UTU. Programmable baud Al Kantronics AX.25 Version 2 TNC fea-
rates, tone frequencies, and tone shifts give tures a built-in HF modem. full duplex opera
special versatility. Automatic Gain Control and tion, multiple connects, and over 100 software
Ihreshold Correction circuits greatly enhance commands. A serial RS-232 or TTL (C-64
sensitivity and selectivity. A RTTY signal VIC-20) port gives universal compahbtllty
detect circuit mutes copy with no carrier, and The enhanced generic command structure
the CW filter center frequency and bandwidth fits any computer, even PC compatibles. All
are programmable. Power supply is provided this combines to make KPC-2 the only TNC
Suggested retail $359.95 you'll ever need. Suggested retail $219.00
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KENWOOD

..pacesetter in Amateur radio

“DX-citing!”’

Frequency and mode may be stored in
Kenwood's advanced digital know-how 10 groups of 10 channels each. Spliit fre
brings Amateurs world-wide “big-rig” d DynaMix™ high sensitivity direct quencies may be stored in 10 channels
performance in a compact package. We s true 102 dB receiver tor repeater operation
call it “Digital DX-citement"—that special 500 Hz bandwidth on 20m)

feeling you get every time you turn the Subtone s memonzed when TU-8 15 installed
power on! Super efficient cooling permits contir :
key-down lor penods e eding one hot IF shift, luneable notch filter, noise blanker,
il ¥ { fror RF ing W 15 rated 00 W PEP on il-mode squelch, RF |hr| ator. RITIXIT
100 kH 3 fied fi SSE [ nCcy K, FM, and 110 ind optional hiters hght QRM
HF MARS oy 5-50 rsupply |
needed |l wous d

USB. LSB, CW, AM, FM
ind AFSK. Mode

selection i1s vernfied in
Morse Code

A built-in SSB filter 1s
standard, When an
optional SSB filter
(YK-B8S or YK-BBSN) is
installed, dual filtenng
is provided

HF TRANSCEIVER
e e —— —FUNCTION=  py1/xiT-8 IFSHIFT  AF -8 RF
L]

tse Fusa cw  am

—-um: F.LOCK PROC NOTCH {m‘ stucrwrw

OFF OFF SwWOWa

AT-440 internal auto, antenna tuner (80 m—10 m) KeHWOOd takes You
from HF to OSCAR!

50 external aulo. luner (160 10 m)
130 compact mohile antenna tuner (160 m
F-232CHC 10 level translator and modem

0 heavy duty power

uppiy

KENWOQOD

1Y
f
; TRIO- KENWOOP (,OMMUNI(‘AT!ON‘B
K : 1111 West Walnut St
g ange without ompton, Calitorma 90220
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communication for fun and profit

Wouldn’t you think that after working an eight-hour day you'd do anything except continue
the same thing you’'d been doing all day?

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

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

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

Often | just go down to the radio room to briefly scan the band to see if Europe is coming through
on a more southerly route — didn't WWYV just announce a K index of 57 But wait a second . . .
there's LZ1KDP on 3792 describing his three-element wire beam at 200 feet above the streets of So-
fia. Trying to picture that scene, | find that | have the microphone in hand and I’'m dropping my call
several times. Suddenly there's Stefan’s voice coming out of the loudspeaker, warmly saying hello
from Bulgaria, and we basically continue where we last left off from the previous contact. Pop, (Popa,
YU7PFR), comes on frequency and we find ourselves discussing the minor pattern distortion achieved
by adding segments at one end only that change the resonant frequency of his director, reflector
in his three-element wire Yagi. Perhaps we're discussing Serbo-Croatian music or — back to the tech-
nical realm — the merits of the Plessey SL1640 IC in a circuit he’s building. In short, we find our-
selves going beyond what some perceive as the humdrum nature of today’s all-too-commoan
Hello/ Goodbye QSO: “Hello, your signalis... my QTHis...mynameis. .. please QSL . . .Goodby."”

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

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

Rich Rosen, K2RR
Editor-in-Chief

4 May 1986



KENWOO

..pacesetter in Amateur radio

220 Kenwood Style!

‘T =|",u'|..JI|- lor LCD and back-| * Frequency lock switch
f_sl ols for excellent visibility ¢ Digital Channel Link (DCL) option
The
22

g ’. )ptional front panel programmable 38- e Unique offsetl micraphone connector
e f irst C'r)ln ref n l"F‘ RS p q | OpNone 1
0 MHz FM fp i tone CTCSS encoder includes 97.4 Hz relieves stress on microphone cord
<U VIRZ | transceivel

TM-3530A—25 watts of 220 MHz FM— | T3 AT/31A TH-31AT/31A optiona
Kenwood style! Features include Mt LRV Y 4 Nt » HMC-1 hea with V
built-in 7-digit telephone number Kenwood'’s advanced tech- . SMC—30 peaker
memory, auto dialer, direct frequency nology brings you a new * PB-21 NiCd 180 mAH ba
entry and big LCD. All this makes the | standard in pocket/handheld *PB- ?",* 0 mAH battary
TM-3530A the most sophisticated transceivers! * DC-210C-DC converterfor

s moniie use
rig on 220 MHz! « 1 watt high, 150 mW low +BT-21

inaanese/alkaline batteny
« First mobile transceiver with tele « Supercamnactand lahtweight
phone number '”'r"-'[‘y'-lHlt.'.l!l.. (about 8 0 T
jialer (up to 15 seven digit telenkiors . Iln quency range 220-2: 4.995 MHz
numbers) ui,_ rl.‘| e .‘ ’

« Frequency range 220-225 MHz

» Automatic repeater offset selection
a Kenwood exclusive!

e Direct keyboard entry of frequency

¢ 23-channel memaory for offset, fre
quency and sub-tone

e 16-key DTMF pad, with audible
monilor KENWOOD
220MHz FM TRANSCEIVER
« Center-stop tlumng — another
Kenwood exclusive!
e New 5-way adjustable mounting
system
» High performant
end receiver

As FET front

e HI/LOW power switch (adjustable
LOW power)

-.PS-430[~:“ n .;..l.l Iy « MC- GOMMC 80/MC-85 cesk n
TU-7 38 !

. =7 AR-tone ( s encoder MC -48 o l | AF mic. with UP f.i" WM switch
KENWOOD
e VS-1 voice synthesizer . MC-55 (8 pin) maobile mic with time-out timer

= MU-1 nod
s« PG-2K extra DC cable s SP-40 comp

» PG-3A DC line noise filter * SP-50 mot eaker . TRIO-KENWQOOD COMMUNICATIONS
« MB-10 extra mobile brach « SW-200B SWR/power mieter 1111 West Walnut Street
2l A f

» CD-10 call sign dis * SW-100 com
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THE CONCEPT THAT CITIZENS HAVE NO RIGHT OF ACCESS TO THE RADIQ SPECTRUM is still very much alive, according to
comments by California Congressman Carlos Moorehead at the fourth and final House subcommittee hearing on the
Communications Privacy Act of 1985 March 5. Early in the hearing Depuity Assistant Attorney General James Knapp of
the Justice Department Criminal Division testified that his agency didn’t believe scanning for “"recreational
purposes” should incur "criminal or civil liability." Instead, the Justice Department position was that it would
be a crime only if “the citizen both intercepts and divulges communications under circumstances in which the

Interception and divulgence are illegal, tortious, or for criminal gain" -- which is pretty much the present law!
However, Congressman Moorehead Severely Criticized The Justice Position, stating “It’s very clear there are all

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

Following Moorehead’'s Condemnation Of The Justice Position, Knapp agreed Justice would consider whether “We
should go that second step and predicate a violation based upon the interception of ’the radio signal’ itself.”

“Shockingly Pervasive Misrepresentation” By The Cellular Industry in its previous testimony about cellular
privacy before the subcommittee was charged by the Association of North American Radio Clubs (ANARC) in its
comments. ANARC emphasized that cellular transmissions are even less private than a cordless phone’s, due to the
far greater range of cellular transmitters and the variety of means by which cellular can be intercepted.

Subcompittee Work On HR 3378 Is Expected To Be Completed By Late March, at which time it will be taken up by the

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

C 10 ‘'S P 0 _EN OVICE PRIVILEGES may very well come in time for the Dayton Hamvention
in the form of a Notice of Proposed Rule Making. Most of the comments filed in response to the proposal (RM 5@38)
were -favorable, though some did in fact raise questions about just what it is expected to accomplish, since it
would require raising Novice qualifications to correspond with the new privileges. Another concern was that it
might decrease incentive to either learn the code properly or even upgrade, since the “"enhanced” Novice license
would provide access to both HF and VHBF phone bands.

THE_COUNCIL_FOR_ AMATEUR RADIO EXAMINING 1S NOW OFFICIALLY recognized as a "Not For Profit"” corporation under
Illinois law, and efforts are under way to establish its tax-exempt status for donations as well. Representatives
of the CARE member VECs, which now include all national VECs (except the ARRL) as well as many regional VECs, plan
to hold an informal strategy meeting during the Dayton Hamvention weekend.

“WESTERN INTERNATIONAL COORDINATOR’S ASSOQOCIATION" 1S THE NEW NAME tentatively chosen for the “Pacific Area
Coordination Associatlon” announced in last month's Presstop. The new name was adopted to reflect the group’s
expanded sphere of influence, now planned to extend to Alaska and the western portions of both Canada and Mexico.
A formation meeting has now been set for September 6, during the ARRL National Convention in San Diego.

APPARENT ON-THE-AIR "BUSINESS" ACTIVITES ON "FLORIDA TRADERS" 75-meter swap net led to issuance of FCC Notices
Of Violation to 22 Amateurs in the Southeast.. The notices were sent out by the Ft.Lauderdale Field Office after it
monitored two net sessions, and went only Lo Amateurs who quoted prices on the usir or whose "stock” gave the
appearance that they were running a business rather than disposing of excess personal equlipment.

Though Swap Nets Per Se Are Not Prohibited By The Rules, “"business” activities on the Amateur bands are. This
crackdown, which came about as a result of numerous complaints from Amateurs about this particular net’s
activities, does not herald any FCC change in direction or indicate the beginning of a nationwide FCC effort.

THE_FCC RELAXED ITS PROHIBITION AGAINST "AUTOMATIC CONTROL" for third party traffic relays in a waiver issued
March 14. The third party traffic problem had arisen in the FCC’s Report and Order on PR Docket 85-1@5, which
permitted automatic control of digital communications above 5@ MHz but pointed out that the rules still required

a control operator’s presence when third party traffic was being handled ~- and that any traffic not originated
by the relaying station was considered "third party."”
The Walver Applies To Packet Communications Using AX.25 Protocol., and remains in effect until the Commis-

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

LL _BE HELD May 16-18 at Rivier College in Nashua, NH. It opens with

THE 12TH _ANNUAL EASTERN VHF/UHF CONFEREN t
a Friday night hospitality suite followed by tech sessions and symposia all day Saturday and a noise figure and
antenna gain session on Sunday. Dave Knight, KA1DT, 150 Oakdale, Nashua, NH #3052 can provide detalls.

6 May 1986



KENWOOD

pacesetter in Amateur radio

‘ Kénwood'’s TR-2600A and TR-3600A feature DCS (Digital Code [__-__'_-_'J =
Squelch), a new signalling concept developed by Kenwood. DCS ' L im.
allows each station to have its own “private call” code or to respond TR KENWOOQOD
to a “group call” or “common call” code. There are 100,000 different -
DCS combinations possible.

144 MMz FM TRANSCEIVER
I-"n_' Kenwood TR 2t \(..]i\ A and the
TR-3600A pack "big rig" features
into the palm of your »1',”“_1 It's
o O really a ’ |
Low MIC sP ¢ TU-35B built in programmable
sub-tone encoder
e VB-2530 2-m 25 W RF
power amp

» ST-2 base stand/charger

1y handful®

sk Tﬂil.—:rs‘ul. » MS-1 mobile stand/charger
PB-26 Ni-Cd battery
DC-26 DC-DC converter
] s HMC-1 headset with VOX
Funcltional e 519N 1S "user frent H.:‘_-- » SMC-30 speaker microphone
Built-in 16-key autopatch encoder LH-3 deluxe leather ¢

X STOP switch, REVerse switch SC-9 soft case with
KEYboard LOCK switch high effi » BT-3 AA I .
1 .’-',;;.;,-‘L.-: bhatte

EB-3

external C manganese

Easy to read in direct sunlight or in alkaline battery case
the dark with convenient dial light RA-3 2-m telescoping antenna
that also illuminates the top panel e RA-5 2-m/70-cm ';s;_-lg;y,l oping
a-meter . antenna -

(!l overa AX-2 shoulder strap w/ant. base
Allows aperation on most MARS CD-10 call sign display
ind CAP freq icies. Recewve BH-2A belt hook
frequency range is 140-160 MHz More TR-2600A and TR-3600A infor

(TR-3600A covers 440-450 MHz.) mation is availlable from authorized \ [TrR-Z260O0A | mE

Kenwood aealers

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

10 memaornes, one [or
non-standard repeater
ls”_'d '12‘

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

KENWOOD

TRIO-KENWOOD COMMUNICATIONS

1111 West Walnut Stree

ligation Compton. Calitorma 80220



MF] TUNERS

all at a great price!

Meat '‘Versa Tuner V''. It has all the
features you asked for, inciuding the
new smaller size to match new smaller
rigs-only 10%""Wx4'%""Hx14 7/8"'D.

Matches coax, balanced lines, ran-
dom wires—1.8 to 30 MHz. 3 KW PEP
—the power rating you won't outgrow
(250pt-6KV caps).

Roller inductor with a 3-digit turns
counter plus a spinner knob for pre-
cise inductance control to get that
SWR down to minimum every time.

Bullt-In 300 watt, 50 ohm dummy
load, bullt-in 4:1 ferrite balun.

MFJ-989

332995

This may be the world’s most popular 3 KW roller inductor tuner because It’s small, compact, rellable,
matches virtually everything and glvos you SWR/Wattmeter, antenna switch, dummy load and balun —

Accurate meter reads SWR plus
forward and reflected power in 2 ranges
(200 and 2000 watts). Meter light re-
quires 12 VDC. Optional AC adapter,
MFJ-1312 is available for $9.95.

6 position antenna switch (2 coax lines,
through tuner or direct, random/ba-
lanced line or dummy load). SO-239
connectors, ceramic feed-throughs,
binding post grounds.

Deluxe aluminum low-profile cablinet
with sub-chassis for RF| protection,
black finish, black front panel with
raised letters, tilt bail,

MFJ’s Fastest Selling TUNER
mrs-o0 $99.95

MFJ's fastest selling tuner packs In plenty of new
features. New styling! Brushed aluminum front,
All metal cabinet. New SWR/Wattmeter! More
accurate, Switch selectable 300/30 watt ranges.
Read forward/reflected power.

New antenna switch! Front panel mounted. Se-
lect 2 coax lines, direct or through tuner, random

wire/balanced line or tuner bypass for dummy load,

New alrwound Inductor! Larger more efficient 12
position airwound inductor gives lower losses and
more watts out. Run up to 300 RF power output.

Matches everything from 2.8 to 30 MHz! dipoles,
inverted vee, random wires, verticals, mobile
whips, beams, balanced and coax lines.

Bulit-In 4:2 balun for balanced lines. 1000 V ca-
pacitor spacing. Black. 11 x 3 x 7 inches. Works
with all solid state or tube rigs. Easy to use any-
where.

MFJ’s 1.5 KW VERSA TUNER Il

"MFJ-862 5229 95

Run up to 1.5 KW PEP and match any feedline
continuously from 1.8 to 30 MHz: coax, balanced
line or random wire.

Bullt-In SWR/Wattmeter has 2000 and 200 watt
ranges, forward and reflected power. 2% meter
movement. 6 position antenna switch handles 2
coax lines (direct or through tuner), wire and ba-
lanced lines. 4:1 balun 250 pf 6 KV variable capac-
itors. 12 position inductors. Ceramic rotary switch.
All metal black cabinet and panel gives RF| pro-
tection, rigid construction and sleek styling. Flip
stand tilts tuner for easy viewing. 5x 14 x 14 in

MFJ’s MVEHSA TUNER
MFJ-849C 1.95

MFJ's best 300 watt tuner Is now even better!

The MFJ-949C all-In-one Deluxe Versa Tuner ||
gives you a tuner, cross-needle SWR/Wattmeter,
dummy load, antenna switch and balun In a new
compact cabinet. You get quality conveniences
and a clutter-free shack at a super price.

A new cross-needle SWR/Wattmeter gives you
SWR, forward and reflected power—all at a single
glance. SWR s automatically computed with no
controls to set. Has 30 and 300 watt scale on easy-
to-read 2 color lighted meter (needs 12 V).

A handsome new black brushed aluminum cabl-
net matches all the naw rigs. Its compact size (10 x
3 x 7 inches) takes only a little room.

You can run full transcelver power output—up to
300 watts RF output—and match coax, balanced
lines or random wires from 1.8 thru 30 MHz. Use
it to tune out SWR on dipoles, vees, long wires,
verticals, whips, beams and quads.,

A 300 watt 50 ohm dummy load gives you quick
tune ups and a versatile six position antenna switch
lets you select 2 coax lines (direct or thru tuner),
random wire or balanced line and dummy load.

A large efflclent alrwound Inductor—3 inches in
diameter—gives you plenty of matching range
and less losses for more watts out. 100 volt tuning
capacitors and heavy duty switches gives you safe
arc-free operation. A 4:1 balun is built-in to match
balanced lines.

Order your convenlence package now and enjoy.
Less than .2dB los3.  $2Q Q5 mFJ-1701
6 positions. White

2 KW COAX MR-z
SWITCHES  $19.95

MFJ-1702, $19.95. 2 positions.

SWR below 1:1.2.

for antenna pasmonﬂ

60 dB isolation at 450 MHz.
MFJ- 1701, $29.95
markable surtace

MFJ's Smallest VERSA TUNER

MFJ's smallest 200 watt Vam Tuner matches
coax, random wires and balanced lines contin-
uously trom 1.8 thru 30 MHz. Works with all solid
state and tube rigs. Very popular for use between
transceiver and final amplifier for proper match-
ing. EMicient airwound inductor gives more watts
out. 4:1 balun for balanced lines. 5 x 2 x 6 Inches.
Rugged black all aluminum cabinet.

MFJ’s Random Wire TUNER

MFJ-16010

$39.95

e ]

MFJ's ultra compact 200 watt random wire tuner
lets you operate all bands anywhere with any trans-
ceiver using a random wire. Great for apartment,
motel, camping operation. Tunes 1.8-30 MHz.

2 x 3 x 4 inches.

MFJ’s Moblle TUNER

MFJ-345C
$79.95

Designed for moblle operation! Small, compact.
Takes just a tiny bit of room in your car. SWR/dual
range wattmeter makes tuning fast and easy. Care-
ful placement of controls and meter makes antenna
tuning sater while in motion.

Extends your antenna bandwidth so you can op-
erate anywhere in a band with low SWR. No need
to go outside and readust your moblie whip. Low
SWR also gives you maximum power out of your
solid state rig—runs cooler for longer life.

Handles up to 300 watts PEP RF output. Has ef-
ficient airwound inductor, 1000 volt capacitor spac-
ing and rugged aluminum cabinet. 8x2x6 inches.
Mobile mounting bracket available for $5.00

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO
OBLIGATION. IF NOT SATISFIED, RETURN WITH-
IN 30 DAYS FOR PROMPT REFUND (less shipping).
* One year unconditional guarantee » Made in USA
= Add $5.00 eath shipping/handling * Call or write

for free catalog. over 100 products

8 May 1986

MFJ ENTERPRISES, INC.
— Box 494, Mississippi State, MS 39762

TO ORDER OR FOR YOUR NEAREST SE 1]
DEALER, CALL TOLL-FREE VIS}'
1
800-647-1800
Call 601-323-5869 in Miss. ahd outside MasterCard
continental USA Telex 53-4590 MFJ STKV
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comments
fair comparison?

Dear HR

The article, “"AMTOR, AX.25, and
HERMES: A Performance Analysis of
Three Systems” in the December,
1985, ham radio, purports to be a fair
comparison between the three sys-
tems. However, on finding several er-
rors in this article, and noting that the
author, W9JD, is also the ““inventor”’
of HERMES, | would like to take the
opportunity, as the ‘inventor’’ of AM-
TOR, to correct these errors.

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

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

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

In analyzing the probability of an un-
detected error in an AMTOR charac-
ter, W3JD says that this will occur if
the channel reverses an even number
of bits. This is nonsense. An undetect-
ed error will occur only if the number
of 0-to-1 corruptions equals the num-
ber of 1-t0-0 corruptions. The proba-
bility of this occurring is highest with
random noise input at 27 percent, not
50 percent. However, the probability
of an undetected error in a block of
three is higher than the third power of
this when there is some signal in the
noise. It reaches a peak of 5.6 percent
when the B.E.R. is 11 percent, then
falls rapidly to zero below this. (See
IEEE's Transactions on Communica-
tions, July, 1985, page 710, for a full
explanation of this strange effect.)
However, 5.6 percent is still less than
half of W9JD’s figure of 12.5 percent.

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

J. Peter Martinez, G3PLX
Gosport, Hantshire, England

STUDY

GUIDES

AMECO STUDY GUIDES

Designed for VEC Exams

AMECO study Guides are taken from the FCC Ama-
teur Exam syllabus, PR-1035 and have answers

keyed to ARRL's recently

released study material.

These study guides are compatible with ARRL and
all other VEC Exams. While nothing can guarantee
that you will pass, AMECO Study Guides will make
sure that you are fully prepared and ready to go
when you sit down for the exam. Written in clear,
concise, easy-to-read format, each question fully
explained. Novice and General books cross refer-
enced to AMECO's 102-01 for a more thorough

explanation.

1.127-01 Novice Class

1 112-01 General Class

1 126-01 Advanced Class
['117-01 Extra Class

{ 1AM-1 Get All Four

Softbound $3.50
Softbound $4.95
Softbound $4.95
Softbound $4.95

$14.95

ARRL Q&A LICENSE MANUALS

ARRL Q&A License Manuals are keyed to the latest
FCC Exam syllabi now in use by the Volunteer
Examiners. These books are written in an easy-to-
read conversational style that enhances understand-
ing without scaring the student away. All technical
subject areas are explained in clear terminology and
with plenty of illustrations, diagrams and schematics.
Rules are also fully covered. Each book has the offi-
cial ARRL multiple choice question Pool with
answers and a key to the FCC Exam syllabus for
reference to other study publications. These are the
study guides to have. All books. © 1985 1st Edi-

tions.

{JAR-TG General

| JAR-AG Advanced
[JAR-EG Extra
["JAR-SG Get All Three

Softbound $5.00
Softbound $5.00
Softbound $5.00

$12.95

NEW TITLES

FIRST STEPS IN RADIO
by Doug DeMaw, W1FB

This new anthology has been taken from DeMaw’s
"84 and 85 series in QST magazine. It has been writ-
ten to give beginners the basic electronic theory
needed for upgrading and the ins and outs of how
radios work. Using a building block approach,
DeMaw first explains what the different componants
are, then assembles them into basic circuits and
ends up with how these circuits work in your radio.
You also get articles on antennas, propagation and
beginners level RFI problems and suggestions on
how to resolve them. Great review for more
$xperienced Hams. Perfect for the beginner. ©
985

LIAR-FS

Softbound $4.9¢

LANDMOBILE AND MARINE RADIO ... .

TECHNICAL HANDBOOK
by Edward Nell, W3FQJ
This is THE HANDBOOK for those whe

install or service two-way radios. Covers-private ...
landmobile services, marine radiotelephone and radi-
otelegraph, marine navigation and Citizen's Band. An
excellent reference book for those studying to pass
the NABER technician certification exam. Areas
covered include: transmission characteristics and
modulation systems, basic solidstate theory, digital
and microprocessor electronics, antenna systems,

test equipment, repeaters
1st edition 576 pages.
(122427

THE COMMODORE

and much more. © 1985
$24.95

HAM’S COMPANION by Jim Grubbs, K9EI

Here’'s your guide to using the Commodore C-64
computer in your Ham shack. Good solid information
on where to find software and hardware for CW,
RTTY, AMTOR, SSTV, propagation prognostication,
antenna modeling, satellite tracking and much more.
Includes a list of over 80 sources of software and
hardware. Also includes a bibliography of over 60
magazine articles and reviews about using the Com-
modore. ©1985, 160 pages, 1st edition.

[1JG-CC

Softbound $15.95

Please add $3.50 to cover
postage and handling.

Ham Radio’s Bookstore

Greenville, NH 03048
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T-8000
HF-MODEM

ST-B8000 HF MODEM

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

*Tuneable from 500 to 4000 Hz in 1 Hz steps =ASCll/Baudot code and speed conversion
«5el 10 1o 1200 Baud 1n 1 baud increments *Quick Brown Fox and RYRY test message
=Four inputl band-pass lilters generator
+32 malched Mark and Space filter bandwidths *Programmable Selective-call (SEL-CAL)
«Mark and Space T-pole linear phase LP filters printer control
*Filter BW and selection computed and set sTransmilter BTT KOS control
by microprocessor front panel controls *Anlispace
«RTTY shifts from 40 1o 3500 H2 «RA5232C, MIL-1BBC, or TTL Terminal /O
*Eight programmable non-volatile memories + P1200 Option for polar or neutral loop
«5plit or transceive RX/TX 1one selection H, 600, or 10K ohm input impedance
*FM or AGC-controlled AM signal processing *8 or 600 ohm outpu! with adjuslable level
* - b5 1o + 20 dBm dynamic range (AM or FM) *AFSK or FSK transmitter outputs
*Exclusive HAL Digital Multi-Path Correction *Remote terminal or computer control
(IDMPCTM, of all demodulator parameters
*MIS, Mark Only (MO) or Space Only (SO) detector sExclusive HAL Spectra-Tune™ and X.¥
modes using Adpative Threshold Detector (ATDTM) Mark/Space CRT tuning indicators with automatic
sAdjustable Print Squelch and non-diversity Amplitude trace onfolf control
Squelch «100-130/200-250 VAC, 44-440 Hz power
sExclusive HAL Infinite Resolution Diversity Control *3 5" igh rack mounting cabinet (14" deep)
(IRDCTM) sShielded and liltered for radio system use

=Digital signal regeneration

™ Infinite Resolution Diversity Control (IRDC), Spectra-Tune, Digital Multi-path Correction (DMPC), and Adaptive
Threshold Detector (ATD) are trade marks of HAL Communications; palents pending

Write or call for complete ST-8000 specifications. We think you will agree that it opens new frontiers in
radio data communications. Contact the Government & Commercial Products Division for price and
delivery information.

HAL Communications Corp.

Government & Commercial Products Division
1201 W, Kenyon Road

P:0). Box 365

Urbana, IL 61801-0365

(217) 367-7373 TWX; 910-245-()784
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Our numbers talk

BOOMERS WIN Nre: =7 _ -

1883 Central States VHF L i b 4 | : 1 ’

Conferance, Antenmna Conteet D572 BOOMERS WIN AGAIN

144MHz BOOMER 1st Place i L - g0 || 1983 EME CONTEST WA1JXN
2nd Place |RENESSIERERERE 6 gt 8 1st PLACE 2 METERS

220MHz BOOMER  1stPlace T | LRI A T WITH 12 X 3219

432MHz BOOMER  1stPlace _ . Al vt i PLUS
Commercial y 1 / v | 1st TO WORK SPACE

SHUTTLE

They have talked to winning scores in many impor-
" tant amateur activities including the 1979, 80, 81
June VHF contests, 1981 Central States antenna
measuring contest, 1981, 82 EME contests, 1982
Rocky Mountain antenna measuring contest and
many more. Now there are three new numbers: the
424B, 24 elements for 432 MHz; the 4108, 12
elements at 432 MHz; and the 416TB, 16 elements
at 435 MHz for satellite communications.

The new Boomer models feature insulated
elements. stainless steel hardware, N type connec
tor, T match feed and trigon reflectors

THREE EXCITING NEW BOOMERS OSCAR BOOMERS

HIGHEST GAIN BOOMER XL

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

MODEL 4218XL 144-145 MHz

'\\_ZJ\H 10 with a

Enjoy the thrill of OE
Cushecraft antenna system ratuning the
fabulous 416TB BOOMER., giving more per

formance through better eleclrical design

and supenor conslruction

Order a complete package as shown lell
WIDEBAND BOOMER 215WB 416TB, A144.20T and A14T-MB For less than
$200.00* you'll enjoy the thrll ol worldwide

Featuring the latest in wideband technology. The 215WB
is high performance across the entire 2 meter band, for
FM, SSB or CW. It features 15 elements ona 15 ft. 4.57 m
boom.

MODEL 215WB 144-148 MHz

FM BOOMER POWER PACK

A combination of 215WB Boomers vertically polarized
with support boom, power divider, and interconnect
harness. Like all boomers it features all stainless steel
hardware. You'll easily work those distant repeaters.
MODEL 230WB 144-148 MHz

OSCAR communications

cushcraft

CORPORATION

48 Perimeter Road, PO. Box 4680
Manchester, NH O3108 USA
TELEPHONE 603-627-7877

TELEX 953-050 CUSHSIG MAN
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P.C. ELECTRONICS 2522 S. PAXSON LN. ARCADIA CA 91006 (818) 447-4565

TOM WEORG MARYANN WB6YSS

Compuserve 72405,1207

ELECTRONICS

SEE US AT DAYTON
BOOTH 359

=

1C70-1 ATV

TRANCEIVER

420-450 MHZ

" GAIN
AUDIO e | T UNE

POWER
xMIT OoN

fe 0

REC

AMATEUR
TELEVISION

INTRODUCING OUR NEW SMALL ALL IN ONE BOX TC70-1
ATV TRANCEIVER AT A SUPER LOW $299 DELIVERED PRICE.

TC70-1 FEATURES:

* 10 pin VHS color camera and RCA jack video inputs.

* Crystal locked 4.5 mHz sound subcarrier.

« PTL (Push To Look) T/R switching.

* Dual gate GaAsfet tuneable downconverter.

* Two frequency 1 watt pep xmtr. 1 xtal incl.

* Xmit video monitor outputs to camera and jack.

= Small 7 x 7 x 25" for portable, mobile, or base.

* Draws only 500 ma (exc. camera) at 13.8 vdc.

Just plug in your camera, VCR, or computer composite video and
audio, 70 cmantenna, 12 to 14 vdc, and you are ready to transmit live
action color or black and white pictures. Sensitive downconverter

tunes the whole 420-450 mHz band down to channel 3 on your TV
sel to receive, Both video carrier and sound subcarrier are crystal

controlled. Specify 439.25, 434.0, or 426.25 mHz. Extra crystal $15.

ACCESSORIES:

Mirage D24N 50 watt amp $189

ATV, SSB, FM. 9 amps.

KLM 440-27 145 dbd antenna
KLM 440-6 8 dbd antenna

WHAT ELSE DOES IT TAKE TO GET ON ATV?

Any tech class or higher amateur can get on ATV. If you already
have a source of video and a TV, it costs about the same as getting
on 2 meters.

DX with TC70-1s and KLM 440-27 antennas line of sight and snow
free is about 15 miles, 7 miles with the 440-6 for portable use such
as parades, races, search and rescue, etc. You can add one of the
two ATV engineered linear amps listed below for greater DX.

AT 70 cm, antenna height and gain is all important. Foliage can
absorb much of the power. Also low loss tight braided coax such as
the Saxton 8285 must be used.

The TC70-1 has full bandwidth for color, sound, and computer
graphics. You can now show the shack, computer programs, home
video lapes and movies, repeat SSTV or even space shuttle video if
you have a TVRO

20 WATT SPECIAL $399

SAVE $9 on the TC70-1 & ELH 730G
when purchased together

$89 Alinco ELH-730G 20 watt amp $109

$38 ATV, SSB, FM. 45 amps

w215
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When we set out to make the best amateur radio

equipment in the world, we
standards to live up to ...

So we designed the RC-850 Repeater Controller. the industry's top of the
line repeater control system. Now in it's "third wave™ ol innovation, thanks 1o ils
designed lor the future architecture and new software releases

The ‘850 defines the industry standard in repealer conirol syslems

Fully remotely programmable with Touch-Tone commands

Front panel LED display

Dver 300 word customized male and female speech synthesis vocabulary

Time/day of week Scheduler with 10 set-up states, 30 changeovers and

events, over 100 scheduled items for hands off operation and automatic

reminders.

o Full or halt duplex autopatch, autodial (250 numbers), emergency autodial,
reverse autopalch, antidialer, toll resinct including lelephone exchange
tables, supports remote and multiple phone lines

e Informative remotely programmable ID's (17), tail messages (13),
bulletin boards (5)

e 16 channel vaice response analog metering, automatic storage of

min/max values on each channel, values may be read back on command

or may be included in any programmable messages

Supports synthesized remole base transceivers and full duplex links

Indvidual user access codes to seleclable leatures

Mailbox lor user-lo-user, and system-1o-user messages

Paging - two-fone, 5/6 tone. DTMF, CTCSS, HSC display,

user commandable and may be included in programmable

messages (ie alarms)

e Easy hookup 1o any repeater

Our new Digital Voice Recorder lets you remotely record ID's, tail messages,

and various other response messages for automatic playback through your
repeater. Audio 1s stored digitally with no-compromise reproduction quality in
up to eighl megabits of memory. The DVR can support up 1o three independent
repeaters for a low per-channel cost |ts Touch-Tone activated voice mallbox
lets your users easily record messages for other users when they aren't around

.

QST: Attention All Hams

If you own a shack, you should know about ShackMaster™

ShackMaster lels you carry your home station with you in the palm of your
hand. It acts as your gateway 1o the world, linking your handheid
rransceiver to your high performance HF station Now, instead of your
valuable home equipment baing available to you 1% of the ime

ir's available 99% of the time! Whether around 1he house. in the yard

or across town, ShackMaster ler's you take it with you

But that's just part of ShackMaster's story. It lets you communicate

with the family by handling third party traffic - its electronic mailbox and

intercom let you keep in touch. And a simplex patch lets you place
important calls directly through your home phone

o Crossband linking — VHF/UHF to HF

e Telephone access to your home station
o BSR Home Control interface

o Electronic Mailbox
L ]
L]

ShackPalch™ intercom inta the shack
PersonalPatch™ simplex autopatch

advanced
computer
controls, inc.

10816 Northridge Square

had some pretty tough

ass yours

... and ours.

If your repeater budget can't afford the ‘850, we offer the

RC-85 Repeater Controller, which we like 1o call the "second best
repeater controlier in the world". Ir's a scaled down, simplified version of
our ‘850, but overall, it ofers more capability and higher quality

than anyone elses control equipment al any price

Remoltely programmable with Touch-Tone commands

Cwer 175 word customized male speech synthesis vocabulary
Selectable “Macro sets” for easy control operator selection

Autopatch, autodial (200) numbers, emergency autodial, reverse palch
Remaotely programmable informative ID's (7). tail messages (3).
bulletin board (2)

Supports synthesized remote base lransceiver, control receiver, alarm
Selectable, informative courtesy tones

Talking S-meter, Two-lone paging

Easy hookup to any repeater

For those who like 1o "roll their own”, we can get you off to a rolling start with
our ITC-32 Intelligent Touch-Tone Control Board Much more

than just a decoder, it's a mini-control system of its own, with the basic
repeater and remole base functions built-in. And it can be tailored by you
with its Personality Prom

e 28 remotely controllable latched or pulsed logic outpuls

4 alarm or remole sensed logic inputs

Response messages 1o conlirm command entry

Repeater functions including COR, IDer, timers, courtesy lone, elc

L]
°
L]
® Remote base functions including control of synihesized transcever

Remately recordable, variable length audio tracks

accessed from controller messages .

Top quality, no compromise audio reproduchon

Supports up to three repeaters for cost effective installation

Expandable 1o roughly 6 minutes of speech n 8 megabits of memory
Easy interface 10 RC-850, RC-85 conirollers, or 1o any stand-alone repeater

All our products are documeanted with high quality, easy to read manuals
Qur goal 15 1o advance the state ol the repeater art. But most of all,
our products put the FUN back into the FUN MODE!

To order one of these advanced control products, call 408-749-8330
Technical manuals are available for purchase and the amount paid 1s applied
as a deposit on the equipment. For specilications and a copy ol our ACC
Notes newsletter, just wrile or send In your QSL card 10

Visa and Mastercard accepled

———
VISA
===
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KENWOOD
TS-940S

TOP-OF-THE LINE
HF TRANCEIVER

GREAT PRICES.CALL

KENWOOD
HAND-HELDS

TH-21AT/41AT
Compact

Only24"W,474"H,

11"D. Outstanding

performers in an

ideal package size

TR-2600A

Deserves its well-
earned reputation
as the leading HT

m 40' TUBULAR H.D.MAST

u 745 SALE! $549

! MA-550

55' TUBULAR H.D. MAST

1245 SALE! $899

® Handles 10 sq. ft
at 50 mph

® Pleases neighbors with
tubular streamlined look

TX-455

55 FREESTANDING
CRANK-UP
® Handles 18 sq. ft. at 50 mph
® No guying required

® Extra-strength Construction
r_ ® Can add raising and molor
1 drive accessories

IN STOCK FOR QUICK DELIVERY
OTHER MODELS AT GREAT PRICES

[€ 3)1C

IC-R7000

W-51
TOWER
SALE

51" CRANK-UP 95Q. FT
WINDLOADING

$899

9 Left at this Price

* ¥ ELH-230D

2 METER
3 IN/30 OUT

CALL FOR PFR

HANDHELD
FT 209R

5 WATT 2M/HT

| Y/ 7AESU

2 Meters
100 Watts
All mode

IC-471H

430-450MHz
74 Watts
All mode

GREAT

[
-
PRIC
!

L_(‘ -.‘. .l‘\.

CALIL

All Major Brands in Stock Now!
CALL TOLL FREE (800) 854-6046

£

14 B May 1986

Toll free including Alaska & Hawail. Phone Hrs: 9:30 am. to 5:30 p.m. Pacific Time. Calilornia and Arizona customers call or visil nearest “ﬂ
store. California and Arizona residents please add sales lax. Prices. specilications, descriptions subject o change without notice
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Superior Grade General
Coverage Receiver

SALEICALL FORPRICE

ICOM |C-37A

) |ie-

IC-27 A 2swaomem
IC-27H sswamemy
IC-37 A (25w 220m1iz.7m)
IC-47A 25w r0cmim

CALLFORLOW,LOWPRICE

[€3) ICOM |C-735

Line of HF Transceivers

FORLOW,LOWPRICE

ICOM
IC-3200A
DUAL

Covers

Both
2 Meters

8 70 cm TEYPCIGR 0

LATEST EDITION

ICOM |1C-2KL

E 7Y

LINEAR AMPLIFIER
® Auto Band Switching
® Broadbanded

® HF 500 Walt Linear

AT GREATLOW,LOW PRICES

ICOM
IC-R7000

NOW TAKING ORDERS
FOR FIRST SHIPMENT

ICOM
IC-1271A

1.2 GHz Transceiver:
The First Full-featured
1240-1300 MHz Transceiver

AT GREATLOW,LOW PRICES

[€3] ICOM
HAND-HELDS

VHF/UHF
I

IC-04AT

IC-4AT
IC-3AT

QUALIFIED PERSONNEL
FOR IN STORE DEMOS

AlllMajor Brandsiin Stock Now!

' = ANAHEIM, CA 92801
. 2620 W. La Paima
‘\...vJ
Bob Ferrero WERJ

(714) 761-3033, (213) 860-2040

Between Disneyland & Knotts Berry Farm

President
Jim Ratferly N6RJ
VP So. Calit Div
Anaheim Mgr

BURLINGAME, CA 94010
999 Howard Ave

(415) 342-5757 George, Mgr. WBBDSV

§ miles south on 101 from SFO

OAKLAND, CA 94606
2210 Livingston St.,

(415) 534-5757. Don, Mgr NGIPE
Hwy 17 10 23rd Ave Exil

SAN DIEGO, CA 92123
5375 Kearny Villa Rd (818
(619) 560-4900: Glenn, Mgr. KENA Sa:
Hwy. 163 & Claremont Mesa Bivd

PHOENIX, AZ 85015
1702 W. Camelback Rd
(602) 242-3515. Bob, KTRDH

YTy

East of Hwy 17

VAN NUYS, CA 91401
6265 Sepulveda Blvd

) 988-2212: Al, Mgr. K6YRA
n Diego Fwy. at Victory Bivd

" GIPNENT

i’ A

CALL TOLL FREE (800) 854-6046

Toll tree including Alaska & Hawaii. Phone Hrs: 8:30 a.m. 1o 5:30 p.m. Pacilic Time. Calilornia and Arizona customers call or visit neares! m
store. California and Arizona residents please add sales tax. Prices. specifications. descriptions subject lo change withoul notice.

More Details? CHECK —OFF Page 142 - 214
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See what

high-performance stations
do to achieve big-gun status
on 80/160 meters

secrets of successful
: low band operation: part 1

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

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

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

fig. 1. Three full-size element homespun B0-meter Yagi helps
produce the outstanding signal heard from ISNPH.

16 May 1986

answers to questions but added more data as well.
Responses were received from 21 countries from all

continents. A special note of thanks goes to our over-
seas friends who, besides providing the data,

responded in English, which is, for the most part, not
their primary language. Responses were received from
the following:*

CN2AQ DJOIA DLowu EABADP G2PU
G3wmz GAAMN GWA40FQ ISNPH JATFRE
JFUST K1IMEM K2FV K3Z0 KSUR
KG7D LA7Z0 N1ACH N4AR NaRJ
N4SU NWSK NEDKP N7CKD OE6MBG
OHI1RY 0Z28BV PA3DFU SMACAN SMEEHY
SP3GEM TISEWL VE2ZHO VEIBMV VE/BS
VKGLK WIFV WINH WB2ITR W2.JB
W3BGN WADR WENLZ WERJ YU7PFR
ZL4B0O 4X4NJ

a word on format

Originally, | had considered providing the informa-
tion in a strictly tabular fashion, following the format
of the survey with a list of callsigns and the data in
the adjacent columns. But this approach would have
required 13.5 printed pages, just for the data! Instead,

each category is discussed and tabulated individually,

with callsigns provided in some cases.

low band transmitting antennas

Wow! The variety and creativity evident in this area
is outstanding and as diversified as the users them-

selves. One of the reasons people are attracted to the

low bands is because it is (or at least was) virgin terri-
tory where you cannot simply buy your station and

'A note to the others who received a copy of the survey, but whose names

do not appear on the list: it you have not yet sent in the form please do so
and the mformaton will continue to be compiled. If a lorm was not sent 1o
you please consider it an oversight on my part and send for it

By Rich Rosen, K2RR, Editor-in-Chief, ham radio



latile 1. B meter transmitting antennas

antenna type | 17d Additional comments

vagi, 4 el,tubing F Double driven, WeNLi
vagi, 3 el ,tubing F Full size ol ,OHIRY, [SNFH
Yagi, 3 el,tubing F Loaded el, VEIHQ,r310,WsRJ
vagi, 2 el,tubing F 40% full size, NADKF
Yagr, 3 el ,wire F Wire added one side,YUTPFR
Hal+ loops, 3 el .mire F Versatile system, NABU
Delta Loop, twe element D 240 per loop,DJ0lA
Dmlita Loop, single element @135 (VEIBM; @20m SFIGEM
Bobtail curtain, phased 2 bay D Vi el=238/ freq, NARK
Bobtail curtain, single bay 4] Remote-tuning cap, SMACHN
Vertical arrays, 4 slements D WINH WIDR K287 SMEEHY
Vertical arrays. J elements 1] 0, 12% wave, J active,WiFV
Vertical arrays, J elements 1] HyTowsrs @ 0.5 wave,WIBGN
Vertical , quarter -wave a3 of Rohn 25, NWSk
Inverted Vee @3ls 70 ,OESMBG
Slopers, half{-wave, I el F 1 graven, 2 reflect LA70
Slopers, half-wave, 7 ol F Fed 70 apart WEZITR
Slopers, hali-wave, single #HO . VeaLk
Slopers, quarter-wave #8100 KIUR
Halt Square D Fed RGS8 upper corner k2FY
Dipoles, phased o Fhase 0,25 wave both rJFVY
Dipole,tubing - P4 rotary., @160 NARJ
Dipole,wire @50 GWADFD
WH.Jk 2} 180° wl, ® &5 W2JE

Table 2. lé&0 meter transmitting antennas
Antenna type prE hAdgitional commente
Vertical plus reflector F Elec rotatable, axand
Vertical , plus parasiic el (1] Cardiord, SMOEMY
Vertical , quarter-wave br ounded monopole ,N1ACH
Vertical , quarter-wave Loaded, DLOWU
Hal t ~wave loops, phased F Hetl /Dir switching,NASU
Inverted Vew 4" open wire #90 W Jb
Inverted L, phased o Hytower with | 1, WIBGN
Inverted L Vert 55 M, VETBS
Slopers,quar Ler ~wave ,phased F Driven+I redl NaRJ
Slopers, guarter wave % switched, tG'D
Sloping delta locop Feo d& tm carner ,WIBGN

.

fig. 2. JF1IST uses a commercially available model CY 703
{Create Manufacturing) shortened three-element Yagi.

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

Tables 1 and 2 list the 80- and 160- meter Driven
and Parasitic transmitting antennas used by a repre-
sentative sample of those surveyed.

A few notable examples of some very effective 80

meter Yagi installations are apparent in figs. 2, 3, 4,
and 5.

low band receiving antennas

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

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

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

fig. 3. Full size element Yagi is installed "in the clear” and
accounts for OHIRY's strong signal from Finland.
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Table 3. Low band Beverage receiving antennas

henathe lgrm, Notew Callwign
Three B300-600 Unterm VE SERV
Five @940 A%0 ohms 2008 preamp N1ACH

OUne  @BOO 10 axand

One #3570 440 ohms ] VEALE

One a3s0 Bidirect 10,2 m19 VETBES

Two erso One @500 WIBGN

Siun #1000 WiINH
Seven @550 150-1100  3-12 KEUR

One 2 wire BWA SHALAN

Tmo @700 2 wire Nk

One [ =l I wire Hafg

Une 2 wire SWA N7Cr L

Four @600 fieversible NASU

Thres @500 Fed both ends WADK

D BEO0 Unterm & +preamp FAMER

One [ L0 B b IMER

One #4500 4540 ohms WiFV

One S50 Unterm WiFY

lable 4. Yagl material description
Nr_of wl. Elgment description Wt .
3 k3IIO) 90 ,lainearly loaded (kLM} au0n
T LOHIRY) 142 (R),135.5 (DAY ,129.7 D) ,5 dafd.dia. 1usle
R-DR=37.7 , DR-D=34,4% (Homebrew)

2 (N&DEF) El 40% full size, DR-F=J4  iHomeDrew)

4 (WANLZI) P e)l, 74 boom (kLM

I WF1IST) Y6.% maw el ,50 boom, ILreate CY-Tul) ot ]
3 OIVEZHQ 1o’ lin loaded !, 11 outd dia,6% boom S15e
2 (JAIFRE) 3 Boom (HOMSDF ww) 2208
I kAR kLM

Table 5. VESWR Dandwidtha for typical BO0/1&0 meter antennas

Aantenna YEWK nawidth (khz)

S el Yagi,shorter el 211 100 on CW, 100 on SSB 1801
3wl vagi,full wize 231 380 LB
3 el Yagi,wire 211 240 180
< el Yagl 40K Tull mice 211 (-1 180
Mipole,rotary (FLH) 211 | RS ] LBy
Vertical .4 el driven 21 o (8
Vertical .2 el ariven <1l o RYrE
Vertical ,130 shunt feo sl 4 L&
Vertical ,quarter —wave 2t 1o t1at
Vartical ,quartir -wavie 21 375 [3: V3]
Hal ¢ ~wave slopers 2t 250 (B
Delta Loop -1 | td-1 e

antenna materials

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

fig. 4. VE2HQ's homemade Yagi uses linearly-loaded elements
but still is quite large.
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tubing and insulating sections that are linearly loaded
by multiple turns of wire. Table 4 provides data on
the rotaries in terms of length of elements, total weight
of antenna and miscellaneous details. All of these are
for 80 meter antennas. So far, to my knowledge, no
one has an operational 160-meter rotatable Yagi.

hardware

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

electrical characteristics

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

By my way of thinking, both approaches have their
obvious advantages and disadvantages. Table 5 sum-
marizes some of the achievable VSWR bandwidths
correlated with the particular antennas used. This is
just a rough guide; VSWR is a function of many
parameters.

antenna gain

Another somewhat controversial term is achievable
gain. However, unlike the low-banders’ higher fre-
quency cousins (with their 10 to 20-meter high-gain
arrays), due to the large element dimensions on 80 and
160, the actual variation between lower and higher
gain antennas is not too great. After reviewing all the
data, the highest gain antenna described, | believe,
is the phased Bobtail curtains built by NAAR; he esti-
mated the gain at 7 to 8 dB over a single ground-
mounted vertical. The three-element Yagis are not far
behind, with those surveyed indicating a range of 5.5
to 6 dB. Next in the gain line are the phased four-



element vertical arrays, coming in at between 4.9 and
6 dB, depending upon whom you talk to.

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

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

“and spatially separated) two-element array. But ook
at their front to back ratios, i.e., their E and H field
patterns). The larger system provides considerably
more attenuation off the back over a greater azimuthal
beamwidth than does the cardioid version. This trans-
lates to receiving better and not disturbing others on
adjacent frequencies as much if they're not in the
beam direction when you're transmitting. It is for this
reason, and the fact that it is difficult to quantify the
received survey data (without all the parameters and
operating conditions being known) that more specific
antenna gains are not listed.

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

front-to-back ratios

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

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

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

polarization

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

fig. 5. A double-driven element is used in WENLZ's four-
element Yagi, a product of KLM.

Table &. F/B ratios for low band antennas

antenna type E£B tqB} ‘Comments

2 wlement Yagi,short el 10-1% JAIFRE

3 wiement Yagi,short el 10-13 function of freq.
3 wlement Yagi,full size 30

3 element Yagi,wire a-12 YUZFFR design

4 mlement Vert. phausd array 30 WINH

4 slement Vert. phased array 1545 SMEEHY

Z mlement Vert. phased array 20-30+ WIFV

Bobtail curtain, two bay 15-20 Great F/S

Delta loop, 2 element driven 20 DJalA

fatile 7. FRotators

Designation Comments & in use
Telrex WEASZEFIRIME (Largest) 3
Homebui 1t 11250 ratio, 0.9 rpm i
Create RCSA-3X3 Manufactured in Japan 2
Modified prop-pitch Rotates KLM & el Yag:
Table 8. Support structures
Descr on Height Statioen
Building plus tower 180 EABADF
Rghn 4% 160 NARJ
Fohn BO plus 10 mast 150 k310
Sel+-suppor ting 131 JalFRE
Rann 4%G plus 10 mast 130 ¥ SUR
Irees 13 VETES
Westover series UHD 120 LATIO
Tri-ex T-2u0 12 WaNL L
Momebuirlt S0 on &0 microwave twr 110 VEIHD
Telresx Big Bertha 15 VE ZBMY
Heights T8 NaSU
Lreate RT-11N 98 JF1181
Tri-ex Skyneedle 90 WaRJ
Irees F0 K2FV
Rohn 25 -] K IMER
Fole [ DJoiR
Builaings 59 YUPPFR
Self=-supporting an TISEWL
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vation and polarization, variable beamwidth control,
and no sidelobes. In addition, it would have the capa-
bility of being scanned in wider arcs while simultane-
ously being operated in narrow mode. After daydream-
ing for a second, even the super stations compromise
in this respect. That's basically why many use multi-
ple antennas that offer different polarization and op-
timum angle of arrival reception capability.

steering

There are two basic means of steering low band
arrays: mechanical and electrical. Two or more ele-
ments can be made to transmit or intercept signals

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

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

EACH 172 LOOP

/
/

62’
(18.9m}

62'
{i8.9m)

126' (358.4m) ELEVATION

REMOTE SWITCHING
ARRANGEMENT

800 SI60R
80RY 160D

ELEVATION {EED AT BASE

106132 3m)
98'(29.9m)
?& ELEVATION
S \
N
‘\
= H \ \\
. AN
(/s 9m) \
x
’ 78l Im) N
| ELEVATION N
/ N \
(0. lm) .
(NYLON} - ‘ .
1/8"(3.18mm),
- /
/ (10 Im)
\
62' E,
/ ‘ 8. 5m) \ /
v // \ ’
v P |
S \
s
7
-~
2- S N
(6.7m) §

9 TRANSMISSION LINES

INSIDE OF TOWER TQ BASE/

“EXTENSIVE GROUND
RALIAL SYSTEM

-t ULL t7a XN ON 160M WITH GAMMA

/ S i/8"(3.18mm)
T NYLON

\" TWO SETS OF SWITCHED VERTICAL
72 LOOPS FOR 160, 80,40 AND 20
LARGE LOOPS ARE 4 £L. B/-SQUARES
ON 40 OR TUNED PARASITIC ELEMENTS
ON 80 4ND 160.

ON 160 METERS WITH THE SWITCH IN THE 800" POSITION. ALL HALF LOOPS ARE FLOATING
AND TRANSPARENT TO THE VERTICAL RADIATOR OTHERWISE THREE OF THE LOOPS ARE
TUNED AS REFLECTORS ("160R ") AND THE FOURTH AS A DIRECTOR, "“1600."

fig. 6. N4SU’s multiband antenna array uses open wire line from the elements to the matching units.
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mounting height, height above local terrain (i.e., is it
shielded by trees from high winds?), weight, mast
length, metallurgy, speed of rotation, weather condi-
tions — both average and extreme — and expense,
to name a few. To accomplish this task, the rotators
listed in table 7 are used by several of the super-
stations. Unfortunately, only a few of these responded
to this particular survey question.

skyhooks that support these antennas

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

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

Many nat wishing to avail themselves of commer-

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

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

ground systems

This perennial question is asked all the time: how
large a ground system is needed? The simple answer
is the larger the better. Unless your antennas are situ-

BUILDINGS
APPROX
59'(18m/ HIGH

SHACK

N
TO REMOTE ___ ">~
CONTROL - ——

6=5.5- 648
F/6=8-t2ad6

270° (WEST)

L

fig. 7. YU7PFR is able to switch antenna firing directions by opening and clasing relays.

ANTENNA (S ELEVATED “

APPROX. 56'(i7.1m) ‘

BUILDING
APPROX.
59'(18m ) HIGH
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ated above an infinite extent, infinite conductivity
ground piane, there is room for improvement. For
those using verticals, two conditions should be met:
1. The immediate area around each vertical should
have a high density of wire within a quarter wavelength
of the radiators. A minimum of 100 radials is recom-
mended. This determines and stabilizes the zone
impedance and reduces losses, which is especially
important if the current loop (current maximum) is
close to or at ground level.

2. An extended ground or radial system should be
installed as long as possible in the preferred transmis-
sion and reception directions. This increases the
amount of energy present at truly low angles. How
long, you ask? That's a function of several parameters,
including propagation path and mode, distance, far
field conductivity and permittivity (dielectric constant),
solar activity, state of the geomagnetic field, transmit-
ter power, and receive site conditions, to name just
a few. Specifically, if | recall correctly, a six-
wavelength radial system will produce a maximum ele-
vation lobe at 6 degrees from the horizon using a sin-
gle vertical.

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

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

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

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

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

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

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

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

soil characteristics

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

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

A figure of merit can be assigned to the reflective
“‘nature’’ of the earth’s surface in the form of a com-
plex quantity that has both amplitude and phase terms.
This reflection coefficient is very different for signals
impinging on the earth that are vertically, rather than
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Table 9. Ground systems

Radials Length Gnd rods Length Station
3 125 > =] K3Z0
- = 3 a’ VESBMV
2 1517 — FAIDFU
3 133 4 10 4 X4NJ
65 &5+ - SFIGEM
S0 &2 VE&LE
20 75 = VE7HS
125 &5 4 8 NWSH
F0 g (=] (=} WIBGN
s 9 b. b JF1IST
320 HO S 4 W1 NH
100 130 1 F.SUR
&5 130 - N4RJ
€ 250 MN4RJ
G JO=1 000 S0 10 SMEEHY
494 &5 W4 DK
15 65 > & DJOLA
TO0= 340 30=-130 - WiFV

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

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

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

Wavelength: B0 meters Pastoral:  Conductivity: 30 mS

Frequency: 3.75 MHz Dielectric constant: 20

Rocky soil: Conductivity: 2 mS Salty Conductivity: 4 64 S

Dislectric constant: 14 Dielectric constant: 81

able 1lu, Kedlection coettic 1ent veE S01l tvpe and takeotsy anagle

aeil wngle Faolarization “wmplytude Fnase

Hachy 5 Horizontal HEL of mar detM) ae

Fastoral 15 Horizontal v botsl

el by 8- Horizontael 9. T e 14

Rock v 5 Vertical 1%

Fastoral 15 Vertical BOT

Gaity 15 vertical ok

Rockw 4 Morizeontal fdn )

Fastoral s Herizontal L 4,44

salty L1 Horizontal F5. 15% w. 14

FHockw a5 vertical S Lo, 44

Fastoral s Vertical Ba% B, B85

Saltv a5 Vertical YH. 6 E

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

aQ

..H

fig. 8. To gain an appreciation of the type of tower needed
to handle low-band rotaries, examine VE2ZHQ's new 160-foot
structure ready to support his three-element Yagi.

explain observations made over the years. Did you ever
wonder, for example, why stations using a relatively
low dipole (50 or 60 feet/15.24 or 18.28 meters) on
80 meters would often be heard just as well as those
using verticals working against a good ground screen?
Compare the seventh and tenth lines in table 10; the
ground reflected component of the signal from the low
horizontal antenna is actually stronger than the verti-
cal antenna (72 percent of maximum versus 51 per-
cent). Though this was calculated for rocky soil con-
ditions, examination of the other entries shows that
the low horizontal beats the vertical for all soil types
at a 45 degree takeoff angle.

The situation is even more pronounced for a
15-degree takeoff angle condition. Compare lines 1,
2, and 3 with lines 4, 5, and 6; notice that for every
soil type, the high horizontal beats the vertical. How-
ever, a horizontal antenna produces a maximum ele-
vation lobe of 156 degrees when it is one wavelength
up (250 feet/76.2 meters). There are probably only a
few low-banders (WA1EKYV, for example) who, thanks
to a high tower and local topography, have their
antennas at this height. Consequently, for that low-
angle, low-path shot, it's perhaps easy to construct
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a vertical and get approximately the same performance
as you would with the high horizontal. (This is true
for medium to high conductivity far field soils).

Finally, if you're a lover of verticals, then the impor-
tance of an extended radial ground screen becomes
apparent when you examine lines 4 and 6 in table 10.
Copper, an even better conductor than salt water, pro-
vides an almost 600 percent improvement in reflected
component level. This requires radials several
wavelengths long to achieve a maximum elevation
lobe of 15 degrees.

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

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

Upon examining all the survey responses no com-

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

concluding installment

In Part 2 of this article, we’ll examine responses from
those surveyed to see how they rate their sites, includ-
ing descriptions of near- and far-field conditions,
obstructions, and noise sources with which they must
contend.

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

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

It appears that the days of simple verticals and
dipoles are rapidly passing; in our concluding install-
ment, high-performance station owners and operators
will describe additional improvements they plan to
make to their stations to make them even more com-
petitive in the future.

ham radio

et*** CONNECTED

i to Packet Radio

acket Radio Han
h 3

The P \
JiM GRUBBS, KIE

BRAND NEW — JUST RELEASED
HOT OFF THE PRESS!!!
GET *** CONNECTED to Packet Radio

by Jim Grubbs, K9EI

Beginners’ guide to Packet Radio operation.

Packet communications is one of the hotlest subjects in Amateur Radio these days. Noted com-
puter author Jim Grubbs, author of the Commodore Ham's Companion and Command Post, has
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20 Meters

Remote H.F.
Now available for
ICOM-IC735 and Yaesu FT757.

TOUCHTONE" DECODER KIT

o T MODEL TTK
1]

W s22%

® SS51201 DTMF Receiver ® Receive
all 16 DTMF digits ® No additional
filkering ® Output BCD or hex for-
mat ® Low power (29 ma @ 12V) e
Kit includes 3.58 Mhz crystal, 22 pin
IC socket, resistor, capacitors, data
sheet and schematics

4-DIGIT SEQUENCE DECODER

i .| WIRED & TESTED
W I MODEL TSD
”.HIH % 55995

ol B S il

: = :
e Completely wired & tested ®

User programable ® LED status
indicator ® Open collector out-
put ® Control relays, mute audio ®
Control link on/off ® Custom IC in-
sures high reliability & small size! @
Fits inside most rigs: runs on 12 VDC
(35 ma)] ® All 16 digits allow more
than 50,000 combinations ® Makes
excellent private call on busy repeat-
ers! ® Use it to turn on audio or
sound an alarm ® Momentary and
latching outputs

Mastercard and Visa accepted
Prices include postage & handhng, USA
Califorma addresses add 6%

Name
Address

City
MC/VISA No

CQ DX, CQ DX

‘u.'d
o
A

-

COM-SHACK 64

SIMPLEX AUTO-PATCH
& REMOTE H.F. BASE

CQ DX, CQ DX

This is

20 Meters MODEL CS-64

‘229

Includes

NI6R Software
Remote [Program Disk),
Base Hardware Interface
& Instruction
Autopatch Manual
On

CODE-A-PAD”

o4 cons

A pag cosEuTe

1 auoin l' L1 . m}
] wctvEn ' [LE T { —_—

TOUEH TONES i | s ___2_‘

TOUCHTONE® DTMF  MODEL DAP. !
to RS-232-C

*89°°
300 BAUD INTERFACE

® Useyour computer to decode DTMF
touchtones ® Receiveall 16 digits as
fast as they can be transmit-
ted ® Easily program your computer
in BASIC to decode multidigit "strings”,
display digits, sound alarms, observe
secret codes, control relays ® Sim-
ple to use, just provide +12 VOC and
audio, hook two wires to the RS-232-C
serial input on your computer, enter a
simple BASIC program and begin to
decode ® Sample BASIC praogram
and instructions included ® Data
indicator ® Wired and tested

® Simplex autopatch and H F. remote
base with clear voice messages ®
Control your Yaesu FT 757 transceiver
or ICOM-IC735 with your VHF/UHF
portable or mobile ® Switch between
the H.F. remote and the autopatch
with OTMF tones ® Voice ID& all con-
trol functions & H.F. frequency are voice
announced with your programable
access codes ® Autopatch works on
any telephone line — tone or dial pulse ®
Call waiting compatability — after beep
answer second incoming call while on
the patch! ® Automatic redial last
number [in dial pulse mode] ® Ring
detect & automatic voice alert of in-
coming telephone call ® [nactivity ti-
mer turns off system [user program

able] ® Store8 H.F memaory frequen-
cies + shift VFO's & change bands @
Fast scan & slow scan + dial up any
trequency with DTMF tones all from
your handheld VHF/UHF portable or
mobile ® Use the autopatch or the
remote base both for the price of one!
® User delined timing window, ac

cess codes, call sign ® Simple to in

stall hardware interface cables, con-
nectors supplied ® Hook mic input,
PTT, spkr outputs & FM squelch con-
nection 3 pin H.F. data cable and you
are incontrol ® Yousupply— 1 Com

modore 64 or 128 & 1 disk drive +
base station ® No additional power
supply required ® With human voice
synthesized by Covox”™

REPEATER OWNERS/HAM CLUBS
The CS-64 will function in the
simplex or duplex mode.

cow D2AT USER'S
AUDIO BLA R‘" MODULE
1000's of able for

Satisfied Customers 4 IC-2AT&

IC-04AT

o
Fits Insida adie
More Audio .u::gh

® Moduie installs inSide the radio in
10 minutes ® Boost audio to nearly
one watt! ® Low power drain ([dma
stand-by] ® Complete step-by-step
instructions included ® Corrects the
LOW audio problem! ® Drive external
speakers to full volume, even signals
with low deviation!

. 'I'UI\IE THE WORLD FROM YOUR HANDHELD VHF/UHF RADIO

\

-l
X A

\% s Model RAP-1 814995
-~ REMOTE-A-PAD"

ENGINEERING CONSULTING

® Audio tanes from any Source, are
converted to sohd state switches which
contralany 16 digit keypad of a radioor
other device ® Some examples you
can control include the Pro-Search™
Rotator (rotate beam remotely); Re-
mote controls ICOM IC-701 or ICOM
IC-211 when using the AM-2 con-
troller; Kenwood 7950, IC751; Azden
PCS 4000, handhelds such as Yaesu
FT-208; FT-708; ICOM |IC-02AT, and
many more.. ® Two (four-digit) pro-

State Zip

Exp

\ 2 FOUR DIGIT DTMF DECODERS, PLUS 16 DIGIT KEYPAD CONTROL

grammable access codes are used Lo
operate relays or other on/off func-
tions ® LED decoder status indica-
tors and momentary plus steady state
decoder outputs are provided e All
CMOS low power drain (30ma); SSI
201 Decoder ® Hook eight wires (4
rows and 4 columns] in parallel with
the existing keypad of the radio you
wish to control remotely. Connect
audio from any source, 12 volts D.C
and you are in control ® The dual 4
digit decoders will turn your links on
and off using your programmable ac-
cess code

Cs-64
TTK
TSD

DAP-1

AB-1

RAP-1

Tax [CA)
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computer-aided design
of long VHF Yagi antennas

Design up to
40 elements
on a single boom

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

While this program breaks no new ground as far as
antenna design is concerned, it does provide a quick
way of designing long Yagis based on the designs of
DL6WU, to whom all credit for these excellent
antennas must be given.’

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

program description

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

Three commands, peculiar to the computer on
which this program was written, may need to be
altered for use on other machines. They are HOME,
to clear the screen and return the cursor; INVERSE,
to change the background from light to dark, and
BEEP, to sound a tone of predetermined pitch and
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duration. The latter two commands are cosmetic; no
change in performance would result from their
omission.

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

The program begins in earnest at line 160, where
the screen is cleared and the title screen is presented.
(The code for this resides in lines 1820 to 1920.) After
pressing any key, a few seconds will elapse while the
computer reads the data for element spacing (lines
180-220), reflector multiplier (lines 230-260), radiator
multiplier (lines 270-300), and element material size
data (lines 310-340).

The next section (lines 340-430) asks for the design
frequency, number of elements — which must be
between 9 and 40 — the diameter of the boom and
whether the elements are insulated or pass through
the boom.

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

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

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

operating the program

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

By David G. Hopkins, VK4ZF, #4 Handsworth
Street, Capalaba, Queensland 4157, Australia



fig. 1. VK4ZF Yagi design program.

18 REM ##5HHHHHEHHHEHHHHHHHHH HHHHHHHHHHHHHE R R e

20 REM YAG! DESIGN PROGRAM.

39 REM BY

4@ REM DAVID O HOPKINS (VKA4AZF)

58 REM # 4 HANDSWORTH ST

&8 REM CAPALABA

78 REM aLD. 4137

BO REM AUSTRALIA

9@ REM PROGRAM BASED ON THE WORK DONE BY GUNTER HOCH (DLa&WUI
1&@ REM AND PUBL ISHED IN VHF. COMMUNICATIONS

118 REM REBUIRES THE USE OF LINE PRINTER.

128 REM vV 2.2A

R I R R g R T R e R g s s Y
149 REM

152 REmM

16@ HOME : GOSUB LlB2e

178 CLEAR:DIM SP(42),DS(4@),TS(48) ,LE(AS) iGS="HWNNN " GR (L 1= "NuN NN " QB(Z)="HuH, 0N
MU Qe IT)I="HHNN. N"

188 REM------=-=-=~----- LOAD ELEMENT SPACING DATA---
199 DATA .240,.07%,.180,.21%, 2%3,.2680,.300,.319,.339,.345,. 3408, .375,.385,.392,.
399, . 409, 400, . 4908, 400, . 400, , 400, , 400, . 420, , 490, . 4P

@,.4900,% 400, . 909, . 400, . 430, . 422, . 402, . 900, . 402, . 900, . 40Q, . 90D, .08, . 42D, . 392

200 FOR x=| TOD 4@

21@ READ SP(X)

220 NEXT

238 PEM---——--—-----=—-- ---LOAD REFLECTOR MULTIPLIER-----=-==-~ --

249 DATA ,490%,.490@,.488%,.487%, .484%, .485%, .484%, ,46835,.4625, ,4820, .49819, .4785
v -4770, 4745, .4730, ,4749

2%@ DIM RE(17)

260 FOR x=1 TO 1&4:READ RE(X) INEXT

270 REM------====sccceamn- LOAD RADIATOR MULTIPLIER-----------

280 DIM DR(17)

299 DATA .44679,.4669,.4640,.4542@,.4501,.4
.+ 4433, 4430, .44009, .49385

380 FOR x=1 TO 1&:RFAD DRI(X)INEXT

310 REM -=------=--=--=--===- SELECT ELEMENT MATERIAL SIZE----
128 DATA 202, . 00A2S,.0042,.00%, . 0054, .0843, .007, .0078, .0068, .01, .91145,.0131,.01
=,.014%, . @182, .82

I3 DIM ELI151:FOR =1 TO 1&:READ EL (X1 :INEXT

349 REMm- - INPUT DESIRED PARAMETERS--------------

I%@ HOME :BEEF 20,13 :INPUT “WHAT IS THE CENTER FREGUENCY OF THE ANTENNA IN MHZ.
“iF

T40 BEEP 20, 19:PRINT: INPUT*HOW MANY ELEMENTS DOES THE ANTENNA REGUIRE. “iN

179 PRINT :IF N<® OR NY40 THEN INVERSE :PRINT “NUMBER OF ELEMENTS MUST BE BETWEE
N 2 AND 4@":NORMAL :GOTO 3&8

I80 PRINT:BEEP 20, 1@: INPUT"WHAT 15 THE DIAMETER OF THE BOOM IN MILLIMETERS, =iBD
198 PRINT:BEEP 20, 10:PRINT*ARE THE ELEMENTS TO BE INSULATED FROM THE BOOM Y=YES
N=ND "3

400 INS=INKEY® :IF LEN(INS)=0 GOTOD 409

410 IF IN® ="Y" DR [IN$= ", THEN I=1! GOTD 459

420 IF INs= “N* OR INs="rn" THEN 1=0: GOTD 452

43@ GOTO 4g@

8%, .4975, .4550, . 45330, . 4313, . 9500, . 4960

440 REM ----- ==s-=--=s===-DISPLAY SPEFICATIONS----- ==
4% MOME :PRINT “SPEFICATIONS FOR THE ANTEMNMNA TO DESIGN “:FRINT:PRINT:PRINT"1.
DESIGN FREGUENCY - “jFi" MHZ"
as@ PRINT-2, DIAMETER OF BOOM | "{BD31 " MILLIMETERS.
ar?e PRINT=ZI. NUMBER 0OF ELEMENTS @ “iN
A2@ IF I=1 THEM PRIMT"a, ELEMENTS ARE TO BE INSULATED FROM THE BOOM®ELS

E PRINT*4 by ELEMENTS ARE TO BE MOM INSULATED
AND THPOUGH THE BOOM"
493 IF (BD/10@01 7/ (299, 792/F1 5,83 THEMN PRINT (PRINT (PRINT (FPRINT
1S TN LARGE FOR THIS FREBUENCY": PRINT (PRINT PRINT
*EMTER A SMALLEF DIAMETEFR ":[NPUT BD:GOTO 448
S0a RPEM . — CHECK SPEFICATIONS = a
i@ PRINT :PPINT :PRINT :PRIMT “ARE ALL THE ENTRIES CORRECT v=YES N=NO “j
=20 INs=INMMEYS :IF LENIINS®) =@ THEN GOTO %20
=%@ IF [NS="¥*" OF [Na="y* GOTO &50
4@ IF INS="N" OF I[NS&="n" GOTOD S&0
SS¢ PEEP 10@,19:60TD 520
SA® PRINT :INPUT “WHAT IS THE NUMBER OF THE INCORRECT ENTRY K
3?8 1IF ¥« 4 GOTO a0@
=80 IF =@ THEN I=): GODOTOD 440
9@ IF I=1 THEN 1l=@: GOTOD 449
402 INPLT "WHAT IS THE CORRECT VALUE "iCv
&18 IF X=1 THEN F=CvVy
&2 1IF x=2 THEN BD=CV
&30 1IF ¥= THEN N=CVY
44@ GOTD a4%Q
&4%@ REM e -CALCULATE EDODM DIAMETER WAVELENGTHE
448 W=299 7R F
479 BW=BD/1000/W
&30 BC=PpD¥ 15246. PR46%BW” . 548821/ 10@)

BOOM DIAMETER

490 FEM CALCULATE BODM LENGTH
aQ TL=Q

10 W=299 792/F

720 FOR %=1 TD M-}

AN DESIvI=SP! | el OO0

Pac-Cowm

1Intm»duces th
TNC- 200

- Official TAPR TNC-2 design

- Top quality components throughout
- Standard AX.25 Version 2 protocol
- Full duplex hardware HDLC

- Five terminal data rates to 9600 baud
- Maodem adaptable for HF packet

- 16K battery backed-up RAM

- 32K EPROM, software clock

- Latest multiconnect software

- Five labeled LED status indicators

- Level 3 netwarking compatibility

- Choose CMOS version for low power
(100ma typical) or NMOS for lower cost

CMOS - $219.95
NMOS - § 199.95

CMOS - $169.95
NMOS - $154.95

Full kit without cabinet CMOS- $144.95
NMOS - $129.95

CMOS - § 84.95

Assembled and tested

Full kit with cabinet

Hard-to-find parts kit

NMOS - $ 79.95
Bare PC board + assy manual $ 39.95
Reference manual (100 + pg) $ 995
Cahinet with end plates $ 29.95

Macintosh Owners. MACPACKET - TNC2003
gives pull-down menus, sphit screens, file
transfers, automatic routing and more !!
MACPACKET/TNC200 $69 95

Free UPS shipping in continental USA

SEE US IN BOOTH 357
AT THE DAYTON HAMVENTION

Joiscount 10 % for orders of five or more}
TNC-200s to the same address

ORDER TOLL FREE (24 hours)
800-835-2246 ext. 115

( Kansas 800-362-2421 ext. 115)

Information 813-689-3523
L =t

—— (No COD) m

Florida addresses add 5%

PAC-COMM PACKET RADIO SYSTEMS, INC.
4040 W, Kennedy Blve, Tampa, FL 33609
. Intl TELEX 6502881526 WU =

2N
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1986
CALLBOOKS

The “Flying Horse"
has a great new look!

It's the biggest change in Callbook history!
Mow there are 3 new Callbooks for 1986,

The Morth American Callbook lists the
amateurs in all countries in North America
plus those Iin Hawall and the U.S. possessions.

The |International Callbook lists the calls,
names, and address information for licensed
amateurs Iin all countries outside MNorth
America. Coverage includes Europe, Asia,
Africa, South America, and the Pacific area
(exclusive of Hawail and the U.S. posses-
sions).

The cCallbook Supplement Is a whole new
Idea in Callbook updates. Published June 1,
1986, this Supplement will include all the
activity for both the North American and
International Callbooks for the preceding
& months,

Publication date for the 1986 Callbooks Is
December 1, 1985. See your dealer or order
now directly from the publisher,

riNorth American Callbook

incl. shipping within USA $25.00

incl, shipping to foreign countries 27.60
O International Callbook

incl. shipping within USA $24.00

incl, shipping to foreign countries 26.60

0 Callbook Supplement, published June 1st
incl, shipping within USA $13.00
incl, shipping to foreign countries 14.00

SPECIAL OFFER

D Both N.A. & International Callbooks
incl, shipping within USA $45.00
incl, shipping to foreign countries 53.50

R OE R W OR R

Hlinois residents please add 6%% sales tax,
All payments must be in U.S. funds.

RADIO AMATEUR I I l) I(
ca o0 INC

= Dept. F
925 Sherwood Dr., Box 247
Lake Bluff, IL 60044, USA

- - ow

Tel: (312) 2346600 e % _
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Tae TI L+DS
TEE MENT
7A@ PG=ITL/I@0A) /W
778 REM--- CALCULATE BEAM WIDTHS AND STACKING DISTAMNCES
7@ BH=90, 27@0¥PG"- . 48409 I SHEW/ (2R ISIN(BH -B174323)
790 BURSS.T1I124PG -, 617261 :SVaW/ 2R ISIN(BY/ZR.B174533) 1))
BPd REM-----ccceccec==- PRINT PRELIMINARY DATA
B1@ HOME
828 PRINT = rAGl PRELIMINARY DATA":PRINT
BI@ PRINT “FREQUEMCY "IFL" MHZ.,*
2a@ PRINT "WAVELENGTH TiW METERS. "
BS@ FPRINT "N OF ELEMENTS .
8460 PRINT “DIAMETER OF BOOM "IBDi " MILLIMETERS
B7@ PRINT "ELECTRICAL BOOMLENGTH "JTINTITL)§™ MILLIMETERS"
888 PRINT "BOOM WAVELENOTHS "i1PB
898 PRINT "MAXIMUM PRACTICAL GAIN *|:PRINT USING @®(1)})7.8%( LOG (PG)/ LDO (18))
+9.2):PRINT * dBD*
P2 PRINT "HORIZONTAL BEAM WIDTH “1IPRINT USING @®(3) |BH) :PRINT " DEGREES"
F1@ PRINT “VERTICAL BEAM WIDTH *1:PRINT USING ®®(3)jBV;:PRINT = DEGREES®
928 PRINT * STACKING DISTANCES®
938 PRINT * HORIZONTAL: - "jI!PRINT USING G®(2) iSHi :PRINT * METERS*
9498 PRINT = VERTICAL - “j:PRINT USING G@®(2)jSV}:PRINT = METERS"
932 PRINT (PRINT (PRINT *DO YOU WISH TO CONTINUE WITH THIS DESIGN Y=YES N=NO "I
P60 IN®=INKEYS :IF LEN(IN®) =0 GOTO 942
978 IF INs="Y*" OR IN®="y* GOTO 008
88 IF INS="N*" OR INS=*n" GOTO 449
99¢ BEEF 109,10 :GOTD 74P
198@ HOME :NU=@
1218 PRINT :PRINT *YOU MAY USE ANY OF THE FOLLOWING TUBING SIZES FOR THE ELEMENT
5=
1820 PRINT !PRINT “"SELECT THE SIZE CLOSEST TO THE COMMERCIAL TUBE SIZE*
1838 FOR X=| 7O 14
18348 NU=NU+ 1|
1098 PRINT *“w *"pxXji". "P:PRINT USING OSi3); IELIXIAWIRIPPD; :PRINT = MM":1
F IEE (X180 1083212 THEN X=14
1868 NEXT
1873 PRINT :PRINT :PRINT :PRINT "ENTER THE W OF TME TUBING SIZE YOU WISH TO USE®"
i
18808 INFPUT TS
1992 IF VALITS®) 3NU THEN BEEF 100,12 :00T0 1800
1128 TS=VALITS®) (TT=ELITS):TDI1i=TTHJR1D2DD
1118 HOME :PRINT “STAND BY THIS WILL TAKE A FEW SECONDS*®
1120 REM----~--=-- --LOAD TUBING SIZE TABLES-------=-=-==--
1138 N®="CURVE":N29=N®+TSs
1148 OPEN "17%,1,NZ2%
1158 FOR X=! TO 38
1148 LINE INPUT N1,0%
1178 TSIX)=UAL (08)
1188 NEXT
1198 CLOSE
1208 REM- CALCULATE ELEMENT LENGTHS-
1210 FOR ¥=2 YO a2
1229 IF I=1 THEN LEIX)=sWaTSI(X-21#1000 ELSE LE(X)=(WETSIX-2)) #1228+ BC
1238 NEXT
1298 LEI1)I=W#REI(TS I #1920
12%@ IF 1=8 THEN LE{(11=LEri)1+BC
1260 LEI2)=WeDRITS) #1000
1278 IF 1=@ THEN LE(2)=LE(2) +BC
1288 HOME
129@ PRINT "PRESS ANY KEY WHEN THE PRINTEF [S READY :BEEF 10,22
130@ INs=INFEYS :IF LENIINS| =0 GOTO 300
1718 LPRINT YAG]I DESIGN DETAILS
1320 LPRINT :
1330 LPRINT (LPRINT
1740 LPRINT "DESIGN FREGUENCY “+F13 MH2Z .
1393 LPPINT *"WAVELENGTH : "VALPRINT USING O®12) jWiiLPRINT METERS "
1368 LPRINT “NUMBER OF ELEMENTS “yN
1T7@ LPRINT DIAMETER OF BOOM «BD; MM
138@ LPRINT "DIAMETER DF ELEMENTS "yt LPRINT USING G®I31iTDILIi: LPRINT [ 1L
139@ 1F I=1 THEM LPRINT “ELEMENTS ARPE [NSULATED FROM THE BOOM®" ELSE LPRINT “ELEM
ENTS APE NOT [NSULATED FROM AND PASS THROUGH THE BOO
M
1408 LPRIMT “ELECTRICAL BOOM LENGTH “LINTITL) G MM
141@ LPRINT *“BOOM WAVE LENGTHS "«PG
1420 LPRINT *mAxImum PRACTICAL GAIN : 45 LPRINT USING Getl);7.8%¢ LOG (PG)/ LD
G (181149, 21:LPRINT dBD-
143@ LPRINT "HORIZONTAL BEAM WIDTH JCLPRINT USING G%i(3) iBH; i LPRINT UDEGREES
144 LPFINT *JERTICAL BEAM WIDTH i LPRINT USING G218V iLPRINT DEGREES
14%2 LPRINT “HOR]IZOMNTAL STACKING DISTANCE o LPRINT USING G%i213i5Hi: LPRINT
METERS -
1440 LPRINT =“VYEFTICAL STACYING DISTANCE o+ LPRINT USING G®t21i5Vi: LPRINT
METERS"®
1470 LPRINT :LPPINT
198 LPRINT ELEMENT LENGTHEZ IN MILLIMETERS, D1ISTANCE FROM REFLE
CTOR MM, ~

tav@

LPRINT = fEECETSETANESTISTETS



1508 LPRINT

1%10 LPRINT “REFLECTOR “vi LPRINT USING G®(31;LEILY,: LPRINT ,: LPRINT ,:L
PRINT " as
I1%2@ LPRINT "DRIVEN ".% LPRINT USING G®(31jLEI2 LPRINT ,: LPRINT,:L

PRINT USING G%i3)1] SPili#We]l0oR
1530 PS=SP(1I%#Wx]008
1948 FOR X=3 TO M

1950 PS=PS«EP(X-1)8Wsl0a0
1%4@ LPRINT “DIRECTOR W "iX-2,: LPRINT USING @$(J)LE(X),iLFRINT ,iLPRINT ,:LPRI
NT USING G%(X) PS5
15768 NEXT
1980 LPRINT
19990 LPRINT ~ ELEMENT SPACING IN MILLIMETERS
14008 LPRINT "ssssssssssssesssssssssssssssssssssssssse®
1610 LPRINT
1620 LPRINT “REFLECTOR DRIVEN ",:LPRINT USING G®i3)iD511
14630 LPRINT “DRIVEN - DIR 1", tLPRINT USING Q%(3);iDS12)
1440 FOR ¥=3 TO N-1
16%9 LPRINT “DIR";%-2}" DIR *"§iX-1,:LPRINT USING GSI(31iDSIx
1668 NEXT
1670 LPRINT LPRINT ;LPRINT" NOTES
1688 LPRINT LPRINT “1. THE DIMENSIONS ARE FROM CENTER 710 CENTER IN ALL CASES™
169@ LPRINT * FOR EXAMPLE THIS MEANS THE BOOM MUST BE CUT LONGER THAN THAT Gl
VEN®"
1788 LPRINT™ TO BE ABLE TO MOUNT THE ELEMENTS. "
1718 LPRINT =2, IF YOU WANT WIDE BANDWIDTH USE A FOLDED DIFOLE AS THE DRIVEN EL
EMENT . "
1720 LPRINT =3, THE DRIVEN ELEMENT DIMENSION IS5 THE LENGTH OVERALL."

1732 LPRINT
ABDVE A@PMHZ. "
1748 LPRINT *S, ACCURACY BELOW 4@PMHZ ZHOULD BE WITHIN 1.3 MM,

17%@ LPRINT *4. ELEMENT MOUNTIMG MUST BE BETTER THAN .S MM OF THE ELEMENT CENTE
R,

1764@ HWOME :FOR ¥= 1 TO BILPRINT INEXT

177@ PRINT ="ANDTHER CALCULATION ? Y=YES N=ND"§

178@ INS=TNKEY$:IF LEN(IN®) =2 GOTO 1780

1792 IF INS =°Y*" OR INs=*y* THEN GOTO 440

1B0@ [F INS="N*" OR INs=*n* THEN END

181@ BEEP 108,20 :GOT0 1789

1AZ@ HOME :PRINT :PRINT *THIS PROGRAM WILL DESIGN LONG YAGI ANTENNAS®

1838 PRINT * WITH ANY NUMBER OF ELEMENTS BETWEEN & AND 4@

184@ PRINT :PRINT :PRINT

1858 PRINT * THE PROGRAM 1S BASED ON ARTICLES BY GUNTER HOCK”

1848 PRINT = AND PUBLISHED IN VHF. COMMUNICATIONS®

1878 PRINT :PRINT :PRINT

1888 PRINT " YOU WILL REQUIRE A LINE PRINTER TO OBTAIN THE RESULTS*

1898 PRINT :PRINT :INVERSE :PRINT “PRESS ANY KEY TO CONTINUE ";: NORMAL:BEEFP 20,
1@

1982 INS=INKEYS : IF LEN (IN®i=@ GOTO 1908

1918 HOME

1928 RETURN

1938 END

4, YOU MUST WORK TO AN ACCURACY OF BETTER THAN IMM'AT FREQUENCIES

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

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

DIRECTION FINDING?

* Interference Location < = * VHF and UHF Coverage
% Stuck Microphones * Computer Interface

% Cable TV Leaks * Speech Synthesizer

“ Security Monitoring % 12 VDC Operation

e ——

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

5540 E. Charter Oak,
DOPPLER SYSTEMS, INC. Scottsdale. AZ 85251 (602) 998-1151

- 223

RF

TRANSISTORS

FRESH STOCK - NOT SURPLUS
TESTED — FULLY GUARANTEED

2.30 MHz 12V (* = 28V)

PIN Rating Each  Match Pr
MRF 406 20W $14.50 $32.00
MRF412,/A BOW 18.00 45.00
MRF421 100w 25.00 56.00
MRF421C 10w - 60.00
MRF422* 150W 38.00 82.00
MRF426,/A" 25W 18.00 42.00
MRF428""* 150W 55.00 125.00
MRF433 12.5W 12.00 30.00
MRF435*° 150W 42.00 90.00
MRF449,/A Jow 12.50 30.00
MRF450,/A 50w 14.00 31.00
MRF453,/A 60W 15.00 35.00
MRF454,/A BOwW 16.00 36.00
MRAF455,/A B0W 12.00 28.00
MRF458 BOW 20.00 46.00
MRF460 B0W 18.00 42.00
MRF464" BOwW 25.00 60.00
MRF466* 40w 18.75 48,00
MRF475 12w 3.00 9.00
MRF476 w 275 8.00
MRFATT 40W 11.00 25.00
MRF478 15w 10.00 23.00
MRF485° 15W 6.00 15.00
MRF492 0w 18.00 40.00
SAF2072 75W 15.00 33.00
SRF3662 110W 28.00 60.00
SRF3775 75w 15.50 34.00
SAF3785 B5W 16.50 37.00
CD2545 50W 23.00 52.00
SD1076 TOW 17.00 40.00
SD1451 S0W 15.00 36.00

Selected High Gain Matched Quads Available

VHF/UHF TRANSISTORS
Rating MHz Net Ea. Malch Pr
MRF212 10w 136-174  $16.00 -
MRF221 15W 136174 10.00 =
MRF222 25W 136174 14.00 -

MRF224 40W 136-174 13.50 32.00
MRF231 3.5W 66-88 10.00 —
MRF234 25w 66-88 15.00 39.00
MRF237 aw 136-174 3.00 —

MRF238 0w 136-174 12.00 -
MRF239 3ow 136174 15.00 -
MRF240 0w 136-174 18.00 -
MRF245 sow 136:174 28,00 65.00
MRF247 75w 136-174 27.00 63.00
MRF250 50w 27174 20.00 46.00

MRF260 5w 136174 7.00

MRF261 10w 136174 9.00 -
MRF262 15w 136174 9.00 -
MRF264 ow 136174 13.00 -
MRF607 1.75W 136-174 3.00 -—

MRFG41 15W  407-512 22.00 -
MRF&44 25W  407-512 24,00 54.00
MRFB646 40W 407512 26.50 59.00
MRF648 BOW  407.512 33.00 69.00

2N3866° 1w 30-200 1.25 —
2N4427 1w 136-174 1.25 -
2N5591 25W 136174 13.50 34.00
2N5842" 20W 30-200 13.75 34.50
2N5945 aw 407-512 10.00 -
2N5946 10W  407-512 12.00 -
2N60B0 aw 136174 6.25 -
2NB6081 15W 136-174 7.0 -—
2N6082 25W 136-174 8.90 -
2N6083 Jow 136-174 9.30 24,00
2NB084 QW 136-174 11.75 28.50
TMOS FET
MRF134° 5w 2200 $10.50 -
MRF137°* Jow 2:200 22.50 -
MRF138°* 30W 1.5-150 35.00 -—
MRF150°* 150W 1.5-150 80.00 -
MRF172* B0 2:200 65.00 -

Selected, matched linals for Kenwood, Yaesu
fcom, Allas, etc. Technical assistance and cross
reference information on CD. PT, RF. SAF. 5D P/Ns

QUANTITY DISCOUNTS AVAILABLE
WE SHIP SAME DAY C.O.D./VISA/MC
INFORMATION AND CALIF. ORDERS: (819) 744-0728

QUTSIDE CALIF. ORDER DESK: 800-854-1927

1320.16 Grand Ave., San Marcos
California 92069 (619) 744.0728
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VERTICAL BEAM WIDTH

YAGI PRELIMINARY DATA

FREQUENCY 432 MHZ.
WAVELENGTH . 693963 METERS.
# OF ELEMENTS 15

DIAMETER OF ROOM 26 MILLIMETERS
ELECTRICAL BOOMLENGTH 2803 MILLIMETERS
ROOM WAVELENGTHS 4.049

MAXIMUM PRACTICAL GAIM 13.93 dBD
HORIZONTAL BEAM WIDTH 25 DEGREES

28 DEGREES

STACKING DISTANCES
HORIZONTAL: - 1.683 METERS
VERTICAL :- 1,434 METERS

fig. 2. Preliminary data display.

The first part of the printout provides the charac-

teris

tics of the Yagi followed by the element lengths

and the progressive distance from the reflector to each
element. The next section gives the distance between
the centers of the elements and concludes with some
notes about the construction of the antenna.

The program is simple to use, in that any numerical

inpu

t requires the pressing of the enter (return) key,

but any input requiring a 'Y’’ or “’N"’ does not. Either
upper or lower case may be used for the “Y"" or “N”’
inputs. In the version shown, a high pitched tone is
sounded when the computer requires an input and a
low tone is sounded when it receives an unexpected

inpu
ture

t — i.e., when you've made a mistake. (This fea-
can easily be removed if your computer doesn’t

support the BEEP command.)

typ

ing in the program

There’s a lot of typing to do. No errors are allowed.

The

main program should pose no real problem, but

the data files are a real chore. You may use the listing

—

HOME

DIM A(39):Q08="CURVE"

PRINT “WHAT 1S THE NUMBEP OF THE CURVE YDU WI3H TO ENTER *;:INPUT C®
Fe=08+Ce

FRINT "ENTER THE VALUES FOP THE CUPVE"
FOR ¥=1 TO I8
PRINT-#"1 ;7.
NEXT
HOME

PRINT *THESE APE THE VALUE FOR CURVE";C
PRINT
PRINT

FOR X=L TO
PRINT"R"
MENT
PRINT
PRINT "APE ALL THME VALUES CORRECT Y =YES N=NO": INPUT A%
IF As="y" GATO 2%&

IF A$="N' GOTO 21@

GOTO (7@

FRINT "WHICH # 1S INCDRRECT® :INPUT D

PRINT "WHAT 15 THE COPRECT VALUE FOR :- #'iD

INFUT A(D)

GOTO 100

HOME

PRINT "OUTPLT TO DISC

OPEN "Q" .1, F%

FOP ¥= 1 TD 3@

PRINT Hi,A(X)

NEXT

CLOSE

FRINT “END QF PROGRAM

END

TPIINPUT AN

fig. 4. Program to input data files.

DESIGN FREQUENCY : - 149,825 MMZ.
WAVELENGTH - 2.8356 METEPS

MUMBER OF ELEMENTS - 9

DIAMETER OF BOOM  :- 25 MM

DIAMETER OF ELEMENTS : - 18,3 mm

ELEMENTS ARE NOT IMSULATED FROM AND PASS THROUGH THE BOOM

FLECTRICAL BODM LENGTH :- 3813 MM

BOOM WAVE LENGTHS : - 1.8%3

MAXIMUM PRACTICAL GAIN :- 11.29 dBRD

HOPITONTAL BEAM WIDTH : 37.3 DEGREES

VERTICAL BEAM WIDTH  :- 45.4 DEGREES

HORIZONTAL STACKING DISTANCE : - 3.214 METERS
VERTICAL STACKING DISTANCE :- 2.462 METERS

DISTANCE FROM REFLECTOR MM.

2=az

ELEMENT LENGTHS IN MILLIMETERS.

FEFLECTOR 1869, @

DRIVEN LERPR 493.4
DIRECTOR # 1 989, 6 647. 4
DIPECTOR 8 2 899, 3 1218
DIRECTOR W Y 289.9 1439.4
DIRECTOR # 4 889,z 1973.6
DIRECTOR # 5 a71.9 2549, 2
DIRECTOR # & 863.9 3166.8
DIRECTOR W 7 EERN) 3813.6

FLEMENT SPACING IN MILL{METERS

REFLECTOR - DRIVEN 493.a
DRIVEN DI 1 154.2
DIP ) iR 2 370,
ote DIR 2 442,20
DR 3 - DIR 4 s14.0
DIR 4 DIR = s75.6
DIR = p1e & Lre.8
DIR & DR 6470
NDTER

1. THE DIMEMSIONS ARE FPOM CEMTER TO CENTER IN ALL CASES

Fie EYAMPLE T3 MEANS THE BDOM MUST BE CUT LONGER THAN THAT GIVEN
TNORE ABLE TO MOUNT THE ELEMENTS,

TF YOU WANT WIDE EANDWIDTW UIE A FOLDED DIFOLE AS THE DRIVEN ELEMENT.

%, THE DRIVEN ELEMENT DIMENSION I3 THE LENGTH OVERALL.
4. YOU MUST WORK TO AN ACTURACY OF BETTER THAN (MM AT FREGUENCIES ABQVE 4B@MHZ.
T, ACCURACY BELOW d0OMAZ SHOULD BE WETHIN (.3 el
6. ELEMENT MOUNTING MUST BE BETTER THAM .S MM OF THE ELEMENT CENTER,
YAGL DESIGN DETAILS ;-
DESIGN FRERUEMCY - 432.3  MNZ.
WAVELENGTH ‘- 2.493 METERS
NUMBER OF ELEMENTS :- EL)
DIAMETER OF BOOM - 19 mm

DIAMETER OF ELEMENTS :- .
ELEMENTS ARE NOT INSULATED FROM AND PASS THROUGH THE BOOM

ELECTRICAL BOOM LENGTH - 4183 MM

BODM WAVE LENGTHS :- 6,933
MAXIMUM PRACTICAL GAIN :- 15.29 dBmp
HORTZONTAL BEAM WIDTH :- 2.1 DEGREES
VERTICAL BEAM WIDTH - 21,9 DEGREES

HORTZONTAL STACKING DISTANCE :-
VERTICAL STACKING DISTANCE :-

1.897 MEYERS
1.822 METERS

REFLECTOR L [

DRIVEN ka 166.4
DIRECTOR # 3 218.3
DIRECTOR ® 4 343.1
DIRECTOR # & 492.1
DIRECTOR # 1 665.4
DIRECTOR % 8 ase. s
DIRECTOR # 8 1967.5
DIRECTOR # 2 1285.8
DIRECTOR ® & 15146
DIRECTOR W e 1783.7
DIRECTOR # 2 2003.2
DIRECTOR # & 2263.2
DIRECTOR # 1 2530.9
DIRECTOR # v 28004
DIRECTOR ® e 3874.2
DIRECTOR # k4 3351.49
DIRECTOR ® 3 3428,7
DIRECTOR # 6 3986.9
DIRECTOR # e 4183.2

REFLECTOR -~ DRIVEM

DRIVEN - DIR 1
DIR 1 - DIR 2
DIR 2 - DIR 3
DIR 3 - DIR a
DIR a - DIR %5
DIR 5 - DIR &
DIR & - DIR 2
DIR = - DIR 8
DIR @ - DIR %
DIR 9 - DIR 1
DIR i@ - DIR
DIR 11 - DIR
DIR 12 - DIR
DIR (3 - DIR
DIR {4 - DIR
DIP iS5 - DIR
DIR 16 - DIR
DIR 1~ - DIR

NDTES

1. THE DIMENSIDNS ARE FPOM CENTER 7O CENTER IN ALL CASES

FOR ExAMPLE THIS MEANS THE BOOM MUST BE CUT LONGER THAN THAT GIVEN

TO BE ABCE TQ MOUNT THE ELEMENTS.

IF YOU WANT WIDE BANDWIDTH USE A FOLDED DIPOLE AS THE DRIVEN ELEMENT.

THE DRIVEN ELEMENT DIMENSION 1§ THE LENGTH OVERALL.

YOU MUST WORK TO AN ACCURACY OF BETTER THAN LMM AT FRERUENCIES ABOVE 4@@MHZ.
ACCURAC'Y BELOW 4@dMWZ SHAULD BE WITHIN 1.5 M.

E€LEMENT MOUNTING MUST BE BETTER THAM .5 MM OF THE ELEMENT CENTER.

wr

o da

fig. 3. Sample printouts.
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CURVEL CURVE2 CURVES CyRvEq CURVED
L4478 .44a8 L4418 L4388 PERTTY
.4433 L4481 .a37 L4338 L4315
.4389 L4386 L4323 .429 -4267
L4334 L4318 -azat L4243 .42z
,4316 L6277 .a239 .82 L3173
-4281 .4zaz 4204 L4163 L4138
L4251 L4211 .4172 L4132 .a1e3
L4222 L4181 L4141 a1 L4672
L4196 .4156 L4116 L4876 Lagar
L4173 L4133 L4894 L4834 . 4024
L4138 L4117 L4876 L4933 YL
L4141 .41 . 4838 .4g17 . 3986
L4128 - ap83 .apa2 .4 -3969
R L4067 L2028 L3984 L3933
.4896 L4283 Laf1L . 3948 L3937
4882 . 4839 . 3993 . 3952 3921
L4271 L4227 L3984 . 398 3008
.4P6 L4916 .3972 3928 3894
.4pap .4BBa L3939 L3915 .3683
.ag368 L3992 L3947 3983 3671
La026 .3981 .3937 3892 L3R4
Le@17 .3972 3924 L3881 .3n49
4905 L3963 L3918 L3872 3ua
a4 L3934 . 3928 L3862 363
L3992 L3946 .39 3884 L3821
L3983 L3939 .3892 L3846 L3613
L3979 L3932 . 3884 .3837 . 3upa
L3971 .3924 L3874 .3829 -3796
L3965 L3917 3869 .3821 .3v88
L3968 .3912 - 3843 3815 -3'81
L3754 . 3903 - 3857 3898 L3778
L3949 .39 3851 3882 .348
L3543 .3894 .3845 L3796 L3763
L3938 .3889 L3839 .379 L3756
L3933 .3884 .3834 .3785 L3081
L3929 3879 .383 .378 L3746
.3923 3873 .3825% L3778 L3081
L3922 .3871 .382) L3727 L3736
CURVE6G CURVE? CURVER CURVE® CURVELD
L4343 L4323 L4381 L4279 .a287
.az2v3 427 L4247 .az223 a2
.a243 .az2 L4195 L4171 L6138
L4196 L4171 RITE) LaL18 .4@91
L4151 L4126 L4898 407 .ava2
L4112 L4883 L4854 L4927 L3998
L4877 . 485 L4019 3989 L3958
L4843 -4013 3983 .3952 -392
L4819 L399 L3957 L3925 . 3392
L3995 L3963 .3933 .39 - 5848
L3974 . 3944 L3941 . 3879 L1346
L3958 .3924 3891 L3838 REbL)
L3937 L3986 -3873 L3841 3308
L3921 .389 .3857 .3823 .3792
L3903 .3874 L3841 L3809 PREEPY
. 3889 .3858 .3826 L3793 L3761
L3876 .3844 L3812 L3779 L1247
.3064 .3832 L3799 L3766 - 3733
. 3852 . 382 .3786 3753 L1719
.3B4 3808 L3774 .374 . 1786
3829 L3797 L3763 L3728 . 3694
.3817 L3788 L3731 L3716 . 1682
. 3887 L3778 L37a L3786 redl
L3797 L3743 .373 .3493 . Ta4
L3789 L3756 L3721 . 3683 . 363
.378 L3747 L3711 L3676 . 364
L3772 .3739 .3783 -3666 . 363
.3783 .373 3893 L3657 382
L3754 L3721 . 3683 L3648 .61z
.3747 L3713 L3477 .364 L1604
.374 L3786 .347 L3433 3897
L3734 .37 3664 .3627 L3394
.3729 -3496 L3658 L3621 3583
L3722 L3688 3681 L3613 . 3876
3716 L3682 . 3648 . 3687 -7
L3711 . 3677 . 304 L3682 . 1565
.3798 L3672 L3638 L3997 . 588
L3792 L3488 .383 .3392 . 1354
CURVEL} CURVE1Z CURVE)3 CURVE1S CURVELS CURVE L&
L4231 L4206 .418 L4153 .4127 .41
L4173 L4148 Lane .a989 L4906 .4@3
L4z . 4899 .404 .ag28 L3997 L3943
.4087 L4834 L4085 £3973 L3941 L3989
RRTIV .3981 393 L3918 .3883 .3833
L3983 L3933 .39 .3869 .3838 .3887
. 3926 L3898 .3862 .383 L3798 L3766
3880 .38%57 .382% L3792 L3738 L3723
. 366 .3e28 .3798 L3742 L1728 L3694
3835 L3803 377 L3734 L3763 L3449
L3813 L3789 L3747 L3713 . 368 .3646
L3792 .3758 L3725 L3691 L3656 .3422
.3774 L3739 L3708 L3671 L3636 3692
L3757 L3222 . 3487 3683 .3618 3584
L3761 L3706 L3671 .3636 L3601 L3566
.3726 . 389 . 3833 .362 L3588 .3931
L3711 L3678 L3638 .34pa L3869 .3835
L3897 L3661 .362% L339 .3333 .332
L3683 L3646 L3861 L3578 L3354 . 3388
-3669 .3433 3596 .3361 L3823 -349
-3657 L3619 . 3582 33547 L3511 L3476
. 3sam . 3607 .337 .353% . 3499 3484
L3833 L3396 L3339 3323 3487 .3432
L3827 . 3384 [RLEYY L3514 L3478 .3aa
L3812 L3873 L3313 .38 .3a44 L3429
.36072 L3363 L3325 3489 L3433 L3412
(3892 . 3393 L3419 L3479 -3442 L3484
3982 L3343 L3343 L3949 3432 L3394
-3973 L3835 L3494 346 3423 L3387
.3363 .352% L3488 L3451 L3415 .338
L3337 L3817 L3477 L3441 L3406 .337
L3531 .35 L3a2 L3434 L3398 L3382
.3363 3392 L3482 . 3426 L3391 L3358
L3536 3495 . 3455 L3819 3382 L3346
3529 . 3age L3447 L341 L3373 L3334
.3323 L3482 .344 L3403 L3347 333
L3318 L3479 +3433 L3394 L3359 .3322
L3311 .3ae8 .3423 L3388 .3352 L3313

fig. 5. Sample data files,

1@ HOME

2¢ INPUT “OVERALL DIMENSION OF DICPLE IN MM ;- “;DQ0

39 INPUT "INTERNAL DIMENSION OF FOLDED DIOPLE IN MM i~ “5T :R=T/2
49 INPUT "DIAMETER Of ELEMENT :- “3DE

50 A=2%(DO-2%(DE+R))

6P C=2%22/7%{R+DE)

7@ D=A+C

80 PRINT “TOTAL LENGTH OF MATERIAL REQUIRED :- “;D;" MM“

9@ PRINT “START OF BENDS FROUM CENTER OF ELEMENT :- "j;A/4;" MmM_"
182 END

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

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

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

folded dipole construction

If you're going to use a folded dipole as the driven
element, the program shown in fig. 3, which gives the
length of tubing required and the points at which the
bends forming the folded dipole should be started, will
save some time. You simply enter the overall dimen-
sion of the dipole, the inside dimension of the folded
dipole, and the diameter of the tubing.

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

when all else fails, read the screen

Several Amateurs here in VK4 have worked on the
program, and we believe that it should, by now, be
just about bug-free. After using the program a few
times, you'll find designing Yagis much easier.

| am continually amazed at how earlier versions of
the program have made their way around the world.
Should you happen to have a copy of one of the earlier
versions, it's important to replace it with this updated
version, since the earlier versions had some errors and
included none of the latest improvements.

acknowledgement

In the original articles six tubing sizes were shown
on the graph; Allan, VK4KAZ, spent many hours draw-
ing the other curves and reducing them to the values
shown in the data files.
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1. Gunter Hoch, DL6WU, "More Gain with Yagi Antennas,” VHF Commu-
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_@ R& L ELECTRONICS 575 main st
HAMILTON. 0HIO 45013

Large
Stock

ICOM

YAESU W KENWOOD
The radio.”

TS-940S

FT-757GX

WE STOCK ALL MAJOR LINES OF AMATEUR RADIO EQUIPMENT, ANTENNAS,
TOWER, AND RADIO ACCESSORIES.

= !
e @8 COD'S WELCOME!

Moodsy gy CALL OR WRITE FOR OUR FREE CATALOGUE
10:00 A.M. to 6:00 P.M.
Saturday 10:00 A M. 1o WE SERVICE WHAT WE SELL!

BUY — SELL — TRADE

213.868.6399
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CANOPIES

All weather protection
for outdoor shows
SLANT, PEAK OR FLAT ROOFS
FREE STANDING - FAST SET-UP
NO TOOLS REQUIRED -

SNAPS TOGETHER

WHITE OR BLUE TARPS

FITS IN THE TRUNK OF A CAR
JOINTS & PARTS

PACKAGE COMPLETE -
READY TO USE
MONEY BACK GUARANTEE

A. Microwave Assoclates 10 GHz Gunnplexer. Two of these transceivers can forfn the heart of a 10 GHz

Free brochure on request

communication system for voice, mow, video or data transmission, not to mention mountaintop DXing!
MAB7141-1 (pair of 10 mW transcelvers) $251.95. Higher power units (up to 200 mW) avallable. B. Micro-
wave Associates 24 GHz Gunnplexer. Similar characteristics to 10 GHz unit. MAB7820-4 (pair of 20 mW
transceivers) $739.20. C. This support module Is designed for use with the MAB7141 and MAB7820 and
provides all of the circuitry for & full duplex audio transcelve system. The board contains a low-noise,
30-MHz fm recelver, modulators for voice and mcw operation, Gunn diode regulator and varactor supply.
Meter oulputs are provided for monitoring received signal levels, discriminator output and varactor tuning
voltage. RXMR30VD assembled and tested $119.95. D. Complete, ready to use communication system
for volce or mew operation. Ideal for repeater linking. A power supply capable of delivering 13 volts dc
at 250 mA (for a 10 mW version), microphone, and headphone andlor loudspeaker are the only additional
Items needed for operation. The Gunnplexer can be removed for remote mounting to a tower or 2 or 4
foot parabolic antenna. TR1AGA (10 GHz, 10 mW) $398.95. Higher power units avallable. TR24GA (24 GHz,
20 mW) $639.95. Also available: hom, 2 and 4 foot para-
bolic antennas, Gunn, varactor and detector dioc!!n.

n d vance d ﬂlﬂp;l.‘:idl:occ:ll &‘um:::::ﬂmrl;mlﬁ. Lot
ﬂgceivgr ARR take you higher with quality 10 and 24 GHz equipment!
Research
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Home Satellite TV Systems
just never looked so
compatible.

IMAGINATION, DESIGN
& BELECTIVITY

When the “boys upstairs” at Raydx decide to
develop a great new product, they do it right!
Imagine a High Strength, Extruded Alumi-
num Harizon-to-Horizon Polar Mount with a
Motorized Actuator that's more compact and
lighter in weight than any other on the

market today, yet still capable of getting B

1000 ft/lIbs Torque. Well, that's the design
that's got the TVRO Industry so excited
The engineers at Raydx found that existing
Geo-stationary satellite tracking systems
just couldn't meet the company's exacting
standards for superior performance, depen-
dability and consumer appeal. S50 they
suggested that Raydx, the Leader In Dish
sales manufacture their own. And that's fust
what they did.

After comprehensive R & D work the “boys
upstairs” selected a design that is destined to
be come legendary, making linear actuators
virtually obsolete. A precision built Horizon-
to-Horizon Polar Mount with Motorized
Actuator that's precisely what everyons's
been looking for.
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SATELLITE SYSTEMS. LTD.

THE BEST BUILT DISH IN AMERICA

The original Deep-Dish, See-Thru Aluminum Mesh
Design that outclasses everyone else with quality con-
struction, great looks, and ease of installation. Our
10.5-ft.,, 8.5-ft. and Expandable 8-ft. Dishes are light-
weight yet built to last using “Stronger-than-Steel”
heat treated extruded aluminum and rust-inhibiting
stainless steel hardware. Our exclusive Weather Guard
finish coat is the real choice to withstand a lifetime of
environmental punishment. This unbeatable combi-
nation of rugged
construction and
quality finish
gives Raydx the
market edge
across the board

TOTALLY COMPATIBLE

This season Raydx will introduce
the first “Totally Compatible” home
satellite TV system. A system engi-
neered to give outstanding perfor-
mance and years of TV viewing
pleasure - both inside and out. Watch
for all the exciting details in
months to come.
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Compatible good looks, compatible price.

9 Oak Drive, Silver Springs Shores Industrial Park P.O. Box 4078, Ocala, Florida 32678-4078

AAYDX SATELLITE SYSTEMS, LTD

(904) 687-2003

PATENT PENDING



EIMAC Tubes Provide Superior
Reliability at radio station KWAV —

over 112,000 hours of service!

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

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

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

EIMAC backs their proven tube

38 [l May 1986

MONTEREY, CALIFORNIA

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

Quality is a top priority at EIMAC,
where our 50-year charter is to

produce long-life products.

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

Write to:

Varian EIMAC

301 Industrial Way

San Carlos, CA 94070
Telephone: (415) 5921221

varian
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the greatest contest
ever staged

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

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

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

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

Finally it should be noted that dur-
ing the 1930's, most ham gear —

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

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

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

is your line voltage
really 117 volts ac?

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

“ | I

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

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

Ham gear and computers can be
protected from most primary line tran-
sients by virtue of inexpensive, easily
available surge suppressors. These
devices will protect our equipment
from low-energy power line ‘‘spikes,"”’
which are the most common. More
robust, industrial surge suppressors
are required if you're served by a
power line that also serves industrial
users.

May 1986 8 39



But what about transients and cur-
rent surges generated within your own
equipment? A surge suppressor on the
power line won’t help in such cases.

surge protection

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

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

A more effective means of limiting
power supply inrush current is to
employ a step-start circuit (fig. 2),
which applies low primary voltage to
the supply until the filter capacitor is
charged. This delay time is, typically,
about one second in most cases. Once
the capacitor is charged, full primary
voltage can then be applied.

Various forms of inrush-limiting cir-
cuits are shown in fig. 3. Circuit A
employs a variable autotransformer.
The operator turns the transformer
control and gradually advances the pri-
mary voltage as desired.

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

time delay relay

A simple delay circuit is shown in
fig. 4A. A 120-volt AC relay is con-
nected so that it shorts out the series
dropping resistor, R. The initial inrush
current causes a voltage drop across
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the resistor and the relay will not close
until the inrush current has decreased
to a nominal value and the voltage
across the relay coil is close to normal.

This circuit is quite effective, but the
AC relay tends to ““chatter’” during the
delay period.

The circuit in fig. 4B employs a

@g 1 ”T
L f )

CR¢ TO
LOAD

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

LOAD

TO

<

Rs x R,
t = As xR |
o {sec) R VR
where C = Farads or 106 «F
R = ohms
REL AY Rc = 500 ohms
Rs = 1500 ohms
: —o- C = 1000 .f
: (B) Q—_E:/v 1 t = 0.375 sec
|
i -
\, R CRI
i Rg © 1500 ;
ac e :
|
|
- 10 LOAD |
‘ ¢ -1000 FX !
i
! - i
’ o U ——— Rc = 500 Ti C :
; |
| ;
| |
(C) R !
700, low
O »«-”r——rvv\,——
+
4700

o—-

RELAY

ac ” ” 35v
f
ev coiL

| |

fig. 4(A), AC relay shorts out series dropping resistor R when voltage across relay coil ‘
rises close to normal; fig. 4(B), RC circuit provides adjustable time delay for relay Ry;
fig. 4({C), 12 volt relay used in RC time delay circuit.




24-volt DC operated relay with an RC
time delay circuit. The line voltage is
rectified and applied to the relay
through a series resistor and a shunt
capacitor. Besides acting as part of the
time delay circuit, the capacitor also
provides filtering and smoothing for
the rectified AC provided by the diode.

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

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

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

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

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

CRI

TO LOAD

r

fig. 5. "Amperite’’ time delay relay consists of contacts mounted on bimetallic strip.
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o
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fig. 6. Progressively shorting switch provides step-start function.

L

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

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

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

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

filament inrush current

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

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

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

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

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

cathode warmup time

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

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

144 MHz EME directory

The 2-meter “moonbounce’’ direc-
tory of Amateurs participating in this
exciting communication mode has
been reprinted. For your copy, please
send five first-class postage stamps or
five IRCs to me at: Varian EIMAC, 301
Industrial Way, San Carlos, California
94070.

ham radio

ENGINEERS & TECHNICIANS

@ cAmerican Electronic“Laboratories.Inic.

RF Design Engineers & Support Technicians

AEL Offers You The Opportunity
To Turn Your Hobby Into A Career!

If you're a subscriber to this publication, we know
you’re enthusiastic about working with RF technology.
Now, you can let your interest and skill pay off with an
exciting career at American Electronic Laboratories, Inc.

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

RF DESIGN ENGINEERS
(Sr. through Jr. Level)

Positions require 2 to 10 years experience in the
design, fabrication and test of high power, wide band,
solid state amplifiers operating in the 1 MHz to
1 GHz frequency range. A knowledge of power com-
bining techniques, the design of hybrid couplers and
other disciplines related to ECM a must. BSEE
required, MSEE a plus.
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SUPPORT TECHNICIANS
(Sr. through Jr. Level)

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

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

AMERICAN ELECTRONIC
LABORATORIES, INC.
305 Richardson Road, Lansdale, PA 19446

An Equal Opportunity Employer, M/F/H/V

A Subsidiary of AEL Industries, Inc.




How to beat the high cost
of cheap meters.
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You get what you pay for.
So get the Fluke 70 Series.

You'll get more meter for your money,
whether you choose the affordable 73,
the feature-packed 75 or the deluxe 77

All of them will give you years of
performance, long after cheaper meters
have pegged their fishhook needles for
the last time

That's because they're built to last, in-
sideand out. So they're tough lo break. They
don't blow fuses all the time. You don't
even have to replace batleries as often.

And they're backed by a 3-year warranty.
Not the usual 1-year

Of course, you may only care that the
world-champion 70 Series combines digital
and analog displays with more automatic
features, greater accuracy and easier opera-
tion than any other meters in their class

You may not care that they have a lower
overall cost of ownership than all the other
“bargain™ meters out there,

But just in case, now you know.

For a free brochure or your nearest dis-
fributor, call toll-free 1-800-227-3800,
ext. 229.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKE 73 FLUKE 75 FLUKE 77
15 [E :
Aalog/dgual thiplay = A
wilts. phms, 104, (hode

Autorange
0 7% hasic o accuracy

At ge/range hold
0 ACCLTACY
T ™

2000 + hout battery bl

1.y wartanty 2000+ hour balisry ke 0.3
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In my 53 years as a ham, | have used every kind of rig
— homebrew, surplus, and factory-made (foreign
and domestic). The reasons why | settled on Ten-
Tec equipment are these:

Ten-Tec “burns in" every transceiver for 15 iust as _ lurn arolnd BEne: T8
hours before shipping, i.e., each unitis operated usually ten l_id\"_ to bwo wee ampared to a month
on all bands, in all modes before it is OK'd for or more with other manufacturers. Ten-Tec gives
customer use. This is the same type of test used service tips on the phone and offers free replace-
by major electronics companies on MILSPEC ment modules for 12 months.

components and equipment to provide extraor-

dinary reliability.

“I have never owned more reliable, satisfactory
The ssb audio quality is truly outstanding, and often equipment than that designed and built by Ten-Tec
commented upon by the station you » working. in the United States.
Ten-Tec's cw signal is sharp and clean (unlike some Stuart D. Cowan, W21.X
rigs) with the finest QSK (break-in) in the industry.
Mo phase noise “hash.”

ln the new CORS/ YOLU IPY AN S3 *Stuart D, Cowan is recognized as one of the
world’s foremost authorities in ham radio. He is an
author of Handbooks for Radio Amateurs, CB
Operators, Shortwave Lis ers, Kit Builders, Ex
perimenters, and Students. He and Bill Orr
(W6SAI) worked together in propagation studies
on the new 10, 18, and 2dMHz bands as authorized
You can listen to two signals, on different frequen- by the FCC. Experiments also included satellite
cies, at the same time with the optional second communication. In the experiments he used Ten
VI-() for the new CORSAIR — a big advantage for Tec equipment for three years on cw and ssb
DXers. without a single problem or failure

signal right next to an S9 signal.

system, plus the 16-pole ladder filter and other fil-
e the sharpest selectivity of any transceiver |
er used.

You can step up to a TEN-TEC
too! See your dealer or write:

Corsair 1l I |I TEN_TEC,INC.
= SEVIERVILLE, TENNESSEE 37862




Get the precision you paid for from your frequency
counter. Connect the Counter-Mate to the "EXT STD"
input and get raceable accuracy instead of just resolution

The Counter-Mate frequency standard employs a precision
third-overtone 10MHz crystal in a proportionally controlled
oven

Check the specifications—the Counter-Mate out perfaorms
and is less expensive than most counters' oven oplions
| and it needs no installation

The Counter-Mate comes calibrated against national stan-
dards and you don't lose your counter when it's time to
recalibrate! The internal frequency adjustor has over 40
turns instead of just 1 turn so calibration is easy and
mechanically stable. Periodic calibration at Wenzel
Associates is just $15 plus shipping.

COUNTER-MATE SPECIFICATIONS

Model +.a0eases B A « o« CM1

Wenzel Associates, Inc. Frequency .. .. ... ... MHzand 10 MHz

11124 Jt)llywlle H(Jﬂd CutputDrive , . v s 65 44 «« TTL Aang '\I.J.I J-rm:

. Austin, TX 78759 -:ulm] Hw]ru ....... S LR .”. H x‘ 11 r 4111'r[.
- i emperalure . . .. 0. *Hx 10 0 to 40°C

(512) 345-2703 TWX 910-997-4554 Warm-Up Time . ....... 10Minutes at 25°C

| Power Requirements . , . 9V Adapler included
SIIe sh s Valkae wr 46 x48" 216

® REALLY cramped for space?

* Wanta10, 15 or20M concealable or portable antenna?
* Want a “bird dog” for your beam?

* Want 40M in a small space?

* Want to try the new WARC bands?

MICROLOOP

These compact
- re

monoband  loops '." I‘ 54
provide omnidirec-
tional (no rotator)

GLB PACKET RADIO

GOES PORTABLE

THE FIRST CONTROLLER DESIGNED
FOR PORTABLE AND SOLAR-
POWERED STATIONS

honzontally-polanzed 20M

(low-naise) coverage =~

when parallel 1o MICROLOOP
SHOWN

ground, or perform-
ance approaching a
lulksize dipole when
vertical. Tunable

* LOW 25 mA Current drain

* Miniature size—Lightweight Mﬂde' PK1'L

(SWR< 1.5:1) toyour
favorite band seg-
ment via built-in
adjustable coaxial
capacitor capable ol
continuous 200
watts CW or PEP
Coverother band segments via antenna tuner, Rugged low-loss coppetr
with stainless steel hardware, 2 PVC mast required (not provided), or
suspend from tree or ceiling with nylon rope, Pricesinclude US shipping
(except HI, AK). Florida add §% sales tax. Send check with your order
or call us with your VISA or MasterCard

10, 12,15, 16 or 20M MICROLOOP (20M is 547 across,

others smaller) Sl : $83.50
JOM or 40M MICROLOOP (108" across lor 40M, 30M
smaller). . ... e e N s e e RIS AL PO IS I 2 O $93.50

HDN Advanced Design Networks, Inc
8601 66th Street North # Pinellas Pork AL 33565

CALLTODAY (813) 544-2596

= All metal, shielded enclosure

« On-board Lithium Battery RAM backup el oW
= On-board watchdog lor reliability ‘2‘09'%
» Standard DB-25 Connectors Amateur het— :
= Qutput signal indicates “Connectled” Status
* Does nol reguire gguelched audio

* BK RAM-32K ROM

* Hemote Command Mode for Unatlended operation

* Hardware command lockout for security

= Commands compatible with our Model PK1 - 202
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77 IDP BETTER

PROTECTYOUR VALUABLE ELECTRONIC EQUIP-
MENT with TDP electronics Voltage Spike Protectors
(shown at left). These products protect TVs, transceiv-
ers, scanners, VCRs, computers, and other solid-state
appliances from transient voltage surges as high as

2500 volts.

ceceoncs JHOUP A~

TDP ELECTRONICS manu-

factures TV Antennas for all

your needs, from complete satellite systems to 9 dif-
ferent indoor antenna models, to an outdoor antenna
line which includes our world-famous Mini-State . . .
the first truly motorized solid-state, rotating antenna for
mobile, marine, and RV use. Whether you live in a castle
or a cave, we have the right TV antenna for you!

TDP ELECTRONICS manufactures still
more! Get Stereo TV for less than $100 when
you get the TDP Video Sound Processor. The
VSP-1 even creates ‘‘stereo’” sound from a
monaural signal, or itcan enhance and expand a

stereo broadcast to put you “in”’ the action rather ELECTRONICS
than in fl'Oﬂt A TANDY CORPODRATION COMPANY
111 Did Bee Tree Road, Swannanoa, NC 28778

Of it' \- Telephone 1-B00-438.4732 )
TDP ELECTRONICS is your best source for

cable, amplifiers, splitters, antenna rotators, and Call or Write for More Information!
more . . .
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active antenna preamplifiers

Noiseless feedback
and filter techniques
improve strong signal
handling capability

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

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

MOSFETs

Some practical details of small MOS-power FETs
have been investigated with a view to application as
sensitive E-field antenna preamplifiers. These are par-
ticularly useful at the VLF-LF region, where a short
1-meter whip can be made to perform as well as a
much longer wire antenna. A short antenna such as
a 1-meter length whip can be considered as a voltage
source with a high internal impedance when coupled
to a preamp input terminal. The effective source Z is
equal to X4, where Cy4 is the antenna whip capaci-
tance. A 1-meter whip will typically have a capacitance
of 12 pF. This implies a very high input impedance
preamplifier is needed, particularly at VLF-LF, where
the concept is most useful. These systems are most -
often operated as impedance converters or voltage fol-
lowers with nearly unity voltage gain. They have very
high power gain in converting a signal at the high-Z
source to a similar amplitude, only now at a 50- to
75-ohm receiver load.

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

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

By R.W. Burhans, 161 Grosvenor Street,
Athens, Ohio 45701,
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fig. 1. Test circuit.

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

inductive feedback

A circuit that can reduce the input capacitance and
improve the linearity for MOSFETs involves a ‘noise-
less feedback’’ method. In this method, a portion of
the drain signal is fed back either to the source or gate
input via inductive transformer methods. Here the sig-
nal is fed back from drain to source with 180-degree
phase reversal. The source winding feedback turns
ratio determines the final output voitage gain. An
experimental circuit is illustrated in fig. 2, where a trifi-
lar wound toroid serves both as an output impedance
matching transformer and feedback winding. As a
practical matter, the greater the amount of feedback,
the better the performance up to the point at which
the overall circuit gain is reduced too much. With
VN10KM or VN2222L. VMOSFETs, the voltage gain
is reduced to about —2 dB, with the FET input capac-
itance reduced to practical levels comparable to those
of JFETs such as the J-310. Table 1 illustrates the
effects of changing the feedback winding turns ratio
with respect to the output windings. The choice of
a 1:1:1 ratio transformer gave the best performance
in terms of minimum capacitance, gain compression
level, and third order intercept as measured over the
VLF-MF range from 10 kHz to 3 MHz. The 1:1 turns
ratio part of the transformer used as the output pro-
vides a good match to the drain circuit of the VN2222L
for a 50- to 75-ohm load at the receiver coupler. This
circuit was designed originally for a maximum output
level of 1V RMS or 20 mW at a 50-ohm level and actu-
ally achieved a performance of 50 mW or + 17 dBm
at the 1 dB gain compression level. Figure 3 illustrates
the IMD performance characteristics. This is as good
or better than the performance of most presently avail-
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fig. 2. VLF-HF active antenna system.
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fig. 3. Wideband preamp performance.

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

Figure 4 illustrates the overall gain and phase shift
for the circuit of fig. 2. The phase shift starting at 3
to 3.5 MHz is due to the combined effects of the length
of cable connecting the coupler to the preamplifier and
the output transformer resonance, where the core
material tends to have less of an effect at HF. If the
preamplifier is not well matched to the coupler or has
excessive voltage gain, problems with spurious oscil-
lations are sometimes noted with remote operated
active antenna systems, where the total phase shift
is a multiple of 2x. The very linear phase change from
10 kHz to 3 MHz for this example is useful in direction-
finding applications where the signal from an E-field
active antenna is combined with an H-field loop sig-
nal for a resulting cardioid directional pattern.
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table 1. Feedback winding ratio effect on amplifier
performance.
Feedback winding Preamp Input E-Field
ratio voltage gain capacitance attenuation
{source) {C) (E)
0 +18d8 80pF -
{source ground)
0.2 +10dB 70pF —
0.4 +3dB 40pF - 16dB
1 -2d8 26pF —18d8
sensitivity

An estimate of the antenna’s sensitivity is obtained
from the E-field attenuation factor noted in table 1.
This is:

eour . I Ca
e 2 Cu+Ciy

Eg (dB) = 20 log 10

where the factor 1/2 arises because of a given uV/m
field gradient from top to bottom of a 1-meter whip.
The potential developed at the preamp input terminal
will be the average of the top-to-bottom field gradient.
Thus the actual E-field intensity for a 1-meter whip may
be estimated at the preamplifier output with a suita-
ble calibrated receiver by applying this attenuation to
the resulting signal level measured. However, such
experiments are best conducted in a reasonably open
area where the antenna is not obstructed by trees or
nearby structures. The ultimate sensitivity of a short
whip antenna such as this will depend on where it's
placed with respect to the actual E-field in free space.
These sensitivity numbers may appear somewhat iow
at the HF range compared to the antenna length, but
at the VLF-LF receiving range, where large antennas
are difficult or impractical to construct, this active
antenna is very effective.

active notch

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

PHASE SHIFT

RESONANCE OF

oda L 2n VOLTAGE GAIN INPUT FILTER

CONNECTING
CABLE EFFECT—»'

~10d8
-20d8 +

-304d8B

T u T T T
10kHz 100kHz 1 MHZ 10MHz 30MHZ

FREQUENCY

fig. 4. VN22221 antenna preamplifier.

|

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

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

Dual traps can also be effective for the wideband
case, where the input trap is tuned to some frequency
in the 1 MHz AM broadcast range and the second trap
is self-resonant at a cutoff range such as 35 MHz. For
this example, the output transformer should be a wide-
band toroid with a 0.5:1:1 or 1:1:1 turns ratio. In this
case, the input trap should have a low reactance at
1 MHz, with a resonating capacitor of 100 pF or more
so that the response in the passband above 1 MHz is
down only —3 dB or so. In most cases with two or
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fig. 6. Power MOSFET active VLF-LF antenna with feedback traps.

more traps, the input resonator should be tuned to the
lowest notch frequency with the second and succeed-
ing traps tuned to the higher frequencies.

other applications

Another example of the utility of the noiseless feed-
back method is a broadband low impedance amplifier
fabricated from off-the-shelf components covering the
10 kHz to 1 MHz region. The Mouser TLO04 iron core
transformers are used for bath input and output coup-
ling by rearranging the windings to approximate the
turns ratios required for operation. A true noiseless
feedback amplifier might use an alternate input trans-
former toroid wound as in the example of fig. 7. How-
ever, the TLOO4 iron core transformer can serve as a
reasonable substitute with somewhat less power gain
because of reduced turns ratios for the feedback and
coupling. A proposed application of this circuit might
be for a VLF-LF ferrite core loop antenna where the
loop windings (N2-N3 only) substitute for the input
transformer.

MOSFET selection
Several different power MOSFETs including the
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VN10KM, IRFDZ13, BS170, 2N7000, and VN2222)
have been evaluated for these applications. One prob-
lem, however, is that they require different gate bias
voltages that vary from +2 to +4 volts. The 1
megohm — 2.7 megohm voltage divider may require
changing for optimum linear operation. Thus the
2N7000 series operates better with a 1 megohm — 1.5
megohm divider, producing a bias of about +3V. We
have also noted that different batches of the same
transistor type may have a different optimum gate
bias. These power MOSFETs are designed primarily
for switching service applications, but they are also
generally more linear in the triode region than many
zero-gate bias JFETs. The power MOSFET field has
changed so rapidly over the last five years that 3rd
generation types are now being introduced with still
different properties. Linear circuit applications of this
type are not often found in the manufacturers’ litera-
ture because of the present emphasis on digital appli-
cations.

inductors

Input inductors and TLO04 output transformers are
available from Mouser Electronics, 1143 Woodside
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Message
Master

Real-voice message system
For any repeater or base

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

Message Master connects easily to any radio system for
remote access: repeaters, base stations, even transceiv-
ers. It can even be connected to an autopatch device to
exchange messages between your radio systemand the
telephone network.

Message Master is a multi-user system with mailbox
style personalized message service for a hundred users.
With 8 minutes of message storage it can store
hundreds of messages simultaneously making it ideal
for large, active repeater groups.

Would you like your callsign identifications,
tail messages, and bulletin messages sentin
real-voice? Message Master can send them
too. Record several identification messages
and it will even send a different ID each time.

MESSAGE MASTER
VR 480
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e Create messages just by talking. Message Master's
‘real-voice’ technique saves YOUR VOICE Iin digital
memory to deliver messages In your own voice, lan-
guage and dialect.

e Mailbox-style operation gives individual message
delivery service to 100 system users.

e Easlly added to any repeater or base station for re-
mote operation with only four connections.

e Special features include callsign Identifications, tall
messages, and bulletin messages.

* Digital message storage provides instant playback of
stored messages.

¢ Modular memory meets your exact needs from2to 8
minutes of total message storage.

Serving all your repeater needs

— Mark 4 Repeaters and Repeater Controllers are THE PER-
FORMANCE LEADERS with real voice, more autodial numbers,
more synthesized voice and more features.

Almost like magic, Message Master knows — Mark 3 Repeaters offer the winning combination of high per-

when to send identifications and tail mes-
sages so it needs no special control signals
from your base or repeater.

Call or write for further information before
you make another wasted call.

formance and high value.

— LR-1 Repeaters boast superb RF circuitry at an economical
price.

— MR-4 Receivers with 7 helical resonators are the only receivers
to choose in harsh RF environments.

Commercial users: Ask for a brochure on — PA-100 Amplifiers with rugged TMOS power FETs give you a

the Message Master Electronic Dispatcher
with group and all call messaging.

SEE US IN DAYTON
Booths 106, 107, 108

KENDECOM INC.
MICRO CONTROL SPECIALTIES

continuous duty high power signal.

COMING SOON: A 4-channel re-
ceiver voting system which oper-
ates on true signal-to-noise ratio to
extend your coverage by linking to
remote receivers.

W~ 197
23 Elm Park

Groveland, MA 01834
(617) 372-3442
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fig. 7. VHF-LF utility amplifier with noiseless feedback input method.

table 2. Series filter resonance of readily available inductors.
Mouser Nominal Self-Resonant Resonance with Inductor
Part No. Inductance Frequency 10pF added distributed
{mH) (kHz) (kHz) capacitance
431.J368 68 174 134 12pF
431 H333 33 335 221 6.8pF
1120-104k 10 588 388 7.3pF
43LH268 6.8 845 516 5.2pF
1120-393k 3.9 885 614 8.2pF
1120-223k 2.2 1460 900 5.5pF
43LH215 1.5 1510 1007 7.3pF
421F104 900uH 2370 1334 5.0pF

Avenue, Santee, California 92071. The 43LHXXX
series inductors are encapsulated types with values
ranging from 1 mH to 33 mH. The input transformer
421F300 is a variable cup-core type with an inductance
range of about 250 to 600 xH and a turns ratio of 12:1.
The 42IF104 has an inductive range of 500 to 1000
uH and a turns ratio of 22:1. These IF transformers
are normally used in AM broadcast band radios but
prqyide very satisfactory traps with the circuits illus-
trated. For the lower frequencies — below about 800
kHz and where a maximum lowpass effect is desired
— as well as the tuned trap frequency, the LH series
inductors are wound with a small coupling cail as illus-
trated in fig. 8. The polarity of the coupling is impor-
tant. The circuits will oscillate with the wrong polar-
ity of the feedback coupling of this neutralizing
winding. If other inductors or transformers are sub-
stituted, a bench check for proper operation should
be conducted using the input test circuit of fig. 1.

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

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

future developments

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

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

In pursuit of these ideas, the experimenter should
keep in mind that all inductors have distributed capac-
itance which then becomes a much more critical cir-
cuit parameter. For highpass shunt filters, the active
feedback polarity is reversed from the series and low-
pass filters, for peaking effect reduction. Another
important consideration is the filter layout where
mutual coupling between two or more adjacent induc-
tors can enhance or deteriorate a given filter perfor
mance. Close shielding of the small encapsulated type
of inductors usually increases the self resonant fre-
quency and decreases the Q because of the shorted-
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turns effect on the outer windings of the inductor.
Combinations of feedback neutralized inductors or
traps with un-neutralized resonators results in addi-
tional variety of bandpass or bandreject filters for use
directly at the input from a high impedance source or
antenna system.

circuit boards

For a list of experimental circuit boards and related
products for these preamplifier systems, send an
SASE to Burhans Electronics, 161 Grosvenor St.
Athens, Ohio 45701
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CAPABILITIES

IN STOCK— THE LARGEST SELECTION OF CAVITIES, DUPLEXERS

AND FILTERS AVAILABLE FOR IMMEDIATE DELIVERY !

Improve and expand your
communications performance with reliable
Telewave High "“Q" Cavities, Duplexers, &
Filters. Telewave Cavities are ideal for use in
frequency-congested areas, where protection
is required from transmitter interference,
spurious radiations, and receiver desensitization.

Bandpass, Bandpass Band Reject,
& Notch Cavities

30 to 50 MHz and 66 to 88 MHz
Single, Double and Triple Cavities
in5”,6", 8" and 10" diameters.

66 to 88 MHz and 118 to 174 MHz
Single, Double and Triple Cavities
in5” 8" 10", and 12" diameters.

220 to 400 MHz and 406 to 512 MHz
Single, Double and Triple Cavities
in4”, 5", 6" 8", and 10" diameters.

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

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

GSA Number OOK8B8B6AGS0646

Telewave, Inc.
(415) 968-4400

<0l
< AL

1155 Terra Bella Ave., Mountain View, CA 94043

in Canada - contact Telewave Ltd, 11151 Horseshoe Way #4
Richmond, B.C. Canada V7A4S5 (604) 274-8300

More Details? CHECK — OFF Page 142
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the W2PV 80-meter quad

Design notes
for a 2-element
parasitic delta loop

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

system description

“Quad’’ is a convenient misnomer; the antenna sys-
tem is actually a two-element parasitic array. Each ele-
ment is a nearly one-wavelength equilateral triangu-
lar loop, with one vertex (the feedpoint) at the top.
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fig. 1. Performance versus relative frequency.
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The loops are identical to permit convenient direction
switching. The parasitic element is ‘“‘tuned” to look
like a reflector by shunting the feedpoint with an induc-
tance. This arrangement provides very good gain,
broad unidirectional main lobe, and moderate front-
to-back (F/B) ratio, with reasonable bandwidth. Per-
formance is not too sensitive to spacing and height,
so the operating frequency can be moved from the
phone band to the CW band by adding inductance in
series with the loops. The array radiation resistance
is quite high (near 100 ohms) so that losses in air-
wound coils are negligible.

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

gain and radiation pattern

I've modeled this antenna using the MININEC pro-
gram. Figure 1 shows the integrated gain versus fre-
quency for fair ground. “Integrated gain’’ is the aver-
age value of the gain over all angles from zenith to
horizon in the vertical plane containing the boom.
“Integrated F/B’’ is the ratio of the integrated back-
ward gain to the integrated forward gain. | believe this
provides a more useful representation of antenna per-
formance on 80 meters, where the wave angles of
interest span a very large range. Note that the direc-

By Bill Myers, K1GQ, Box 501, Hollis, New
Hampshire 03049
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fig. 4. Coaxial matching sections.
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tion of maximum gain reverses about 125 kHz below
the central operating frequency, where the reflector
begins to act as a director. (MININEC seems to pro-
duce reasonable radiation pattern predictions for
loops, but centered at obviously wrong frequencies,
so | left the center frequency undefined in fig. 1. Also,
the MININEC predictions of input impedance are unre-
liable, but that's another story.)

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

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

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

matching system

The input resistance of the driven loop, at the cen-
tral operating freguency, is about 100 ohms. Initially,
Jim used a multi-impedance tapped balun to match
this to a 50-ohm transmission line. After exhaustive
tests, he concluded that this balun was not suitable
and changed to the matching system shown in fig.
4. The half-wave balun at the feedpoint converts the
100-ohm input resistance to 25 ohms. The series-
section transformer then converts 25 ohms to 50
ohms. All of these transformer sections are made of
RG-8 (or RG-213) coax and are cut for 3.65 MHz.
W2PV calculated the effect of the error in transform-
er lengths when operated at 3.5 and 3.8 MHz and
decided that the consequent mismatch was unimpor-
tant. These length errors do not affect the array per-
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fig. 5. Measured standing wave ratio.
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WORLD-TECH PRODUCTS

SEE US AT DAYTON
NAVAL ELECTRONICS
BOOTH

M3111A (S)

KNOW THE TIME - ANYWHERE,
EVERYWHERE - INSTANTLY

12/24 Hour Time Piece
Dual Dial World Time Clock
Easy to read local time in cities around the world

Features:

* Gold or Silver Time Piece Handsomely displayed in a smoked
acrylic or clear stand.

= Daylight/Nighttime shown on 24-hr dial

* Accuracy assured to + 15 seconds per month with quartz
movement

* Time piece diameter 62", Height 9", Width 8”. Uses 1 "AA"
Battery, not included

List Price $44.95 Sale Price $34.95

Call or write to place your order today.
Florida Addresses add 5%.
Please add 2.50 for shipping. e
1233 Kapp Drive

Clearwater, Fla. 33575 (813) 442-5862

SPECIAL
ICOM
1C-745

$799.00
w/hand mike

NEW ENGLAND'’S ONLY FACTORY-
AUTHORIZED SALES & SERVICE

formance, since the transformers are not part of a
phasing system. The SWR data measured by W2PV
is plotted in fig. 5; note the excellent bandwidth
between the 2:1 points.

The central operating frequency is shifted down to
3.5 MHz by adding inductive reactance to both loops.
Since the direction switching requires a relay box at
each loop feedpoint, it's convenient to include the
mode-switching relay in the same box (fig. 6). The
complete antenna system has three relay boxes; the
central box is simply a single-pole, double-throw
switch that connects the main feedline to one or the
other of the two loops. W2PV arranged his relay con-
trols so that the default (i.e., no power) condition was
NE/phone (with the boom running NE/SW).

closing remarks

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

ham radio

FOR

KENWOOD E3icom

Also displaving the popular accessories needed 1o complete a HAM STATION . . .
ARRL PUBLICATIONS « AEA PRODUCTS = AMPHENOL

e ALPHA DELTA * ASTRON * AUSTIN ANTENNAS * AVANTI

* BELDEN * BENCHER « B & W ¢ DAIWA ¢ ALINCO

e HUSTLER * KLLM * LARSEN * MIRAGE * ROHN
e TELEX/HY-GAIN * TOKYO HY-POWER LABS

SPECIAL
NEW!
Kenwood
TS-4408
On Display
CALL FOR PRICE

* TRAC KEYERS ¢ VIBROPLEX * WELZ * ETC.
OPEN SIX DAYS A WEEK

Telephone 617/486-3400, 3040
675 Great Rd., (Rte. 119) Littleton, MA 01460

1Y, miles from Rte. 495 (Exit 31) toward Groton, Mass.
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LEARN ALL ABOUT

TROUBLESHOOTING
MICROPROCESSOR-BASED
EQUIPMENT
AND
DIGITAL DEVICES

Attend this 4-day seminar and master the essentials
ol microprocessor maintenance. Gain a firm under-
standing of microprocessor lundamentals and learn
specialized troubleshooting techniques. Fee 1s $745.00

CURRENT SCHEDULE
Chicago, IL — April 15-18
Cincinnati, OH — April 21-24
Greensboro, NC — April 29-May 2
Milwaukee, WI — May 13-16
Kansas City, MO — May 20-23
Denver, CO — June 3-6

MICRO SYSTEMS INSTITUTE
Garnett, Kansas 060032
(913) 898-4695

" e & 8 9 @
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[ BLACK DACRON™ POLYESTER
ANTENNA ROPE

eUV-PROTECTED
®HIGH ABRASION RESISTANCE
SREQUIRES NO EXPENSIVE
POTTING HEADS

SEASY TO KNOTS

TIE & UNTIE

®EASY TO CUT
3/32"

ISFIED CUSTOMERS DECLARE
ELLENCE THROUGHOUT U.S.A.

WITH ODUR HOT KNIFE

®SIZES: 3/16" 5/16"

®SAT
EXC

LET US INTRODUCE OQOUR DACRON"
ROPE TO YOU L] SEND YOUR MNAME
AND ADDRESS AND WE''LL SEND YOUu
FREE SAMPLES OF EACH SIZE AND
COMPLETE ORDERING INFORMAT I ON

o - 191
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N

textiles,inc. P J

WOULD YOU LIKE
TO BE
PRESIDENT?

Our high technology start-up company is
offering a large equity position lo an indvi-
dual who can lead us through a period of
rapid expansion. A primary need will be the
necessary skills to carry out our stock sales
program

The right person will be able to realize the
benefits of his efforts within a relatively short
peniod of time. Experience in either franchis
ing or setting up a nationwide system of
stores Is desirable

Write us today with your qualihications for
this exciting leadership opportunity

Reply to:
Box CX
Ham Radio Magazine
Greenville, NH 03048

—

|

There are two ways you can
operate an amateur dual band
UHF/VHF radio: you can go
through the extra expense and
bother of using two antennas....
or, you can install the new
[ Larsen 2/70—the single
antenna that brings you both
bands.

The Larsen 2/70 blends a
half-wave element for 2-meter
(144-148MHz) amateur band
and collinear elements for
70cm (440-450MHz) amateur
band. One antenna serves both
bands, and is available with
three different mounts for any
mobile needs.

The self-resonant design of
the Larsen 2/70 allows masi

See your f
INLUSA Lar Electromg TBITNM

INCANADA Canadian Larsen Electt

LARSEN® K WD AND Kol DUGKIE®* ARE HEGIE

applications for vessels and
base stations outfitted with
standard Larsen BSA-K hard-
ware. With or without a ground
plane, the Larsen 2/70 gives
you the highest performance
attainable, whether you are
using a dual band radio or two
separate radios.
If your radio does not have
a built-in band splitter, we can
even provide that.
Performance...savings. ..
convenience...and a no-
nonsense warranty— four
greal reasons for banding
together with the Larsen
2/70. See your favorite
amateur dealer or write for a
free catalog today.

s

Larsen Aintennas

The Amateur’s Professional

avorite amateur dealer or write for a free amateur catalog.

Box 1799 Vancouver, WA 9B6GS | 206 57
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MIC  the packet radio
SUEELY alternative.

The M S O complete packet radio
system an allernative dedicated packet

radio computer system with com: Get more for your

munications software, and a

TAPR TNC-2 clone. Use your SANYO moneV!

computer and software for an un-
attended RBBS, or use any of the

thousands of public domain software ",.."\.‘

programs available to the CP/M user (‘\ SANYO
The systern also comes with the com

plete micropro software package lor M Bc 1 1 60
word processing, (Wordstar) Spread
sheets (Calcstar) and a database. (Info

including this FREE software

star) for your QSO's log, contest club * Communication

member list or any other record keep- Program

ing needs!! Also included 1s a spelling = Wordstar « Spellstar

checker, (Spellistar), mailling label . Mailmerge e Calcstar

maker, (Mailmerge) and basic com ¢ Infostar = BASIC

puter programming language /‘1
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computers and software. With Formatted Mini Floppy ~— ;
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your computer or about software g eer e s The Packet
availability. Whether you need one * No-glare amber monitor display R d-
gen for easy viewing aalo

or a dozen computers, Micro Supply

Organization 1s the place to getl ¥ i I""I"' ' play 25¢ controller
them!
o Two nternd double "l.rlli {oubie An identical TAPR TNC-2 clone
USER SUPPORT it .r.'. . e with identical software and hard
s o T L K 1.1 KE rma :I apal I wdre Fr:_e:'{-'l,-n_:_m_. the |latest AX _':!_f-.,
*. Inariaces lof Or version 2.0 soltware, hardware
805,393-2247 punter and one R: HOLC for full duplex, true Data
® e prxeR Carrier Detect for HF, 16K RAM
i sk dirive simple operation plus maore

CASH PRICE ONLY | o Call for TNC Pricing.
heck in advance Add 3% for VISAIM % Special Printer

X hanghiny Erarges will B added 1o7each oid Pricing when Complete

For our catalog with complete details and pu rchased with system

prices, send $2.00 to above system. only

Micra Supply Organization. Inc m! '
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SRS hec *Special pricing for a
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—
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the colagi™ antenna

Improve gain, pattern
by combining collinear
and Yagl designs

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

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

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

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

Gain improvement in the E-plane is:

10 LOG | 78° @pgl% - 3 dB BW) }

Gain improvement in the H-plane is:

= +0.79dBd

10 LOG {31592%‘2@”2 | = +6.0dBd

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

* “Colagi’ is a registered trademark of Sinclair Radio Laboratories.

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

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

Ao

0.659 « v = 0.33%0

X
physically, so the outer conductor is basically non-
resonant at the design frequency.
If teflon dielectric were used, the physical length
would be:

Ao

5 = 0.35N0

0.695

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

0.82 « —5

5 = 0.41\o

By Bob Morton, VE3BFM, P.O. Box 481, Gorm-
ley, Ontario, Canada LOH 1G0
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fig. 1. Dipole through 24 element Yagi —3dB beamwidth vs. directive gain.

R e e T e
0 1 12 13 14 45 16 17 18 19 20

-———X\/2 FEEDLINE
180° PHASE FEVERSAL\

A/2

FEEDPOINT ~_

e e s ey —_—

2 REFLECTORS
Az2 (A72 EACH}

f/.OA ORIVER

MAXIMUM
RADIATION
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fig. 3. Current distribution for a 3-wide Colagi feed.

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

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

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



fig. 4. 7-element Yagi.

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

32,000

If this Yagi is made into a Colagi (fig. 6), the H-plane
— 3 dB beamwidth remains the same at 46 degrees.
However, the E-plane —3 dB beamwidth now be-
comes 20 degrees. Gain now is

32,000

10 LOG { 30 > Zgl —2.15 = 13.26 dBd

RELATIVE VOLTAGE

/‘

(B)

180°

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

stacking separate Yagis does not yield
same improvements

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

Figure 7 shows the array factor curve' for three
antennas stacked at 0.83\,. The array factor in this
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fig. 8. Gain improvement of Colagi over conventional
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case is the resultant pattern produced by three in-line
isotropic radiators of equal amplitude and phase. If this
pattern is overlaid on the E-pattern of the original
seven-element Yagi, the product of the two patterns
will yield the resultant Colagi pattern (for the seven-
element long Yagil.

The delay line phasing section is the limiting factor
in determining the space between the "individual
Yagis'’ of the Colagi.
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fig. 9. Gain of center fed collinear array of dipoles spaced
0.83 \o with 0dB and 2dB power taper per radiating
dipole.

On long-boom Yagis, the E and H patterns are
approximately equal. As gain increases, the beam-
widths decrease. In order to realize stacking gains, the



RELATIVE FVOLTAGE

180°

spacing betwen Yagis must also increase. Using a
Colagi type feed system, the spacing is fixed at
0.83\,; therefore, an understacking effect occurs on
long Yagis and all the gain available is not achieved.

The collinear feed system can be extended to five,
seven, nine, . . . dipoles by increasing the number of
parasitic elements accordingly.

Figure 8 shows the gain improvements to be
expected for three, five, and seven-wide Colagis,
based on knowing the —3 dB beamwidth in the E-
plane for the single Yagi. For example, a Yagi with a

270°

fig. 10. Phase error and power distribution affect on pattern: A} 0dB power taper and 0°, 0°, 0°, phasing, B} 0dB power
taper and 30°, 0°, 30°, phasing. C) 3dB power taper and 0°, 0°, 0°, phasing. D} 3dB power taper and 30°, 0°, 30°, phasing.
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270° RELATIVEf VOLTAGE

180°
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180°

28-degree beamwidth, made into a three-wide Colagi,
would see a gain improvement of only 2.0 dB, while
a Yagi with a —3 dB beamwidth of 42 degrees will
see a gain improvement of 3.3 dB.

unequal dipole feed reduces sidelobes

Since some power is radiated from the center dipole
of a Colagi feed, there is not an equal amount left to
be radiated by the other dipoles. Figure 9 shows the
gain to be expected from a center-fed collinear feed
with a zero dB taper (all radiators equal in power) plus
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-
PRODUCTS
9 MHz CRYSTAL FILTERS
i- Band-

MODEL cation width Poles Price
XF-9A 558 2.4 kHz 5 $53.15
XF-98 SSB 24 kHz 8 72.05
XF-98-01 LS8 24 kHz B 95 80
XF-9B-02 uUse 24 kHz ] 9590
XF-9B-10 SsB 24 kHz 10 12565
XF-9C AM 3.75 kHz 8 77 40
XF-9D AM 50 kHz 8 77 40
XF-SE FM 120 kHz B 77T 40
XF-9M cw 500 Hz 4 54.10
XF-9NB Cw 500 Hz 8 95 90
XF-9P Cw 250 Hz 8 131.20
XF-910 IF noise 15 kHz 2 1715

10.7 MHz CRYSTAL FILTERS

WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS
Export inquines Invited Shipping $3.75

MICROWAVE MODULES EQUIPMENTS

Use your existing HF or 2M ng on other VHF or UHF bands

RECEIVE LINEAR
CONVERTERS TRANSVERTERS
MMk 1691-137 $259.95 MML 1296-144G $329 95
MMk 1296-144G 169 95 MMx 1268-144 229 95
MMc 439.ATV 94 95 MM 435.28(5) 309 95
MMc 432-28(5) 64 95 MMt 432-28(5) 289 95
MM 144-2B(HP) 84 95 MM! 144-28(R) 339 95
MMc 144-28 59 95 MMI 144.28 18995
LINEAR POWER AMPLIFIERS

2M 70cm

MML 144-30-LS 109 95 MML 432-30-L 219 95
MML 144.50-S 110 95 MML 43250 229 95
MML 144.100-5 209.95 MML 432100 37885
MML 144.100-LS 189 95 . ™

MML 144.-200-5 37295

ANTENNAS e "
2M 5

10XY-2M $69 95 LOOP YAGIS

70cm 1268-LY $49 95
70/MBM28 $39.95 1296-LY 49.95
7O/MBMAR 64 95 1691-LY 59.95
TO/MBMBE 94 95 order loop yagi connector exira

Send 66€ (3 stamps) tor full detasls of all our VHF & UHF equipments and KVG crystal

products T
Shipping FOB Concord. Mass a L

(617) 263-2145
! SPECTRUM
ITERNATIONAL, INC.
pst Office Box 1084
, MA 01742, U.S.A.

BASEBALL CAP

How about an attractive BASEBALL style cap
that has name and call on it. It gives a
Jaunty air when worn at Hamlests and it 1s
a great help for fnends who have never
met to spot names and calls for easy
recognition. Great for birthdays, anniver-
sanes, special days, whalever occasion
Hats come in the following colors
GOLD, BLUE, RED, KELLY GREEN
Please send call and name (maximum 6 letters

per line)

IUFBC-81 $6.00
I.D. BADGES
No ham should be without an |.D. badge. It's just the thing for club meetings,
conventions, and get-togethers, and you have a wide choice of colors. Have
your name and call engraved in either standard or scnpl type on one of these
plastic laminated |.0. badges Available in the lollowing color combinations

(badge/lettering). white/red, woodgrain/white, blug/white, white/black, yellow/
blue, red/while, green/white, metallic gold/black, metallic silver/black

[ 1UID Engraved | D Badge $2.50

Ham Radio’s Bookstore
Greenville, NH 03048

Please Enclose $2 00
1o cover shipping and handling

Join AMSAT...Today

Amateur Radio Satellite OSCAR 10
provides:

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

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

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

¢ Full Operating Privileges
open to Technician Class
licensee or higher.

Other AMSAT Membership Benefits:

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

Satellite Tracking Software
Available for most popular PCs.

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

Construction of Future Satellites For Your
Enjoyment!

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

AMSAT
P.O. Box 27
Washington, DC 20044

301 589-6062
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the gain expected if a 2 dB power taper is used. On Optimum stacking of two three-wide Colagis in the

an 11-element center-fed collinear, if the center dipole E-plane is 2.5\,. This will give — 14 dB sidelobes if a
power is used as a reference, then the outermost two seven-element long Yagi is used as the starting point.
dipoles will be 10 dB down in power. That's terrible! The — 3 dB beamwidth is approximately 10 degrees.
Right? Well, not really. The difference in gain between Making a seven-wide Colagi will also yield a —3dB
this condition and that with all dipole powers the same beamwidth of approximately 10 degrees. On 432 MHz
is only 0.5 dB. A slight widening of the main beam this width is 12.5 feet (3.8 meters); on 1296 MHz the
occurs when a power taper exists, but a big plus is width is just over 4 feet (1.22 meters). Mechanical con-
in the reduction of the sidelobes. A very clean radia- siderations dictate just how far this type of antenna
tion pattern is produced. For weak signal work, hav- can be expanded.
ing very low sidelobes is a real advantage, especially At antenna measuring contests, a 'figure-of-merit”
in EME work. The sky is full of noise sources and noise is used to determine gain density. It is simply the phys-
is additive, so why take chances with high sidelobes? ical dimensions of the Yagi divided into the measured
A collinear fed Yagi or the Colagi is a natural for clean gain of the antenna. My three-wide, seven-element
E-patterns. long Colagi placed first on 1296 MHz at Dayton in
; ; 1984.

reduced phase error pattern distortion The groundwork for the Colagi is now complete.

What about phasing errors? Figure 10 shows the Although construction techniques will vary and final
Colagi array factors: combinations will differ, all results should be
(A) 0 dB power taper and 0°, 0°, 0°, phasing. rewarding.
(B) 0 dB power taper and 30°, 0°, 30°, phasing. Extra antenna gain is always desired in weak signal
(C) 3 dB power taper and 0°, 0°, 0°, phasing. work. The Colagi approach might be the answer.
(D) 3 dB power taper and 30°, 09, 30°, phasing.

A phasing error of 30 degrees, which would be very references
bad on a conventional two-Yagi stack, has virtually 1. John D. Kraus, Ph.D.. Antennas. McGraw Hill Book Company Incorporated
no effect on the resulting pattern of a Colagi with a i
3 dB power taper. ham radio

By making the Yagi into a Colagi, the E-plane pat-
tern is about 20 degrees or less for any Yagi of three
elements or more. The H-plane has not been changed.
Conventional stacking will approximately halve this
pattern’s — 3 dB beamwidth each time the number of
Colagis (or Yagis) is doubled. A ten-element Yagi (or
Colagi) with a — 3 dB beamwidth of 38 degrees in the
H-plane when stacked four high will have approxi-
mately a 10 degree — 3 dB beamwidth. Made into a
three-wide Colagi, this array will have a gain of:

12,000
0 N (e 2.15 = 20.3
10 L.OC ! 18 e m} / 0.3 dBd
On the 2-meter band, this gain is sufficient to hear EME

echoes from a B00-watt transmitter.

A “first-level’” Colagi (three-wide) on 2 meters is « Linaum attary Backu 11 RAM TORNAIR. i by TAPR
almost as wide as a 10-meter beam. A “first-level” MEOEI TNCZAKIUNMOS  $154.95
Colagi on 70 cm is about 60 inches wide. SPECIFICATIONS Model TNG2A Kit CMOS  $169.95

Expanding to a “‘second-level” Colagi (five-wide) or Glogh 24578 g i 188
a "third-level” Colagi (seven-wide) continues to NoLe "
sharpen the E-plane pattern. For the seven-wide and Modem 1 L i J
up, the — 3 dB beamwidth is basically the -3 dB :n .
beamwidth of the array factor. Once the Colagi is sa 34 pes - 7%
expanded to this level, the effect of adding directors won B m-"ﬁ pae :E
does very little to the E-plane pattern. A set of reflec- = 20 & up - 20°

tors behind each half-wave dipole is all that is required. GO el o when you THC
However, the H-plane pattern does benefit from the Powar 10 1 + 15 VDL CMOS. 110 s MO 360 ma Ty Shipping weight - 5 Ibs

addition of directors, as seen in fig. 1, and each builder =
GLB ELECTRONICS.INC.

must decide how many directors (and how long) to
151 Commaerce Pkwy., Buffalo, NY 14224

make the antenna.
T16-6756740 9Sto 4
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ASTRON

CORPORATION

Canadion Distributor

Eastcom Industries, Ltd.

4511 Chesswood Dr.

Downsview, Ontario, Canodo M3) 2Vé
(416) 638-7995

9 Autry
Irvine, CA 92718
(714) 458-7277

INSIDE VIEW — RS-12A

ASTRON POWER SUPPLIES

¢ HEAVY DUTY = HIGH QUALITY = RUGGED * RELIABLE »
RS and VS SERIES
SPECIAL FEATURES

* SOLID STATE ELECTRONICALLY REGULATED

* FOLD-BACK CURRENT LIMITING Protects Power Supply
from excessive current & continuous shorted output.

* CROWBAR OVER VOLTAGE PROTECTION on all Models
except RS-4A.

* MAINTAIN REGULATION & LOW RIPPLE at low line
input Voltage

* HEAVY DUTY HEAT SINK  CHASSIS MOUNT FUSE

* THREE CONDUCTOR POWER CORD

* ONE YEAR WARRANTY  MADE IN U.S.A.

PERFORMANCE SPECIFICATIONS

* [NPUT VOLTAGE: 105 - 125 VAC

* QUTPUT VOLTAGE: 13.8 VDC + 0.05 volts
(Internally Adjustable: 11-15 VDC)

* RIPPLE: Less than 5Smv peak to peak (full load
& low line)

MODEL RS-50A

MODEL RS-50M

MODEL VS-50M

RM-A Series

19" X 5% RACK MOUNT POWER SUPPLIES

Continuous Ics* Size (IN) Shipping
Model Duty (AMPS) (AMPS) HXWXD Wt (Ibs.)
RM-35A 25 35 5% x 19 x 12V 38
AM-50A 37 50 5% x 19 x 12V 50
. Srjjarate Volt and Amp Meters
RM-35M 25 35 5% x 19 x 12V 38
MODEL RM-35A RM-50M 37 50 51 19 12 50
i Continuous ICS* Size (IN) Shipping
RS-A SERIES MODEL Duty (Amps) (Amps) HxWXD Wt (Ibs)
. RS-4A 3 4 3% x6% x9 5
RS-7A 5 T IVaxb¥:x9 9
RS-7B 5 7 4.7 = 10% 10
RS-10A 7.5 10 4x 72 x10% 11
RS-12A 9 12 4 x8x9 13
RS-20A 16 20 5x9x10% 18
RS-35A 25 35 5x11x 1 27
MODEL RS-7A RS-50A 37 50 b x 13% x 11 46
RS-M SERIES
: = Switchable volt and Amp meter
B Continuous Ics* Size (IN) Shipping
MODEL Duty (Amps) (Amps) HxWxD Wt (lbs)
RS-12M 9 12 4, xB8x9 13
- RS-20M 16 20 5x9x10%: 18
RS-35M 25 35 5x11x M 27
RS-50M 37 50 6x13% x 11 46
MODEL RS-35M
VS-M SERIES » Separate Volt and Amp Meters
, * Qutput Voltage adjustable from 2-15 volts
e Current limit adjustable from 1.5 amps to Full Load
Continuous Duty ICS*
(Amps) (Amps) Size (IN) Shipping
MODEL @13.8YDC 2 10VDC ¢ SVOC @13.8Y HxWxD Wt (Ibs)
VS-20M 16 9 4 20 5x9x10%: 20
VS-35M 25 18 7 35 5x11x11 29
MODEL VS-20M VS-50M 37 22 10 50 6x 13% x 11 46
RS-S SERIES « Buill in speaker
= Ly Continous ICs* Size (IN) Shipping
MODEL Duty (Amps) Amps HxWxD Wi (Ibs)
RS-78 5 1 4 x 1% x 10% 10
RS-10S 15 10 4 x 7% x 10% 12
RS-10L{For LTR) 7.5 10 4.9.13 13
RS-128 9 12 4% xB8x9 13
RS-208 16 20 5x9x10% 18

MODEL RS-128
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PRACTICALLY SPEAKING ... 7 Zi

using the antenna
noise bridge

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

Figure 2 shows a block diagram of
this instrument. The bridge consists of
four arms. The inductive arms (L1b
and Lic) form a trifilar wound trans-
former over a ferrite core with L1a, so
signal applied to L1a is injected into the
bridge circuit. The measurement
procedure consists of adjusting a
200-ohm potentiometer and a 120 pF
variable capacitor. The potentiometer
sets the range (from 0 to 200 ohms) of
the resistive component of measured
impedance, while the capacitor sets
the reactive component. Capacitor C2
in the UNKNOWN arm of the bridge
is used to balance the measurement
capacitor. With C2 in the circuit, the
bridge is balanced when C is approxi-
mately in the center of its range. This
arrangement accommodates both
inductive and capacitive reactances,
which appear on either side of the
“zero” point, i.e. the mid-range capac-
itance of C. When the bridge is in bal-
ance, the settings of R and C reveal the
impedance across the UNKNOWN ter-
minal (e.g. your antenna).

A reverse-biased zener diode (zeners
normally operate in the reverse bias
mode) produces a large amount of
noise because of the avalanche proc-
ess inherent in zener operation. Whiie
this noise may be a problem in many
applications, in a noise bridge it is
highly desirable: the richer the noise
spectrum, the better. The spectrum is
enhanced somewhat in the HD-1422
because of the 1 kHz squarewave
modulator that chops the noise signal.
An amplifier boosts the noise signal to
the level needed in the bridge circuit.

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

adjusting antennas

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

terminals on the HD-1422. You're now
ready to test the antenna.

¢ finding impedance

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

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

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

In general if the resistance reading
is close to zero, then suspect that
there’s a short circuit on the transmis-
sion line and an open circuit if the
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Save Time-Money with HAZER

» Never climb your lower again with 1his elevalor
system

= Antenna and rotator mount on HAZER, complete
system trams lower in varticle upright position

« Safety lock system on HAZER operates while
raising-lowering & normal position. Never can fall

* Weight transferred directly to tower. Winch cable
used only for raising & lowaring. Easy to install and
use

& Will support most antenna arrays

# High quality materials & workmanship l

& Safely - speed - conveniance - smooth
travel - inexpensive

» Complete kit includes winch, 100 ft. of
cable, hardware and instructions. For Rohn
25 G Tower

Hazer 2-Heavy duty alum 12 sq 1t 1oad $297.00 ppd

Hazer 3-Standard alum , 8 sg.11. load 213.00 ppd.

Hazer 4-Heavy galv_ steel 16.sq It Inad 278.00 ppd.

Ball thrust bearing TB-25 for any of above 42 50 ppd

s
/
Satisfaction guaranteed. Call loday and charge to |£’
S
/

Visa or MasterCard |
Asan alternative, purchgge a Martin M-13orM-18 |
aluminum lower engineered specilically for the |
HAZER syslem, or a truly self-supporting steel |
tower. Send for free details

GLEN MARTIN ENGINEERING INC
P.O. Box H 253

Boonville, Mo. 65233
816-882-2734
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MICROCOMPUTER
REPEATER CONTROL

Infrogucing the MICRO REPEATER CONTROLLER RPT-2A, a new
concept in LOW COSY EASY TO INTERFACE. microcomputie:
riepaater conlial Replace old ¢ boatds with & state of the an
microcompuled that adas NEW FEATURES HIGH RELIABILITY
LOW POWER, SMALL SIZE and FULL DOCUMENTATION 0 youd
system Dwect nferface (drop n) with most repeaters. Detaded in
tertace informaton ncluced Onganal MICRO AEPEATER CONTROL
article featured in OST Dec 1982

Twy G 10 Mt

Hawp
Ausdiary ngma

RPT-2A Kit Only $129  plus 3 00 shpping
PROCESSOR CONCEPTS )

e e

PO BOX 32908
MINNEAPOLIS, MN 55432

(612) 780-0472 Tpm-10pm evenings VA

CALL OR WRITE FOR FREE CATALOG AND ‘J'FIIIHU-'IIHNJ

TechMart

TEST EQUIPMENT SPECIALISTS

Bird Watuneters
Fluke Multimeters
Hitachi Oscilloscopes

And other quality test instruments

S X
TOLL FREE  800-554-8305
GEORGIA  404-325-0759

You'll be glad you
called TechMart!

fig. 1. Compact antenna noise bridges
are useful for antenna work and compo-
nent value determination.

resistance reading is close to 200
ohms. (There are exceptions e.g.;
a vertical longer than A/2 Ed.)
For quarter-wavelength verticals and
half-wavelength dipoles near reso-
nance, a reactance reading on the X|
side of zero indicates that the antenna
is too long, while a reading on the X¢
side of zero indicates an antenna is too
short. This convention may not hold
true for other antennas, such as a ver
tical longer than half wavelength.
An antenna that's too long or too
short should be adjusted to the correct
length. To determine the correct
length, we must find the actual reso-
nant frequency, fg. To do this, reset
the Reactance control to zero and then
slowly tune the receiver in the proper
direction downband for too-long
and upband for too-short — until the
nullis found. On a high-Q antenna the
null is easy to miss if you tune too fast.
Don’t be surprised if that null is out of
band by quite a bit. The percentage of

Mg
SOUARE wavi
MODUL ATOR

NOISE

GENERATOR

T’ JTENER
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change is given by dividing the
expected resonant frequency Fexp by
the actual resonant frequency (fg),
and multiply by 100:

Change = (frpxp > 100%)/fp

resonant frequency

Connect the antenna, noise bridge,
and the receiver in the same manner
as above. Set the receiver to the
expected resonant frequency: i.e.,
468/1 for half wavelength types and
234/f for quarter wavelength types.
Set the resistance control to 50 ohms
or 75 ohms, as appropriate for the nor-
mal antenna impedance and the trans-
mission line impedance. Set the reac-
tance control to zero. Turn the bridge
on and listen for the noise signal.

Slowly rock the reactance control
back and forth to find on which side
of zero the null appears. Once the
direction of the null is determined, set
the reactance control to zero and tune
the receiver towards the null direction
{downband if null is on X, side and
upband if on the X side of zero).

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

o J 200
5
e {
o , 120pF
-
2
Lo 1||€ O RECEIVER O »
b
p o
W
T »
Al
¥l Ny
1 3 o
& I
UNKNOWN
v an

fig. 2. Antenna noise bridge circuit incorporated in the Heathkit HD-1422.




non-resonant antenna
adjustment

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

oo 59158 4a
Xe=X= (g — 2340
or,

Y . _ 159155
XL =X =2340 - 3.7

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

other applications

The Heath HD-1422 noise bridge
can be used in a variety of applica-
tions. We can find the values of capa-
citors and inductors, determine the
characteristics of series and parallel
tuned resonant circuits, and calculate
adjustments of transmission lines.

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

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

* Remove the short-circuit;

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

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

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

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

conclusion

The Heath HD-1422 noise bridge is
an easily constructed, simple device
that nonetheless produces useful
measurement results. | recommend
that all Amateurs who operate in the
HF bands keep one of these instru-
ments in their armamentareum.

reference
1. Forrest Gehrke, K2BT, A Precision Noise Bridge, ™
ham radho, March, 1983, page 50
ham radio

short circuit
frequency and level
standard

In “A Frequency and Level Stan-
dard” (Hans Evers, PAOCX, January,
page 10) the caption for fig. 3 incor-
rectly identifies U5 as 74SL90. The cor-
rect designation is 74LS90.

TRANSVERTERS
UNLIMITED

PA23/200 =
1296 MHz, 200 + W. 2 tube PA  $275

T144/28
144 MHz TRANSVERTER, 25W $189

T220/28
220 MHz TRANSVERTER, 15W 5229

WATER COOLING JACKETS
lor 2C39, 7289 etc. $10
ALL PRICES IN USS SHIPPING INCLUDED

TRANSVERTERS UNLIMITED

BOX 6286 STATION A
TORONTO, ONTARIO
CANADA M5W 1P3
HANS PETERS (VE3CRU)
(416) 759-5562, EVENINGS
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THE MOST
Ku READY
SATELLITE TV
SYSTEM IN
THE WHOLE
VIDE VORLD.

L.uxor has been Ku ready long before the
rest of the world ever heard of satellite television.
Then came the eighties when we intro-
duced America to its first Ku and
C-band block receiver: Luxor’s [UX
9570 Mark II. 0R
Today there’s a full line
of Luxor Systems. Like
our 9995, designed as an
inexpensive stand alone
or for multiple television
installations.
And now the Luxor
9900—the world’s easi-
est to use Satellite Tele e
vision System. '
Call Luxor at
1-800-245-9995.

...........

9995 Block Receiver.

ficrowave
Block Downconverter 4570 Mark 11 Block Receiver

[uxaﬂﬂ

Lieor (f Scandinavia

The birthplace of Satellite Television.
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solving transmission line problems
on your Commodore 64™

“Transline Plus”
eliminates drudgery
fromm antenna system
calculations

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

Planning a new system, or evaluating one that’s
already in place, requires transmission line calculations,
which are by nature tedious and repetitive, and there-
fore well-suited for calculation by computer. After
reading K4KI’s illuminating article® | wrote “‘Transline,”’
a short program (fig. 1) for determining the impedance
transformation by a given length of transmission line.
ft soon became apparent that it simply didn't do
enough, and that’s where the "‘Plus’’ came in.

calculations

If the impedance Z, at the input of a transmission
line of length L and characteristic impedance Z,, is
known, the load impedance Z; can be found from:

Z Z; — jZ, (tan B) (1

Z() - Z()V - jzl (t’afnf B)

where B = 0.367-F(MHz)+L{feet) and j is the opera-

tor /-1
This equation can be solved for Z;, yielding:
Z;  Zp + jZ, (tan B) 2)
Z,  Z, + jZ; (tan B)
Recalling the rule of complex algebra
a+jb _ ac+bd . bc— ad K
¢+ jd ¢+ d? 2 + d?

both equations can be set into forms which readily
yield formulas for R; and X, and R; and X/, respec-
tively. Performing these transformations, one is struck
by the similarity between the resulting formulas: one

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

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

- 1+G )
SWR = ¢

where G is the reflection coefficient

_ [ (RL - Z,) + X|? (5)
(Ry + Z,)2 + X;?

G

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

A+ B
SWR at load = S; = 7;? (6)
; B
SWR at input = S; = ’B‘t_g
2
Total loss = 10 log B o8
B(l - C?)
where
_ S+l (7)
Sy -1
B = JoM/I0
S, - 1
C=5,7+7

Thus, knowing the matched line loss, M, in dB, and
either the input SWR or the load SWR, the total loss
and the unknown SWR can be calculated.
Matched loss as a function of frequency for a vari-
ety of transmission line types can be found in numer-

needs only to change the sign of the reactance, per- By Gary E. Myers, K9CZB, 28W135 Hillview
form the calculation, and change the sign of the result-  Drive, Naperville, lllinois, 60565
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a typical calculation

A half-square antenna has a feedpoint
impedance of 1500 + j0 ohms at 7.05 MHz.
Sixty-five feet (19.81 meters) of transmission line
will be required to bring it into the shack. Since
only the 40-foot (12 meters) distance from the
antenna to the house is in the clear, it will be dif-
ficult to use open wire all the way.

RUN the program, and enter 7.05 at the
prompt. Try a Q-section of 450-ohm open wire,
to bring the impedance down. When asked for
the transmission line type, select ‘'Other’* and
enter 0 for the line loss per 100 feet (30.48
meters), 450 for the line impedance, and 0.95 for
the velocity factor. Enter 'Y"" when asked if you
want a Q-section.

The program indicates that a Q-section at 7.05
MHz will be 33.15 feet (10.10 meters) in length,
that the matched loss will be 0 dB, and that the
electrical length is 90 degrees. It then asks for
the load resistance and load reactance. After you
enter 1500 and 0, respectively, it tells you that
the input resistance will be 135 ohms, the input
reactance will be 0 ohms, the SWR at the load
will be 3.3, the input SWR will be 3.2, and that
the total loss will be 0.

A Q-section of 75-ohm line might help at this
point, so answer "Y'’ to the "“try again?”’ prompt.
Again enter 7.05 and choose “E" (RG11). The
program says that the matched loss of this cable
is 0.6 dB per 100 feet (30.48 meters). Enter 0.66
when asked for the velocity factor. Again,
answer "'Y" to the Q-section prompt, and you're
told that a Q-section will be 23.03 feet (7.01
meters) in length with a matched loss of 0.1 dB,

and that the electrical length is 90 degrees. Enter
135 and 0, respectively, when asked for the load
resistance and reactance (the input impedance
of the open wire section is now the load for the
RG11). The program then tells you that the input
resistance will be 41.6 ohms, the input reactance
will be 0 ohms, the SWR at the load will be 1.8,
the input SWR will be 1.7, and the total loss will
be 0.1 dB.

Finally, try again, to see what the results in
the shack will be if you finish up with 8.82 feet
(2.68 meters) of RG213. Again enter 7.05 and
choose D" (RG8/213). The matched loss is 0.6
dB per 100 feet (30.48 meters); enter 0.66 for the
velocity factor. You enter ‘N’ at the Q-section
prompt and are asked for the line length, which
is entered as 8.82. You're told that the matched
loss is 0.1 dB for 8.8 feet (2.68 meters) and that
the electrical length is 34 degrees. When asked
for the known quantity, respond with “B" for
the load impedance. When asked for the load
resistance and reactance, respond with 41.6 and
0, respectively. The computer says that the load
SWR will be 1.2, the input SWR will be 1.1, the
total loss will be 0, the input resistance will be
46, and the input reactance will be 8.

With just a few keystrokes, you’ll have
planned the feedline portion of your antenna sys-
tem. You can easily do more: if you know the
feedpoint impedance of the antenna at frequen-
cies off-resonance, you can determine the 2:1
SWR points and adjust the antenna resonant fre-
quency accordingly, to cover a preferred range
of frequencies without the need for a trans-
match.

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

the program (fig. 1)

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

¢ determine the input impedance, knowing that of the

load;

* determine the load impedance, knowing that at the

input;

* determine the apparent input SWR, knowing that

at the load;

* determine the load SWR, knowing that measured

at the input;

* calculate the length of a Q-section; and

* calculate the total loss.

In addition, the program automatically calculates

matched line losses for several of the most common

types of transmission lines in Amateur use today, and

uses those values — no more thumbing through books

and reading charts. It even chooses the correct Z,,.
Although the concept is straightforward, a brief
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TELEPHONE
INTEGRATOR ?

Voice Activated Telephone Integrator

An electronic device that enables a 2-way
radio to work as a mobile telephone system

When the integrator is connected to a home-
base radio and common phone line, it will
automatically forward phone calls to your
mobile 2-way radio

Integrator will also dial out when activated
by mobile radio

$395.00

Send $2 lor Catalog

RHODE ISLAND RADIO
P.0. Box 7275 - Dept. HR
Johnston, RI 02919
(401) 861-3340

» 170

CADDELL o

s

«“* COIL CORP. &

35 Main Street
Poultney, VT 05764
802-287-4055

BALUNS
Get POWER to your anlenna! Qur Baluns are
already wound and ready for installation in your
transmatch or you may enclose them in a
weatherproo! box and connect them directly al
the antenna They are designed tor 3.30 MHz op
eration (See ARRL Handbook pages 19-9 or
6-20 for construction details))
Select one) 5 9.50
13.50
16,00
— aelect one) 15.00
selec! one) 17.50

100 Watt (4:1, 6:1, 9.1, or 121 impedance —
Universal T 1EW (a1 &)
Universal T h2 KW (a1

Universal Tranumalch 1| KW (6:1, 9:1 or 1 l

Universal Transmalch 2 KW {6:1. 9:1 or 11

Please send large SASE for info

:ﬁl"

“HAM HOTLINE"
THE PROVEN MONEYMAKER

The “Ham Hotline' is a complele
mailing list of novice amateur radio
operators and current hams who have
renewed, upgraded or modified their FCC
licenses. These ham enthusiasts have
proven to be excellent prospects for radio
equipment, accessories and publications.
The Hotline is UPDATED EVERY
TWO WEEKS with an average of 8,000
names and addresses each month. And,
because we know the Hotline is the most
up-to-date amateur radio listing available.

we'll guarantee 98% deliverability
Target your sales efforts lo your most
likely buyers. Call DCC Data Service lo-
day and begin your subscription to the
‘“Ham Hotline" the proven

moneymaker
DCC Data Service
1990 M Street, N.W. Suite 610
Washington, D.C. 20036

Toll-free 1-800-431-2577
In DC & AK 2024521419

w M
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fig.

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

READY.
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REM WRITTEN EY GARY MYERS KSCIE

PRINT" {CLR}"

FORJ=1TOS:FRINT: NEXTJ

PRINTTAB(10) "**TRANSLINE FLUS*%"
FRINTTARB(12)"A FROGRAM FOR"

FRINTTAE(4) "TRANSMISSION LINE CALCULATIONS"
L=L0G(10)

FRINT: INFUT"FREQUENCY (MHZ)":F
FRINT:FPRINT"TRANSMISSION LINE TYPE:"

FRINTTAE(S)"A — RGSB"
FRINTTAB(S)"B — RGS?"
PRINTTAE(S)"C - "MINI B8°"
FRINTTAB(S)"D - RGB/213"
PRINTTRAE(S)"E - RG11"
FRINTTAR(S)"F — RGB FOAM"
FRINTTAE(S) "G — OTHER"

GETCS: IFC$=""THEN170
IFC$="A"THENFOKE1558,Z1:LI=57.5: GOTO700
IFC$="H"THENFOKE1S98, 71:LI=73:60TO710
IFC$="C"THENFOKE1&42,31:L1I=50:G0TO720
IFC$="D"THENFOKE1&81,T1:L1I=S0:G0TO7Z0
IFC$="E"THENFOKE1719,31:LI=75:60T0720
IFC$="F"THENFDKE1762,31:LI=50:G0TOA740
IFC$="G"THENFOKE1799, 21:6G0TOZ2&0

GOTO170

FREINT: INFUT"LINE LOSS (DEB/100™)":L0
FPRINT: INFUT"LINE IMPEDANCE":;LI:GOTOZ10
LF=INT(LOX10Q) /10

IFINT(LOX100) /100-LP=_ OSTHENLF=LF+. 1
FRINT:PRINT" MATCHED LOSS=":;LF:" DE/
FRINT: INFUT"VELOCITY FACTOR":VF
FRINT: FRINT"WANT TO CALCULATE A G-SECTION
GETTS$: IFT$=""THENIZIO

IFT$="N"THENZ7O
OL=(2446,067%VF) /F: LL=0L: QL=INT (AL ¥100) ¥y 100
FRINT:FRINT" Q-SECTION AT";F;"MHZI=":;0Q0L;"FEET"
FRINT: INFUT"LINE LENGTH (FEET)":LL
AL=INT(10¥LL) /10

IFINT (100xLL) /100=-AL=", 0OSTHENAL=AL+. 1

ML= {LO¥LL) /100:MF=INT(10%ML) /10

IFINT (100%ML) /1 00-MF="_, OSTHENMF=MP+, 1
FRINT:FRINT" MATCHED LOSS=":MF:" DB FODR":AL;:
E=((LL/VF)%X2Xm)/(984.252/F) : BA=R*S57,
BF=INT(EA) : BA=INT (10%BA) /10

IFBA-BF=, STHENBF=EF+1

FRINT:FRINT" ELECTRICAL LENGTH=";BF;:;"
IFTE="N"THENS40(

FRINT: INFUT"LOAD RESISTANCE":BR

FRINT: INFUT"LDAD REACTANCE":BEX
GOSUE1270
PRINT: FRINT"
FRINT:PRINT"
GOTOBOO
FRINT:FRINT"DESIGNATE KNOWN QOUANTITY:"

1O

(Y/N)>"

:6GOTO

DEGREES"

INFUT RESISTANCE=":RA
INFUT REACTANCE="3:XA

FRINTTAB(S)"A INFUT IMFEDANCE"
FRINTTAER(S)"E — LDAD IMFEDANCE"
FRINTTAEB(S)"C — INFUT SWR"
FRINTTAE(S) "D — LDAD SWR"

GETD%: IFD$=""THENS9(

IFD$="A"THEN7S0
IFD$="E"THENB7O
IFD$="C" THEN1 OO

"FEET"

780



0
&40
650
&60
670
680
620
700
710
720
70
740
750
760
770
780
790
80
810
820
830
840
850
8460
870
880
890
P00
10
20
Putel
40
SO
60
P70
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120

IFD$="D"THEN1080
GOTOSI0
FRINT:PRINT"TRY AGAIN (Y/N) "
GETA$: IFA$=""THENG6LO
IFO%="Y"THENFRINT" {CLR>":FORJ=1TO8: FRINT: NEXTJ: GOTO70
FRINT" {CLR}":FORJ=1TO10: FRINT: NEXT
FRINTTAE(1Z)"72 DE KYCZE":END
LA=,3376XLOG(F) /L+LOG(.42) /L LO=101LA: GOTOZBO
LEB=.45864%L0G(F) /L+LOG(.4) /L:LO=101TLE: GOTOZB0
LC=.2979%L0OG(F) /L+L0G(.4) /L:L.O=101LC: GOTOZBO
LD=.915XxLOG(F) /L+L0OG(.21) /L:LO=101TLD: GOTO280O
LF=.02%L0G(F) /L+LOG (. 15) /L:LO=101TLF: GOTOZBO
FRINT: INFUT"INPUT RESISTANCE"; ER
INFUT"INFUT REACTANCE" ; BX
GOSUER1 200
FRINT: FRINT" LOAD RESISTANCE=":;FA;" OHMS
FRINT:FRINT" LOAD REACTANCE="3;XA3" OHMS
NF=(BR-L 1) T2+BX T2
DE=(BR+LI) 12+BX 12
F=SaR (NF/DF)
SW=(1+F)/ (1-F) : SW=INT(SWX10) /10
FRINT:FRINT" VSWR=";SW
GOSUE1120
GOTO&S0
FRINT: INFUT"LOAD RESISTANCE" jRL
INFPUT"LOAD REACTANCE"; XL
NS=(RL-LI) +2+XL +2
DS=(RL+LI) T2+XL T2
G=S0R (NS/DS)
SW=(1+G) / (1-6) : SW=INT(SWX100) /100
FRINT: FRINT" VSWR AT LOAD=";SW
GDSUERL1 120
BR=RL: BX=-XL:GOSUEL1200
RA=INT (RAX10) /10 XA=INT (-XAX10) /10
FRINT: FRINT"INFUT RESISTANCE=":RA
PRINT: FRINT"INFUT REACTANCE="3XA
GOTO&S0O
FRINT: INFUT"INFUT SWR";SI
AS=(SI+1)/(SI-1)
ES=101T (ML/10)

SW=(AS+ES) / (AS-BS) : SW=INT (SWXx10) /10
FRINT: PRINT" SWR AT LOAD=":;SW
CE=(SW-1)/ (SW+1)

GOSUEL170

GOTO&S0

FRINT: INFUT"LOAD SWR":SW

GOSUE1120

FRINT:FRINT" VSWR AT INFUT=";SI
GOTO06S0

BS=101T (ML/1O)

11270 CS=(SW-1)/ (SW+1)

1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250

1260
1270
1280
1290

READ

SI=(EBS+CS) / (BS-CS) : SI=INT (10%81) /10
IFD$="D"THEN1170

FRINT: FRINT" VSWR AT INFUT=";81

LT=(10/L) ¥LOG((BST2-CS12) /(BSKk (1-CST+2))) :LT=INT(LTXx10) /10
FRINT: PRINT" TOTAL LINE LOSS=";LT;" DR"

RETURN

IFCOS(B)=0THENE=1,57

EE=TAN (E)

D=(LI+(BEXXBE)) T2+ (BRXEE) T2
NA=BRXLIX (1+BET2) :RA=(LI%XNA) /D

RA=INT(RAX10) /10

NB= (BX—- (LIXBE) ) X (LI+ (BXXEE) )+ (BRT2KkBE) : XA=(LIXNE) /D:
XA=INT (XA¥10) /10

RETURN

RA= (LI T2%BR) / (BRT2+BX 12) : FA=INT (RAX10) /10

XA==— (LI T2%EX) / (BRT2+BX 1T2) : XA=INT (XAX10) /10

RETURN
Y.

CALL
Rl14/747-7346
COLLECT AND
TELL US YOUR

PARTS
DESIRE. WE
HAVE THE
BEST DEALS
ON SURPLUS
GE AND
MOTOROLA
PARTS AND
TUBES. READY
TO SHIP NOW.

REDIPART

P.0. BOX 10293
DALLAS, TEXAS 75207
77
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coaxial R. F.
antenna switches

_ single Pole, 3 Position
Desk or wall mount
All unused positions grounded
# 593 - UHF connectors/ $27.25°
# 506 BNC connectors/ $36.50°

2 Pole, 2 Position, bypasses,
linears, ratlectometars, antenna
tunears, atc

#5094 . UHF connectors | $34.25°

Single Pole, 5 Position, all unused
positions grounded
#595 - UHF connectors / $32.00°
#507 - BNC connectors/ $46.50°

* Shipping and handling for any
itern odd $2 each

ALL OUR PRODUCTS MADE IN USA

(r %5 BARKER & WILLIAMSON

- Quality Communication Products Since 1932
At your Distributors write or call
10 Canal Street, Brstol PA 19007

(215) 788-5584 —

\)
<\ $129.95
%0 Turn Your Computer Inta A (CB4 Version)

DIGITAL
STORAGE

I.ﬁ OSCILLOSCOPE <
= MB230 WORKSHOP

The MB230 is designed far use with your home or personal computer 1t
15 a complete Electronic Instrument and Electro-Mechanical Workshop
which contains Interface Unit, D C. Motors, Gears, Sensors
Construction Components, Disk Based Soltware and instructions for 50
sampla projests

CEECE LA
OSCILLOSCOPE

Included are
* Digital Storage Oscilloscope

e Digital Voltmeter

* - Digital Speech & Sound (Record/Playback)
o AD-D/A Convarsion

& DC Motor Control (Var Speed)

» |nfrared Control r
= Motors, Gears. Generators i

* Motonzed Mechanical Robolics !

= Cars, Cranes, Toys, Elc L_

MOTOR AND GEARS
The heart of the MB230 Workshop is the B100 interface Unit which
connects to all types ol sensors and 1s able to control lights, motors
ralays and other external devices The MB230 manual contains
suggeshons and instructions lor many advanced projects such as
antenna posihoning and relay control

Available for the following compulers
Commodore 64 ($120 95), Apple 2+, 2E (3159 95)
Atari B0D (§139 95)
Coming soon lor 1IBM. Amuga, Atan 52057

To arder of for more information call toll free 1-800-824-2549
ashiar's check, Money order, VISA, or Maslercard orgers accepted

Order now lo avoid delay!

ALL ORDERS SHIPPED UPS BLUE
AT NO EXTRA CHARGE

25 Sou 560 Wes
MULTlBOT'CS‘ INC' W:‘f_]uhUC::'1«.1.“!1‘11;1nf.:-:l_'ﬂ.-'
» 176
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review of the program will help to clarify things and
make it easier to modify, if you wish. Since the Com-
modore 64 works in natural logarithms, line 70 saves
typing later on. Lines 100-160 let you specify the type
of feedline. If “other’" is chosen in line 160, then 260
and 270 are run to let you specify the matched loss
per 100 feet (30.4 meters) and the characteristic
impedance; otherwise the program will do it for you.
Lines 180-240 confirm your choice with a graphic,
choose the value for Z, and send the program to the
appropriate matched loss calculation. (The loss for
“mini-8"" types is based on product review data for
Tandy RG-8/M.”) Line 250 prevents invalid entries.

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

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

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

results

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

Some cautions are in order. The impedance trans
formation calculations don’t account for line loss. Nor-
mally this is of little consequence in well-designed sys-
tems, but it may introduce significant errors if the total
loss exceeds 2 dB or so. The exponential relations
developed by KOOP® might be substituted for the cal-
culations in lines 1210-1250, if better accuracy is
desired for very lossy situations. The calculations for



matched loss are based on the assumption that the
log (frequency)/log (attenuation) relationship is linear:
this is only approximately true for some types, espe
cially in the UHF region. Rounding operations and

GLB PACKET RADIO

CONTROLLER

Now you can get in on the fun in packet radio!

* Ready to operate - wired and lested

some minor approximations cause the program to yield
SWR and line loss results that may be inconsistent in

the first decimal place.

A typical calculation is illustrated in the sidebar.

* Dpetates with Yoice Transceivrs

* Easy 1o leamn, sasy 1o operate

* Buill in Packel Modem and CW identificalion

° Use with a computer. lerminal or Teletype
Machine

* Terminal: ASCIl or BAUDOT, 45 1o 9600 Baud

* Rindio Link Speeds of 300, 600 or 1200 Baud

* Automatically selects AX.28 or VADCA,

* Remote Repeater Command Lockout

* Full & mi‘w"" operation in AX.28

This program has taken much of the tedium out of < Ok et vy ot il el
my antenna system studies, and makes “what if?"  iork~ and honaparant” moses or su Hns

° Operates a8 an unaitended digipsaler

exercises a real joy. If you don’t care to type the pro- . Beacon” moda

gram, send me a formatted disk and $5, and I'll pro

vide you with a copy.

* Slgnals svailabie lor Telstyps Molor Control

* Standard memary is 4K, expandabie 1o 14K

* ABK RAM available on spacial order

* Can be customired lor LAN's.

" Squeich input lor sharing ol voice channels.
c-ll wﬂu?sm & VADC # programmied in ROM

MODEL PKi1

SPECIAL PACKAGE DEAL!!!

Amateurs Only
Inciudes PK! Installed in

cabine!l wicable set & pwr. supply

$169.95

. refe rences Eér:.!?‘l;::;n::u‘n:lrl E;.I'?:?C“n 00 ma
1. William Vissers, KAKI, “The Hall-Wave Transmission Ling in Bondge Meas PK1- FCC CERTIFIED - wired and tested in cabinet $149.95
ureaments,” ham radio, November, 1984, page 108
2. The ARRL Antenna Book, 14th Edition, American Radio Relay League PK1S - SubaSSembly board - wired and tested $109.95
Inc., Newington, Connecticut, 1982, page 320
3. Jerry Hall, K1TD. “Tandy Wire and Cable RG-8/M Coaxial Cable,** QST PKDOC - Documentation only - Refundable on first PK1
December, 1980, page 49 purchase s 995

4. G. Downs, WICT, “"Measuring Transmission-Line Velocity Factot

June, 1979, pages 27-28

5. G. White, KQOP, "Computenzed Smith Chart for Nose Bridge

tions, " QEX, September, 1985, page 7

ham radio

QsT

Contact GL
Apphia

preamps, CWID'ers & sy

Please specity Call Sisgn. 5510 Number, and Node Number when ordering
for additional info and available options.

We offer a complele line of ransmitiers and racm:rs strips, prasmmr
use.

PROPAGATION
PUBLISHING

Your source for amateur radio
books, tapes and computer pro-
grams.

Now over 150 books, tapes and com-
puter programs to keep you up to date
in the ham world, and to help upgrade
for that next ticket.

DX Power: Effective Techniques
for Radio Amateurs’

Here it is at last! You knew it had to be
written, and now we have it. A complete
survival manual for every radio amateur
interested in the competitive world of
DXing. Chip Tilton breaks tradition to
reveal what really goes on in the DX
world.

Postpaid in USA . $12.00

Please send check or money order.
lllinois residents please add 6% sales
lax.

We are looking for authors!

PROPAGATION

POPULAR PA 19

Wideband Preamp

= (ver 8.000 sold since 1976

« 05

* Measures frequency from 1 MHz to l5l1l'l
MHz 10 within 1 kHz g

Built-in telescoping
antenna

o Uses 1 standard
9 volt battery

e All units pre-tested and
calibrated to .001%

+ Professional and dependable perfor
mance al a low coslt

200 MHz bandwidth

= 19 dB gan

« 50 2 infoutput

= Increase sensitivity of receivers or
counters

* Built, tested & ready-lo-go

NEW POCKET SIZED
500 MHz Freg. Counter

* Compact design-pocket sized

151 Commerce Pkwy.,

Reques! our FREE catalog. MC & Visa welcome.

GLB ELECTRONICS,INC.

v 172

Buffalo, NY 14224

716-675-6740 9to 4

ONLY $9.95 PPD

ONLY $49.95 PPD

DIGITREX

now Sinad can
BE MEASURED WITH
YOUR VOM

* Quickly tune Receivers, Cavilies,
Preamps, elc

* Works with your VOM or AC
VTVM that has 2.5V [ull scale sen-
siivity or better

* Fast accurate measurements

* Sinad measurement displayed on
meter in "'dB" scale

» Self contained, pocketl size, go
anywhere instrument,

* Powered by standard 9V baltery
or optional AC adaptor

SINADAPTOR SAI-01

$79.95
o i

PUBLISHING
PO. Box 5255, NGYE
Morton, Illinois 61550

v 175

1005 BLOOMER
ROCHESTER, MI 48063

WEST COAST DISTRIBUTOR

R. LUKASZEWICZ

20610 ALAMINOS DRIVE SAUGUS, CA 91350

(805) 252-6021
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J.S. Technology, Inc.
39 Main Street

Scottsville, NY 14546
(716) 889-3048 . 174
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SPRING SPECIALS

POWERFUL PACKET.

New rlgs and old favorites, plus the best essential accessories for the amateur.
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hf ground wave propagation

A computer program
for calculating
expected range

While some hams are busy chasing rare DX, work-
ing “‘skip’’ via F2 ionized atmospheric layers, many
others are busy sending SSTV signals across town to
friends or communicating with relatives in adjacent
states by using ““ground wave’’ propagation. If you're
the latter, and you’d like to discover an armchair
method of determining what your expected ground
wave communications range should be, then read on.

This article describes a computer program, written
in BASIC for the Commodore 64 or 128PC — but eas-
ily converted to other computers — which will pre-
dict your range in miles as you experiment with trans-
mitter power, receiver sensitivity, polarization, and
antenna heights and gains.

The program is completely menu-driven for ease of
operation. Two typical screens are shown in figs. 1
and 2. The first is used for selection of frequency band,
equipment characteristics, and polarization, and the
latter is used in the selection of antenna heights and
gains. The typical output format is shown in fig. 3,
and a routine is included to dump all applicable infor-
mation to your printer.

propagation curves

Although propagation curves have been available
for about 40 years, most hams have either not been
aware of them or haven’t known how to use them.
The classic curves developed by Bell Labs cover 200
kHz to 600 MHz over distances of 0.5 to 1000 miles
(0.8 to 1600 km) and are arranged in six sections cover-
ing propagation over poor soil, good soil, and sea
water for vertical and horizontal polarizations, and
include ground-to-air data to 40,000 feet (12,000
meters)." Typical inputs and outputs are expressed in
terms of 1 kW transmitted from a grounded whip and
units of field strength in dB above 1 microvolt per
meter, however, one must be wise in the ways of
antenna conversions to use them. Although propaga-

tion predictions at VHF and UHF are fairly straight-
forward because antennas at these frequencies are
usually mounted many wavelengths above earth,
where ground effects are negligible,2? they are very
complicated at HF, where antennas are usually located
within a few wavelengths of ground. Under these con-
ditions, actual antenna directivity and efficiency are
a function of polarization and are directly affected by
soil conductivity, and other factors.

The user-friendly menu-driven computer program
described below utilizes data taken from portions of
selected curves in reference 1. Ground wave propa-
gation data are included for the 3.5, 7, 14, 28, and 50
MHz bands, with separate information for both verti-
cal and horizontal polarizations for three different
ground conductivities.

program description

The menu-driven HF ground wave propagation pro-
gram includes a sufficient number of INPUT, PRINT,
and REMARKS statements that should make it self-
explanatory to most users. The program LISTing in
BASIC is shown in fig. 4. The following description
is for those who wish to follow the program flow line
by fline.

Lines 10 through 40 display the program title on the
screen and provide you an opportunity to select any
combination of border, screen, and letter colors
desired; you’re not stuck with the Commodore 64
default conditions. In lines 50-74 you choose whether
to work with receiver sensitivity and transmitter power
in microvolts and watts or in dBm (decibels relative
to 1 milliwatt). This is for your convenience only; the
programi converts either input to the other and displays
both as an output.

Line 76 branches to the program data in the subrou-
tine beginning at line 9000 and running to the end of
the program. (Details of the data format will be given
later for interested programmers.) Lines 100-115 then
branch to subroutines for initial inputs of the
parameters described below. The subroutine in lines
600-624 prints a menu on the screen (see fig. 1) and
requires you to select your operating frequency band.

By Lynn A. Gerig, WA9GFR, R.R.#1, Morgan
Road, Monroeville, Indiana 46773
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SELECT FREQUENCY BAND FROM MENU

1 = 3.5 MHZ
2= 7 MHZ
3 = 14 MHZ
4 = 28 MHZ
5 = 50 MHZ

WHAT IS YOUR CHOICE? 5

INPUT XMTR POWER (IN WATTS)>? 100
RCVR SENSITIVITY (IN MICRO-VOLTS)? .8
VERTICAL OR HORIZONTAL POLARIZATION
(VOR H)? H

SELECT PROPAGATION PATH FROM MENU

1 = POOR SOIL
2 = GOOD 8SOIL
3 = SEA WATER

WHAT IS YOUR CHOICE? 2

fig. 1. Menus for selection of frequency band, radio
parameters, polarization, and path type.

CHOOSE ANTENNA FEEDPOINT HEIGHT ABOVE
GROUND FROM THE FOLLOWING MENU:

1 = 10 4 = 40’ 7 = 80’
2 = 20 5 = 50’ 8 = 100’
3 = 30 6 = 60’ 9 = 150

SELECT HEIGHT OF TRANSMIT ANTENNA? 3
SELECT HEIGHT OF RECEIVE ANTENNA? 5

ENTER GAIN OF XMIT ANTENNA (IN DB)? 12
ENTER GAIN OF RCV ANTENNA (IN DB)>? 7.5

ENTER TOTAL LOSSES AT TRANSMITTING AND
RECEIVING ENDS OF THE LINK. INCLUDE
COAX CABLE LOSSES, ETC. (IN DB>? 4

fig. 2. Menus for selection of antenna parameters.

soil, good soil, or sea water), also shown in fig. 1.

All antenna parameters are input from the subrou-
tine in lines 900-995. You must first select the heights
of both the receiving and transmitting antennas from
the menu (see fig. 2). The program includes data for
antenna elevations above ground from 10 to 150 feet
(3.04 to 45.7 meters) in nine discrete increments. In
addition, if you select vertical polarization, an addi-
tional option for specifying your antenna at ground
level is included. Next you're asked to input antenna
gains in dB. Finally, you must input system losses.
These would include coaxial cable losses, antenna
matching network losses, and antenna losses due to
a poor ground radial system, unless you took these
into consideration when entering radio set parameters.
For example, if you have a 100-watt transmitter and
have 6 dB of coax cable and antenna losses, either
use 100 watts as your power level and include 6 dB
in losses (plus losses at the receiving end, of course),
or use 25 watts (actual radiated power) with 0 dB
losses.

The main program calculations and outputs occur
in lines 200-335. First, path loss vs distance and
antenna height gain data for your operating conditions
are selected based upon your inputs of frequency,
polarization, soil type, and antenna heights. An
equivalent “‘path’’ in dB is calculated in line 240. This
number is basically the difference in dB between the
transmitter power output and receiver sensitivity, with
corrections for antenna gains and system losses, plus
an equivalent antenna “’height gain’’ for antennas at
other than "reference height.”” Data stored in the pro-

The subroutine in lines 700-740 asks for receiver
sensitivity and transmitter power output. You'll either
be prompted for an input in dBm or in microvolts and
watts, depending upon your preference selected in
lines 70-74. Your input is converted to both units,
which will be displayed later.

The subroutine in lines 800-860 displays menus on
the screen requiring you to select polarization (verti-
cal or horizontal) and type of propagation path (poor

82 [l mMay 1986

GROUND WAVE PROPAGATION AT 50 MHZ
HORIZONTAL POLARIZATION OVER GOOD SOIL

TRANSMITTER POWER OUT: 50 DBM
100 WATTS

RECEIVER SENSITIVITY: -108.9 DBM

.8 uv
TRANSMITTING ANTENNA: 12 DB GAIN

AT 30 FEET
RECEIVING ANTENNA: 7.5 DB GAIN

AT 50 FEET
SYSTEM LOSSES: 4 DB

MAXIMUM EXPECTED RANGE: 66.6 MILES

F=NEW FREQ BAND R=RUN AGAIN
A=MODIFY ANTENNAS P=PRINTER DUNMP
X=MODIFY R/T SENS/PWR Q=QUIT

N=NEW PATH OR POLARIZATION

fig. 3. Typical program output format.




fig. 4. Propagation program list in BASIC for the Commodore 64. step u p
to the world’s most-
advanced antenna system!

WITH NOT A SINGLE
WATT WASTED IN LOSSY
TRAPS! (There aren't any!)

2 CLS=CHRS (147) 1D8="N"1LT#=CHR® (137) 1 DNe=CHR8 (17)

10 PRINTCL®DNSDNS ™ 3.5-50 MHI GROUND-WAVE PROPAGATION
14 PRINTDNS" PROGRAM FOR THE COMMODORE &4

16 PRINTDNSDNSDNSDNS V1.0 C 1985 BY

18 PRINTDNS" LYNN A. BERIG, WATGFR

20 FORJ=1TO&1 PRINTINEXT

22 PRINT"TO CHANGE PORDER, SCREEN, OR LETTER

24 PRINT"COLORS, PREBS B, 8, OR L, REBPECTIVELY.
24 PRINTDNS"TO EXIT TO PROGRAM, PREBEB {(RETURN>.
30 GETA®: IFAS=""THEN3O

32 IFAS="B" THENPOKES3280, PEEK (53280) +1AND1S

34 IFAS="B"THENPOKES3281,PEEK (53281) +1ANDLS

3& IFAS="L"THENPOKEA4S, PEEK (444) +1AND135160TO10
38 IFAS=CHRS (13) THEN3O

40 GOTO30

50 PRINTCLSDN®"THIB PROGRAM CALCULATES EXPECTED RANGES
52 PRINT"FOR FREQUENCY BANDS OF 3.3, 7, 14, 28,
%4 PRINT"AND SOMHI. THE APPROXIMATE DYMANIC

5& PRINT"RANGE I8 FOR PATH LOBBES OF 100 TO 200
%8 PRINT"DB, COVERING MOST APPLICATIONS FOR RCVR
60 PRINT"BENS OF .2 TO 10 MICRO-VOLTE AND XMTR
42 PRINT"POMER OF .1 TO 1000 WATTS. PROGRAM

64 PRINT“COVERS ANTENNA HEIGHTB FROM GROUND

&4 PRINT"LEVEL TO 130 FEET.

70 PRINTDNSDNS "PROGRAM DEFAULTS TO RCVR BENS AND XMTR
72 PRINT"PWR IN DBM. WOULD YOU RATHER WORK WITH
74 PRINT"MICRO-VOLTS AND WATTE (Y=YEB) ") INPUT D8
76 GOSUBR000:1REM READ DATA

100 GOSUB&LOOIREM BELECT FREQUENCY BAND

10% GOBUB7001REM BELECT XMTR PWR L RCVR BENS

110 GOBUBBCOIREM BELECT PROPAGATION PATH

115 GOBUBF001REM BELECT ANTENNA PARAMETERS

200 REM MAIN PROGRAM CALCULATIONS

205 IF (H1=O00DRHZ=0) ANDPO=2THENGOBUBY00

210 He=H® (PO,PP,FB)1IREM DATA FOR BELECTED POLARIZATION, PATH & FREQ
21% FORJ=1TO12 X=&8 (J-1) 1P (J)=VAL (MID® (H®, X+1,3))

220 D(J)=VAL (MID® (H®, X+4,3) ) 1 NEXT

225 IFD(12)=999THEND (10)=10301D(11)=1030:D(12)=1030
230 HX=HG (PO,PP,FB,H1) 1REM XMIT ANTENNA HEIGHT GAIN
235 HR=HG (PO,PP,FB,H2) 1REM RCVR ANTENNA HEIGHT BGAIN
240 PL=PD-RD+HX+HR+GX+GR-LLI1REM PATH IN DB

245 PRINTCLS"GROUND WAVE PROPAGATION AT"F (FB) "MHZ

250 PRINTPOS (PO)" POLARIZIATIDN DVER "PPe(PFP)

255 PRINTDNS"TRANBMITTER POWER OUT: "PDj) TAB(3I0)j "DBN
260 PRINTTAB(22)PHW TAB(30) "WATTE"

265 PRINTDNS"RECEIVER BENBITIVITY: “RD)TAB(30)"DBM
270 PRINTTAB (22)RMTAB (30) "WV

27% PRINTDNS"TRANSBMITTING ANTENNA:I "GX"DB GAIN

280 PRINTTAB(23) "AT"M(H1) "FEET

285 PRINTDNS"RECEIVING ANTENNAI “GR"DP BGAIN

290 PRINTTAB(23) "AT"H{H2) "FEET

295 PRINTDN®"8YBTEM LOSBES) “LL"DB"DNe

300 IFPL<P (1) THENPRINT*RANGE NOT IN PROGRAM: <"D(1)"MILEB"i:1B60TOAQO
305 IFPL>=P(12) THENPRINT"RANGE NOT IN PROGRAMi >"D(12)"MILEB"GOTO400
320 FORJI=1TO1 14 X=J+1

325 IFPL)>=P (J)ANDPLCP (X) THENDI=D (J)+ (D(X)-D(J)) $ (PL-P (I} /(P XV -P(J))
330 NEXTiDI=INT(108DI+.5)/10

335 PRINT“MAXIMUM EXPECTED RANGE: "DI"MILES

400 PRINTDNSLLS

402 PRINT"F=NEW FREQ BAND R=RUN AGAIN

404 PRINT"A=MODIFY ANTENMNAB P=PRINTER DUM

404 PRINT"X=MODIFY R/T BENS/PWR Q=QUIT

408 PRINT"N=NEW PATH OR POLARIZATION™)

410 FORJ=1TO10:1GETASI NEXT

412 GETA®) IFAS=""THENA12

413 IFAS="P"THENA30

414 PRINTDN®

415 IFAS="R"THEN10O

416 IFAS="Q"THENBYB631261REM RESTORE

418 IFAS="N"THENGOBUBB0O: 60TO200

420 1FA®="A"THENGOBSUBT001GOTO200

422 IFAS=")"THENGOSBUB700:16OTD200

424 IFAS="F"THENGOBUB&0O01GO0TO200

426 GOTOA12

430 REM BCREEN-DUMF TO PRINTER

432 OPENS, 310PEN4, 41 PRINTCHRS (19) ) iPRINT®4:PRINT®4, LL®
434 FORIJ=OTO7ST1GETES, A0 PRINT®4,AB INEXTIPRINTS®4,LLe
434 CLOBE41CLOBES1FORI=1TOSsPRINTINEXT160TO412

Hams in over 50 DXCC count-
ries have done so already!

The DJ2UT-Multiband-Systems

offer:

- Maximum gain plus F/B
ratio with low VSWR across
each band
2 kW CW output power
10/15/20/(30) 40-meter
bands with up to 7 band
coverage incl. WARC bands
with seif-supporting
“TWIN-BOOM" and boom-
legths from 8 to 20 ft
Air-core teflon dielectric coax-
balun and stainless-steel
hardware at no extra cost
traditional Blackforest crafts-
manship

The DJ2UT-MULTIBANDERS
provide the superior full-size
monoband-beam performance
required during the present
sunspot minimum.

For further information contact:

H.J. Theiler Corp.

P.O. Box 5369
Spartanburg, SC 29304
(803) 576-5566

or our distributor in Canada:
Dollard’s Radio West

P.0O. Box 58236

762 S.W. Marine Drive
Vancouver, B.C. V6P 6E3

Selected dealerships available,
See you in Dayton in April 1986
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EXMET, your source for METALLURGICAL ASSIS
TANCE and DISCOUNTED PRICING on Aluminum
Tubing and Shapes, plus Carbon. Alloy, SS. and Gal-
vanized Tubing Examples below are only a small
fraction of our stock. Please call or write lor additonal
slock sizes

Aluminum Tubing (Alloy 6061-T6)

0.D. = Wall Length Price per Length
112" x 058' 12 ft $ 10.26
7/8" » .058' 12 1 18 .40
1" x 058" 12 1t 2182
1-1/4" x 058’ 121t 27.35
1-1/2" x .058" 12 ft 33.37
1-142" x 125 24 ft 76.20
2" % 058 12t 44 93
2" x .250 12 193.92
3" x 065 12h 7614

Stainless Steel. Carban Steel, Alloyed Steel, and Gal-
vanized Steel Tubing n stock that meets ASTM
Standards

Policies All prices FOB Twinsburg, Ohio. Payment
by MC or Visa, check or maney order or COD. Mini
mum order $50 00, Volume and Club discounts avail
able. Oho residents add 5% Sales Tax

2% EXMET,INC. X

2170 E. Aurora Rd., P.O. Box 117
Twinsburg, Ohio 44087 = 216-425-B455

See You At Dayton!
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REPEATER VOTER

4RV Four Channel Repeater Voter
® Signal to Noise Type

#® Expandable to 32 Channel by Just Adding Cards

® Designed for Commercial and Amateur Service

® Continuous Instant Voling

® Dual or Single 12 VoIt Supply

® LED Indicators of COR and Voled Signals

#® Front Mounted Level Pots

@ Built in Calibrator

® Ramote Voted Indicators Pinned Out

® 4% " x 6" Double Sided Gold Plated 44 Pin Card

® Unsquelched Audio Inpul

® On Board Audio Switching and Mixing

@ Audio Mixer Input Available tor External Input

® Open Collector or Relay Contact Input

@ Open Collector NPN Output

& Remote Disable Inputs

e More

4RV Kit including board and paris with 20 page

manual . $200.00

Buill, tested, and calibrated with manual . . . $350.00

For more information call or write: | 614)
VOTER Hall Electronics 261.8871

815 E. Hudson Street

| Columbus, Chio 43211
» 165

& R
AMATEUR RADIO MAIL LISTS
Selt-stick 1x3 labels

#++* NEWLY LICENCED HAMS ***
*** ALL NEW UPGRADES ***
*** UPDATED EACH WEEK ***

Total List = 462,728 (ZIP sorted)

Price 15 2.5 cents each (4-up Cheshire)
BUCKMASTER PUBLISHING
Mineral, Virginia 23117
703:894-5777

N )
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PRINTCL®"BELECT FREQUENCY BAND FROM MENU'"DNS
PRINTTAB(9)" 1 = 3.3 MHZ

PRINTTAB(9)" 2 = 7 MHZ

PRINTTAB(?)" 3 = 14 I

PRINTTAB(9)" 4 = 28 M

PRINTTAB(9)" 5 = 30 MHZ"DNe®

INPUT"WHAT I8 YOUR CHOICE"FP

IFFB< > 1ANDF B< >2ANDF B< > SANDF B< > 4ANDF B< >STHEN&OO
PRINTDN® 1 RETURN

IFDS="Y"THENINPUT"INPUT XMTR POMER (IN WATTE) " PW160TO710
INPUT"INPUT XMTR POWER (IN DBM) ";PD

PH= (PD-30) /101 PW=10"PHW

IFPW>=1 THENPW=INT (PW810+.35) /1016070720

IFPW< 1 THENPYW=INT (PHW81000+.5) /10001 60T0 720
PD=10%LDG (PW) /LOG(10) +30:PD=INT (PD210+.5) /10

IFD8="Y*"THENINPUT"RCVR BENBITIVITY (IN MICRO-VOLTS) *j)RMi GOTO730

INPUT"RCVR BENSITIVITY (IN DBM)"jRD
IFRD>OTHENPRINT"<1 MW I8 A NEGATIVE NUMBER":60TO722
Rif= (RD+107) /201 RH=10~RM

IFRM>=1THEN RM=INT (RM810+.35)/10:60TO740

IFRM<1THEN RM=INT (RM&100+.5)/100160TO740

RD=208L0G (RM) /LO6(10)-1071RD=INT (RD810+.5) /10
RETURN

REM BELECT POLARIZIATION & PROFPABATION PATH
PRINTDN®“VERTICAL OR HORIZONTAL POLARIZATION

INPUT™ (V DR H)" PO

IFPO®S="V" THENFO=1:160T0830

IFPOS="H" THENFPO=2: 60TDB30

60TO810

PRINTDNODNS "SELECT PROPAGATION PATH FROM MENU"DN®
PRINT" 1 = POOR BOIL

PRINT" 2 = GOOD BOIL

PRINT" 3 = BEA WATER"DN®

INPUT*WHAT 18 YOUR CHOICE" )PP

IFPP< > 1ANDPP < > 2ANDPP< >ITHENE30

RETURN

REM ANTENNA PARAMETERS

PRINTCLS"CHOOSE ANTENMA FEEDPOINT HEIGHT ABOVE
PRINT"GROUND FROM THE FOLLOWING MENU: "1 PRINTDN®
IFPO=1THENPRINT"0 = GROUNDED VERTICAL "DN%

PRINT*"1 = 10* 4 40* 7 = 80

PRINT"2 = 20" 3 50" 8 = 100"

PRINT*3 = 30° & &0* 9 = 130" "DNeDNe
INPUT"BELECT HEIGHT OF TRANSMIT ANTEMMA" jH1iH1=INT (H1)
INPUT"BELECT HEIGHT OF RECEIVE ANTENNA"™)H2:HZ=INT (H2)
IFH1 <OORH2<OORH1 >FORHZ >ITHENPRINT*NOT IN MENU™160TO933
IFPO=2AND (H1=00RH2=0) THENPRINT "NOT IN MENU"B60TO933
PRINTDNSDNS

INPUT"ENTER GAIN OF XMIT ANTENNA (IN DB) "j6X
INPUT"ENTER GAIN OF RCV ANTENNA (IN DB)")GR
PRINTDNSDNS "ENTER TOTAL LOSSBES AT TRANSMITTING AND
PRINT"RECEIVING ENDS8 OF THE LINK. INCLUDE
INPUT"COAX CABLE LOBBEB, ETC. (IN DB)"jLL

PRINTCL®:1 RETURN

9000 RD=71PRINTDNSDNSDNSDNS, CHRS (18) "READING DATA "jRDj
9005 DIM HE(2,3,5,9)1DIMHS(2,3,5)

9010 FORPO=1TO21REM 1=VERT 2=HORIZ

9015 FORPP=1TOSIREM 1=POOR BOIL 2=600D SOIL 3~8EA WATER

9020 FORFB=1TOSIREN 1=3.5 2u7 3=14 4«28 SeSOMHZ

9025 FORAH=1TO91REN 1=10° 220 3I=30 ,,. &4=40 7=80 B=100 F=130"
9030 READ HG(PO,PP,FB,AH) 1IREM HEIGHT GAIN IN DB

9035 NEXTINEXTiRD=RD—11PRINTLTSLTSLTSRD) 1 NEXT I NEXT

9040 DATA 0,0,0,0,0,0,0,0,0

9042 DATA -1,-1,0,.5,1,2,3,4,7

DATA 0,1.9,3,5,7,8,10,12,15

9044 DATA 2,4,8,11,12.5,14,16.5,168.5,22
9048 DATA &,11,14,17,18.5,20,22.5,24,28
9030 DATA 0,0,0,0,0,0,0,0,0

9082 DATA 0,0,0,0,0,0,0,0,0

9034 DATA -.5,-1,-1,-.5,0,1,2,4,7
9034 DATA 0,1,2,3.%,%,4,8,10,13

9088 DATA 1,4,7,9,11,13,1%,17,20
9060 DATA 0.0.0.0,0,0,0,0,0

90462 DATA 0,0,0,0,0,0,0,0,0

9044 DATA 0,0,0,0,0,0,0,0,0

9064 DATA 0,0,0,0,0,0,0,0,0

9048 DATA -1,-1.3,-2,-2.5,-3,-3,-2,-1.5,1
9070 DATA 0,2,4,4,7,8,10.%,12,15.5
9072 DATA 0,3,56,7.%,9,11,13,15,18.53
9074 DATA 0,4,8,11,13,14,14,18,22
9076 DATA 0,5.%,9,12,14,1%,17,19.5,23



HOT ROD

9078 DATA 0,4,9.5,12.5,14.5,15.5,17.5,20,23.3 AN I ENNA
9080 DATA 0,4,7.%,10,11.5,13,14,18,21
9082 DATA 0,%,8,11,13,1%,17,19,22
9084 DATA 0,6,10,12, 14,14, 18,20,23 :
90846 DATA 0,6,10,12,14,164,18,20,23 Achieve 1 or 2 db gain over ANY % wave
9088 DATA 0,4,10,12,14,14,18,20,23 two meter telescopic an't_enna. The AEA
9090 DATA 0,6,9.5,12,14,15.5, 18,20, 23 e :R'}J "B“L S"" l;";:"f‘.“ e
072 DATR 0,633, 12.14115.31 18120, 55 e b c e eyes
9094 DATA 0,6,9.5,12,14,15.5,18,20,23
9096 DATA 0,6,9.5,12,14,15.5, 18, 20, 23 performance{ !oir any hand-held transceiver
9098 DATA 0,6,9.3,12,14,13.5, 18,20, 23 w'fr"h: ?a,:?or“-tt:géc A1 16200 shorfer
9100 H8(1,1,1)="09900710901211902012903513905414908815912% iiohter srid ‘;am thE lnbeilrons oriylor
9102 He(1,1,1)=H8(1,1,1)+"1491701792101892301 99290209320 P piald Snectt svitt case twill easily
9110 H8(1,1,2)="1054.51157.46125013135023145037153055145088 handle over 25 watis of power .mnhlng it an
9112 He(1,1,2)=H8(1,1,2)+"175120185140195190205230215270 s¥callant: simetgdncy bass or mobile
9120 HE(1,1,3)="1112,.51214.5131008141013151023161037171053 T [ e ootNsi radiipn. e Tion
9122 H8(1,1,3)=H8(1,1,3)+"18108019110%201130211150221180 RO SRR Wil pertonn fke”a Dellel
9130 He(1,1,4)="1181,81283.11385.5148010158016148025178040 liatd s
9132 HE(1,1,4)=H8(1,1,4)+"1880568198078208096218120228130 )
9140 He(1,1,5)="1231,31332,2143004153007163012173018183030 m::‘:::,zt;c:,f:f',:fp"r::ﬁ";;,:’f;;ﬂ:fhd;,g
P142 HE(1,1,3)=He(1,1,3)+"193043203058213075223090233110 Communications - thal the 1soPole brand
9150 H$(1,2,1)="099027109045119060129110139150149190159230 sl iniit U e Rt it
9152 HE(1,2,1)=H8(1,2,1)+"1492701793101893401 99380209420 operations, Why pay mora when the best
9140 H®(1,2,2)="1050141150231250321350601450901 551251465140 Pt
9162 HE(1,2,2)=H8(1,2,2)+"175200185225195240205270215300
G170 H8(1,2,3)="1115.71210111310211410321510%0161070171094 Prices and Specifications subject to
9172 H8(1,2,3)=H8(1,2,3)+"181120191140201160211180221200 change without notice or obligation.
9180 He(1,2,4)="1184.21287.%1380131480221580351480%0178069
9182 H8(1,2,4)=H8(1,2, 4)+" 18B8089178110208130218150228170
9190 He(1,2,%)=" 1230031330051 43010153015163024173037 183050 ADVANCED ELECTRONIC
9192 H8(1,2,3)=H8(1,2,5)+"193047203083213100223120233140 APPLICATIONS, INC.
9200 H8(1,3,1)="0991901092901 193801294701395701 49650159740 P.O. Box C-2160,
9202 HE(1,3,1)=H8 (1,3, 1)+" 1498201 79920189999189999189999
9210 H®(1,3,2)="10515011521%12526801 353501454251 555001 65580 E&?‘;?g‘;bg“ 98036
9212 H8(1,3,2)=H8(1,3,2) +" 1736401837001 9378020584021 3900
9220 H8(1,3,3)="111083121115131150141185151220156126017 1300 Telex: 152571 AEA INTL
9222 H®(1,3,3)=H8(1,3,3)+"~18134019137020141021 1450221480
9230 H8(1,3,4)="1180351280501380701480901581101468130178130
9232 HE(1,3,4)=H8(1,3,4)+"188170198190208210218230228250 AEAmni’ you the
9240 H®(1,3,5)="12301713302714304013305414630701 73085183100 Breakthrough!
9242 H8(1,3,5)=H8(1,3,5) +"1931172031302131302231702331853
9250 H8(2,1,1)1="0991.51092.461194.81298. 1139015149025159042 w167
9292 H8(2,1,1)=H8(2,1, 1) +"1469060179090187125199162209200
9260 H8(2,1,2)="10%1.51152. 641254.81356. 11450151 550251565042
9262 H8(2,1,2)=H8(2,1,2)+"1750601850801951 15205140215170
9270 H8(2,1,3)="1111.51212.461314.81418.11510151561025171042
9272 H8(2,1,3)=H8(2,1,3)+"1810846191078201100211122221145
9280 H8(2,1,4)="1181.81283.2138%.9148010158014158030178040
9282 H8(2,1,4)=H8(2, 1, 4) +" 1880401980802080962181 16228136
9290 H8(2,1,5)="1232.41334.11437.2153013143022173032183045
9292 H8(2,1,%5)=H8(2,1,%) +" 193046020307 1213082223100233120
9300 H8(2,2,1)="0990.71091.31192. 3129004139007 149013159022
9302 H8(2,2,1)=H8(2,2, 1) +"1690361790551890801991 10209150
9310 H8(2,2,2)="10%0.91151.461252. 91350051456, 8155015165026
9312 HE(2,2,2)=H8 (2,2, 2) +" 1750421850646 1950902051 20215150
9320 H8(2,2,3)="1111.31212.1131J04141007151013161021171035
9322 H(2,2,3)=H8(2,2,3)+"181050171075201095211120221142
9330 HE(2,2,4)="1181.81263.21385. 214689.5138014168026178040
9332 HE(2,2,4)=H8 (2,2, 4)+" 18803819807462080942181 16228135
9340 H#(2,2,5)="1232.41334.21437.4153012163020173031 183043
9342 H8(2,2,%)=H8(2,2,5) +" 1930382030742130902231 10233120
9350 H8(2,3,1)="0990.461091.01191.71290031395.51499. 3159017
9382 H8 (2,3, 1)=H8 (2,3, 1) +"1690281790446189072199 108209140
9350 HS(2,3,2)="1050.81151.41252. 41354, 31457. 7155013165023 _
9362 H8(2,3,2)=H8(2,3,2)+" 1750381850571 93084205115215150 More pages, more productsand if's
9370 H8(2,3,3)="1111.21212.11313.81414.8151012161020171033 hot off the press! Get the new 1986/7
9372 HE(2,3,3)=H8(2,3,3)+"181050191070201095211 120221140 DICK SMITH ELECTRONICS Catalog
9380 H(2,3,4)="1181.71283.01385. 41489.41580141468026178040 and find anything for the electronics
9382 H8(2,3,4)=HE (2,3, 4)+" 1B8034619807462080982181 146228130 enthusiast The data section alone
9390 H®(2,3,5)="1232.41334. 11437, 21530121630201 73032183045 is worth the price of admission Send
9392 HE(2,3,%)=HB8(2,3,5) +" 1930460203074213090223110233125 for your copy today
9400 F(1)=3.31F (2)=71F (3)=145F (4) =281 F (5) =50
9405 RD=RD-11PRINTLTSLTSLTSRD
9410 PO® (1)="VERTICAL"1PO® (2) ="HORIZONTAL" M — vy
9420 PP8(1)="POOR BOIL"1PP®(2)="G00OD BOIL"1PP$(3)="BEA WATER" r
9430 LL#® e - Please reserve my copy of the 1986 Dick Smith
9440 DIMP(12)1DIMD(12) Cotolog | enclose 51 to cover shipping
9450 H(O)mOIH(1)m10¥H(2) =201 H(S) =301H (4) =401 H (5) =50
9450 H(&)=&01H(7)=BO1H(B)=1001H(9) =150 I Name
9999 RETURN

I Address

| City

lip

PO Box 7749 RPedwooa City CA 94063

l HCK SMITH ELECTRONICS INC
EVERYTHING FOR THE ELEC TRONKCS ENTHUSIAST >



gram assume vertical antennas are at ground level and
horizontal antennas are at 10 feet (3.04 meters). In
lines 245-295 all your input parameters are displayed
on the screen (see fig. 3). In lines 300-335 a check
is made to ensure that the results of your parameters
fall within the dynamic range of the program, the
expected communications range is calculated based
upon the nearest two data points stored, and your
expected communications range is displayed on the
screen.

One of the features of this program is that you can
experiment with changes in a single parameter with-
out having to re-enter all the inputs. Lines 400-426
print a menu at the bottom of the screen (see fig. 3).
Would you like to see how much further you could
communicate if you increased your transmitter power
from 100 to 500 watts? Press “'x’’ on the keyboard,
enter new receiver sensitivity and transmitter power,
and your new range will instantly be displayed. What
about raising that antenna from 30 to 60 feet (from
9.14 to 18.28 meters)? Press "‘A,”’ answer the ques-
tions, and your answer immediately appears. If you
have a printer connected, just press “'P’’ and lines
430-436 will give you a screen dump for a hard copy
of all the information.

data format

The propagation curves from which the data in this
program were taken assume that both receiving and
transmitting antennas are dipoles at 10 feet (3.04
meters) for horizontal polarization and grounded
antennas for vertical polarization. In many cases for
vertical antennas and in all cases for horizontal
antennas, as you raise the height of the antennas, you
can communicate over larger distances.

Each antenna elevation has an associated "‘height
gain.”” For example, for horizontal polarization over
good soil at 14 MHz, raising the antenna from 10 feet
to 30 feet (from 3.04 to 9.14 meters) will give you the
same increase in range as increasing your power from
100 watts to 1 kW or as increasing your antenna gain
by 10 dB. Hence, a 30 foot (3.14 meter) antenna under
these circumstances is considered to have a relative
"height gain”* of 10 dB.

The data statements in lines 9040-9098 contain
height gains for the various combinations of fre-
quency, polarization, and soil type in this program. The
first five lines are for vertical polarization over poor soil,
the next five are for vertical polarization over good sail,
etc., and the last five are for horizontal polarization
over sea water. Each line contains nine numbers which
are the height gains in dB for each of the nine discrete
heights in the menu. For example, line 9084 contains
data for horizontal polarization over good soil at 14
MHz. The height gain for 10 feet (3.04 meters) is 0
dB (reference height); for 20 feet (6.09 meters), it's
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6 dB; for 30 feet {9.14 meters), it's 10dB . . . and for
150 feet {45.72 meters), it's 23 dB. These data are read
into the four-dimensional array HG in lines 9005-9035
during program initialization, and the proper height
gains for the antenna condition you choose in the pro-
gram are selected in lines 230 and 235.

There are 30 pairs of lines from 9100-9392, one for
each combination of polarization (two kinds), soil type
{three kinds) and frequency {five bands}). H${1,1,1)
contains data for vertical polarization over poor soil
at 3.5 MHz; H%$(1,1,2) is for the same at 7 MHz . . .
through H$(2,3,5), which is for the second polariza-
tion type {horizontal), the third path type (sea water},
and the fifth frequency band (50 MHz). Each nonlinear
propagation curve of path in dB vs distance in miles
is broken into 12 data points, each consisting of three
digits for path in dB followed by three digits for dis-
tance in miles for that point, and is reconstructed as
an 11-segment “‘piece-wise’’ linear equation by the
program. For example, the first six digits of H${1,1,1)
indicate that for 3.5 MHz vertical polarization over poor
soil, a path of 99 dB will yield a communications range
of 7 miles (11 km). Similarly, the last six characters
of H$(2,3,5) predict a range of 125 miles (201 km) for
a 233-dB path for horizontal polarization over sea water
at 50 MHz.

The proper data set for the combination of fre-
quency, path, and polarization chosen is selected in
line 210 of the main program. This is then broken into
12 path and 12 distance values by the character string
manipulation in lines 215 and 220. In lines 300-305,
your system path is checked to be sure it's within the
program range: if not, a “’range not in program’’ mes-
sage is printed. In lines 320-330 your path is compared
with each of the 12 path points stored. When it's
found to be between the two closest path points, the
variable DI is calculated to be the same proportional
distance between the associated distance data, and
that distance is printed to the screen in line 335.

entering the program

Enter the program as listed, taking the normal
precautions to SAVE it before you RUN it so that if
you make a typing error that could cause a computer
lock-up, you'll be able to go back to edit the saved
version without having to retype the entire program.
The remarks (REM...} are to make the program easy
to follow and change. They don’t need to be entered.

If you have a Commodore 64 or 128PC, the program
will run as LISTed. If you have another brand of com-
puter, you'll want to delete lines 22-24 and 32-36,
which are machine-specific (or add your own color
commands), and change the "SYS65126'" in line 416
to “STOP” or “END."” These are the only commands
in the program that are machine specific, so the pro-
gram should be easily converted to run on most com-



puters using BASIC. Some changes might be neces-
sary; for example, some computers won’'t permit
multiple statements on a single line, so new line num-
bers will have to be added. The program as written
requires just under 16K of RAM, but it could be
“crunched’’ by deleting the title screen and REMarks
statements.

if you don’t want to keystroke the Commodore 64
program yourself, send a check or money order for
$8.00 to me at the address shown at the beginning
of the article. I'll send you a verified disk containing
two copies of the program (1541 format). Add $2.00
for tape or if you live outside the United States. | also
have an IBM-PC version available on disc for the same
price.)

expected results

In free space, path attenuation changes at a 20
log(F) and a 20 log(D) rate where F is frequency in
MHz and D is distance in miles. This means you need
four times your present power {or a corresponding 6
dB increase in antenna gain) to double your distance
because your radiated power is expanding over an
increasing area which is proportional to distance
squared. This also means that when your frequency
increases by a factor of 10, the signal decreases 20
dB. The atmosphere doesn’t really absorb the higher
frequencies. A given radiated power will provide the
same free-space field intensity (in microvolts per meter
or watts per meter squared) at 30 MHz as it does at
3 MHz, for example, but a half-wavelength dipole at
ten times the frequency is physically only one-tenth
as long and therefore will “‘capture’” only one-tenth
as many microvolts ( —~20dB).

Although free-space attenuation is very predictable
lloss in dB = 37 + 20 log({F) + 20 log{D}], actual
attenuation is much greater due to the earth’s curva-
ture. In addition, some drastic and sometimes unex-
pected results occur when your antenna is within a
few wavelengths of ground — which is usually the
case below 30 MHz.

If you're using a vertical antenna at ground level,
you can think of your system as if a return current were
flowing through the ground, much as return currents
flow through the shield of a coaxial cable. If the soil
has low conductivity, the signal will be attenuated. For
example, the same system that gives you a range of
125 miles (201 km} using a grounded vertical antenna
at 3.5 MHz over poor soil will give you a range of 230
miles (370 km) over good soil and 740 miles {1190 km)
over sea water. In general, your communications range
with vertical polarization will be poor over poor soil
and excellent over sea water.

If you place a horizontal dipole close to the ground
(in terms of wavelengths), the earth will tend to act
as a reflector. Because much of your signal will go

“straight up,” little will propagate along the horizon;
the higher the conductivity of the earth, the more dras-
tic the effect. For the same system parameters at 3.5
MHz referenced in the previous paragraph, if you have
a horizontal dipole mounted at only 10 feet (3.04
meters) above ground level, your range will be about
42 miles (67 km) over poor soil, 22 miles (35 km) over
good soil, and only 17 miles (27 km) over sea water.

Although the previous two paragraphs might lead
you to beleive that vertical polarization is preferable
to horizontal polarization for ground wave conditions
(it sometimes is), other items should be considered.
For example, a horizontal dipole at 3.5 MHz will be
very efficient, but a vertical over a poor ground radial
system may be less than 10 percent efficient. In addi-
tion, as a horizontal antenna is elevated to greater
heights, the effects of ground described above wiill
greatly decrease. Raising your 3.5 MHz vertical
antenna from ground level to 100 feet {30.48 meters},
for example, will have a negligible effect on your
expected range. However, moving your horizontal
dipole from 10 feet to 100 feet {from 3.04 to 30.48
meters) at this frequency will give “height gains’ of
12, 18, and 20 dB over poor soil, good soil, and sea
water, respectively.

At the higher frequencies, where antennas are
generally mounted several wavelengths above ground,
the propagation path is nearly independent of polari-
zation. For example, at 50 MHz, using radio
parameters of 100 watts out and 1 microvolt sensitiv-
ity, and assuming djpole antennas at 70 feet (21.33
meters) — with no losses for this ““ideal” example —
the predicted communications ranges fall between 54
and 60 miles (87 to 96 km), no matter what combina-
tions of polarization and soil type you choose.

using the program

No more needs to be said about the mechanics of
using the program. Some explanations and precau-
tions, however, are in order.
1. Selection of frequency band, polarization, path
type, and antenna height should be straightforward.
2. For transmitter power, use actual output power, not
rated input power.
3. For receiver sensitivity, the actual receiver sensitiv-
ity can generally be used at the higher frequencies if
you live in a “‘quiet” (QRN-wise) location. However,
if you're operating 40 meters, where the background
QRM and QRN levels are S6 or S9 or worse, you're
kidding yourself if you use 0.2 microvolts, because you
might not hear anything below 10 microvolts or so.
Disconnect your antenna and listen to the noise level,
then connect the antenna. If the background noise
doesn’t rise, use your receiver sensitivity. If the noise
rises, use the background noise level (you can cali-
brate your S-meter with a signal generator).
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4. If you'll be communicating over earth with low con-
ductivity and low dielectric constant {such as dry sand,
gravel, or rock), select “‘poor soil’’ from the propaga-
tion path menu. If you'll be communicating over soil
with relatively high conductivity and high dielectric
constant (such as cultivated farmland), select “good
soil.”” Maritime mobile operators will obviously select
sea water.
5. Antenna gain for horizontal polarization will gener-
ally be 0 dB for a dipole or inverted “V." If you're using
a beam or directional array, enter the gain (in dB) rela-
tive to a dipole.
6. The curves for vertical polarization at ground level
assume a grounded whip over a perfect ground radial
.system. If you have a phased array, enter the gain.
If you have a moderate or poor ground radial system
(most hams do), performance will be poor. Even with
15 ground radials, efficiencies as low as 50 percent can
be expected.® For this case, your gain would either
be —3 dB, or 0 dB with 3 dB added to other system
losses. If you have only a ground rod or a few short
radials, your efficiency may be less than 10 percent
(—10 dB).
7. The height gains for elevated vertical antennas
assume a whip over a good counterpoise (such as a
ground plane antenna). Although the theoretical gain
of a ground plane antenna is 3 dB above a dipole, the
pattern maximum is normally about 30 degrees above
the horizon, and the signal is usually down about 6
dB at the horizon (or 3 dB below a dipole level). If
you're using a vertical dipole or beam antenna elevated
more than a wavelength above ground (such as a
6-meter beam above 20 feet, or 6.09 meters), add 3
dB to the antenna gain. However, the presence of con-
ducting tower and coaxial cables parallel to the driven

element usually distort the radiation pattern, so expect
actual performance for vertical antennas to be less
than predicted.
8. Remember to include losses at both the receiving
and transmitting ends of the circuit for total systems
losses.
9. As with any “prediction” program, use the results
with caution. The curves are based on propagation
over average terrain under average conditons. Actual
variations of 20 dB or more can be expected. Neither
“poor’’ conditions nor “‘extended ground wave’ con-
ditions will surprise an experienced operator. Expect
inferior performance if your antenna is not “in the
clear” (i.e. in a jungle, inside an apartment building,
etc.) or if your path involves mountainous terrain. Per-
haps the most useful purpose for this program is to
experiment with antenna height or gain and transmit-
ter power, etc., “‘on paper” (more accurately, “in
RAM") to determine relative system improvements
without having to spend a lot of time and money con-
structing hardware and running comparative tests.
If you have comments or questions, feel free to write
to me, but enclose an SASE if you wish a response.
references

1. National Defense Research Committee 15, Propagation Curves, Report
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LOOP YAGIS AND AMPLIFIERS FROM
DOWN EAST MICROWAVE

= TROPO = WEAK SIGNAL MNOYAX
= EME « OSCAR MODE L & MODE §
- 902 * 1269 = 1296 * 2304 « 2400 MHz
Z345LY 45 @ loop Yagh 1296 MH: 20+ ofr  $85
20845LY  45¢  loop Yagh 1269 MH: 204 dBi S85
1345LY 45  loop Yap 2304 MHz 20+ OB §75
3333LY 3l loop Yap 002 MHz  185dBi $85

above antennas are assembled and lested
All aluminum and stainless construction Kils also available
Add $B (511 west of Rockies) per antenna for UPS shipping

2 & 4 way power dividers, complele arrays available

2316 PA Linear Amp Tw i 18w oul 1296 MHz 135 V 5230
2335 PA Linear Amp 10w in 36w oul 1296 MH: 13 6 V 5280
include $5 for UPS Blue — 48 states

Wiite about Higher Power, 2304 hnears, GaAs Fet preamps
Free catalog
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how high

should your hf antenna be?

Knowing the desired range
determines height

The question, “How high should my antenna
be?"" is often asked. But the only way to answer that
question is by asking another: how far do you want
to communicate? {t's the answer to this question that
allows the first to be answered.

Most hams build an antenna and then determine its
capabilities and limitations by experiment. They never
know whether poor communications should be
blamed on the antenna or on propagation. A systems
engineer, on the other hand, begins the process of
designing a communications link by first determining
the required distance for the link and then selecting
the proper antenna, which is then built to the height
that provides the optimum radiation pattern for the
desired communications link. When link quality is
poor, the designer can be certain that propagation
conditions — not the antenna — are the limiting
factor.

skip angle versus distance

The choice of antenna type and height can be read-
ily determined from two simple graphs. First select the
distance of the desired communications link. With that
value in mind, refer to fig. 1 to determine the opti-
mum radiation angle or elevation take-off angle.

The graph shown in fig. 1 is based on the average
height of the ionosphere; although this distance varies,
the typical Amateur antenna has a broad radiation pat-
tern in the elevation plane, so high accuracy is not
required, either for the height of the ionosphere or the
height of the antenna.

Typically, we want to be able to select from a broad
range of communications distances rather than be
limited to only one location. So you’ll need to deter-
mine the range of communications distances and the
resulting range of optimum elevation radiation angles.

If the range of radiation angles is too broad, more than
one antenna may be required to optimize station per-
formance, as will be shown later.

height versus skip angle

Figure 2 shows a computer-derived graph of
antenna height versus skip angle. To allow the graph
to be universal, antenna height is shown as a func-
tion of wavelength. Therefore, when you find the
desired height, the physical height can be determined
from the familiar equation of A = 984/f, where \ is
measured in feet and f is the operating frequency in
MHz. For example, if the optimum height 0.75 A, find A
for your operating frequency by multiplying it by 0.75.
This allows the graph to be used at any frequency.

To explain the use of the graph, let us say we deter-
mined the distances we wanted to cover to be a range
of 10 to 500 miles. From fig. 1, this translates to a radi-
ation angle range of 87 to 37 degrees. From fig. 2 we
find the antenna could be anywhere betwen 0.1 and
0.4 \ for 87 degrees and between 0.2 and 0.6 ) for
37 degrees. To cover the desired range we need a
horizontal antenna located between 0.2 and 0.4 \.
Since this is probably a good ragchew antenna for 75
meters, this translates to: A = 984/3.9 = 252 feet
(76.9 meters). Therefore, 0.2 X = 50 feet (15.4 meters)
and 0.4 A = 101 feet (30.8 meters).

The black area of the curve covers the 3 dB beam-
width of the antenna. At 50 feet the antenna gain
would be down 3 dB at a takeoff angle of 37 degrees,
and down 3 dB at 87 degrees. The peak of the antenna
pattern would be in the center of the black area of the
curve.

Understanding the graph may be simplified by relat-
ing it to a "standard’’ antenna pattern. Figure 3 shows
the pattern of a dipole 1.25 \ above ground. If you
were to draw a line on fig. 2 at a height of 1.25 \,
you'd note that it would cross the first black curve at

By Ted Hart, W5QJR, P.0. Box 334, Melbourne,
Florida 32902
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THE The newest in the exciting world of C-Band and KU-Band
satellite equipment is yours to see, touch and operate at the

BE ST SPACE/STTI Satellite TVRO Show in June! The first step in

selling right is to buy right at this huge convention — 500-plus

OF Booths, over 300 Operating Antenna Dishes, 18 hours of the
latest TVRO data at Free Seminars!

TVRO Add to that the fun and games of colorful Dallas and you go

home a WINNER!
Be at the Crystal Palace on Thursday, Friday and
BE Saturday, June 19, 20 and 21, 1986.
1950 Stemmons Freeway
FOR DETAILS: Call STTI at 1-800-654-9276 or 702-367-1471 or Write STTI,

Dallas, Texas
D ALLA S' 4970 S. Arville, Suite 108, Las Vegas, NV 89118,
.
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fig. 1. Optimum angle of radiation vs. distance for 1-hop and 2-hop communications based on average height of ionosphere.

5 degrees and 18 degrees (corresponding to the first
lobe in the pattern), at 30 degrees and 45 degrees (cor-
responding to the second lobe), and at 62 degrees and
continuing through 90 degrees on the third lobe.
Hence, the multiple black areas correspond to the mul-
tiple lobes of the antenna pattern, when the antenna
is high above ground. The areas between the black
areas correspond to the nulls in the antenna pattern.

For a beam antenna, the same curves apply, except
that the beam reduces the lobes on the back side
because of the front-to-back ratio.

The graph presents only the elevation angles of the
various lobes in the antenna, not the relative ampli-
tudes. Typically, one lobe will be predominant in ampli-
tude, with the other lobes at a reduced level. Since
very few ham antennas are used at heights above one
wavelength, this is a secondary consideration.

The graph also applies to vertical antennas. Nor-
mally, Amateurs use verticals only at ground level, but
if the vertical were raised to a great height, multiple
lobes wold appear in the radiation pattern. Since a ver-
tical is a complement to a horizontal antenna, where
one has a lobe the other would have a nuli in its pat-

tern, asssuming both were at the same height. When
using the graph for vertical antennas, simply use the
areas that are not dark to derive the pattern.

what are your antenna’s
characteristics?

By working backwards, you can readily determine
the range of communications for your existing
antenna. Measure the height of the antenna and draw
a corresponding line on fig. 2. Determine the eleva-
tion angles of the lobe(s}, transfer that information to
fig. 1, and read the corresponding range of commu-
nications distances. Again note in particular the nulls
in the antenna pattern and the corresponding range.
Now you know why you rarely talk to anyone at a dis-
tance that corresponds to a null in the antenna pat-
tern. Also note that horizontal antennas close to the
ground do not provide signals at low angles; conse-
quently they're not useful for long range communica-
tions.* Conversely, vertical antennas don’t radiate at
high angles and are therefore not useful for short-

*Unless other modes of propagation exist — e.g. ducting, M, N, derived,
etc. — Ed.
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MICROWAYE MODULES LTD,

| Conneisseurs Choice in VHF/UHF
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Announcing!

Commander II VHF 2M AMPS
With
3CXS800A7

LOAD At )
0 win * Modern Stripline
= 88a | Circuit with

= Y

= -----*fy“ ) tuned input for
——— e fig. 3. Dipole 1.25) above ground.

* 650 Watts Output with 25 watts drive!
* Compact —6" x 15" x 17" only 55 lbs.
* Includes Power Supply and Relays - 115/240 v.

* Precision ball drives with 6 to 1 radioon all
tuning controls for Smooth and Easy Tuning.

* Made in U.S.A. by Hams for Hams
Direct from the Manufacturer, only

$988.00 |

range communications (less than 500 miles). Truly
complete Amateur stations have both dipoles and ver-
ticals for the low bands.

summary

Figures 1, 2, and 3 were reproduced from my book,

UPS Shipable * Antenna Tuners The Rules of The Antenna Game — Alias What Every
* Improved Dummy sl
Prices Subject to Change Loads Ham Must Know About Antennas, available from the

Without Notice

Complete Service for all Dentron products Clipper-
ton Vupdates, and quality stripline Modifications.

CCIE Manufacturing

104 W. Vine, Edgerton, Ohio 43517
419-298-3051 v 160

author for $5.95 + $1 for postage and handling. Please
address inquiries to Ted Hart, W5QJR, W5QJR
Antenna Products, P.O. Box 334, Melbourne, Florida
32902.
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W KenwooD

...pacesetter in Amateur radio

B
IRE e

R*2000

Superior engineering, quality, and
performance describe Kenwood's multi-
mode communications receivers.

These receivers boast the most often- | R-1000 11 1 nee re ' = 20 VG-455C 500 Hz (
needed features for the serious or kHz 30 MH ( )
casual shortwave broadcast listener. | bla
Listen in on overseas news, music, * 120 24 (e 1T = bt peaker e HS-5 Deluxe he
and commentary. “Listen up” on the tal display/clockiimer [

VHF public service and Amateur radio
frequencies, as well as aircraft and busi-
ness band communications with the
R-2000 and VC-10 option. Both receivers
have a muting circuit so you can monitor
your Amateur radio station's signal
quality. Select the right receiver for your
needs—the R-2000 or R-1000.

r Hs-4 Headphone

KENWOOD

TRIC NWOOD COMMUNICATIONS




COLORADO:

COMM-CEN-EER

KENWOOD

—1800-227-71373[

TR-2600 TH-21AT
A SOMY | syt .
atiters o Misters

* AEA
* ALINCO
* ASTRON

AP A gt
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* Baw

* BENCHER

* BUTTERNUT
* CUSHCRAFT
* DAIWA

* HAM-KEY

* HUSTLER

* HYGAIN

* ICOM

TS-940S
“DX-cellence”’

* KENPRO

+* KENWOOD
* KLM

* LARSEN

* MFJ

* MIRAGE

* NYE VIKING
* QUATRON
* SANTEC

* WELZ

* YAESU

COD’S WELCOME

Blvd. «Denver, Co. 80211¢433-3355 E

CRYSTAL COMPANY
Fast Delivery
Lifetime Guarantee TCXO’s, etc.

(In N.J. call) 201-356-7787

to do something about it!”

Allyou need to know about land
mobile crystals is our phone
number: 800-526-3935

Elements, icoms,

201 Blackford Avenue, Middlesex, N.). 08846

“We are small enough to care, yet big enough

impressed bolh with the scope and conteni of the book

a comprahensive guide 1o the whole subject of ORP

T DO

I encountered such a well-lounded statement of the philosophy of QRP operating
POSTPAID $10.95 (U.5 ), $12 95 (Forewgn)

techmigues, band selection and propagation would help any Amateur whalever power is being used
a greatl book tor OAP'1s and a lot of QRO operators
would penelil from reading i1 ' Doug DeMaw, W1FB, Q5T I found the book easy 1o read, and the lexl s R
interesting thioughout | would have no hesitabion in recommending WORSP's book 1o any Amateur inerested
in QAP operation In lact, i will provide great reading for nearly any active ham * Bill Welsh, WEDDB, Novice
Ed . CQ 151 pages covenng QRP Irom basics to line points in B intereshing chaplers P
no ditficully understanding the explanations * Fred Bonavita, W50JM, QRP Quarterly 'In no othet place have
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THE JOY OF QRP: STRATEGY FOR SUCCESS

The expers reviewed Ade Weiss's (WORSP) book and wiole' George Dobbs, GIRJV. Radcom "1 am most
the sechons on objectives, planning, operating

seral Q

Novices will have
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MILLIWATT BOOKS, 833 Duke St. #83, Vermillion, SD 57069

YAESU

FT-209RH

* 5\Watts

= 10 Memories
«LCD

* Compac!

FT-2700R
* Duo-Band Full Duplea

FRG-9600

* 100 Memones . - -
* 60 MHZ - 905 MHZ Conhnuous

This publication is
available in microform
from University
Microfilms
International.

Pleass send information aboul these titles

Numy

Company/Inshitulion

Address
City
Stale Zip

Phun | |

Conll tollfree 800-521-3044  In Michigan

Alisska and Hawai call collect 313-761-4700 Or
mul tnguicy 1o University Microfilms International,
300 Nurth Zevb Road, Ann Arbor, Ml 48106




long 2-meter collinears
— a simple way to
achieve gain

Depending on the size and con-
struction techniques chosen, it's
possible to build vertical or horizontal
collinears in as little as one hour — or
at most, one day. The cost is low, and
gain can be increased by adding ele-

rs2

>

X

i 3
st

®

SLIDE TO MATCH~
\
\ B
N

S

/

L =

fig. 1. Two examples of half-wave col-
linears {A) 3 section, {B) 4 section.

ments, one set at a time, to the array.
Support can be a rope attached to a
tree, a tower, or a building.

With only moderate variation in gain
and SWR, a 2-meter collinear can be
cut and matched for the middle of the
band and it will work over the entire
4 MHz.

The antenna illustrated in fig. 1is a
string of half-wave elements laid end-
to-end and fed in phase by a series of
half-wave delay lines {quarter wave
shorted stubs). For use on 2 meters,
the antenna is made from No. 12 solid
copper wire. PVC pipe is used for insu-
lators.

My antenna is fed with coax. The
VSWR is less than 1.5:1 over the entire
band at the transmitter. With a ten-
element array, |'ve had contacts with
mobile stations 50 miles (80 km) away
and constant contacts through re-
peaters 80 to 100 miles {128 to 160 km)
away.

If side-mounted on a tower or pole,
three collinears can be phased so that
two can be used simultaneously, with
an additional 3 to 4 dB gain realized in
any six directions.

gain over a dipole
2-element 1.9 dB
3-element 3.2dB
4-element 4.3 dB
10-element 10.0 dB
20-element 13.0 dB
40-element 16.0 dB

—

The phasing stub supports are PVC
pipe measuring 2.5 inches (6.35 cm)
long and drilled 0.5 inch (1.27 cm) from
the ends. By changing the dimensions
for other bands, this type of antenna
can be used horizontally for gain on
432 MHz and 6, 10, and 15 meters, etc.
On 6 meters it works especially well for
auroral contacts when set up to radi-
ate horizontally, north and south. It's
better than a 5-element beam.

The feedpoint impedance is a func-
tion of the array.

Figure 2 provides the actual lengths
used in a six-section collinear together
with construction notes. Provide a
loop at both ends for the support rope
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HIGH PERFORMANCGE

PRESELECTOR-PREAMP

The solution to most interference, intermod, and desense
problems in AMATEUR and COMMERCIAL systems

| ———— * 40 to 1000 Mhz - tuned lo your lrequency
e v e & § large helical resonators

* Low noise - High overload resistance

B dB gain - ultimate rejection> BO dB

10 to 15 volts DC operation

Size-16x26x475" exc conneclors

FANTASTIC REJECTION!

Typical rejection. Price - CALL bipolar w/RCA jacks

+ 600 Khz@ 144 Mhz: — 28dB Connector options: BCN $5, UHF $6,

+ 1.6 Mhz@?220 Mhz: -40dB N $10

+5 Mhz@450 Mhz: —500B SUPER HOT! GaAs Fet option $20

. & 8 »

B selectable 3 10 2 mir
= Wired, lr*,tm mt! pmm ammed with your message(s)
Modei ID-1 - $49.95 Model ID-2 w/2 to 10 minute timer - $69.95
We olfer a complete ling of transmitter and receiver strips
and synthesizers lor amateur and commercial use
Reguest our free catalog Allow $2 for UPS shipping - Mastercard and VISA welcome

GLB ELECTRONICS,INC.

151 Commerce Pkwy., Buffalo, NY 14224
716-675-6740 Sto 4

» 154

'W6SAI BOOKS )

published by Bill Orr, W6SAI and Stu Cowan, waLx
BEAM ANTENNA HANDBOOK

Completely revised and updated with the latest computer generated informa
tion on BEAM Antenna design. Covers HF and VHF Yagis and 10, 18 and 24
MHz WARC bands. Everything you need to know. 204 illustrations. 268
pages. 1985 Rewvised 151 edition

RP-BA . Softbound $9.95

SIMPLE LOW-COST WIRE ANTENNAS

Primer on how-lo-build simple low cost wire antennas. Includes invisible
designs for apartment dwellers. Full of diagrams and schematics 192
pages 1972 2nd edilion

RP-WA Softbound §7.95

ALL ABOUT CUBICAL QUAD ANTENNAS

simple to build, lightweight, and high performance make the Quad at DX'ers
felight Everything from the single element to @ multi-element monster A
wealth of information on construction, feeding, tuning and installing the
juad antenna 112 pages 1982 3rd edition

RP-CO Softbound $6.95
THE RADIO AMATEUR ANTENNA HANDBOOK

A wealth of projects that covers verticals, long wires. beams as well as
plenty of other interesting designs. It includes an honest judgement of gain
higures, how to site your antenna for the best performance, a look at the
Yagi-Quad controversy, baluns, slopers, and delta loops. Practical antenna
projects that work! 190 pages 1978. 1st edihon

RP-AH Softbound §7.95

Piease enclose $3 50 for shipping and handling a
'vm

radio.... BOOKSTORE

GREENVILLE NH 03048 (603) A78 Illl
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The monthly magazine with a natural blending of two
popular hobbies — Ham Radio and Computers
# Articles on Ham Radio & Mos! Personal Compulers
# Hardware & Software Reviews
# Various Compuler Languages
» Construction Articles
+ Much Much More

“ ..received my moneys worth with just one
issue...”
—J. Trenbick

“.always stop to read CTM, even though
most other magazines | receive (and write for)
only get cursory examination...”

—Fred Blechman, K6UGT

(U.S. funds only)
Permanent (U.S. Subscription)

Circulation Manager
1704 Sam Drnive
Birmingham, Alabama 35235
Phone 205/854-0271
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fig. 2. Lengths and con-
struction details for six-
section collinear.

372"

or insulator and support wire. Assem-
ble all driven elements, then add the
phasing stubs, made from No. 12 or
larger stiff copper wire, to be self-
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fig. 3. Modifying a Ringo Ranger pro-
vides 3 dB more gain.

supporting for vertical mounting. Slide
the coax feed along the driven stub in
order to achieve the lowest VSWR.
Figure 3 shows one method of
increasing the gain of the ‘‘Ringo
Ranger” through the addition of a two-
section collinear.

larger design

I’'ve built antennas using this design
for 435 MHz, 439 MHz, and 2 meters
for horizontal operation. My horizon-
tal 2-meter antenna is a 40-element
version in an inverted V form, made
from No. 22 stranded teflon-coated
wire.

acknowledgements

My thanks to WA1YJZ and
WASPGL for the tests and support
while | experimented with these
antennas over the years.

Please enclose an SASE with any
inquiries, which should be addressed
to me at R.D. 1, Union City, Pennsyl-
vania 16438.

Leonard E. Shick, WB3AYW

GEM-QUAD FIBRE-GLASS

ANTENNA FOR 10, 15, and 20 METERS

Two Elementé $235.00
Extra Elements $164.00
Price is F.0.B. Transcona
INCLUDES U.S. Customs
Duty
KIT COMPLETE WITH
*SPIDER
*ARMS
! *WIRE
*BALUN KIT
*BOOM WHERE
NEEDED
WINNER OF MANITOBA
DESIGN INSTITUTE
AWARD OF EXCELLENCE

Buy two elements now — a third and fourth
may be added later with little effort.

Enjoy up to 8 db forward gain on DX, with a
25 db back to front ratio and excellent side
discrimination.

Ask for our new 2m Quad Kit when you order
your Gem Quad. It’s FREE for the asking!

Get maximum structural strength with low
weight, using our “‘Tridetic’’ arms. Please in-
quire directly to:

GEM QUAD PRODUCTS LTD.
Transc::: Eﬂinitoba
Canada R2C 225
Tel. (204) 866-3338

May 1986 97




THRULINE
WATTMETER

0.45-2300 MHz
011'101000 Watts

Ask for model 43 Bulletin

BIRD Electronic Corporation
30303 Aurora Rd., Cleveland (Solon), Ohio 44139
216-248-1200 TLX: 98-5298 Cable: BIRDELEC

MODEL 43: »~ 150 NEW DIGITAL & MULTIRANGE WATTMETERS: +~ 151
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ICOM

12 Tunable

Memories
the__MN"Aa General Coverage

100% Dutycycle
HAM STATION IC735 o Dutycy
P.O. Box 4405

220 N. Fulton Ave.
Evansville, IN 47710

HURRY

WELZ

Lots of Welz
Meters in Stock
Call for Special
Pricing and
Details

Stores Hours
MON-FRI SAM-6PM
SAT 9AM-3PM

WARRANTY SERVICE CENTER FOR: Welz Meters

ICOM, YAESU, TEN-TEC

TERMS:

Prices Do Not Include Shipping.
Price and Availability Subject to
Change Without Motice
UPS COD $2.50 Per Package

YAESU

10 Memories
45 Watts
With FTS-8
MOST ORDERS SHIPPED ORDER NOW

SAME DAY

FT270R

TENTEC

8 2510 Mode B
Satellite Station

YAESU FT209RH
5 walts
Free FTS-6
10 Memories
CALL FOR YOUR
SPECIAL PRICE

SPECIAL PRICING ON
ICOM IC751
LIMITED OFFER » ORDER TODAY

AEA & AHHL » AXI‘.INL_:O * ALLIANCE *ALPHA DELTA = AMECO » AMERITHON = ANTENNA
SPECIALISTS = ASTRON » BAW * BENCHER * BUTTERNUT « CSI = CALLBOOK

* COMMUNICATION SPECIALISTS = CUSHCRAFT = DAIWA = DATASCAN = HEIL = HUSTLEH

* HYGAIN * ICOM » KDK » KLM * KANTRONICS » KEN PRO = LARSEN = MFJ = MICROLOG

* MIRAGE * NYE « ROHN * SANTEC+SHURE + TEN TEC « TOKYO HY-POWER * UNADILLA

* VALOR = VIBROPLEX = WELZ = YAESU
ORDERS AND PRICE CHECKS ONLY, PLEASE  1-800-523-7731
812-422-0231

INFORMATION AND INDIANA
SERVICE DEPT. 812-422-0252

BELDEN 9913/9914 CABLE
“N’’ Connectors $3.50 Crimp or Solder Type

FOXINTERNATIONAL.INC.

717 W. UNION HILLS DR., #3-190
PHOENIX. AZ 85027,
(602) 582-4124

“We Specialize In Custom Connectors” v 18

AEAEAEAEAEAEAEAEAEAEA™

THE IDEAL
OMNIDIRECTIONAL
PACKET ANTENNA

® Greatest Simplex Range for
Price

® Maximum Decoupling Mini-
mizes Computer Hash

® No Feedline Radiavion to Lock
Up Computer

PERFORMANCE

® Low Vertical Radiation Angle
® No Feedline Radiation

® Wideband Matching Network
® Efficient Design

® Omnidirectional Pattern

DEPENDABILITY

® High Quality Materials
® Weatherproof Design
® Rugged Construction
® Advanced Engineering

PRICE & CONVENIENCE

® Low Cost

® Easily Installed

® Compact & Lightweight

® UPS Shippable .

® Inexpensive TV Mast Support
(not Included)

ISOPOLE™ is available for
144 MHz, 220 MHz, 440 MHz
Ask for our spec sheet and
radiation pattern plots, or
visit your favorite AEA
dealer for more information.

(Prices and specifications subjedt to change withoul notice

or obligation)
AEA

Advanced Electronics Applications, Inc.
P.0. Box C-2160

Lynnwood, WA 98036
(206) 775-7373

EAEAEAEAEAEAEAEAEAE
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[€31ICOM]| KENWOOD YAESU

IC-751 9 band XCVR, 1-30 MHz

ICOM

HF Equipment
IC-751 Xcvr

IC-751A Xcvr

1C-745 Xcvr

1C-735 Xcvr

PS-55 Power Supply
PS5-35 Power Supply
Receivers

IC-R-7000

IC-R71A

VHFIUHF

IC-02AT 2m, HT
IC-2AT

IC-271A 2m, Base
IC-27A Compact
IC-3AT, HT

IC-37A Compact Mobile
IC-04AT 440 MHz, HT
IC-4AT

IC-471H 75w, 440 MHz
IC-4T7A

1C-3200A 25W, dual bander

List  Juns
1399.00 Call $
NEW Call §
999.00 Call $
B89.00 Call $
169,00 Call $
169.00 Call §

8969.00 Call §
849.00 599.9¢

369.00 Call
269.00 Call §
735.00 Call §
389.00 Call $
299.00 Call §

449.00 Call $
399.00 Call $
299.00 Call $
1149.00 Call $
489.00 Call $
969.00 Call $

1C-290H 25W, 2M, SSBIFM  549.00 Call $
IC-490A 10W, 440, SSB/IFM  649.00 Call $

RP-3010 UHF, Repeater
IC-1271A 1.2 GHz Base
1C-120 mobile

1049.00 Call $
1049.00 Call $
499.00 Call

KENWOOD
HF Equipment
TS-940S wiAT
wolAT
TS-430S
TS-830S8
TS-5308
TS-670 Quad Bander
Receivers
R-2000
R-1000
15-440S
ALL NEW
COMPACT
HF XCVR

VHFIUHF

TR 2600A 2m, FM, HT
TR 3600 440, HT

TH 21AT Compact 2m
TH 31AT Compact 220
TH 41AT Compact 440
TM 4000A 2m(70cm

TM 2570A 70w, 2m
TM 2550A 45w, 2m
TM 2530A 25w, 2m
T™ 211A 2m, Mobile
TM 411A 70 cm

™ 201B 2m, FM Mobile

TM 401B 70 cm Mobile
TS-711A 2m, All Mode
TS-811A 440, Base

ENCOMM
Saniec

ST-20T 2m HT
Welz

Power Meters, Acces

Tokyo Hy-Power
VHFIUHF Amps/
Tuners

List

339.95
349.95
229.95
239.95
239.95 Call$
599.95 Super
Special Call §
54995 Call$
45995 Call$
39995 Call g
36995 Call§

44995 Calls
33995 Call$

36995 Call$
79995 Calls
89995 Call$

Call §
Call
Call
Call

Juns

34995 Call$

Call &

Call $

- -

FRG 9600 60-905 MHz Rec.

YAESU

HF Equipment

FT ONE Xcvr

FT 757GX Xevr

FT 980 CAT System
FT-77 Compact Xcvr
Receivers

FRG 8800 150 kHz - 30 MHz 569.00

FRG 9600 60 - 905 MHz
VHFIUHF
FT-203RITT 2m, HT
FT-209RH w/FTS-6
FT-103R/TT 220 MHz
FT-703R/TT 440 MHz
FT-709 R 440 MHz, HT
NC-15 Quick Charger
FT-270 RH wiFTS-8 2m
FT-2700RH wiFTS-8
FT-726R All Mode

OSCAR

6m Module

SU-726

430/726

440/726

HFI726

TESYSTEMS
MIRAGE
AMP SUPPLY
AMERITRON
BIRD Products In Stock
KLM Antennas

List

2859.00

879.95

1659.00

599.00

649.00

259.95
359.95
279.95
299.95
349.00

79.00
439.00
599.95

925.00
215.95
109.95
299.95
299.95
22595

Hustler Antennas In Stock
Larsen Antennas In Stock

Juns

Call
Call
Call
Call

Call
Call

Call
Call
Call
Call
299.
Call
Call
Call

Call
Call
Call
Call
Call
Call

& & &

oA

9!

o

PP A RS A & i

Products In Stock
Products In Stock
Products In Stock
Products In Stock
Products In Stock

AEA
Kantronics
Astron
Bencher
Ameritron

*AMATEUR =TWOD WAY s MARINE
*CELLULAR MOBILE PHONE »SCANNER
« Free U.P.S Cash Order

(Maost Item, Most PI
« Shoppers. call us last. save 55
« SE HABLA ESPANOL

» 145

terminology, baluns, ground systems, lighining protection,
The Basic Antenna. the dipole. the zepp, G5RV, Windom,
Special Antennas, the sloper, DDRR, Beverage, folded
unipole, Beams, WBJK, Yagi, two element quad, and the
160 meter band story. John's writing is in an easy-to-
understand conversational style and is full of examples
and handy tips and hints. There are no drawings or illus-
trations but John's prose paints pictures for clear and
complete understanding of the information being

presented. 1984 1st Edition
[ IJH-AT Softbound $11.95
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HF ANTENNAS —
7. The Easy Way

by John Haerle, WBSIIR

This book has been published
as a memorial lo
WBSIIR's work as
an Amateur Radio leacher
.Originally given as a series of
speeches or papers, this tutorial is an excellent source
book on antenna theory and applications. Examples of
areas covered are: Fundamentals, antenna and leedline
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VHF/UHF WORLD .

Yagi facts and fallacies

Surely the Yagi beam is the most
commonly used Amateur antenna
between 14 and 450 MHz — and right-
fully so. It can yield higher gain for its
physical size than any other antenpna
type. Its low profile makes it an excel-
lent choice for those who are either
stacking an array for very high gain or
desire to operate several bands using
the same antenna mast.

Over the past ten years there has
been a definite improvement in the
gain and especially the radiation pat-
tern of long, high-gain Yagi beams.
However, with these improvements
there have also been seemingly unex-
plainable performance failures that
have created confusion. Furthermore,
pretentious gain claims have been
made by some well-intentioned
Amateurs.

In light of the above, I'm going to
Jdevote this month’s column to the
Yagi beam. Emphasis will be placed on
attaining optimum performance. Cer-
tain problem areas will be discussed.
I hope this material will be informative
and put some of the myths to rest. In
addition, it should provide guidance on
how to select the proper parameters
and obtain optimum performance
when designing and building Yagis.

history

First, a few notes on the develop-
ment of the Yagi-type antenna might
be in order. The basic Yagi antenna
structure as we know it today is clas-
sified as an ““end fire’ array. It usually
consists of a single driven element with
a reflector and one or more directors
{fig. 1). The reflector is used mainty to

decrease radiation off the rear of the
antenna; the directors primarily deter-
mine the shape of the radiation pattern
{or gain) in the forward direction.

The Yagi antenna was first devel-
oped in Japan during the late 1920s by
Dr. H. Yagiand S. Uda." Dr. Yagi pub-
lished abroad in English, giving rise to
the “‘singular’’ credit for this type of
antenna.? His work with Uda on this
antenna was published in book form
in reference 3.

In the early days the Yagi antenna
was typically used with only two to six
elements. In the 1950s Kmosko and
Johnson published one of the first
really long Yagi antenna designs.?
However, their heuristic {“cut and
try"’} work had somewhat less gain
than claimed and the radiation pattern
had many sidelobes. These designs
used tapered spacing and little or no
director length tapering.

Greenblum published what was
probably the first cookbook on Yagi
designs.> However, how his graphs
were to be used wasn’t completely
clear; some missed the point that the
elements were through the boom, and
the director lengths included the baom
correction. The director spacings were
not specific (a range of values was
given) and some director lengths were
also missing on the original charts.
Regardlesss of the above, Tilton had
great success using Greenblum’s
designs.®7-8

Ehrenspeck and Poehler showed yet
another design approach primarily
aimed at decreasing the number of ele-
ments in the director structure; pat-
terns were not optimized.®

Many years later, Dr. Ebrenspeck
suggested that the best design for
gain was probably the 0.3 wavelength
spaced model."® He also said that if
two additional directors were added to
the front of the structure (as shown in
fig. 2), that pattern could be improved
and the gain increased by up to 1.0 dB.

Other individuals likewise published
specific designs, but Amateurs really
had to wait until Viezbickie and Reisert
published the NBS Yagi designs.'"'2
Unfortunately, the NBS designs cov-
ered only six specific boom lengths,
04, 08, 1.2, 2.2, 3.2, and 4.2
wavelengths. Therefore, one couldn’t
easily design intermediate or longer
boom designs {more on this later).

Hoch published design curves for
Yagis of any length up to 47 direc-
tors.'3'415 His initial work was based
on the designs of Greenblum.® He was
able to improve the patterns and gain
as well as account for the boom cor-
rections. Hoch’s designs work partic-
ularly well with booms 2 through 20
wavelengths long.

However, credit for the really serious
work on tying down the optimum ele-
ment lengths and spacings for Yagi
antennas should probably go to
Morris.’® In his PhD thesis, he wrote
computer programs to not only deter-
mine Yagi antenna patterns but also to
optimize the lengths and spacing
based on the desired pattern and gain.

Morris’s work was followed by that
of Chen and Cheng and others in the
professional community who had
access to large mainframe computers
capable of handling the complex cur-
rent matricies.’'® The late Dr. Jim

May 1986 [l 103



DIRECTORS
1

DRIVEN ELEMENT

REFLECTOR

fig. 1. This is a typical Yagi antenna
structure.

Lawson, W2PV, published similar
work in the Amateur field, although
his designs were limited to about 1.75
wavelengths. Finally, Stan Jaffin,
WB3BGU, published a program to do
Yagi pattern measurement with a
home computer,? giving the enterpris-
ing Amateur all the tools he or she
needed to do serious Yagi design and
optimization.

facts and fallacies

The above history is brief but
necesary for understanding the devel-
opment of the Yagi. Now let’s proceed
into the general area of facts and fal-
lacies about it:

1. The gain of a Yagi antenna is deter-
mined by the number of elements.
This is false. Gain is primarily a func-
tion of the length of the boom. The
number of directors and their length
and placement on the boom is a
secondary factor that determines
whether the gain for a particular boom-
length is achieved, as well as the band-
width, pattern shape and sidelobe
levels.

Figure 3 is used to illustrate this
point. This graph shows the highest
possible gain that can be attained by
a Yagi antenna on a specific boom-
length (in terms of wavelengths). Note
that the gain of a typical well-designed
Yagi antenna increases in a logarithmic
fashion at about 2.2 dB for each dou-
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bling of the boom length. Gain is
shown both in dB over a dipole and dB
over an isotropic.??

Therefore, using the graph in fig. 3,
it can be shown that the highest pos-
sible gain for a 5-wavelength boom
Yagi is approximately 15.3 dB over a
dipole or 17.45 dB over an isotropic
radiator. In reality, it will seldom be
possible to attain this gain. If you can
get within 0.5 dB of the value shown,
consider yourself lucky!

2. A greater number of directors for a
specific boomlength can increase the
bandwidth of a Yagi antenna and
improve the radiation pattern. This is

3. Yagi antennas with high gain usually
have good front-to-back ratios. This
isn‘t always true. The maximum gain
and highest front-to-back ratio are riot
always coincidental for a specific
boomlength. This means that for some
boomlengths, either the gain or the
front-to-back ratio may be optimum,
but not necessarily coincident.

The NBS Yagis are an example of
this phenomenon.''2 The 0.8
through 4.2 wavelength models were
carefully designed to have both good
gain and reasonable front-to-back ratio
at the same time. Viezbickie noted that
the gain increased similar to that
shown in fig. 3, but small oscillations

’RD,J ,\F‘I—\as A~——’

)1

TC

L
Ly x

EXISTING YAGIS

and the gain is increased by up to 1 dB.

fig. 2. These are suggested improvements to the 0.3 wavelength spaced design of Ehren-
speck and Poehler.® Ly, is the length of the last director in the original design. Ly is
5 percent shorter than L, and Ly is 10 percent shorter than Ly,. The pattern is improved

true. There are a minimum number of
elements needed for each boom-
length. Evidence of this was described
above in the discussion of the Ehren-
speck and Poehler Yagi designs.

However, if only this minimum num-
ber of elements is used, the pattern
may have poor sidelobes, the front-to-
back ratio may be low, and/or the fre-
quency operating bandwidth narrow.
You may ask why the latter item is
important, since most weak signal
operators operate only over a narrow
bandwidth. The reason is that less pat-
tern distortion will be prevalent with
lesser element tolerances, weather
changes, or structural changes — e.g.,
if an element loosens or breaks.

above and below the line were noted.
He also stated in his report that cer-
tain boomlengths had slightly higher
gain,

It has since been shown by com-
puter analysis that certain boom-
lengths naturally exhibit high front-to-
back ratio and optimum gain simul-
taneously.®

For the majority of moderate boom-
length designs (less than 2 wave-
lengths), and especially the NBS
designs, the optimum boomlength
tends to be a muiltiple of odd quarter
wavelengths long (for example, 0.75,
1.25, 1.75 wavelength, etc.}). This
probably explains why the particular
NBS designs were chosen.



At my request Stan Jaffin,
WB3BGU, ran some examples of my
DL6WU designs'® on his mainframe
computer program.? The results were
quite interesting and |'ve plotted this
data on the graph shown in fig. 4.
Note that in the DL6WU designs there
are also optimum boomlengths, but
they seem to be spaced about 2
wavelengths apart. | would recom-
mend using, if possible, the specific
boomlengths where the front-to-back
ratio is highest.

4. Tubing and rods of the same diam-
eter have the same electrical wave-
length. This is definitely not true, but
this fact appears to have escaped most
Yagi designers, especially at the lower
frequencies, where tolerances are not
as much a problem as they are in the
UHF range. The NBS Yagi designs
used rods for their elements.”” There-
fore, if you use an NBS design with
tubing, the electrical length may not be
the same as it would be with an
equivalent rod. A UHF design may be
slightly off frequency.

This phenomenon was apparently
known by those who did the NBS Yagi
designs. One document showed that
if the end of the element was
hemispherical instead of a flush cut,
the frequency shifted upwards. The
recommended change was to add an
overall lengthening factor of 0.4 times
the diameter to the element (0.2 times
the element diameter to each end of
the element).

Steve Powlishen, K1FO, has also
noticed this phenomenon and has
seen even a chamfer on the end of an
element shift the frequency up perhaps
1T MHz or so at 432 MHz. A word to
the wise: if you don’t use solid rods
and/or don’t cut the end of the ele-
ment off flush, check the resonance to
see if the frequency shifted upwards!

5. Scaling elements must be done
using the published charts and graphs
simifar to those of Viezbickie, Reisert,
and Hoch.'*'21415 This is not true.
Scaling performed on these charts can
be accurate if you don’'t make any mis-
takes in the process!
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fig. 3. This graph represents the highest possible gain that can be achieved on a con-
ventional (single plane) Yagi antenna. See text for further explanation.

However, scaling can also be done
quickly - with probably greater
accuracy — on a computer using the
methods and equations 8 through 13
proposed by Lawson.?' These equa-
tions can easily be programmed on a
personal computer to yield rapid and
accurate data without referring to
graphs.??

6. The NBS designs are the best Yagi
designs available. This is false. The
NBS designs are good and reproduce-
able. However, they represent only six
specific models, as discussed above.

Computer analysis has shown some
discrepancies in these antenna
designs.'® Others have found that the
patterns and gain don’t match the data
in the technical note at the design fre-
quency on several of the models. Stan
Jaffin, WB3BGU, has shown that if an
extra director is placed approximately
0.15 wavelength ahead of the driven
element on the 4.2 wavelength design,

the gain can be increased by almost
0.5 dB.?° This has been verified by at
least one antenna manufacturer.

The NBS designs are good and
reproduceable. If you feel comfortable
with them, and if the boomlengths
presented fit your needs, by all means
use them. Perhaps you should also try
the extra director. However, if you add
this director to an existing antenna, it
will change the impedance match. If
the boomlengths of the NBS Yagis are
too short, try one of the DL6WU
designs.'®

7. The best reflector system is the
trigonal method proposed by NBS.
This is definitely not true. When | first
tried this reflector system on a 3.2
wavelength NBS Yagi, the gain
dropped by almost 1.5 dB below the
same antenna with a standard reflec-
tor. Repeated tests showed that the
reflector lengths suggested by NBS
were definitely too short.
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fig. 4. This is tabulated data from computer analyzed front-to-back ratio versus boom-
length for the DL6WU Yagi designs.'® Note the boom lengths where the front-to-back

| lengthened all three reflectors by
0.007 wavelength, the length needed
to make them similar to the existing
single reflector. Voila! The gain came
back to normal. Repeated measure-
ments showed, however, that the gain
of a trigonal reflector system over a
single reflector as suggested by NBS
was only about 0.1-0.2 dB with per-
haps 6 dB better front-to-back ratio. In
hardware alone, this represents quite
an increase in mechanics and wind
load!

Several years later | mentioned this
to Stan Jaffin, WB3BGU, and sug-
gested that he could somehow test my
theory on his computer program.2° His
tests confirmed my results and showed
the same gain changes with the opti-
mum lengthening factor to be 0.009
wavelengths.?*

8. The VSWR of an a Yagi is not im-
portant. This is false. Although a
moderate (2:1) VSWR would not seem
to be important, it can be detrimental
at VHF and especially UHF. The rea-
son is that the feedline losses increase,
especially if the nominal insertion loss
is high {>1dB).

High VSWR can also be a sign that
there is something wrong with the de-
sign. | once noticed high VSWR on a
commercial antenna, only to find that
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the position of the hole for one of the
directors was misdrilled. In addition, if
the VSWR on an antenna is low and
it changes, this can be an indication of
trouble.

Then there's stacking, a typical way
to increase gain on VHF and above. A
high VSWR may have a very adverse
effect when two or more antennas are
summed together. Poor matching
could divert more power to one of the
antennas which would “hog” the
power and thus decrease the anticipat-
ed gain increase.?s

9. Stacking antennas is a good way to
increase gain. This is true. However,
the antennas must ‘be properly
designed and stacked a certain dis-
tance apart to obtain the increased
gain. If the spacing distance is too
close, the gain increase will be low.
Stacking too far apart will increase
sidelobes and noise pickup. The bas-
ics of stacking are thoroughly dis-
cussed in references 25 and 26.

10. Elements that are insulated from
the boom of a Yagi work better than
those that are in chmic contact with
the boom. This is definitely false.
There are advantages and disadvan-
tages to either type of mounting.
Insulated elements are less likely to
induce boom resonances on other

bands, a common problem on HF.
While it can be argued that the insula-
tors don’t corrode, it can also be
proved that the dielectric material in
the insulator can get contaminated or
deteriorate with age and exposure to
the sun and weather.

Mounting elements in ohmic con-
tact with a boom is a technique that
has been around for a long time. This
method is less likely to produce prob-
lems with static buildup and stray HF
pickup from the feedline. Usually this
technique is easier to use, and if the
elements are properly installed without
dissimilar materials, the corrosion
problem is minimal.

Finally, some of the myths about
element mounting have been per-
petrated by those who say that
antennas with insulated elements are
detuned during wet weather. Tests
have shown that by pouring water on
an existing antenna with and without
insulated elements that the detuning
effects are about the same for either
method using a simifar Yagi design.

The primary reason for detuning in
a Yagi antenna during wet weather is
the sensitivity to element diameter.
When ice or water is present on an ele-
ment, its electrical length is changed.
The higher the gain and the closer the
antenna is operated to its cutoff fre-
guency, the more the detuning effect
will be noticed.

11. Boom corrections are not impor-
tant since the boom does not detune
the element. This is a serious miscon-
ception. The easiest way to envision
the electrical characteristics of a boom
is that it shorts out part of the ele-
ments. Therefore, any elements pass-
ing near or through a boom must be
lengthened to reestablish the intended
electrical length.

Fortunately, if too little correction is
applied, the frequency of a Yagi is
increased. It is well known that a Yagi
antenna has a very rapid cutoff above
resonance and a slow cutoff below
resonance. Hence, if the correction
factor is too small, only a slight degra-
dation in performance will be noticed.

Boom corrections seem to be a big
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much more than
just the lowest price...

When you get that exciting new piece of
equipment from me, you know you are
going to be completely happy...

| see to it, personally! | also give A —

you earliest delivery, greatest trade-in U”C"eﬂi"”;}ef;if:: O“FSOH
allowances, my friendly assistance )

in every poésible way. IIA“"ISON

Just ask any of the many thousands of “"HAM HEADQUARTERS,
hams all over the world who have been USA=" __Since 1925!
enjoying my friendly good service
for over a half a century. 73. Uncle Ben, W2SOH
e CALL ME... e WRITE ME... e SEE ME...
(516) 293-7995 For my prompt. At one of the world’s largest

"A““ISO“ personal reply. Ham Supply Centers!

HAS THEM ALL / Kenwood TH21AT, 31AT, 41AT l
KENWOOD

Kenwood TS-711A (2m)
TS-811A (70 cm)

Kenwood TR-2600, TR-3600

¥4 % “HAM HEADQUARTERS, USA" "
vt l nlso RADIO 2263 Route 110 (at Smith St)

Kenwood TS-4308

7 E Farmingdale. NY 11735
CHARGE IT! Since 1925 1-(516) 293-7995
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For literature or more information, locate
the Reader Service number at the bottom of
the ad, circle the appropriate number on
this card, aflix postage and send to us
We'll hustle your name and address o the
companies you're interested in
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fig. 5. This graph shows three of the most popular boom correction factors. See text

for further explanation.

mystery despite the fact that they've
been mentioned in the literature for
many years. A correction must be
made whenever an element passes
through or within one radius of a boom
with a diameter exceeding 0.0025
wavelengths with respect to the oper-
ating frequency (0.2 inches or 5 mm
at 144 MHz).

Several different correction factors
have been considered. Many years ago
a 66 percent correction was recom-
mended for through the boom ele-
ments.® Later we had the NBS carrec-
tions.""'2 Then DL6WU proposed a
correction factor.'® Unfortunately they
don't all agree, but they are close! |
have shown these corrections in fig. 5.

What if you don’t go through the
center of the boom or use insulated
elements? | have measured some
effects on my “’backyard’’ antenna

range. For mounting elements on top
of the boom a la Cushcraft, the cor-
rection seems to be about 0.32 inches
(8 mm). Using through the boom insu-
lated elements such as the K2RIW
19-element 432-MHz Yagi seems to be
about 40 to 50 percent of the NBS cor-
rections.

Finally, when mounting above the
boom, | constructed a sort of pyramid
correction factor shown in fig. 6. tt
can be used to estimate the percent-
age of change based on where the ele-
ment is mounted with reference to the
boom center. For instance, if the ele-
ment is mounted at least one boom
radius above the boom there is no cor-
rection, but mounting right on top of
the boom would require about a 50
percent correction as opposed to
mounting directly through the middle
of the boom.

12. The material used for Yagi ele-
ments is important. This is true. Alu-
minum is preferred since it's easy to
work with, light in weight, and very
efficient. Furthermore, aluminum-to-
aluminum contacts are recommended.
Brass is also usable, but it gets quite
brittle after exposure to the weather.
Copper is usually too expensive,
heavy, and soft. Stainless steel ele-
ments, however, are not recom-
mended since the skin effect will
definitely lower antenna efficiency,
especially above 1000 MHz.

13. There is nothing wrong with
changing an existing design. This is
definitely false unless you really know
what you’'re doing. For example, some
Amateurs have tried to second-guess
the NBS designs and have invented
new variations. A 4.2 wavelength NBS
Yagi model at 432 MHz is less than 10
feet (3 meters) long, while standard
tubing comes in 12-foot (3.5 meter)
lengths. Why throw away the extra 2
feet (61 cm) of tubing, they ask? Just
add on a few more elements to the
extra tubing.

This approach has always resulted
in disaster. The element lengths and
spacings for each specific design are
carefully chosen to vield a certain
phase velocity. Changing a design calls
for a new phase velocity. Failing to
obtain the correct parameters, or
changing elements arbitrarily, will
usually decrease gain and distort the
antenna radiation pattern.

What this boils down to is the fol-
lowing: if you must redesign an exist-
ing design, you can do so only if you
have the proper toois at your disposal.
These include, but aren’t limited to,
lots of know-how, an acceptable
antenna range, perhaps a computer
program, and lots of time and
patience. Better yet, start out from
scratch, using one of the NBS or
DL6WU designs.

14. Impedance matching is easy. This
is true, but you must know what
you're doing. For instance, the length
of the driven element in a Yagi isn't
critical, but the matching method may
be.
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fig. 6. This figure will allow you to approximate boom corrections if an element is not
placed directly through the center of a boom. {See text.)

It's been pointed out many times in

this column that the Gamma match is
especially poor above 150 MHz. Fur-
thermore, Gamma matches often
introduce unbalance into the antenna
which may cause radiation on the
feedline. A folded dipole with a 4:1
half-wave balun is an acceptable feed,
but it can be difficult to match if the
feed point isn't the proper impedance.
| personally prefer the “T” match
{(without series capacitors) with a built
in half-wave balun. It's inherently
balanced, easy to tune, and efficient;
it also suppresses the possibility of
feedline radiation.
15. Computer-designed Yagi antennas
are coming. This is true. First you'll
have to have a computer program.
Next, you'll need some antenna savvy
on what to do to make a particular
Yagi design work.

The NBS and DL6WU designs can
be used for starters. Just pencil up a
Yagi design. Then tweak the element
lengths and spacing on the computer
until you get the desired pattern.

| predict that before long, computer
designs will be the most promising
thing to happen in Yagi design in a
long time. You'll be hearing more
about this subject in the future. If
you’'re so inclined, review references
19 and 20.

final evaluation

Now comes the fun. You've built
that new super-high- gain Yagi and
want to know if it plays. First the
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VSWR has to be matched; the lower
the VSWR, the better — but 1.2:1 is
more than sufficient.

If you have a radiation plot, your
work is easy. Just measure the radia-
tion pattern by the methods described
in reference 23 and compare your
results to the measured results. If the
beamwidth is near the expected value
and the sidelobes are down as many
dBs as expected, you're probably in
good shape.

If the beamwidth is too wide, the
sidelobes are better than expected,
and/or the first nulls are deeper than
expected, the antenna may be tuned
too high in frequency. If the beam-
width is too narrow, the sidelobes are
worse than expected and/or the first
nulis are shallow, the antenna is tuned
too low in frequency. You’re now on
your way.

summary

This month’s column was primarily
aimed at taking the mystery out of
Yagi antenna design and trying to dis-
pel some myths. For those who are
timid, the NBS'''2 or the DL6WU’®
Yagi designs are recommended. If you
have a personal computer and can
obtain a Yagi program such as
MININEC or those mentioned in refer-
ences 19 and 20, you can “roll your
own’’ without even cutting a piece of
tubing!
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new records?

One of the greatest magnetic
storms in recorded history occurred
on February 8 and 9, 1986. While

| the HF bands went dead, numerous
auroral contacts were made as high
as 432 MHz over some incredible
distances. If you had an aurora
QSO over a longer distance than
shown in table 4 of this column in
the July, 1985 issue, I'd like to hear
from you so we can see whether
you've set a new aurora record.
Forms for authentication are avail-
able for an SASE.

A new 9-cm (3456 MHz) world
record was made by VK5QR and
VKBWG across the great Australian
Bight for a distance of approxi-
mately 736 miles (1185 km) on
January 25, 1986. Soon afterwards,
a new North American 13-cm (2304
MHz) overland tropo DX record was
made between W40DW and
WBSELUA. Hearty congratulations
to all! (Stay tuned for more details.)

important VHF/UHF events:

May 4: Predicted peak of the Eta
Aquarids meteor shower at
1900 UTC

May 8: ARRL 1296-MHz Sprint
Contest

May 10/11: Southern California 6-Meter
Club QS0 Party (contact
NEFSL)
May 16-18: 12th Annual Eastern
[ VHF/UHF Conference,
| Nashua, NH (contact WIEJ)

May 17: ARRL 50-MHz Sprint
Contest

May 24: EME perigee

June 6; Predicted peak of the day-
tume Arietids meteor shower
at 0100 UTC

June 7-8: ARRL VHF QS0 party

June 15: Predicted peak of the June
Lyrids meteor shower at
2100 UTC.

June 21 EME perigee

June 21: Mean date +one month for

peak of Sporadic-E propa
gation.

The HF4B ‘‘Butterfly’’™

A Compact Beam
for 20-15-12-10 Meters

Butternut
Verticals

Butternut's HF
verticals use
highest-Q tuning
circuits (not lossy
traps!) to outperform
all multiband designs
of comparable size!

Model HF6V

*80, 40, 30, 20 15 and 10 meters
automatic bandswilching.

*Add-on kit for 17 and 12 melters
available now

*Unique design reduces size
but not performance.

*No lossy traps; full
element radiates on
all bands.

sRetrofit kit for
17 meters com-
ing soon.

sTurns with TV
rotor

*26 f1. tall

Model HF2V

*Designed for the low-band DXer
*Automatic bandswitching on 80 and

40 meters
sAdd-on units for 160 and 30 or 20
melers

32 feel tall - may be top lo