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The Standard of Excellence

in HF Base Stations

The IC-751 is the most
advanced transceiver avail-
able today. It's a competi-
tion grade ham receiver, a
100KHz to 30MHz continu-
ous tuning general coverage
receiver AND a full-featured
all mode solid-state ham
band transmitter. The IC-751
also covers the new WARC
bands, MARS frequencies,
and is AMTOR compatible.

Important Standard
Features. Compare these
important standard features in
this “top of the line” base
station:
® 100KHz - 30MHz Receiver
* 105dB dynamic range
* QSK — full break-in CW

(nominal speed 20\/PM)

* FM Mode Standard

* High-grade FL-44A 455KHz
SSB filter

® 32 tunable Memories with
lithium battery backup

& 100% Duty Cycle Transmitter

@ Passband Tuning

® 12V DC operation

* Adjustable AGC

® Adjustable Noise Blanker

® RIT/XIT with separate
readout

® |C-HM12 Microphone with
Up/Down Scan

¢ Continuously adjustable
transmit power

Options. IC-EX310 speech
synthesizer, internal 1C-PS35
power supply, external IC-PSI5
or IC-PS30 system supply.
IC-SM8 two-cable desk mic,

Now with a ONE YEAR Warranty!

All stated specifications are approximate and subject to change

IC-SM6 desk mic, RC-10 exter-
nal controller, and a variety of
filters.

FILTER SPECIFICATIONS

Center -badfl
Filter Model Freq.  [KHz|
|KHz) Widith

STANDARD FILTERS

AM Ceramle  CPW 45517 455 &0
S58 |PHT) XTAL FL-30 K01s 23
FM Filer TISA 8015 15 [-3cH)
558 Narrow

[Hygrade

Crystal) FL-43A 455 24
OPTIONAL FILTERS

W Narrow FL-52A 455 0500
OW Narrow  FL-53A 455 0.250
558 Wide AL70 90115 28
CW Narrow F-32 Wi0s 0500
OW Narrow FL-63 S0I06 0250
AM FL-33 WO 60

Operating From 12V, the
IC-751 is also available with ar
optional internal AC power
supply, the IC-PS35..for the
winning edge in field day
competition.

The IC-751 provides superio
performance for all amateur
radio operators...from novice
to extra class. See the IC-75
at your local ICOM dealer.

[ICOM

First in Cd\rhﬁnunications

ICOM America, Inc., 2380-116th Ave NE, Bellevue, WA 98004 / 3331 Towerwood Drive, Suite 307, Dallas, TX 7523-

notice or obii
-

jon. All ICOM radios significantly exceed FCC regutations limiting sputious emissions 75138
47 .



TOO GOOD TO BE TRUE?

PAKRATT™ Model PK-64

- -

shown with enhanced
HFM-64 option installed

* MORSE » BAUDOT « ASCIl « AMTOR « PACKET »

FIRST FIVE MODE
DATA CONTROLLER

The Pakratt model PK-64 by AEA is
the world's first computer interface
that offers Morse, Baudot, ASCII, AM-
TOR and Packet all in one box (hard-
ware and software included) at a price
many competitors charge for Packet
alone (from $219.95 Amateur net). Do
not let the low price fool you; coming
from any other company but AEA it
WOULD be too good to be true. The
PK-64 works with virtually any voice
transceiver. The Pakratt is the easiest
of any to hook up and have operating
in just a few minutes.

In Packet mode, the PK-64 offers vir-
tually all the features of every other
Packet controller on the market, plus
many important’ features left out by
others due to cost constraints. For ex-
ample, we have included a hardware
HDLC, true Data Carrier Detect (DCD),
multiple connect with up to ten sta-
tions simultaneously and full imple-
mentation of version 2.0 of the AX.25
protocol.

Because the PK-64 was designed
specifically for the Commodore 64 (or
C-128 and SX-64) computer, we have
been able to do many things not eco-
nomically feasible with general
RS-232 interface controllers. For ex-

ample, the Pakratt includes true split
screen operation with on-screen stat-
us indicators and an on-screen tuning
indicator.

ENHANCED HFM-64 MODEM OPTION

The standard PK-64 will operate all
modes with a phase-lock-loop (PLL)
detector roughly equivalent to all pop-
ular packet modems in the market-
place (except we have included extra
filtering). The enhanced HFM-64 mo-
dem option offers true independent
dual channel filtering with A.M. detec-
tion (like the famous CP-100 Computer
Patch™). The enhanced HFM-64 op-
tion also offers a hardware LED tuning
indicator (like the CP-100) and a front
panel variable threshold control for
setting maximum sensitivity under va-
rious band gconditions., We recom-
mend the HFM-64 option for anyone
keenly interested in weak-signal
heavy-QRM HF operation. For anyone
desiring to operate FM RTTY with the
standard North American tone pair or
CW receive, the HFM-64 is required.
The HFM-64 is field installable with no
soldering or test equipment required.

WORKS WITH THE POPULAR
C-64 COMPUTER
AEA designed the PK-64 around the

Advanced Electronic Applications, Inc.
P.O. Box C-2160, Lynnwood, WA 98036-0918
(206) 775-7373 Telex 6972496 AEA INTL UW

low-cost C-64 because of the special
architecture features making it espe-
cially suited to Amateur Radio appli-
cations. The C-64 should not be viewed
as a mainframe, but rather a very eco-
nomical accessory to your data com-
munications system. Many owners of
expensive computers such as IBM,
TANDY, APPLE, KAYPRO, ATARI, etc.,
are now buying the low cost C-64 and
dedicating it to their operating posi-
tion. They simply cannot find software
for their machine that even ap-
proaches the power and user friendli-
ness of the PK-64. Plus, think of the
convenience of having only one con-
troller and keyboard to go from one
mode to another without having to re-
do cabling!

The PK-64 is so complete that all
you need todois wire up a microphone
connectortotheendof acable (provid-
ed) and you are ready to go. Thereis no
need to track down special terminal
software, cabling or even a power sup-
ply. It all comes with the PK-64. So do
not be the last on your block to own
the most exciting new product in
years. See the PK-64 at your favorite
dealer or write for our specification
sheel now.

Prices And Specifications Subject To
Change Without Notice Or Obligation

Brings you the
Breakthrough!
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.pacesetter in Amateur radio

TS-940S  mmimcin
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The new TS-940S is a serious radio s | ow distortion transmitter

for the serious operator. Superb Kenwood' r desian

interference reduction circuits and
high dynamic range receiver com-
bine with superior transmitter
design to give you no-nonsense, no
compromise performance that gets
your signals through! The exclusive
multi-function LCD sub display

graphically illustrates VBT, SSB slope tunina. | 1. notch filter. Al
slope, and other features. tune. and CW pilch controls
E duty cycle transmitter = Built-in FM, plus SSB, CW. AM, FSK
S\ efficient I-|-', system using e Semi or full break-in (QSK) CW peaker with audio filtering ® YG-455(
e jir ducting works with the inter- ® 40 memory channels. (500 Hz), YG-455CN-1 (250 Hz)
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* High stability, dual digital VFOs * General coverage receiver rystal oscillator e MC-42S UP J1
plical encoder and the flywhee Tunes fror ) kHz to 30 MHZ hand mic. ® MC- M ) MC-8¢
VFO knob give the TS-940S a | e *1yr limited warranty 5. ® PC-1A phor
tuning "r'l-.l' Another Kenwood First { implihe
* Graphic display of operating Optional accessories nitor « BS-8 par
features e AT-940 full ranae (160-10m) auto ind SW-2000 SWH
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a wrong-headed solution for someone else’s problem

Anyone who carries on a telephone conversation should have a reasonable expectation that the conversation will be private.
That’s a concept with which it’s difficult to quarrel. After all, like motherhood, apple pie, and the Stars and Stripes, privacy is some-
thing that the American citizen takes for granted. For those who’d challenge the right to electronic privacy there are severe penalties
against wiretapping and (in the Communications Act of 1934) against the misuse or divuigence of any private communication heard
over the airwaves.

However, in the view of the few who are utilizing a relatively small portion of the radio frequency spectrum for a very lucrative
business — cellular telephone — that’s not good enough. After all the time, money, and technical genius they've invested in develop-
ing cellular technology, they’ve suddenly discovered it's possible for others to eavesdrop on what their customers are saying!

So have they harnessed some of their technical genius to solve this terrible problem? Of course not. They've gone to the place
where any and all problems are solved easily and at someone else’s expense: Washington, D.C.

And what’s the solution that Washington has devised? Very simple. Under the terms of bills presently moving through the U.S.
House and Senate, the citizens of the United States will no longer have any fundamental right of access to the radio frequency spec-
trum. As those bills are written, it will become a crime to listen to any radio frequency unless the government specifically decides
the frequency is one to which it will permit the general public to listen.

Bizarre? Of course. Absurd? Certainly, but that's precisely the premise of the 'Electronic Communications Privacy Act of 1985."
To be sure, the Act will include some exemptions, with the first being, as a matter of course, for ‘’broadcasting.” From then on,
however, the exemptions will get a bit stickier; the Act’s avowed purpose is to “’prevent’’ the casual listener, no matter how innocent
his intent, from “intercepting’’ any radio transmission that is not intended for his ears.

The only exemptions to this blanket closing off of the spectrum to casual listening will be those services specifically excluded at
their own request or due to the beneficence of the bill’s authors. Since WWV's time signals will probably qualify as ‘’broadcasting,”
you should be able to continue setting your watch with them, but if your receiver draws a bit off 10.000 MHz and you end up using
a nearby unidentified CW signal for code practice, you're going to need a good lawyer if you get caught.

“But Amateur Radio will be one of the exempt services,’”’ you may object, ‘‘so what’'s our problem?’’ That's just it. It isn’t our
problem — it's everybody's problem. Have you ever tuned below the broadcast band to ship-to-shore CW around 500 kHz, to aircraft
radio ranges, to the ““Lowfers’” with their 1-watt rigs on 1750 meters, or to the various odd signals below 100 kHz? Forget it. It's
going to be illegal. Have you ever tuned between the international broadcast bands to see what else goes on in the HF spectrum?
Forget it. lllegal. Like to hear whai's happening at the local airport tower, on marine VHF FM, or the various caboose-to-engine
railroad frequencies? Forget it. lllegal!

Of course, some of these frequencies might not be illegal; they might just be included in that hallowed list of exemptions. But
do you really want some Congressional staffer in Washington to sit down with a large yellow pad and decide for you each and every
frequency he'll let you tune to and which will be forbidden, from DC to light? That's the way the bills are written, and that's the
way they're expected to work.

Wrong-headed? This proposal certainly is, because it establishes a position that’s precisely 180 degrees contrary to the position
firmly established for the American people in the earliest days of radio. That position has, from the very beginning, been that the
radio frequency spectrum is a public resource, and with only the very minimum regulation necessary, the right of public access to
that spectrum should not be denied.

This right really dates from just after World War |, when the U.S. Navy tried to maintain complete control of the airwaves it had
been given when the United States entered the war. When the war began, Amateurs were not only off the air, but also required
to take down antennas and dismantle receivers. Within weeks after the war’s end, a bill was introduced in Congress to continue
Navy control of all radio communications in peacetime, but due in part to Amateur opposition, the bill failed. Nonetheless, it wasn’t
until April, 1919, that the Navy lifted its ban on Amateur receiving. However, the Navy still wouldn't give up its attempt to retain
control of all radio until that September, when a Congressional resolution finally forced it to turn radio regulation back to the Depart-
ment of Commerce, and Amateurs once again regained the right to transmit.

Though in subsequent years the amount of Amateur spectrum has varied from time to time, the right of Amateur Radio to exist
— and for the public to listen to whatever it pieased — was never again seriously challenged . . . at least until now. This isn't because
the consequences of unlimited public access to the RF spectrum were not understood; these consequences were addressed in the
Communications Act of 1934, which made it unlawful to misuse or divulge information derived from listening to private radio commu-
nications. In 1934, at least, the framers of the law were wise enough to realize they could not stop casual radio listening without
placing a “Kilocycle Cop” in every household.

So what'’s really wrong-headed about these bills is their basic philosophy. First of all, they take the position that “We, the elite,
have the absolute right to decide what you, the populace, can and cannot do with a radio receiver.”” With this “‘right,”" they take
from all of us — SWLs, Lowfers, scanner buffs, Amateurs, and even the guy with a short wave or "‘public safety’’ band on his kitchen
radio — the right to tune a receiver where it pleases us . . . a right that’s existed since before anyone even knew how to tune a receiver.

Furthermore, this proposed law is completely unenforceable. It will succeed only in making criminals out of millions of otherwise
honest citizens, while the tiny minority that eavesdrops for illicit purposes will continue to do so with impunity, just as it does today.
All this repressive and futile effort, simply to “‘solve’’ a problem for a narrow-minded special-interest group with a need to cover
up its own self-induced shortcoming — lack of communications security ~ at the expense of the American people.

This makes me mad — mad enough to tell my Senators exactly how | feel about S-1667 and my Representatives what | think
of HR-3378. | hope it makes you that mad, too.

Joseph Schroeder, W9JUV

4 February 1986
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Handy Handful...

Kenwood's TR-2600A and TR-3600A feature DCS (Digital Code
Squeilch), a new signalling concept developed by Kenwood. DCS
allows each station to have its own “private call” code or to respond
to a “group call” or “common call” code. There are 100,000 different
DCS combinations possible.

e KENWOOD

144 Mz FM TRANSCEIVER

[he Kenwood TR-2600A and the
TR-3600A pack “big ng” featurs
into the palm of your hand, It's

really a "nand 1anciul™

LOW TONE  MIC » TU-35B bullt in programmable

ST-2 base stand/charger

MS-1 mobile stand/charger -
PR.2A | { I hialten -
DC-26 DC-DC converter
PE(MB~-9) ALERT
HMC-1 headset with VOX
Funchional desian 1s "user iendly SMC-30 speaker microphone m
4 R

Built-in 16-key autopatch encoder LH-3 deluxe leather case
TX STOP switch, REVerse swilct SC-9 soft case with belt hook
Yboard LOCK switch, mgh eth BT-3 AA manaanese/alkaline
ency speaker battery cast
» EB-3 external C manganese
Easy to read in direct sunhaght or in alkahne batlery case
the dark with convenment dial ight RA-3 2-m telescoping antenna
that also lluminates the lop panel RA-5 2-m/70-ch l--II-.!.. oping
meler intenna
’ AX-2 shoulder strap w/ant. base
Allows operation on most MARS CD-10 call sign display
and CAP frequencies. Receive BH-2A belt hook
frequency range is 140-160 MHz Maoare TR-2600A and TR-3600A intor

(TR-3600A covers 440-450 MHz.) mation i1s available from I|'”I-I'|"’"lj. _

Kenwood dealers

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

10 memones, one lor
non-standard repeater

offsets

TR-3600A has 1.5 walls
high or 300 mwW low

KENWOOD

TRIO-KENWOOD COMMUNICATIONS
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preSST Op de W9JUV

THERE IS A THREAT TO AMATEUR RADID IN THE "COMMUNICATIONS PRIVACY ACT OF 1985" in spite of an
assumption by some observers that "exemption" from its provisions is sufficient protection.
It could hurt recruitment, since many future Amateurs become interested in Amateur Radio
through casual listening of the type the new bill would prohibit. Furthermore, the total
government control of the radio spectrum that it imposes would almost certainly be applied to
Amateurs in the future. (For additional in-depth discussion of the proposal 's far-reaching
negative effects, see this month’'s editorial.)

TWO CONTRADICTORY BAND PLANS FOR THE NEW 33 CM (9@2-928 MHz) BAND are now in use, following
adoption of its own plan by the Southern California Repeater and Remote Base Association
(SCRRBA). The SCRRBA plan, adopted at an 11/16 meeting, totally ignores the ARRL ‘s
VUAC-developed plan -~ despite the League’'s plan having been developed over a period of
several years and having been well advertised, both before and after its adoption early last
vyear. For example, the SCRRBA plan not only incorporates different sub-bands, but different
FM channel spacing and repeater offsets! Neither plan accommodates the Japanese 9@3-9@5 MHz
personal radios, which could provide an initial source of equipment to encourage startup
activity on the band.

Further Delays In Occupying The Band Will Result from this conflict, with makers hesitating
to develop 3T un equipment compaltible with two cunflicting standards. As a tesult,
competition from other services or for other uses for this choice 26—-MHz wide band will
continue to surface. For example, one petitioner has proposed the FCC permit the use of
low-power video links —— for example, VCRs to TV sets ~- throughout the band. ARRL has filed
strong comments against the proposal, designated RM-519% by the Commission, on the grounds
that such joint use would result in unacceptable mutual interference.

TWO NEW RUSSIAN SATELLITES ARE SCHEDULED TO HE LAUNCHED in the very near future, possibly in
early February. The two birds, designated RS-9 and R5-10@, are expected to be placed in low
earth orbit with approximately 128-minute periods. RS-9 will have a single Mode A (2 meters
up, 1@ meters down) transponder, but R5-18 promises to be the most technologically
sophisticated Russian Amateur space effort yet.

Mode k (15 Meters Up, 1@ Meters Down) and Mode T (a never-before-used 15 meters up, 2 meters
down) transponders are believed to be included in RS-10, along with the usual Mode A
transponder. A 2-meter beacon on 145.557 MHz and another on 78 cm (still pending license
agreements) will also be included.

RS5-10 Is Reported To Have Successfully Completed Checkout and be ready for launch, but RS-9
has had some problems. If problems are resolved in time, the two birds should be launched
together; otherwise, R5-10 could go up alone.

Another ISKRA Satellite Launch, In Connection With Refueling of the Russian Salyut 7
Spacecraft, is also thought to be imminent. If so, a Mode K transponder will be included.
Since this is an even lower altitude event, the satellite lifetime could be as short as a
month or so and the orbital period no more than about 9@ minutes.

A PETITION FOR A S52-354 MHz "PUBLIC DIGITAL RADIO SERVICE" submitted by Don Stoner, W&6&TNS, has
been designated RM-5G241 by the FCC. Stoner 's proposal would create a highly automated
low—power (l-watt maximum) packet computer-to-camputer "haobbyist" radio system, using the top
half of & meters because of its low usage by Amateurs and unsuitability for other purposes
due to the TVI potential. He also suggests there’'d be no repetition of the CB chaos of 27 MHz
in his service, since he proposes no voice communications -— only data. The FCC released its
public naotice on RM-5241 on 12/6/85, so the closing date for receipt of Comments was 1/6/86.

THE U.S. AMATEUR FOPULATION CREPT TO AN ALL-TIME HIGH of 413,442 individual operators as 1985
drew to a close. The breakdown by license class shows Generals most numerous, with 117,082,
followed by Advanced (97,781), Tech (B3,387), Novice (77,887), and Extra (38,305). California
still has more than twice as many Amateurs as any other state (57,151), with New York
(25,897), Florida (24,6735), and Texas (24,444) in a close race for second.

Biggest Problem Continues To Be The Novice Class, which is the only license class that's
failing to grow. At the end of FCC's fiscal 1983 there were B4,781 Novice licenses in forces;
a year later that had dropped to 8@2,461. At presstime the Novice ranks had dwindled by almost
another 3400 to 77,087, The continued growth of the higher classes demonstrates the VEC
program is working well; the failure is in recruiting new blood.

SPREAD SPECTRUM WILL BE AVAILABLE FDR GENERAL AMATEUR USE ABOVE 42@ MHz as of June 1, 1986.
Though the new made may be used for essentially any type of Amateur communication, the rules
governing its use are extensive and quite detailed. Potential users should refer to Part
97.71 of the Amateur rules, a new section pertaining only to spread spectrum.

73 MAGAZINE HAS BEEN RETURNED TO ITS FOUNDER, WAYNE GREEN, W2ZNSD, in a surprise move by CW

Communications. CW had acquired 73 as part of the package when they bought Green’'s computer
magazines several years ago, and it was well known in the industry that they ve been trying
to dispose of it for some time. What is surprising is that Green has returned to the helm,

since he'd stated on numerous occasions that he believed Amateur Radio is a dying hobby and
he no longer had any serious interest in it.

6 February 1986
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HF transceiver
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BEST OF MF}

MFJ 24 HOUR
LCD CLOCKS

These MFJ 24 hour clocks make
your DXing, contesting, logging
ahd SKEDIng easier, more pracise.

Read both UTC and local time
at a glance with the MFJ-108,
$19.85, dual clock that displays
24 ahd 12 hour time simultaheously.
Or choose the MFJ-107, $9.95
single clock for 24 hour UTC time.

Botn are mounted in abrushed aruminum frame,
fealura huge sasy-to-see 5/8 Inch LCD numerals
and a sloped fate thal makes reatling atross-the-
shatk eaSy and pleasant.

MF]-12/24 HOUR DUAL LCD CLOCK

MODEL MF )08

mr

You can read hour, minute, second, month and

day and operate them In an ahternating time-date
display mode. You can also synchronize them to
WWV for split-second timing. Both afe quartz
controlled for excellent accuracy.

MFJ-108
$ 1 995

MFJ-107

2333

mz

15Q95
| MF7 24 HOURLCD CLOCK
| "

They are battery operated so you don't have to
reset them alter a power fallure, anhd battery
operation makes them suitable for mobile ahd
portable use. Long life battery included.

MFJ-108 is 4'2x1x2 In. MFJ-107 Is 2%x1x2 In.

RTTY/ASCII/AMTOR/CW wmrs-1229
COMPUTER INTERFACE $179.95

. Y AT W CERURR AMSTES e bas e 8 .

® - T YrYeN

Everything you need Is Included for sending and
recelving RTTY/ASCII/CW on a Commodore 64
or VIC-20 and your ham rig. You get MFJ's most
advanced ~omputer Interface, software on tape
and all cables. Just plug In and operate.

The MFJ-1229 iz a general purpose computer In-
terface that will never be obsolete An internal
DIP switch, TTL and RS-232 ports lets you adapt
the MFJ-1229 to nearly any home computer and
even operale AMTOR with appropriate software.

A crosshair “‘scope’ LED tuning afray makes
atcurate tuning fast, easy and precise.

You can transmit both narrow (170 Hz) and wide
(850 Hz) shift while the variable shift tuning lets
you copy ahy shift (100-1000 Hz) and ahy speed
(5-100 wpm, 0-300 baud ASCI).

Automatic threshold correction ahd sharp multi-
pole attive fiiters give good copy under severe
QRM, weak signal and selective fading.

There's an FM (limiting) mode for sasy trouble
-free tuning that's best for general use ahd an
AM (non-limiting) mode that glves superior per-
formance under weak signaly and heavy QRM.

A handy Normal/Reverse h eliminates re-
tuning while checking for inf RTTY.

An extra sharp 800 Hz CW fllter really separates
the signals for excellent copy.

12Y2 x 12%2 x 6 Inches. Uses floating 18 VDC or
110 VAC with MFJ-1312, $9.95.

MFJ PORTABLE ANTENNA

MFJ's Portable Antenna lets you operale 40, 30,

20, 18, 15, 12, 10 meters from apartments, motels,

camp sites, vatation spots, :ny electrically clear
location where spate for full size antenna’is a’
problem.

A telescoping whip (exte
on self-stahding 5%2 x 6%

54 In.) is mounted
2% inch Phenolic

tenna system that you cah
300 watts PEP

MFJ-162
$79.95

MFJ ANTENNA BRIDGE mru-2048
Now you can quickly optimize your  $79.95

antenna for peak nce with

this portable, totally self-contained

antenna bridge thal you cah take to

your ahtenna’site—no other equip-
ment Is needed.

You can determine If your antenna Is
too long or too short, measure Its
resonant frequency and antenna
resistance to 500 ohms. It's the
eaSiest and most convenient way to
determine ahtenna performance avall
able today to anyone. There's nothing
else like It ahd only MFJ has it. Bullt-in resistahce
bri@ge, null meter ahd tunable oscillator-driver
(1.8-30 MHz). Uses 9 V battery. 4 x 2 x 2 inches.

REMOTE ACTIVE ANTENNA
Th authoritative '*World Radlo TV Handbook''
rates the MFJ-1024 a5 ''a first-rate easy-to-oper-
ate attive antenna ... Quiet. with excellent dy-
namic range and good galn ... Very low noise fac-
tor ... Broad frequency coverage ... the MFJ-
1024 Is an excellent choice In ah active antenna™
54 Inch remote active antenna mounts outdoor
away from electrical noise for maximum signal and
minumum noise pickup. Often outperforms long-
wir@ hundreds of feat long. Mount anywhere-atop
houses, bulldings, balconies, apartments, ships.
Us with any radio to receive strong clear signals
frol aM over the world, 50 KHz to 30 MHz. High
dyr@imic range eliminates intermodulation. Inside
corgrol unit has 20 dB attenuator, galn control.
Switch 2 receivers ahd auxiliary or active
ahtenna. "'On" LED. 6x 2x 51in.
50 ft. coax. 12 VDC or 110 VAC with
MFJ-1312, $9.95.
MFJ-1024

$129.95

200 WATT VERSA TUNER
mrJ-2018 $59.95

MFJ's smallest
200 watt
Versa Tuner
malches coax,
rahdom wires
and balanced
lines from 1.8 thru 30 MHz. Works with all solid
state and tube rigs. Very populal for use between
transceiver and final amplifier. Efficient alr-wound
inductor gives more walts out. 4:1 batun, 5x2x6 in.

ROLLER INDUCTOR TUNER

Meet the z-Tome B
Inductor tuner that lets you run up 1o 3 KW PEP
ahd match everthing from 1.8 to 30 MHz.

Designed to match the new smaller rigs, the
MFJ-989 s the best roller inductor tuner pro-
duced by MFJ. Our roller inductor tuner features
a 3-digit turn counter plus a spinner knob for pre-
cise inductance control for maximum SWR reduc-
tion. Just take a look at an these other greal fea-
tures! Bullt-In 300 watt, 50 ohm dummy load,
bullt-In 4:1 balun and a bullt-in lighted meter that
reatis SWR and forward and reflected power In 2
rahges (200 ahd 2000 watts). Accuracy +10% full
scale. Meter light requires 12 VDC. 6 position ah-
tenna switch. 10% x 4% x 15 inches.

MFJ “DRY"” DUMMY LOADS

MFJ-260
$26.95

MFJ-262
$64.95

MFJ's "'Dry" dummy loads are alr coolad—no
messy oll. Just right for tests ahd fast tune up. Non-
inductive 50 ohm resistor in aluminum housing
with 50-239. Full load to 30 seconds, de-rating
curve to 5 minutes. MFJ-260 (300 watt), SWR 1.1:1
t0 30 MHz, 1.5:1, 30-160 MHz, 22x2Y2x7 In. MFJ-
262 (1 KW), SWR 1.5:1 to 30 MHz, 3x3x13 Inches.

MFJ ELECTRONIC KEYER

MFJ-407

$69.95 |

e e ————— e
MFJ-407 Deluxe Electronic Keyer sends lambic,
alitomatic, semi-auto or manual. Use squeeze,
single lever or straight key. Plus/minus keying. 8
10 50 WPM. Speed, weight, tone, volume controls.
On/0ff, Tune, Semi-auto switches. Speaker. RF
proof. 7x 2 x 6 Inches. Uses 9 V battery, 69 VDC
or 110 VAC with AC adapter, MFJ-1305, $9.95.

for free catalog, over 100 products.

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO
OBLIGATION. IF NOT SATISFIED, RETURN WITH-
IN 30 DAYS FOR PROMPT REFUND (less shipping).
= One yeaf unconditional guarahtee * Made in USA
* Add $5.00 each shipping/handling ¢ Call or write
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TO ORDER OR FOR YOUR NEAREST ==
MH DEALER, CALL TOLL-FREE ng_ :
800-647-1800 :
Call 601-323-5869 In Miss. and outside MaslerCard
MFJ ENTERPRISES, INC. ;
Box 494, Mississippi State, MS 39762 _Entlnental USA Telex 53-459q MFJ STKV
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comments

odd antennas

Dear HR:

Those of us who have been hams
for 30 years but are not radio engineers
sometimes wonder about certain
unused antenna designs. Perhaps the
expertise of the readership of ham
radio can enlighten us on these
peculiar issues.

For instance, every antenna hand-
book | own describes the advantages
in gain of 5/8-wave verticals and 1.28
wave dipoles, the 1.28 wave dipole
having a 3-dB gain over a half-wave
dipole (see the Extended Double Zepp,
fig. 1). Why aren’t more antennas
designed using the 1.28-wave element,
especially at frequencies above 144
MHz?

I7 7T 7777

128 y
le—— 5/81(0.64) T 5/8x (0.64)——{

L:so OHM FEEDPOINT
(TWO RG59/RGII COAX
LINES, SHIELDS
SOLDERED TOGETHER)

fig. 1. Extended double Zepp.

Every good handbook describes the
Windom 14 percent off-center-fed
antenna (fig. 2A), normally usable at
1/2, 1, and 2-wave frequencies —
three bands. Why aren’t muiti-band
dipoles (fig. 28) tubular beams (fig.
2C) and quads (fig. 2D) designed for
3-bands per element 14 percent off-
center-feed?

And since the Windom 600-ohm
feedpoint occurs at 14 percent off-
center (or 64 percent from one end)
and the high-gain 5/8-wave vertical is
a 62.5 percent feed point, why won’t
a bent-Windom vertical, fed 64 percent
up, with a 36 percent horizontal sec-
tion, produce a near 5/8-wave superior

®

14°/s OFF-CENTER-FEED

WINDOM

«— SINGLE WIRE
FEEDLINE

D)

14%0 OFF-CENTER-FEED

|

DOUBLE WINDOM & FED 180°
TWIST —
oiP (ALTERNATE ) OUT-0F -PHASE
FEED POINT} [—|

A

@ i4°/a OFF-CENTER-FEED

WINDOM -BEAM

©

WINDOM - QUAD

7
Aé«/_/m-/. OFF-

% CENTER-FEED

fig. 2. (A) Windom dipole; /B) Windom-

beam; {C) double-Windom dipoles; and
(D) Windom-Quad.

COMMON 5/8 WAVE

VERTICAL 5/8(62.5%)

VA

R

WINDOM
5/8 WAVE
VERTICAL

64°/ 62.5%6
5/8x

FEEDLINE

;777777 7777

I—’CAN BE COMBINED IN SECTIONS
INTO A BEAM. ...

0.36 0.36 0.36 0.36

0.64

fig. 3. Windom dipole.

«— 14°% OFF CENTER FEED
(64°/ FROM ONE END)

fig. 4. BBBC-Windom.

signal plus a signal on two other bands
(fig. 3)?

Since the BBBC (Broadside Bidirec-
tional Bobtail Curtain) (fig. 4) antenna
is excellent on one band for DX, why
can't it be fed at the 600-ohm off-
center Windom feedpoint to make it a
multiband antenna?

No doubt there are very good
reasons why these antennas do not ex-
ist, but a good, logical answer would
be gratifying to those of us empirical
tinkerers who are theory-deficient.

C.N. Francis, WOMBP
Silsbee, Texas
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achieve polarization diversity
through variable power splitting

Multra-split circuit
Increases signal strength
and extends
transmission times

The reception of high frequency (3-30 MHz) sig-
nals propagated via the ionosphere is characterized
at times by irregular and deep fading (indeed, in such
places as the auroral zone, by long periods of exces-
sive absorption resulting in communications blackout).
This is related to varying amounts of energy in the ver-
tical and horizontal components of the radio wave. A
device at the transmitter that takes account of this
condition will enhance communications. Power is
divided between two transmitting antennas in such a
manner that ratios of from 1:1 to 10:1 can be effected
without mismatch. In this manner, vertical and
horizontal components of the transmission pattern are
compensated to prevent fading at the receiving loca-
tion utilizing radiation angle diversity. A characteris-
tic of the entire propagation phenomenon during alti-
tude changes of the ionosphere is that the horizontal
and vertical components never fade simultaneously.
Power splitting takes advantage of this characteristic
when other parameters of the system have already
been optimized. In this way, communications on a par-
ticular band may be extended for up to several hours
using this technique.

It is generally accepted that an HF antenna with a

10 February 1986

low angle of radiation is capable of sustaining usable
communications for additional periods as long as two
to three hours, during the ionosphere transitional
periods.

It is also recognized that during this transitional time
some disruption of communications circuits takes
place. HF stations normally change their frequencies
to re-establish communications. Therefore, any
reasonable means that will allow a communicator to
extend the transmission period and/or improve the
reliability of communications during a transition period,
without changing bands, is worth investigating.

During the last 15 years, | have conducted a series
of limited experiments on 15 and 20 meters using a
transceiver and a pair of antennas. One was a six-
element harizontal trap-beam, and the other a verti-
cal antenna. Power from the transmitter was divided
between the two antennas by means of a network
called Multra-split. The Multra-split network allowed
the power to be divided anywhere from 1:1 to 10:1
without mismatch at the transmitter.

In practice, the antenna with the highest gain is fed
the highest power, and generally the higher gain
antenna is horizontally polarized. However, depend-
ing upon the band of transmission and time of day,
it can be more favorable to feed higher power to the
vertical antenna.

sky-wave propagation’

At high frequencies, long-distance communication
is possible only via sky-wave propagation, whereby
radio waves are refracted back to earth from one of
the surrounding ionized layers. These layers are the

By John H. Mullaney, W3NGJ, 9049 Shady
Grove Court, Gaithersburg, Maryland 20877.
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fig. 1. Vertical radiation pattern over earth.

result of ionization of neutral gas in the atmosphere
by ultraviolet radiation from the sun.

Because of the variation in the structure of the
atmosphere with height and the selective absorption
by the various gases of the radiation from the sun, the
ionization tends to have several regions of maximum
electron density at various heights. These regions are
the E-layer, at an average height of 70 miles (113 km),
the F1 layer, at about 140 miles {225 km), and the F2
layer, at approximately 250 miles (402 km). Below the
E-layer, during the day, is another ionized region at
an average height of 35 miles (566 km). This is called
the D-region. The D-region accounts for daytime
absorption of medium-frequency radio waves. This is
the principal reason 80 and 160 are considered night-
time bands. These layers, as might be expected (since
radiation from the sun is the principal ionizing agent),
are present during daylight. At night the D-region is
not present, the F1 layer merges with the F2 layer at
an average altitude of approximately 175 miles (282
km), and the E-layer essentially disappears.

polarization

Antennas may be classified as linear elements, aper-
tures, arrays, or traveling wave types. For our discus-
sion, and considering that we are interested in
Amateur communications in the 2-30 MHz range, we
will deal only with linear and array types.

Two field components are present on an antenna:
the magnetic and electric fields. Radio waves, like light
waves, can have a definite polarization. Radio wave
polarization is determined by the orientation of the
electric field component, which in turn is determined
by the orientation of the elements themselves.

On a linear antenna or an array of elements, the
magnetic field component is always at right angies to
the radiator, whereas the electric field component is
always in the same plane as the radiator. This means
that a vertical antenna or radiator will transmit a verti-
cally polarized wave and a horizontal radiator will trans-
mit a horizontally polarized wave.

Most of the common optical effects experienced

February 1986 11
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fig. 2. Vertical radiation pattern for horizontal half wave dipole at 180 degrees above earth.

with polarized light also occur between pairs of
antennas having different polarizations, when the
medium (such as free space) between the antennas
does not affect polarization. A linear antenna used for
receiving responds most strongly to another antenna
with the same polarization, and not at all to one polar-
ized at 90 degrees to the first antenna.

Vertically polarized waves radiated by a vertical
antenna over imperfect ground are elliptically polarized
because of the presence of a small electric field along
the ground in space quadrature and the different time
phase from the major electrical component.

For high-frequency ionospheric layer propagation,
the received signal is usually elliptically polarized, even
when the transmitting antenna produces linear polar-
ization. This condition arises from the effect of the
earth’s magnetic field on the ionized layers; it splits
the incident linearly polarized signal into an ordinary
and extraordinary wave. The two waves travel at
different velocities and experience different polariza-
tion rotations. The resultant received signal is ellipti-
cally polarized; consequently, depending on the orien-
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tation of the receiving antenna and its height above
ground, the received signal may not be usable. The
use, therefore, of a vertically and horizontally polarized
antenna with a special combining network (such as
Multra-split) may provide improved communications
not only from a signal strength standpoint, but also
over an extended period of time.

The effectiveness of this method of propagation is
directly affected by the radiation axis or radiation angle
of the antennas used. Whether an antenna is verti-
cally or horizontally excited, its vertical radiation pat-
tern shape is a function of its electrical and physical
heights above the ground.

Figures 1 and 2 show the vertical radiation pattern
for a horizontal and vertical antenna.

Note that the vertical shape of the elevation pattern
is a function of the earth’s conductivity. The lower the
conductivity, the more pronounced the distortion to
the vertical pattern (high angle signals are hardly
attenuated). Either antenna can be selected for the
high power side, depending upon transmission path
conditions.



When we set out to make the best amateur radio
equipment in the world, we had some pretty tough

standards to live up to...

So we designed the RC-850 Repeater Controller, the industry's
line repealer control system. Now in it's

top of the
'third wave" of innavation, thanks to its
designed for the future architecture and new software releases

The ‘850 defines the industry standard in repealer control systems

@+~ Fully remotely programmable with Touch-Tone commands

e Front panel LED display

o Over 300 word customized male and lemale speech synthesis vocabulary

o Time/day of week Scheduler with 10 sel-up states, 30 changeovers and
events, over 100 scheduled items for hands off operation and automatic
reminders

e Full or hall duplex autopatch, autodial (250 numbers), emergency autodial,
reverse aulopatch, antidialer, toll restrict including telephone exchange
tables, supports remote and mulliple phone lines

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

o 16 channel voice response analog melenng, 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 remote base transceivers and full duplex links

Individual user access codes o seleclable features

Mailbox tor user-to-user. and syslem-to-user messages

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

user commandable and may be included in programmable

messages (1e. alarms)

o FEasy hookup to any repeater

Our new Digital Voice Recorder lels you remotely record ID's, 1ail messages
and vanous other response messages for automatic playback through your
repeater Audio is stored digitally with no-compromise reproduction quality in
up to eight megabits of memory. The DVR can support up to three independent
repeaters for a low per-channel cost Its Touch-Tone aclivated voice

lets your users easily record messages lor other users when they aren’! 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. I acts as your gateway 1o the worid, linking your handheld

ranscever lo your high performance HF station Now, instead of your
valuable home equipment being available 1o you 1% of the ime

it's avallable 99% of the ime! Whether atound the house, in the yard

or across lown, ShackMasler lef's you fake it with you

But that's just part of ShackMasler's story It lels you communicate

with the tamily by handiing third party trathc = s electronic mailbox and
intercom let you keep in louch And a simplex patch lets you place
important calls directly through your home phone

o Crossband inking - VHF/UHF 1o HF
¢ Telephone access to your home station
e BSRH Home Control interface

e FElectronic Mailbox
L ]
L ]

ShackPatch™ intercom into the shack
ParsonalPatch™ simplex autopalch

advanced
computer
controls, inc.

More Details? CHECK — OFF Page 110

10816 Northridge Square @

» 188

yours

and ours.

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

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

than anyone elses control equipment at any price

o Remotely programmable with Touch-Tone commands

o Over 175 word customized male speech synthesis vocabulary

o Seleciable “Macro sets” for easy control operator selection

o Aulopatch, autodial (200) numbers, emergency autodial, reverse palch

o Remotely programmable informative ID's (7), tail messages (3)
bulletin board (2)

o Supports synthesized remote base transceiver, control receiver, alarm

o Seleclable. informative counesy lones

e Talking S-meter, Two-lone paging

e Easy hookup o 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 remote base functions built-in. And it can be tailored by you
with its Personality Prom

e 28 remotely controllable lalched or pulsed logic outputs

4 alarm or remote sensed logic inpuls

Response messages to confirm command entry

Repeater functions including COR. IDer. timers, counesy tone, elc
Remote base tunctions including control ol synthesized transcever

LI N

e Remately recordable, vanable length audio tracks,

accessed from controller messages

Top quality, no compromise audio reproduction

Supports up 1o three repeaters for cost eflective installation

Expandable 1o roughly 6 minutes of speech in 8 megabits of memary
Easy interface 1o RC-850, RC-85 controllers. or to any stanc-alone repealer

All our products are documented with high quality, easy 10 read manuals
Qur goal 15 to advance the state of the repeater ant But most of all
our products pul the FUN back into the FUN MODE!

BE===/w] o]

call 408-749-8330

To order one of these advanced control products
Visa and Mastercard accepled

Technical manuals are available for purchase and the amount paid 1s apphed
as a deposit on the equipment For specifications and a copy of our ACC
Notes newsletter, just write or send in your QSL card 1o

Cupertino, CA 95014 (408) 749-8330
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fig. 4. High power antenna connected to inductive
branch.

One way to enhance reception and transmission in
a varying polarization environment is to use a com-
biner/power divider network that responds more
favorably to the dominant polarization.?® A transmit-
ting type circuit that provides this function (Mulitra-
split) is shown in fig. 3. In this case, two antennas
— one horizontally polarized, the other vertically pola-
rized — are fed by a network that splits the power as
required. This configuration provides more power to
the beam antenna. If the polarization that propagates
best is vertical, then the fig. 4 configuration is more
appropriate.

circuit operation

The Multra-split circuit is basically a simple power
divider. There are two equal loads (50 or 70 ohms),
R1, and R2, which represent the transmission line
resistance for antennas 1 and 2. Reactances X¢ and
X, are of opposite sign and their values are uniquely
determined by the power-division ratio and input
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impedance desired. In this case, the input impedance
is selected to match the output of the transmitter (50
or 70 ohms). For our discussion, we will assume the
use of 50-ohm transmission lines. The power division
is determined by the transmission path conditions.
Generally, with a high-gain horizontal beam and a ver-
tical whip, the higher power is fed to the beam and
just enough power is fed to the vertical antenna to
obtain the diversity effect.

The power division can be expressed in terms of a
factor M”’, as follows:

. _ P ()
M™ =" p liow) m
where
P {hi} = power to fed to Line 1,
P (low)} = power fed to Line 2.
The value of reactance for the high-power leg (Line
1)

- RI
X = % 30 (2)
where
X = value of positive or negative reactance in
ohms,
R1 = Line 1 resistance in ohms,

M’ = power-division factor defined above.
The value of the reactance for the low-power side
(Line 2)

is:
X= M +«R2 (3}
where
X = value of positive or negative reactance in
ohms,
M’ = power-division factor,
R2 = line 2 resistance in ohms {must be equal

to Line 1 resistance).

It will be demonstrated later that the input
impedance will always be equal to the transmission-
line impedances, provided certain design requirements
are met. This is the same as saying that, under the
required conditions, the feedpoint resistance will
always remain equal to the load resistance, regardless
of the power division between the two branches.

practical application

Assume a station desired to divide its power on a
90/10 basis; that is, 90 percent in line 1 and 10 per-
cent in line 2. The known parameters are:

f (frequency) = 14.250 MHz.

P (transmitter output) = 500 watts.

R (transmitter output impedance} = 50 ohms.
| (transmitter output current for 500 watts)



I=/ g = / 55000 = 3.16 amperes. (4)

Current in line 1 for 450 watts:

[ = / 45500 = 3.0 amperes {5)

Current in line 2 for 50 watts:

I =/ gg = 1.0 ampreres (6)

Power division factor:

;o P (hi) _ 450 _
M ‘,/P(/ow)_/w = (7
An inductor is selected arbitrarily for the high power

branch. The reactance is:

xp =+ =22 < 1670mms. @

Because we selected an inductor for the high power
side, a capacitor must be used in the low power
branch. lts reactance is:

Xec = M'+RIl =3 X 50 = 150 ohins. {9)
and since it's a capacitive reactance = — 150 ohms.
The magnitude of X and X¢ have now been deter-
mined. The inductance and capacitance can be read-
ily found. The inductance is:

0.159X

L = 10
7 (10}
where
L = inductance in microhenries
X, = inductive reactance in ohms,
f = frequency in MHz.

solving for L

0.159 « 16.7

L= %0250 = o0uass (1)

The capacitance is determined by:

_ 139 x 103
C = X Xe {12)

where

C = capacitance in picofarads,

Xc = capacitive reactance in

ohms,

f = frequency in MHz.

Then:
159 x 18 _

The circuit can now be redrawn as in fig. b.

L=0.186pH
X =16.7 OHMS  RI=50 OHMS
TO BEAM
ANTENNA
—o0

VSWR

50 OHMS
INDICATOR

TO VERTICAL

— ANTENNA

-0
Xc = ~150 OHMS  R2:50 OHMS
C =79.39pF

F=i4.25MH42
P=0.5kW

fig. 5. Multra-Split network with matching resistance
loads.

35 i35

VSWR

INDICATOR

e

fig. 6. Equivalent circuit for determining components to
offset mismatch.

circuit variations

Combinations of X and X¢ can be selected to
accomplish different power splits.

In many cases, it’s more practical to use variable
capacitors and inductors to obtain the exact power
ratio; in others, a fixed capacitor can be made equiva-
lent to a variable unit by using a variable or tapped
coil in series with a capacitor.

If you want to operate a transmitter over several
bands of frequencies, provisions should be made to
switch in different size components. The size and rat-
ing of components from a voltage and current stand-
point are determined in the usual manner for any
network.

It should be noted that the circuit works on the prin-
ciple that both lines are equal in magnitude and non-
reactive. In the event that one or both of the lines are
mismatched, it's necessary to adjust the X¢ or X or
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Have you been trawling the bounding main for a new product? We have just
netted it—the TP-38 microprocessor controlled community repeater panel which
provides the complete interface between the : i i
repeater receiver and transmitter. Scuttle
individual tone cards, all 38 EIA standard . e
CTCSS tones are included as well as time and hit accumulators, programmable
timers, tone translation, and AC power supply at one low price of $595.00. The $595.00 each
TP-38 is packed like a can of sardines with features, as a matter of fact the only $59.95 DTMF module
additional option is a DTMF module for $59.95. This module allows complete
offsite remote control of all TP-38 functions, including adding new customers o0~
deleting poor paying ones, over the repeater receiver channel.

Other features include CMOS circuitry for low power consumption, non-volatile
memory to retain programming if power loss occurs, immunity to falsing, pro-
grammable security code and much more. The TP-38 is backed by our legendary
| year warranty and isshipped fresh daily. Why not set passage for the abundant waters
of Communications Specialists and cast your nets for a TP-38 or other fine catch.
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B 426 West Taft Avenue « Orange, CA 92665-4296
. Local (714) 998-3021 « FAX (714) 974-3420 —
Entire US.A. 1-800-854-0547 AR




X163
LINE NO.1 21=35+35

B (SO BED S

VSWR

INDICATOR

x2=-ji4
LINE NO.2 22-65-j40

O D

fig. 7. Series network.

i LINE
L NO. 1
—o
VSWR
INDICATOR
cz LINE
Lz vo. 2
— 0

fig. 8. Typical network permitting tuning both arms for
plus or minus reactance.

LINE

Li

TO TRANSMITTER VSWR
['o S
(200 WATTS) INDICATOR

fig. 9. Simplified Multra-Split divider.

both to obtain a 50-ohm input for the transmitter. A
VSWR indicator at the transmitter output or network
input will indicate a match condition.

Where either or both antennas have a large mis-
match, the method for determining the combining
components becomes somewhat more complex be-
cause we have to deal with four variables; that is, two
resistances and two reactances. The problem,
however, is not too difficult to solve.

Example Assume:

Transmission line 1 = 35 +j35.

Transmission line 2 = 656 —j40 ,

Power distribution M~ = 3.00 (90 percent/10
percent).

Tramsmitter impedance 50 ohms.

The equivalent circuit can be represented as in fig.
6.

The values for X1 and jX2 are of opposite sign and
are determined as follows:

4
X/ - {14)

b2d — 2ea + (b2d — 2ea)? + 4e2 (b2 — a2) Vz]'/’
2 (b2c — a?)

where
X1 = net reactance for line I (the load reactance),

a = RO-R2 + M"? (% Ry — R,)

p - 2M' RO

T Rl + R2
¢ = R2/RI

_ R22 5
d = R2 RI {M,Z ~RI ]

e = RIR2 — RORI! — ROR2 +

M'2'<R2><R%2 _ Rl~’) (RO___—_&> v
Ri/\M'? Rl + R2

Ro = transmitter resistance = 50 ohms

Substituting the known parameters, X1 = j 28.7
ohms.

Remember that X1 represents the net reactancce
required for branch one; hence, because we already
have j 35 in the circuit we must wash out j 6.3 ohms
{35-28.7) = 6.3) to obtain the required net reactance.
This is best accomplished by a series network adjust-
ed to have a reactance of —j 6.3 ohms in series with
line 1.

X2 is determined from (and will be a negative reac-
tance because X1 is positive).

R2 ppz 4 x12 - R2Z

1
B2 R\ 7 16)

X2 =M’
Substitute in Eqn 15 X2 = —j 154 ohms. Inasmuch
as the reactance for line 2 is —j 40, we have to add
a minus of —j 154 as required by Eqn 15. We obtain
this value by using a capacitor which is adjusted to
—j 114 ohms.
We can now redraw our circuit as in fig. 7. In prac-
tice we should use a circuit that has series networks
in both arms because we can adjust these for either
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plus or minus reactance, depending upon which side
of resonance we are tuned. Fig. 8 is a typical circuit.
Due to the fact that we are working with mis-

matched transmission lines, the maximum current and
voltages at the input of the lines are determined as
follows:

E = [P+ Z, x VSWR]": (16)
table 1. and max = [ 0 /
Matched condition / _ |P x VSWR ] (17)
Where R1 = R2 = 50 ohms MAX = Z,
P1 percent X1 ohms X2 ohms where
10 150.00 16.67 P = power in watts
20.00 100.00 25.00
30.00 76.38 32.73 VSWR = voltage standing wave ratio,
40.00 61.24 40.82
50.00 50.00 50.00 s .
60.00 40.82 61.24 4y = characteristic impedance of line.
| 70.00 32.73 76.38
‘ 80.00 25.00 100.00 To demonstrate the effect of a mismatch or VSWR
90.00 16.67 150.00 vs. a pair of matched lines (Eqns 1, 14, and 15) were
used to determine the net reactances required for X1
table 2 and X2 for the condition where R1 = R2 = 50 ohms,
Mismatched condition .
Where R1 = 35 ohms and
R2 = 65 ohms table 3.
P1 percent X1, ohms X2 ohms P1 percent C1 (PFI3 L1(uH)
10 192.81 12.59 10.00 58 0.141
i 20.00 126.32 18.24 20.00 88 0.204
| 30.00 97.08 28.09 30.00 115 0.313
40.00 78.98 38.08 40.00 141 0.425
50.00 65.86 48.86 50.00 169 0.545
‘ 60.00 55.36 61.51 60.00 202 0.686
i 70.00 46.25 77.93 70.00 241 0.869
80.00 37.68 102.73 80.00 296 1.146
‘L 90.00 28.71 153.85 90.00 389 1.717
- - - - - 7 - T T T T T T T M)
| |
| :i: cz |
| 74 S VI
| . 50pF |
‘ Ay ki ¥ I
| e L gy
; N Bt/o‘ ; 50 onMs
| ﬁ;/m ci _ ke* €3 |
| — P
Lo TRANSMITTER | VSWR 50 8 7500pF |
i INDICATOR [ L3 * 1
[ A H ca (
| e e e S
' g/ 50 I
| Ay k¥ [ ) LINE NO.2
| R T e O I S
‘ } 50 OHMS
| A, ka% ©° :
| 8° 750 \
I i |
L_ * FRONT PANEL CONTROL —J
fig. 10. Three band Multra-Split power divider.
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and R1 = 35 ohms and R2 = 65 ohms. Table 1
represents the matched condition, whereas table 2 is
for the mismatched condition.

The differences for identical powers is apparent from
a study of the tables. In practical applications, series
networks in both legs are used with components large
enough to handle any mismatch.

typical multra-split circuits

Figure 9 illustrates a typical stripped-down version
of a Multra-Split power divider for one Amateur band.

C' L' is a series circuit that can be adjusted either
side of resonance to wash out any residual reactance
due to mismatch on the transmission lines, while L1
and C1 are the components used to control the per:
centage of power to each antenna.

Table 3 furnishes typical component values for C1
and for power division from 10 percent to 90 percent
where one antenna is a beam and the other a vertical.
This divider is for 20 meters with the center frequency
being 14.25 MHz. We are using the inductive branch
for high power and assume both lines could be mis-
matched.

C1 would be a variable capacitor of approximately
25-400 picoFarad, while L1 would be a variable induc-
tor of approximately 2.5 uH. The voltage and current
ratings of the components would be determined by
the transmitter power and VSWR.

The series circuit L” C” would consist of a fixed
inductor of 4 uH, while a variable capacitor of 25-400
picoFarad would be used for C'.

Figure 10 illustrates another Multra-Split power
divider, used by the author, to cover the bands of 10,
15, and 20 meters. It will handle 1 kW of power.

conclusions

The Multra-Split network provides a simple method
of dividing power between two loads or antennas of
identical or dissimilar polarization radiation angles. It
can be used to improve HF communications because
it works on the principle of taking advantage of radia
tion angle diversity. Electrically, the principle is
straightforward and it should provide a practical eco-
nomical method for power splitting.
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cylindrical feedhorns
revisited

Another look
at this
popular method

The subject of feedhorn design is obviously of
interest to Amateurs and experimenters everywhere;
nine years after my first ham radio article on this topic,
and almost three years after the second, was pub-
lished, inquiries are still being received.'?

The concept of the open-ended waveguide for use
as an antenna or primary feed for a parabalic reflec
tor was covered in the first article; the second article
addressed impedance matching to space. Because of
limited test pattern facilities, the matter of pattern
shape was not thoroughly discussed.

It was only recently that | had an opportunity to
make radiation patterns of the cylindrical feedhorn on

fig. 1. Photograph of typical scalar choke.
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a professional pattern range with commercial equip-
ment. These tests were made at frequencies between
3.7 and 4.2 GHz because the feedhorns were designed
for that frequency range. The results, however, apply
equally well on Amateur frequency bands such as
1296, 2304, 5700 and above, wherever parabolic reflec-
tors would normally be used.

A scalar feedhorn is generally defined as one
employing an RF “"choke” mounted on the outside of
the horn near the open end. Commercial feedhorns
often employ chokes consisting of four to six concen-
tric rings, either diecast or milled from a block of alu-
minum. The purpose is to choke off currents that
would otherwise flow on the outside surface of the
horn, thereby producing unwanted radiation and
power loss. A photograph of a typical scalar feedhorn
choke is shown in fig. 1.

A scalar choke can be fabricated for use at Amateur
frequencies by forming copper strips into concentric
circles and soldering them onto a brass washer. The
height of the strips should be slightly less than a
quarter wavelength, spaced approximately 0.2 wave-
lengths. The latter is not critical, but care should be
taken to assure that the circles are concentric.

The choke shown in the second article was a large
flat brass washer soldered to a short cylinder that slid
over the outside of the horn for positioning. This type
of choke is very effective in improving horn efficiency,
and is much easier to fabricate than the scalar choke.

Radiation patterns recently made show that the pat-
tern shape using the flat choke is slightly asymmetri-
cal at some frequencies, causing a few degrees of
“squint.”” That is, the axis of the beam tends to be
off the horn axis, and this tends to vary with fre-
quency, as shown in fig. 2. The shape of the pattern,
and in particular its symmetry, is highly important in
terms of overall antenna efficiency when a feedhorn

By Norman J. Foot, WA9HUV, 293 East Madi-
son Avenue, Elmhurst, lllinois 60126
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choke without slots shows a skew off boresight.

Lﬁg. 2. Scalar and flat choke pattern comparison. The flat

is used together with a parabolic reflector, especially
when used over an appreciable frequency band.

overcoming squint

The addition of a single set of resonant slots cut into
the choke overcomes the squint problem. The slots
act as RF chokes in a manner similar to the concen-
tric rings of the scalar choke. With the addition of the
slots, squint is removed and patterns are smooth and
axially symmetrical. Figure 3 is a photograph of a flat
choke with slots. Thus, while the addition of a flat
choke to the cylindrical feedhorn produces a good
match to free space, the slots choke off residual cur
rents that would otherwise flow on the outside of the
horn and result in squint. Figure 4 and 5 compare the
patterns of a feedhorn employing a scalar choke with
the sameé horn using a slotted choke. Boresight gains
are identical, and 3 and 10-dB beamwidths are for all
practical purposes identical. Figure 4 also shows what
can happen when the choke is not used.

slot orientation function of polari-
zation

In operation, the slots are oriented along the direc
tion of polarization. When used with vertical polariza
tion, the slots are located one above the other. Rec-
tangular slots cut in a conducting ground plane are
sometimes used as radiating antennas; they are nor
mally excited by connecting a coaxial cable across the
small dimension. The resulting RF current tends to
flow parallel to the large dimension of the slot. The
slot performs like a dipole except that the directions
of voltage and current are reversed. The long dimen-
sion is approximately equal to a half-wavelength.®

fig. 3. Photograph of slotted choke.

fig. 4. Patterns of vertically-polarized slotted and scalar
chokes.

|
|
| O .

When currents flowing radially outward on the flat
choke encounter slots oriented in the wrong direction
(i.e., normal to the direction of slot current flow), the
current tends to be inhibited and the slots act like RF
chokes. Choking action is most effective when the
slots are resonant at the RF operating frequency. The
slots for use at 4 GHz were cut 1.4 inch long and 0.25
inch (3.17 x 0.63 cm) wide. The slot width is not criti-
cal as long as it is much smaller than a wavelength.

If the antenna system uses both horizontal and ver-
tical polarization, such as is the case with TVROs two
sets of slots should be used to avoid having to rotate
the choke 90 degrees to change polarization. A choke
of this kind is illustrated in fig. 6. Not shown are a
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fig. 5. Patterns of horizontally-polarized slotted and
scalar chokes.

pair of orthogonally mounted monopoles inside the
horn, each of which responds to its respective polari-
zation. Two sets of slots would probably work well
with circular or cross-polarization as well, although this
has not been confirmed by test.

choke dimensions

The 4 GHz choke shown in fig. 3 has a 7-inch (17.8
cm) OD and a 2-1/2 inch (6.35 cm) diameter hole at
its center which slides over the 2-1/2 inch (6.35 cm)
OD horn. The inside diameter of the horn is 2-1/4
inches (5.72 cm) and it is 4 inches (10.16 cm) long.
A mechanical drawing of this choke is illustrated in
fig. 7. In the pattern tests, the optimum location for
the slotted choke was found to be in the plane of the
open end of the horn. Pushing the choke forward had
very little effect on the gain or patterns, but gain falls
off somewhat as the choke is moved to a position
behind the horn opening.

Choke dimensions can be scaled for operation at
other frequencies. The 2304 MHz choke should be 12
inches (30.48 cm) OD and the center hole should be
slide-fit with the 3.9 inch (9.91 cm) diameter of the
horn. One-pound coffee can make ideal horns for 2304
MHz, since their I1D is slightly less than 4 inches (10.16
cm). The choke slots should be 2-1/2 inches (6.35 cm)
long and about 3/8 inch (0.95 cm) wide.

At 1296 MHz, the choke diameter becomes relatively
large. If scaled from fig. 7, it would be 21 inches (53.3
cm). To avoid excessive shadowing, especially when
using a relatively small dish, a choke diameter as small
as 18 inches (45.72 cm) provides reasonably good per-
formance at 1296 MHz.

22 February 1986

fig. 6. Double slotted choke.

L SAME DIMENSIONS

4% UPPER SiOT

fig. 7. Drawing of slotted choke used in pattern tests.

A 7/8-inch (2.22 cm) ID brass tube makes an ideal
horn for the 10.0-10.5 GHz band. The choke should
be 2.7 inches (6.86 cm) OD with 9/16 x 1/8 inch (1.43
x 0.32 cm) slots.

Reader inquiries may be addressed to Footronics
Engineering Inc., 293 East Madison Avenue, Elmhurst,
Illinois 60126, in care of WA9HUV. Please enclose an
SASE.
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