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in this issue: stacking Yagis properly * 0.5-30 MHz active antenna

® vary your take-off angle ® switchable vertical wire array ® alternative
method of feeding phased arrays ® multiband sloping vee beam

® 760-meter transmission line antenna * RF transmission cable for
microwave applications ® baluns ® convert your fixed tower to a
tilt-over © plus W1JR, W6SAI, KORYW, and the Guerri report
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Base Station Performance

Whether your interest Is
simplex, repeater operation,
or satellite work, the IC-471H
430-450MHz base station
transceiver will give you
maximum UHF operation.

75 Watts. The IC471H pro-
vides 10 to 75 watts of adjust-
able power in all modes. This
enables adjusting the drive
level to a linear amplifier for
higher power uses such as
moonbounce. For a portable
UHF station, the optional
IC-PS35 internal powersuppry
is available,

IC-471H With

C 5 Internal

'-"}wf_-r Supply
ristalled

Compare these exceptional
Standard Features:

® 430 - 450MHz

¢ Variable tuning steps, FM
S5KHz and | KHz; SSB 10Hz,
50Hz and 1KHz

» 32 full-function Memories
with lithium battery backup

» 75 Watts, fully adjustable
on all modes

® 32 built-in Subaudible Tones

* High visibility display

# Scanning systems...
Memories, Modes or Pro-
grammable Band

* RIT/XIT with separate
readout

*= S-Meter and Center Meter

# |C-HMI12Z Microphone with

Up/Down Scan

s AW x 43%"H x 12%°D

Optional Features. AG-35
switchable mast-mounted

GaAsFET pre , UT-158
CTCSS encoder, i
Fecoder 21 ’ E\
encoder is | _
standard), b gr \
IC-EX310 4P
voice AG-35 Mast Mounted

mesizer' GaAsFET I'-"rﬁampH."mr

IS%I:ISMB
two-cable desk mic and
IC-SM6 desk mic. PLUS a va-
rie_lgsof power supplies...the

35 internal power supply,
the IC-PS30 system power
supply or the IC-PSI5 external
power supply.

The IC-471A. The 25 watt
IC-471A is also available and
has the same outstanding fea-

tures as the IC-471H, plus ar
optional IC-PS25 intemal
power supply for portable
operation,

To complete your VHF/UHE
base station, the 1C-471's
2-meter companions, the 10C
watt IC-271H and the 25 wat
IC-271A are also available.

See the IC-471H and othe
ICOM equipment atyour locz
authorized ICOM dealer.

First in Communications

ICOM America, Inc., 2380-116th Ave NE, Bellevue, WA 98004 / 3331 Towerwood Drive, Suite 307, Dallas, TX 75234
All stated specifications are approximate and subject to change without notice or obligation. All ICOM radios significantly exceed FCC regulations limiting spurious emissions. 471H108:



What To
Look For In A
Phone Patch

The best way to decide
what paich is right for you
is to first decide what a
patch should do. A patch
should:

* Give complete control to
the mobile, allowing full
break in operation.

* Not interfere with the
normal operation of your
base station. It should
not require you to con-
nect and disconnect cab-
les {or fMip switches!)
every time you wish to
use your radio as a nor-
mal base station.

Not depend on volume or
squelch settings of your
radio. It should work the
same regardless of what
you do with these con-
trols

You should be able to
hear your base station
speaker with the patch
installed. Remember, you
have a base station be-
cause there are mobiles.
ONE OF THEM MIGHT
NEED HELP.

The patch should have
standard features at
no  extra cost. These
should include program-
mable toll restrict (dip
switches), tone or rotary
dialing, programmable
patch and activity
timers, and front panel
indicators of channel and
patch status.

ONLY SMART PATCH
HAS ALL OF THE
ABOVE.

Now Mobile
Operators Can
Enjoy An
Affordable
Personal Phone
Patch. . .

* Without an expensive
repeater,

* Using any FM tranceiver
as a base station.

* The secret is a SIMPLEX
autopatch, The SMART
PATCH.

SMART PATCH
Is Easy To Install

To install SMART PATCH,
connect the multicolored
computer style ribbon cable
to mic audio, receiver
discriminator, PTT, and
power. A modular phone
cord is provided for con-
nection to your phone sys-
tem. Sound simple?
ITIS!

-With SMART PATCH

With CES 510SA Simplex
Autopatch, there’s no waiting
for VOX circuits to drop.
Simply key your transmitter

to take control.

Communications Electronics Specialties, Inc.

SMART PATCH is all you need to turn your base station into a per-
sonal autopatch. SMART PATCH uses the only operating system
that gives the mobile complete control. Full break-in capability al-
lows the mobile user to actually interrupt the telephone party.
SMART PATCH does not interfere with the normal use of your base
station. SMART PATCH works well with any FM transceiver and pro-
vides switch selectable tone or rotary dialing, toll restrict,
programmable control codes, CW ID and much more.

To Take CONTROL with Smart Patch
—Call 800-327-9956 Ext. 101 today.

®

P.O. Box 2930, Winter Park, Florida 32790

Telephone: (305) 645-0474

Or call tolk-free (800)327-9956

w105

How To Use
SMART PATCH

Placing a call is simple.
Send your access code
from your mobile (exam-
ple: *73). This brings up
the Patch and vou will
hear dial tone transmitted
from your base station,
Since SMART PATCH is
checking about once per
second to see if you want
to dial, all vou have to do
is key your transmitter,
then dial the phone num-
ber. You will now hear
the phone ring and some-
one answer. Since the en-
hanced control system of
SMART PATCH is con-
stantly checking to see if
you wish to talk, vou need
to simply key your trans.
mitter and then talk.
That's right, you simply
key your transmitter to
inll'rnlpt the |)11m|v line.
The base station auto-
matically stops transmit-
ting after you key vour
mic. SMART PATCH does
not  require any special
tone equipment to confrol
your base station. It sam-
ples very high frequency
noise present at vour
receivers discriminator to
determine if a mobile is
present. No words or sylla-
bles are ever lost.

SMART PATCH
Is All You Need
To Automatically
Patch Your Base
Station To Your
Phone Line.

Lise SMART PATCH for:

* Mobile (or remote base)
to phone line via Simplex
base. (see fig 1.)

Mobile 10 Mobile via in-
terconnected base  sta-
tions for extended range,
(see fig. 2.)

Telephone line to mobiie
(or remote base),

SMART PATCH uses
SIMPLEX BASE STA.
INON EQUIPMENT, Use
vour ordinary base sta-
tion. SMART PATCH
does this without inter-
fering with the normal
use of vour radio.

WARRANTY?
YES, 180 days of warran-
ty protection. You simply
can't qo wrong.
An FCC type accepted
coupler is available for

SMART PATCH.



KENWOOD

...pacesetter in Amateur radio

TH-21AT/A: +600 kHz
TH-31AT/A: 15 MHz

new standard
1plex

TH-41AT/A: +5 MHz

Choose 1 watt higt Implex
n ah 1o “hit" r | irc {1
peaters; or a batler iubber llex anter
wina 150 mw irphone, wall charger
bl _ 80 mAH NiCd battery
} d's TH-senes HT K straj
D wenient, reliabl tt
I I INCe IN a package ne recnar ible I i Il
mall. it shp 1o vour into place. Qphonal battery cases and agaplers:
irl pocket! It i ire avallable
niy 57 (2.24) W x 12( ® I¢ i £
(A7T2AHXx2801L.1D D mm Ihe high impact case | uft resistant, to retamn

(inchy and weighs 260 g ts attracltive styling, even with hard use

57 1b) with batteries!'

Covers 141.000-150.995
MHz in 5 kHz steps
includes certain MARS and |
CAP hrequencies
TH-31AT/A: 220.000
224.995 MHz in 5 kHz steps
TH-41AT/A: 440.000

449995 MHz in 5 kHz steps

pertormance loday

*« SMC-30 =

*PB-21 1

eDC-2101C | nyverter tor mobile

e BT-2 manganese/alkaline battery cas

e EB-2 vixlirng nganese/alkalne
Datiery 1

*SC-8 ft cass rTH-21A/31A/41A

«SC-8T fit raeef H 1ATIZ1AT41A

* TU-6 programmat b-tone unit

s AJ-3 thiead to BNC female adapter

= Service manual
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the readers speak . . .

We asked — and you answered our cail for solutions to the problems facing our hobby today (see
"‘Reflections,”” February, 1985, page 5. Each and every one of your letters was read, and we're proud to
act as a clearinghouse for your many ideas and suggestions.

Foremost you recognized that Amateur Radio has changed, and that hams have to accept that fact before
any effective improvements can be made.

Here are some of your comments on the problems, followed by some suggested solutions:

"“The challenge is gone. Want to hear China? Just turnh on the TV."”

""Equipment is fust too expensive and complex for us to do our own repairs.”

““Our kids are into computers, not radio.”

""Hams are boring and don’t know how to communicate any more.”

"“Consumer electronics and RFl — what a nightmare!”

""Enforcement, what a joke — the FCC's a paper tiger.”’

Can we expect the general public to help? | doubt it. Many of them see us as “‘the ham down the block
with the ugly tower and wires all over.”” Don’t expect too much sympathy from the neighbors — especially
if their brand-new VCR is carrying our conversations as well as their programming. So what do we do?

SCHOOLS. Talk to your local school board. Could some space and time — say an hour a week — be
set aside for a Novice course taught by local hams? What about high school science teachers? Would they
be interested in having guest speakers address classes on Amateur Radio subjects? Radio clubs, how about
sponsoring radio-related science fairs, with prizes or scholarships awarded for the best projects? How about
donating software — morse code tutors and technical Q&A’s, for example — to school libraries? Besides
the school environment, summer camps and community centers would also be logical places for reaching
and teaching prospective hams.

PUBLICITY. We need more of it -— the good kind, that is. Make a personal effort to contact and provide
details of Amateur Radio events to your local newspaper and radio or TV stations. Every little bit helps.
There’s a move afoot to produce and distribute a brochure describing the “fun’ aspects of our hobby.
When it becomes available, get some and hand them out to the neighborhood kids. Do any of you work in
the media or public relations? How about using your skills to help improve our image?

PARTICIPATION. This means all of us. No contribution is too small. Participate by helping out at the
club, helping newcomers to the hobby even after they’'re licensed. (This in itself might help reverse the
’dropout’’ rate.) How about being an Eimer and forming a ‘‘ground wave net’’ to bring together new hams
in a local net designed to help them overcome their initial shyness? I'm sure we can all remember how
we felt during those first few weeks on the air.

Dear Senior Citizens, you have the time, the knowledge, and the political clout. Your active leadership
and participation are essential.

What would happen if, for the good of Amateur Radio, we set aside our individual concerns and pooled
our talents in a single “‘umbrella’’ organization dedicated solely to protecting and preserving our hobby?
Perhaps then it would be more difficult for commercial interests to nibble away at our spectrum. We have
to lobby from a position of unity and strength.

PERSONAL GROWTH. Hams used to be interesting people to talk to. We could converse on diversified
subjects at length. Now too many of us appear to be overly involved in contesting and card-collecting — i.e.,
doing the same old thing all the time, when we should be advancing our knowledge, experimenting with
different modes, and searching for new frontiers.

Perhaps we can act an some of the advice offered by our readers and help improve the hobby.

Rich Rosen, K2RR
Editor-in-Chief

4 B may 1985



MFJ ACCESSORIES

300 WATT ANTENNA TUNER HAS SWR/WATTMETER, ANTENNA SWITCH, BALUN.
MATCHES VIRTUALLY EVERYTHING FROM 1.8 TO 30 MHz.

MFJ's fastest selling tuner packs in plenty of new features!

MFJ] VERSA TUNER I

TAANSAUTTEA
o AW

ANTENNS
u

IIOI'.‘I(\. MFJea1D

.

ey

IMDUCTOR ANTENNA
ELECTOR WA TCHING

« New Styling! Brushed aluminum front. All metal cabinet

« New SWR/Wattmeter! More accurate. Swilch selectable
300/30 watt ranges. Read forward/reflected power

« New Antenna Switch! Front panel mounted Select 2 coax
lines, direct or through tuner, random wire/balanced line or
tuner bypass for dummy load

* New airwound Inductor! Larger more efficient 12 position air-
wound inductor gives lower losses and more watts out. Run up
10 300 watts RF power output. Matches everything from 1.8 to

30 MHz: dipoles, inverted vee. random wires, verticals, mobile

99 k NEW wh||ps. belams t:l»aog;ed andtcoax lines g::;lll;in1? 13D?a|unhfor
$99.95 o0 FEATURES bestea s, 0% copteior soac Bk K7 bt
RTTY/ASCII/CW COMPUTER | POLICE/FIRE/WEATHER 1 KW DUMMY LOAD

INTERFACE 2 M HANDHELD CONVERTER MFJ-250 $39.95

Free MFJ RTTY/ASCII/CW softwars on tape and
cable for VIC-20 or C-64. Send and receive com-
puterized RTTY/ASCII/CW with nearly any per-
sonal computer (VIC-20, Apple, TRS-80C, Atari,
T1-99, Commodore 64, etc.). Use Kantronics or
most other RTTY/CW software. Copies both mark
and space, any shift (including 170, 425, 850 Hz)
and any speed (5-100 WPM RTTY/CW, 300 baud
ASCII). Sharp B pole active filter for CW and 170
Hz shift. Sends 170, 850 Hz shift. Normal/reverse
switch eliminates retuning. Automatic noise limiter.
Kantronics compatible socket plus exclusive general
purpose socket, 8x1%x6 in. 12-15VDC or 110 VAC
with adapter, MFJ-1312, $9.95.

S

Maximize 0 Q o
your antenna

performance! 359 95 MFJ-2028

Tells whether to shorten or lengthen antenna for
minimum SWR. Measure resonant frequency.
radiation resistance and reactance.

New Features: Individually calibrated resistance
scale, expanded capacitance range (1150 pf).
Built-in range extender for measurements be-
yond scale readings. 1-100 MHz. Comprehensive
manual. Use 9 V battery. 2x4x4 in.

INDOOR TUNED ACTIVE
roveD! ANTENNA

w! IMPRY  World Grabber' rivals
with higher G870 0 ceeds reception
of outside long wires! Unigue tuned Active
Antenna minimizes intermode, improves select-
ivity, reduces noise outside tuned band, even
functions as preselector with external antennas.
Covers 0.3-30 MHz. Tele
scoping antenna. Tune,
Band, Gain, On-off
bypass controls. 6x2x6 in
Uses 9V battery,9-
18 VDC or 110 VAC with
adapter, MFJ-1312, $9.95. MFJ-1020A $79.95

Turn your synthesized scanning ~ $39.95
2 meter handheld into a hot Polll:o/ 5= pMFJ
Fire/Weather band scanner!
144-148 MHz handhelds
receive Police/Fire on 154-
158 MHz with direct fre-
quency readoul. Hear

NOAA maritime coastal

plus more on 160-164 MHz
Converter mounts between
handheld and rubber ducky
Feedthru allows simultaneous
scanning of both 2 meters
and Police/Fire bands. No
missed calls. Crystal controlied. Bypass/Off
switch allows transmitting (up to 5 watts). Use
AAA battery. 2Vx1%2x1%: in. BNC connectors

MFJ/BENCHER KEYER
COMBO -

MFJ-422

$109.95
The best of
all CW worlds-
a deluxe MFJ Keyer in a compacl onfiguration
that fits right on the Bencher iambic paddle!
MFJ Keyer - small in size, big in features. Curtis
8044-B IC, adjustable weight and tone, front panel
volume and speed controls (8-50 WPM). Built-
in dot-dash memories Speaker, sidetone, and
push button selection of semi-automatic/tune
or automatic modes. Solid state keying. Bencher
paddle is fully adjustable; heavy steel base with
non-skid feet Uses 9 V battery or 110 VAC with
optional adapter, MFJ-1305, §9.95

VHF SWR/WATTMETER
mrJ-812 $29.95

Low cost

VHF SWR/
Wattmeter!
Read SWR

(14 to 170 MHz)
and forward/
reflected power S
at 2 meters. Has 30 and 300 watts scales. Also
read relative field strength. 4x2x3 in

= "f‘od‘

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO
OBLIGATION. IF NOT DELIGHTED, RETURN WITH-
IN30DAYS FOR PROMPT REFUND (LESS SHIPPING)
« One year unconditional guarantee = Made in USA,
= Add $4.00 each shipping/handling = Call or writs
for free catalog, over 100 products.

MF)

MFJ ENTERPRISES, INC.
Box 494, Mississippl State, MS 39762

More Details? CHECK — OFF Page 166

Telex 53-4590 MFJ STKV

Tune up fast, extend

life of finals, reduce S e
ORM! Rated 1IKWCW - oy
or 2KW PEP for 10 min-

utes. Half rating for 20

minutes, continuaus at

VRS -

200 W CW, 400 W PEP, ~——_ -~
VSWR under 1.2 to 30
MHz, 1.5 to 300 MHz
50 ohm non-inductive resistor. Safety vent
Carrying handle. 7:x6% in.
24/12 HOUR CLOCK/ ID TIMER
$19.95 NE
Switch to 24 \
Battery backup J
maintains time during power outage. (D timer
alerts every 9 minutes after reset. Red LED .6 inch
snooze function. Minute set, hour set switches.
Time set switch prevents mis-setting. Power out,
alarm on indicators. Gray and black cabinet. 5x2x
DUAL TUNABLE SSB/CW/RTTY
FILTER mrJ-7s2e $99.95
,_.-""-
3.0 0 O
The primary filter lets you peak noich
pass or high pass with exira s1eeo s
Auxiliary tilter gives 70 ,c notch &€
variable bandwidth
Constant outpu!
frequency contro
lets ears angd min
Plugs into pnone jac
Off bypass

0il contains no PCB N

MFJ-106 - ,
EW —t= /

12 hour format!

digits. Synchronizable with WWV. Alarm with

3 inches. 110 VAC, 60 Hz

Dual filters give unmatched penurmsnce'

Both filters tune from 300 to 3 !

impulse noise S

optiona

mnwo '.

T0 ORDER OR FOR YOUR NEAREST fr——e] |
DEALER, CALL TOLL-FREE WSE
800-647-1800. cai 501-323-5869

in Miss. and outside continental USA

» 106

May 1985 5




W FOR ANY AND ALL AMATEUR RADIO ITEMS
V4.0 1) (1 B8 .6 STORE BUYING POWER ASSURES TOP VALUE
0”” ET ¢ BIG, COMPLETE STOCKS. GET WHAT YOU WANT

WHEN YOU WANT IT.
* MORE SAVINGS BY FREE DELIVERY MOST ITEMS
KENWOOD @3[ICOM 4/ YAESU
PAY REGULAR PRICE OF IC-37A
$1599 YOURBEST220MHz | =~ FT-757GX
RECEIVE FREE EQUIPMENT BUY! BT Soore
AT-930 and MC-60A REGULAR 3449 freder
ANT. TUNER MICROPHONE SALE! $299.95 o /ﬁ;g"ém
Reg.$199.95 Reg. $79.95 TRANSCEIVER
SPECIAL BUY...
PLUS FREEUPS LIMITED QUANTITIES CALL FOR GREAT PRICES
KENWOOD €3 icoMm VAIRAGE
Sm= — - . AMPLIFIER
TW-4000A =TT v [ S8 [
PAY HEGULAR o, OO : MODEL BAND AMP INPUT OUTPUT PWR PRICE
PRICE OF A1015 gﬂ :;s ;&w 'Isl‘:l)"w 22»\ sa;w
$599'95 R-71A g?? W Yo M. oW g :2:9
RECEIVE FREE Son M B on e o e
ALL THE FOLLOWING SUPERIOR GRADE B3016 2M  Yes 30W 160W 174 $198
1) VS-1 VOICE SYNTHESIZER GENERAL COVERAGE S oH e Dwoow hx ah
$39 95 VALUE RECE'VER Ci012 220 Yes 10W 120W  20A $250
2) TU4-C SUB-AUDIBLE $39.95 VALUE Regular $799 gf;m ::3 :3 fov:v :go‘:v :{,‘,\ ::1;:
3) MA-4000 DUO-BAND MOBILE ANT -1 Remote Control for MIRAGE Amplfiers, $24
$44.95 VALUE PLUS FREE UPS SALE.’ 3629-95 h%:::&?:ﬁeﬁ?mﬁmgﬁx:sw
P HEas
@ SALE! W I o 105 o0
MA-40 40’ tubular

W-51 SALE $899 MODEL Regular $745
LM-354 SALE $1599 43 SALE! $549
IMMEDIATE DELIVERY THE LONG MA-550 55' tubular ¢,

(J TIME STANDARD | Wil handle 12 sa ft antennas
d win .
@ Tg SBTECKSALE! | FOR ACCURACY Encuine 41348 g
) = Y SALE! $899
NO WAIT :
_ SLUGS E 1l IN STOCK FOR
L IMMEDIATE DELIVERY
3-500Z | R@ 8877 ” CALL FOR INFORMATION
$99.95 $589.95 = MOST ITEMS IN STOCK ON ALL OTHER MODELS

FREE SHIPMENT e

UPS SURFACE (Continental U.S.) (MOST ITEMS)

Prices, specifications. descriptions subject fo changs without notice Cakf, and Arizona residents please add sales lax

6 [l may 1985 Tell 'em you saw it in HAM RADIO!



6 STORE BUYING POWER

IC-02AT
IC-04AT

AT GREAT LOW SUMMER PRICES

IC-2AT
IC-4AT /

IC-3AT

IC-3200A DUAL BANDER
COVERS BOTH 2 METERS and 70CM

- ICOM] R-71A ICOM
SUPERIOR GRADE
GENERAL IC-37A
COVERAGE
RECEIVER 220 MHz’s BEST BUY!
REGULAR $799 REGULAR $449
SALE! $629.95 SALE! $299.95
PLUS FREE UPS PLUS FREE UPS
[@a(icoM] ic-735 @- IC-751
A BRAND NEW HF TRANSCEIVER
g WITH ALL THE
FEATURES
THAT MAKE IT
A TRULY
OUTSTANDING TODAY’S MOST ADVANCED
BUY! TRANSCEIVER
caLL FOR PRICE AND INFORmATION | RSSUCAR @ AT E'J  CALLFOR
[€3(icon ]| HAND-HELDS LATEST ICOM| eprmion

CALL
NOW!

NEW!

CALL FOR PRICE
AND INFORMATION

SERVICE
BOB FERRERO, WERJ
Presicent

JIM RAFFERTY, N6RJ
VP, So. Cailif. Dvwv., Anafeim

Managers
4 |\f GEORGE WB8DSV, Buringame

. DON, N6IPE, Catland 800- 854-6046
g BOB, K7RDH, Prosnix
CALIF AND ARIZONA CUSTOMERS CALL OR VISIT NEAREST STORE

PHONE HOURS: 9:30 AM to 5:30 PM PACIFIC TIME.
STORE HOURS: 10 AM to 5:30 PM Mon. through Sat.

- GLENN, KENA, 5an Drego
AL, KEYRA , van Nuys

ANAHEIM, CA 92801
2620 W. La Palma,
(714) 761-3033, (213) 860-2040,
Between Disneyland & Knotts Berry Farm

BURLINGAME, CA 94010
999 Howard Ave

VISA l
(415) 342-5757,

5 miles south on 101 from San Francisco Airport

7 FREE SHIPMENT \

UPS SURFACE (Continental U.S.) (MOST ITEMS)

TOLL-FREE PHONE

INCLUDING ALASKA AND HAWAII

OAKLAND. CA 94609
2811 Telegraph Ave.,
(415) 451-5757,
Highway 24 Downtown Left 27th oH-ramp
PHOENIX, AZ 85015
1702 W. Camelback Road.

(602) 242- 3515,
East of Highway 17

/

OUTLET

SAN DIEGO, CA 92123
5375 Kearny Villa Road,
(619) 560-4900,
Highway 163 and Clairemont Mesa Boulevard

VAN NUYS, CA 91401
6265 Sepulveda Bivd

8,

(818) 988-2212
San Diego Freeway at Viclory Boulevard

More Details? CHECK — OFF Page 166
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ROBOT RESEARCH, INC
7591 Convoy Court
San Diego, California 92111
Phone (619) 279-9430

i —

Step aboard the Shuttle from your shack with the
world’s most advanced slow scan video system!

D YES | Tell me about how I can participate in
* SSTV aboard the Space Shuttle.

NAME . A __ CALL
ADDRESS | B o
CITY/STATE . Z1p




ELECTRO- SCAN 85

The most

trouble free

Dish Positioner on
the market today.

Features

* Economical

* Lock and Key

* 36 volt DC motor

* Precise positioning

* Analog Micro Systems

* 1 year limited warranty

* State-of-the-art circuitry

* LED to indicate dish movement

= Available in 18" or 24" ball actuators

* Modern, attractively styled control box

* Dial control always showing dish location
a Dial channels same as in program listings

Your wisest chq:ce in
automat:c dish pos:tfoners.

\
DIST. SALES (8459 North Main Strdet « Suite 112 « Dayton, Ohio 45415 « Phdne (513) 454.0232 \

More Details? CHECK —OFF Page 166 109 May 1985 [l§ 9




— For the Best —

HF, VHF, UHF, SSB,
FM, RTTY, PACKET,
CW, ASCIl & AMTOR

b . b & A A ¢

IC-37A 220 MHZ COMPACT MOBILE

25 Watts, 32 PL Frequencies Standard Built-in,
9 Memories with Offset and PL Storage, 10
KHz/5 KHz Dial Steps, Memory Scan, Band
Scan, and Priority Scan, Dual VFO's and
Standard HM-23 Touchtone

IC-27 A compacT moBILE

A breakthrough in 2-meter mobile communica-
tions! Most compact on the market (5'2"W x
1v2"H 7"D), contains internal speaker for
easy mounting, 25 watts, 32 PL frequencies,
scanning and touchtone microphone

/___

VISA
f== ]
8/84

. C & A ROBERTS INC.

18511 HAWTHORNE BOULEVARD
TORRANCE, CALIFORNIA 90504
(213) 370-7451 (Calif.) @ (800) 421-2258

4' LIGHTWEIGHT FLEXIBLE
ANTENNA ADAPTOR
CABLE

IC-02AT HanDHELD

The [C-02AT 2-meter LCD
readout handheld features 10
memories, 32 PL tones, scan-
ning keyboard frequency
entry, dial lock, 3W standard,
5W optional, DTMF

Bencher paooLe

This is the paddle that provides the perfect
interface between the CW operator and his rig.
Smooth, instantly responsive and fully
adjustable to suit your own touch. From the gold
plated solid silver contacts to the heavy leaded
steel base, it truly i1s the ultimate

NO RADIAL VERTICAL

THE R3 Fonr 10-15-20 METERS
L

REMEMBER WE SHIP
(UPS Brown - Cont. U.S.A.)

STORE HOURS: 10:00 a.m. - 5:30 p.m. MONDAY THRU SATURDAY

= 110
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THE 2-METER CHANNEL SPACING ISSUE MAY RESULT IN A CONFRONTATION that could leave Amateur
Radio with some bad long-term wounds. Repeater operators from the mid-~Atlantic and New
England states met March 2 to strongly endorse 15 kHz spacing not only for 146-148 MHz,
but even possibly for 144.5-145.5 MHz as well, thus picking up another six channels. 1In a
similar action southern California's 2-Meter Area Spectrum Management Association met March
23 to also endorse 15 kHz spacing across the whole band, despite serious interest in northern
California in shifting to 20 kHz as their neighbors in Oregon and Washington have done. By
their action the southern California group's decision puts them in direct conflict with Mexi-
can Amateurs, whose government has mandated 20 kHz on the 2-meter band. TIt's believed that
Mexican representatives who attended that meeting may even ask their government to lodge a
formal objection with the U.S. State Department.

20 kHz Proponents Seem Equally Determined In Their Choice, with Texas the latest in a num-
ber of western states to endorse the change. Michigan was the first state east of the Missis-
sippi to adopt 20 kHz, and it's under heavy pressure to reconsider. Alabama is reported to
have voted to implement 20 kHz by July 1, but Missouri opted to stay at 15 kHz at a February
meeting. Midwestern repeater representatives plan to meet at Dayton for further discussions.

Despite The FCC's Strong Desire For A National Coordinator, formalized in PR Docket 85-22,
the escalating I5 vs Z0 kHz conflict seems to offer little hope for simple or early resolu-
tion of the increasing number of repeater conflicts that led to that NPRM. Indeed, the FCC
may even be asked to endorse 15 kHz through a Petition for Rule Making. Such a move was
considered by the East Coast group at its recent meeting in support of 15 kHz. However, it
is hard to see how such a petition would find any support at all within the Commission, which
is trying very hard to get away from regulating details of Amateur operations. Furthermore,
in this case such an FCC mandate would put it in direct conflict with the Mexican government
and thus risk diplomatic repercussions.

AMATEUR RADIO PROBABLY WON'T FLY ON THIS SUMMER'S SPACE SHUTTLE, according to late word
from NASA. The official reason is problems of integrating the exotic Amateur equipment that
Tony England, WPORE, was to use on Flight 51F with shuttle equipment. Though strong last-
ditch efforts are being made to salvage the Amateur operation, at presstime it looks very
much like there won't be an Amateur operating from space this year.

AMATEUR RADIO VS CABLE TV IS YET ANOTHER CONFRONTATION that seems to be escalating. In
late February the FCC proposed in Mass Media Docket 85-38 that cable TV radiation limits be
relaxed by another 8 dB, to 50 microvolts per meter, and that various other restrictions
including the requirement tor annual system inspections be dropped. In view of the number
of Amateurs who've had problems with cable leakage interfering with their 144 or 220 MHz
operations, this proposal presents a real threat to Amateur Radio. Comments were due in
late March. Amateurs have a strong ally against the proposal in the broadcast industry.

Amateurs Have Been Shut Down Due To Cable Interference in two recent unrelated cases. In
the first, WB20TK/%4 was ordered off the air by the Engineer-In-Charge of the FCC Atlanta
Field Office for interference with the Greenville, S.C., cable system. FCC Amateur rule
97.73(d) on interference to other stations was cited, despite checks that showed the cable
system was so badly maintained that a 150 mW hand-held's signal caused problems for viewers.
The FCC inspected WB20TK's station but did not even contact the cable operator in an appar-
ent violation of the FCC's own rules requiring a cable system to take responsibility for
resolving interference problems. In the other case, WBANMA was shut down, again by the
Atlanta Field Office, for interfering with cable viewers in Gainesville, Georgia.

2-Meter Privileges Were Restored To Both Operators following the intervention of the ARRL
through its General Counsel Chris Imlay, N3AKD, However, the Commission's proposed cable
rules relaxation combined with the kind of FCC Field Office attitude that led to these two
cases could spell serious trouble for future Amateur Radio VHF/UHF operation.

BASH EDUCATIONAL SERVICES IS QUT OF BUSINESS. Writing to subscribers to his FCC Rules
Part 97 update service, Dick Bash, KL7IHP, stated that his FCC exam study materials business
had subsidized the rules updating service but, under the volunteer exam program, there was
no longer a unique niche in training for him to fill. Bash was very controversial for his
publishing of word-for-word correct answers to all FCC-administered Amateur exams.

A SUGGESTION THAT ARRL ASSUME CALLSIGN ASSIGNMENT RESPONSIBILITY is receiving some inter-
est in Washington, as the FCC looks at tighter budgets. Tt's Iikely, however, that cdllsign
responsibility would be delegated only as part of a total program that would include the
entire licensing function now done by FCC's Gettysburg facility.

THE ANTENNAS VS LOCAL RESTRICTIONS ISSUE seems to be heading toward an FCC Notice of
Proposed Rule Making, which will probably consider it from the private satellite dish view-
point. Just what this means for PRB-1 and Amateur Radio remains to be seen.

NEW WARC BAND AVAILABILITY HAS BEEN DELAYED by at least three months. An extension of
the Reply Comment period, requested by the Personal Radio Steering Group, bumped expected
action on the 10, 24, and 902 MHz bands off the FCC's first quarter agenda. The PRSG is
believed to be pushing for allocation of part of 902-928 MHz to a Personal Radio Service.

A NATIONAL VEC NET IS OPERATING on 20 meters Sundays, starting at 1700Z. The 40-meter mid-
western VEC net has moved to 1800Z, still on 7280 kHz. DeVry is now officially a national VEC.

May 1986 1"



Nothing matches the MACC

in voltage surge protection
and component-by-component
on-off control

¢ compact, attractive desk-top
console

s eight clean AC power outlets

s individual and master on-off
control

* superior three-stage auto-restore
circuit with manual reset circuit
breaker

= individually lighted rocker
switches

Lightning striking miles away, elec-
tric motors running on the same
power line, fluorescent lighting and
even wind-driven snow static
buildup can cause problems with
delicate circuits and miniature elec-
tronic chips. But the MACC, within
nanoseconds, can recognize the cur-
rent disturbance, then clip it off
and dissipate it, while maintaining
clean current flow to your system's
equipment. The MACC protects all
semi-conductor, solid-state circuitry.

The MACC is designed with three
2000-amp surge discharge protec-
tion circuits — one between each
of the AC input’s hot, neutral and
ground lines. Other surge devices
may use a single 100-amp surge
protector between the hot and
neutral lines only. Its resettable cir-

cuit breaker adds further protection.

» m

MACC gives you control conve-
nience, too. It provides 8 plug-in
“U" ground outlets for your com-
ponents — including one “hot”
outlet for a continuously powered
application such as your clock.
Seven "on/off" rocker switches let
you control individual components.
And you can turn your entire
system on or off with a single
master rocker switch.

ALPHA DELTA'S MASTER AC
CONTROL CONSOLE PROTECTS
AGAINST ALL THESE
DAMAGING SURGE PROBLEMS

Problems caused in circuitry by

surging and transient voltages:

* Melting of "hot spots” within
semi-conductor devices

e Thermal runaway of transistors

* Welding. pitting and metal
transfer on switch contacts

e Switch contact corrosion

* |nsulation breakdown causing
arcing of components

* Shortening of component life

The MACC is tested to |IEEE pulse
standards and rated at 15A, 125V-
AC, 60 Hz, 1875 watts continuous

ALPHRA.DE

P.O Box 571, Centerville, Ohio 45459 e (513) 435-4772

duty total for the console. A label
on the unit describes the surge pro-
tection limitations.

MACC Specs

Alpha Delta Master AC Control
Console

Amperage 15

Volt (AC) 125

Hertz 60
Total
Wattage 1875
Size .
MACC 11" x 2-3/4" x 2-3/4"

MACC-4 5-1/2" x 2-3/4" x 2-3/4"

Shipping
Weight 4-1/2 Ibs. approximately

Alpha Delta Model MACC Systems
are designed to reduce the hazards
of lightning-induced surges. These
devices, however, will not prevent
fire or damage caused by a direct
stroke to an AC line or a structure.
Specifications, availability and price
are subject to change without
notice.

Warranted against defects in
materials or workmanship.

COMMUNICATIONS, INC.

current solutions to current problems
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MACC only $79.95
MACC-4 only $59.95

At your Alpha Delta dealer. Or in U.S., order direct, add-
MasterCard | ing $4 for postage/handling to check or money order.
(Approx. shipping wt.: 4-1/2 Ibs. each) MasterCard and
VISA accepted. Ohio residents add Sales Tax. Sorry

VIsA
I o C.0.D.'s

The MACC is unique in voltage
surge/transient suppression and
convenient, desk-top individual
component control. Nothing
matches the MACC in value and
performance. Put one on duty on
your AC line.

The MACC-4 is a four clean-line output
version of the MACC with all the same
features. It gives you a cost- and space-
saving solution for your application,
without sacrificing performance. Rated a
full 1875 total wattage. Includes master
rocker switch, three independently switch-
able lines, one “hot" line and resettable
circuit breaker,
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Test Equipment
® Leasing

‘EPolaroid DS-34

Now you can get an instant
picture in black & white or color
from any oscilloscope screen.
Includes CRT hood.

*Large hoods also available to fit
computer terminals and CAD/

CAM screens.
$369.00

POWER SUPPLIES

GLOBAL SPECIALTIES
TRIPLE OUTPUT POWER SUPPLY

$198.00

Fully regulated triple output
Fixed 5VDC, 1A

V1 +5VDCto 18 VDC 5A

V2 -=5VDCto 18 VDC 5A
Fully automatic current limiting

MODEL 1301

ﬁj— ELECTRO INDUSTIII! INC

M= DC POWER
SUPPLY

3125.00

.ﬁ.J
MODEL annzuu 30 VOG/0-2A

MODEL 1650

PR ripLE OuTPUT

POWER SUPPLY

$319.00

Functions as three separate
supplies

Exclusive tracking circuit

Fixed output 5 VDC, 5A

Two 0 to 25 VDC outputs at 0.5A
Fully automatic, current-limited
overload protection

+ and — terminals of each output
are fully isolated, in all modes
All three outputs may be con-
nected in series or parallel for
higher voltage or current

PROBE
P- masren Oscilloscope Probes
MODEL ATTENUATION BAND WIDTH (MHZ) PRICE
2904 10X 100 $35.00
2901 10X/1X 100/5 $39.00
2205 10X 250 $59.00
2960 10X 60 $30.00

Audio Sine/Square |- .
Wave Generator
® Distortion from <0.03%
® 10 Hz to 1 MHz

$259.00

tT

LAG-120B

o1 PRECISION

FUNCTION
GENERATOR

MODEL 3010 $189.00

Sine, square and triangle output

Variable and lixed TTL outputs

0.1 Hz to 1 MHz in six ranges

Typical distortion under 0.5% from 1 Hz to 100
KHz

® Variable DC offset

e VCO input for sweep tests

\IZ

MULTI-

FUNCTION

MODEL WD-755

® 5 Hzto 125 MHz 3259_00
& 8 Digit LED Display

o Period Measurement 5 Hz to 2 MHz

® Totalizes to 99,999,099 Plus Overflow

® Frequency Ratio Mode

e Time Interval Mode

e Swilchable Attenuator & Low Pass Filter

VARIABLE
TRANSFORMER

$145.00

MODEL 3PN1DTOV

RAG CARRIES THE COMPLETE STACO
VARIABLE TRANSFORMER LINE

CALL US WITH YOUR REQUIREMENTS.

DIGITAL CAPACITANCE METER
& DBaltery operated

S Bt e e
e (0.2% basic accuracy
L GLOBAL
MODEL 3000
$139.00

CALL US TOLL FREE

1-800-732-3457

IN CALIFORNIA TOLL FREE

1-800-272-4225

RAG ELECTRONICS, INC. /21418 Parthenia Street/ Canoga Park, CA91304 / 1-818-998-6500

B Master Charge
B VISA®COD

B Money Order
W Chack

COD's extra (réquired 25% deposit) over $1000.00

ADD FOR SHIPPING AND INSURANCE
$010%25000................... 94,50

$251.00 to $600.00 .$6.50
$501.00 1o $750.00 $8.50
$751.00 to $1000.. ., .$1250

. $1500
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omract! PORTABLE OSCILLOSCOPES

Model V-212 shown

MODEL V-212 $461.00 Model V-1050F shown

DC to 20 MHz, 1 mV/div, Dual Trace
Features 6" Rectangular CRT
Full 2 year parts and labor warranty (w/two MODEL V-1050F S ] 275 00

X protes. DC to 100 MHz, .5 mV/div, Quad Trace, Delayed
3535 [m Sweep, Full T.V. Triggering, alternate time base

MODEL v-222 . (w/two X10 probes)

DC to 20 MHz, 1 mV/div, Dual Trace, D.C. offset for

DMM Output, Verticle Mode Trigger

: MODEL V-650 $956.00
8" CRT: (w/two. X1/X10 proties). DC to 60 MHz, 1 mV/div, tripple trace, delayed sweep,

Full T.V. Triggering, variable trigger hold-off
MODEL V-422 $694.00  (wiwo x10 probes)
DC to 40 MHz,

other features same as V-222 (w/two X1/X10 probes)

[ 4F=). PORTABLE OSCILLOSCOPES

5.3

i « ‘ " e — P R NF-
. . i . b e

MODEL $8-5705 $899.00

DC to 40MHz MODEL 5711 S 6595.00
Vertical and horizontal deflection DC to 100MHz (typically over
3535 U[] accurate within £2%. CRT accelera- 120 MHz), 5 mV/div, True 4 channel
MODEL 88-5702 ' tion voltage 12KV. 3 channels, input, eight trace, Delayed sweep,
DC - 20MHz, 5 mV/div 6 traces. High precision calibrator alternate time base, CRT acceleration
Dual trace (£1%). Fastest sweep rate: 10 ns. voltage 20 KV, (w/saddle bag, front
6 inch rectangular internal graticule e High sensitivity 1 mv/div cover, 2 ea. X10 probes).
CRT. ® CH1 signal output
Includes 2 each X1/X10 probes and ® Beam finder
full factory warranty; 2 years on parts, e Delayed sweep MODEL 5711D B} 2495.00
labor and CRT. e Alternate time base ‘5711 with counter and DMM).
e 2 ea. X1/X10 Probes e
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EXCELLENCE
1984

EIMAC celebrates its 50th Anniversary
with an extensive line of
FM Broadcast Cavity Amplifiers.

Varian EIMAC celebrates 50
years of service to the broad-
cast industry with a spectrum of
FM from a powerful 60 kW to a

mini power 150 W solid state IPA.

The cost-effective path
to a modern FM transmitter.

No one knows more about
broadcast tubes and cavities
than EIMAC. Our strong cavity
development capability reduces
RF engineering problems.
EIMAC cavities are inexpensive
and simple to use.

16 May 1985

For more information call or
write Varian EIMAC or contact
any Varian Electron Device
Group sales office worldwide.

EIMAC FM BROADCAST CAVITY

PRODUCT LINE
POWER | CAVITY EIMAC TUBE
60 kW CV-2230 4CX30,000G
30 kW CV-2202 4CX20,000C
25 kW CV-2200 4CX20,000A
15 kW CV-2210 4CX12,000A
10 kW Cv-2228 ACX7500A
5 kW Cv-2225 4CX3500A
1.5 kW Cv-2220 3CX1500A7
150 W | AM-2215A | Solid State
» 113

Varian EIMAC

301 Industrial Way

San Carlos, California 94070
Telephone: 415-592-1221

Varian AG
Steinhauserstrasse
CH-6300 Zug, Switzerland
Telephone: 042-23 25 75

varian

Tell ‘'em you saw it in HAM RADIO!




When we set out to make the best amateur radio

So we designed the RC-850 Repeater Controller, the industry's top of the
line repeater control system. Now in it's “third wave” of innovation, thanks 1o its
designed tor the future architecture and new software releases.

The ‘850 defines the industry standard in repeater control systems.

« Fully remotely programmable with Touch-Tone commands or computer

terminal

Front panel LED display, or terminal based display

Over 300 word customized male and female speech synthesis vocabulary
Time/day of week Scheduler with 10 set-up states, 30 changeovers and
evenls, over 100 scheduled items for hands off operation and automatic
reminders

Full or hall duplex autopaltch, autodial (200 numbers), emergency autodial,
reverse aulopalch, antidialer, toll restnct including lelephone exchange
lables, supports remote and multiple phone lines

Informative remotely programmable ID's (17), taill messages (13),

bulletin boards (5)

16 channel voice 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 remote base transceivers and full duplex links
Individual user access codes 1o selectable features

Mailbox for user-to-user, and system-to-user messages

Paging - two-tone, 5/6 tone, DTMF, CTCSS, HSC display, GSC digital
display, user commandable and may be included in programmable
messages (1.e. alarms)

Logical o physical YO mapping and internal “toolbox™ lor easy
customizing of the conlralier 1o meet your needs and minimize external
wiring

Easy hookup o any repeater

Qur new Digital Voice Recorder lets you remately record ID's, 1ail messages
and vanous other response messages for automaltic 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 1o three independent
repeaters for a low per-channel! cost. lts Touch-Tone activaled voice mailbox
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 lets you carry your home station with you in the palm of your
hand It acts as your gateway o the world, linking your handheld
transcewver to your high performance HF station. Now, instead of your
valuable home equipmenlt being available 1o you 1% of the time,

ir's available 99% of the time! Whether around the house, in the yard,

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

But that's just parl of ShackMaster's story Il lels you communicate

with the family by handling third party tralfic - its electronic mailbox and
intercom let you keep in fouch. And a simplex palch lets you place
important calls directly through your home phone

L N

Crossband linking = VHF/UHF to HF
Telephone access to your home station
BSR Home Control interface

Electronic Mailbox

ShackPatch™ intercom into the shack
PersonalPatch™ simplex autopatch

advanced
computer

More Details? CHECK —OFF Page 166

equipment in the world, we had some pretty tough
standards to live up to ...

... yours

... and ours.

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

RC-85 Repeater Controller, which we like to call the "second best
repeater controller in the world”. It'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 pnce

Remotely programmable with Touch-Tone commands

Over 175 word customized male speech synthesis vocabulary
Selectable "Macro sets” for easy confrol operator selection

Autopatch, autodial (200) numbers, emergency autodial, revetse patch
Remotely programmable informative ID's (7). tail messages (3)
bulletin board (2)

Supponts synthesized remole base transceiver, control receiver, alarm
Selectable, informative couresy tones

Talking S-meter, Two-tone paging

Easy hookup to any repeater

For those who like to “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 decaoder, 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 latched or pulsed logic outputs

e 4 alarm or remote sensed logic inpuls

o Response messages to confirm command entry

e Repeater functions including COR, IDer, timers, courtesy tone, elc
e Remote base functions including control of synthesized transceiver

® Remotely recordable, variable length audio tracks,
accessed from controller messages
e Top quality, no compromise audio reproduction
e Supports up lo three repeaters for cost effective installation
@ Expandable 1o roughly 6 minutes of speech in B megabits of memory
e Easy interface to RC-850, RC-85 controllers, or to any stand-alone repeater

All our products are designed and manufactured with industral grade
reliability. Little things that many people don't notice, like machine

contact IC sockets for all ICs, gold on gold signal connectors,

figh performance CMOS for minimum power drain, and transient supression
And the products are documented with high quality, easy 1o read manuals
Qur goal 15 10 advance the state of 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 and
speak with Tim or Catherine, Visa and Mastercard accepted

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

controls, inc. 10816 Northridge Square ®  Cupertino, CA 95014 (408) 749-8330
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stacking Yagis
IS a science

Determining

E/H plane patterns
results in

optimized performance

Several years ago | began a project designed to
develop a means of determining gain of a particular
144 MHz Yagi. Knowing that number, | would be able
to calculate the aperture. Once the aperture was
known, | would know the correct stacking distance
and would then be able to build the perfect 144-MHz
array.

As one might expect, things didn’t quite work out
as planned. But eleven years and seven EME arrays
later, | believe | have found an improved method of
determining the optimum stacking distances for mufti-
ple Yagi VHF and UHF arrays.

what is optimum stacking?

"Best array performance’’ is a matter of opinion, and
depends on how the antenna is used; an array can be
optimally stacked, for example, to deliver maximum
gain, or for a controlled azimuthal pattern that pro-
duces a deep null in the direction of interference. This

table 1. Typical temperatures of “‘objects” at 144 MHz
and 432 MHz.

144 MH:z 432 MHz

object degrees K degrees K
cold sky 175 10
hot sky 3,200 190
earth 290 290
arcing power line 100,000 6,000

18 B Mmay 1985

article primarily addresses Yagi stacking for use in EME
(Earth Moon Earth or moonbounce) communications.
However, this technique is also appropriate for other
space communications applications such as satellite
communications and radio astronomy. It could also
be used for land-based communication requiring high
gain such as tropospheric scatter.

For EME and other weak-signal VHF/UHF work,
optimum stacking distance can be defined as that
distance which yields the greatest array gain versus
lowest array temperature. Used by professional space
communications engineers, this definition refers to
maximizing the G/T ratio. With Yagis, the best G/T
usually never occurs at the distance which yields maxi-
mum stacking gain. It normally occurs at significantly
closer spacing. In simpler terms, optimum stacking dis-
tance is that stacking distance which yields the
greatest array gain increase while simultaneously keep-
ing all sidelobes at an acceptable level.

the effect of antenna temperature

Several good sources of information are available
for those unfamiliar with the concept of antenna tem-
perature.’? To review, antenna temperature is the
temperature of the object at which the main lobe of
the antenna is pointed — i.e. the Earth, Moon,
Sun, hot sky, or cold sky. However, if the array has
sidelobes of significant area and amplitude, unwanted
noise can be picked up from noise sources in the direc-
tion in which the sidelobes are pointed. This unwanted
noise reception will increase the net antenna temper-
ature. (Table 1 lists typical temperatures of several
“objects’ at 144 MHz and 432 MHz.) A 432-MHz array
with large sidelobes pointed at the Earth will suffer a
significant receive signal-to-noise loss because of the
reception of Earth noise; likewise, a 144-MHz array
with sidelobes directed toward a hot sky or a leaky
power line will experience a similar degradation in
receive performance.

By Steve Powlishen, K1FO, 816 Summer Hill
Road, Madison, Connecticut 06443



INCIDENT WavE

CAPTURE

AREA

SHADOW

AREA

fig. 1. Antenna aperture and shadowing effect.

As a point of reference, commercial satellite Earth
station antennas that use parabolic dish antennas with
Cassegrain or Gregorian subreflector systems have an-
tenna temperatures as low as 18 degrees K. In com-
parison, an Amateur dish using a simple dipole or horn
feed at 432 or 1296 MHz has a typical antenna tem-
perature of 65 degrees K, while a 16-Yagi 432-MHz
array with the Yagis spaced for maximum gain may
have an array temperature over 170 degrees K (or even
worse if low-loss phasing lines are not used). Con-
versely, stacked 432-MHz EME Yagi arrays incorpora-
ting optimized stacking distances have been built to
provide array temperatures lower than 85 degrees K
— including phasing line losses. These antenna tem-
peratures were measured by pointing the antenna at
the Earth and then at the cold sky and comparing the
noise ratios. The noise contribution due to the receiver
can then be factored out if the receiver system noise
temperature is accurately known. The significance of
the lower array temperature cannot be overstated. If
we assume a high performance receiver with a 0.45

dB system noise figure, lowering a 432 MHz array
temperature from 170 degrees K to 85 degrees K re-
sults in a receive signal-to-noise improvement of about
2.3 dB or almost the equivalent of doubling the array
size! These results have been obtained using standard
Yagi designs such as the NBS Yagis and the K2RIW
19-element Yagi. | expect further improvements can
be obtained when Yagis designed with best G/T in
mind are available to Amateurs.

methods of determining
optimum stacking distances

There are three methods of determining optimum
stacking distances. The first method to be examined
briefly, is based on classic antenna theory. The
second, which will be emphasized, is experimental.
Computer analysis, currently used by the professional
community is the third, and will not be discussed here.
With programs for Yagi analysis now readily available
to the Amateur, it is hoped that the more mathemati-
cally inclined and computer-knowledgeable Amateurs
will carry on where this article leaves off and extend
computer modeling to include optimum stacking.

The concept of antenna directivity, (fig. 1), put forth
by Kraus® and introduced to Amateurs by Orr and
Johnson,* holds that all antennas have an effective
capture area, or area around the antenna that
“captures’’ or extracts the electromagnetic energy
from space. The higher the gain of the antenna, the

Four 12-element LPYs stacked on a telescoping H-frame.
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larger the area from which energy will be extracted.
Behind the antenna there will be a shadow area, or
space where the field strength of the incident wave
is reduced in magnitude. (This concept is analogous
to putting an object in front of a light source and
creating a shadaw behind it.) In mathematical terms
the capture area is directly proportional to gain and
is defined in eq. 1.

Agm = 0.13+104Bd/10 (1)

Where A,,, is the effective capture area in wave-
lengths squared and dBd is the gain of the antenna
in decibels over a half wave dipole. For antennas such
as Yagis, which have an elliptically shaped aperture,
the size of the effective aperture will be slightly dif-
ferent between the E and H planes. The aperture
dimensions in wavelengths squared can be calculated
by using eqs. 2 and 3.

Ay =2 [ AembE (2)
wely
= .i@ﬂ.ﬂli’i,
Ap =2 | melg (3)

Where Ag is the E-plane aperture dimension, Ay is
the H-plane aperture dimension, 8¢ if the E-plane half
power beamwidth, and 8 is the H-plane half power
beamwidth.

There are two problems with using these formulas
to calculate stacking distances. First, an antenna’s
aperture is not an ellipse with a clearly defined
boundary, with radio waves being extracted on one
side of the boundary and nothing happening on the
other side. Instead, an antenna progressively extracts
less and less energy from space continuously. In addi-
tion, the half power beamwidths of an antenna are
merely a point on the field strength gradient of the
antenna. Therefore, proper stacking distance becomes
a question of determining where two unclearly defined
volumes separate. It is not a solid boundary like a brick
wall.

The second problem, largely self-inflicted by Ama-
teurs eager to believe they could defy the laws of
physics and discover something that antenna engi-
neers could not, is that of believing inflated gain figures
produced by both Amateurs and some manufacturers
of Amateur antennas. (in defense of Amateur equip-
ment manufacturers, their claims are restrained in
comparison to their CB and home TV counterparts).
Using these optimistic gain claims, which in some
cases are typically 3-dB high, leads to arrays which
have grossly oversized stacking dimensions. The gain
figures shown in the recommended stacking distance
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fig. 2. Four stacked 12-element Swan 2-wavelength LPY
array E-plane pattern with 10-foot {1.5 wavelength) E and
H-plane spacing.

fig. 3. Four stacked 12-element Swan 2-wavelength LPY
array E-plane pattern with 12 foot 0 inch{1.76 wavelength)
E-plane and 11 foot 4 inch (1.66 wavelength} H-plane
spacing.

table (table 2) represent hundreds of hours of anten-
na measurements | have performed, the compilation
of data from ten years of antenna gain contests, and
finally, computer analysis of almost all the antennas
listed in the table. The result is a listing of gain figures
closer to reality, | believe, than anything previously
available. (For further discussion of how much gain
can be expected from a given boomlength Yagi,
reading DL6WU's article is suggested.)®



measuring antenna gain

As part of my experiments to measure antenna gain
and determine proper stacking distances, a telescoping
H frame was constructed on my 60-foot (18.3 meters)
tower to measure the 144-MHz antenna. This arrange-
ment allowed for rapid placement of Yagis along with
a simple method of adjusting the spacing to any
separation of up to 16 feet (4.9 meters). A smaller
frame (6 feet/1.9 meters} was used to measure the
432-MHz Yagis.

The next step was to figure out a relatively accurate
means of making pattern measurements. Over the
years | tried a variety of measurement technigues,
including use of strip chart recorders, spectrum ana-
lyzers, and RF voltmeters. Out of all this came a
relatively simple and reasonably accurate method
that is within the reach of most serious VHF/UHF
experimenters.

The basic requirements for pattern measurement
are:

® an accurate direction indicator;

* areceiver with a calibrated signal strength indicator;
and

* a signal source located so as to minimize reflection
problems.

Satisfying each requirement was surprisingly sim-
ple. The direction indicator | used was a selsyn

readout* with close to 1 degree accuracy. Alternative- ‘

ly, the digital readout system using 10 turn pots and
popularized by many EMErs® could be used. The avaii-
ability of signal generators such as the Hewlett-
Packard 608 series (or their military counterparts, the
TS-510 series)* solves the receiver calibration problem.
My method of measurement consisted of connecting
a digital voltmeter (DVM) to the AGC (automatic gain
control line) of the station receiver (an R-4C and TR-7].
Care must be taken to keep signal strengths high
enough above the noise (floor) to eliminate signal-to-
noise plus noise ratio correction problems. The signal
level must not be so high that it causes gain compres-
sion problems. The quick way to get a pattern was
to run the antenna through 360 degrees while re-
cording the AGC voltage readings on the DVM. The
antenna was then replaced with the signal generator
and the AGC readings were converted to a dB scale.
(A 10 dB attenuator was placed between the converter
and antenna or signal generator to eliminate im-
pedance problems.) This “calibration” of the receiver

*Available from Fair Radio Sales, P.O. Box 1105, Lima, Ohio 45802

was done after every measurement to eliminate
receiver gain drift errors.

The signal source presented the trickiest problem,
but again a simple solution was found. A number of
signal sources were tried including locating signal
sources in my back yard, in the woods about 1000 feet
(305 meters) away, and at a local ham’s QTH about
2 miles (1.3 km) away. All of these solutions gave
marginally repeatable results. That is, an antenna
would look different from day to day and from source
to source. Because | believed the problem to be reflec-
tions from various objects, | decided to try a signal
source located above the clutter. My location at that
time was 105 feet (32 meters) above sea level. The
antennas were located at 65 feet (20 meters), well
above the nearby trees. My location was surrounded
by hills up to 1200 feet (366 meters) high, 10 to 12 miles
{16 to 19.2 km) away. The ground between my loca-
tion and the hills dropped in elevation, which made
the tops of the hills a completely clear shot at about
a 0.5 degree elevation angle. A fellow ham located on
one of the hills was called upon; by using high gain
source antennas {stacked 3.2 wavelength NBS Yagis
on 144 MHz and RIW19s on 432 MHz), repeatable
pattern measurements became a reality. After per-
forming many measurements | was able to “calibrate”’
my range such that | could see how different anten-
nas gave the same false lobes or left to right un-
balance. The patterns shown in this article have been
cleaned up to eliminate known range errors. Various
NBS antennas were constructed and their patterns
measured. My measured patterns correlated very well
with the NBS published patterns and offered proaf of
the method’s validity.

It was also found that accurate relative gain meas-
urements were possible. Gain measurement calibra-
tion was made by putting two identical antennas on
the frame and measuring the relative signal level be-
tween them. The antennas were then switched in posi-
tion and the measurement repeated. In this manner
any differences in signal strength could be factored
out before a test antenna was measured. Results were
found to be repeatable to within 0.2 dB over the two-
year period the gain tests were made. A similar method
was used to measure the gain increases to be had from
stacking antennas.

the effects of antenna spacing

To get an indication of what happens when the
spacing of Yagi arrays is changed, an array of four
12-element LPY {log periodic Yagis, as introduced by
Oliver Swan and later produced by KLM) was set up
on the telescoping H-frame. Pattern measurements
were made at one foot (0.3 meter) spacing increments
from 10 feet {3.0 meters) up to 16 feet (4.9 meters)
(1.4 to 2.3 wavelengths). The resultant patterns are
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typical of all two-wide Yagi arrays. As the spacing be-
tween Yagis is increased, the main lobe beamwidth
narrows, the sidelobes increase in amplitude and the
nulls get much deeper. The E-plane pattern at 10 feet

180

fig. 4. Four stacked 12-element Swan 2 wavelength,
144-MHz LPY array E-plane pattern with 14 foot 4 inch
(2.1 wavelength) E and H-plane spacing.
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(3.0 meters), 12 feet (3.7 meters) and 14 feet 4 inches
(4.4 meters) spacings is illustrated in figs. 2, 3, and
4, Looking at the sample patterns, it can be seen that
the beamwidth of the first sidelobes is close to that
of the main lobe for each spacing and that its ampli-
tude increases rapidly at larger separations. Other
minor lobes start to have significant amplitudes at the
greater separations.

The question of which distance is the proper one
still remained to be answered. Gain and individual pat-
tern measurements on the 12-element LPY indicated
an actual gain of about 11.2 dB over a half-wave dipole
(dBd). By using eq. 1, 2, and 3 (single antenna pattern
of 36 degrees E-plane by 40 degrees H-plane), stack-
ing distances of 10 feet 8 inches E-plane (3.3 meters)
9 feet 7 inches (2.9 meters) H-plane were calculated.
The 10 foot 8 inch (3.3 meter) E-plane spacing gave
a pattern similar to fig. 2, but with first sidelobes down
14 dB. Next relative gain measurements were at-
tempted between one and two antennas. Resultant
gain curves showing stacking gain versus spacing are
shown in fig. 5. The general shape of the curves are
similar to those given in the now-famous NBS
Technical Note 688,7 (fig. 6) except | did not see any
gain decrease as the spacing was increased to large
distances, only a flattening of the gain curve. | also
saw an apparent larger gain increase in the E rather
than the H-plane. This is again indicated in NBS Note
688. As illustrated in fig. 5, the knee in the gain in-
crease occurs at about 2.7 to 2.8 dB in the E-plane
and at 2,5 to 2.6 dB in the H-plane. (When phasing
line losses are factored out.)

Next, | attempted to relate first sidelobe levels to
position on the gain increase curve and found that the
gain increase started to flatten out when the first side-
lobes were — 12 to — 13 dB down. It should be pointed
out that at the time these measurements were made,

Four 17-element, 3.2 wavelength NBS Yagis stacked on an
H-frame,



WITH PRIVATE PATCH Il YOU SPEND
YOUR TIME COMMUNICATING . ..
NOT WAITING TO TAKE CONTROL

PRIVATE PATCH Il allows communications to pro-
ceed back and forth as rapidly as on a telephone.
There is no waiting for sampling circuits to acquire
each time the mobile transmits.

The PRIVATE PATCH Il VOX system offers a substantial improve-
ment over sampling autopatches in time spent waiting for control!

EXAMPLE: Suppose you made 10 phone calls — 9 completed, 1
busy — assume the completed calls average 20 talk exchanges
each, 180 total.

You would spend 360 seconds (6 minutes!) waiting for control if
you were using a sampling patch that samples every two seconds
(180 waits x 2 seconds = 360 seconds). It is a severe incon-
venience to have to press the button for a seeming eternity before
you can be heard on each and every mobile reply.

With PRIVATE PATCH |l there is no lost time waiting for control on
all 9 completed calls. However, the busy call would cause a 15
second wait for the control interrupt timer to return control to the
mobile.

SUMMARY
CONTROL WAITS TIME WAITED
Private Patch Il 1 15 seconds
Sampling 180 6 minutes

If the sampling patch has a circuit that “slows the sample rate
when telephone audio is present,” the speed of acquisition is
made even slower. The wait time increases, and the phone party
can say perhaps 25 or more words before they can be cut off.

WHY LAND MOBILE PROFESSIONALS AVOID
SAMPLING PATCHES. ..

The majority of radios on the market (especially synthesized and
relay switched types) do not T/R quickly enough to give accep-
table results. Often engineering level modifications are required
to improve T/R response time.

The slower the T/R response time, the longer the sample must
last. And of course no telephone audio is heard during the sam-
ple. Just noise. The result is lost words and syllables which are
proportional to T/R response.

Acquiring and maintaining control (in order to communicate)
becomes erratic when the mobile is less than full quieting. This
causes a severe loss of range.

The base station radio can not be equipped with a linear
amplifier, and operation through repeaters (that have hangtime)
is not possible with a noise sampled patch.

VOX autopatches overcome each of these shortcomings. In fact,
nearly all simplex patches sold in commercial service are the
VOX type.

Could these be some of the reasons that the competition refers
to their VOX patch as “our favorite commercial simplex patch™?

FORGET AMATEUR GRADE SAMPLING AND STEP UP TO A
COMMERCIAL GRADE PATCH. PRIVATE PATCH II!

» 116

AEROSPACE LEVEL QUALITY

FEATURES

« CW ID (free ID chip) = Selectable tone or pulse dialing * User pro-
grammable toll restrict = Five digit access code = Ringback (reverse
patch) = Busy channel ringback inhibit (will not transmit on top of
someone) * Threelsix minute “time-out” timer is resettable from the
mobile ¢« Modular phone jack and seven foot cord ¢ Available in
12 VDC or 115 VAC version

ALSO
+~ 14 day return privilege — when ordered factory direct.
+~ One year warranty — compare to their six months.
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very wide spacing was very populfar and many Ama-
teurs, including myself, thought the NBS report with
its relatively close spacings was in error. The correla-
tion between my measurements to the NBS curves
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was truly amazing, especially considering that | was
intent on proving NBS wrong.

The additional rule of thumb used by Amateurs was
to stack Yagis so that the first sidelobes were 13 dB
down. This seemed to correspond to where the gain
increase curves flattened out; however, when the side-
lobes were — 13 dB, the main lobe was less than one
half that of a single antenna. When [ attempted to find
out where the — 13 dB rule of thumb came from, the
only explanation | could find was that two sidelobes
at — 13 dB were, in total, — 10 dB from the main lobe
and anything 10 dB down (or 1/10 amplitude) was in-
significant. This seemed plausible except that the H-
plane should have a pattern similar to the E-plane —
and if it also had two sidelobes 13 dB down (with
similar beamwidth to the main lobe), the sum of just
those four lobes would be —7 dB relative to the main
lobe or 20 percent of the amplitude of the main lobe.
Thus if all four sidelobes were looking at noise sources
10 times stronger {in reality, it is not very likely all the
sidelobes would be facing similar noise sources) than
the background noise the main lobe was looking at,
the array would suffer a 6 dB signal-to-noise loss on
receive.

improving a 144-MHz EME array

With this information in mind, 1 began to look at the
144-MHz EME array | was using at that time. It con-
sisted of 4 Cushcraft A32-19, 19-element 3.2-wave-
length 22 foot (6.7 meter) long Yagis patterned after
the NBS 17-element Yagi, with a tri-reflector added.
The gain of a single A32-19 is about 13.2 dBd with
— 3 dB beamwidths in the E and H-plane of approxi-
mately 28 by 33 degrees. By using the previously
defined aperture calculation method, spacings of 2.1
by 1.75 wavelength or 14 feet (4.3 meters) E-plane by
12 feet (3.7 meters) H-plane were calculated. The man-
ufacturer of the antenna was recommending the same
spacings, so it seemed reasonable to use them when
constructing the array.

The performance of the array seemed acceptable.
I usually received good signal reports, but on receive,
signals always were poorer than expected. [ easily dis-
missed the lack of hearing on a noisy urban environ-
ment. Looking at the NBS stacking curves, NBS was
recommending 2.0 by 1.6 wavelength spacing for the
15-element 4.2 wavelength Yagi, an antenna with
about 0.8 dB more gain than the A32-19. | then made
some sidelobe measurements and found that the first
E-plane sidelobes were down about 12 dB and the
H-plane sidelobes were down only 10 dB. A quick deci-
sion was made to move the antenna spacing in to 1.9
by 1.6 wavelenghts or 13 by 11 feet (4.0 by 3.4 meters)
E by H-plane, respectively. The results were startling.
During the first two months of operation at the closer
spacing, about 20 new stations were worked on EME,



fig. 7. Four stacked NBS 17-element, 3.2 wavelength Yagi
E-plane pattern with 13 foot 0 inch (1.9 wavelength} E-
plane and 11 foot 0 inch (1.61 wavelength) H-plane
spacing.

many of them stations | had tried to work in the past
without success.

After that | obtained four more A32-19 Yagis. |
modified them to standard NBS dimensions and
removed the tri-reflectors. | then set them up on the
telescoping H-frame and set out to find what was
going on. The E-plane pattern of the 17-element 3.2\
NBS array spaced at 13 feet (4.0 meters) E-plane is
shown in fig. 7. The pattern looks very good, with first
sidelobes down 14 to 15 dB and all other lobes down
25 to 30 dB. H-plane patterns are usually more difficult
to measure. Reflections from objects such as trees and
utility poles, which are essentially vertically polarized,
complicate the problem. Tilting the array back causes
changes in ground reflections, which can induce errors
if that method is used. Because of that | did not make
a complete H-plane pattern measurement, but | did
check the first H-plane sidelobes and found them to
be only 12 dB down at the 11 foot (3.4 meter) spacing.
The aperture calculations indicated that the spacing
was already too close — however, NBS had indicated
that 1.6-wavelength or 11-foot (3.4 meter) spacing was
correct for the higher gain 15-element Yagi. To explain
this wide discrepancy between calculated spacings
and measured patterns, the patterns of the individual
Yagis were examined. Figure 8 is a computer-
generated plot of the E and H-plane patterns of the
3.2 wavelength NBS Yagi. The H-plane pattern is
noticeably less directive than the E-plane with larger
sidelobes over the entire pattern. The array pattern of
a number of Yagis is the resulting interference pattern
of the individual Yagi patterns interacting with each

KIFD YAGI AWALYSIS PROGRAN 18 18 12/22/8% -.29 10 hoom cor.
= 0
M PLANE " ~T . oo, E PLANE
£ = )

B
Nt
S\t
N

™
=

S

o
5
~

”
a

s

FREQ 144 sa
GHIN 4B 13PFB 19,92 178 180 179 cc A32-49 W | REF. (NBS 3.3

fig. 8. NBS 17-element, 3.2 wavelength Yagi computer
generated E and H-plane patterns.
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fig. 9. Six stacked NBS 17-element, 3.2 wavelength Yagi
half H-plane pattern with 13 foot 0 inch {1.90 wavelength)
(2 wide} E-plane and 11 foot 0 inch (1.61 wavelength),
(3 wide) H-plane spacing.

other. It follows that the resulting array pattern of
multiple Yagis will have larger sidelobes in the H-plane.

While measuring the four 3.2-wavelength NBS Yagi
array, it was decided to attempt to relate array main
lobe beamwidth to sidelobe level and array gain in-
crease. The 3.2 wavelength NBS Yagis reacted similar-
ly to the 12-element LPY antennas previously meas-
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fig. 10. Sixteen stacked Cushcraft 424B Yagi E-plane
pattern with 60 inch (2.2 wavelength} E-plane and 58 inch
(2.1 wavelength) H-plane spacing.

fig. 11. Sixteen stacked Cushcraft 424B Yagi H-plane
pattern with 60inch (2.2 wavelength) E-plane and 58 inch
(2.1 wavelength) H-plane spacing.

ured. When the first sidelobes were - 13 dB, the main
lobe was narrower than one half that of a single Yagi.
Likewise, the main lobe was approximately one half
the beamwidth of a single Yagi when the first sidelobes
were — 14 to — 15 dB. This relationship of first side-
lobes at — 14 to — 15 dB when the main lobe beam-
width is half that of a single Yagi has held up in all
subsequent arrays | have measured. This also includes
arrays that are three and four Yagis wide where the
array —3 dB beamwidth is approximately equal to the
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beamwidth of a single Yagi divided by the number of
Yagis in that plane. As an example, my 144-MHz ar-
ray was expanded to six 3.2 wavelength Yagis. The
vertical spacing was kept at 11 feet (3.4 meters). The
array’s H-plane pattern is shown in fig. 9. The number
of major sidelobes in an array is equal to the number
of elements in a plane minus 1. Thus the six-Yagi array
will have two major H-plane sidelobes. In this case,
the first sidelobe is — 13 dB down and the second is
— 12 dB down. As expected, the main lobe is narrower
than one third that of a single Yagi at 10 degrees. Note
that as the number of elements in an array are in-
creased {and consequently the number of major side-
lobes increase) it becomes much more important to
keep the sidelobe amplitudes under control. A look at
a 16 Yagi 432-MHz EME array will expand on this
point.

more dramatic results at 432 MHz

Frank Potts, WATRWU, had erected a 432 MHz
EME array consisting of 16 Cushcraft 424B 24-element
7.6 wavelength Yagis. The instruction sheet for the
4248 recommended 66-inch E-plane by 60-inch H-
plane spacing. This was considerably closer than the
spacings determined from calculating the aperture.
Based on actual antenna gain of 15.8 dBd and a pat-
tern of 20 degrees by 22 degrees (E by H), the spac-
ings were calculated to be 72 inches (1.8 meters) by
65 inches (1.7 meters) E-plane by H-plane. When Dave
Olean, K1WHS, of Cushcraft was contacted, he
recommended the use of even closer spacings for an
EME array — as close as 60 inches (1.5 meters) by 54
inches (1.4 meters). Because of mechanical con-
siderations, the array was assembled using 60-inch
{1.7 meter) horizontal (E-plane) by 58-inch (1.5 meter)
vertical {(H-plane) spacing. Phasing lines consisted of
1/2-inch and 7/8-inch hardline and were cut on a
return loss bridge known to be accurate. The per-
formance of the array had a familiar ring to it; Frank
would receive excellent signal reports, but on receive,
signals were far poorer than expected. Checking into
the 432-MHz EME activity, Frank found that there had
been a considerable number of other hams who had
erected 16-Yagi EME arrays for 432 MHz that never
worked well, and as a result, their stations had disap-
peared from the EME ranks.

At this point | began helping Frank to improve the
array. The first priority, | decided, was to obtain a pat-
tern measurement. The height of the array, 20 feet
(6.1 meters) above ground, made the likelihood of
taking accurate measurements remote. However, with
the amount of array gain available (close to 26 dBd)
I decided it should be possible to make adequate
measurements by using Sun noise.?® The E-plane
pattern looked excellent, with the three major side-
lobes down over 15, 25, and 17 dB, respectively



Six stacked NBS 17-element, 3.2 wavelength Yagi 144-MHz
EME array.

(fig. 10). The main lobe beamwidth was close to 6
degrees or greater than one quarter that of a single
antenna. The H-plane was a shock with the — 3 dB
beamwidth of 4 degrees or much narrower than the
expected 5.5 degrees. The major sidelobes were very
large, at only 9.5, 11.5, and 14 dB below the main lobe
(fig. 11). No EME signals had ever been copied when
the array elevation was below 18 degrees. The fact
that this angle was the same as the second sidelobe
direction was no coincidence.

Some tests with a pair of K2RIW 19-element Yagis
were run to measure changes in H-plane sidelobe
levels. It was found that the first sidelobes changed
at about 1 dB for every 2 inches of spacing change.
Since the gain of the RIW19 (15.1 dBd) is close to the
4248B it was felt that the results would be similar with
the 424B. The vertical spacing was moved in by 6
inches (15 cm) to 52 inches (1.3 meters). The first side-
lobes were expected to drop down to —12.5dB. The
results of that spacing change were amazing. The
major sidelobes were now —12.3, —20.7, and - 14.4
dB (fig. 12). Sun noise was up over 2 dB.* The on-
the-air performance improvement was even more
spectacular, with 41 QS0Os made with 34 different
stations during the first ten days of operation at the
new spacing. Fewer than 20 QSOs were made in over

fig. 12. Sixteen stacked Cushcraft 424B Yagi H-plane
pattern with 60 inch (2.2 wavelength) E-plane and 52 inch
(1.9 wavelength) H-plane spacing.
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fig. 13. Array gain and array temperature versus spacing.

two months of operation at the wider spacing. Most
of the contacts were on random operation (as opposed
to pre-arranged schedules) and included several 8 Yagi
and one 4 Yagi stations. EME signals, including
echoes, were now consistently copied down to 2
degrees elevation (the elevation angle where the main
lobe would be clearing the earth). The main lobe
beamwidth was still narrower than one quarter that
of a single 424B at 5 degrees. This again supports
previous measurements which indicated that a 1/4
beamwidth (5.5 degrees) would not occur until the first
sidelobes are down 14 to 15 dB. The pattern indicates
that the array has not yet been optimized. It is esti-
mated that the best performance would occur at 62

*Sun noise is measured by pointing the array at cold sky, noting the noise
level, and then pointing the array at the sun and measunng the nose increase.
Sun noise 15 a combination measurement of overall receiver temperature and
array gain
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inches (1.6 meters) E-plane by 50 inches {1.27 meters)
H-plane spacing.

The reason for this dramatic improvement can be
explained by looking at the approximate Earth noise
pickup from the major sidelobes when the array was
operated at low elevation angles. The main lobe at 432

fig. 14. RIW 19-element Yagi computer generated E and
H-plane patterns.

fig. 15. Cushcraft 424B Yagi computer generated E and
H-plane patterns.

28 May 1985

MHz may typically see a sky temperature less than 20
degrees K. The sum of the first three sidelobes at
-8.5, —11.5, and — 14 dB would be equivalent to a
single lobe 6.5 dB below the main lobe. Pointed at
Earth (290 degrees K}, those lobes would contribute
about 65 degrees K of noise or cause a 5.1 dB degrada-
tion in signal-to-noise ratio. With the reduced sidelobes
at the closer spacing, the sum of the three major side-
lobes is about —9.8 dB and would cause about a 1.8
dB signal-to-noise degradation. This represents a 3.3
dB receive improvement, which is quite significant on
EME. The actual array noise is much more compli-
cated; to calculate it would require summing all the
sidelobes and accounting for the strength of the noise
sources toward which they pointed. The over-2 dB
Sun noise improvement nonetheless confirms the per-
formance improvement.

An alternative method for checking system tempera-
ture without taking array gain into account is to
measure Earth noise. This is dane by pointing the array
at cold sky and then at the Earth and then comparing
the noise levels. A well-performing 432-MHz EME sys-
tem should see over a 4 dB ratio. Since this measure-
ment does not take array gain into account it should
not be used for array optimization because doing so
could result in significant gain loss. Figure 13 is a
graph of typical array temperature versus stacking gain
increase. The temperatures are not ‘‘real world”’
because they are quite different for the various
Amateur frequencies.

easier method for
measuring array beamwidths

Measuring the —3 dB beamwidths on high gain
arrays with very sharp beamwidths can be a difficult
task. WATRWU's 16-Yagi 432-MHz array uses a prop-
pitch motor for an azimuth rotator and has a 360-
degree rotation time of over 3 minutes. The elevation
leadscrew drive takes over 2 minutes to run 90
degrees. Even with such a rotating system, attempting
to measure a b degree beamwidth can be a taxing ex-
perience. With a conventional commercial rotator it
appears to be impaossible to get an accurate measure-
ment. It was discovered very early on that the half-
power beamwidth was always equal to slightly less
than 1/2 the spacing of the first nulls on either side
of the main lobe. Interestingly, DL6WU has said that
the beamwidth of a single Yagi is equal to 0.485 times
the first null spacing. The measurement of the first
nulls provides a much easier and most likely more ac-
curate means of determining antenna half-power
beamwidths.

The H-plane pattern measurements on the RIW19
Yagi provided yet another surprise. A pair of RIW13s
had first H-plane sidelobes down 13 dB at a spacing
of 54 inches (1.37 meters). The 4248s had first H-plane
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Sixteen stacked Cushcraft 424B Yagis in a 4322-MHz EME array.

sidelobes down 12.3 dB at a spacing of 52 inches (1.32
meters). Considering that the 424B has an appreciably
narrower H-plane beamwidth (22 inches versus 26
inches) and that it has more gain (15.8 dBd versus 15.1
dBd), just the opposite might be expected. The ex-
planation again lies in the patterns of the individual
antennas. Figures 14 and 15 are computer-generated
patterns for the RIW19 and the 424B. The RIW19 has,
in general, sidelobes significantly lower than the 4248
which would explain the different spacings for best
array sidelobe levels. This effect has been noted in
other Yagis also, and unfortunately makes most of the
methods of calculating stacking distances (such as the
aperture equations, or any of the various beamwidth
formulas) of little use when array temperature is of
concern. | spent a considerable amount of time try-
ing to come up with a clever little formula for calcu-
lating stacking distances, but every one | tried had
more Yagis disobey its numbers than ones that would.

This causes the optimum stacking distances to be
different for different Yagis even if they have the same
gain. Likewise a Yagi with a very clean pattern may
have an optimum stacking distance greater than
another with more gain but a poorer pattern. Keep in
mind that “optimum’’ has, in this case, been defined
as the highest G/T ratio.

mounting different frequency antennas
on the same tower

The effect of having antennas for different bands
located in close proximity has not received much
attention. The interaction between antennas can be
understood by looking again at fig. 1. If another anten-
na is located in the shadow of the first, it will not be
able to extract as much energy as the first simply
because the field strength is reduced behind the first
antenna. To quantify the effect of having different
antennas located nearby can be complicated. To
evaluate the effect of a 144-MHz antenna on a near-
by 432-MHz antenna, the aperture of the 144-MHz
antenna at 432 MHz would have to be calculated in
order to see how much of the capture areas over-
lapped. Next it would have to be determined who had
“first dibs’’ on the signal or which antenna was in the
other’s shadow.

The only conclusive measurement | have been able
to make has been to measure the Sun noise of a given
array by itself and then add the other antennas and
again measure Sun noise. | have found a consistent
degradation in Sun noise by having arrays interlaced.
Surprisingly, in most cases it is the lower frequency
array that suffers. A side effect also appears to be the
occurrence of stray sidelobes. The explanation of that
phenomenon is that the unused antenna is re-radiating
signals it had captured. Although not conclusive, ter-
minating the unused antennas in a 50-ohm load
appears to minimize the effect.

To be on the safe side, antennas should be located
such that their apertures do not overlap. This can
sometimes lead to very large spacings. As a practical
matter the casual VHF/UHF operator may never see
the performance degradation. The EME operator or
enthusiastic weak signal worker who is looking for the
last bit of performance is advised to either not mix
arrays or to maintain sufficient spacing between them.

alternate stacking arrangements

This article has addressed only arrays with the Yagis
arranged in uniform rows and columns. It may be
possible to obtain additional stacking gain while con-
trolling sidelobes by using other arrangements such
as circle or diamond configurations. This would be due
to the lower amount of aperture overlap required for
sidelobe level control. | have not examined these alter-
native arrangements because of the difficulty in
adapting them to an array with elevation control.

conclusions

Since most readers are likely to be more interested
in a guide to how far apart to stack various antennas
than in duplicating my work, table 2 is provided. It
covers a number of popular 144 MHz and 432 MHz
antennas and their recommended stacking distances.

May 1985 [B 31



table 2. Measured performance of 144 and 432 MHz antennas.
144 MHz ANTENNAS
ANTENNA GAIN PARTTERN BOOMLENGTH SIDELOBES STACKING
TYPE dBd E x H feet E x H -dB feet E x H
6 el NBS 10.2 40 x 42 1.2 8.2 1z 9 9.6 x 7.5
9 el FOFT 10.¢6 38 x 46 1.6 10.8 18 14 2.9 x 2.0
11 el Swans/KLM 10.8 40 x 44 1.8 12.3 13 10 9.6 x 7.5
11 el Cushcraft 10.8 b 40 x 46 1.2 11.8 19 13 10.0 x 2.5
12 el Swan/KLM 11.2 36 x 40 2.0 14.1 14 10 10.6 x 8.6
14 el Swan/KLM 11.8 34 x 37 2.5 17.4 15 . 10 11.0 x 9.5
20 el CC Colin 11.9 45 x 26 - - - ~-- - 9.8 x 13.2
14 el Hy-Gain 11.9 3% x 3% 2.3 15.5 ~- -- 11.0 x 9.9
12 el NBS 12.0 a 34 x 36 2.2 1%.0 15 11 11.2 x 9.6
14 el Cushcraft 12.1 34 x 36 2.2 15.0 15 12 11.2 x 9.6
16 el KLM 12.2 29 x 31 3.0 20.7 12 9 11.4 x 9.6
11 el KLM 11X 12.2 u 34 x 38 2.3 15.3 19 14 11.% x 9.9
16 el F9FT 12.5 32 x 24 3.0 20.8 12 i3 12.2 x 10.2
11 el LUNAR 12.6 c,g 32 x 35 2.6 17.4 16 12 12.4 x 10.2
13 el KLM LBA 13.0 31 x 32 3.1 21.5 14 10 12.7 x 10.6
15 el Cue Dee 13.1 30 x 32 3.1 21.3 -- -- 12.8 x 10.7
17 el NBS 13.1 28 x 33 3.2 22.0 13 10 13.0 x 10.4
19 el Cushcraft 13.2 28 x 33 3.2 22.0 14 11 13.080 x 10.5
13 el W2NLY 13.4 d 27 x 29 3.5 23.5 12 9 13.3 x 11.2
15 el Telrex 13.5 26 x 28 4.1 27.8 12 9 13.3 x 11.3
14 el KI1FO 13.7 g 29 x 31 3.6 24.3 15 13 13.7 x 11.2
1% el NBS 13.9 a 26 x 29 4.2 28.7 14 11 13.7 x 11.4
16 el KLM LBX 14.3 u 28 x 30 4.1 28.1 12 14 13.8 x 11.46
18 el Cushcraft 14.5% 27 X 28 4.2 28.7 15 12 14.0 x 11.8
432 MHz ANTENNAS
TYPE dBd E x H feet E x H ~-dB inches
11 el Tilton 11.8 f,g 34 x 36 2.6 6.0 12 13 46 x 40
13 el W6RAKI 13.3 27 x 29 3.4 7.8 12 9 53 x 44
13 21 K2RIW 13.5 27 x 29 3.4 7.8 13 10 54 x 45
15 el NBS 12.9 a 26 x 29 4.2 9.6 14 11 55 x 46
16 el KLM LB 14.4 24 x 25 5.3 12.0 11 9 56 x 48
19 el K2RIW 15.1 24 x 26 5.6 12.8 16 14 60 x %4
21 el F9FT 15.2 h 24 x 26 6.6 1%.0 14 12 58 x 52
26 el DL9KR 1.5 u,i 24 x 25 6.1 13.8 17 15 62 x 58
24 el Cushcraft 15.8 20 x 21 7.5 17.1 12 10 62 x 50
22 el DL6WU 1.8 u,l 22 x 24 6.9 15.6 1% 14 64 x 58
24 el KI1FD 16.6 k 22 x 23 7.5 17.2 16 15 66 x &0
28 el W1JIR/DLOWU 17.0 v 20 x 21 9.3 21.1 14 13 ?0 x 64
30 el KLM LBX 17.3 u 19 x 20 9.6 21.9 15 13 72 x &6
31 el W1IR/DLEWU 17.5 wu 19 x 20 10.4 23.7 14 13 74 x 68
a These NBS yagis have gain peaks 2 percent high in frequency.
b Gain peak is 11.1 dBd at 146 MHz, 2B x 44 degree pattern.
c Has incorrect balun length. With stock balun gain is 12.4 dBd.
d Figures are for 0.125 inch taper version with 20 in. reflector spacing
f Is tuned to 440 MHz. Retuned to 432 MHz gain would be 12.6 dBd.
g Design based on Greenblum 7 Tilton information.
h Is designed for 435 MHz. Gain peak is 15.% dBd at 436 MHz.
i Uses B element screen reflector,
k Is a modified 424B using a single reflector and 22 directors.
1 lIs designed for 435 MHz. Gain peak is 16.0 dBd at 436 MHz.
u Design based on DLAWU information.
Although a few tenths of a dB additional gain may be spacing even if EME or satellite communications are
obtainable at larger spacings, the added size, weight, not anticipated.
and windload would most likely not justify the wider it should be emphasized that gain alone does not
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tell the whole story. A Yagi with a cleaner pattern may
be a better choice for an EME array than one with
higher gain and a “messy’’ pattern. The highest gain
Yagi in the world is of little use if it splits into 5 pieces
the first time a storm passes by.

Finally, the following summary should serve as a
guideline in building multiple Yagi arrays:

® Optimum stacking distance is a compromise be-
tween gain increase and sidelobe level (G/T).

* Array — 3 dB beamwidth will be equal to single ele-
ment beamwidth divided by the number of elements
in a plane when the first sidelobes are -14 to
— 15 dB. This usually represents optimum stacking or
best G/T.

¢ The H-plane’s inherently less directive pattern re-
quires substantially closer spacing than the E-plane to
achieve optimum sidelobe levels.

* Negating phasing line losses, doubling the number
of elements in an array at optimum spacing will give
approximately 2.7 to 2.8 dB gain increase in the
E-plane and 2.5 to 2.6 dB in the H-plane.

* The greater the number of elements in an array, the
more critical it is to have that array optimally spaced.

* The higher the frequency of operation, the more
critical it is to have an array with small sidelobes (i.e.
optimally stacked).

* The cleaner the pattern of an individual Yagi, the
greater the optimum stacking distance will be — hence
the greater the array gain.

* Although spacings closer than the maximum gain
distance can cause the loss of a few tenths of a dB
in array gain, the closer spacing can result in several
dB of signal-to-noise ratio improvement on receive.

* |f you are going to make a mistake, put your anten-
nas ‘‘too close together’ rather than ““too far apart.”

* Placing different band antennas in close proximity
can degrade performance.
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41256 150 n.s. ........... 8/68.00

1.50

AY3-8910
W/60 Page Manual
____New Price — $7.00
8321 Clock-

alendar

P. 0. Box 280298 Dallas, Texas 75228

20.00 8085
450 8086-2
8087-3

8088

4.75
24,95
149.00

6.75
280

280 2.5 MHZ CPU
280CTC
ZB8ODMA-DMA
Z80PI10
Z80S10/0
ZB80A-4MHZ CPU
ZBOA-CTC

ZB80A DART

Z80A SI0/Q ...

1771 Single Density
1791 Double Density
1793 Special

THREE CHIP SET
1797 or 1793, 2143-03, 1691
by W.D. Compare at up to 86.85.

B.G. SPECIAL
All 3 tor only $22.95

TR1602B (COM 2017)
IM6402-(1863)+5v High speed

AYS5-1013 pin out 2.95
INS 8250B

6840

6845pP
6845S 7.50
6850 2.60
68A09EP 4.99
68A21 3.00
68B45  10.00

10.00
7.50

2.60 6545  5.00
6.95 6551  5.00

SPEGIALS

TM599532
BR1941L

= -

SOCKETS

Low Profile SOLDER TAIL
6 Pin 14/1.00
8 Pin 13/1.00

14 Rin 10/1.00
16 Pin 8/1.00
18 Pin 8/1.00
20 Pin 7/1.00
22 Pin 7/1.00
24 Pin 6/1.00
28 Pin 6/1.00
40 Pin 5/1.00

BUY $10
GET $1.00 - FREE CHOICE

2114 SPECIAL!

COMPUTER
MANUFACTURERS
EXCESS INVENTORY
SALE!
PRIME! 2114-300 n.s.
INCREDIBLE PRICE!
YOU SAVE!
8/$8.00
GUARANTEED

CRYSTALS

32.768 Khz SPECIAL

262.144

300.000 .
15432 Mhz . ... ... ... ... .
1.8432

3.579545
4.000

4.194304
4.433618
4444.000
4.9152

4.916 Bd. Rate
5.000000

7.164112 E
73728 ...l 1.49

TERMS: (Unless specified elsewhere) Add $1.50 postage, we pay balance. Orders over $50.00 add85¢ tor insurance.NoC.0.0.Texas Res. add 6-1/8" Tax. 90 Day Money
Back Guarantee on all items. All items subject to prior sale. Prices subject to change without notice. Foreign order - US funds only. We cannot ship to Mexico, Countries

vther than Canada, add $3.50 shipping and handling.
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Tell ‘'em you saw it in HAM RADIO!



P. 0. Box 280298 Dallas, Texas 75228

(214) 2711-5546 E

Big Computer Manufacturer Does It Again!!!

DISK DRIVE BONANZA — DOUBLE SIDED 5'."
DOUBLEDENSITYFACTORY NEW DISK DRIVES

MANUFACTURED IN JAPAN BY CANON.
THESE ARE PROBABLY THE MOST BEAUTIFUL
5%"” DISK DRIVES WE HAVE EVER SEEN 40
ON THE SURPLUS MARKET! TRACK

$4995:, |2 ron $85°°

ADD $1.50 EACH FOR POSTAGE

SPECS: DOUBLE SIDED — 40 TRACK
SINGLE OR DOUBLE DENSITY

TWO THIRDS HEIGHT (SPACE SAVER?!)
INDUSTRY STANDARD PIN OUT
DIRECT DRIVE — NO BELT TO BREAK!
FAST ACCESS — 6MS

LATEST HEAD & DRIVE TECHNOLOGY

The same poor purchasing agent who nearly got lynched for over buying so many D.C.
switchers has gotten carried away again. The Big Boss found another hiding place crammed
with a truckioad of the brand new precision manufactured 5" disk drives. Fortunately for us,
the Big Boss remembered us from the switchers deal and he gave us an opportunity to make
the “Second Best” surplus buy of the decade. Even though we bought a huge quantity, please
order early to avoid disappointment. Please do not confuse these sleek, 2/3 height, high
quality Japanese disk drives with the flimsy domestic units sold by others.

SERIAL ASCIl KEYBOARD ATARI HEX KEYBOARD

J S—— $4995
This is no mlsprlnt!d
Maxi Switch 67 Key (includes 10 function keys)

QWERTY serial keyboard. Number KYBD2185010
keyboard which uses a CMOS 8048 single chip

! 3 for $20°°

W -
ATAR\ ©1.8D

microprocessor for super low power consumption.
Very high quality with an exceptionally smooth feel.
Originally designed for use in a portable computer.
Simple serial interface — complete documentation
included — Size: 12" x 5%"

These won't last long at this price!!!!

TERMS: (Unless specitied elsewhere) Add $1.50 postage, we pay balance. Orders over $50.00 add 85¢ for insurance. No C.0.D. Texas Res. add 6-1/8% Tax. 30 Day Money Back
Guarantee on all items. All items subject to prior sale. Prices subject to change without notice. Foreign order - US funds only. We cannot ship to Mexico. Countries other than

Canada, add $3.50 shipping and handling.

More Details? CHECK — OFF Page 166

Originally designed for use with an Atari Home
Computer. Brand new in box. Encoded using the
popular National Semi 74C923. Fuill schematic
included. Originally sold for many times our price.
Many applications besides computer use. 119
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120 volt

primaries
5.6 VOLTS @ 750 MA $3.00
6 VOLTS @ 150 MA $1.25
12 VCT @ 200 MA $2.00
18 V. @ 650 MA $3.50
18 VOLTS @ 1 AMP $4.50
24 VOLTS @ 250 MA $2.50
24VCT @1 AMP $4.50

WALL
TRANSFORMER
ALL ARE 115 VAC /. )
PLUG IN @
4VDC @ 70 MA $2.00
9VAC @1AMP $3.00
12.5 VAC @ 265 MA $2.50
17 VAC @ 500 MA $4.00
24 VAC @ 250 MA $3.00
SPRING LEVER

TWOQ COLOR —
CODED
TERMINALS

ON A STURDY
23/4" < 33/47
BAKELITE PLATE.
GREAT FOR SPEAKER ENCLOSURES
OR POWER SUPPLIES

$1.00 EACH 10 FOR $9.00

WE HAVE QUALITY PARTS. DISCOUNT PRICES AND FAST SHIPPING!

TI# 1053214-2

COMPACT, WELL-REGULATED SWITCHING
POWER SUPPLY DESIGNED TO POWER TEXAS
INSTRUMENTS COMPUTER EQUIPMENT.

INPUT:
QUTPUT

14VAC-25. VAC AT 1A
+12VDC AT 350MA

+ 5VDCAT 1.2A

~ 5VDC AT 200MA
SIZE: 4%" < 4Y%" x 1%”

FREE! =y

13.8 VOLT REGULATED

LINECORDS | MIKE CONNECTOR| 7 CONDUCTOR REVERBERATION UNIT
Juowee | @ \ =t vsouo
' 18ga | - - 2
3 FOR $1.00 S T T oS ACCUTRONICS COLL SPRING TYPE UNITS, USED IN
: ELECTRONIC ORGANS TO PROVIDE ACOUSTIC DELAY
THREE WIRE ;m?&gg:ggggame AS SOUND EFFECTS INPUT IMPEDANCE 8 OHMS, QUTPUT
8 FooT 182 THREE WIRE | ¢2'60 PER SET IMPEDANCE 2250 OHMS. 41/2" x 16%4"x 13/15"
2.00 EACH -
SPECIRASTRI? RED WARKER ND VIDEO MODULATOR
IP. 28 GA STRANDED WIRE
MULTI-SWITCHES ] M1§T ER S BRS L os M) FOR T.l. COMPUTER
3 STATION S P 7.1 # UM1381-1. DESIGNED FOR USE
S 22N THIS 2174 2K 10 TURN WITH T.1. COMPUTERS. CAN BE USED WITH
NON-INTERLOCKING g/\ SQUARE METEF MULTI-TURN POT VIDEQ SOURCES, BUILT-IN A/8 SWITCH
3. 2PDT SWITCHES MEASURES SPECTROL CHANNEL 3 OR 4 SELECTION SWITCH.
23 EACH OPERATES { 0-15 VDC D oD 5347761 GPERATES ON 12 VOC. HOOK UP DIAGRAM
INDEPENDENTLY. s $4.50 EACH $5.00 EACH $10.00 EACH
1%" BETWEEN B-
v cenrens | SUB-MIMATURE. T™RGTARY SWITCH 48 KEY ASSEMBLY FOR
$1.75 EACH POLE £
CONNECTOR 6 l;osmON ') ~ T.I. COMPUTER
ey ! NEW TEXAS INSTRUMENTS
I N'I'5E§[‘g‘COKPI‘N G mnm = 1% DIA x 1%2" HIGH 25 R P_’%‘g".i KEYBOARD. UNENCODED.
T 75¢ EACH s 25002 SRR IS
MADE BY ALPS OLOER TYPE 508 MINIATURE 10 for $6.00 WY === 7015 PIN CONNECTOR
3-2PDT AND ggm;ECTTows)%sKEBProﬂ \'=. SOLID METAL FRAME 4" X 9
2-6PDT ER H( S
2 OES ON FULLY PBaSPLUG  $2.75 PUSHBUTTON $6.50 EACH 2 FOR $11.00
INTERLOCKING ASSEMBLY DB-15S0CKET  $4.00 POWER SWITCH EDGE 7 R
3va” BETWEEN -15 HOOD 1.50
MOUNTING CENTERS 82%2 E(L)‘éger :g;g =R CONNECTORS ‘d]g.,ov NDICATO
8250 EACH DB.25HOOD __$1:25 glg it - ’ NEON INDICATOR. RATED
5 STATION - - e ALL ARE 156" SPACING ) ‘
20V 1/3 W. MOUNTS IN
NON-INTERLOCKING PARALLEL DOUBLE POLE POWER SWITCH 10 PIN EDGE 5/16" HOLE .. RED LENS.
PRINTER
SAME AS ABOVE, EXCEPT PUSH-ON. PUSH-OFF. CONNECTOR 75¢ EACH
$1.00 EACH 10 FOR $7.00
EACH SWITCH OPERATES TRW #50-10-420  $2.00 EACH 100 FOR $65.00
INDEPENDENTLY SWITCHES g
—_ MINI-PUSH BUTT 22/44 TIN GEL CELL
-PUSH ON e c. STYLE; NO MOUNTING EARS, BATTERY
$1.50 EACH 10 FOR $14.00

Ti SWITCHING POWER SUPPLY

$5.00 EACH

POWER SUPPLY

THESE ARE SOLID STATE FULLY REGULATED
13.8 VOC POWER SUPPLIES. ALL FEATURE
100% SOLID STATE CONSTRUCTION, FUSE
PROTECTION, L.E.D. POWER INDICATOR.

2 AMP CONSTANT, 4 AMP SURGE.

I.D.C. MALE

SAME AS ABOVE.
SRS

et S TANDARD
RIBBON CABLE

S.P.S.T. MOMENTARY
| NORMALLY OPEN
1/4” BUSHING

35¢ EACH

10 FOR $3.25

100 FOR $30.00
SPECIFY COLOR:
RED, BLACK, WHITE,
YELLOW

22/44 GOLD
PC.STYLE $2.00 EACH
10 FOR $18.00

28/56 GOLD

28/56 GOLD PLATED CONTACTS
156 CONTACT SPACING.

$2.50 EACH 10FOR $22.00

RELAYS

SOLID STATE RELAY

HEINEMANN ELECTRIC
#101-5A-140—5 AMP &7 = %

CONTROL: 3-32vDC

LOAD: 140VAC 5 AMPS
SIZE: 2" X 1" X %" HIGH

48 PAGE CA

COMPUTER
GRADE
CAPACITORS

2,000 mtd. 200 VDC

TALOG wms FREE!

SLIDE A POTS

100K linear tape
2" LONG

15/8" TRAVEL  75¢ EACH

500K linear taper
27/8" LONG

12 VDC @ 1.2 AMP HOUR
4"X113/16" X2 1/8"
$15.00 EACH

L.ED'S
STANDARD JUMBO
DIFFUSED
RED 10 FOR $1.50
GREEN 10 FOR $2.00
YELLOW 10 FOR $2.00

FLASHER LED

13/4"DIA. » 5" HIGH $2.00 D1 3/4" TRAVEL  75¢ EACH A H VOLS :;ESASTIZ%N
UAL 100K audio taper RED JUMBG St.
3,600 mid. 40 VDC 3 1/2" LONG pe $1.00 EACH
13/8"DIA. * 33/4"HIGH $1.00 ¥ 2 1/2* TRAVEL. $1.50 EACH BI POLAR LED
6,400 mfd. 60 VOC 2FOR §1.70
13/8"DIA » 4 1/4"HIGH $2.50 CRYSTALS
CASE STYLE HC33/U LED HOLDERS
COLORBURST TWO PIECE HOLDER
?;}%,T'f’;]zégc s250 | 2z SSTasISKE FOR JUMBO LeD | &
¢3.50EACH | $100EacH |10 FOR 85¢ 200 FOR $1000
72,000 mtd. 15 VDC CLEAR CLIPLITE
2’DIA <43/8"HIGH  $3.50 METAL OXIDE HOI?«REFEED AFANGY
VARISTOR INDICATOR. CLEAR.

185,000 mtd. 6 VDC
21/2"DIA < 41/2"HIGH  $1.50

CLAMPS TGO ¢IT CAPACITORS 50¢ eo.

G.E. # VB2ZA12
50 VOLTS. NOMINAL D.C
VOLTAGE. 5/8" DIAMETER

I

2 FOR $1.50

4 FOR $1.00

312"
SPEAKER

UL LISTED $18.00 EACH $5.00 EACH 10 FOR $45.00
MINIATURE
DC CONVERTER [ 1N4148 6 VDC RELAY
SUPER SMALL
SPECIAL 2D <PDT RELAY:
45" SPACING P.C. LEADS GOLD COBALT
1000 FOR $10.00 CONTACTS
10,000 FOR $$85.00 RATED 1 AMP AT 30 VDC:
HIGHLY SENSITIVE, TTL
DESIGNED TO PROVIDE A KEY ASSEMBLY DIRECT DRIVE POSSIBLE
STEADY =5 VDC @ 240 MA 5 KEY OPERATES FRO| TO
FROM A BATTERY SUPPLY EY . $1.00 & V. COIL RES. 220 OHM
=t = AT o
OF3.5706.25V = !"."-‘E_- EACH 13/18" « 13/32" = 7/16"
2 1/16"X11/16" X $1.50 L ——— AROMAT # RSD-6V
1 11/16" HIGH EACH GONTAINS 5 SINGLE-POLE $1.50 EACH 10 FOR §13.50
NORMALLY OPEN SWITCHES
TRANSISTORS MEASURES 3 3/4" LONG 13 VDC RELAY
6 KEY CONTACT S.PN.C.
2N706 4 FOR $1.00 $1.25 10 AMP @ 120 VAG
2N2222A 3 FO::}gg EACH ENERGIZE COIL TO
PN2222 4FORS1.
2N2904 3FOR $1.00 CONTAINS 6 SINGLE-POLE como:,aEco%o&BAgJMé
2N2005 3FOR$1.00 NNORMALLY OPEN SWITCHES. | gprciaL PRIGE $1.00 EACH
2N2807 3FOR$1.00 MEASURES 4 1/4” LONG.
4 PDT RELAY
POWER SUPPLY W/PRE-AMP « 14 pin style

TOLL FREE ORDERS ONLY
1-800-826 5432
(ORDER ONLY)

(IN CALIFORNIA: 1-800-258-6666)

ALASKA HAWALIL
OR INFORMATION
(213} 380 8000
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THIS SUPPLY WAS USED TO POWER
AN 8 TRACK/CASSETTE UNIT. IT

WiLL SUPPLY APPROX. 18 vODC AND

INCLUDES A SMALL PRE-AMP TO

BOOST SIGNAL LEVEL.

RCA PLUGS FOR LINE IN/OUT

$4.50 EACH

ALL ELECTRONICS CORP.

905S. VERMONT AVE. P.O.BOX 20406 LOS ANGELES. CA 90006

LocATION
6228 SEPULVEDA BLVD. VAN NUYS, CA 91411

geCOND

» 3 amp contacts
« 24 voltdc or

120 volt a.¢. coil
« Used but tully tested
$1.70 EACH
specity coil voltage
LARGE QUANTITIES AVAILABLE

SOCKETS FOR RELAY 50¢ each

MINIATURE TOGGLE SWITCHES

ALL ARE RATEg 5 Al

MPS @ 125 VAC

S.P.D.T. S.P.D.T. S.P.D.T.
(on-on) (on-on) (on-off-on}
SOLDER LUG
NonTupEapep f TERMINALS TERMINALS.
BUSHING $1.00 EACH $1.00 EACH
75¢ EACH Tl 19 FS“R“’% 10 FOR $9.00
10 FOR $7 00 00 FOR § 100 FOR $80.00
SP.DT. e D.PD.T.
(on-off-on) P LUGS (on-on)
NON-THREADED| THREADED SOLDER LUG
BUSHING BUSHING TERMINALS
P.C. STYLE ol $1.00 EACH $2.00 EACH
75¢ EACH 2 10 FOR $9.000 10 FOR $19.00
10 FOR §7.00 100 FOR $80.00 100 FOR $180.00

CALIF

8 OHM
IMPEDANCE,
FULL RANGE
SPEAKER.

8 0Z MAGNET.
4" DIAGONAL
MOUNTING CENTERS

$2.50 EACH
10 FOR $20.00

SOLID STATE
BUZZER

STAR #SMB-0O6L.

6 VOC.
TTL COMPATIBLE.
$1.00 EACH

10 FOR $9.00

QUANTITIES LIMITED

MINIMUM ORDER $10.00 -

USA: $300 SHIPPING e

FOREIGN ORDERS
INCLUDE SUFFICIENT
SHIPPING

2

RES ADD 612

NOCOD'
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active antenna
covers 0.5-30 MHz

Double duty allows
2-meter operation as well

Active antennas have been available commercial-
ly for several years, but relatively little practical in-
formation about them has appeared in the Amateur
journals."? This article illustrates how to build a sim-
ple one covering from 500 kHz to at least 30 MHz using
commonly available components. As an added bonus,
the antenna works as an omnidirectional 2-meter
antenna when not in use for HF reception. It will also
meet the needs of SWL's for casual monitoring on the
HF bands.

First, some clarification is in order. True active
antennas (sometimes referred to as voltage probe
antennas) use circuitry somewhat more sophisticated
than what is presented here.? Antenna probe lengths
of 2 inches have been used in some commercial
models intended for military markets. Their circuitry
does not match impedances in the usual sense, as
does the simple approach used here.** Instead, their
reactive components are made small in comparison to
the extremely high source-follower FET input impe-
dance, effectively swamping out the reactive compo-
nent. A short probe antenna, at the lower HF frequen-
cies, may have a capacitive reactance in the millions
of ohms, while its effective radiation resistance is only
a very small fraction of an ohm.? Despite its lack of
eloquence the antenna presented here works well, and
can be built in a weekend for very little cost.

general coverage antenna needed

Amateur Radio manufacturers have caught on to
the market for general-coverage reception — today
many transceivers will receive from the lower LF
ranges continuously up to 30 MHz and beyond. While
the benefits of general-coverage receivers are obvious,
some problems await those seeking a single antenna
capable of spanning several octaves.

The simple link-coupled LC preselector circuits used
in vintage tube-type receivers were capable of match-
ing to a wide variety of loads, and an "antenna’’ tun-
ing control served in tweaking the most out of any
antenna. But the situation is somewhat different to-
day. Modern receivers are carefully designed for
proper gain distribution. The tracking preselectors and
high-gain front ends are gone; in their place are mod-

Internal view of unit shows the construction details of the
active antenna. The ASP-677 commercial antenna was used.
Because of the softness of the minibox aluminum. the
3/8-inch snap-mount washer was removed and installed on
the inside wall of the minibox. This washer is part of the ASP
snap-mount assembly.

By Peter J. Bertini, K1ZJH, 20 Patsun Road,
Somers, Connecticut 06071
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item  description

ANT-1

F1 1 amp, fast-biow luse

antenna probe, 20-50 inch length. Stainless steel antanna whip, alum-
inum tubing, or collapsible whip. Radio Shack No. 15-232 (38
inches) or No. 270-1401, 270-1402, 270-1403, or 270-1405,

J1 RF connector, $0-239
® RFC-1 20 turns No. 26 wire on Amidon F150-61 core malerial (see text)
RL? reed relay, SPST. 12 YDC coil.
ANTENNA | S1 SPST sawitch. 125 VAC rating. Radio Shack 275-612 or equivalent
T 9 bitiiar turns, No. 26 wire on Amidon T68-8 core material. Wire 4-6
twists per Inch (see text)
72 power transtormer, 117 VAC to 12.6 YAC at 100 mA minimum. Radio
Shack No. 273-1385 or equivalent
Y 0.22
4xiN9I4 \
—to 7
oA |
1
4
Ji
RLY 1.2n
INdDO7
I 0.00/
1
SufF
BRIDGE RECTIFIER * MOUNT CLOSE TO REGULATOR
i 14,200 Piv
o\
680
Hrvac Te “ ’ ’ r8i2 A
s
! 10004F * /717 * | »
- I ssvoc I 022 0.1 I LED
o

fig. 1. The schematic for the indoor antenna. This version has no provisions for 2-meter operation. DC voltage measurements
are provided to assist in troubleshooting. Vo/tages are indicated by circled values.

ern electronically-switched broadband filters. But
these filters are not tolerant. If the load is not 50 ohms,
their performance is no longer predictable and losses
can become excessive. Consider the use of an 80-
meter antenna for shortwave reception in the 40-meter
region. An 80-meter dipole at 40 meters is virtually
unusable because as the feedpoint impedance soars
to a very high value the shunt capacity of the coax
greatly attenuates incoming signals.

impedance transformation needed

Did you ever wonder how an automobile’'s AM
antenna could work effectively on FM and yet be so
short? The answer lies in the special high-impedance
coax and special front-end design used in these
receivers. (If you've ever tried to replace this coax with
a length of RG-58 you've quickly learned a lesson in
capacitive losses.)

38 [B May 1985

If a short antenna will work at 550 kHz, it will work
elsewhere as well. All that’s needed is an impedance
transformation network to change the extremely high
termination impedance of our short ““probe’’ antenna
into a usable 50-ohm impedance for our receiver,
across a range of several octaves. The size of an an-
tenna has little bearing on its performance — full-size
antennas do offer 50-ohm feedpoint impedances and
low enough resistance losses to allow efficient RF
radiation.® For receiving applications, many Amateurs
have found that antennas such as the Beverage,
ferrite-loop, and active antenna often out-perform full-
size transmitting antenna arrays because of their lower
susceptibility to noise pickup — and in some cases,
their excellent directivity in the lower HF regions.

A JFET source-follower stage provides the desired
high-to-low impedance transformation. (While a
2N5486 was used here, an MPF102 will also work.)



680 0.22

[\ COAX CABLE
T0 J2

I

ttem description

J2-3  $0-239 coaxial RF connectors

RFC-2 20 turns No. 26 wire on Amidon FT50-61 core material (see text)
3 power transformer, 117 VAC to 18 VAC at 100 mA minimum (Radio

Shack No. 273-1515 may be used, aithough it offers larger currant
capability than is necessary.)

RFC2 1.OpH

g ]
X - I’;’;"’VZZI

78185

fig. 2. The schematic for the outdoor antenna. Only circuit changes from fig. 7 are shown. Note the elimination of the
0.22 4F coupling capacitor, allowing DC feed on the coaxial cable. Power supply components have been changed for 15-volt
output, compensating for possible resistive cable losses. Component values not shown are the same as in fig. 7.

COAX TO 43
HF RX

The antenna is a length of wire, about 48 inches (1.22
meters) long. A length of stainless-steel wire salvaged
from an old VHF whip or automobile antenna or even
a section of aluminum tubing may be used for the
antenna probe.

Two versions of this antenna were built and tested;
one was designed for indoor use and the other for out-
door mounting. The indoor unit was built in a small
enclosure. The exact dimensions are not critical, pro-
viding all components can be comfortably mounted
inside. The only difference between the indoor and
outdoor modeis is in the packaging — the outdoor
model uses a remote weather-proof housing for the
preamp and antenna probe. Everything is self-con-
tained in the indoor version.

Referring to fig. 1, for the schematic for the indoor
model, note the back-to-back diode protection from
the JFET gate to ground. | found that the static dis-
charge generated from shuffling across the shack floor
was responsible for the untimely demise of several
2Nb486 devices before | realized what was going on.
These diodes do not guarantee total protection — the
best safeguard is to avoid touching the antenna
probe. To prevent generation of an insidious form of
TVIin the outdoor'antenna caused by diode rectifica-
tion of RF radiated from nearby HF or VHF transmit-
ters, a small reed relay is used to disconnect the an-

tenna probe from the preamp stages when the antenna
is not in use. This also offers some protection to the
JFET during electrical storms, when static charges
might build up on the antenna. The reed relay should
be used in the indoor model as well for protection
against static discharges. The reed relay is used only
in the HF model — for 2-meter operation a more in-
volved switching scheme using DPDT relays is
needed. (This will be addressed in greater detail
below).

The schematic shown in fig. 2 serves as the basis
for the outdoor HF active antenna. The only differ-
ence is in the power feed arrangement. In the outdoor
model, power for the preamp head is fed through the
coax from the indoor power supply.

additional gain needed

Following the JFET device, which does not provide
voltage gain, is a class-A bipolar stage using a 2N3866
transistor. (A 2N5109 could be used here instead.)
“Hotter”’ transistors such as the TRW LT1001 might
offer some improvement, especially at higher frequen-
cies, but they might also require some circuit revisions
to prevent self-oscillation. This stage does provide
gain, building up the very small signals captured by
the short antenna. The transistor must be heatsunk;
the stage draws about 25 mA resulting in considerable

May 1985 39



«| LEFT.PR€ES WITHOUT POWER
FOR MAN TO CREATE”

And the people at Photocomm are creating this needed power.
Their solution is being the best in Photovoltaic engineering
and design to service all your remote electrical energy needs
from design to installation in a multitude of areas:

e Telecommunications

e Navigational Aids

e Water Pumping

¢ Railroad Signalling

Cathodic Protection

Photocomm has the total service and professionalism that
those of higher authority demand.

k‘ PHOTOCOMM INC. ‘,
PHOTOVOLTAIC SYSTEMS
s 7735 E. Redfield Rd.

Scottsdale, AZ 85260 - SOLA\DLT

(602) 948-8003 INTERNATIONAL
TELEX 6835043 w121




T item description

SEE FiG. 4 RFC3 20 turns No. 26 wire on Amidon FT50-61 core material
RL2,3  minature hermetically-sealed relay. DPDT 12 VDC coil. 6 VOC coils
okay if relays wired in series. (6 VDC hermetic relays available from
Al Electronics Corp., P.O. Box 20406, Los Angeles, California 90006.)
s2 miniature DPDT toggle switch. Radio Shack No. 275-636 or equivalent

%L,

e

-l o

r
I
|
|
i
t
|
I
|
|
L

|
|
_———

COAX TO
CONTROL BOX

{
0D

)

RL3 0.00/

|

2-METERS
FROM 15VDC SUPPLY S2A

0

RL2

f Lo

I
i) e

COAX TO
PREAMP
HEADEND

———0

~ TO Z-METER JﬂFI IO'OOI
S RADIO

1

RFC3

U 1.OuH

HF RECEIVER

from previous diagrams.

fig. 3. The changes allowing 2-meter operation for the active antenna while not in use on HF. The 15-VDC power source
is the one shown in fig. 2. Two DPDT relays bypass the active antenna preamp stages for straight-through operation on
2 meters. Six-volt relays will work, providing the coils are wired in series. Component values are not shown if unchanged

o AY! ~
) Al

device dissipation. Shunt feedback sets the stage gain
and insures stable operation. A series choke in the
feedback network allows greater gain at higher fre-
quencies, this is necessary because the ft (the gain-
bandwidth product, or the frequency at which the cur-
rent gain reduces to unity) of the 2N3866 is only 500
MHz. A broadband interstage matching transformer
is used between the source follower and bipolar ampli-
fier. Using 20 bifilar turns allows enough inductive
reactance for operation through the AM broadcast
band. If AM broadcast band coverage is not desired,
the windings may be reduced to nine bifilar turns. This
will cause gain to start rolling off below 1800 kHz,
while yielding a slight improvement above 30 MHz.

All models were constructed and tested using point-
to-point wiring techniques on double-sided PC board
material. Phenolic soldering strips provide the
mechanical support needed for components and
wiring. While the results are not overly photogenic,
the circuit works as intended. Etched printed-circuit
construction is not needed here.

The outdoor model works best.! Mounted high and
in the clear, it is not subjected to the man-made noises
carried and radiated on the home’s wiring. Many com-
mon home appliances will generate copious amounts
of broadband hash across the HF spectrum: vacuum
cleaners, television horizontal-sweep circuits, fluores-
cent lights, light dimmers, computers, and numerous
other devices will cause grief for the serious HF
operator. While the antenna can be side-mounted to
an existing tower leg, it is best to mount it away from
nearby metal objects. If at all possible the antenna
should be top-mounted on the tower masting. Lead-
in coax can be either RG-59 or RG-58 type cable. RG-8
coaxial cable can be used with the outdoor combina-
tion 2-meter/HF model to limit the VHF losses.

use for 2 meters as well

Since the antenna probe is 48 inches long, we have
the basic foundation for a 5/8-wavelength vertically
polarized antenna for 2 meters. All that's required is
a matching transformer (fig. 4) to match the
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fig. 4. Construction details for the 5/8: two-meter radi-
ator and matching transformer. The transformer may be
formed by winding the antenna rod around a suitable
form. These dimensions were taken from the ASP-677
matching transformer assembly.

5/8-wavelength radiator to 50 ohms. Given a length
of stainless steel antenna rod, it is possible to make
the coil and whip one continuous piece. A commer-
cial 5/8-wavelength antenna, such as the Antenna
Specialists model ASP-677, could serve here as well,
and was my choice for my outdoor HF/VHF combina-
tion antenna. Note that the ASP whip is cut for about
46 inches (1.17 meters); this is because of the added
length introduced by the spring assembly. Half-wave
or 5/8-wavelength antenna designs using grounded,
tapped matching transformers will not work. The ex-
tremely small inductances will short circuit HF signals.

Three or four ground radials are needed for the
2-meter/HF combination active antenna. These should
be a little longer than a quarter-wavelength, 20-inch
lengths of stainless steel antenna whip wire or
aluminum tubing will serve here. SWR is adjusted by
trimming the radiator length; 48 inches will be about
optimum for the upper 2 MHz of the band. If trimming
the antenna does not yield an SWR under 1.5 to 1,
compressing or expanding the transformer coil should
provide a good match. The radials must make good
electrical contact to the metal enclosure housing the
antenna. A Radio Shack catalog No. 270-238 mini-box
houses my unit. Its 5-1/4 x 3 x 2-1/8 inch (13.34
% 7.62 x 5.52 cm) size is roomy enough to comfort-
ably mount the preamp components. The PC board
used for mounting the active antenna components
must also make a good low-impedance RF ground
connection to the enclosure. This provides the needed
RF ground path for the 2-meter antenna. If the ASP
antenna is used, a short length of RG-58 coax should
be used between the 3/8-inch snap-mount and pre-
amp changeover relay. Use short coax lead connec-
tions to the relay and ground.
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Figure 3 outlines the electrical details for the dual-
purpose antenna. Two miniature hermetically sealed
relays are used to bypass the preamp stages, allow-
ing straight-through operation for 2 meters when the
power is removed from the antenna. Metal-can 6 VDC
hermetic relays can be used, providing the coils are
connected in series. Six-volt relays are often more
easily available, and cheaper, than their 12-volt
counterparts. A 1N4007 silicon power diode protects
the amplifier from reversed supply voltages; and from
the counter-EMF generated by the relay coils as power
is removed. Depending on the length of coax used,
the power supply voltage may have to be increased
to compensate for voltage drops in the coax cable.
The 2-meter version draws over 100 mA; at least 12
volts should be available at the antenna preamp.

Short leads are mandatory for good VHF operation.
The straight-through 2-meter operation uses a short
piece of coax cable between the relays. RG-174 is okay
for this, but extremely short ground and center wire
connections must be made at the relays. The shack-
mounted power supply unit should be as carefully con-
structed, to keep the losses at a minimum. Note the
use of the DPDT switch; it does ""double-duty” in
switching the power to the antenna preamp and also
changing the feedline between the HF receiver and

=
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The finished dual-purpose active antenna. Note the installa-
tion of the 1/4- wave 2-meter radials. (See W6SAIl's November,
1984, column in ham radio for a timely discussion on im-
proving radial performance for 5/8-wave 2-meter antennas
used in this fashion.)



2-meter FM rig. Very short leads are used for the coax
connections at the switch terminals, avoiding severe
impedance bumps at 146 MHz. Use care in soldering;
overheating the center insulation may result in a short
to the coax braid. The outdoor antenna enclosure
should be weatherproofed. (Silicone bathroom caulk
will do well for this purpose.) Be sure to allow for con-
densation; a small drain hole on the bottom of the
enclosure is needed. Also spray the PC board and
components with clear acrylic spray to prevent corro-
sion. Anti-moisture and fungicidal varnish, carried by
some electronic suppliers, is what | used, and it is also
ideal for sealing the coax connections after they have
been taped.

what to expect

Although performance of either model is adequate
for casual monitoring, it is difficult to evaluate these
antennas unless an antenna test range equipped with
full-size antennas for all of the frequencies involved
is available. S-meter comparisons alone can be decep-
tive. A higher S-meter reading may be obtained with
an active antenna with excessive internal gain, while
the signal-to-noise ratio may be best on the compar-
ison antenna. This lesson was demonstrated some
years ago when | tried using an old RME preselector
ahead of a 51J3 Collins receiver. Above 15 MHz the
S-meter was very “busy’’. Switching off the preselec-
tor often dropped S-9 signals to an S-1 or less, even
though the readability increased dramatically.

With the active antenna connected to your HF
receiver and turned on, a slight increase in receiver
noise should be heard. Disconnecting the whip an-
tenna from the preamp should cause a noticeable re-
duction in receiver noise. This is a good indication that
everything is working as it should. The gain of this
active antenna is not as great as some commercial
units ['ve used in the past. Do not expect signals to
produce the same S-meter readings as a full-size
antenna.

Some variations of the design are possible. SWL's
with a need for coverage in the LF ranges below 550
kHz might consider eliminating the interstage match-
ing transformer. However, without the matching trans-
former, 60-cycle cross-modulation from strong nearby
AC powerline fields will be an annoying problem. This
can be especially troublesome in the indoor model
where the probe and preamplifier stages are near to
the power transformer. The limiting factor for LF per-
formance is the choke values used to isolate the DC
supply voltages. They will have to be increased to
allow operation below 500 kHz. There is no magic in
the antenna probe length — antennas as short as 20
inches might prove adequate. The 48-inch length was
selected to allow 5/8-wave 2-meter operation. An
18-inch (45.7 mm) probe could serve as a 1/4-wave

2-meter radiator and eliminate the need for the 2-meter
matching transformer.

A few words of caution: the 2-meter antenna will
handle about 25 watts. More than this invites damage
to the 1-uH chokes. When using the antenna on an
HF transceiver, never transmit into the antenna.
Always disconnect the mike and key and set the drive
and mike controls at minimum before connecting to
the active antennal!

There you have it, all in one package: an all-band
HF antenna for SWL'ing on your transceiver and a
2-meter antenna for your FM rig. Considering the
obstacles facing many Amateurs — lot size, restric-
tive zoning regulations, and unsympathetic landlords
— this antenna will offer a lot of performance in a
small, inexpensive and inconspicuous design.
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9 MHz CRYSTAL FILTERS

Appli- Band-
clﬂlron width Poles
2.4 kHz

55B 24 kHz

24 kHz

24 KHz

24 kHz

3.75 kHz

50 kHz

120 kHz

500 Hz

500 Hz

[ o 250 Hz

IF noise 15 kHz

10.7 MHz CRYSTAL FILTERS

XF107-A NBFM 12 kHz
XF107-B NBFM 15 kMHz
XF107-C WBFM 30  KHz
XF107-D WBFM 36 kHz
XF107-E Pix/Data 40  kHz 67.30
XM107-S04 FM 14 kHz 30.15

Export inquines Invited Shipping $3.75

MICROWAVE MODULES VHF & UHF EQUIPMENTS

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

LOW NOISE RECEIVE CONVERTERS

1691 MHz MMk 1691137 $249 95
1206 MHz GaAsFET MMK1296-144G 149 95
432/435 MMc432-28(S) 74.95
439-ATV MMc439-Ch x 8495
220 MHz MMc220-28 69.95
144 MHz MMc144.28 54.95
Options: Low NF (2.0 dB max_, 1.25 dB max }, other bands & |F's available

LINEAR TRANSVERTERS

1296 MHz 1.8 W oulpul, 2M in
432/435 10 W output, 10M in
144 MHz 10W output, 10M in
Other bands & IFs available

LINEAR POWER AMPLIFIERS

1296 MHz 20 W output UP1296-20-L 439 95
4321435 100 W output MML432-100 369 95
50 W output MMLa32-50 199 .95
30 W oultput MMLA32-30-1L.5 209 95
200 W oulput MML144-200-5 374 95
100 W output MML 144-100-LS 239.95
50 W oulput MML144-50-5 149 95
30 W output MML144-30-LS 109 95

All models inclutie VOX T/IR switching
“L" models 1 or 3W drive, others 10W drive

Shipping: FOB Concord, Mass

ANTENNAS

420-450 MHz MULTIBEAMS 183

28 Element T0/MBM28 12 dBd T $39 95
48 Elemant 70/MBM48 15 7 dBd 50 95
B8 Elemant 7O/MBMABSR 18 5 dBd 5 B 95

144-148 MHz J-SLOTS

B over 8 Hor pol D8/2M 12 3 dBd $63 40
8 by B Vet pol D8/2M.vert 12 3 dBd 79 95
10 « 10 Twist 10XY/2M 11 3 dBd 6995

UHF LOOP YAGIS

1250-1350 MHz 29 loops 1296-LY 20 dBi 4795
16501750 MHz 29 loops 1691.LY 20 aBi 57 95
Order Loop-Yagi connector extra Type N $14.95 SMA §5.95

o aooOoO@mDoUL

MM11 296 144-G $299 95
MMI432-28(5) 259 95
MMI144-28 169 95

144 MHz

Jt VHE & UME eguig

(617) 263-2145
SPECTRUM
TERNATIONAL, INC.
Post Office Box 1084
ord, MA 01742, U.S.A.
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control your take-off angle:
the JR vari-lobe antenna

Dial in your skip distance
and maximize your signals

The ham radio staff was saddened to learn of the recent
death of Dick Schellenbach, W1JF.

In memory of this exemplary Radio Amateur we are proud
to present the following two articles.
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fig. 1. The original Reinartz antenna system. A current-
fed Hertz (on 80 meters) with one quarter wave section
horizontal and unconventional three-wire tuned feeders.
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Most Radio Amateurs, I'm sure, are quite familiar
with the directional properties of simple halfwave
antennas. In these antennas, the majority of radiation
is broadside to the radiating element, in the case of
a horizontal type antenna. Some Amateurs may be
familiar with, or may have experienced, the effect of
raising or lowering an antenna and have seen how its
launch angle, as well as its impedance, was signifi-
cantly affected by the change in height. In this respect,
a lower angle of vertical radiation usually produces a
stronger signal further out in distance than one that
has an extremely high angle of radiation when the
communication path is governed by sky waves. This
path distance versus launch angle phenomenon is very
noticeable on the lower frequency Amateur bands of
160, 80, and 40 meters, where both high and low
angles of radiation are useful in radio communications.

Given the fact that a half-wave antenna generally
radiates most of its signal broadside to the antenna,
what would you think of a simple modification that
would permit controlled selection of its radiation angle?
This would allow the Amateur station to take advan-
tage of the prevailing ionospheric conditions, night or
day, and therefore enhance signals to and from a par-
ticular distant location. Such an antenna system /s
feasible.

The basic idea for the variable lobe system was
developed fifty years ago by the legendary John L.
Reinartz, W1QP."

In developing this new concept and publishing the
results of his experiments Reinartz discovered he truly
had a multiband antenna system as well as one pro-
viding versatile radiation angle control allowing him to
maximize signal strengths at different locations.
Reinartz also found out he could compensate for time-
varying propagation conditions, especially when the

By R.R. Schellenbach, W1JF, 12 Whitehall
Lane, Reading, Massachusetts 01867



reflective layer was in the process of changing heights,
thereby requiring a different radiation angle while he
was communicating.

The ability to alter an antenna’s vertical lobe
characteristics is one solution to the thought-
provoking question, why does it often seem that signal
reports appear to differ drastically between individual
stations, even when the stations are located only a few
miles apart in the same general direction?

The causes for inconsistencies between signal
reports include a myriad of possibilities such as
polarization differences, vagaries of the ionospheric
reflective layers, multi-hop propagation, launch radia-
tion, and receiving station antenna angle differences,
to name a few. Because of the large number of vari-
ables affecting sky-wave propagation, the solutions
to these problems are complex. However, if a radio
station possesses the capability to adjust to any poten-
tial condition, the inconsistencies are not at all impor-
tant — only the corrective measure capability matters.

Reinartz recognized the same perplexing propaga-
tion differences between the station he worked and
proposed that if he were to vary the vertical angle pat-
tern of his antenna, he should maintain a maximum
signal strength at both ends of the communication
path. In his model, Reinartz developed an antenna
system which is basically a simple current-fed Hertz
type antenna with one quarter-wave horizontal sec-
tion and another sixth-wave feeder section, the latter
consisting of two normal operating feeders and a third,
vertical wire carried into his ham shack for tuning and
compensation control. The original Reinartz version
of the controlled radiation angle antenna is shown in
fig. 1. The model as shown, operating on the 80-meter
band, proved to be capable of operating under ver-
tical angle of radiation control at twice or even four
times its fundamental design frequency.

In spite of the antenna’s multiband capability, it was
used primarily on the 80-meter band, where daily and
seasonal propagation effects were more pronounced
and allowed Reinartz to do a lot of experimentation
during variable band conditions.

how it works

Referring again to fig. 1, illustrating the original
Reinartz antenna system, it should be mentioned that
the variable capacitor C2 was found to be unnecessary
in the 80-meter application and that all vertical angle
lobe changing was affected by varying C1 while main-
taining resonance of the parallel L/ C network against
ground for each particular operating frequency.
Reinartz used an RF current reading ammeter to deter-
mine resonance in the third {vertical) feeder wire, but
the meter is deemed unnecessary, as other means are
available to determine proper resonance of the vertical
wire section.

r/6 8'p
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fig. 2A. Mechanism for changing current point 8 up or
down by adjustment of series capacitor C1.

More details of the mechanism for changing the
antenna’s vertical field pattern is shown in figs. 2A
and 2B, where on the 80-meter band these figures in-
dicate the voltage and current distributions on the
model and the method employed to change the radi-
ating current points on the system. The horizontal wire
section of the antenna in fig. 2A is only one-sixth
wavelength above the ground and hence, most of its
radiation is directed upward — a real "‘cloud burner."’
During nighttime conditions, for example, this pattern
would produce strong local signals because of the high
angle and short distance skip zone; if we were to move
the current point from the top of feeder number 3
downward, however, then the radiation characteristic
would be reversed and the antenna’s radiation would
become predominately low angle — good for DX.

The change in vertical radiation pattern with rela-
tionship to the RF current maximum point on the third
(vertical) wire section is illustrated in fig. 3. As one
may surmise, the third vertical wire section of the
antenna functions to provide the vertically polarized
and low angle lobe control for the system. By control-
ling the current distribution by altering capacitor C1
in the series tuning circuit of fig. 2, the Vari-Lobe
antenna changes from a high vertical angle radiator
to a low vertical angle radiator quite simply. When
capacitor C1 is slowly tuned, the antenna’s vertical
pattern may be finely adjusted anywhere between the
two extremes dipicted in fig. 3. This tuning control
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fig. 2B. The antenna system shown stretched out to illustrate the standing wave (voltage and current) distribution (80-meter

ALWAYS TUNED
T0 RESONANCE

— VERTICAL WIRE NO. 3

— CURRENT POINT MOVES UuP
OR DOWN DEPENDING ON
ADJUSTMENT OF €1

——PATTERN WHEN CURRENT
[/ POINT B IS AT THE TOR OF
/ VERTICAL WIRE NO.3

RESULTING PATTERN WHEN /

CURRENT POINT B IS [

A/R DOWN FROM TOP ON

VERTICAL WIRE NO.3 [}

!

/

f
L/"

1
//f// // //fz'f/' / /:’/IK’(K.-’,/

fig. 3. The vertical field pattern differences with shifting
current point Bto B'.

effectively allows the operator to “tune in” the re-
quired skip distance to another station for maximum
signal strength. Large departures in current control by
changes in capacitor C1 will require slight readjustment
to the resonance of the parallel tuned circuit between
the vertical section wire number 3 and ground.

According to tests by Reinartz in which he instru-
mented the vertical wire from top to bottom with small
pilot lamps to indicate antenna current distributions,
the further downward the current maximum was
toward the one-eighth wavelength point, the greater
the low angle effect and the further out the skip
became.

It is interesting to note that Reinartz performed
many of his early experiments and collected data on
the shifting field strength patterns on the 10-meter
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band. Later, actual on-the-air tests using a full-scale
3.5 MHz (80 meter) model was used to communicate
with a number of Amateurs up and down the east
coast of the United States.

Concluding remarks by Reinartz indicate that his
repeated tests showed that compensation for the ad-
vance of time from early evening to past midnight
must be made by a change in the location of the max-
imum current point on the vertical section in order to
maintain maximum signal strength at the receiving sta-
tion. During daytime operation, he noticed that
although there was one generally satisfactory setting
of C1, slight changes could be made in the lobe adjust-
ment to provide a maximum signal at some particular
receiving station. He noticed too, that some stations
were always consistent in the antenna’s lobe setting
for obtaining a maximum signal strength.

a modern version of the JR antenna

By carrying Reinartz's ideas further and adding
modern improvements, the JR Vari-Lobe antenna
came into being. The new system offers more oper-
ating frequencies with ease of controlled radiation from
either the ham shack or by remote control. The
modern version is shown in fig. 4 and its control sec-
tion in fig. 5. | prefer the remote tuning method
because it keeps the necessary radiating elements
away from the surrounding objects such as houses,
trees, telephone and power lines, etc. The JR Vari-
Lobe antenna’s performance could be adversely influ-
enced by such local obstructions because the antenna
is a relatively low height system and it utilizes low angle
vertical polarization.



As an additional feature of modernization, | incor-
porated a 15-meter “‘high gain’’ capability by using the
“JF Array’? principally on the horizontal section.
When used, the JF Array mode is automatically in-
voked when the system is tuned up on the 15-meter
band. On this frequency, the antenna acts as a two-
element, wide-spaced collinear array producing a good
3-dB gain broadside to the horizontal sections. Ver-
tical angle selectivity is not used on this higher frequen-
cy band because the system is operated in its ‘‘Zepp”’
mode, in which feeders A and B are used and B and
C are tied together as shown in figs. 4 and 5.

The reader will notice that there are small differences
between the original Reinartz antenna and the modern
version. Most of the recent changes were brought
about by the addition of the JF Array feature and a
more compatible feeder length to handle multiband
applications. In a departure from the original antenna
system, we have taken advantage of using a multi-
band tuning network to implement the third wire to
ground resonance of the system. This expedient is in
keeping with modernization of the compensation
tuning, since in practice, only one adjustment needs
be made for each operating band segment, and one
that holds for a bandwidth of 40 to 60 kHz on the
80-meter band and greater than 60 kHz on the
40-meter band.

The coaxial transmission line to the radio station
equipment may be provided by either a 50 or 75-ohm
coaxial cable through a 1:1 balun transformer con-
nected across a few turns at mid-point on inductor L
of fig. 5. As discussed previously, capacitor C1 of fig.
5 is the vertical lobe angle control, where decreasing
its effective capacity corresponds to raising the cur-
rent maximum point on the vertical wire number 3 cor-
responding to a high lobe angle for the antenna. Con-
versely, an increase in capacitance by C1 results in
lowering the current maximum point on the vertical
wire number 3 corresponding to a low angle of radia-
tion for the antenna. Each extreme capacitance
change of C1 must be followed by an adjustment of
the parallel tuned resonance circuit, especially if the
operating frequency has also been changed beyond
the bandwidth restrictions previously mentioned.

performance

Because the JR Vari-Lobe antenna system is in-
tended to be used primarily on the 80 and 40-meter
bands with infrequent excursions to 15 meters, it is
important to have a good ground in order for the
system to work well. Ground radials should be
employed beneath the horizontal section of the an-
tenna and extend outward in a fan shape from the third
(vertical) wire section. A good ground system will not
only enhance the lobe selectivity feature, but will also
significantly diminish ground losses surrounding the

| 67.5'
(20.6 M)
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[ (10.3M)
'

) I

22.5'
(6.86 M)}

40-45'
(12.2m-

//v 13.7M)
ALL FEEDER SPACINGS

TYPICALLY 3"(76mm) TO 6"(152mm) APART

J> o o-J;
A B c

fig. 4. The modernized JR vari-lobe antenna system.

INTERCONNECT POINTS A,8,C,
BETWEEN FIG'S. 4 AND 5. THE
PLACEMENT OF TAPS A AND B
ON LI SHOULD BE MINIMUM
INDUCTANCE, CONSISTENT WITH
Cl SETTING AT MAXIMUM
CAPACITY AND CURRENT POINT
B8' A/8 DOWNWARDS ON
VERTICAL WIRE NO. 3.

SWITCH
OR RELAY

ZEPP

c/
300pF VARI-LOBE

L

1t BALUN

baPabahaial dall N il
DUAL
300 pF/SECTION

AV

50/75 OHM
< COAXIAL CABLE

ANY LENGTH
LI=10pH TOTAL INDUCTANCE WITH

TAPS AS APPROPRIATE.

fig. 6. The tuning section for all bands and modes.

radiating system, especially on the lower frequency
bands.

On-the-air tests were conducted on the 80, 40, and
15-meter bands over a period of three months. Based
on these tests, it may be stated that the JR Vari-Lobe
radiation characteristics on the 80 and 40-meter bands
successfully proved to correspond to Reinartz’'s theory.
The variable angle selectivity feature has enabled max-
imum signal strength adjustment over different path
distances both during night and daytime conditions.
While operation on the 15-meter band does not include
variable angle control, it has proven to be an effec-
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tive radiating system of modest size and relative
simplicity. Although tests were not performed on the
10 and 20-meter bands, Reinartz has shown the an-
tenna system will operate as a conventional Zepp on
all bands and if desired, with variable angle control as
well. Conventional Zepp configurations do not require
the parallel tuning network to ground for the third (ver-
tical) wire. Thus, the simple expedient of tying
together feeders B and C of fig. b changes the antenna
into a Zepp configuration. The Zepp mode may be
used on all bands higher than 80 meters, providing a
flexible multiband antenna system if you don’t mind
the coupling adjustments and tuning of two feeder
wires. The system is a natural for the Amateur who
has limited antenna space but would like something
different and more versatile than other systems.

resonance tuning features

The original Reinartz antenna system used an RF
ammeter in series with the ground connection to deter-
mine resonance of the antenna when excursions were
made in lobe angle and frequency. A diode detector
probe positioned near the top of the parallel tuning
network will work as well and could be remoted quite
easily if desired. However, it is also posssible to tune
the system “‘by ear.”” When the parallel tuned circuit
is tuned to the correct resonant point, a noticeable
increase in received signal strength or background
noise is apparent, thereby dispensing with the require-
ment for remote meter reading.

The multiband tuner operates satisfactorily over all
of the harmonically related Amateur Radio bands to
maintain resonance of the system. Obviously, if only
limited operation is contemplated on 80 or 40 meters,
then the multiband tuning function may be eliminated
and a single-band network would serve as well. In my
installation, using remote controlled tuning proved to
make the operation of the Vari-Lobe a joy to use. Small
24-VAC furnace valve control motors were coupled to
the shafts of both tuning capacitors to provide remote
tuning control from the shack. These small, econom-
ical motors rotate slow enough to allow sufficient
tuning resolution and accuracy even though they are
turning only in one direction. An alternative to these
AC-type control motors are surplus stepping motors
featuring bi-directional incremental DC pulse control
with 3.65 degree/step resolution. These devices are
available from a number of sources for a nominal price.
Some even include additional gearing for slower
response.

references

1. J.L. Reinartz, A New Antenna System For Operating Control of Radia-
tion,” QS5T, February, 1935, page 9.

2. R.R. Schellenbach, W1JF, “The JF Array,” QST, November, 1982,
page 26.
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the end-fed 8JK:
a switchable vertical array

30/40-meter antenna
radiates at low angles
and requires little space

This array was developed to provide maximum gain
in a compact, convenient low-vertical angle antenna
system. The 40-meter version requires only 1225
square feet of area, and the 30-meter version, less than
half that amount.

The 30- and 40-meter bands were selected because
of the increased activity on those bands — especially
for DX — resulting from the diminishing MUF caused
by declining solar activity. The selectable directivity
and low radiation angle of this system should offer
significant performance advantages as interference
and competition on these bands increase. While the
gain of this phased array is modest, the system will
effectively double the RF radiated power of a single
vertical in the preferred direction. The array also pro-
vides deep nulls spaced 90 degrees apart on each side
of the main beam pattern, thus improving rejection of
unwanted signals.

theory of operation

The 2 x 2 phased array is a pair of two parallel-
element end-fire vertically polarized matched arrays,
each of which is similar to W8JK's single section
beam, with elements fed 180 degrees out of phase and
spaced 1/8 wavelength apart. A composite simplified
view of the array is shown in fig. 1. By folding the
top and bottom 1/16-wavelength end sections of each
element, a useful height reduction results without
significantly effecting similar normal full-size array
characteristics caused by element folding. Because
each connecting wire at the base and the elevated end
sections are only 1/16 wavelength long and carry very
little current, little radiation and pattern distortion result
from these folded sections

construction and implementation

Figure 2 depicts the 2 x 2 phased array configura-
tion; table 1 provides the element lengths and spac-
ing as well as mast height requirements. Figure 3 il-
lustrates the matching 1/4-wavelength stub and
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fig. 1. Composite — simplified view of 2 x 2 phased
array.

By R.R. Schellenbach, W1JF, 12 Whitehall
Lane, Reading, Massachusetts 01867
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NOTE

1 ALL WIRE IS NO.I4 -NO.I12 COPPER OR
COPPER CLAD STEEL

2.ACTUAL DIMENSIONS FOR EACH BAND
ARE SHOWN IN TABLE |

fig. 2.2 x 2 phased array configuration; single element
shown.

remote relay switching scheme including a balun for
mating with coaxial cable. The length and physical
positioning of the coaxial cable into the station are not
critical.

Because the 2 x 2 phased array consists of two iden-
tical two-element arrays crossing at right angles to
each other, a simple DPDT relay controls the selec-
tion of the array to be connected to the common
1/4-wavelength stub and hence through the balun
transformer and coaxial cable into the station.

Once the 1:1 balun transformer tap position has
been adjusted for a low VSWR at the desired operating
frequency, no tuning or matching are required bet-
ween the station and the system. The actual tap posi-
tion depends on the stub line impedance and inter-
wiring characteristics of the relay switching.

In order to reduce difficulties in array matching as
much as possible, each element on an array — as well
as the overall symmetry of the arrays — should be
made as identical as possible to preserve balance and
uniformity when changing directivity. Because a com-
mon 1/4-wavelength stub is used for matching into
the antenna system, it is important that all wire con-
nections to the DPDT relay be made equal in length.
In placing the tap point for the balun transformer, you
will find that with 75-ohm coaxial cable, the tap loca-
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table 1. Physical dimensions for the 2 x 2 phased
array on 40 or 30 meters.

40-meter 30-meter

operation operation
L1 8.75 feet 5.80 feet
L2 43.00 feet 29.00 feet
L3 (stub) 34.00 feet” 23.25 feet”
S 17.50 feet 11.60 feet
overall length 35.00 feet 23.25 feet
pole height (min.) 45.00 feet 31.00 feet

*May be laid horizontal as required.

tion will be a few inches higher toward the relay end
than that of 50-ohm coaxial cable. More detail on pro-
per matching is provided fater, but the process is sim-
ple and provides wide bandwidth on either band of
operation.

site and space requirements
Four poles, preferably wooden, are required to sup-

ARRAY NO.2 ARRAY NO.J

OPOT RELAY

DIRECTION 2

1

DIRECTION |

2"-4"(50.8-101.6mm) SPACED
EACH FOOT OR TWO TO

L3 SUPPORT SPACING BETWEEN
(TOTAL LENGTH WIRES. USE NO.I6 TO NO.I4
MEASURED FROM DRAWN COPPER WIRE FOR
RELAY TERMINALS sTU8.

TO END OF STUB).

/-——L— PLEXIGLASS SPREADERS

BALUN TRANSFORMER

TAP PO/NT\

50 OR 75 OHM COAXIAL
CABLE INTO STATION.
LENGTH NOT CRITICAL,

Rs

NOTE:

BECAUSE OF HIGH IMPEDANCE AND HIGH VOLTAGE
AT THE RELAY CONTACT POINTS, USE HIGH QUALITY
INSULATED TYPE RELAY.

fig. 3. Matching quarter-wave stub, relay and balun
transformer installation.
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fig. 4. Site and space requirements of 2 x 2 array:
(A} 40-meter version and (B} 30-meter version.

port the array. While they are oriented as shown in
fig. 4, the distance between them can be increased
to meet individual requirements. Figure 4 also indi-
cates the principal beam directions with respect to the
DPDT relay position that is controlled from the sta-
tion end. Using this directivity characteristic of the ar-
ray, the individual beam patterns may be oriented in
the most favorable compass directions.

To assure maximum low angle radiation and deep
null beam pointing performance — and to eliminate

effects of pattern distortion and RF absorption — the
array should be located in an area free of structures
or power lines for at least 250 feet from its center on
40 meters and 190 feet on 30 meters.

technical performance

The 2 x 2 phased array provides approximately 4 dB
gain over conventional 1/2-wavelength dipoles and 6
dB gain over 1/4-wavelength ground mounted single
verticals. The azimuthal bi-directional beam pattern,
although relatively broad, (approximately 80-degree
half-power beamwidth) has quite deep nulls, better
than 20 dB down from the main lobe maximum. The
nulls are also bi-directional in either case and are
located at right angles (30 degrees) to the two major
beam lobes produced by each active array.

In operation, these nulls may be used to advantage
to eliminate strong interference coming from an
undesired direction. The major radiating point on each
active element occurs at a point 42 percent up from
the bottom end of each vertical. The distance between
the bottom horizontal 1/16-wavelength inter-
connecting wires and earth ground shouid be no more
than 2 to 3 feet for proper performance.

remote switching and
balun tap alignment

The simple arrangement of a common
1/4-wavelength stub switching to activate either ar-
ray provides controlled directivity for both transmit-
ting and receiving. The length of the 1/4-wavelength
stub for either band is given in table 1 as a starting
point for the balun tap position.

The tap should be made progressively upward from
this overall dimension. Each time the tap location is
changed a few inches at a time, the operator should
observe an in-line measurement of SWR. The proper
tap point will result in the lowest VSWR reading when
matching into appropriate coaxial cable using a 1:1
ratio type balun transformer. The use of a balun in this
array application is highly recommended to maintain
a complete balance of the array system and to
minimize beam pattern distortions as well as deteriora-
tion of noise pick-up immunity so characteristic of
poorly matched or unbalanced feed systems.

The coaxial cable, whose length is not critical, may
be buried and its outer shield grounded for further im-
munity from noise pick-up in severe cases.

Because of weather considerations for rain or snow,
the DPDT relay should be mounted inside a waterproof
enclosure. This may be combined with supporting the
four bottom horizontal 1/16 wavelength wires if the
enclosure is elevated by a post at the recommended
2 to 3 feet above the ground level.

ham radio
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feeding phased arrays:
an alternative method

Carefully chosen
feeder lengths
provide

good match

This article describes a method of feeding a two-
element phased-array antenna without using impe-
dance-matching or phase-delay networks at each ele-
ment. The method requires determining the length of
the feedline from each antenna to the ‘“common
point” (the point at which the feedlines are combined)
and installing a matchbox or antenna tuner at this loca-
tion (or in the shack) in order to transform the paral-
leiled impedance to 50 ohms.

network method of matching

As was clearly pointed out by Forrest Gehrke, K2BT,
in his extensive series of articles on phased arrays, the
insertion of a 90-degree delay line into a feeder will,
in most cases, not guarantee a 90-degree phase shift
in the feeder current." If the actual driving-point impe-
dance of each element is known (for a specified cur-
rent amplitude and phase), then the voltage amplitude
and phase at any point on that feeder can be calcu-
lated. The technique given by K2BT allows one to
choose any convenient length for the antenna feeders
and then design suitable networks to alter the feeder
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voltages so that they are all transformed to the same
value of voltage amplitude and phase. These terminals
can then be safely and correctly joined together (at
the ““‘common point’’) since they are all at the same
voltage. The impedance-matching and phase-delay
networks are used to force all the voltages to be the
same. Any convenient length of 50-ohm transmission
line {the main feeder) can then be utilized to span the
distance from the common point to the shack. The
main feedline will be “flat” (the SWR will be low)
because the networks at the ends of the antenna
feeders are designed to present a combined impe-
dance of 50 + j0 ohms (pure resistance) when "“look-
ing’’ into the common point toward the antennas (see
fig. 1A).

The method shown in this article calculates the
voltages that must exist at various points along the
antenna feeders. When a point is found on one an-
tenna feeder where the voltage (both amplitude and
phase) is identical to the voltage at some point on
another antenna feeder, then those two points can be
connected together without altering the relationship
of the currents at the driving points of the two anten-
nas. Rarely will the impedance seen looking toward
the antennas from this common point be 50 ohms.*
Thus, the main feedline running from this point into
the shack will not be flat (the SWR will be high) and
a matchbox or tuner will be needed at the operating
position to present a well-matched load to the trans-
mitter, (see fig. 1B). Note: the matchbox could be

By Al Christman, KB8I, Department of Electrical
and Computer Engineering, Ohio University, Clip-
pinger Lab, Athens, Ohio 45701-2979



placed into this circuit at the common point if desired.
Then the mair feeder into the shack would be ‘‘flat”
as in fig. 1A. Of course, the matchbox would then
be ““dedicated” to the array and could not be used for
other purposes unless removed.

calculations are simple

Only one formula, used repeatedly, is needed to
calculate the voltages at all points along the antenna
feedlines. It's best to utilize a personal computer or
programmable calculator to reduce the drudgery of
this task.

EIN = TOUT (AZL + B) (1)

where E;y = voltage at the input end of the
antenna feeder

Ioyr = current at the output or load end
of the antenna feeder
= current at the driving-point of the
antenna

Z; = impedance at the output or load
end of the feeder
= driving-point impedance of the

antenna
A = cos 0
B = jZp sin
Zy = characteristic impedance of the

antenna feeder

¢ = electrical length of the antenna
feeder, in degrees (360
degrees = \)

Note that E[N, loyr, and EL are all complex
numbers; that is, they have both magnitude and
phase. The equation therefore requires the use of com-
plex, or vector, arithmetic. A and B are two of the
““ABCD" parameters discussed by K2BT in Part 5 of
his series.? (In addition, both “A" and ‘B’ can be
complex numbers as well. “A"’ is complex if the cable
attenuation is taken into account.)

The goal is to find a place on the antenna No. 1
feeder where the voltage is identical to the voltage
somewhere on the antenna No. 2 feeder. To do this,
make a list for each antenna, labeling one column for
“feeder length in degrees’’ and the other “voltage at
end of feeder.” Then calculate and record the voltage
on each feeder at 10 degree intervals. After finding
10 or 15 values for each feeder, stop calculating and
compare the lists. It is better to record the voltages
in polar form {amplitude and phase angle) for easier

*A 1:1 VSWR occurs only when the paralleled driving-point impedance of
the elements equals the characteristic impedance of the line. Editor.

% %

ANTENNA FEEDERS

/—ANY CONVENIENT LENGTH
L \

(USUALLY BOTH EQUAL)

COMMON POINT

MATCH DELAY —MATCH

MAIN FEEDER

}
(A) (LOW SWR ‘

ANTENNA FEEDERS
/ EACH LENGTH \
MUST BE CALCULATED

RIG

COMMON POINT /

MATCHBOX RIG

MAIN FEEDER
@ (HIGH SWR)

fig. 1. Diagram shows similarities and differences be-
tween KB8lI's method and that of K2BT. (A} The effect
of different feeder lengths are compensated for by the
use of individual matching circuits. (B) By moving the
matchbox to the common point arbitrary feeder lengths
can no longer be used (see text).

comparison. Also, keep all the angles less than or
equal to 180 degrees. (For example, an angle of
— 230 degrees is equivalent to + 130 degrees. Always
use the smaller number.) When two amplitude values
are found that are close to each other, check the
angles to see if they are similar. If both amplitude and
phase are ’in the ballpark,’’ redo the calculation at 1
degree or 1/2 degree increments until two lengths are
found where the voltages are identical, or nearly so.
If none of the recorded values on one list are compar-
able to those on the other list, continue the calcula-
tions and add more data points to the lists — in other
words, make the antenna feeders longer. It should be
possible to find the required line lengths within a
reasonable amount of time.

cutting the coax
After the required length of each antenna feeder has
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been calculated, it's time to actually cut the coax,
remembering to take the velocity factor of that partic-
ular cable into account. It's a good idea to actually
measure the velocity factor of the cable, rather than
relying upon the manufacturer’s data. Since the elec-
tromagnetic fields travel more slowly inside the cable
than they do in free space, the physical length of the
cable will be shorter than the electrical length:

L = 2.734 (Lo) (VP)/f 2

where L. = physical length of antenna feeder, in
feet {1 meter = 3.281 feet)

L, = electrical length of antenna feeder, in
degrees

V§ = velocity factor of the cable, as a
decimal (i.e., 0.66)

f = operating frequency, in Megahertz

switching directions

For a two-element array, the pattern may be re-
versed by interchanging the antenna feeder cables at
the antenna terminals. One way to do this, shown in
fig. 2, is to cut the longer of the two antenna feeders
into two pieces, one of which is the same length as
the shorter antenna feeder. These two equal-length
cables are then connected directly to the antenna feed-
points and the remaining third piece of cable is
switched back and forth from one antenna feeder to
the other using a DPDT relay. For best resuits when
building a switchable array, the lengths of the radia-
tors and the ground systems under each antenna
should be adjusted until both antennas have the same
self-impedance.?

20-meter array

| became interested in phased arrays while accumu-
lating the contacts necessary for WAS on 20 meters.
A home-brew three-element wire beam suspended
from trees at 18 feet (5.5 meters) seemed to be per-
forming satisfactorily, and | was working new states
at a good pace. However, a phone call revealed that
| was also “‘quite strong” on my neighbor’s {just to
the west) color TV set. | wasn’t too surprised because
his portable TV — equipped only with rabbit ears for
an antenna — was less than 50 feet (15.2 meters) from
my wire beam, and | was running the legal limit. It
became vitally important that | construct an antenna
that would concentrate all the RF energy toward the
east and place a big null right over my neighbor’s living
room — he s, after all, not only my neighbor, but my
landiord.

My backyard was too small for a two-element array
with 1/4 wavelength spacing, but the literature re-
vealed that 75 degree spacing (0.208 wavelength)

table 1. Voltages at various points along the antenna

feeders.
west antenna {I=1/0 degrees)
6 En
{degrees} {volts)

0 15.56 / —45 degrees
10 11.04 / —11.23 degrees

20 12.35 /33.2 degrees
30 18.17 /58.4 degrees
40 25.17 /70.4 degrees

50 32.02 /77.2 degrees
60 38.2 /81.7 degrees

70 43.4 /85 degrees
80 47.37 /87.7 degrees
a0 50 /90 degrees
100 51.19 /92.1 degrees
110 50.89 /94.2 degrees
120 49.11 /96.4 degrees
130 45.92 /98.96 degrees
140 41.43 /101.7 degrees

150 35.82 /105.4 degrees
160 29.32 /110.6 degrees
170 22.32 /119 degrees
180 15.56 /135 degrees

east antenna (1=1/ — 105 degrees)
0 Ein
{degrees) {volts)
0 49.68 / —64.9 degrees
10 54.92 / —57.95 degrees
20 59.16 / -52.13 degrees
30 62.14 / —46.98 degrees
40 63.69 / —42.2 degrees
50 63.74 / —37.53 degrees
60 62.27 | —32.77 degrees
70 59.37 / —27.65 degrees
80 56.19 / -21.87 degrees
90

850 / — 15 degrees
100 44.18 / —6.41 degrees

110 38.31 /4.83 degrees

120 33.26 /19.84 degrees
130 30.18 /39.02 degrees
140 30.09 /60.32 degrees

150 33.02 /79.71 degrees
160 37.99 /94.96 degrees

170 43.84 /106.39 degrees
180 49.68 /115.10 degrees

combined with 105-degree phasing would yield the
desired cardioid end-fire pattern. Measurements
showed that | could squeeze this array into the yard
without the radials protruding onto the property of my
neighbor to the east. Two tri-band trap verticals were
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Li =LENGTH OF SHORTER ANTENNA FEEDER
L2 =LENGTH OF LONGER ANTENNA FEEDER
L2=L/+L3

L Ll

MAIN FEEDER
TO SHACK

fig. 2. Wiring diagram for DPDT reiay used to reverse
directivity of array. Directivity is toward the right when
connected as shown.

erected, each atop a 15-foot (4.6 meter) mast. They
were spaced 75 degrees apart (14.4 feet or 4.4 meters
at 14.25 MHz) on an east-west line, and each had
twenty 1/4 wavelength radials. The feed system would
be designed so that each antenna received the same
current amplitude, but the east antenna would lag the
west antenna by 105 degrees, placing the null directly
on my landlord’s living room.

After everything was built, | used an antenna noise
bridge and calculator to analyze the system according
to the procedure described by K2BT.3 | measured the
self-impedance and driving-point impedance of each
vertical at the end of a known length of coax, and then
“rotated’’ each of these values to the antenna feed-
point. This may be done on a Smith chart or through
the use of the following formuia:

DZ;y-B

Zy = A-Copn (3)
where
Z; = load impedance at the output end of the
transmission line
Z;ny = impedance measured at the input end of
the transmission line
A = D =cosf
B = jZ,sing
= jsinB/Zy
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Zy = characteristic impedance of the transmis-
sion line
] = electrical length of the line, in degrees

While it's better to measure all the impedances right
at the antenna feedpoint, |1 didn’t enjoy the prospect
of standing on tiptoe perched 10 feet (3 meters) above
the ground. | opted for the easier way, and the data
obtained enabled me to calculate the mutual impe-
dance between the two verticals. | used this figure to
determine the actual driving-point impedance of each
element when fed by the currents | had specified for
the array. The product of the driving-point impedance
and current gives the actual voltage at the feedpoint
of each antenna:

west antenna:
I; = 1/0 degrees amperes

Z; = Il-j11 ohms
= 15.56 /—45 degrees ohms
E = 11Z; = 15.56 /—45 degrees volts

east antenna:

I = 1/-105 degrees amperes
Zy = 38 + j32 ohms
= 49.7 /40.1 degrees ohms
E, = IZ, = 49.7 /- 64.9 degrees volts

The antenna currents were assumed to have a
magnitude of 1 ampere for ease of calculation. The
actual current magnitudes will be determined by the
amount of drive power. What js important is that the
actual currents be equal in magnitude, and that the
east antenna current lags the west antenna current by
105 degrees.

My lists of the voltages that will occur at various
points along each antenna feedline are shown in table
1. Scanning the table, we can see that the voltage on
the west antenna feeder at a point 50 degrees from
the antenna is 32.02 /77.2 degrees volts, while the

voltage on the east antenna feeder at a point 150
degrees from the antenna is 33.02/79.71 degrees

volts. These two values are close to each other, and
we can now calculate more voltages, this time at 1
degree intervals centered around 50 degrees for the
west feeder and 150 degrees for the east feeder. This
information is shown in table 2. Comparing the
voltages on the two feeders, we can see that the
values are nearly identical for a 51-degree west feeder
(32.67 /77.77 degrees volts) and a 149-degree east

feeder (32.61/77.95 degrees volts).



table 2. Voltages at 1 degree intervals along the
antenna feeders.

west antenna (I=1/0 degrees)
(degrees) {volts)

30.02 /75.63 degrees
30.69 /76.12 degrees

31.36 /76.7 degrees
32.02 /77.2 degrees
32.67 [77.77 degrees
52 33.32 /78,27 degrees

east antenna (I=1/ - 105 degrees)
0 En

(degrees) {volts)
147 31.87 /74.29 degrees

148 32.23 /76.14 degrees

149 32.61 [77.95 degrees
150 33.02 /79.7 degrees

151 33.45 /81.43 degrees
152 33.89 /83.11 degrees

288 E Y

table 3. Theoretical front-to-back ratio of the
2-element phased vertical array.

elevation angle, front-to-back ratio

6 {(degrees) (dB)
0 oo
10 39.72
20 27.68
30 20.61
40 15.56
50 11.59
60 8.26
70 5.31
80 2.60

Notice that the driving-point currents are 105
degrees out of phase, yet the points on the feeders
where the voltages are in phase are only (149
degrees — 51 degrees =) 98 degrees apart. Also
notice that the east feeder, which has the lagging feed-
point current, is longer than the west feeder, which
one would expect.

Measurements on the RG8X cable used for the
antenna feeders showed that its actual velocity fac-
tor was 0.725 rather than the advertised value of 0.81.
Using eq. 2, the actual lengths of coax needed were
7.094 feet (2.162 meters) and 20.726 feet (6.317
meters}. These two antenna feeders were cut to length
and installed. A piece of RG-8 about 30 feet (9.1
meters) long extended from the Tee connector, where
the antenna feeders were joined, to the matchbox in
the shack.

The array performed as expected. State number 50

-1o -z0 -0 -z0
RELATIVE
POWER (dB)

WEST —+ + +———+
¢}

SOUTH

fig. 3. Azimuthal-plane power pattern for two 1/4 wave-

length monopoles; spacing = 756 degrees, currents =
1/0 degree, 1/ — 105 degrees, perfect ground; 0 degree

elevation angie.

so*
ZENITH

- . — +—t + - A——
0 -0 -20 -30 -40 -40 -30 -20 -0 0
WEST RELATIVE POWER (d8) EAST
HORIZON HORIZON

fig. 4. Elevation-plane power pattern for two 1/4 wave-
length monopoles; spacing = 75 degrees, currents =
1/0 degree, 1/ — 105 degrees; perfect ground; east-west

azimuth.

(Delaware)} was worked shortly thereafter, along with
contacts in Africa. There were almost no contacts to
the west — but there also were no further TVI prob-
lems. The major azimuthal and elevation-plane radia-
tion patterns are shown in figs. 3 and 4; the front-to-
back ratio in the main elevation plane is provided in
table 3. Natice that the front-to-back ratio is infinite
only on the horizon (0 degree elevation angle) and
deteriorates to just one or two S-units at high angles.
There is actually a fairly large rear lobe whose max-
imum occurs at an elevation angle of about 60
degrees. Thus, there will be a fair amount of radia-
tion and signal pickup off the back of the array if prop-
agation favors this high angle.
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conclusion

A technique has been demonstrated for feeding
two-element phased arrays based upon the premise
that the feeders from individual radiating elements may
be directly connected together if the voltages at the
point of connection are identical in magnitude and
phase. A method was shown for determining the vol-
tage at any point on an antenna feeder when the impe-
dance and current at the driving-point of the antenna
are given. Using these ideas, an actual 2-element ar-
ray can be built and operated successfully on the air.

acknowledgements

The author would like to thank Forrest Gehrke,
K2BT, for his encouragement, especially during the
early stages of this project in 1983. Appreciation is also
expressed to Margaret Shields in the Department of
Electrical and Computer Engineering at Ohio Univer-
sity for typing the manuscript.

references

1. Forrest Gehrke, K2BT, ""Vertical Phased Arrays,”” ham radio, May, June,
July, Octaber, December, 1983, and May, 1984

2. Forrest Gehrke, K2BT, “Vertical Phased Arrays, part 5,
December, 1983, page 59.

3. Forrest Gehrke, K2BT, “Vertical Phased Arrays, part 3,”" ham radio, July,
1983, page 26

ham radio,

ham radio

BARKER & WILLIAMSON !

1.8 - 30 MHz. Continuous Coverage Antenna
for Commercial and Amateur Service

Model AC 4.8 - 30

The AC 1.8 - 30 Antenna uses only
80 feet horizontally, and, when
space is limited, can be short-
ened even further with only
slight loss of radiation
efficiency.

Patent Pending

4 BALUN
N2 — DIRECT COAX FEED

e SWR Maximum 2:1, 1.4:1 Average
e Handles 1 KW input ICAS
e Can be installed in approximately
80 feet of space
e Higher power models available
(contact factory)

149

SHIPPING AND HANDLING
ADD 5400

2510 35
FT. HIGH

BALANCING
NETWORK

- 80 F1

BARKER & WILLIAMSON AL OUR PRODUCTS MADE IN USA

BW

(245) 788-5581

64 [l May 1985

Quality Communication Products Since 1932
At your Distributors write or call, 10 Canal Street. Bristol PA 19007

=z




" A. Microwave Assaclates 10 GHz Gunnplexer. Two of these transcelvers can fofm the heart of a 10 GHz
communication system for volce, mcw, video or data transmission, Mllummmmm
MAB7141:1 (pair of 10 mW transcelvers) $251.95. Higher power units {(up to 200 mW) available. B. Micro-
wave Associales 24 GHz Gunnplexer. Similar characteristics to 10 GHz unit. MABTB20-4 (pair of 20 mW
transcelvers) $739.20. C. This support module is designed for use with the MAB7141 and MAS7820 and
provides all of the circultry for a full duplex sudio transcelve system. The board contains a low-nolse,
30-MHz Im receiver, modulators for voice and mcw operation, Gunn diode regulator and varactor supply.
Meter outputs are provided for manitoring recelved signal levels, discriminator output and varactor tuning
voltage. RXMR30VD assembled and tested $110.85. D. Complete, ready to use communication system
MﬂuummmIdulhrmlﬂdm.lmnmrm-hhuldﬂh“ﬂmndc
a1 250 mA (for a 10 mW version), microphone, and andlor loudspeaker are the only additional
Iltams 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) $390.95. Higher power units avallable. TR24GA (24 GHz,

20 mW) $639.85, Also avallable: horn, 2 and 4 foot para-

bolic antennas, Gunn, varactor and detector diodes,

Advanced search and lock systems, osclllator modules, waveguide,

fianges, etc. Call or write for additional information. Let

Receiver ARR take you higher with quallty 10 and 24 GHz equipment!
Research

Box 1242 e Burlington CT 06013 e 203 582.9409 :

» 136

COMMUNICATIONS

Wisiben Now Yooks finasl ... amallus madip deatfes !

915 North Main Street
PH.(716)664-6345

Jamestown, New York 14701

An infarmation llyer is available Irée of charge

X F  «Fabulous graphics for the great DX aid
: « Long path/Gray Line/Sunrise/Sunset on a
fine map
* Automatic Gray Line updating simulates
earth’s rotation
* Keyed to DXCC list and 40 Zones

It's fantastic! Daylight and darkness paths in
real time on your computer. As simple as can be.
Price:$34.95, on a disk, ppd. in U.S. and Canada.
Add $2.45 tax in NY.S. Add $4.00 elsewhere, air
mail. U.S. funds only. The original plastic DX
EDGE, in large slide rule lormat, is still only
$16.95 (plus $4.00 outside U.S. and Canada).
Great Circle Slides are $3.00 with DX EDGE,
$5.00 without. Specify your Latitude.

Please make check or M.O. payable to the DX EDGE and mail to: » 138
The DX EDGE, P.O. Box 834, Madison Square Stn., New York, N.Y. 10159
A product of Xantek, Inc Xaniek, Inc. 1985
Commaodore 64 is a trademark of Commodore Electronics Lid

RF

TRANSISTORS

FRESH STOCK - NOT SURPLUS
TESTED — FULLY GUARANTEED

2-30MHz 12V (* =28V)

P/N Rating Ea Malch Pr
MRF406 20w $14.50 $32.00
MRAF412 Bow 18.00 40.00
MRF412A sow 18.00 40.00
MRF421 100W 25.00 54.00
MRF421C 110W 27.00 58.00
MRF422* 150W 38.00 82.00
MRF426° 25W 17.00 40.00
MRF426A" 25W 17.00 40.00
MRFA433 13W 14.50 32.00
MRAFA435* 150W 42.00 90.00
MRAFa449 Jow 12.00 27.00
MRF449A ow 11.00 25.00
MRFA450 50w 12.00 27.00
MRF450A 50w 12.00 27.00
MRF453 60w 15.00 33.00
MRFA453A 60W 15.00 33.00
MRF454 BOW 16.00 35.00
MRFA454A Bow 16.00 35.00
MRFA455 BOW 12.00 27.00
MRFA455A 60W 12.00 27.00
MRF458 BOW 18.00 40.00
MRF460 60W 16.50 36.00
MRFA475 12W 3.00 9.00
MRFA476 w 2.50 8.00
MRFA77 4w 13.00 29.00
MRAFA79 15W 10.00 23.00
MRF485* 15W 6.00 15.00
MRF492 0w 18.00 39.00
SRF2072 75W 15.00 33.00
CD2545 50W 24.00 55.00

Selected High Gain Malched Quads Available
VHF TRANSISTORS

Type Rating Ea Match/Pr
MRF221 15W $10.00 -—
MRF222 12W 12.00 -
MRF224 40w 13.50 $32.00
MRF231 3.5W 10.00 -—
MRF234 25W 15.00 39.00
MRF237 1w 2.50 -_—
MRF238 Jow 12.00 —
MRF239 Jow 15.00 -
MRF240 40W 16.00 —
MRF245 BO0wW 25.00 59.00
MRF247 BOwW 25.00 59.00
MRF260 5W 6.00 —_—
MRF264 Jow 13.00 —
MRF492 ToW 18.00 39.00
MRF607 1.8W 2.60 -
MRF627 0.5W 9.00 —
MRF&41 15W 18.00 -
MRF644 25W 23.00 —
MRFE646 40w 24.00 59.00
MRFG48 60W 29.50 69.00
SD1416 sow 29.50 -
SD1477 125W 37.00 -
2Na427 1w 1.25 -
2N5945 aw 10.00 -
2N5946 10W 12.00 =
2NE608B0 aw 6.00 -
2N6081 15W 7.00 e
2N6082 25W 9.00 —
2NG6083 Jow 9.50 =
2N60B4 a0w 12.00 29.00

TMOS FET
MRF137 Jow $22.50 -
MRF138 Jow 35.00 -
MRF140 150W 92.00 -
MRF150 150W 80.00 =
MRF172 BOW 65.00 -
MRF174 125W 88.00 -_

Techmical Assistance & cross-reference
informaton on CD, PT, RF, SRF, SD PINs
Call Engineering Dept (619) 744-0728
RF Parts Calalog Available
OEM & Quantity Discounts ** 139
Minimum Order $20 Add $3.50 Shipping
WE SHIP SAME DAY C.0.D.IVISAIMC

ORDERS ONLY: 800-854-1927

g WesTcom

1320 Grand Ave. San Marcos
California 92069 (619) 744.0728

May 1985 65



ham radlo

the first Radio Amateur

The world in 1900 was a far different
place than the world we know. No one
had heard of credit cards or ball point
pens; time sharing meant together-
ness, not computers. There were no
fluorescent lights, instant coffee,
antibiotics, Frisbees or frozen foods.
There was no television, no radio —
and no Amateur Radio.

Into this late Victorian era there
stepped a Giant. In 1896 a young
Italian arrived in England with some
mysterious scientific apparatus in his
luggage. The Customs officials, who
had seen nothing like it before,
examined it so thoroughly that the
delicate apparatus was completely
wrecked. This was the inauspicious
beginning of a venture destined to
remold the pattern of 20th-century
living.

Guglielmo Marconi, at 26, had come
to England to seek aid in developing
his latest invention, a means of sig-
nalling at a distance without wires. The
hub of a great Empire, Britain pos-
sessed the world’s greatest mercantile
fleet and the mightiest Navy — and it
was in shipping that Marconi could see
his dream come true, For once a ship
left the sight of land it was isolated
from the world. When disaster struck
— as it often did — some form of com-
munication between ship and shore
was sorely needed.
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Marconi demonstrated his equip-
ment to the War Office and the British
Post Office. The War Office was inter-
ested, but the idea of an alternative
means of communication seemed to
be unpleasant to the Post Office; it
was unenthusiastic.

By 1898 Marconi had successfully
demonstrated overland and ship-to-
shore communication and had formed
the Wireless Telegraph and Signal
Company Limited. From time to time,
communication across distances of up
to 100 miles could be established. Yet
therein lay an enigma. Hertz's early
experiments showed that the invisible
“wireless’’ waves obeyed the laws of
light and travelled in straight lines.
How, then, could Marconi commun-
icate beyond the visible horizon?
The scientific community regarded
Marconi’s experiments with caution.

The Post Office monopoly on long
distance telegraph communication and
other restrictions made it impossible
for Marconi to set up a revenue-
earning inland wireless telegraph ser-
vice. His company was rapidly going
bankrupt. What to do?

the transatlantic gamble

Marconi had two ambitions: one, to
prove his system offered dependable
long-range capability and two, to com-
pete directly with the Post Office,
breaking its monopoly, and maintain-
ing a profitable wireless telegraph ser-

vice. He conceived a bold stunt to
draw attention to his plan: he would
send a wireless signal across the
Atlantic! Marconi proposed a station
of breathtaking power, size, cost, and
complexity. It was like proposing to
build a cathedral in a world which had
seen nothing more grandiose than a
log hut. The directors of his company
objected to taking such a risk. His
grand idea was met with scorn and
disdain.

But Marconi convinced his col-
leagues to go along with his plan. The
station, to be built in Poldhu, Wales,
was staggering in concept; a 25 kilo-
watt power plant would drive a two-
stage spark transmitter (fig. 1) con-
nected to a 400-wire antenna sup-
ported by 20 masts, each 200 feet
high.

By early 1901 the station began to
take shape. Preliminary tests indicated
a range of at least 225 miles. Despite
a myriad of troubles, the station could
be heard as far away as lreland. It had
already proven that wireless waves
followed the curvature of the globe;
Marconi was certain that his signal
could be extended to North America.

In March, 1901, Marconi sailed for
America and chose the site for a sec-
ond station: South Wellfleet, a small
town on the eastern shore of Cape
Cod, Massachusetts. Leaving his chief
engineer there, Marconi returned to
England.
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fig. 2. The temporary antenna used at Poldhu for the transatlantic tests.

Catastrophe struck in September
when a vicious gale hit the coast of
Wales, breaking one of the many guy
wires. All 20 masts collapsed into a
shambiles of broken timber and tangled
wire. Just a month later a second
storm destroyed the antenna system
at South Wellfleet.

The directors of the Marconi Com-
pany were appalled. Over a quarter

million dollars had been spent with
nothing to show for it but chaos.
Marconi would not give up; he cleared
away the wreckage, erected a tempo-
rary antenna (fig. 2) and had the
station back on the air in 11 days.
Because of the diminished capacity
of the makeshift station, Marconi
decided to abandon the Wellfleet site
and set up temporary receiving equip-

ment in Newfoundland, the point of
landfall nearest to Wales. In great
secrecy he set sail for St. John, with
a small stock of kites and balloons to
keep a single wire aloft in the stormy
weather.

A site was chosen on Signal Hilf,
and on December 9 the apparatus was
assembled in an abandoned military
hospital. The balloon was prepared for
inflation and ground plates were
buried. A cable was sent to Poldhu
requesting that the Morse letter S’
be transmitted continuously from 3 to
7 PM. Marconi chose his message
wisely. He knew the fragile state of his
equipment, and that the transmission
of dashes, rather than dots, would
have imposed too great a strain on the
keyer and the transformers.

On December 10th the weather was
fair. A balloon-supported kite antenna
was sent aloft. The transmissions
started at a power level of about 10
kilowatts and on a wavelength of
about 366 meters (820 kHz). Since
there was no means of measuring
frequency, the actual wavelength
remained a matter of speculation.

As the wind picked up, the balloon
bobbed and weaved about in the sky
above Signal Hill. Marconi adjusted his
new ‘‘syntonic receiver’” — a glass
tube within which a globule of mercury
was held between two iron or carbon
rods, forming a crude semiconductor.
Nothing which could be identified as
the letter “S’’ could be heard amid the
static. The wind picked up and the
antenna crashed to earth as the
balloon was swept away.

December 12, 1901

On the 12th the wind increased in
intensity. A kite was launched bearing
a 510-foot wire. The wind carried it
away. A second kite was launched
with a 500-foot wire attached. Because
he had observed that the buffeting of
the antenna by the wind made it
impossible to keep the newer receiver
in tune, Marconi sat listening intently
at an older, untuned receiver (fig. 3).
Time slipped by. Suddenly, at 12:30
PM, Newfoundland time, he handed
the earphone to George Kemp, his
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fig. 3. Marconi’s untuned receiver.
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assistant, and quietly asked, ‘‘Can you
hear anything, Mr. Kemp?”’

George Kemp took the headphone.
Through the static crashes he could
hear, faintly, the unmistakable rhythm
of three clicks, followed by a pause,
then three more and a pause, and so
on, until — all too soon — the signals
were lost once more in static. Marconi,
a cool-headed man if there ever was
ane, wrote in his laboratory notebook:
Sigs at 12.20, 1.10 and 2.20.

Marconi a fraud?

Marconi was in a quandry. What
conclusive proof did he have? He and
Kemp were not exactly unbiased.
Should he make a public statement?

Finally on December 14th Marconi
cabled his company the news. It was
made public on December 16th, 1901.

The first reaction came from the
lawyers of the Anglo-American
Telegraph Company, whose cable line
had carried the message to England
two days previously. It was sharp and
to the point. Marconi was told that the
company had a monopoly on commu-
nication in Newfoundland and it for-
bade any future infringement of their
rights under pain of legal action.

The public interest, however, was
aroused and both the Canadian and
American governments expressed
interest in the experiment. The tech-
nical journals treated the incident with
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a combination of skepticism and indig-
nation. Marconi had no proof to sub-
stantiate his claim, which challenged
the fundamental laws of physics and
the proven knowledge of Newton,
Maxwell, Hertz, and others. It was not
until later, when the reception of
signals across the Atlantic was demon-
strated beyond any shadow of doubt,
that Marconi's achievement was
recognized.

Even today, it is difficult to believe
that the 366-meter signals could actu-
ally have been heard. The receiving
equipment after all, consisted of an
inefficient antenna coupled to an
untuned receiver which had no means
of amplification whatsoever and was
even less sensitive than crystal detec-
tors, which evolved a few years later.
If, in fact, the wavelength was 366
meters, the tests took place at the
worst possible time of day because the
entire path would have been in day-
light. Today we know that radio
signals can travel across the Atlantic
and far beyond. But in 1901, anyone
who believed that they could, and did,
believed so as an act of faith based
upon the integrity of one man —
Marconi.

Marconi at the World’s Fair

It was 1932. Marconi, an interna-
tionally acclaimed scientist, inventor,
and businessman was in the United

States. He was scheduled to make an
official visit to the Chicago World's
Fair, a breathtaking exhibition of the
modern world of technology. Fair offi-
cials were in a dither as Marconi
arrived in the company of other impor-
tant dignitaries. The Great Man toured
the Fair, expressing great interest in
the scientific exhibits. News photog-
raphers crowded around Marconi and
he was followed by a large gathering,
all craning their necks to see the Father
of radio communication.

As he was about to leave, Marconi
expressed a wish to visit the Amateur
Radio station at the Fair. So,
Marconi's big, black limousine, with
colorful American and Italian flags fly-
ing from the fenders, drew up in front
of a building on the edge of the fair-
ground, followed by a horde of offi-
cials and newsmen. Marconi was
escorted up the stairs to the World's
Fair Amateur station, WOUSA.

The young operators of WOUSA ap-
peared thunderstruck as the famous
visitor strode into the station, intro-
duced himself, and studied the home-
made kilowatt trasmitter and the
superheterodyne receiver. He exam-
ined the station log book. The Fair
officials were mystified by the incom-
prehensible collection of equipment
that seemed to fascinate Marconi.

One of the operators apologized to
Marconi, saying that the equipment
had been built by mere Radio Ama-
teurs. Marconi nodded and smiled,
shaking the hand of the operator
warmly. “Yes, ves,” he said. “|
understand — after all, | am a Radio
Amateur myself."”

radio silence

Marconi died in July, 1937. On the
evening of the following day, at the
state funeral in ltaly, the ltalian Radio
Service observed an official period of
radio silence. In England, and through-
out the world, thousands of radio sta-
tions — broadcast, commercial, and
Amateur — fell silent. The radio
silence which Marconi had broken
when he switched on his first transmit-
ter came down in sorrow at his
passing.



Shortly before he died, Marconi, in
an address at St. Andrews University
in Edinburgh, Scotland, stressed his
original intention to make the high seas
safe by giving ships a means of com-
munication. Then, perhaps talking
more to himself than to his audience,
he added, '"Have | done the world
good — or have | added a menace?”’

in retrospect

Much speculation has taken place
during the decades following Mar-
coni's famous transatlantic experi-
ment. lonospheric studies and a review
of the sunspot cycle suggest that
propagation across the Atiantic at that
time of day, in that month and year,
was highly unlikely on 820 kHz.

What, then, might Marconi and his
assistant have heard? A few clues
exist. Marconi's spark transmitter
emitted a rough wave, high in har-
monic content. He used a broadband
(untuned) receiver. Perhaps Marconi
was not hearing the fundamental
transmitter signal, but instead a har-
monic of the signal, in particular the
fourth harmonic on about 3280 kHz. If
that is so, then a few hundred watts
of harmonic power would have easily
made the transatlantic journey.

Of course, with a broadband
receiver, Marconi could have heard
many harmonics at the same time! So
we shall never really be sure what
transpired on that stormy day in
Newfoundland. It is interesting,
however, to think that if Marconi had
elected to listen to his tuned receiver,
used in the previous day’s unsuccess-
ful tests, he might have heard nothing
at all!
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a sloping terminated vee beam

Low SWR
across ham
and SWL bands

This is the antenna that every ham has probably
dreamed about: a beam antenna that works on every
Amateur band and on all the spaces in between . . .
an antenna that’s cheap and requires just a single tree
or pole for support . . . an antenna that doesn’t
require precision measurements, special tuning instru-
ments, or almost anything else out of the ordinary.
Everything needed can be purchased inexpensively or
built at home, and the hardest part will be building a
toroid transformer with about 25 turns of wire.

This is the same antenna used as a back-up by the
Voice of America, so you know it works.

According to transmission line theory, a single con-
ductor placed a few feet above and parallel to the
ground can be used as an antenna. If the wire is raised
more than a few feet above ground, the impedance
approaches a value of 400 ohms according to the
following formula:

ZO = 83.7 lOg]O (4H/(l') (1)
where Z, = impedance of single wire above
ground
H = height of the wire above ground in
any units
d = diameter of the wire in the same
units

The nonresonant ‘‘vee’’ antenna and a large family of

similar antennas such as rhombics are based on trans-
mission line theory. When used as an antenna, how-
ever, the transmission line has spacing which is large
compared with normal lines. As a result it is leaky and
can be used as an antenna. The radiation field from
a single wire transmission line may be calculated' and
the two maximum gain lobes discovered by the
equation:

60 sin a  sin [’;TL, (I-cos a)]

Efa) = I — cosa &
where Efa) = normalized field strength at angle a

a = the angle from the axis of the wire

T = 3.1416

L = length of the wire in any units

W = one full wavelength in the same

units

If two terminated transmission lines are aligned so that
the major lobes of each wire are additive, the lines then
become a ‘‘vee” antenna. (Two vees placed end-to-
end form a rhombic.) Because the line is terminated
in a matching impedance, the wires are nonresonant
— just like any correctly matched, well-behaved trans-
mission line — and the antenna will accept power at
any frequency.

Several good things happen with terminated trans-
mission line antennas. One desirable result is broad-
banding operation; another is that the reverse lobes
(toward the pointed side of the vee) are cancelled or
greatly reduced. The resulting antenna can be used
to both transmit and receive at every frequency within
its range, much like a log periodic antenna. But, it will

By Robert Ross, 17904 Muncaster Road,
Derwood, Maryland 20855
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fig. 1. A maximum lobe gain of 5.1 dBi is achieved with
a 1-wavelength leg length 68-degree apex angle, non-
resonant vee beam.

bt

fig. 2. A maximum lobe gain of 5.7 dBi is achieved with
a 1.5-wavelength leg length 56-degree apex angle, non-
resonant vee beam.

table 1. Relationship between vee beam leg lengths,
apex angles, and gains.

vee leg length apex angle gain
in half waves in degrees in dBi

2 68 5.1

3 56 5.7

4 48 6.1

5 44 6.4

10 32