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A new e

edition of the wn
most famous linear ampll e

T‘IE 2K Classic represents the culmination of fifteen years experience in developing, Features:
manufacturing and improving the 2K series. It remains as always a "workhorse”, & T\wo rugged Eimac 3-500Z
engineered and built to loaf along at full legal power for days or weeks without rest. A grounded grid triodes

look inside shows why! No expense has been spared to make the 2K a truly "Classic” , 5. | plate circuit with silver plated
Amateur amplifier. Heavy duty, top quality components along with its rugged satkia il

construction assures you of trouble free operation. The 2K Classic offers engineering it » |
and features second to none. It will put your signal on the airwith greaterstrengthand * F€sonant cathode pi input circuit
clarity than you ever dreamed possible. The 2K Classic operates on all amateur bands, * Maximum legal input on all modes
80 through 15 meters (export models include 10 meters). * Price: $1195.00

—

..Another fine member of the famous Henry Radio family of superior
‘}'//4" 1 KD 5 amplifiers. And we're stlll convinced that it's the world’s finest linear In
its class. The 1KD-5 was designed for the amateur who wants the quality and dependabllity of the
2KD-5 and 2K-4, who may prefer the smaller size, lighter welght and lower price and who will settle
for a little less power. But make no mistake, the 1KD-5 Is no slouch. Its 1200 watt PEP input (700
watt PEP nominal output) along with its superb operating characteristics will still punch out clean
powerful signals...signals you'll be proud of. Compare Its specifications, its features and its fine
components and we're sure you will agree that the 1KD-5 is a superb value at only $695.

) ;x_- 2 K D o 5 We have been suggesting that you look Inside any amplifier before you
e buy It. We hope that you will. If you “lift the lid” on a 2KD-5 you will see

omy the highest quality, heavy duty components and careful workmanship...attributes that
promise a long life of continous operation in any mode at full legal power. The 2KD-5 is a 2000 watt
PEP Input (1200 watt PEP nominal output) RF linear amplifier, covering the 80, 40, 20, and 15 meter
amateur bands. It operates with two Eimac 3-500Z glass envelope triodes and a Pi-L plate circuit
with a rotary sliver plated tank coll. Price $945.

And don't forget the rest of the Henry family of amateur amplifiers...the Tempo 2002 high power
VHF amplifier and the broad line of top quality solid state amplifiers. Henry Radio also offers the
3K-A and 4K-Ultra superb high power H.F. amplifiers and a broad line of commercial FCC type
accepted amplifiers for two way FM communications covering the range to 500 MHz.

A A A A A A A A T A A AT A A A A AN AN AN A AN AR AN AT X

% . 'TerHr--HHwH{] 4 =

+ ¢ *

% A brand new “super” linear...the 3K Classic! Designed for the most critical
Amateur Radio operator...the individual who wants and appreciates owning

x the finest. Available in spring 1581. F.C.C. approval pending W
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oc a W th ine
P[EESH not “ji:' rhj!t.:;“"‘ﬂ r"r-.j”;;bl‘lr:j”eIHLN'T]*:'E'I
our new ;:':E o5 address 3 2050 S. Bundy Dr., Los Angeles, CA 90025 (213) 820-1234
931 N. Eucltd Anaheim, CA 92801 714) 772-9200
Butler, Missouri 64730 (816 679-3127
TOLL FREE ORDER NUMBER: [B800) 421-6631 Prices subject to change without nohce

For all states except California R
Calif. residents please call collect on our regular numbers.



BEST PRICES, DELIVERIES

FIVE STORE BUYING POWER!

SHIPPING REGULARLY TO COUNTRIES ON ALL CONTINENTS

CUBIC/
COLLINS SWAN
che W © 103
BEAT THE PRICE INCREASE New commercial-grade transceiver
while they last provides full 9-band coverage.
FREE PHON E Ask for details, prices. Ask for details, prices.
FREE SHIPMENT (UPS Brown) FREE SHIPMENT (UPS Brown)
800 R.L. DRAKECOMBO YAESU RACK
854_6046 TR-7/DR-7 all-band | ¢ RACK MOUNT
CALIF CUSTOMERS PLEASE transcelver. YOUR FT-707
CALL OR VISIT LISTED STORES STATION
e Rack neatly contains:

FREE

SHIPMENT
(UPS Brown)

CONTINENTAL

FC-707, FP-707,FT-707,
receiver. FV-707DM and MR-7

Ask for details, prices. - Ask for details, prices.
FREE SHIPMENT (UPS Brown) FREE SHIPMENT (UPS Brown)

R-7 full coverage '

US.A

MIRAGE B-1016 2M 25W OUT FROM TR-2400
AMPLIFIER | w/American Radio “324”

TH-2400 plugs directly into compact as-
: : 160 W OUTPUT sembly. Linear amp features V-Mos pwr
% ssB, FM, CW.

transistor, gives 25W
REG. 279.95 $249.95

RF across band w/1.5
watts dnve. Built -in
amp/'spkr boosts audio

Freq. range: 144-148MHz ® RF out:160W nom more than 2W. Also cur-

(10W in). ® RF power in: 5-15W @ DC operating rent limited charger

pwr: 13.6VDC @ 20-25A e Intermittent duty

cycle & Built-in receiver pre-amp. Auto-

matic internal or external relay keying.

for TR-2400. 12VDC @ 4A.
FREE SHIPMENT (UPS Brown) FREE SHIPMENT (UPS Brown)

Socket for ext PTT mic.
Egﬂa//ﬂne CX-11A Ere ALPHA

® Dual VFO's. Transmu
and receive on either

® 150W out. Solid state
no-tune final

master charge |

76A

- -
ANAHEIM. CA 92801 . ?_tlaf‘a"éii?q‘é'ﬁﬂ';dn%w e
2620 W. La Palma, Ask for details, prices. future bands. SRECIAL SRS s TN ﬂ,mﬂzt“,
(714):781-903 (213} ORO-2069 Unequalled selectivity, 3 cascaded xtl filters @ 6 digit - :
1 mile eas! Knotls EE‘”'}I' Farm. LED I'req_ readout @ Built-in power Eupﬁ}f e Full break- ALPHA  ETO AMPLIFIERS 374A
BURLINGAME, CA 94010 in CW (vacuum relays)® 16%"W, 7'2'H, 14°D. 40 Ibs.
999 Howard Ave., (415) 342-5757 FREE SHIPMENT (our choice “o¥/nena ) on Signal/One and Alpha items.

5 miles south on 101 from S.F Airport

ssecve., KENWOOD
2811 Telegraph Ave., (415) 451-5757

Hwy 24 Downtown. Lelt 27th off-ramp. cALL FOH YOUH sPEcIAL
SAN DIEGO, CA 92123

5375 Kearny Villa Road (714) 560-4900 PHICES ON ALL OF TH ESE

Fwy 163 & Clairemont Mesa Bivd OUTSTANDING ITEMS

VAN NUYS, CA 91401 (and other well known Kenwood
ham products)

6265 Sepulveda Bivd., (213) 988-2212.
San Diego Fwy at Victory Bivd

OVER-THE-COUNTER
Mon. thru Sat. 10AM to 5:30PM

AEA«ALLIANCE » ALPHA  AMECO « AMPHENOL « ARRL+ ASTRON
« AVANT|+BENCHER+ BERK-TEKBIRD BAW - CALLBOOK - CDE
«COLLINS * CURTIS « CUSHCRAF T = DAIWA - DATONG - DENTRON
« DRAKE DX ENGINEERING~EIMAC * HUSTLER-HY-GAIN+* ICOM
« ) WMILLER= KENWOOD-KLM=LARSEN=LUNAR- METZ+ MFJ
« MICRO-LOG * MINI- PRODUCTS « MIBAGE « MOSLEY » NYE
« PALOMAR - ROBOT « ROHN « SHURE - SWAN » TEMPO -TELEX :
-TELREX- TEN-TEC- TRISTAD -YAESU and marny more’ Prices. specs subjec! to change without notice Calif. residents please add sales lax

TS-520-SE

Prn.2a00 TS-130-S

FREE SHIPMENT (UPS Brown)
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BUTTERNUT’S
TWO-METER

TROMBONE"...
A cut above its competition!

Butternut’s 2MCV collinear gain
antenna with its patented Trombone
phasing section offers performance
unmatched by other 2 meter antennas
in its price class and holds its own
against taller and much more expensive
gain antennas.

ECONOMY, RELIABILITY AND
LONG-HAUL PERFORMANCE
MAKE THE 2MCV TROMBONE THE
IDEAL CHOICE FOR YOUR NEXT
BASE OR REPEATER ANTENNA.

ELECTRICAL AND MECHANICAL
SPECIFICATIONS
Height: 117.5 in./298.5 cm.
Weight: 2 Ibs./9%kg.

Shipping Weight: 3 Ibs./1.4 kg.
Feed: 50-239 accepts standard PL-259

Effective radiating length: three-half wave (nominal)

Gain: 6 dB

Feedpoint impedance: 50-53 ohms
VSWR at resonance: 1.1:1

Power Rating: Legal Limit

Write for free literature and complete

BEC catalogue, or ask your dealer

é' BUTTERNUT
ELECTRONICS
‘35 CO. .

P.O. Box #1411
San Marcos, Texas 78666

Antenna Baluns

2 Kw CW, 6 Kw PEP input. Our heavy
duty balun with mounting bracket for 2"
mast or boom. Specify 1:1 or 4:1 ratio.

Beam Balun $57.50

2 Kw CW, 6 Kw PEP input. Far more
rugged than any other balun made for
amateur use. Specify 1:1 or 4:1 ratio.

Model 2K $52.50

1 Kw CW, 3 Kw PEP input. For dipoles,
inverted Vees, beams, quads. Depend-
able. Takes temporary overioads in
stride. Specify 1:1 or 4:1 ratio.

Model 1K $32.50
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Only Palomar Baluns Have All These
Features:

* RF toroidal core for highest
efficiency.
Teflon insulated wire.
Stainless steel hardware. Won't rust.

Epoxy filled case. Waterproof
Wideband 1.7 to 30 MHz.
White case to reflect the sun,

Lightning protection built in.
Free brochure sent on request.

How many light weight baluns have you
burned out already? Install the balun that
will stay up there working year after year.

[ R

To order, add $3 shipping/handling.
California residents add sales tax.

Palomar
Engineers

1520-G Industnial Ave. . Escondido. CA 92025
Phone: [714] 747-3343




Two-Meter Antennas:
Facts and Fables

—the truth about omnidirectional antennas
ON tWO...ooeeveennnnn : WIS 12

The 440-MHz Curtain

—hang this broadbanded two-bay collinear on
your tower and get 22 dBi to play with.. WA90ZC 22

The Plumber’s Parabolic Mount

— a first-class hydraulic system
i WDAMR], KA4]YD 28
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Stay Tuned

—three tuner projects with no commercial

interruptions o Staff 58
Review:

Kenwood’'s New 8308

—evolution, not revolution._. .. WBSBTH 66
Review:

Azden’s PCS-3000

—the 2-meter rig of the future is available now
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—know what you're buying in quality and
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The “No Antennas” Antenna
—a coaxial dipole 15 one woman's solution to
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—part XiV............... eenaneenen WOC 36
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theory. Do you think it will work? _._......... WICV 38
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— home-brewing a parabolic reflector, with the
focus on cost......... et WANK 42

The Earth Mover

—would you believe that this antenna changes its
height above ground without moving?...... WBHXR 46

Sailing the Triband Sloper

—put some half-waves among your halyards,
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Touch-Tune

—tactile frequency determination for visually-
handicapped hams IR v, AA3S 54

Slow-Scan in Bits and Bytes

1 d —microprocessors and plug-in cards can
give you flexibilityon SSTV.......... KBAEP 84

Review:

Cushcraft’'s Skywalkers

— performance through computer-aided design

..WBSBTH 98

Review:
Avanti’s 10-Meter Quad

BT ATl 3 B 99
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VoCom'’s Collapsible Whip for HTs
— 5/8-wave from 144 to 450 MHz................. WBEX 100
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NEVER SAY DIE

editorial by Wayne Green

MAGAZINE PERSPECTIVE

With much of the ham indus-
try hurting badly for sales, the
need for new hams and perhaps
for some new interests in ama-
teur radio is apparent. Dealers
have been dropping like the fall
leaves and manufacturers have
been retrenching. . .or going to
the SBA for additional loans to
tide them over. Over into what is
problematical.

In these days of confusion,
how are the ham magazines do-
ing? We publishers sit around
counting the pages of ads, the
pages of articles, the number of
articles, and all that sort of
thing. That's part of the publish-
ing biz. You may be interested in
the counts.

First, looking at 1980, we find
that 73 had 290 feature articles
to QST's 132. Over twice as
many. 73 had 871 pages of arti-
cles to QST's 416, again over
twice as many. Presumably it is
the articles which are of major
long-term importance 1o you
rather than club activities and
contests. In advertising, 73 aver-
aged 94.8 pages per issue and
QST 949. HR came in third with
38.7 pages, then CQ with 354
pages, and HRH with 22.0
pages, which may help you un-
derstand its demise.

Looking at the 1981 January
issues of the four remaining
ham magazines, we find that the
ad count is almost exactly the
same as 1980 January. . . which
is odd, if the recession in ham
sales is true. 73 had 87 pages of
ads, QST 101 pages, HR/HRH 53
pages, and CQ 46. CQ is up two
pages this year, QST the same,
and 73 down four pages (we
have cancelled several pages of
ads for slow payments and poor
customer service).

Where are things as far as ar-
ticles are concerned this year?
That's what you are buying for
the most part. . .not club news
and ads. 73 had 25 articles
against nine each for QST and
HR, with 8 for CQ. In pages of ar-
ticles, 73 ran 73 pages, QST 28,
HR 44 and CQ 18. That does not
include monthly columns. Inter-
esting that 73 should run more
pages of articles...and more
articles...than HAR and QST
combined. It might even make
someone think...though |
doubt it.

PROPINQUITY

If you let your daughter go out
with creeps. . .she will marry a
creep. And if you have a son and
let him date a punk rock weirdo
girl, you stand a good chance at

tion: Newsletter Contest.

NEWSLETTER CONTEST

To encourage publication of club and group newsletters
which, in turn, help spread ham radio interest around the
world, 73 is initiating a newsletter competition. So, make sure
that 73 Is on your mailing list.

Our judges will evaluate each one and pick a monthly win-
ner to be announced in 73. Each winner will receive our Novice
Class Study Guide and theory tapes or their choice of three
books from the Radio Bookshop. Please address newsletters
to 73 Magazine, Pine Street, Peterborough NH 03458, Atten-
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having to adjust to this cretin as
a daughter-in-law. It all has to do
with the not-very-well-under-
stood concept of love.

You've heard about love being
blind. Well, you'll believe it when
it hits you through one of your
children. Of course, how it hits
you has a lot to do with how
much you control your teenager
.. .and control in this sense has
to do not so much with trying to
stop him or her from dating
nerds as preventing the propin-
quity which gets all of this start-
ed. Propinquity is being togeth-
er...neamess. . .such as a be-
ing in the same class in school
or belonging to the same club.
Much as a baby duck will pick
whatever it first sees moving as
its mother, teenagers, when
struck with the right hormones,
fall madly in love with almost
the first thing they see of the op-
posite sex.

So, if you have your teenagers
in a school full of losers, you
might as well start adjusting
yourself to accept that whatever
they have in class with them is
going to get dragged into your
life.

| bring thisup nottoget you to
move to Peterborough or to rush
your pre-teens to a better class
private school, but to make a
point about amateur radio. In
the love affair a lot of us have
with hamming, propinquity Iis

all. A basic fact is that before
you are going to have many
more hams, you are going to
have to see that you get a lot of
teenagers near to it.

One lousy exposure in a mall
on a Sunday is not potent
enough in the propinquity de-
partment. If you or your club are
going to sell amateur radio in
this day, you are going to have
to bring teenagers into contact
with it as much as you can. Re-
member, you're up against a lot
of other interests such as Boy
Scouts, roller skating, after
school games like baseball. ..
things like that. It is most fortu-
nate for us that the amateur
radio susceptibility hormone
does not hit after puberty, other-
wise we'd have no hobby. Lucki-
ly for us, this period of
impressionability hits hardest at
around 13 and 14, before girls
start to really look good.

Another nasty competitor for
teenage aftfections is the micro-
computer, s0 you have your
work cut out for you. Remember
that more and more high
schools are getting computers
right into class...and darned
few (if any) are getting ham rigs
into class. You are up against a
mighty foe in the computer, so
you'd better reckon with it and
get your act together. It appears
that the same fauity brain cir-
cuitry which tends a teen to
become a ham also can flip him
into computers.

We can win this battle only if
we are aware of the enemy and
play every trick we can to
ensnare our share of teenag-
ers...or even more than our
share. It is time to be greedy and
pull our hobby out of the slump
it is in.

The key to how to do all this
lies in that word, propinquity. It
is up to you to see that teen-
agers are exposed repeatedly to
amateur radio. Their natural im-
munity will finally be beaten
down and we'll have ‘em...
trapped for a lifetime, for the
most part. Insidious hobby we
have, when you think about it.

QSL of the Month.

A FREE BOOK FOR YOUR QSL?

That's right. Send us your QSL and we'll enter you in 73's
QSL of the Month Contest. If yours is selected, it will appear in
73 and you'll be given your choice of a book from our Radio
Bookshop. We're looking for clever, colorful, beautiful, neat,
interesting, etc., QSLs. Please address your entry to 73
Magazine, Pine Street, Pelerborough NH 03458, Attention:
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ICOMSs GoAnywhere HF Rig for Everyone’s Pocketbook
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2m FM TRANSCEIVER TR-7880,

-

40 W, 15 memories/offset recall, scan, priority,

TR=-=7850

Kenwood’s remarkable TR-7850 2-meter
FM mobile transceiver provides all the
features you could desire, including

a powerful 40 watts RF output. Fre-
guency selection is easier than ever, and
the rig incorporates new memory devel-
opments for repeater shift, priority, and
scan, and includes a built-in autopatch
touch-pad (DTMF) encoder. A 25-watt
output version, the TR-7800, is also
available,

150 FEATURES

«» Powerful 40 watts power output
Selectable high or low power operation
High 40-watl outputl provides reliable
signal lor wide area coverage

« 15 multifunction memory channels,
easily selectable with a rotary control
MI-MI13... memorize requency and ollsel

=600 kHz or simplex). M14 ... memorize
transmit and receive irequencies ||=rFr~;n-|:
dently for nonstandard oflset

MO. .. priority channel. with simplex
+—c00 kH7

-~;.-r-e'.:.r:nr'..

Oor nonstandard ollset

 Internal battery backup for all memories
All memory channels ([including transmit

| \A NiCd

batteries (not Kenwood supplied) are

installed in battery holder inside TR-7850

oliset] are retained when lour

Batteries are automatically charged while

onnected to 12-VDC source

lranscemiver 1s i

« Extended frequency coverage
143.900-148.995 MHz. in switchable

S-kHz or 10-kHz steps

« Priority alert
MO memory is priority channel. "Beep”
alerts operator when signal appears on
priority channel. Operation can be
switched immediately to priorityv channel
with the push ol a switch,

» Built-in autopatch touch-pad (DTMF)
encoder
Front-panel touch pad generates all 12
telephone-compatible dual tones in
transmit mode, plus four additional DTMF
signaling tones (with simultaneous push
of REV switch).

« Front-panel keyboard
For Irequency selection, transmit ollisel
selection, memory programming. scan
control, and selection ol autopatch
encoder lones.

» Autoscan
Entire band (5-kHz or 10-kHz steps)] and
memories. Automatically locks on busy

channel: scan resumes automatically alter

several seconds, unless CLEAR or mi
PTT button is pressed o cancel scan

« Up/down manual scan
Entire band (5-kHz or 10-kHz steps) and
memories, with UP/DOWN microphone

(standard).

Matching accessory for fixed-station
operation:

» KPS-12 fixed-station power supply for

TR-7850

Other accessories not shown:

« KPS-7 fixed-station power supply for
TR-780X)

« SP-40 compact mobile speaker

DTMF

touch-pad

- Repeater reverse switch

Handy for checking signals on the input
ol a repeater or [or determining il

a repeater is "upside down.”

Separate digital readouts

To display Irequency (both receive and
transmit) and memory channel.

LED bar meter
For monitoring received signal level and
RF oulput.

LED indicators
To show: +600 kHz, simplex, or -600 KHz
iransmitier oflset: BUSY channel; ON AIR.

TONE switch
To actuate subaudible tone module (not
Kenwood-supplied).

Compact size
Depth is reduced substantially

Mobile mounting bracket
With quick-release levers.

More information on the TR-7850 is
available rom all authorized dealers ol
Trio-Kenwood Communications. Inc..
1111 Wesl Walnut Street, Compton
Calilornia 90220

. . . pacesetter in amateur radio
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Despite parents' efforts to de-
program our converts, most
teenagers go right on to fruit-
less careers in electronics and
communications.

S0 you get a demo station in-
to your local high school and run
it for a few weeks, handing out
seductive literature to anyone
foolish enough to get sucked in-
to watching. Then you figure out
some small bribe to get 'em into
your club license classes. You
charge ‘em enough for the set of
ciasses so their natural stingi-
ness (part of the ham ethic) will
prevent them from dropping out.
Salt your classes with refer-
ences to the incredible fun they
are going to have once they get
their ticket. They're yours.

The mall demo won't hurt. . .
and the exercise is good for club
members. it's fun to be the cen-
ter of attention in a mass setting
like that. . .and you'll be able to
get a few more into your class-
es. This will also give you a sec-

ond flanking attack on the
teens, if you have some fast-
food stores in the mall. Teens
tend to be attracted to fast-food
purveyors. Maybe we should ap-
proach McDonald's about demo
ham stations? | prefer Wendy's
myself. . .It's the salad bar, not
the greasy (juicy, they call it)
hamburgers.

If you can get teenagers near
ham stations enough, we'll have
plenty of 'em getting licenses
and perhaps amateur radio will
get back into a growth mode
again.

WAR COLLEGE

Definitely flattering...and
tough to turn down. The invita-
tion was to join a group of 70
noted civilians for five days of
workshops with the Air War
College. This is a group of high-
ranking Air Force officers who
have gone back to school to
bone up on the latest in military
hardware, tactics, intelligence,

and so on. At the end of the
course they have five days of
discussions with selected civi-
lians.

The problem was the five
days. | don’t have five days. Of
course, not having been to one
of these affairs, | don't know
how much interest there is in
getting ideas from the civilians
and how much is brainwash
from the military. All of my
visits to the Pentagon so far
have given me the impression
that none of the military ser-
vices wants input...they just
want to lay propaganda on the
media for their own benefit.

If they do have any interest in
getting some of their problems
solved, | think | have some
ideas for them which will go a
long way. For instance, it is no
secret that all of the military
services are hurting for techni-
cal people. Well, getting 'em

Continued on page 139

Well...ICanDream, Can’tl?

by Bandel Linn K4PP

“l understand there’s a big ham radio contest going on this weekend! | sug-
gest you take a week off—with double pay—to rest and get ready for it!”




Food for thought.

Our new Universal Tone Encoder lends it’s versatility to
all tastes. The menu includes all CTCSS, as well as Burst
Tones, Touch Tones, and Test Tones. No counter or test
equipment required to set frequency-just dial it in. While
traveling, use it on your Amateur transceiver to access tone
operated systems, or in your service van to check out your
customers repeaters; also, as a piece of test equipment to
modulate your Service Monitor

or signal generator. It can

even operate off an

internal nine volt

battery, and is available

for one day delivery,

backed by our one

year warranty.

« All tones in Group A and Group B are included.

* Output level flat to within 1.5db over entire range selected.

» Separate level adjust pots and output connections for each tone
Group.

* Immune to RF

* Powered by 6-30vdc, unregulated at 8 ma.

« Low impedance, low distortion, adjustable sinewave output, 5v
peak-to-peak.

* Instant start-up.

+ Off position for no tone output.

» Reverse polarity protection built-in.

Group A

67.0 XZ

71.9 XA
74.4 WA
77.0 XB
719.7 SP

825 YZ
854 YA
88.5 YB

91.5 22
94 8 ZA
97.4 ZB
100.0 1Z
103.5 1A
107.2 1B
110.9 2Z
114.8 2A

118.8 2B
123.0 3Z
127.3 3A
131.8 3B
136.5 47
141.3 4A
146.2 4B
151.4 52

156.7 5A
162.2 5B
167.9 62
173.8 6A
179.9 6B
186.2 7Z
192.8 7TA
203.5 M1

» Frequency accuracy, %= .1 Hz maximum - 40°C to + 85°C
» Frequencies to 250 Hz available on special order
» Continuous tone

Group B

TEST-TONES: | TOUCH-TONES: BURST TONES:
600 697 1209 1600 1850 2150

1000 770 1336 1650 1900 2200
1500 852 1477 1700 1950 2250
2175 941 1633 1750 2000 2300
2805 1800 2100 2350

» Frequency accuracy, = | Hz maximum - 40°C to + 85°C

* Tone length approximately 300 ms. May be lengthened,
shortened or eliminated by changing value of resistor

Wired and tested: $79.95
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TI

ﬁ COMMUNICATIONS SPECIALISTS

426 West Taft Avenue, Orange, California 92667
(800) 854-0547/ California: (714) 998-3021




Robert Glorioso W1I§
47 Edgehill Road
Stow MA 01775

Two-Meter Antennas:

V ertical antennas, espe-
cially for VHF, come in

a wide variety of shapes,
sizes, specifications, and
price. Manufacturers’ gain
claims have created such
confusion that one of the
popular magazines does
not allow an antenna manu-
facturer to publish gains in
their ads, and magazine re-

61_1;'

g 12 in

4 m.nm.ﬁ—/

Fig. 1. Simple 1/4A 2-meter
ground-plane antenna.
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Facts and Fables

— the truth about
omnidirectional antennas on two

views rarely say more than
“the antenna worked great.”
This only exacerbates the
problem because we, the
users/consumers, have no
way of getting reasonable
relative performance infor-
mation short of listening to

i 4

||
\V

lin DOWEL

someone tell us how
wonderful his great new
XY-999**1* antenna is, or
through the grapevine of in-
formation formed by our
“oral tradition.” This is
where the fable part comes
in. We all know how well a

2 IF2 TURNS
TAP AT | I/8 TUBRNS

ARCD 404 TRIMMER CAPACITOR

4 RADIALS

Fig. 2. Experimental 5/8A vertical with 1/4A ground plane.

joke gets passed around a
room when one person whis-
pers it into the ear of the
next. It usually is unrecog-
nizable after passing
through as few as a half-
dozen people. This is the
same way we get our infor-
mation on antennas, and of-
ten the quality of that infor-
mation resembles a joke!

| realized this recently
when | was selling an old
2-meter rig to a friend and |
wanted to make up a sim-
ple antenna so that he
could use it right away. |
have used the makeshift
1/4A ground-plane antenna
shown in Fig. 1 several
times (it costs one SO-239
plus a few cents worth of
old house wiring) and | was
about to make one for him
when | remembered some-
thing “we all know” —a 5/84
antenna has 3 dB gain over
a 1/4A ground plane. Now,
having purchased one of
those more years ago than |
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Fig. 3. Radiation pattern rep-
resentations of 1/2A dipole
antenna. Top — typical plot,
cutaway; bottom — three di-
mensional sketch of toroi-
dal radiation pattern.

like to admit, | noted that it
had four 1/4A radials, a
matching section, and a
5/8A radiator, so | built the
antenna shown in Fig. 2. It
tuned up to 1:1 swr so
quickly that | was sure it
was working great. | put it
on the air, and sure enough
| was getting out. But, since
| live on a fair-sized hill not
all that far from repeater al-
ley in the Boston area, | had
no way of knowing for sure
whether this antenna was
really better than the 1/44
ground plane.

Of course, everyone
knows that the 5/8Ais better
than a 1/4A—even some of
the antenna manufacturers’
literature says so—but isn’t
that part of our fable? Any-
way, | decided to perform a
simple experiment by com-
paring the two antennas in
exactly the same place us-
ing the signals from the
various repeaters and the
meter on my KDK 2016A to
measure the relative perfor-
mance. (I later discovered
that this is called reciprocal
testing: using a distant sig-
nal source and the antenna
under test in the receive

mode.)

The results of this test
were baffling —the 1/4A out-
performed the 5/8A in every
direction! Surely something
was wrong with my test, so |

m'
rex A & Az
go* ae
L
270"
| 144 3, s0*
8o o*
2T
ml
2L
igo* o=
Zro=

Fig. 4. Radiation patterns for
vertical dipole antennas of
different lengths. The nar-
rower major lobes of the 1A
and 1-1/4A antennas imply
gain over the 1/2A antenna.

asked some of the guys in
the area to give me signal
reports with the two anten-
nas. | used the same feed-
line and mount for each, so
| had to run out and physi-
cally remove one antenna
and install the other to do
the comparison. The results
were the same; reciprocity
was proved again! (The re-
ciprocity principle states
that the relative perfor-
mance of an antenna as a
transmitting antenna and as
a receiving antenna is iden-
tical.) Was our oral tradition
wrong? Something surely
was, so | dug into manuals
and textbooks to find out
the answer. Here is some of

what | discovered.

The Applicable
Antenna Theory

First, consider the ques-
tion: How can an antenna
have gain? In order to an-
swer this one must also ask:
What is our reference for
measuring an antenna’s
gain? Two references are
used as a base for measur-
ing an antenna’s gain. The
first, an abstract notion
used in theoretical compu-
tations of antenna perfor-
mance, is the so-called iso-

a—=MONOPOLE

COAX TO
TRANSMITTER

p—MONOPOLE

REFLECTION

-y

Fig. 5. Ideal vertical and its radiation pattern. Left— vertical
monopole over infinite perfectly-conducting ground. Note
that the coax shield is in electrical contact with the ground
Right — electrical equivalent is a virtual dipole whose other
half is a reflection in the mirror formed by the ground. Bot-
tom — theoretical radiation pattern for 1/4A vertical mono-

pole over ideal ground plane.

tropic radiator. This is a hy-
pothetical device which ra-
diates energy equally in all
directions simultaneously
with a spherical pattern.
However, to make real
measurements with real an-
tennas, the usual reference
is a half-wave dipole in free
space,

The free-space dipole has
a figure 8 radiation pattern
in the plane perpendicular
to the antenna and a circu-
lar pattern of equal radia-
tion in all directions radial
to the axis of the dipole as
shown in Fig. 3. Now, the
gain of an antenna is de-
fined as the ratio of the
magnitude of the maximum
radiation to average radia-
tion from the antenna in all
directions if the losses in
the antenna are negligible.
The maximum lobe for gain
measurement is indepen-
dent of the direction of that
lobe. The gain is diminished
by the amount of losses in
the antenna. (C = maxi-
mum radiation intensity di-
vided by average radiation
intensity )

Note that the average ra-
diation in all directions is
the same as that from an
isotropic radiator, which is
why it makes such a good
conceptual reference. The
dipole has a theoretical
gain of 215 dB as defined
above, so we can say that a
dipole has 2.15 dB gain over
an isotropic radiator. (An
isotropic radiator is only a

theoretical notion and can-
not be built anyway.) Now,
when we use a dipole as a
reference when studying
some other antenna, we on-
ly need to add 2.15 dB to
our measurements to refer-
ence our subject antenna’s
performance to an isotropic
radiator. The gain or loss in
decibels of a reference an-
tenna with respect to a di-
pole is often written as
dBD.

Before we consider verti-
cals specifically, let's look
at the radiation patterns
generated by dipoles whose
lengths are greater than
1/2A as shown in Fig. 4. Note
that the pattern radial to
the axis of the antenna is
symmetrical. The longer the
antenna gets up to 1-1/4A
the narrower the major
lobes get, which means
higher gain. Beyond 1-1/4A
there are four major lobes
which point more towards
the ends of the antenna
than perpendicular to it

90+
]

tm-c\{\wvn/j’) y

210"

Fig. 6. Radiation pattern of a
monopole approximately
1/4A long over a 6A circular
ground plane. Note that the
major lobe is above the hori-
zon.
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Fig. 7. Configurations and current distributions for several different vertical antennas. (a) Without ground plane. Outer con-
ductor of coax provides radiating return path for rf. (b) With 1/4A ground plane. Note current 1/4A below ground plane is
mostly in image. (c) With two ground planes, one 1/4A below the other, providing excellent isolation of feedline radiation.
(d) Coaxial 1/2A dipole. (e) Coaxial 1/2A dipole with choke to isolate the antenna from the mast.

Now, one can also erect a
vertical dipole and consider
the 0°-180° line as the
horizon and reconsider the
patterns in Fig. 4. It should
be clear that the 1-1/44 di-
pole puts more energy on
the horizon than the other
length vertical dipoles.
Maximum lobes on the hori-
zon are generally assumed
to be the most desirable for
both DX and VHF commu-
nications. The 1-1/4A dipole
has a typical measured gain
of 3 dB over a 1/2A dipole.

Now let's look at the
classical description of a
monopole or single-ele-
ment vertical. A single ver-
tical radiator must have a
path through which the an-
tenna return currents can
flow, so a monopole is usu-
ally described with respect
to an infinite, perfectly-
conductive sheet or ground
plane. See Fig. 5, top left.
The ground plane carries
the other half of the anten-
na current and mirrors the
monopole (Fig. 5, top right),
creating a virtual dipole
across the ground plane.
The radiation pattern is
precisely one half of the
pattern of the dipole whose

bJ
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leg length is the same as the
length of the monopole as
in Fig. 5, center. Thus, the
1/4A monopole has the upper
(or lower) 1/2 of the radia-
tion pattern of a 1/2A dipole.

All this is well and good,
but how many infinite, per-
fectly-conductive sheets
are there and what happens
if the sheet is not infinite or
not perfectly conducting?
There have been no reports,
to my knowledge, of the
discovery of an infinite, per-
fectly-conductive sheet, so
let’s examine what happens
if the ground plane is mere-
ly some finite, physically-re-
alizable size. Interestingly,
the size of the conductive
sheet has little effect on the
impedance of the antenna
but has a significant effect
on the radiation pattern. As
the size of the ground plane
gets smaller, the mirror for
the monopole gets “cloudy”
and the reflection of the im-
age diminishes. The result is
a higher angle of maximum
radiation than that supplied
by an infinite ground plane
as shown in Fig. 6 for a 1/4A
monopole over a 6A-diame-
ter conductive sheet.

This provides the first

2Tro"

Fig. 8. Asymmetrical dipole and typical radiation pattern.
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clue to the poor perfor-
mance of the 5/8A antenna
over a 1/4A set of radials. It
also raises some questions
concerning the use of an
auto body as the ground
plane for any antenna on
bands below 1296 MHz. In
fact, the pattern and gain
for any auto antenna need-
ing a ground plane is very
unpredictable—vyou get
what you get! There are au-
to antennas which do not
use the auto body as a
ground plane which do pro-
vide predictable radiation
patterns and gains for VHF
use. On the other hand, a
ground-mounted antenna
over a large number of
buried radials is indeed a
reasonable approximation
to an ideal monopole over
an infinite ground plane,
but ground losses can re-
duce the performance over
that of a dipole if the
ground is lossy and/or there
is an insufficient number of
radials.

AM broadcast stations
use ground-mounted verti-
cal antennas very effective-
ly with ground systems of at
least 120 wires at least 1/4A
long buried radially from
the base of the antenna and
connected to the shield of
the coaxial feedline at the
base of the monopole. The
larger the number and the
longer the length of the ra-
dials, the lower the ground
system resistance and
hence the lower the ground
losses. The resistance of a
good ground system is

about 2 Ohms which, for an
antenna whose radiation re-
sistance is about 40 Ohms,
iIs not an insignificant loss.
So, if your trap vertical sit-
ting in your back vard isn't
getting out as well as you
would like, try adding more
and/or longer radials where
the trade-off is usually for
more rather than longer.
Better yet, put it on the roof
as high as possible to re-
duce ground losses and do
better on the high frequen-
cies as well.

For VHF, say 2 meters, we
all know that the height of
the antenna is very impor-
tant (although it has been
my experience that on all
bands above 160 meters the
height of the antenna is
more important than any
other single parameter) so
we prefer to mount our an-
tennas on tops of buildings,
towers, poles, trees, etc., to
get them as high as we can.
One could mount a vertical
radiating element on the
end of the feedline as in Fig.
7 and depend on the mount-
ing structure and feedline
for the ground return. This
kind of an antenna will
work, but its performance is
unpredictable since it de-
pends on the lengths and
positions of both the feed-
line and mounting structure
for the radiation pattern it
provides. This is because
the feedline and mounting
structure carry the radiat-
ing ground-return currents.

A typical current distri-
bution on the outside of the
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DELTA—symbol of change—and the first HF transceiver
with all nine bands—offers more of the features you need
for these changing times.

Tennessee Technology Leads The Way.

Today's operating demands the changes a DELTA station offers. All

nine HF bands in all solid-state design with optimized receiver
sensitivity and selectivity, 200 watt, 100% duty cycle no-tune
transmitter, QSK, VOX, PTT, ALC, Notch, Offset, and more. All in
a compact, ready-to-go-anywhere functional design that offers light
weight, thorough shielding, and operating ease. And a price that
permits affording the full complement of accessories. TEN-TEC put
it all together—in DELTA—for you.

For The Change in Bands.

DELTA with all nine bands—another TEN-TEC “first.”” 160
through 10 meters, including the new 10, 18 and 24.5 MHz bands.
(Crystals optional for 18 & 514.5 MHz). DELTA is ready.

For The Change in Band Conditions.

Optimized design for the ideal balance between sensitivity (0.3 uV
for 10 dB S+N/N) and dynamic range (85 dB or better) plus
switchable 20 dB attenuator that puts you in control of even
extreme situations. No matter where you live or what power your
neighbor is running, DELTA can handle it.

Super selectivity permits narrowing DELTA bandpass to suit the
crowds. The four-position switch selects the standard 2.4 kHz SSB
filter, adds a section of the 4-stage active audio filter, cascades an
optional CW filter (for 14 poles of filtering), and cascades both
filters with 4 stages of audio filters to give you the passband window
you need with the virtually ultimate skirt selectivity required to knife
through strong adjacent signals

Built-ins to quiet the world. A variable notch filter is standard on
DELTA. Vary from 200 to 3500 Hz to notch out interfering carriers
or CW signals to a depth of 50 dB or more. Offset tuning for
moving the receiver frequency =1 kHz to reach that DX or to fine
tune. “Hang AGC to give you smoother receiver operation.

For The Change in Operating Styles.
Variety is the word for today, and DELITA offers it.

For a rag-chew with an old friend, 200 watts of SSB to the proven
solid-state amplifier (designed by the leader, TEN-TEC) with
built-in VOX and PT1.

For the fun of operating 200 watts CW with QSK—full, fast
break-in that makes CW a conversation, saves time, and opens a
window on DX.

Power up or down. Adjustable threshold ALC and drive let you
choose power levels with full ALC control.

DELTA accepts what you have, what you want . . . from separate
antennas to linears, transverters, remote VFO, 12 VDC, keyers and

more—just plug in.

For The Change In Lifestyles.

DELTA moves with you. “At home'™ anywhere—on your operating
desk, in the field, on a boat, plane, camper, wherever. Its neat small
size (4%"h x 11%"w x 15"d) and light weight (12 lbs.) make it a
good traveling companion. Yet compact as it is, DELTA panel size
and knob spacing make it comfortable to use hour after hour in
your home station.

For The Change In Economics.

These days, everyone wants more value for his money. And
DELTA offers it. More features and performance per dollar. Quality
that's American-made. Service you can count on. A solid
warranty—one year on the transceiver plus an extra five year
pro-rata warranty on the amplifier transistors. And low prices!

The DELTA Rig

Model 580 DELTA Transceiver ............ $849.00
Model 283 DELTA Remote VFO ........... 179.00
Model 280 DELTA Power Supply .......... 149.00
Model 282, 250 HzCW Filter ............. 50.00

Model 285, 500 Hz CW Filter ............. 45.00

Model 234 RF Speech Processor .......... 124.00

Model 214 Electret Microphone ........... 39.00

Model 645 Dual Paddle Keyer ............. 85.00
Other Optional Accessories

Model 670 Single Paddle Keyer ........... 34.50

Model 227 Antenna Tuner ................ 79.00

Isn’t it time for you to change? Check the DELTA rig at your dealer
or write for full details.
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coax feedline is also shown
in Fig. 7. Note that the
phase of the current on the
outside of the coax reverses
at 1/44 below the top ele-
ment. This will tend to can-
cel the effect of the top half
wave of the antenna and
distort the pattern from
that of either the ideal verti-
cal or a dipole in free space.
The conductive sheet or
mirror can be simulated by
wires extending horizontal-
ly from the base.

The concept of a mirror
formed by wires can be un-
derstood easily by first con-
sidering a vertical 1/4A ele-
ment with a single 1/4A radi-
al. This forms a bent dipole,
a rotated inverted vee, with
both horizontal and verti-
cal polarization. If we dis-
tribute three or more radi-
als symmetrically about the
base of the vertical ele-
ment, the horizontal com-
ponents of the radiation
from the ground plane will
cancel leaving only the ver-
tical component of the radi-
ation., The ground plane
performs two key func-
tions. It forms a mirror for
the vertical radiating ele-
ment and provides some
isolation of the outside of
the feedline from the radi-
ating currents.

Typically, four radial
wires slightly greater than
1/4A long form the ground
plane, as in Fig. 7(b). Also,
the radials are often bent
down to pull the radiation
pattern more towards the
horizon, as in Fig. 1. This al-
so raises the impedance a
bit closer to 50 Ohms. A
properly adjusted vertical
ground-plane antenna looks
very much like a 1/2A dipole
with respect to its radiation
pattern and gain—approxi-
mately 0.1 dB less_ A further
refinement of the ground-
plane antenna, shown in Fig.
7(c), places an additional
ground plane 1/4A below
the first one to act as a
choke, which improves the
radiation pattern by further
reducing the current on the
outside of the feedline. A
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Fig. 9. Several omnidirectional vertical gain antennas and their current distributions. Arrows
show phase of current; antennas with the most current in phase have the highest gain. (a)
Skirted, to phase feedline currents to form a collinear antenna— 1-2 dBD. (b) Isopole, using
sleeves to phase feedline currents to form 1-1/4A dipole and to isolate it from the mast and
feedline— 3 dBD. (c) Four collinear folded 1/2A dipoles fed with a phasing harness. Four ele-
ments provide 6 dBD omnidirectionally and 9 dBD unidirectionally. (d) Ground-mounted
collinear. The 1/2A sections are insulated from both ground and each other. An LC network
provides the phase shift needed to get currents in phase in the two sections—2 dBD. (e)
Franklin antenna— dipole and coaxial versions. The 1/2) stubs provide the phasing for cur-
rent in adjacent sections. Three sections above— 3 dBD. (f) Coaxial collinear uses sections
of coax arranged so that the radiation from the outside of the coax is properly phased. Gain
is proportional to the number of 1/2A sections. Eight 1/2A sections—6 dBD.

similar result can be ob-
tained by using 1/4A sleeves
instead of a ground plane,
as shown in Figs. 7(d) and
7(e) to create a coaxial or
sleeve antenna.

The outside of the sleeve
acts as a conductor for the
return signal while the in-
side is a shorted 1/4A trans-
mission line with a high im-
pedance at the open end.
The current distribution for
both the ground-plane and
sleeve antennas is identical
to that for the vertical di-
pole. If one mounts a longer
vertical element such as a
5/8A on the 1/4A ground
plane or 1/4A sleeve, then
we have an asymmetrical

dipole equivalent which
has a pattern with multiple
high-angle major lobes as
shown in Fig. 8. This anten-
na does not work well to the
horizon and we have the
truth—the end of our fable.
Then how do we get the
3-dB theoretical gain from a
5/8A antenna? We probably
do get it but in a direction
above the horizon which
doesn’t do much good. Then
how do we get the signal
where it does do some
good?

First, we know that we
get 3-dB gain over a 1/2A di-
pole with a 1-1/4A dipole, so
a vertical dipole which is
1-1/4A long will do it in a di-

rection which gets out
where we want it. An equiv-
alent can also be obtained
by using an appropriate
ground plane which proper-
ly mirrors the radiator. For
example, ground-mounting
a 5/8A element over ground
with high conductivity as
well as a good ground radi-
al system is one way. A
ground plane with 5/8A ra-
dials will also provide the
3-dB gain. Another ap-
proach, taken by AEA with
their Isopole!M, uses a
1-1/4A sleeve dipole with a
second isolation sleeve, as
illustrated in Fig. 9(b).

The 1/4A sleeve on the
sleeve antennas and the
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