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Special
packages with
special savings...

Package No. 1

Swan TB-2A or Hy Gain TH3 Jr.
Tristao MM-40 or Triex SM-40
CDR CD-44

RG-58 100’

Control Cable 100’

Retail Price: approximately $630
Package Price: $525

Package No. 2

Swan TB-3HA or Hy Gain TH3-Mark 3
Tristao MM-40 or Triex SM-40

CDR Ham-11

RG-8 100’

Control Cable 100

Retail Price: approximately $745

Package Price: $625 |

Package No. 3

Swan TB-3HA or Hy Gain TH3-Mark 3
Tristao CZ-454 FS or Triex W-51

5 mast

CDR Ham-11

RG-8 100’

Control Cable 100’

Retail Price: approximately 51190

Package Price: $ 995

Package No. 4

Swan TB-4HA or HyGain TH6-DXX
Tristao CZ-454 FS or Triex W-51
5 mast

CDR Ham-11

RG-8 100’

Control Cable 100

Retail Price: approximately 31240
Package Price: $1030

or design-it-
yourself...and
you’ll still save

For many years Henry Radio has been
providing a beam-antenna package
program for amateurs who wanted an
efficient but economical package.
Thousands have benefited from this
offer in the past. In recent years we
have offered the customer the versatil-
ity of designing their own system with
the components that they want. Our
only requirement is the purchase of at

least:

1 Antenna
1 Rotator
1 Tower

100" Rotator Cable

100" Coax Cable

We stock merchandise from the follow-
ing manufacturers and our packages
normally include their products.

Hy Gain Antennas

Mini Product Antennas

Mosley Antennas

Swan Antennas

“~ CDR Rotators

Tristao Towers
Triex Towers

Accessories of all kinds

Send us a note telling us what your
choice is and we'll send you our low
package price.

Why buy from Henry Radio?

Owver 40 years experience. No finance charges if paid within 90
days. Low interest contracts - 8%/yr add on (14% annual rate) -
as long as 24 months. 10% down or trade-in down payments,
Good used equipment. Most makes and models. Used equipment
carries @ 15 day trial, 90 day warranty and may be traded back
within 90 days for full credit towards the purchase of NEW
equipment. Write for literature.

931 N. Euclhid, Anaheim, Calif. 92801 714/772-9200

| 11240 W. Olympic Bivd., Los Angeles, Calil. 90064 213/477-6701
EE{;’,BUH@:. Missouri 64730 B16/679-3127



ASTRO 200 SWAN SS 747

The Very Popular The Amazing

KENWOOD 715820 YAESU FT301D

The Space Age The Miniature

ATLAS 350XL TRITON IV Dig.

UPDATE FROM YOUR OUTDATED EQUIPMENT

TO DIGITAL TODAY!
ALL AMATEUR BRANDS Carried

Call Toll-Free with your order—

COMING SOON! 800-645-9187

Harrison’s Full-line IN NY (516) 293-7990
1977 COMMUNICATIONS
Ask for Ben, W2SOH

CATALOG Charlie, WA2AAB

Send this coupon TODAY! sam' KP4DST/WBQNVU
LR R B B R 0 B 0 B B B N B B |

Since 1925

- Haron DE=

ip -
Call Sign “HAM HEADQUARTERS,USA"”’

License Class
Hours

I Age(for reference only) 20 Smith St. Branch: Weekdays to 9 pm

N N K K N NN NN N Farmingdale, NY 10 Sunrise Hwy. Sat. 9-6
11735 Valley Stream, NY Sun. 11-5

More Details? CHECK — OFF Page 150 may 1977 [& 1



NEW LOW
PRICE
$1195.00
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The HAL ST-6000 demodulator
/keyer and the DS-3000 and DS-4000
KSR/RO series of communications
terminals are designed to give you
superlative TTY performance today
—and in the future. DS series termi-
nals, for example, are re-program-
mable, assuring you freedom from
obsolescence.Sophisticated systems
all, these HAL products are attrac-
tively priced—for industry, govern-
ment and serious amateur radio
operators.

The HAL ST-6000 operates at
standard shifts of 850, 425, and
170 Hz. The tone keyer is crystal-
controlled. Loop supply is internal.
Active filters allow flexibility in estab-

E m‘_ sST-6000

y LIMITER BENEE  ATC
an NOmM DN

lishing different tone pairs. You can
select AM or hard-limiting FM modes
of operation to accommodate differ-
ent operating conditions. An internal
monitor scope (shown on model
above) allows fast, accurate tuning.
The ST-6000 has an outstandingly
high dynamic range of operation,
Data I/O can be RS-232C, MIL-188C
or current loop.

The DS- and DS-4000 series of
KSR and RO terminals provide silent,
reliable, all-electronic TTY transmis-
sionandreception, or read-only (RO)
operation of different combinations

Stay tuned for future programs.

LOOS ERACE MOR  MARK AUTD FOWER

oTH  PRENT  HDR
O  LiNE DN RART 0N

CAUTE ETART | BOWES
o

sOow oOme OFF

oee  LOCAL  OFF

of codes, including Baudot, ASCII
and Morse. The powerful, program-
mable 8080A microprocessor is in-
cludedin the circuitry to assure maxi-
mum flexibility for your present needs
—and for the future. The KSR models
offer you full editing capability. The
video display is a convenient 16-line
format, of 72 characters per line.

These are some of the highlights.
The full range of features and speci-
fications for the ST-6000 and the DS
series of KSR and RO terminals
is covered in comprehensive data
sheets available on request. Write for
them now—and tune in to the most
sophisticated TTY operation you can
have today...or in the future.

HAL Communications Corp., Box 365, 807 E. Green Street
Urbana, Illinois 61801 » Telephone: (217) 367-7373

2 may 1977
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a second look
by Jim Fisk

The world distance record on 1296 MHz was shattered on the 256th of January when two
amateurs in Western Australia, Wally Green, VKBWG, in Albany, worked Reg Galle, VK5QR,
near Adelaide, over a distance of 1886 kilometers (1171 miles). The previous record on 1296
MHz was set in October, 1973, between WA2LTM and WIWCD over a distance of 1240
kilometers {770 miles).

During their record-breaking contact VK6WG used CW and VK5QR was on ssb. Wally tried
a-m, but Reg was only able to copy a few words because of the narrow passband of his
receiver. There were participating observers at each end of the link, and much of the contact
was tape recorded at VK6WG. It is more than likely that the two observers, Roger Bowman,
VKBNY, and Bernie Gates, VK6KJ, were themselves green with envy — VKGNY, who was
using a Microwave Modules MMc1296-LO converter, made a recording of the contact at his
own station but was unable to get his signals through to VK6.

The transmitting lineup at VK6WG consists of an 8-MHz crystal oscillator/ multiplier to 144
MHz, followed by an 832 tripler to 432 MHz, and a 3CX100AS tripler to 1296. All equipment is
homebrew. Power output on 1296 MHz is 10 to 15 watts; a pair of 807s are used as an a-m
modulator. The antenna is a 3-foot (90cm) dish similar to that described in the RSGB's
VHF/UHF Manual. The receiver front end was provided by Ron Wilkinson, VK3AKC; the
converter was a Microwave Modules MMc1296 with a 28-MHz i-f.

The single-sideband gear used by VK5QR was an experimental hookup of a circuit suggested
in 1970 by Karl Meinzer, DJ4ZC, in an article in VHF Communications. In this system the 432-
MHz ssb signat is specially processed to eliminate most of the distortion caused by frequency
tripling. The output from a homebrew 9-MHz ssb generator was mixed to 28 MHz, then fed to a
432-MHz transverter and 2C39A linear amplifier. The 432-MHz ssb signal was multiplied to 1296
MHz with a varactor tripler. Power output was about 10 watts to a 3-foot (90cm) dish. The
1296-MHz receiver consisted of a mixer-only converter into a low-noise preamp and tunable i-f.

This contact was a culmination of previous work by all four stations on 144 and 432 MHz.
Both VKBWG and VK5QR deserve high praise for their stunning success, but in view of the
relatively low power levels and small antennas used, and the good signal reports, there’'s a good
chance the record may be bettered in the near future. There are a considerable number of
amateurs east of Adelaide who are set up for operation on 1296 MHz.

Jim Fisk, W1HR
editor-in-chief
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LEADING THE
NEW WAVE...
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THE NEW ICOM 4 MEG, MULTI-MODE, 2 METER RADIO

[COM introduces the first of a great new wave of amateur radios, with new styling,
new versatility, new integration of functions. You've never before laid eyes on a
radio like the IC-211, but you'll recognize what you've got when you first turn the
single-knob frequency control on this compact new model. The IC-211 is fully
synthesized in 100 Hz or 5 KHz steps, with dual tracking, optically coupled VFO's
displayed by seven-segment LED readouts, providing any split. The IC-211 rolls
through 4 megahertz as easily as a breaker through the surf. With its unique ICOM
developed LSI synthesizer, the IC-211 is now the best ‘‘do everything’’ radio for 2
meters, with FM, USB, LSB and CW operation.

The IC-211 is so new that your local dealer is still playing with his demo. Just
hang in there and you can grab this new leader for yourself. ICOM’s new wave is

rolling in.

Frequency Coverage: 144 lo 148 Mhz

Synthesizer: LS| based 100 Hz or 5 KHz PLL
using advanced techniques

Modes: SSB (A3J), FM (F3), CW (A1)

Selectivity: SSB X 2.4 KHz or les
FM

Sensitivity: "—‘.E‘ 0 "5 uv 10db SINAD

at - 60db

+ 16 KHz or I(\s at -60db Power Output: 10W PEP (

Size: 11 1mm H x 241mm W x 264mm D
Weight: 6.8 kg

M 0.4 uv for 20db Q.S

Distributed by:

Power Supply: Intemal, 117V AC or 13.8V DC
558), 10W (CW. FM)

VHF/UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT

€ 3] ICOM

More Details? CHECK —OFF Page 150

ICOM WEST, INC.
Suite 3

5 Northrup Way
» Wash. 98005 Dallas. T
} 747-9020 (214) 620-278(

ICOM EAST, INC.
Suite 307
3331 Towerwc

Vancouve
Canada
(604)

od Drive

ICOM CANADA
7087 Victoria Drive
er BC V5P 3Y9

321-1833
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FCC'S PROPOSALS TO BAN lO0-meter amplifiers and require type acceptance of Amateur
equipment (April ham radio) have drawn a letter from Senator Barry Goldwater to Com-
mission Chairman Dick Wiley commending the Chairman on his recent pro-Amateur Radio
statement, but questioning whether further restrictions on Amateurs are really going
to solve the Commission's problems with illegal operators.

Type Acceptance would probably have little effect on illegal operators but would
certainly raise equipment costs and delay product improvements for Amateurs, according
to industry sources. 1In his statement that accompanied Docket 21116, the amplifier
ban, Chairman Wiley expressed the hope that "the comments we receive will suggest
other and better alternatives to the Commission's proposals.'" One such alternative
is that already proposed to the Commission, by the San Antonio Repeater Organization,
which would place legal responsibilities on the seller and buyer of transmitting equip-
ment. The R.L. Drake Company is one enthusiastic backer of that approach and has
already worked out a modification which would take the paperwork burden off the FCC
but would still provide the Commission with traceability and accountability for en-
forcement purposes.

ELIMINATION OF AMATEUR SECONDARY STATION licenses proposed recently by the FCC
would apply across the board — only individual primary station licenses would be re-
tained. Existing secondary station licenses would remain in force until their ex-
piration date, but could not be renewed. Comments on the proposal, Docket 21135, are
due June 2; Reply Comments, June 30.

The Closed Season on issuance of new secondary station licenses applies only to
applications received after March 3rd.  All applications for renewal of existing
secondary station licenses will still continue to be processed as before.

A 90-Day Delay of the May 25 due date for Comments on both Docket 21116 (Linear
AmpIifier Ban), and Docket 21117 (Type Acceptance of Amateur Equipment), has been
requested by the ARRL because the two are '"so far reaching in their implications for
the Amateur Service that the Amateur community needs more time to study and respond
to them." The League has also requested an extension on Comments due date for Docket
21135, the proposal to eliminate Amateur secondary station licenses.

HARMONIC AND SPURIOUS EMISSIONS from all Amateur transmitters will be specifically
limited by a first Report and Order on Docket 20777, the bandwidth Docket. The new
limits are 40-dB below carrier level under 30 MHz and 60-dB down between 30 and 235
MHz, and apply to all Amateur equipment — homebrew and modified as well as commercial.

The Proposal Is Causing Concern because it provides no relief for equipment already
in Amateurs' hands so it could work a hardship on both the industry and individual
Amateurs. Though add-on filters or antenna tuners could bring individual transmitters
into compliance, as written, the Rules make no provision for external cleanup
modifications.

AMATEURS MOVING to a new permanent location are now no longer required to advise
the FCC of the change within four months as has been required by Part 97.95(a)(2) of
the Rules. One caution must be observed however: be sure mail sent to you at the
address the FCC does have gets to you, as '"failure to reply to official communica-

t

tions'" — a pink ticket for example — can get you in deep trouble!

"INSTANT UPGRADE' WAS AVAILABLE at all FCC Field Offices on March 1. The temporary
authority for the successful applicant to use his new privileges is provided by a form
filled out by the FCC examiner, and until the upgraded license arrives the Amateur
must sign his call plus "Interim Washington' on phone (or "/WN" when on CW) if he took
the upgrading exam in Washington — but only when he's exercising his newly won
privileges. Each FCC Field Office has a 2-letter designator for use on CW.

FCC CHAIRMAN RICHARD WILEY was presented a plaque on behalf of the Amateur Radio
Service and the members of the ARRL for "his excellent support of the Amateur Radio
Service'" by League President Harry Dannals at the Quarter Century Wireless Associa-
tion's Washington Chapter banquet, which was attended by a number of top FCC and
OTP officials.

AMSAT'S PHASE 3 SPACECRAFT FUNDING campaign is now officially in operation though
a few details are still being worked out. It involves sponsorship of one or more
solar cells from the spacecraft's solar panels at $10 per cell, a tax deductible
donation. Send contributions to AMSAT Phase 3, Box 27, Washington, D.C. 20044 —
sponsorship certificates will be sent to contributors.

AMATEUR RADIQ INSURANCE plans are still being investigated by the ARRL with inter-
esting proposals in hand. There's a good possibility that coverage in addition to
simple protection of equipment will end up in the final package, which was referred
to the League's Management Finance and Membership Affairs Committees for further study.
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'WHO ELSE BUT KENWOOD CARES ENOUGH TO OFFER FINE AMATEUR RADIO GEAR IN ALL THREE SEGMENTS -

113 OF THE RF SPECTRUM ... HF, VHF, AND NOW UHF. EQUIPMENT FOR THE NOVICE JUST COMING UP FROM CB TO

THE EXTRA CLASS "OLD TIMER'', PORTABLE, MOBILE OR BASE STATION, 2 METER OR 6 METER OR EVEN THE
SPECIAL INTEREST OPERATOR WHO WANTS A ' KENWOOD' QUALITY 450 MHz RIG LIKE THE TR-8300" A DEDI-
CATION TO DESIGNING AND BUILDING THE VERY FINEST EQUIPMENT POSSIBLE . . . A DEDICATION TO INNOVATIVE
ENGINEERING BACKED BY A SOLID ¢ mrmm) SERVICE POLICY ... A DEDICATION T0
GIVING YOU MORE SATISFACTION FOR [§ X el EVERY DOLLAR YOU SPEND...WHO

ELSE BUT KENWOOD... THE PACE- '§ K SETTER IN AMATEUR RADIO. '

*THE TR-8300 IS KENWOOD'S NEWEST OFFERING ... A 450 MHz MOBILE/BASE STATION RUNNING 10 WATTS
WITH 22 CHANNEL CAPABILITY. AVAILABLE IN JUNE. (SUBJECT TO FCC CERTIFICATION.)

o pacesctter i aomatenr vadio

MMUNICATIONS INC. 1111 WEST WALNUT/COMPTON. CA 80220




CHOOSE

TOP NOTCH RIG PERFORMANCE
FROM THIS SHOWCASE

OF SWAN METERS.

Swan precision meters are designed
and built to help you make sure youre
putting out all the watts your rig
can deliver.

And Swan meters are priced
so low theyll probably pay for

themselves in improved rig per- :::;;
formance and signal power.

R &)
w
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S0 - 190 uay

At last. A precision wa' eter man. The upper-band man
needs accurate output measurements, too. Now our WME200 gives them
to him with + 7% accuracy output power at 50 to 150 MHz. Two scales to
200 watts. Reads SWR on expanded range scale.

WMG6200 In-Line Wattmeter . .................. ATer e oL 8

Measure power coming Easy-on-the-pocket pocket SWR. s

and going. Measure SWR Mighty mite SWR meter with high SWR bridge bridges the price barrier.

and get maximum power accuracy, SWR-3 Indicates 1:1 to This little jewel gives you relative forward

to your antenna. Then get 3:1 SWR at 50-ohms on frequencies power and SWR on two 100 microampere meters
your antenna pattern right ~ from 1.7 to 55 MHz. Precision PC at a remarkably low price. Rear mounted coax
by measuring relative board directional coupler makes it connectors for easy, neat installation. Capable of
radiated power. A one-two @ solid value at a rock-bottom price. handling 1000-watt signals on frequencies from
power punch at a knockout ~ SWR-3 Pocket SWR Meter . ..$12.95 3.5 to 150 MHz. With low insertion loss, it's great
price. FS-2 SWR and Field for mobile operations, too. SWR-1A Relative

Strength Meter . . . .$15.95 Power Meter and SWR Brldge ...... $25.95




All-the-law-allows in-line wattmeter.

With three scales to 2000 watts, new flat-
frequency-response directional coupler for
maximum accuracy and a price

anybody can afford, this meter has
become an amateur radio standard.

3.5 to 30 MHz with expanded range

SWR scale.

WM2000 In-Line Wattmeter. . $59.95

Sniffs out radiated power wherever
it is. This little unit is so compact it
could measure relative radiated
power in your pocket. Telescoping
antenna and a frequency range of
1.5 MHz all the way to 200 MHz.

FS-1 Field Strength Meter.

1 iz

O Emar

W - 3000

This wattmeter tells the truth about SSB. True peak envelope
power of your voice modulated signal is what you want to know
most about your SSB transmission, and that's where our
WM3000 shines. Flat response forward or reflected power from
3.5 to 30 MHz on scales to 2000 watts in RMS or PEAK at the flip
of a switch. WM3000 Peak/RMS Wattmeter .$79.95

100

{0

Voo 2
W Po
,o““ Alry

V0

$10.95

S waw
WM - 1500

Double-duty In-line wattmeter.
Use this meter for output power
measurement and troubleshooting,
too. Better than 10% full scale
accuracy from 2 to 30 MHz, and
you can go to 50 MHz with only
slightly reduced accuracy. Four
scales to 1500 watts and selector
for forward or reflected power,
WM1500 In-Line Wattmeter. .$74.95

S WA ELECTRONICS FC76

m
Put your frequency up in lights. Perfect tuning and matching don't mean a thing if youre not on frequency.

This counter tells the story on big, bright 5-digit LED display. Reads to =100 Hz or +1 KHz between 5 KHz and

40 MHz. Signal levels to 50 millivolts so you can use as

ey G

Swan products
available at:

ABC

353-6616

COMMUNICATIONS

6920 Evergreen Way,

$169.95

a test meter, too. FC-76 Frequency Counter

- -'-'iﬁ wa
17550 15th NE
364-8300

QE

Briarwood Center
455-0224
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antenna design

using the
longwire principle

A family of
high-frequency
amateur antennas
with characteristics
that should appeal
to the experimenter
and DX enthusiast

Amateur high-frequency antenna design has lagged
behind the latest developments in amateur transmitters.
The Ten-Tec and Heath solid-state transceivers, with
their broadband output matching circuits, make
transmitter adjustment as simple as tuning a receiver.
The transceivers are easy to tune when terminated with a
noninductive dummy load or a properly matched
antenna operating near its resonant frequency. However,
operating these transceivers on all bands becomes more
complex. You must either switch antennas, or add an

its disadvantages. As a result of this restrictive situation,
many amateurs operate near a frequency where the
antenna resonates or operate in a narrow frequency band
to avoid the nuisance of retuning.

design features

This article presents an approach toward a new family
of antennas using the longwire principle. Design
features:

1. Outperforms conventional longwires of similar size
during the majority of contracts under skip conditions.

2. Broadband characteristics from 80 through 10 meters
are superior to any other antenna design.

3. Simple to feed using conventional 50-ohm coaxial
cable.

4. No tuning or adjustment required if the design shown
here is duplicated.

5. Design may be varied to suit your needs for desired
bands, bandwidth, and array size. Adjustment is simple.

6. Neat in appearance and unobtrusive. Cost is below
$100 for 2-kW PEP capability.

performance under skip conditions

A justification of feature 1 is appropriate. Does the
“pest’” technical design achieve the best performance
during varying propagation conditions? Which antenna is
best when several good alternative designs are being
considered? | had a feeling that on-the-air antenna
performance during skip conditions on the amateur
bands was unpredictable, Conversations with other
amateurs familiar with the use of different antennas

antenna tuner, or both. Broadband antenna designs, such By Everett S. Brown, K4EF, 11100 Ridge Road,
as the discone and trap dipole are available, but each has  Anchorage, Kentucky 40223
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confirmed this feeling. The evidence was strong that
antenna characteristics based on theory and ground-wave
measurements were not duplicated under skip propaga-
tion conditions.

| decided to make some experiments to test band-
width improvement and the performance of alternative
antenna design under skip conditions. Results were
rewarding. These bandwidth experiments resulted in a
new broadband antenna design. Although these tests
were not under controlled laboratory conditions, | was
nevertheless satisfied that the new antenna design gave
outstanding performance. The purpose of this article is
to acquaint you with the concepts, test results, and final
design details so that you may understand the simple
principles involved and, if you wish, design your own
version,

objectives

The first objective was to develop an antenna with
low swr on all amateur bands from 80 through 10
meters. The swr was to be 2:1 or lower but in no case to
exceed 3:1 from band edge to band edge.

The second objective was to develop an antenna
design with outstanding performance when compared
with other antennas of similar size, cost, and com-
plexity. Emphasis was to be placed on simplicity and
low cost. The performance judgement was to be based
on the relative signal strengths achieved under medium
and short skip conditions on 80 and 40 meters with
secondary emphasis on long skip DX and higher
frequency bands. The successful antenna would provide
that big signal that all amateurs strive for.

physical properties

Since | am blessed with a heavily wooded area and
friendly neighbors, | decided to experiment with long-
wires. The operation was a low-budget affair from
beginning to end. | used inexpensive aluminum electric-
fence wire, which was purchased from Sears for about

4:1 BALUN

50-0HM COAX

fig. 1. Basic elements author used to form 23 different antenna
configurations for comparative signat-strength tests under skip
conditions. Measured impedance at the feedpoint of both anten-
nas was 200 ohms, which gave an excellent impedance match
using the feed method shown.
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fig. 2. Swr measured on the two basic elements shown in fig. 1.
At resonance the swr was 1.2:1; bandwidth at the 2:1-point was
120 kHz, or about 3% of the resonant frequency far both
longwire and V beam.

$15 for a quarter-mile roll. No insulators were used
except at the ends of the wire. The wire was strung from
tree-to-tree about 25 feet (7.6m) from the ground and
laid in branches near the tree trunk.

To be acceptable to neighbors who owned the
adjoining properties, the antenna had to be unobtrusive.
The casual observer would have trouble seeing the thin
aluminum wire in the trees.

During the experimental phase of the project the ends
of the wires were brought into the operating room to
facititate both switching and measurements. Measure-
ments and on-the-air comparisons were made over a
two-year period before the final design evolved.

An unusually efficient ground system was needed to
provide lightning protection, particularly during dry
periods when ground conductivity dropped. The size of
the array made it particularly vulnerable to electrical
storms.

electrical properties

The basic antenna element consisted of an odd
number of half-wavelengths, fed in the center. In the
early stages | determined that the feedpoint impedance
was a nominal 200 ohms as measured on an impedance
bridge — regardless of the number of odd half waves in a
single element or the use of several elements. This
greatly simplified impedance matching. A 4:1 balun, fed
by 50-ohm RG-8/U coaxial cable provided excellent swr
performance, as will be shown later.

According to the literature, a longwire radiator, if
center-fed, must be fed at a current loop.! The use of an
odd number of half-wavelengths at the resonant
frequency results in conventional performance based on
the entire wire length.

Where V-beam configurations were used, each leg was
one-half the “element’’ length referred to above. Thus,
each leg is one or more half wavelengths long, plus one
guarter wavelength. This length results in the convenient
impedance of 200 ohms at the apex. This technique of
adding a quarter wavelength to the length of each leg to
achieve impedance matching is one of the unconven-
tional features of this design. The impedance of 200

may 1977 11



ohms remained constant when either a longwire was
center fed or a V-beam of the same total length was fed
at the apex.

Although the configurations to be tested included
V-beam elements, they were not chosen for their
theoretical gain. On 80 meters, the legs were one and
one-quarter wavelengths long, which would provide only
about 3 dB gain over a dipole. The low antenna height
made even this small amount of gain questionabie during
skip conditions. The V elements were to be tested for
their ability to deliver a signal in any direction; high
reliance was placed on the large capture area of the
array.

Muttiples of two basic elements were to be tested: the
V beam mentioned above and a simple center-fed long-
wire. Fig. 1 shows the elements. The apex angle of the V
was chosen as 90° partly because this was optimum for
whatever gain this element provided at an electrical
length of one wavelength on 80 meters. On the higher-
frequency bands, gain was of little consequence because
of deviation fram the optimum apex angle. The primary
reason for the choice was that two center-fed longwires
at 90° made a symmetrical array with all feedpoints at
one place. Further, numerous alternative configurations
could be selected at this central feedpoint.

Fig. 2 shows the swr bandwidths for both the V-beam
and longwires. Both antennas were just over 100 kHz
wide at the 2:1 swr points on 80 meters which is far

TO PHASED
ANTENNA LEG

T0
ANTENNA
LEG

TO
ANTENNA
LEG

COAX TO
RECEIVER

AND
TRANSMITTER

fig. 3. Special tapped balun using Amidon Associates KW balun
kit to test steerable phased arrays.
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from the desired 500-kHz bandwidth. To expand the
bandwidth, | planned to stagger the element lengths.

One concern about staggering the element lengths was
that such action would place the feedpoints off center in
the element and adversely affect the impedance match.
A check of this was hastily made, and it was a relief to
find that the 200-ohm impedance measured by the
bridge varied little with the imbalances contemplated.
The swr measurements remained almost unchanged.

Terman3 and others have described the steerable
array. Changing directivity by changing phase relation-
ships between multiple antennas was the usual method. {
decided to attempt this by varying the phase relation-
ships of several longwire elements and adding several
steerable configurations to the on-the-air testing
program,

Commercial steerable array designs were variable in
the angle of radiation. They were most frequently used
in a receiving system with phasing accomplished in the
receiver circuits. It was my intention to test a high-level
phasing system capable of transmitting as well as
receiving. To test the steerable arrays, it was necessary to
provide phase changes that could be switch-selected over
a wide range. | made a special 4:1 balun with multiple
taps as shown in fig. 3. | used a balun to test the effect
on the transmitted and received signals by switching
various phased elements during the on-the-air compari-
sons. | found that swr varied little when the phased
arrays were switched.

electrical environment

| gave some thought to the ground conductivity in
the area to be occupied by the test antennas. Previously,
using conventional antennas, | observed that per-
formance deteriorated during the dry summer months.
This seemed to indicate that performance was directly
related to ground conductivity. A heavy rainy period in
the summer months restored performance.

This variation in performance, apparently due to
changed ground conductivity, raises the broader
question of how the antennas under test would perform
in other locations with changed ground characteristics. 1t
seemed logical to assume that, if the tests were repeated
during dry and wet periods, a measure of the validity of
the tests in differing ground conditions would follow.
Was it possible that an inferior antenna over poor ground
would become superior over good ground conductivity?
Would the ultimate be two antennas, one for good and
one for poor conductivity? Fortunately, test results were
consistent in both wet and dry conditions. No
discernible difference could be identified. | therefore
concluded that test results would be valid for other
locations and that other amateurs would most probably
experience similar results, Another constant was antenna
impedance. The bridge and swr measurements varied
little between wet and dry months.

Unfortunately, it was impractical to vary antenna
height. The low height probably caused a high angle of
radiation, which was satisfactory in medium and short
skip, but would it work DX? My primary interest was in
short-distance contacts with occasional DX work. |
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fig. 4. Eight basic antenna designs tested under skip conditions.
Numbers in parentheses signify use of additional legs for
variations.

decided to check low-angle radiation comparisons
between the various antennas to be tested on a few DX
contacts.

Nearby objects in the antenna site were relatively
small and consisted of four houses, two power lines, and
my electric fence. These objects undoubtedly had some
effect on the antenna system, but it's unlikely they
played a significant part in favoring one antenna config-
uration over another. As mentioned earlier, testing was
not performed under laboratory conditions.

testing

Most amateurs erect a single antenna for a specific
band or bands. Rarely are alternative designs
compared. It was a shock to me to observe that a very
substantial difference exists between comparable
antenna systems. If power is increased from 100 to
1,000 watts, gain is predictable (10dB). In a number of
cases a difference of 30 - 40 dB was measured between
antenna types. In one instance | tuned the 80-meter
band during daytime and found it completely dead.

Another antenna configuration was switched in and the
band produced an S9 station about 300 miles away
calling CQ. | made contact with S9 signals both ways.
The original antenna was switched in on both transmit
and receive several times with the same result —
absotutely no signal. | tried a third antenna configura-
tion, which also yielded absolutely no signal. Only the
one antenna provided communications at S9 both ways.

The three antennas in the preceding instance were
comparable in size, cost and complexity. They were
various combinations of the same fongwires. | concluded
that, when an antenna is chosen for its theoretical
performance in free space or over perfect ground, that
antenna may be completely out of context with theory
for producing a maximum signal during many propaga-
tion conditions.

Ideally, a number of antennas should be available and
the best one selected based on its performance at the
moment. This technique was possible and seriously
considered, but | hoped a configuration could be found
during the testing program that would produce the best
or nearly best signals in the vast majority of cases. This
would eliminate the nuisance of continually monitoring
signal strengths on several antennas. This simplification
was especially valued after | discovered that during some
propagation conditions the optimum antennna shifted
during a single contact.

Testing produced quite a few surprises, but the most
valuable result was that one configuration proved to be
superior. The need to switch several alternative antennas
was greatly diminished. The superior configuration has
never been covered in the literature to the best of my
knowledge.

test configurations

The basic test elements were center-fed longwires an
odd multiple of a half wavelength long. Principal testing
was on 80 meters, with fewer tests on 40 and a few

WAVELENGTHS, EACH ELEMENT

B0 METERS 2.5

40 METERS 4.5

20 METERS 9.5

15 METERS (3.5 AND 4.5

10 METERS 175, 18.5 AND 19.5

353" (107.6m)

300’ (91.4m) &

331" (10im)

313’ (95.4m)

fig. 5. Author’s final design, the ‘‘double V.”
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checks on 20. Note that a 625-foot (191m) wire is 2%
wavelengths long at 3.9 MHz and 4% wavelengths long at
about 7.05 MHz. This arrangement provides coverage of
portions of both 80 and 40 meters. Another exampie of
the physical length is a wire 660 feet {201m) long, which
is 2% wavelengths at 3.7 MHz and 9% wavelengths at
14.1 MHz, giving coverage of portions of 80 and 20
meters.

The test elements were 680G feet (207m} long. They
resonated just below 3.6 MHz; all 80-meter tests were
made near this frequency. On 40 and 20 | had to tune
out some reactance while using this wire length. Note
also that the wire length referred to was the total length
of the center-fed longwire, or the total length of both
V-beam legs.

Emphasis was on the 80-meter-band tests because of
the resonant condition. Fortunately results on the
higher-frequency bands were similar to those on 80
despite the reactance offered by the test antennas on
these bands.

The test configurations are shown in fig. 4. Eight
basically different electrical designs were used with 23
variations. The large number of variations occurs because
it was possible to combine different wires to obtain the
same basic electrical design — but in a different
direction. For example, antenna 1 has two variations: a
north-south and east-west longwire. The number in
parenthesis (fig. 4) signifies the number of possible varia-
tions. Let’s take a look at the test configurations {fig. 4}.

1. Longwire: All four legs were 340 feet {104m) long.
Each wire was strung in the direction of a compass
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point, i.e., true north, east, west and south. Thus each
wire was 90° apart. All were 20 to 25 feet (6-7.6m)
above ground.

This arrangement provided the alternative of a
center-fed, north-south or east-west longwire. Center
impedance measured 200 ohms on an impedance bridge
at 3.6 MHz. The system was fed with a 50-ohm coax
cable and a 4:1 balun. At 40 and 20 meters | added
capacitance across the balun to compensate for the
reactance. Unused elements were grounded at the
operating position.

2. V-beam: Four V beams could be selected in different
directions. Each leg was 1% wavelengths at 3.6 MHz.

3. Longwire plus steerable element: Four variations were
possible with a switch-selected phase shifter connected
to the steerable element. The phase shifter was a tapped
4:1 balun.

4. Turnstile — simple feed: This configutation is called a
turnstile for want of a better name. The conventional
turnstile has two half-wave elements spaced 90° around
a common axis and is fed 90° out of phase. Before you
dismiss this one on technical grounds, be advised that it
performed very well.

5. Turnstile 270° out of phase: The phasing for this
system was with a tapped 4:1 balun.

6. Turnstile 90° out of phase: Similar to no. 5 but with
taps selected at 90°,

7. Double V-beam: Terminology is difficult for this one.
It's not two V beams operating together in the usual
arrangement with phasing lines. Again keep an open
mind, because this antenna was a top performer.

8. Longwire plus two ‘‘steerable’” elements: This



switched arrangement is really a combination of three
antennas. At the extreme switch positions {(as shown),

the antenna is identical to no. 7 (double V-beam}. At the -

center switch position the antenna is a simple longwire
with the unused elements grounded. At the other inter-
mediate positions, a variable phase shift is inserted
between the longwire elements.

test procedures

Initial tests were made on 80 meters with two-way
contacts. Signal reports were obtained on the alternative
antennas while transmitting. Only reports obtained from
the distant operator using an S meter were recorded.
After about 20 reports of this type | concluded that the
reports correlated closely with readings | observed when
receiving the distant station. | made further comparisons
on received signals only, which speeded up the process
and allowed a greater number of observations to be
made in the time available.

All tests were made using no more than three
antennas at a time. These antennas were instantaneously
switched to obtain a reading. Several readings were taken
on each occasion to overcome fading conditions and to

first test series. A comparison of antennas 1 and 2
{longwire and V-beam, fig. 4) was made. Results were
surprising. The V beam outperformed the longwire by a
substantial margin (10-20 dB) except on very rare occa-
sions. By comparison the longwire was inferior, which
seemed strange in view of its good reputation. Horizon-
tal directional gain didn’t appear to be a factor in
achieving the superior performance from the V. In fact,
a V aimed in the wrong direction frequently was s/ightly
better than the “correct’”” V. The north-east path, which
was over somewhat lower ground (not more than 8-10
feet [2.4-3m] elevation difference on flat ground),
produced the best results in all directions — probably
because of better ground conductivity.

second test series. These tests included the longwire plus
steerable element (antenna 3 of fig. 4). At the extremes
of switch travel a sort of lopsided V is in the circuit,
while at the switch center position the antenna becomes
a longwire with steerable element grounded. These tests
again proved the superiority of the V configuration.
Results of these tests ranged from inferior performance
at the center switch position to best performance for the
“lopsided V,” with gradual improvement in between.

Table 1. Feedpoint displacement from the center of the array.

A
element length, feet (meters) 613 (186.8)
resonances (MHz) 3.970
7.190
28.0
actual feed displacement 6.5 (1.98)
feet (meters)
worst possible displacements, 60 (18.0)
feet (meters) 33 (10.0)
8 (2.4)
ideal displacements, 120 (36.6)
feet (meters) 66 (20.0)
16 (4.9)

ensure accuracy. One “‘control”’ antenna was carried over
from one series of tests to the next. The readings were
taken over paths between 200 and 1,000 miles {(321.8
and 1609 km) with the majority in the 300-500 mile
(482.7-804.5 km) range. Although only 50 watts output
was used, the antenna system proved so effective that
several contacts were made with Europe on 80 meters
with comparative reports obtained on several of the
alternative configurations.

On 40 and 20 meters, a few two-way contacts
confirmed the same results as experienced on 80 meters:
comparative readings were equivalent on both
transmitting and receiving.

test results

Five series of tests were performed. Results are as
follows:

631
3.8
6.9

21.0
28.8

15.5

62
34
12

124
67
24
16

element
8 (o4 D
(192.3) 666 (203) 684 (208.50)
50 3.650 3.565
50 14.0 28.0
21.4
28.8
4.7) 20 (6.0) 11 (3.4)
(18.9) 64 (19.5) 66 (20.0)
(10.4) 17 (5.2) 8 (2.4)
(3.7) 12 (3.7)
(2.4) 8 (2.4)
(37.8) 128 (39.0) 132 (40.2)
(20.4) 34 (10.3) 16 (4.9)
(7.3) 24 (7.3)
(4.9) 16 (4.9)

The “‘steerable’’ element merely steered me back to the
V for the best performance.

third test series. In this series | compared the turnstile
with simple feed, turnstile with 270° phasing, and
turnstile with 90° phasing (antennas 4, 5 and 6 in fig. 4.
Antenna 4 has a slight edge over the other two test
configurations. It seemed to be a good all-around
antenna.

fourth test series. Here | tested antennas 2, 4 and 7 (fig.
4);ie., V beam, turnstile with simple feed, and double V
beam. As { appeared to have top performers at this
point, | decided to test extensively on 40 as well as 80
meters and to check alternatives on transmit as well as
on receive. Some testing was also done on 20 meters.
Again, twenty contacts were made on 80 meters,
where a transmitting report was received from the
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distant station. For simplicity, only the N-E, S'W Vs
were used. The azimuth bearing, distance, time, band
conditions and comparative dB readings were recorded.
Results were:

turnstile V beam double V
equal or best
signal 6 reports 9 reports 11 reports
outperformed
other antennas 2 reports 4 reports 7 reports

Careful examination of the test data disclosed no
correlation between bearing or distance in providing the
best result. Antenna 7 (double V) frequently out-
performed the others by 5 - 20 dB. Antenna 2 (V beam)
outperfarmed antenna 7 by only 2 - 5 dB, when it
excelled. The turnstile (no. 4) excelled by 4 dB on skip
once and by 4 dB on groundwave once. Antenna 7 not
only produced the best signal most frequently but did so
by the greatest margin.

Subsequently, a larger bank of data comprising one
hundred and sixty two readings was obtained during
varying conditions by recording the differences of
received signals. The results:

turnstile V beam double V
equal or best 26% of 38% of 36% of
signal contacts contacts contacts
outperformed 12% of 45% of 43% of
other antennas contacts contacts contacts

Again the phenomenon of greater average dB gain was
observed for antenna 7 double V when it did excel;
when it was inferior to the others, it was not far behind.

The several contacts with Europe on 80 meters
indicated no discernible difference between antennas 4,
2 and 7. The differences seemed to disappear on long
skip. On 40 meters antenna 7 was the undisputed leader:

turnstile V beam double V
outperformed 13% of 10% of 77% of
other antennas contacts contacts contacts

On 20 meters antenna 7 did even better. It provided
the best signal on more than 80% of the readings on
short, medium and long skip.

fifth test series. The fifth and final test series was an
anticlimax. It involved antenna 8 (longwire plus two
steerable elements). Turning the switch brought signals
from minimum in the center position to maximum in
either end position with rarely a difference between the
end positions. These end positions are identical to
antenna 7 {double V) and tend to confirm its excellence
as found in the preceding test series.

test conclusions

The attempt to devise a steerable array was a dismal
failure. There may be other ways to achieve an effective
phase shift between elements, but the tapped balun is
not the answer. | concluded that phase shifts were lost in
the skip paths. The longwire is an inferior configuration.
The same labor and materials can be used to construct a
much more effective V or double V.

While the 80-meter performance difference between
the V and double V is somewhat marginal, another
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factor heavily favors the double V. This is its ability to
provide broadband performance.

This part of the article describes specific broadband
designs. Performance figures and other data are provided
so that you can tailor your own longwire array to suit
your real estate and bandwidth requirements.

The V beam proved to be outstanding in an unusual
configuration which | call a double V. The double V can
be broadbanded by staggering its element lengths and
easily fed with 50-ohm coax and a 4:1 balun, It will
operate on all bands or on selected bands depending on
the length and number of legs. At the sacrifice of band-
width, three legs may be used instead of four.

the antenna

My antenna is the shortest practical design for
adequate bandwidth to cover all HF amateur bands
(except 160 meters). It has four legs approximately
20-25 feet (6-7.6m) above ground, which terminate on a
40-faot (12m) mast. The legs vary in length from
300-353 feet (91-107.6m) and are spaced 90° apart. The
wires which are uninsulated run through trees and are
supported by branches.

80 METERS

\___/_—_—\_/

40 METERS
2 \—____/

20 METERS

b

x
z
) 15 METERS

2k

1

10 METERS
3
28.0 284 288
29.2
299 300)
2k
, | ! ! 1 L 1 ! 1 i
o 100 200 300 400 500

FREQUENCY (kHz)

fig. 7. Measured swr of author’'s antenna on all bands, 80-10Q
meters. The curve for 10 meters covers 28 to 30 MHz. The
curves for the other bands start with the lower band edge on the
left side of the chart.

Aluminum electric fence wire is used, which can be
purchased from Sears or Montgomery Ward for about
$15 per quarter mite (0.4km) roll. The 5 kW PEP 4:1
balun by Palomar Engineers has stainless steel eyelets,
which take 1/4 inch (M®6) stainiess nuts and bolts, and
which | used for terminals. The terminals and wires were
impregnated with zinc chromate metal primer paint to
prevent corrosion,

Fig. 5 shows the final design. It's really a composite
of four antennas with 13 resonances in the HF amateur
bands as shown in fig. 6. The antenna is unobtrusive.
Only a very alert observer would notice the small wire



26" (7.9m) 56" (i7Tm)

58’ (i7.7m) 58" (17 Tm)

245" (T5m} ?
255 (78m)

62' (18.9m)
246 (7.5m)

109" (33.2m) 118" (40m)

132' (40.2m) 121’ (36.9m)

90' (27.4m) & 98° (29 9m)

94° (28.7m} i25' (38m)

fig. 8. (A) 10-meter broadband design. This is an extension of the simple 10-meter antenna
referred to previously. Its four staggered leg iengths will provide a low swr across the entire
10-meter band. 1t should make a good OSCAR antenna for the high end of 10 meters as well
as a good communications antenna for the low end of the band. (B) 15-and 10-meter “shorty"
design. This antenna shouild do a good job across the entire 10- and 15-meter bands but with
some sacrifice in bandwidth. (C) 20-, 15-, and 10-meter design. This arrangement would cover
the low end of 15 and 20 meters and virtually the entire 10-meter band with low swr. s
performance would be best on 20 and 10 meters, where it has V beams, while resonating
as a2 longwire on 15 meters. This is the smallest possible triband design. (D) 40-,
15-, and 10-meter design. This antenna would behave nicely on 40-meter CW, 15-meter
phone and 10-meter phone. Operation on 40-meter phone would be satisfactory in most
cases, but the swr would be borderline. This is the smallest possible design that inciudes the
40-meter band. (E) 20-, 15-, and 10-meter design. This is a beautiful broadband antenna for
these bands with a low swr across the band in each case. The design provides V-beam
resonances on each of the three bands for best performance. Place each leg at a compass
point and it would be a satisfactory radiator in all directions. (F) 80-, 20-, 15-, and 10-meter
design. This is the smallest possible design that incliudes 80-meters. It will give superb
performance on that band. The swr will be below 2:1 across the entire 80- and 20-meter
bands. On 15 meters the bandwidih will not be gquite as broad, but the design should yield

50° (15.2m)
62 (18.9m)

53° (t6m}

58' (17.7m)

185" (56.4m)

205 (52.5m) 200 (6im)

190" (58m)|

385" (117.3m)

360 (109.7m) J} 45’ (126 5m)

370" (112.8m)

good results. The design resonates in V configurations on all four bands. The 10-meter-band swr bandwidth is somewhat unpredictable because of
feedpoint displacements close to current nodes. (G) 160-, 40-, 20-, and 15-meter design. Antenna designers and manufacturers seem to studiously
avoid provision for 160-meter operation. This is unfortunate in view of the interesting characteristics and challenges presented by this band. it is
significant that some of the most sophisticated amateurs are now operating on 160 and that the LORAN system with its interference is all but
obsolete. When the final demise of LORAN occurs, hopefully the 160-meter band will be restored to its pre-WW2 status. This antenna should be a
winner on 160. It should also provide good performance on 40, 20 and 15 meters. On 10 meters, so many 100ps and nodes occur that performance
is unpredictable, but you might be pleasantly surprised. This is the smallest design possible that includes 160 meters, and it's unfortunate that no
resonances fall in the 80-meter band, which renders this band unusable except with a high swr. A combination of 160 and 80 meters in this design
isn't possible unless wire lengths over 1000 feet (304.8m) are used — somewhat impractical for the average urban lot.

snaking through the trees. Various parts of the system Secondary discharges from nearby strikes would produce
crass three adjacent properties with the permission of lethal and damaging voltages. A direct strike would be
the owners. devastating and would probably vaporize the wire. The

With an array of this size, which covers some ten objective should be to prevent these voltages from
acres (40470m?2), lightning protection is essential. entering the operating position by providing a low

may 1977 17



160 meters - 3% bandwidth: 60 kHz

frequency (MHz): 1.825 1.875 1.925 1.975
element length: feet {meters) feet {meters) feet (meters) feet (meters)
full  half
waves waves
1.5 3.0 797.5 (243.0) 776.2 (236.6) 756.0 {230.4) 736.8 (224.6)
255 5.0 1338.1  (407.9) 1302.4  (397.0) 1268.4  (386.6) 1236.2 (376.8)
3.5 7.0 1878.9  (572.6) 1826.6  (556.7) 1781.0 (542.8) 1735.7  (529.0)
80 meters - 3% bandwidth: 120kHz
frequency (MHz): 3.6 3.8
element length: feet {meters) feet {meters) feet {meters) feet {meters)
full  half
waves waves
1.5 3.0 403.2  (122.9) 392.3  (119.6) 382.0 (116.4) 372.2  (113.4)
2.5 5.0 676.5 (206.2) 658.2 (200.6) 640.9 (195.3) 624.5 (190.3)
3.5 7.0 949.8  (289.4) 924.2  (281.7) 899.8  (274.3) 876.8 (267.2)
4.5 9.0 1223.2  (372.8) 1190.1  (362.7) 1158.8  (353.2) 1130.0 (344.4)
55 11.0 1496.5 (456.1) 1456.0 (443.8) 1417.7 (432.1) 1381.4 (421.0)
6.5 13.0 1769.5  (539.3) 1722.0  (524.9) 1676.7 (511.0) 1633.7  (498.0)
40 meters - 3% bandwidth: 210 kHz
frequency (MHz): 7.0 7.1 7.2
element length: feet (meters) feet {meters) feet (meters)
full  half
waves waves
1.5 3.0 207.3 (63.2) 204.4 (62.3) 201.6 (61.4)
2.5 5.0 348.0 (106.0) 343.0 (104.5) 338.3 (103.1)
3.5 7.0 488.5 (148.9) 481.6  (146.8) 475.0 (144.8)
4.5 9.0 629.0 (191.7) 620.2 (189.0) 611.6 (186.4)
5.5 11.0 769.6 (234.6) 758.7 {231.3) 748.3 (228.0)
6.5 13.0 910.2 (277.4) 897.4 (273.7) 885.0 (269.7)
7.5 15.0 1050.3 (320.1) 1036.0 (315.0) 1021.6 (311.4)
8.5 17.0 1191.3  (363.1) 1174.6  (358.0) 1158.3  (353.0)
9.5 19.0 1332.0  (406.0) 1313.1  (400.2) 1295.0  (394.7)
10.5 21.0 1472.5  (448.8) 1451.8  (442.5) 1431.6  (436.4)
11.5 23.0 1613.0 (491.6) 1590.3  (484.7) 1568.3 (478.0)
12.5 25.0 1753.6  (534.5) 1729.0  (526.5) 1705.0  (519.7)
20 meters - 3% bandwidth: 420 kHz
frequency (MHz): 14.1 14.2 143
element length: feet {meters) feet {meters) feet (meters)
full  haif
waves waves
1.5 3.0 103.0 (31.4) 102.2 (31.2) 101.5 (30.9)
2.5 5.0 172.7 (52.6) 171.5 (52.3) 170.3 (51.9)
3.5 7.0 242.5 (73.9) 240.8 (73.4) 239.1 (72.9)
4.5 9.0 312.3 (95.2) 310.1 (94.5) 308.0 (93.9)
55 11.0 382.1  (116.5) 379.4  (115.6) 376.7 (114.8)
6.5 13.0 451.9  (137.7) 448.7  (136.8) 4456  (135.8)
7.5 15.0 521.7  (159.0) 518.0 (157.9) 514.4  (156.8)
8.5 17.0 591.5 (180.3) 587.3  (179.0) 583.2 (164.0)
9.5 19.0 661.2 (201.5) 656.5 (200.1) 652.0 (198.7)
10.5 21.0 731.0 (222.8) 725.9  (221.3) 720.8  (220.0)
11.5 23.0 800.8 (244.1) 795.1  (242.3) 789.6  (241.0)
12.5 25.0 870.6 {265.4) 864.5 (263.5) 858.4 (261.6)
13.5 27.0 940.4  (286.6) 933.8  (284.6) 927.2  (282.6)
14.5 29.0 1010.0 (307.8) 1003.0 (305.7) 996.0 {303.6)
15.5 31.0 1080.0  (329.2) 1072.4  (326.9) 1064.8  (324.6)
16.5 33.0 1149.7  (350.4) 1141.6  (348.0) 1133.7  (345.6)
17.5 35.0 1219.5  (371.7) 1211.0  (369.1) 1202.5 {366.5)
18.5 37.0 1289.3  (393.0) 1280.2  (390.2) 1271.2  (387.5)
19.5 39.0 1359.1  (414.3) 1349.5 (411.3) 1340.1  (408.5)
20.5 41.0 1428.9  (436.1) 1418.8  (432.5) 1408.9  (429.4)
21.5 43.0 1498.7  (456.8) 1488.1 (453.6) 1477.7  (450.4)
22.5 45.0 1568.5 (478.0) 1557.4  (475.0) 1546.5 (471.4)
23.5 47.0 1638.3 (499.4) 1626.7 (495.8) 1615.3 (492.3)
24.5 49.0 1708.0 (520.6) 1696.0 (517.0) 1684.0 (513.3)
25.5 51.0 1777.8 (541.9) 1765.3 (538.0) 1753.0 (534.3)
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15 meters - 3% bandwidth: 630 kHz

frequency (MHz): 21.1 21.2 21.3
element length: feet {meters) feet (meters) feet (meters)
full  half
waves waves
1.5 3.0 68.8 (21.0) 68.5 (20.9) 68.1 (20.8)
2.5 5.0 115.4 (35.2) 114.9 {35.0) 114.3 (34.8)
3.5 7.0 162.6 (49.6) 161.3 (49.2) 160.5 (48.9)
4.5 9.0 208.7 (63.6) 207.7 {63.3) 206.7 (63.0)
55 11.0 255.3 (77.8) 254.1 (77.4) 253.0 (77.1)
6.5 13.0 302.0 (92.1) 300.5 (921.6) 299.1 (91.2)
7.5 15.0 348.6 (106.3) 347.0 {105.8) 345.3 {105.2)
8.5 17.0 395.2 {120.5) 393.4 (120.0) 391.5 (119.3)
9.5 19.0 442.0 {(134.7) 439.8 (134.1) 437.7 {133.4)
105 21.0 488.5  (149.9) 486.2  (148.2) 484.0 (147.5)
11.5 23.0 535.1 (163.1) 532.6 (162.3) 530.1 (161.6)
12.5 25.0 581.8  (177.3) 579.0 (176.4) 576.3  (175.7)
13.5 27.0 628.4  (191.5) 625.4  (190.6) 622.5 (189.7)
14.5 29.0 675.0  (205.7) 671.9  (204.8) 668.7  (203.8)
155 31.0 721.7  (220.0) 718.3  (219.0) 715.0  (218.0)
16.5 33.0 768.3  (234.2) 764.7  (233.1) 761.1  (232.0)
17.5 35.0 815.0 (248.4) 811.1  (247.2) 807.3  (246.1)
18.5 37.0 861.6  (262.6) 857.5  (261.4) 853.5 (260.3)
19.5 39.0 908.2 (276.8) 904.0 {275.5) 899.7 (274.2)
20.5 41.0 954.8  (291.0) 950.4  (289.7) 945.9  (288.3)
21.5 43.0 1001.5  (305.3) 996.8  (303.8) 992.0  (302.4)
22,5 45.0 1048.1  (319.5) 1043.2  (318.0) 1038.3  (316.5)
23.5 47.0 1094.8  (333.7) 1089.6  (332.1) 1084.5  (330.6)
24.5 49.0 1141.4 (347.9) 1136.0 (346.3) 1130.7 (344.6)
25,5 51.0 1188.0  (362.3) 1182.4  (360.4) 1176.9  (358.7)

10 meters - 3% bandwidth: 840 kHz

frequency (MHz): 28.2 28.4 28.6 28.8
element length: feet {meters) feet {meters) foet {meters) feot {meters)
full  half
waves waves
1.5 3.0 51.5 (15.7) 51.1 (15.6) 50.8 (15.5) 50.4 (15.4)
2.5 5.0 86.4 (26.3) 85.8 (26.2) 85.2 (26.0) 84.6 (25.8)
3.5 7.0 121.3 (37.0) 120.4 (36.7) 119.6 (36.5) 118.7 (36.2)
4.5 9.0 156.1 (47.6) 155.0 (47.2) 154.0 (47.0) 153.0 (46.6)
5.5 11.0 191.0 (58.2) 189.7 (57.8) 188.4 {57.4) 187.0 (57.0)
6.5 13.0 226.0 (68.9) 224.4 (68.4) 222.8 (67.9) 221.2 (67.4)
7.5 15.0 260.8 (79.5) 259.0 (79.0) 257.2 (78.4) 255.4 (77.8)
8.5 17.0 295.7 (90.1) 293.6 (89.5) 291.6 (88.9) 289.6 (88.3)
9.5 19.0 330.6 (100.8) 328.3 (100.0) 326.0 (99.4) 323.7 (98.7)
10.5 21.0 365.5 (111.4) 363.0 (110.6) 360.4 (109.8) 358.0 (109.1)
11.5 23.0 400.4 (122.0) 397.6 (121.2) 394.8 (120.3) 392.0 (119.5)
12.5 25.0 435.3 (132.7) 432.2 (131.7) 429.2 (130.8) 426.2 (130.0)
13.8 27.0 470.2 (143.3) 467.0 (142.3) 463.6 (141.3) 460.4 (140.3)
14.5 29.0 505.0 (154.0) 501.5 (152.9) 498.0 (151.8) 494.5 (150.7)
15.5 31.0 540.0 (164.6) 536.2 {163.4) 532.4 (162.3) 528.7 {161.1)
16.5 33.0 574.9 (175.2) 570.8 (174.0) 566.8 (172.8) 562.9 (171.6)
17.5 35.0 609.8 (185.9) 605.4 (184.5) 601.2 (183.2) 597.0 (182.0)
18.5 37.0 644.7 {196.5) 640.1 (195.1) 635.6 (193.7) 631.2 (192.4)
19.5 39.0 679.6 (207.1) 674.8 (205.7) 670.0 (204.2) 665.4 (202.8)
20.5 41.0 714.5 (217.8) 709.4 (216.2) 704.5 (214.7) 699.6 (213.2)
21.5 43.0 749.3 (228.4) 744.0 (226.8) .738.9 (225.2) 733.7 (223.6)
22.5 45.0 784.2 (239.0) 778.7 (237.3) 773.3 (235.7) 768.0 {234.1)
23.5 47.0 819.1 (249.7) 813.4 (247.9) 807.7 (246.2) 802.0 {(244.4)
24.5 49.0 854.0 (260.3) 848.0 (258.5) 842.0 (256.7) 836.2 (254.9)
25.5 51.0 889.0 (271.0) 882.7 (269.1) 876.5 (267.2) 870.4 (265.3)

table 2. Center fed element lengths to produce neminal 200-ohm impedance at resonant frequencies shown. V-beam configurations are
recommended using an apex angle of 90° with each teg one-half the wire length shown. Antenna will be virtuatly nondirectional and may
be fed with a 4:1 balun and 50-ohm coax for low swr. Approximate bandwidths are shown for individual elements operating alone.
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fig. 9. Design aid showing wire lengths from zero to 800 feet (0-244m) in 100-foot (30.5m) increments with amateur bands identified for
odd number of half-wave resonances. Wire length of author's antenna is identified by arrows.

resistance path to ground. | installed a 9-foot-long
(2.7m) ground rod at the base of the mast and ran a no.
4 AWG (5.2mm) copper wire from the balun to the rod.
Thus, the entire system is grounded at all times.

bandwidth: One of the primary objectives was to achieve
a low swr across all bands. Fig. 7 shows the measured
swr. It exceeded all expectations over the 80-meter
band, where it was below 1.6:1. On 40, 20 and 15 it was
below 2:1 from band edge to band edge.

The 3:1 swr on 10 was a surprise. From fig. 6 you'll
note that each of the four elements resonate on 10. The
fact that they are fed offcenter because of the staggered
leg lengths made calculating an impedance match
difficult. This comes about because a mere 8-foot (2.4m)
displacement from the element center produces a
current node instead of the desired loop. Fortunately,
impedance matching was quite tolerant so long as the
antenna was not fed precisely at the node. This principle
of considering the feedpoint displacement from the
center in relation to the loops and nodes is quite
important and is an inherent part of the design. The
higher the frequency band the more critical this factor
becomes. My antenna contained the following
displacements as shown in table 1.

Examination of this data discloses an undesirable
condition on 10 meters for elements A, C, and D. Only
B is fed near the correct point. To correct this for 10
meters would result in bandwidth loss on the lower
bands, so it was decided to accept this compromise.
compromise,

Note that the relatively undesirable 15-meter-band
feedpoint on element B may be balanced by the more
desirable point on C, and the result is a tolerably low swr
across the entire band.
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The 20-meter performance is more difficult to under-
stand. The only resonance within the band is given by C
at 14.0 MHz. The feedpoint is displaced by 20 feet (6m)
from center, which is quite close to the undesirable
node. However, element D resonates at 13.7 MHz with a
somewhat better match and this may account for the
better swr skewed toward the lower end.

A probability that may explain the low swr on ali
bands is the combination of capacitive reactance of one
element with the inductive reactance of another, which
partially cancels the total reactance appearing at the
feedpoint. A single resonant element alone appears to
have a 2:1 swr bandwidth of about 3% of the frequency.
However, it broadens out somewhat when other
elements are added, even though they are not resonant
near that frequency.

design variations

An almost infinite number of variations of the basic
design is possible. Three legs instead of four produce a
combination of one longwire and one V. A three- or
four-leg configuration may be designed for one or more
bands with bandwidth also variable. The amateur who
operates CW exclusively would favor the CW bands and
design a smaller array to suit his purpose by sacrificing
bandwidth to achieve smaller size.

To assist the reader in designing his own version, wire
lengths are provided in table 2. Several frequencies in
each band are given to make it convenient to stagger the
wire lengths to achieve the desired bandwidth. Some
pruning may be necessary after swr readings are made.

Fig. 9 contains data for designing a muitiple-band
array. The wire is laid out in 100-foot (30.5m} incre-
ments, and the bands are identified where current loops
occur in the center of the wire length. For example, a



50-foot (15.2m) length of wire will have a low swr on 10
meters if fed in the center with a 4:1 balun and 50-ohm
coax. Its bandwidth will approximate 3% or 870 kHz.
Thus, it will be useful from 28.5 to 29.4 MHz with an
swr under 2:1. It should make a good antenna for
10-meter phone. If CW operation also is desired, let's
add a leg 26.5 feet (8m) long to one of the balun
terminals. This will give an additional resonance at about
28.2 MHz and result in a bandwidth from 28.0 to 29.5
MHz. Each active element will be 1.5 wavelengths long.
As mentioned earlier, it's preferable to use the V
configuration rather than the straight longwires. A
number of alternate designs are shown in fig. 8.

conclusion

The first advantage that impresses the operator who
uses one of these broadband systems is the convenience.
Gone is the need to adjust an antenna tuner. With a
modern broadband solid-state transceiver, such as the
Ten Tec or Heathkit designs, operation is instantly
available in any portion of the band. Contest operating is
greatly speeded up. When band conditions are marginal,
band changing is immediate and the state of other bands
can be checked with a flick of the band switch.

Operating habits will quickly change. Instead of
concentrating in a small frequency range, the operator
becomes a nomad who explores every nook and cranny
of our broad frequency allocations. Interesting contacts
are made with stations who rarely venture from their
"home"” frequencies.

The second advantage is performance. The capture
area of the system gives a big signal on the band. When
band conditions were poor and signals weak, |
frequently experienced a pileup of weak stations calling
in response to a CQ. An RST 599 report was common
from stations flirting with the noise level.

QOutstanding performance was not limited to the
lower-frequency bands. The results in working long skip
on 20 meter CW were the final pleasant surprise. Despite
its low height, the antenna consistently turned in 589
and 599 reports from Europe and the Middle East during
marginal conditions. ZL, VK and J stations could be
heard and worked when other U.S. stations apparently
could not hear them.

Operation on 10 and 15 meters was somewhat limited
and | have yet to encounter the bands open for long
skip. However, results were excellent on medium and
short skip. Rarely did a station fail to respond to a call.
Signal reports were outstanding.

In summary, the double V was the best all-around
antenna | have used in some 40 years of hamming. While
not tried as an inverted V, it would probably lend itself
to such an arrangement when mounted on a tall tower.
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HITEHOUSE & Co.

10 Newbury Drive, Amherst, N. H. 03031

TRANSMITTING VARIABLES

Transmatch Special. Both 154-10 & 154-

507 used in McCoy Ultimate
Millen 16250

$77.00
$43.25

COUNTER DIAL

Millen 10031, 0-99 turns readout with

0-100 wvernier dial,

match, fits 14" shaft

Pittinger 4-KW Silver Plated Pi-
Network Coil Set

Ideal for your linear project. Send for
details. $28.00

ROTARY INDUCTORS
Johnson Style 229-203, 28 mH $39.95

DUMMY LOAD WATTMETER

B&W Model 374 1.5kW 0-300 MHz
$215.00

MINIDUCTORS
3003 $1.85 3016 $2.10
3011 190 3021 2.20
3012 205 3025 4.45
3014 185  3029/3905-1 5.05
3015 195

GROUNDED-GRID FILAMENT
CHOKES

B&W FC15A dual winding 15A $24.50
B&W FC30A twin dual winding 30A 29.00

R-F PLATE CHOKES
B&W BOO 90mH 2.5kV 500mA $8.75
National R175A 145mH 3kVB00mA  §12.60

JOHNSON SINGLE

SECTION BOO V
160-102 1.5-5pF
160-104 1.8-8pF
160-107 2.3-14pF
160-110 2.7-19pF
160-130 3.0-32pF

BUTTERFLY
160-203 1.5-3pF
160-205 1.8-5pF
160-208 2.2-8pF
160-211 2.7-10pF

DIFFERENTIAL
160-303 1.5-5pF
160-305 1.8-8pF
160-308 2.3-14pF
160-311 2.7-19pF

ideal for trans-
$28.10

$3.85
4.20
4.40
4.55
4.05

$3.10
3.60
3.85
4.40

$3.50
4.00
4.50
515

HAMMARLUND SINGLE

SECTION 1200 V

MC205 3.5-20pF
MC35S 6.0-35pF
MC50S 6.5-50pF
MC75S 8.0-80pF
MC100S 8.3-100pF
MC140S 10-140pF

$9.50

9.75
10.15
10.40
10.60
10.75

We offer the identical product as the other house
at about ONE HALF THE COST

IRON POWDER TOROIDAL CORES

Size Price Size
T68-3 35 T37-6
T68-6 35 T37-10
T50-2 .30

750-3

Size

FT-50-61
FT-50-72
FT-82-61

Ferrite Shielding Beads
Size Price
FB-73-101
FB-43-101
FB-73-801
FB-43-801

SIMPLE ELECTRONIC KEYER, Ham Radio Horizons, May 1977
PC Board only $4.00. (Note: Board shown in article is over-
sized in drawings)

WAVEMETER, Ham Radio Horizons, June 1977, PC Board
Only $4.00. PC Board, Capacitor, 5-pin socket, 6 coil forms
$18.15.

RX NOISE BRIDGE, Ham Radio Magazine, Feb. 1977. PC
Board only $4.00. PC Board plus all components in Fig. 9
except variable capacitor and battery $15.00 ppd.

NOW IN STOCK

Transmitting Variables — Roller Inductors — Counter Dials
— Air Wound Coils — Couplings — Knobs — Receiving
Variables — Toroids — R.F. Chokes — Coil Forms and more
from Millen - E, F. Johnson - Barker & Williamson - JW Miller
- Hammarlund. Send First Class Stamr for Flyer. Add $2.00
h;' each order for shipping and handling. Prices subject to
change.
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As an alternative to a radial system, the ground screen
consists of a wire mesh of sufficient size to act as a
capacitive connection to the earth, similar to a counter-
poise, but laid on the ground instead of suspended
overhead. It can consist of hardware or construction
mesh, welded fencing, or even chicken wire, although
the latter is less durable. | have been using a screen for
fifteen years as a replacement for a radial ground system
and find that it works quite well, although until recently
| had been unable to make quantitative measurements
on its efficiency.
A 1/2-wavelength wire radial system is a very effec-
g rou nd Screen F— tive ground return, although it has certain practical dis-
advantages. First, a lot of work is involved in installing
. the radials, especially if you move very often. Second,
an alternat've to the area required for a low-band system is quite large
and hurriedly-buried wires are prone to damage by the
lawn mower. The ground screen has none of these draw-

a burled backs. My first ground screen was installed under a

- 60-foot (18.3m), base-insulated tower erected in my
rad 'al System parent’s bacl_( yard in suburban Cincinnati, Ohio. | tried
this system since the driveways on each side of the tower
left room for nothing else. The screen then consisted of
two 15 by 5-foot (4.6x1.5m) lengths of construction
mesh, one on each side of the tower.
| also tried a 1/4-wavelength flat top but found a
single wire has such a small cross-section that it was an
ineffective loading system for the tower. After many

USlng a ground screen variations, | finally settled on a 65-foot (19.8m) sloping

vertical wire with a 1/8-wavelength flat top. This system

worked quite well both stateside and into Europe and
tO Complement was an effective testimony for the ground screen.
Unfortunately, my beautiful base-insulated tower was a

or replace the bust on 160 meters.
- . Several years later, | had my own home in Denver,
wire radlal System Colorado, and could hardly wait to erect an extensive

antenna system. Finances were short, however, so |
settled on a 48-foot (14.6m) vertical made from 1-inch

to reduce ground Iosses (256mm) aluminum tubing. A good radial ground system

By J. Robert Sherwood, WB@JGP, Sherwood Engi-
neering, Inc., 1268 South Ogden Street, Denver,
Colorado 80210
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could not be installed under this vertical either, since the
house and patio blocked the area to the South and the
lot line was only 25 feet (7.6m) away to the North.

As before, | decided to install a ground screen due to
the limited space available. | bought a 20 by 3-foot
{6.1x0.9m) length of 1/2-inch {13mm) hardware mesh
which was woven with no. 18 AWG (1mm) steel wire
and then heavily dip galvanized. It was laid out along the
house right under my 48-foot (14.6m} L-network-fed
vertical, and the results were excellent on 40 and 75
meters.

table 1. Ground screen configurations under the test vertical.
1 10 x 3 feet (3x0.9m) with vertical centered

2A 20 x 3 feel (6x0.9m) with vertical centered
28 20 x 3 feet (6x0.9m) with vertical 5 feet (1.5m) from one

end

3 30 x 2 feet (9x0.6m) with vertical centered (same area as
no. 2)

4 50 x 2 feet (15.2x0.6m) with vertical centered

5A 75 x 2 feet (22.9x0.6m) with vertical centered
58 75 x 2 feet (22.9x0.6m) with vertical 25 feet (7.6m} from

one end

6 75 x 2 feet (22.9x0.6m) + 20 x 3 feet (6x0.9m) in a 90°
cross with vertical centered

7 45 x 2 feet (13.7x0.6m) + 20 x 3 feet (6x0.9m) in a 90°
cross with vertical centered

8 45 x 2 feet (13.7x0.6m) + 30 x 2 feet (9x0.6m) in a 90°
cross with vertical centered (same area as no. 7)

9 45 x 2 feet (13.7x0.6m) + 25 x 5 feet (7.6x1.5m) in a 90°

cross with vertical centered

10 45 x 2 feet (13.7x0.6m) + 30 x 2 feet (9x0.6m) + 20 x 3
feet (6x0.9m) in 60° radial strips with vertical centered

11 45 x 2 feet (13.7x 0.6m) + 30 x 2 feet (9%x0.6m) + 20 x 3
feet (6x0.9m) in overlapping paraliel strips with vertical
centered

12 30 x 2 feet (9x0.6m) + 30 x 2 feet (9x0.6m) + 20 x 3 feet
(6x0.9m) + 15 x 2 feet (4.6x0.6m) in overlapping parallel
strips with vertical centered

About a year later the vertical came down in an ice
storm — | replaced it with a 50-foot (15.2m) tower and a
four-element, 20-meter beam. For 40 meters | suspended
a 45-foot (13.7m) vertical wire 5 feet (1.5m) from the
side of the tower and tuned it with an L network, as |
had done with the previous vertical. The tower affected
the feed impedance of the wire, but did not seem to
degrade its radiation since the wire vertical worked as
well as a 40-meter inverted Vee.

A year and a half later the 40-meter wire vertical was
replaced by a 40-meter beam on a 20-foot (6.1m) mast
above the existing 20-meter antenna. With the additional
top-loading provided by the 40-meter beam, it was now
possible to use the existing 20 by 3 foot (6.1x0.9m)
ground screen to shunt-feed the tower system on 160
meters. According to an article in ham radio,1 the 65-
foot (19.8m) tower with a two-thirds size 40-meter
beam at the top and a four-element 20-meter beam 15
feet (4.6m) below should have an electrical length of
about 110 feet (33.5m). The radiation resistance, how-
ever, is lower than that of a wire that long, so my ground
screen was put to the test again. The tower ground-
screen system was quite effective on 160 meters, and it
allowed me to maintain weekly schedules through the
1976 season until May, over the 1100 mile path between
Denver and Cincinnati. Reports up to 20 dB over S9 that

were received from K1PBW made me decide that more
quantitative data had to be obtained on the ground-
screen idea.

In May, 1976, | went to WOSPM’s farm with my
GR916A rf bridge, GR1001-A signal generator, Drake
R-4C receiver, three lengths of tubing for an antenna,
and 210 square feet (20m2) of new chicken wire for a
ground screen. While chicken wire is no rival for mesh or
fencing in a permanent system, it was much cheaper to
cut it up into different lengths for experiments.

A 36-foot (11m) high, 1 inch (25mm) constant cross-
section aluminum tubing vertical was erected and used
for all of the following tests. This length was chosen
since it was easy to install and could be part of an easily
built phased array. Antenna impedance measurements
were made on 1.8, 3.6, and 7.2 MHz. Various shapes and
sizes of ground screen were tested under the vertical
including a single strip, two lengths in a 90° cross, radial
strips at 60°, and different overlapping lengths laid paral-
lel to each other. The fourteen arrangements of
screening are listed in table 1, while table 2 gives the
resistive and reactive antenna measurements for each
case.

resistive changes

Since no significant change in reactance was noted
beyond 60 square feet (5.6m?2) of ground screen, only
resistive changes will be discussed. These resistive values
consist of the radiation resistance R, plus the ground
foss Rg. When a single two-foot (0.6m) wide strip was
used, the lowest total resistance {R, + Ry} occured with
a screen length of 50 feet (15.2m) on 1.8 MHz and 3.6
MHz, and 30 feet (9.17m) on 7.2 MHz. With greater
lengths, the radiation resistance (R,) probably increased
as the screen departed from a lumped capacitance and
began acting as part of a dipole leg. There was a similar
occurrence with the long cross in case 6 which resulted
in a larger R value than with the smaller screen area of

table 2. Impedance measurements for the 36 foot (11m) vertical
with the different ground screen arrangements.

1.8 MHz 3.6 MHz 7.2 MHz
1 25.0-j730 28.0 - j286 85 + j67
2A 18.7 —j739 22.0 — j285 80 +j72
28 17.7 - j739 23.0 - j278 80 +j71
3 13.5 —j728 18.5 —j281 78 + j81
a4 11.0 - j719 20.0 - j274 81+ j81
5A 12.8 —j711 21.7 - j276 82 +j71
5B 12.6 - j717 21.5 - j275 81 + j81
6 11.2 - j714 18.0 — j281 74 + )77
7 8.8 -j717 16.6 — j278 74 +j76
8 8.8 —j719 15.7 - j279 72 + 78
9 7.9-1717 14.6 — j279 71 +j76
10 8.2 -j717 15.6 — j279 72 +j76
11 8.2 717 14.5 - j279 73 +j78
12 8.5 -j717 14.8 - j279 72 +j76

the case 7 cross. Case 9 yielded the lowest total R on all
three bands.

The radial strip configuration of case 10 had a
resistive component slightly higher than in case 9, which
was somewhat surprising. | thought it would have been
equa!l to or better than that of the cross, but since more
of the screen overlapped itself in this configuration, it is
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probable that the decrease in area caused the increase in
R. The ground resistance of the overlapping parallel
strips was also slightly higher than the case 9 cross. |
decided not to make the strips shorter and more numer-
ous because of the difficulty in keeping all the pieces
bonded together.

As would be expected, there were greater percentage
changes on 1.8 and 3.6 MHz due to the ground losses
(R,) being a larger part of the R component. With
approximately 200 square feet (18.6m?) of screening,
the cross (with one leg at least 5 feet [1.5m] wide)

 »

A GR-916A rf-impedance bridge was used to make the
impedance measurements. The chicken-wire mesh can be seen
laid on top of the ground.

yielded the lowest ground loss. A single 30 by 3-foot
(9.1x0.9m) strip of half that area, however, was only 38
per cent less efficient. This is the layout | am using
under my tower at the present time.

theoretical losses

Now, compare the theoretical impedance of a 36-foot
{11m) vertical over a perfectly conducting ground with
that of the test installation. This will enable the ground
losses to be calculated. The following data, for 36-foot
(11m) verticals, is from the ARRL Antenna Book graphs:

7.2 MHz 0.277 wavelength 100° = 48 ohms
3.6 MHz 0.139 wavelength 50° = 9 ohms
1.8 MHz 0.069 wavelength 25° = 2 ohms

Subtracting the theoretical from the measured values
yields the following ground losses and efficiency

7.2 MHz 23.5 ohms 67%
3.6 MHz 5.6 ohms 62%
1.8 MHz 5.9 ohms 25%

The ground losses are higher on 7.2 MHz than were
expected, but are probably due to the lower conduc-
tivity of the earth at this frequency. On the other hand,
to obtain more than 60 per cent efficiency for a 1/8-
wavelength vertical on 3.6 MHz is quite encouraging and
might foster some interest in phased arrays on 80 and 75
meters, using only a ground screen instead of wire
radials.
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The 25 per cent efficiency on 160 meters is not
‘spectacular, but compare it with the results of Brown,
Lewis, and Epstein? using eight 135-foot (41m) radials
on 3 MHz. With a 25 degree antenna they obtained only
27 per cent efficiency and a 5-ohm ground resistance,
but a 50 degree antenna gave a 51 per cent efficiency
with an 8.5-ohm ground resistance. The efficiency goes
up because the radiation resistance increases 4.5 times,
yet the ground resistance also goes up because the taller
radiator induces currents into the earth at a greater
distance from the antenna.

Using fifteen 135-foot (41m) radials on 3 MHz,
Brown measured a ground resistance of 3.2 ohms. When
he added a 9 by 9-foot (2.7x2.7m) copper screen the
resistance dropped to 1.6 ohms. One hundred and
thirteen radials 135 feet (41m) long (0.4 wavelength)
brought this down to 1 ohm, but, unfortunately no
information is available on the ground screen alone. One
might use the parallel resistor equation however, to
extrapolate from his data a probable ground screen
resistance of 5 to 6 ohms. These values are very similar
to the 5.6 and 5.9 ohm reading obtained on 3.6 and 1.8
MHz with my test system.

With ground losses as low as 6 ohms obtainable by
using only 200 square feet (18.6m?2) of ground screen,
efficient vertical radiators are within the reach of most
amateurs. While good efficiency is obtained with a 36-
foot (11m) radiator on 80 meters, some sort of top
loading is advised on 160. A 2-ohm radiation resistance
is just too low for good efficiency with most amateur
ground systems.

| feel the ground screen is a good alternative to the
wire radial ground system. |'ve used it for a long time
and am glad to see test measurements that confirm its
effectiveness.

An additional aspect of wire screening is that its
application does not have to be limited to one type of
installation. If you have the room and initiative to install
a radial ground system, add a screen, too. If the antenna
is approximately 1/4 wavelength or shorter, a screen will
reduce the ground losses in the high-current zone at the
base of the antenna. For your next vacation or Field
Day project, a screen made of chicken wire offers the
added benefit of being as easy to roll back up as it was
to unroll. It is available almost anywhere, so you do not
have to bring it with you. The next time you erect a new
vertical, or plan to improve an existing one, consider a
ground screen as either a substitute for radials, or as an
adjunct to an existing radial ground system.

| wish to thank George Heidelman, KBRRH, and Dr.
Mike Lee for their help in preparing this manuscript.

references

1. John R. True, W40Q, "How to Design Shunt-Feed Systems
for Grounded Vertical Radiators,” ham radio, May, 1975, page
34.
2. G.H. Brown, R.F. Lewis, and J. Epstein, ""Ground Systems as
a Factor in Antenna Efficiency,” Proceedings of the Institute of
Radio Engineers, June, 1937.

ham radio



THE HEATHKIT HW-101: ONE OF THE
FINEST VALUES IN AMATEUR RADIO

Has the features you NEED for real operating ease, convenience and versatility.

A traditional Heathkit value

The Heathkit HW-101 is probably the most popular Amateur
Radio transceiver in use today, and with good reason. It's
performance-proven design is recognized by Amateurs world-
wide for quality and value, and its low kit-form price makes it
the least expensive, FULL-FEATURED Amateur transceiver
around. Compare the HW-101 with other units selling for much
more, and you'll be convinced!

Full Coverage And Full Power

The HW-101 gives you complete coverage of all Amateur ra-
dio frequencies without expensive add-ons or accessories.
Its 180 watts input PEP and 170 watts CW means you'll get
your signal out loud and clear. It's ideal for setting up a basic
operating station, and it's compatible with all Heathkit linears,
so you can add even more power when you need it.

A receiver section that really performs

Less than 0.35 xV sensitivity for 10 dB S+ N/N on SSB brings
in weak stations loud and clear. The high-quality crystal IF
filter keeps signals separate with a selectivity of 2.1 kHz at 6
dB down, and 7 kHz at 60 dB down. Image and IF rejection of
better than 50 dB help bring you world-wide receiving that's
clean, clear and crisp. There's an optional 400 Hz CW filter
available too.

And a transmitter section to match

The HW-101 transmitter operates PTT or VOX on SSB and
CW transceive is provided by operating VOX from a keyed
tone, using grid block keying. Frequency stability is better

than 100 Hz per hour after 30 minutes warmup, with less than
100 Hz variation for a 10% line voltage variation. An FET VFO
provides excellent thermal stability for heavy-duty operating
without excessive heat buildup. And the performance-proven
6146 finals give you a much cleaner signal than TV-type
sweep tubes.

Operating features for REAL convenience

The HW-101 is one of the easiest-to-operate transceivers we
know of, it's ideal for beginners and it's a real pleasure for
experienced radio Amateurs. Smooth dial drive with a 36-1
ratio and an extra-large tuning knob provide backlash-free
tuning. An easy-to-read front panel meter shows signal-
strength on receive, ALC voltage on transmit, and can be
switched to read relative power output or final amplifier
cathode current. Frequency readout is on a large, backlighted
dial marked with 5 kHz divisions. There's a front panel mike
input and phone jack, RF and AF gain controls, mode and
bandswitches, MIC/CW level, driver preselector and final
controls. All controls are smooth, positive and precise to give
you a truly “professional” feel.

Famous Heathkit ease of assembly

The HW-101 features a wide-open chassis layout for easy
assembly and service should you ever need it. Uncrowded
circuit boards, a color-coded wiring harness and special
“Switch Boards’ with built-in wafer switches greatly simplify
assembly. Our world-famous step-by-step assembly manual
tells you exactly what to do and how to do it, even how to
solder. And our "We won't let you fail"" promise is your as-
surance of technical help should you need it.

There’s more for the Ham at Heath

FREE IS |
CATALOG

Read about other fine Ham equipment and our
wide variety of outstanding electronic kits —

everything from lamp dimmers to color televi-
sion is in our big FREE catalog.

Send for yours today!

Heath Company, Dept. 122-29 Benton Harbor, Michigan 49022

More Details? CHECK — OFF Page 150

HEATH | Heath Company, Dept. 122-20

Schlumbergef Benton Harbor, Michigan 49022

Please send me my FREE Heathkit Catalog.
| am not on your mailing list.

Name._

Address. —

City __State

AM-349 e — I

Prices and specifications subject to change without notice.
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Re-examining the basic
balun and applying
new techniques

makes it a useful,
wide-range tool

The basic and sole purpose of a balun is to prevent the
coaxial feedline from radiating and becoming part of the
actual antenna structure. This should be understood
before its operation is explained. By connecting one side
of the dipole to the outer conductor of the coax, the
radiating structure shown in fig. 1 is formed. The coaxial
cable connected to one side of the dipole and extending
at right angles has currents flowing on the outside sur-
face of the braid and will radiate just as effectively as the
conductors making up the actual dipole.

Fig. 2 shows the effect using a balancing device.
Electrically the dipole is now fed by the two generators.
The important point to be understood is that the electric
field in space is zero in the plane perpendicular to and
passing through the center of the dipole. Because of this,
conductors may be placed in this plane without changing
antenna operation in any way. Thus, if the coaxial
feedline is brought away from the antenna at right angles
it will not disturb antenna operation; there will be no rf
current flowing on the outside braid so there is no
radiation from the feedline. Other conductors that are
normally in this plane, such as a mast or the metal boom
of a Yagi array, will also have no effect on antenna
operation.

coaxial balun

known balancing devices (figs. 3 and 4). The transforma-
tion ratio of the sleeve balun is variable by changing the
characteristic impedance of the inner line. However, its
chief disadvantage is the difficulty of construction. If
flexible cable is used for the inner line, then connection
of the sleeve section and support of the cable in the
sleeve present problems. I the jacket is left on the cable,
the correct balun length will be less than a free-space
quarter wavelength and will depend on the diameter of
the sleeve. Also, when used at the higher uhf frequen-
cies, 432 MHz and up, the sleeve diameter must be kept
small enough to avoid having a structure that supports
higher order mades of propagation.

The half-wave loop balun of fig. 4 is simple to build
using flexible coax but has limited usefulness since the

+f,—{>_

fig. 1. A dipole antenna fed directly with coaxial cable, teft, and
its electrical equivalent, right.

——

transformation ratio is fixed at 4:1. The characteristic
impedance of the half-wave section, Z,, has no effect on
the transformation ratio or the balancing action of the
device. The only effect for different values of Z; is to
change the swr in the half-wave section, which is 2Z,/Z,
when the load impedance, Z;, is 4Z,. Typically, this
balun is operated with Z; = Z, = 50 ohms and Z} = 200

typical baluns By Jim Dietrich, WAGRDX, Box 208, Mulvane,
The sleeve and half-wave loop baluns are two well-  Kansas 67110
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2 fig. 3. The sleeve or bazooka balun has a fixed
transformation ratio of 1:1. Its construction
can be complicated by the tack of readily avail-
able materials for different impedance ratios.

ohms. In this case there will be an swr of 2:1 in the
half-wave section. To achieve unity swr in the half-wave
section requires Z; = 2Z, which means a 100-ohm
section if the main line is 50 ohms.

a different balun

A coaxial balun configuration which is apparently
new to amateur use is shown in fig. 5. The transforma-
tion ratio is adjusted by changing the characteristic
impedance, Z;, of the guarter-wavelength and three-
quarter-wavelength sections. It will match a coaxial line
(impedance Zo) to a balanced load with an impedance of
Z421Zy. With this Z; , the swr in the two short sections
is 2Zg/Z, (or Z(/2Z, if it is greater than unity), as in
the half-wave balun. However, in this case the swr is set
by the transformation ratio and will be unity only when
Zr = 4Z). You can see that the balun is simply a
combination quarter-wave matching section and
half-wave balun. The same thing may be achieved by
using a regular half-wave loop balun and a quarter-wave
matching section of either coaxial line or balanced line
on one end. The variable configuration is useful because
in a particular situation, the required coaxial impedance

values may be easier to obtain.
+ : - +: —

BaLUN

fig. 2. A dipole fed through a balancing device will appear as two
balanced generators. In this case there is no radiation from the
feedline.

&“““‘“"‘

As an example, consider the case where the main
feedline has a characteristic impedance, Z,, of 50 ohms. If
the quarter-wavelength and three-quarter-wavelength
sections are 50 ohms then Z, equals 50 ohms and you can
now match a balanced load impedance of 50 ohms. The
swr is 2 on the balun sections. Thus, a 1:1 transforma-
tion ratio is achieved using the same type coax in the
balun as in the main feedline. |t also avoids the construc-
tion difficulties of the sleeve balun by requiring only a
coaxial T-fitting for connection between the coaxial line
sections. Finally, note that multiband operation is
possible with this balun as well as with the half-wave loop
and bazooka baluns. For example, if cut for 144 MHz,
they operate identically on 432 MHz and 1296 MH:z.
This assumes that the dielectric constant, and hence

424
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fig. 4. The halfwave-loop balun has a normal transformation
ratio of 4:1. The characteristic impedance of the matching
section has no effect on the transformation ratio.

velocity factor, in the balun sections is not appreciably
different at the higher frequencies.

multi-element coaxial lines

The variable transformer balun can be applied to a
practical problem — the feeding of a high-gain Yagi
antenna which presents a balanced load of 10 to 15
ohms to the transmission line, If the main feedline is 50
ohms and the load is 12.5 ohms, then Z, = 50 ohms, Z
= 12.5 ohms, and the characteristic impedance of the
balun sections is Z; =+/ Z, * Z; or 25 ohms.

The problem of building coaxial line with low
impedance is easily solved by using the multi-element
coaxial line shown in fig. 6. Here, two 50-ohm lines are
connected in parallel to obtain a 25-ohm line. The
attenuation of the multi-element line is equal to the loss
for the type of coax used. In general, any number of
different types of coax cable may be paralieled as long as
their velocity factors are equal. The result is a coaxial
line with a characteristic impedance equal to the parallel
combination of individual cable impedances. For
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fig. 5. The variable transformer balun as described by the author.
By selecting the correct value of characteristic impedance for the
matching section, the transformation ratio can be changed.

example, 75-ohm and 50-ohm sections placed in parallel
form a 30-ohm line. The sections can be soldered
together or coaxial T-connectors may be used.

The solution to our matching problem, therefore, is
shown in fig. 7. A system has been constructed that
matches a balanced 12.5-ohm load and is built entirely
of 50-ohm coaxial cable.

shielded balanced line

Coaxial transmission line may also be used to form a
balanced line when connected as shown in fig. 8. In this
canfiguration, the characteristic impedance of the
coaxial lines must be identical to maintain balanced
operation. Also, the outer conductors must be
connected at each end. The characteristic impedance of
the balanced line is then twice that of the coax used.
Two points should be noted. First, since the line is
shielded, it may be run anywhere and, second, relatively

fig. 6. A two-element coaxial section. The
characteristic impedance of the composite line
is the parallel combination of the individual
sections.
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fig. 8. Low impedance, balanced trans-
mission line can be built by using two
sections of coaxial cable. This line will
retain the shielded characteristics of
coaxial cable.

BALANCED
12 5=0HM
LOAD

En
q

&

50-04M SECTIONS

50-0HM SECTIONS

50 = OHM MAIN LINE

g_________-__

fig. 7. A balun can be built by combining the techniques of
composite lines with the variable transformer. This balun will
match a 4:1 unbalanced-to-balanced, impedance ratio using only
50-ohm cable.

low values of characteristic impedance may be obtained.
A low impedance may be the simplest solution to a
particular matching problem.

summary

| have tried to create a better understanding of the
balun by discussing its purpose in an antenna system. A
new configuration of coaxial batun has been presented,
along with unusual coaxial cable techniques, that 1
believe will be found useful. At WABRDX, the 50-ohm,
1:1 transformer balun, in particular, has proved to be a
valuable alternative to the half-wave loop balun and

bazooka balun for feeding vhf antennas.
ham radio



antenna-transmission line analog

a key to designing
and understanding
antennas

Practical applications
of this valuable tool
in designing

your own

antenna systems

In the first part of this article it was shown in some
detai! how an antenna may be regarded as possessing
both radiating and non-radiating properties.l | also
discussed how the non-radiating TEM wave mode func-
tion may be used to convert the antenna into a special
kind of rf transmission line. Using the antenna/

transmission line and use it to calculate the antenna’s
input impedance behavior either at a single frequency, or
over an entire band of frequencies.

In this section | will show you how to apply the
antenna/transmission line analog concept to a number of
typical antenna design problems which arise in both
amateur and commercial radio communications. No
higher mathematics is needed to use the analog key in
the modified form presented here. Table 1 references the
basic equations used, based on everyday trigonometric
functions. However, to remove any possible difficulty
for the interested amateur who may be a bit rusty in ac
math, not only are all examples fully worked out, step-
by-step, but the Smith chart3:4 is also used to clearly
present the progression of events leading to each solu-
tion of the antenna design problem.

The best way to understand something new is to
plunge in and start using it. Let's begin with an antenna
which is of increasing interest to the amateur who is
faced with shrinking backyard space or a nasty tempered
landlord: the electrically small antenna. Many forms of
this antenna have been around for a long time, yet it is a
tricky little beast and requires surprising care in its
design if you want to obtain a reasonable level of
performance from it.

inductance loaded, electrically small antennas

When the electrical length, tho, of a doublet antenna
is less than 180 degrees (N/2), or the electrical length,
hto, of a grounded monopole is less than 90 degrees
(A/4) at the operating frequency, the antenna is too

transmission line concept in a way first made clear by =~ By Joseph M. Boyer, WBUYH, Antenna Consulting
Dr. Schelkunoff,? you can determine the mean or  Engineer, 17302 Yukon, Suite 63, Torrance, Cali-
average characteristic impedance K of this antenna/  fornia 90504
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short electrically to oscillate in a state of natural
resonance. For a linear antenna to oscillate at its first
(lowest} natural resonance, the series inductance and
shunt capacitance distributed per unit length along its
conductor {or conductors) must add up to the reactive
sum +X; + (=jX) = jo ohms in a way similar to that of
lumped, series LC circuits.

It is easy to understand how the distributed series
inductance comes about, even in a perfectly straight
conductor, but the distributed shunt capacitance is less
obvious. The shunt capacitance is distributed to ground
from each tiny incremental length of conductor forming
a grounded monopole, or from one arm of a
balanced doublet to the opposite arm in the same bit-by-
bit way. As shown in the first part of this article, the
distributed shunt capacitance in the cylindrical linear
antenna is not uniformly distributed along the con-
ductor length: It is maximum nearest the antenna input

table 1. Mean characteristic impedance of cylindrical antennas.
Doublet Ky =120 flog. 2) ~ 1] ohms 1
d

Grounded monopole K, =60 [log,. 2@,—! )- 1} ohms 2
a

Input impedance, Z;,, of uniform characteristic impedance trans-

mission lines (of length equal to h”° wheren=1,2,3...n)

End open circuited

(7, =) Ziy =7jK 4 g cotan b ° 3
End short circuited
(Z,=0) 7 Ziy =K 4y tan h° 4
End terminated in complex impedance
(Z;= R*jX) o_. e
. . (Z)cosh,” =jKy ysinh,
Fin =KAo S T 7 sin °
Note: when j(Z,) = j(R £ jX) =jR + jjX =j§ fjji , where: 32 ;+;
Useful Relationships
Inductance (henries) L=X;/2nf henries 6
Capacitance (farads) C=1/2nfX, farads 7
Inductive reactance +X, = 2nfl, ohms 8
Capacitive reactance ~jX. =1/2nfc ohins 9
Where fis in Hz, L is in henries, and C is in farads
Q(3dB) Q=folthigh = frow) 10

terminals, and at a minimum at the end (or ends) of the
antenna.

When the linear antenna is too short electrically to
oscillate naturally, two interesting things happen to its
input impedance, Z;, = R;, + jX, . First, that part of
R;, representing the resistive-like radiation term R, is
smaller than that found in the naturally resonant anten-
na; that is, R, is less than the 36-ohm radiation
resistance of the quarter wave, grounded monopole or

*The term “linear’” is used here to distinguish between the
electric antenna and its dual, the magnetic dipole or loop
antenna.
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less than the 72-ohm radiation resistance of the half-
wave doublet.

At the same time, the input reactance, jX;,, of the
electrically short antenna becomes capacitive. In the
limit, when ht° approaches zero degrees in length, the
radiation resistance R, approaches zero ohms and -jX;
approaches infinity. Because the electrically short
linear® antenna acts like a series-resonant circuit
operating on the low frequency side of resonance, we
can “‘force” it back into electrical resonance by doing
something which cancels out the reactive part of its self
impedance. One way to do this is to insert a lumped
inductor (loading coil) in series with the antenna
conductor. The reactance, +X_,;, of the lumped
loading reactor needed to force-resonate an electrically
short antenna of given length, ht°, will vary in magni-
tude, depending upon just where it is inserted in the
antenna conductor. To investigate how the short
antenna operates when the loading coil is placed any-
where along the antenna conductor, you must arrange
the analogue transmission used to represent the antenna
in such a way that it can handle any possible coil
location.

Fig. 1A shows a doublet antenna of total length,
2h,°, in the form of an analog coaxial transmission line.
This is a model of the actual antenna, so think of the
inner conductor of the analog line as the equivatent
antenna conductor and the coaxial shield as the
surrounding ground plane surface beneath the vertical
monopole (or the influence of the capacitance to the
other half of the doublet). The analog transmission line
has a “uniform’’ characteristic impedance K 4, K, , (the
subscript A will be used for the doublet and m for the
monopole). This analog transmission line K4 ,, is the
mean or average value of the characteristic impedance of
the cylindrical antenna which actually varies along its
length. The mean characteristic impedance of the cylin-
drical antenna, given by Schelkunoff’'s eq. 1 and 2 in
table 1, forms the basis for the antenna/transmission line
analog key method as it is used here.

The analog line "inner conductor’”” is broken in the
exact center to form two balanced input terminals A-B
(balanced to a fictional ground located midway between
them); these are the doublet input terminals. You may
view a doublet of length, th°, as being composed of
two identical monopole elements each of length h,°. As
was shown in the first article, the input impedance of
any doublet operating in free space is just twice the
input impedance of one of its monopole elements
operated against perfect ground. Because of this, from
now on you can totally ignore the part of the doublet to
the left of the dashed line G-G in fig. 1A, knowing that
once you have completed the design of a grounded
monopole which meets your performance requirements,
you can convert it into a doublet by merely duplicating
the monopole design and placing it on the other side of
G-G.

The monopole has unbalanced input terminals A and
G ground. Moving away from the terminal A toward the
right, along the inner conductor of the analog line mono-



pole, a break appears in the inner conductor at a
distance h,° from terminal A. On the other side of the
gap the analog line continues on an additional length h2°
to its end. The end line terminals A ;, G5 of the analagline
are open circuited; exactly the same condition prevails at
the tip or end of the actual monopole antenna which the
line represents. The two analog line section lengths hjo
and h,° always add up to the sum i, ° + h,° =h,°. Finally,
in fig. TA you will notice that there are terminals A;,A ,,
Aj atall locations where the analog line inner conductor is
cut, and just opposite on the “‘shield” of the analog line
are corresponding “ground” terminals G;, G,, Gj.

Approach: You will have to occasionally refer to the
equations of table 1 in what follows. However, we want
to do something other than just solve a string of equa-
tions and become bored. To do this we will use the
Smith impedance chart shown in fig. 2. The Smith chart
is sort of a motion picture version of the famous trans-
mission line eq. 5 in table 1. One important feature of
the chart is that it lets you actually “see” what goes on
as an impedance ‘moves” along the analog line (mono-
pole), changing its magnitude as it travels to some
particular place on the line.

Comparing figs. 1A and 2, note that the “output
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fig. 1.‘ (A) Analog transmission line repre / G Gl G/ Km 6/ Gal LI
sentation of a daoublet antenna of length [sne & T T S - S |
2ht° compased of two identical monopoles j
of length /1,°. Each monopole is cut into ( \
n .
additional length sections, h1° and 1120, for ' v 2
insertion of the loading coil. (B) shows in- \ '\\
put impedance of tine end section h2°. (c) ) A Al Q o
shows line section /i;° terminated in load g : 25, - Zinga s
v, - . - . "Ma,
Z¢o- Short monopole with series loading coil G/ Km —,x,,,czornéﬂxcm, 2%
is shown in (D). Equivalent circuit of | 2w

inductively loaded monopole antenna is

shown at (E).

Actually, in advanced work, any number of gaps or line
sections can be used. In the equations of table 1, then,
where you see a length denoted hno, you may substitute
nequals1,2,3...n.

Why is the analog line broken in this way? It is to
permit you to insert any ‘“gadgets’’ such as loading coils,
series capacitors, insulators, isolating parallel resonant
LC “"traps’’, and so forth which you may wish to use in
your antenna designs. This is the “‘antenna-dissection-
by-parts’”’ technique mentioned at the end of the first
part of this article, What has been said above applies to
any use of the analog key in solving any antenna
problem. In what follows, however, we will restrict our-
selves to just two line sections, h,° and h,°, to explore
the electrically short, coil loaded antenna.

design of coil loaded,
electrically short antennas

Design objective: By applying the antenna/transmission
line analog key to any electrically short cylindrical
monopole antenna, you want to find the size of the
loading coil needed to resonate the antenna at any
frequency, with the loading coil located at any distance
h;° from the input terminals A, G.

Xeoi
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Zimag) Do S
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terminals’” A3,G; at the very far end of the analog line
{which represent the top or tip of the monopole) are
located at the bottom of the Smith chart. These output
terminals are located on the very edge of the inside rim
scale at a point where R + jX equals infinity. Such
impedance magnitude corresponds to an open circuit;
that is what the antenna tip sees as a ““load”” impedance.
The two circular scales around the outside rim of the
chart are marked off in wavelengths. In what follows,
you will normally use only the one labeled “Wavelengths
Toward Generator’” (WTG). Just below this scale is one
labeled ‘‘Wavelengths Toward Load” (WTL) which
permits movement in the opposite direction along the
analog line. To use these scales, all you have to do is to
divide the distance in degrees you wish to move by 360
degrees to obtain distance in wavelength. The '‘genera-
tor’’ referred to is the transmitter, when it is thought of
as being directly connected to the line input terminals
A, G.

Because the modified analog key used here deals only
with reactance (the resistive R part will be added later),
all the impedances will be found on the very inside rim

§cale edge representing pure reactance. Observe that all
inductive reactance +/X is distributed around the right
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hand half of the chart circle; all capacitive reactance -jX
is around the left hand half. There is one more
important matter: At the very center of the chartis a
point which represents Z = K, (1.0 + j1.0) ohms. An
impedance which reaches this particular spot on the
Smith chart has a resistive R part equal in magnitude to
that of the characteristic impedance K, of the particu-
lar transmission line you are dealing with in the problem,
and a zero reactance part jX. At point P, on the other
hand, the impedance is K, (1.0 + j1.0), meaning its real
part R and its /nductive part jX are both equal in
magnitude to the characteristic impedance K,, assigned
to the chart.

To ‘“‘enter” an actual impedance R * jX into the
Smith chart you must first divide the actual magnitudes
of both R and jX by the K, you have assigned to the
chart for that particular problem. After you solve your
problem on the chart and wish to ‘“remove’ your
answer, you merely multiply both the real and reactive
parts indicated on the chart by your assigned K, value.
Charts labeled in this way are said to be normalized. A
normalized Smith chart can be used with transmission
lines of any characteristic impedance you feel like
assigning to the chart. This feature makes the normalized
chart very handy to have around. Here, in working with
the analog key, we will deal only with pure reactance
4X, all located on the very inside rim of the Smith
chart, but in other applications an impedance point may
appear anywhere on the chart.5

Up at the very top of the Smith chart in fig. 2 is a
point on the inside rim edge where Z = K, (0 + j0)
ohms. This is "home plate” in the ball game we will play
on this Smith chart ““diamond.” When the objective is to
resonate an antenna at a desired frequency, we a/ways
have to reach “home plate.”’

design values

Let’s start right off with a specific set of conductors
for the coil loaded monopole antenna. Also, for
convenience, we will use a frequency, f=1.97 x 10% Hz
= 1.97 MHz in the old 160-meter ham band. Because
wavelength A’ equals 984/1.97 MHz = 499.49 feet at our
selected frequency, even “short’’ antennas are physically
large on 160 meters.

Conductor length: The monopole conductor length can
be anything you wish as long as it is less than ninety
degrees, so let's choose a total conductor length, ht° =
33 degrees. With 1.97 MHz as the selected frequency,
33°/360° = 0.0917 wavelength. At this point in the
design we will deliberately not make any distinction
whatsoever between the physical and electrical length of
the monopole conductor. The reason for this “error’’
will be explained later on. Taking this viewpoint, the 33
degree monopole conductor length becomes: ht' =
499.49 feet x 0.0917 = 45.80 feet.

Conductor diameter: Conductor diameter may be any
size you want. However, since that conductor diameter
just might have some effect on the loading coil size
needed to resonate the short 33 degree monopole, select
three different conductor radii: a; = 0.05 inch;a, = 0.5

32 [l may1977

inch, and a3 = 1.5 inch. To keep units the same in
subsequent calculations, change these three conductor
radii to feet, getting: a;, = 0.004, a, = 0.04, and a3 =
0.125 feet.

Loading coil location, /,°: Since we are exploring
loading-coil placement, let’s choose: base loading, center
loading, and ““almost’’ top loading. Now, by the conven-
tion given in fig. 1, base loading a monopole means that
h;° = zero degrees, because no break or gap would exist
along the inner conductor for this case. With i, = zero,
that makes h,° = h,° = 33 degrees. For the center
loading case h,° becomes %h,°, or in our case, 16.5
degrees. This choice also makes the remaining length 4 ,°
equal 16.5 degrees, too, because the sum, h1° + h2°,
always has to equal h,° = 33 degrees. Finally, we will
explore the almost top loading case, h;° = 32 degrees,
leaving h,° equal to 1 degree.

Monopole mean characteristic impedance, K,,. Because
we are going to use three different conductor radii with
the 45.80-foot conductor length, we will obtain three
different values of the mean characteristic impedance,
K,,. to represent each of the monopoles, even though
h;” = 33 degrees is fixed in this case. From eq. 2 of table
1, for the cylindrical monopole, first work out K,
representing the first conductor radius, a; = 0.004 feet:

2(hy) 2458
K1) = 60( g, ") )~ 1] = 60y10g, 2855, - )
= 60/ (log, 22900) - 1] = 60(10.04 - 1)
=542.32 ohms

Substituting the remaining two conductor radii, a,
and a3 into eq. 2, with h,° = 45.80 feet,

Km(z) =404.18 ohms
Km(3) = 335.80 Oth

Case 1. Base-loaded monopole. Coil in series with base
terminal A at monopole input (h,° = zero degrees).
Enter the normalized Smith chart (fig. 2) at its “output’”
end terminals A;G; located at 0.250 A on the WTG
scale (the monopole top). Since the loading coil is
located all the way down at the base of the 33-degree
tong monopole, we must travel that entire distance along
the analog line to reach this ““coil location’’ point. When
we get there the chart will give us the normalized value
of the capacitive input reactance, - jX;, -4 ;) of our
monopole for this case. Since the “starting point” in the
journey along the line is designated 0.250 A on the chart,
we must add the distance 33°/360° = 0.092 X to that of
our starting point to get the total distance:

0.250\+ 0.092\ = 0.342\

Therefore, 0.342X is the “stopping point” on the WTG
scale. If you very carefully draw a straight line from the
center of the chart to intersect this 0.342X point on the
WTG scale, it cuts through the ~ 1.54 magnitude on the
capacitive reactance scale. The rest is easy. The reactance
- 1.54 means simply - jK, (1.54) ohms. This is the
normalized reactance - jX; 4 ) of any cylindrical
monopole whase electrical length is” 33 degrees. To



change this normalized capacitive reactance to represent
the actual reactance - jX;, 4 ) of the three particular
monopoles under discussion, you need only multiply
that normalized value by each of your three calculated
K., values. But wait! For only the case of a loading coil
located at the monopole input terminals, the size of the
loading coil reactance is the same as the absolute magni-
tude of - jX; , if you just change the sign of the
reactance to a plus. You can immediately determine the
reactances of all three loading coils. They are simply
+K,, (1.54) ohms:

(K,, = 542.32 ohms)
(K,, =404.18 ohms)
(K,, = 335.80 ohms)

+Xcoilf1) = +j 835.10 ohms
X oil(2) =+ 622.22 ohms
+Xcoil(3) =+ 517.13 ohms

It's a good thing we chose three different conductor
radii; the calculations indicate that conductor diameter
certainly does change the size of loading coils in an
electrically short antenna of the same electrical length
h°. Not only that, but “fat” conductors need smaller
loading coils than thin conductors to produce resonance
in short monopoles.

"HOME PLATE"
B2 (AG]* K, (0+]0) OHMS

ANALOG LINE
"OUTAUT TERMINALS®
A5Gy MONOPOLE TOP

fig. 2. Normalized Smith chart which gives solution for loading
coil reactance necessary to resonate a grounded monopole (ht° =
33°) of any K,,, and three locations, ht°. for the loading coii:
Case 1, base loading; Case 2, center loading; Case 3, loading 1°
from top of monopole.

Case 2. Center-oaded monopole: #,° = 16.5° h,® =
16.5° Because we start at the top of the antenna/analog
line, the distance to the coil location is always k,°. In
the center loaded case, then the distance of travel will be
16.5°/360° = 0.046\. Adding that to the 0.25X starting
point, the stopping point on the WTG line from the
center of the chart through this new point, 0.296),
youl find a larger normalized value of capacitive
reactance, —3.38, which you now know to be
~jK,,,(3.38) ohms. Before you get ahead of me and begin
happily changing the sign of that reactance multiplied by

the three values of K,,, and generating a new table of
loading coils, hold it! The h,° is no longer zero degrees!
This capacitive reactance —jK,,(3.38) ohms is really
—inn(Ach), as shown in fig. 1B.

Looking over to fig. 1E, you'll see that this “‘capaci-
tor”’ produced by monopole analog line section of length
h2° is connected in series with the loading coil reactance
+jK 5i1¢5) and this combination becomes load
impedance Z;:,). Now Z ) is seen in fig. 1C to be
connected across the output terminals, A;-G; of the
lower monopole analog line section of length 1, °. In fig.
1E, the lower line section h1° will “insert’”’ an additional
inductive reactance +K,, (tan h;°) in series with the
monopole analog line input terminals A-G. If you cancel
out all the capacitive reactance at the loading coil gap
which is produced by the upper line section h2°, by
inserting a loading coil reactance +X . ,;; of equal magni-
tude, you will go ‘‘skidding past’”’ the home plate at
Zin(a,c) = Kpu(0 + jO) ohms, and end up with a
Ziy(a,G) reactive part jX; just equal in magnitude to
this jK,tan h;° produced by the lower monopole
analog line section. What you really need is the
“resonant’ reactance candition

Xin(a,c) = IKm(Xcoit)
H K Xin(A2G2))
+jK,, tan h,° =K, (0.0), (1)

where ~jK, X;, 04 5 ,) is really just ~jK,, cot hy° from
eq. 3in table 1. Eq. 3'is the thing we are solving with the
Smith chart when we enter it at the antenna top and go
traveling along the WTG scale a distance h,° to the
“stopping’’ point. When you want high accuracy, use eq.
3, because you can’t read the Smith chart that closely. It
is like a slide rule in this respect, but good enough for
preliminary design. Looking at eq. 1 above, you can now
see how to determine the size of the loading coil; just
leave +jX_ . on the left side, and put everything else on
the other side of the equals sign. Then,

iXcoit =iK(cot hy°) =jK,, (tan h,°) ohms (1-1)
Since you just obtained jK,, (cot h,°) = jK,, (3.38) from

the Smith chart, and you know h1° also equals 16.5
degrees, and 16.5° - 0.30

X coit = [Km(3-38) = jK,(0.30) = +iK,, (3.08) ohms

Now you can go ahead and generate a list of center
loading-coil reactances:

choil(1) =+j 1670.35 ohms
iXcoil(2) = +i 1244.87 ohms
iXcoit(3) =+ 1034.26 ohms

(K,, =542.32 ohms)
(K,, =404.18 ohms)
(K, =335.80 ohms)

Notice that the loading coils for the center-loaded case
in the h,° = 33 degree monopole are 3.08/1.54 or two
times as large as the loading coils needed to base load the
same antenna to the same frequency. Also again, “‘fat”
conductors still require smaller loading coil size. Does
this coil growth trend continue with increasing h;°? If
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so, what is the "'rate”” of increase? To find out, go on to
the ““almost top loaded” case where h,° is 32°, and h,°
is only 1 degree.

Case 3. Almost top-loaded monopole it,° =32° and h,°
= 1.0°. Having to go only 1.0°/360° equals 0.002X, add
that to 0.250)\ and obtain 0.2520X as the stopping point
on the WTG scale. However, now you cannot read the
normalized capacitive reactance ~jK  (X;, )A,,G, — the
Smith chart reactance scale is too cramped in this region,
which is approaching infinite values. No problem!
Simply use eq. 3 from table 1 and to find
“JK (X )A 3G o
—ij(Xirx)AZGZ = —ij (COt 1'00)
=-jK,,(57.29) ohms

Flipping the sign of the answer above to plus (and

fig. 3. {A) Sinusaidal current distribution along naturally
resonant quarter-wavelength monopole antenna. (B)
Linear current distribution for base-coil loaded monopole,
ht° = 33 degrees. (C) Same height monopole with center-
coil loading. (D) Total current area for base coil loaded
monapole, /1,° less than 36°. (E) Total current area for
short monopole antenna with loading coil at distance h1°
from base. Al monopoles are assumed to be resonant.

knowing that tangent h1° = tangent 32° = 0.625) we
plug these values into eq. 1-1:

= jK,,(57.29) = jK,,(0.625)
=+K, (56.66) ohms
Our final table of coil reactances follows

(K,, = 542.32 ohms)
(K,, =404.18 ohms)
(K,, =335.80 ohms)

+Xcoil

m

jXro,»l(,) = +j 30730 ohms

jXCOl’l(Z) = +j 22902 Oth

fX(~(7il(,3) =+4j 19028 ohms
Clearly, above the center loading-coil location, coil
reactance grows rapidly, at an exponential rate. At 1.97
MHz, eq. 6 from table 1 gives the inductance of these
coils for a location only one degree from the antenna
top as

Coil (1) = 2.48 x 1073 henry = 2.48 mH

Coil (2)=1.85 x 1072 henry = 1.85 mH

Coil (3)=1.53 x 1077 henry = 1.53 mH

Coils of this size are large enough to serve as de-
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h°=369

coupling chokes in the power supply leads in your trans-
mitter! Incidently, before turning to other matters, note
that if you want to translate the short, coil-loaded
monopole design technique to any other ham band;
select an h,° other than 33 degrees; or use monopole
conductor radii other than 0.050, 0.50, or 1.5 inch, you
will have to calculate K, again for the new case. Once
this is done, you can quickly proceed as shown here to
find the reactance of the needed loading coils at any
height, h,°. Also, as you will later see, in terms of
antenna efficiency it is best to reduce the size of the
loading coil; the largest diameter conductor you can use
will help in this respect.

Now that you have seen how the size of the loading
coil changes with its placement in the monopole, you
may well ask, “Why should 1 use a coil location other
than h1° equals zero degrees? Why not just base load
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short monopoles?’’ To answer these critical questions we
must turn to the problem of antenna radiation resistance
in electrically short antennas.

radiation resistance of
electrically short antennas

Up to now we have been merely plugging in R = 0
ohms in our antenna input impedance, Z;, 4 ) = Ri, +
jX;, ohms. The modified antenna/transmission line
analog key we’ve been using here gives us only the
reactive part. Don’t blame Dr. Schelkunoff for that. His
elegant mode theory model gives both R and jX answers
for Z;,c4,G). but it employs some high power math.
However, it turns out that the answers we are getting for
jX;, compare quite accurately to those obtained by his
more refined equations. That's fine. But how do we get
the resistive part, R?

To add the R part to our answer, we assume R equals
the antenna radiation resistance R,. Then we just ook it
up in graphs giving R, as a function of antenna length
ht°. Such curves are found in the literature.® This is
fortunate, because calculating radiation resistance, R,,



for any antenna length hto and current distribution is
not exactly child’s play. So it seems we have it all
wrapped up: Just look up R, for our particular antenna
length ht° in degrees, and plug it into Z; = R + jX.
Unfortunately, it's not quite that easy. For antennas
whose length is greater than h,° = 36 degrees, the
published curves give only the radiation resistance of
electrically short antennas which do not use reactive
loading. Therefore, you must be able to calculate the R,
of the reactively loaded, electrically short antennas when
h,° is less than 36 degrees. When you do that you will
see why base loading is not the optimum way to
resonate electrically short antennas.

Fig. 3A shows the idealized, sinusoidal current distri-
bution along a naturally resonant, quarter-wavelength
vertical monopole antenna operating against a ground
plane. If you plot the function, sine h,°, on graph paper,
starting with zero degrees at the top of the monopole
(where current in this case is zero), you will find that
within the first 36 degrees you do not obtain a curve at
all; for all practical purposes, you will get a straight or
linear line plot. Only at lengths greater than 36 degrees
does the graph plot begin to look anything like a curve.
Because of this fact you can deal with the current
distribution of monopole antennas, less than 36 degrees
high as straight-sided geometric figures. Accordingly, fig.
3B shows a base-loaded monopole of height ht° = 33
degrees, with a triangular current distribution. In fig. 3C
the same height antenna, center loaded, still has a
straight-sided current distribution in the shape of a
trapezoid.

Now, if you measure antenna section heights h1° and
h2° in electrical degrees, and the current amplitude in
amperes, the total area of the current distribution can be
expressed in units of degree-amperes. One of the cruder
{but good enough ways) to explain radiation resistance is
to say that Nature only “sees” the antenna’s total
“exposed’’ current area. Based on this engineering “view-
point” you can write an expression” which gives the
radiation resistance, R,, of electrically short (h,° less
than 36°) monopole antennas operating over a ground
plane as

,=0.01215 A? (1-2)

where A is the total exposed antenna current area in
degree-amperes.

For a doublet of length 2h,° in free space, composed
of two short, reactively loaded monopoles of length ht°,
just double the R, magnitude calculated from eq. 1-2.
Fig. 3D provides a formula for finding the triangular
shaped, degree-ampere area of base-loaded monopoles
over ground; fig. 3E gives the formula for the case where
the loading coil is located a distance &, ° from the input
terminals A-G. It is important to note that, in all
antennas shown in fig. 3, the antenna base current is
always one ampere. This is the relative current amplitude
which you must use because the radiation resistance of
an antenna does not change with the different ampli-

*Eq. 1-2 is based on the theory of monopole moment.

tudes of actual currents when you vary transmitter input
power. For reasons which space does not permit me to
go into here, when the antenna is resonated by a loading
coil placed at a distance h1° from the base input
terminals, the refative current I, at the coil position has
an amplitude of I, = cosine h;".

Using the above information, you can now see what
happens to radiation resistance in short antennas as h1°
is changed while antenna height, h,°, is fixed. For
example, consider your antenna, ht° = 33 degrees when
it is base loaded. From fig. 3D, the current area is then

A =% (33° x 1.0 ampere)
=16.5 degree-amperes
From eq. 1-2:
R, =0.01215 (16.5 degree-amperes)? = 3.3 ohms

For the case where the loading coil was moved to h1° =
16.50, to center load it, I,cosine 16.5° = 0.96 amperes
relative, giving us the area from fig. 3E as,

A=Y[16.5° (1.0 + 0.96) + 16.5° (0.96)]
=14[32.34 + 15.84]
=15[48.18] = 24.10 degree-amperes
R, = 7.06 ohms

You can see that center loading /ncreased the radia-
tion resistance by a ratio of 7.06/3.3 or 2.14 times. The
ohmic loss produced by a radial wire ground plane,
insutator leakage, soil current resistance, and the like,
might have a realistic ohmic resistance magnitude of 10
ohms. Antenna radiation efficiency, N, is related to the
ratio between antenna radiation resistance, R, and total
environmental ohmic loss, R, as

N =(—Re__\ 100 (per cent) (1-3)
Rr+ 2
With ohmic loss equal to 10 ohms, the base-coil
loaded monopole (k,” = 33°) would yield an efficiency
of,

N =< _,,3:_?, - ,->100 =24.8 per cent
3.3+10.0

The same height monopole, when center loaded,
would yield

N={ 22" 100=41. t
(7,06+10.0> 0 4 per cen

Not only is more input power radiated from the
center-loaded monopole, but since Z;, = R, + Rq +jX,
the magnitude of input impedance at resonance is
increased, which makes impedance matching with a base
network less of a headache. Right about here someone is
going to remember the case where the loading coil was
only 1 degree down from the top. Using the relations
given, R, = 10.93 ohms. This looks promising —
increased R, means increased efficiency, right? | am
sorry | must dash cold water over this happy discovery.
If you could raise the current-degree ampere area of the
33-degree monopole to the indicated total area without
introducing additional ohmic loss, you could increase
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efficiency because R, would increase toward its theoret-
ical limit. The theoretical limit in reactively-loaded short
monopole (or dipole) antennas is four times that of the
base-loaded R, (or doublet feedpoint loading), and is
based on a perfectly rectangular current distribution.
However, you can’t approach this limit except in very
short antennas, and never in the case of any coil-only
loaded short antenna.

The words “without introducing any additional loss”’,
however, lets the air out of this littte balloon. Remember
the rapid increase in loading-coil reactance (and thus
inductance) as it climbed to higher and higher h,°? You
might think a loading coil is just hacked out of any
commercial length of coil stock you have laying around
the shack. Not true. An antenna loading coil must be
tailored to your radiating system if you want to obtain
maximum efficiency.

loading coils in electrically short antennas

Space limitation prevents me from going too deeply
into the critical matter of loading-coil design. Still, being
terse, I'll try to cram in some vital facts. By now your
intuition must tell you that loading colf loss should be
kept to the barest possible minimum. That clearly means
use of a high value of coil Q. Unfortunately, coil ohmic
loss Ry is related to coil Q by the expression

X .
R, =2:coil ohms (1-4)
L7 q

Eq. 1-4 says that, as coil reactance grows with
increasing h,°, coil Q must be increased to retain this
minimum R coil loss. Here, also, is a sobering thought:
the coil shape factor for maximum Q in a single layer
coil is represented by a coil diameter twice that of coil
length.” This ratio is not especially critical, but you
should stay pretty close to it. So you see that as
reactance increases, demanding more coil turns in in-
creasing length, the physical diameter of the loading coil
keeps increasing as it climbs the short antenna. Another
important matter is the insulation holding the turns to
the correct pitch. The material used for coil insulation
should have the lowest possible dielectric loss factor, and
a minimum amount of it should be employed. Moisture
from the weather should be kept from the exposed
loading coil by a sealed dielectric housing, because the
slightest moisture film-bridging between turns, across the
insulation, will reduce coil Q. Because of their low value
of radiation resistance, the input current to short anten-
nas is considerably larger than it is in, say, a naturally
resonant quarter-wavelength monopole at the same input
power, The antenna input (base) current, in terms of its
actual magnitude, is

_ Pi
I, =/ k, " R':, amperes (1-5)

where Pi is power input in watts.
Consequently, provisions must be made to handle the
calculated current amplitude in the coil conductor.

*Multiply actual [, by cosine h1° to find {. when the coil is
located at a point higher than the antenna’s base-input terminals.
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Voltage stress (voltage drop} across the loading coil is
given by
) volts (1-6)

coil

Vcoil = (Ic x X

Where I, is the current flowing through the coil at its
location h1° in the antenna.” If I. is in rms amperes,
multiply V, ,;; by 1.414 to get peak volts of stress.

Practical antenna engineers, adding this all up, feel
that the center-loaded case is about optimum in terms of
a trade off between increase in radiation resistance to
offset environmental ohmic loss, and design of the
loading coil within practical and economic limits.

A final word about tuning a short, coil-loaded
antenna: Once you have achieved the high Q coil you
need to resonate the little monster to the frequency in
the band you select, don’t try to change its inductance
by means of tapped turns, turn sliders, or shorted-out
turns to tune the antenna around the band. The resulting
change in coil shape factor, and the eddy currents which
will circulate in the unused turns, will murder coil Q.
Instead, in fixed site home station versions retune the
impedance matching base network you have to use any-
way to lower transmission line vswr. In electrically short,
mobile antennas use a telescoping section of the antenna
conductor above the loading coil to establish resonance
of the antenna at frequencies above or belowfo. Finally,
| hope that you will now look at the long, skinny
loading coils wound on massive insulating forms which
you may see used in some short antenna designs with a
healthy bit of skepticism. However, with use of the
analog key, you can now design any coil-loaded, short
antenna which comes to mind.

calculated coil size accuracy

Real antennas of any kind are not lumped circuits.
Their extensive fields reach far out into the so called
near-zone region surrounding them to “‘feel and sense”’
their efectromagnetic environment and to react to it.
They do this by automatically adjusting their electrical
characteristics to always satisfy Nature's laws of mini-
mum energy balance. Electrically short antennas are the
most sensitive of all, due to the much larger storage of
energy within their near-zone region. To an antenna,
each station site, each mobile vehicle, differs consider-
ably from another.

It is due to this peculiar nature of the antenna, in
contrast to that of lumped circuits, which makes it
impossible for man to devise a calculation method which
can exactly predict in the design stage all the changes
which will occur in a real antenna operating in some
actual electromagnetic environment, Therefore, working
antenna engineers make the best calculations they can at
the office desk, then put on their hard hats and go out
to the antenna measurement laboratory and prune their
creations exactly to size. This problem is least at micro-
wave frequencies, and at its worst at frequencies in the
low- and high-frequency bands. In the case of the electri-
cally short antenna, this means pruning calculated coil
size. But you can use an “insurance policy”’ here because
first, you don’t want to start out with a coil which is too
small, and secondly, you don’t want to do too much



pruning. How does the analog key satisfy these two
design requirements for the practical designer?

Recall that when you started to select antenna
conductor length for the electrically short antenna you
did not make a correction between conductor physical
length and its electrical length. | said we would regard
them at the start as equal to one another. It turns out
that unless an antenna conductor is of zero diameter, its
electrical length is always greater than its physical
length. If you examine eq. 3 in table 4, you will realize
that if such is the case, all the magnitudes of capacitive
reactance calculated from it, or its solutions via the
Smith chart, are somewhat smaller than those obtained.
That means that all of the calculated coil reactance
values are too large.

In matter-of-fact, their size error on the plus side of
tolerance is in inverse proportion to the mean antenna
characteristic impedance K, you calculated them to
match. Thus, the coil calculated for K, = 335.8 ohms
would resonate the 45.8 foot tall monopole to a fre-
quency below 1.97 MHz in the 160 meter band; the coi}
for K,, = 542.3 ohms would resonate the same height
monopole closest to, but still a bit below 1.97 MHz. Not
too much below 1.97 MHz {or whatever frequency you
designed for) but enough that you may safely prune the
coil up in frequency to resonate in your own particular
environment. | do that with a grid-dip oscillator which is
loosely coupled to the grounded coil/monopole
combination.

At the end of our next example, you will see how to
make the correction between conductor’s physical and
electrical length when you need to. This, however, will
be in working with naturally resonant antennas which
are least sensitive to environment.

frequency bandwidth of antennas

Design objective. You want to design a naturally
resonant antenna in such a way that the vswr on the
transmission line feeding the antenna does not exceed a
specified maximum value at any frequency within the
limits f4i0, = f11 Of a given amateur band.

Such antenna design will provide you with an antenna

into which a modern transmitter, using a pi-network
tank circuit, will easily load full power at any spot in the
band. Most amateur transmitters are designed to load
full power only into a transmission line vswr of 2.8:1 or
less.
Foreward to problem. Remember that | said that the
input reactance, jX;,, of an antenna of fixed length
changed far more rapidly in magnitude with a change in
transmitter frequency than the resistive part, R;, . The
resistive part of antenna input impedance, in fact,
changes so little over the frequency width fhigh ~ fiow
of any presently assigned high-frequency amateur band
that we may make an engineering approximation and
view R;, as a constant over the frequency width f,;,;, -
flow‘

With R, assumed constant over the frequency width
of any amateur band, let’s take up the case of a naturally
resonant quarter-wavelength monopole antenna, remem-
bering that we can always combine two such monopole
designs into a single half-wave doublet if we wish.

The radiation resistance, R,, of a naturally resonant
quarter-wavelength monopole over perfect ground is
equal to 36 ohms. If we select the natural resonant
frequency, f,. of the monopole to be that of the band
center, then its input impedance at,fo, will be Zin(A,G)
= 36 + jO ohms. When we tune the transmitter vfo above
and below fo, the linear monopole antenna will exhibit
the impedance characteristics of a series-resonant circuit.
That is, it will exhibit a -jX, capacitive reactance in
series with R, at frequencies below that of f , and a jX;,
inductive reactance at frequencies above f,.

When the absolute magnitude of the reactive part of
the antenna input impedance becomes just equal to the
magnitude of the resistive part, antenna designers refer

0.97
096 7
0951
094 7

0937

0.88

FACTOR P

087 1
086
085"

084 1

T

L L L | L L | L
40 60 B8O 100D 200 300 500

1 77
1000 2000 3000
WAVELENGTH (FEET) _ '

2a (FEET) 2a'

fig. 4. Correction to obtain height, ht {feet) equal to 90 electrical
degrees at resonant frequency. To use this chart use the fol-
lowing procedure:
1. Calculate wavelength from A = 984/f (MHz ).
2. Divide monopole conductor diameter, 2a (feet) into A
(feet).
3. Enter graph to obtain length correction factor, P.
4, Use 246P/f0 (MH2z) to obtain resonant monopole length,
liy (feet).
For example, what is the correct height at 3.6 MHz for a
monopole constructed of 3-inch (0.25 foot) aluminum pipe?
A=984/3.6 = 273.33 feet
A2a=273.33/0.25 = 1093.33
From the graph, I’ = (.956. Therefore, correct monapole length
is (246 x 0.956)/3.6 = 65.3 feet.

to the total frequency span between the input
impedance values as the 3-dB or half-power bandwidth
of the antenna. This impedance behavior looks like this:

flow =36~ j36 =50.91L-45°
f, =36+j0=36.00L0°
. _ ]
fhigh =36 +{36 =50.91 [+45
Following good practice, let’s select a transmission
line for our monopole antenna whose uniform character-
istic impedance, Z , is equal to that of the radiation
resistance, R . This calls for a coaxial line of Z = 36

ohms (two 72-ohm coax lines connected in parallel).
When we do this, at the resonant frequency at the band
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center, the vswr on the feedline will have a value of 1:1
because it is matched to its load impedance. When we
tune the vfo to some frequency limit above or below
resonance, Z;, = 50.91 [+45° ohms.

At the two frequencies on either side of resonance
where this impedance value is reached, the vswr in the
feedline will have climbed to 2.6:1. Since the point
where the absolute value of the reactive and resistive
parts are equal, | jX| = | R|, marks the limits of the 3-dB
bandwidth of the antenna, it is easy to wrongly assume
that a vswr of 2.6:1 means that 3 dB or half the input
power is reflected due to mismatch. However, a 2.6:1
vswr represents a mismatch condition where only 0.97
dB of the incident power is reflected. The reason for this
much tower reflection is based on an important electrical
law, Thevenin’s theorem.”™

The actual frequency width, fyi.4 = fi,,,. @t which
the vswr rises to 2.6:1, however, depends upon the
electrical nature of the antenna. To find out how to
solve this problem, first write the quality factor Q for an
antenna in terms of the 3 dB bandwidth as

= Lo (1-7)
fhigh - flow

All you need to solve the problem is a single design
parameter of the antenna which is related to Q in
frequency width. As you probably have guessed by now,
this needed antenna design parameter is the mean
characteristic impedance K, of the monopole antenna.

It is related to frequency Q as,

K,, =(46.5 Q)+ 3 ohms (1-8)

Once you know these relationships, you can take the
following design steps: First plug your particular
amateur frequency limits, f;,,, = fii,4, and f,,, into eq.
1-7 to find Q; then plug the obtained Q value for the
band into eq. 1-8 and determine the needed K,, of the
monopole. Then, all you have to do is solve for the

*Basically, Thevenin’s thearem states that the current in any impedance
connected to two terminals of a network is the same as if that
impedance were connected to a generator whose voltage is equat to the
open-circuited voltage at the terminals of the network. This can be
ilustrated by feeding an antenna with a constant-voltage source as
shown helow:

36 36 36 +36
100V 160v 1aov
1= 19644 1:2778A t:19644
flow fo fon

With a 100-volt constant-voltage source in series with the impedance,
the current flow is 1.964 amp at f,,. and fy,; ;,, and 2.77 amp at f,,.
The power dissipation in the real part of the impedance at the three
frequencies is as follows:

Power atf),, ,, = 138.86 warts
Power at f| =277.72 watts
Power at f}, i = 138.66 watts

Note that the power difference is exactly 3 dB.

38 [ may 1977

antenna conductor length-to-radius ratio to give you this
value of K.

To obtain this conductor size ratio, rewrite eq. 2 of
table 1 in the following way,

sm o+ 1=log, 2y (19)
a

Let’s try this method out, first for the 10-meter band,
and then for 80 meters. For 10 meters, the bandwidth
limits are 29.7 MHz to 28.0 MHz. The band center of
28.85 MHz is our f . Solving for Q from eq. 1-7

0= 2885 _ 0o,

29.7 - 28.0
K,, =(46.5 x16.97)+ 3 =792 ohms

%2 #1=log, 21D < 14202
a

The needed conductor length-to-radius ratio is simply
the natural antilogarithm obtained from eq. 1-9, or

(from eq. 1-8)

(from eq. 1-9)

200) = 1.472 x 106
a
o = o 2h)

1.472 x 10°

Here you need h,' for the band f,,. Again start by first
assuming that h,’ = 0.250\ at 28.85 MHz (no correction
as yet). Then h,’ = 0.250 x 34.11" = 8.53 feet; 2(h,’) =

17.05 feet.
Therefore,
) 17.05 -5
= P2 =116 x10 et
T 1 472x10° * fe

=1.39 x 1074 inches
conductor diameter = 2.78 x 10~% inches

This is like shooting down a butterfly with a cannon!
Here you went to some effort only to find that any
gauge copper wire, physically strong enough to be sus-
pended as an antenna, will give you the needed
frequency vswr bandwidth on 10 meters. All this fancy
frequency bandwidth design isn't for amateurs, right? To
check on that, knowing how touchy Mother Nature can
be, let's try the same exercise on the 80-meter band. It’s
width is 4.0 MHz to 3.5 MHz, with 3.75 MHz in the
center. So

3.75
= 2P =75
Q= o35

K,, =(46.5 - 7.5)+ 3 =351.75 ohms

I5LT5 | § =log, 2Pe) =636
60 ¢ a
Antilog (e) of 6.86 = 955.75
h,' (0.250\) at 3.75 MHz = 65.6 feet

S = 1312
955.75

conductor diameter is 3.29 inches

=0.137 feet = 1.65 inches

This is a horse of another color! You need an antenna



conductor whose minimum diameter is 3.3 inches to use
in an antenna which will cover the entire 80-meter band
without exceeding 2.6:1 vswr in the feedline. This means
a length of 3.5 inch aluminum irrigation tubing; or
triangular, but uniform diameter, triangular cross section
tower at least 3.6 inch on each side for the 80 meter
monopole.

For a doublet we can simulate the needed conductor
diameter in the form of a lightweight cage design using a
minimum of eight wires of say no. 18 AWG Copperweld.
These wires can be arranged equally around the peri-
meter of circular plastic formers spaced along the length
of each half of the doublet. At both ends of the dipole
sections all wires should be brought to a point to form a
taper where the insulators are attached. This is for reduc-
tion of shunt capacitance across the doublet input
terminals. Excess shunt capacitance, either from the
monopole conductor base to ground — aor across the
batanced doublet input terminals — will produce a non-
symmetrical vswr curve at frequencies equally spaced
above and below resonance. Reduction of base shunt
capacitance is the reason you see those long tapers at the
base of large cross section, vertical tower monopoles
used by broadcast stations.

Finally, | promised to give a correction factor to take
in the physical length of the monopole conductor, as a
function of its diameter, so that it is ninety electrical
degrees long at the resonant frequency. Fig. 4 gives the
correction curve and the detailed procedure needed to
do this. When you. actualiy design and put one of these
naturally resonant, broad-banded antennas on the air,
you will find that the vswr at the band edges will be
somewhat less than 2.6:1, This comes about because of
the addition of environmental ohmic losses induced in
the antenna input impedance by the antenna site, as well
as from the small decrease in antenna K, when you
shorten the conductor to resonance by use of the data in
fig. 4.

In this article | have only scratched the surface in
applying the analog key to the field of practical antenna
design; to do a thorough job would require a book on
the subject. Enough material has been given here, how-
ever, to enable you to quickly become proficient in the
use of the analog key and to turn it loose on your own
pet ideas for antenna design.
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Vertical

Performance
' DenTron

Style.

1 The Dentron EX-1 is the

antenna experimenter’s delight.
The EX-1 is a full 40 meter
Y% wave, 33" self-supporting
vertical. The EX-1 has a heavy
duty base, mounting brackets,
stainless steel clamps and the
highest quality seamless anten-
na aluminum. The ideal
vertical for any band you
choose. The EX-1 is great
for phasing! $59.50

2 The Dentron Skyclaw tm

40/80/160 tunable mongband
vertical. The Skyclaw '™ gives
you no-compromise perfor-
mance on 160 (50 KH,bang-
width), 80 (200 KH, band-
width) or 40 (the whole band).
It's a self-supporting 25 foot
vertical. It's an easy, one-
man installation with an easy
price. $79.50

3 The Dentron Skymaster M

covers 10, 15, 20 and 40
meters. Using only one
cleverly applied wave trap, the
Skymaster M covers these
entire bands. Constructed of
heavy seamless aluminum with
a factory tuned and sealed
HQ Trap. Handles 2KW power
level, 15 27% feet high and
includes radials. $8450

Add 80 meters to the Sky-
masters 1M with the 804 VR
top resonator {100 KC band-
width). $29.50

4 The Dentron Top Bander tM

for 160 meters mobile. Now
you can operate 160 meters
in your car, boat, plane, or
RV. It's a streamiined 10%
feet and includes a lightweight
factory sealed loading coil.
Handles 500 watts PEP, has a
standard 3/8"° - 24 ball mount
thread. $59.50

The Dentron All Band Doublet
Covers 160-10 Meters. $24 50

Deniron_

Radio Co.. Inc.

2100 Enlerprise Parkway
Twinsburg, Ohio 44087
(216)425-3173
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simple broadband
antenna for 10 GHz

X281A, and fig. 2, the horizontal radiation pattern.
Waveguide antennas are like slot antennas in that the
electric vector or polarization vector is perpendicular to

The COaX-tO-WaVegUIde the wide dimension of the waveguide. The vertical half-

angle beamwidth is 65° and 80°, respectively, at the

adapter prOV|deS an 3-dB and 10-dB points. The horizontal half-angle beam-
width for the 3-dB and 10-dB points is 35° and 45°. The

exce”ent broadband antenna horizontal beamwidth is narrower than the vertical
for amateur microwave work

Interest in the 10-GHz amateur band is growing rapidly
as the lower vhf and uhf bands are filling with fm
repeaters. However, getting started on 10 GHz is
difficult due to the absence of commercially available
rigs;* this forces amateurs to resort back to home-
brewing their own equipment. One problem is antennas.
Having built several antennas for the 3 cm band,
including polyrods, helix, dish, horn and even a Yagi
beam, we have found that, generally speaking, the
simpler, the better. The simplest and most reliable
antenna we used is a Hewlett-Packard model X281A
coax-to-waveguide adapter. Similar results can be had
with adapters from.Other m?nUfaCturers' However, the fig. 1. Vertical radiation pattern for the Hewlett-Packard X281
Hewlett-Packard unit was available and covered the 3 cm coax-to-waveguide adapter measured at 10.25 GHz. The 3-dB
amateur band. half-angle beamwidth is 65 degrees; 10-dB half-angle beamwidth
Fig. 1 shows the vertical radiation pattern of the H-P is 80 degrees.

*An exception is the recently announced 10-GHz Gunnplexer BV John M. Franke, WA4WDL, and Norman V.
available from Microwave Associates see page 86, March, 1977, Cohen, WB4LJIM, Apart_m?n_t 225, 1006 Westmore-
and page 10, April, 1977, ham radio). land Avenue, Norfolk, Virginia 23508
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fig. 2. Horizontal radiation pattern of the Hewlett-Packard X281
coax-to-waveguide adapter measured at 10.25 MHz. The 3-dB
half-angle beamwidth is 35 degrees; 10-dB half-angle beamwidth
is 45 degrees.

because the horizontal antenna dimension is larger than
the vertical dimension.

The reason for measuring the 3-dB and 10-dB points
is that, when the antenna is used as a feed for a parabolic
reflector, we use the 10-dB beamwidth; the 3-dB beam-
width is quoted when the antenna is used by itself.
Plotted in fig. 3 is a graph of the optimum feed 10-dB
half-angle beamwidth as a function of the ratio of the
reflector’s focal length to diameter ratio or f number. It
is apparent that the coax-to-waveguide adapter works
best when feeding parabolic reflectors which have f
numbers between 0.68 and 1.25.

FEED HALF-ANGLE ©

FOCAL LENGTH
DIAMETER

fig. 3. Optimum feed half-angle beamwidth vs focal length to
diameter ratio (f number) of a parabolic reflector. The simple
antenna described here should be used with refiectors with f
numbers between 0.68 and 1.25 as shown by the dashed lines.

In conclusion, whether used directly as an antenna or
used in conjunction with a parabolic dish, the simple,
broadband coax-to-waveguide adapter provides a low-
cost, dependable microwave antenna.

ham radio

(). WHAT IS IMPORTANT 6}
IN A FREQUENCY COUNTERe

A. ACCURACY. If it's not
accurate, it's not useful.

FREGUENCY COUNTER

The Davis Frequency Counter was designed for maximum accuracy from 10
HZ to 500 MHZ Accuracy is achieved with a precision built-in TCXO
(temperature compensated x-tal oscillator) time-base, accurateto t 0002% (2
parts per million) over a temperature range of 15°C 1o 55°C. Also essential is
the input sensitlivity. The Davis Frequency Counter incorporates a high-
sensitivity input amphfier that extends the useful range to measure low level
signals

THE DAVIS FREQUENCY COUNTER
ALSO FEATURES:

= B-Digit Display (for more accuracy)

® Large 3" LED Readouts

* Automatic Decimal Point Placement

* Resolution to 1Hz

* Automatic Input Limiting (eliminates input level adjustment)

* Input Diode Protected (protects circuitry against overioad)

* Selectable Gate Times, | ms (for rapid reading) and | sec. (for
maximum accuracy) Provision for 10 sec  (for maximum accuracy
at low frequencies)

Plug-in Time-Base (for future options)
Plug-Iin Prescaler (for tuture options)
Automatic Sell-Check

SPECIFICATIONS

Frequency Range 10 Hz to 500 MHz

Input 2 1 Meg/20 ph to 50 MH z
50 ohm above 50 MHz

Sensitivity 10 Hz 1o 25 MHz 10 mv
25 MHz to 50 MHz 30 mv
50 MHz to 500 MHz 150 mv

Time Base Stability STD & 2ppm 15° to 55°C (1 .0002%)
Optional t Sppm 0° to 60°C (1 D00D5%)

Power 117v 50/60 Hz 15W

Size B8 x8 " x28" (2235x 203.2 x 71.12 mm)

Weight 3lbs. 10 0z. (164 kg.)

500 MHz Kit (TCXO standard) —_—

(lor preassembled and calibrated TCXO add $5.00)

Complete Kit. Includes all parts, drilled and plated PC boards,
cabinet, switches, hardware and a complete instruction manual
with calibrating instructions. Approx. B hrs. to assemble

All parts are guaranteed for 90 days

Factory service available for §25

500 MHz Factory Assembled
Factory assembled units are tested and calibrated to
specifications, and are guaranteed for 1 year

Shipping Charges

Instruction and Calibrating Manual
(refundable with purchase)

OPTIONS

Crystal Oven Option (plug-in)
t 5PPM (1 .00005%), 0° to 60°C
{increases accuracy over wider temperature range)

Larger (.46") Digit Option
Available on lactory assembled unit only

Preamp Probe
20 dB gain range 10 MHz to 500 MHz
{increases sensilivity of counter 10X)

12 volt DC Option

10 Sec. Time-Base Switch Option
(postage paid, USA)

TRANSFOAMER GUARANTEED FOR LIFE

DAVIS ELECTRONICS
Dept. F, 636 Sheridan Drive
Tonawanda, New York 14150
(716) 874-5848
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automatic
position control
for the

HAM-M rotator

IC logic provides automatic
brake release and positive
position control for this
popular antenna rotor

When | built my cubical quad antenna, | selected the
Ham-M rotor because of its rugged construction. A
particularly important feature that influenced this deci-
sion was the brake, which protects the gear drive from
damage in a wind storm. The brake, however, has the
disadvantage of engaging before the antenna has stopped
turning, which puts a severe torque on the tower. | felt it
was easier to design a brake delay circuit than to find a
way to reinforce my tilt-over mast.

Having decided to modify the brake circuit, it was
natural to see if additional improvements could be made
to the Ham-M control circuit. The result of my analysis
was that it would also be beneficial to have an automatic
position control, so | designed the following circuit to
provide these features.

principle of operation

The control concept is shown in fig. 1. A regulated
power supply drives a bridge circuit consisting of R8 and
R9. R8 is the existing position-sensing pot in the rotator
with R9 being in the control box. When the rotor is in

be equal. The voltage difference is proportional to the
position error. This error voltage is amplified by error
amplifier U2. U2 output is checked by comparators U3
and U4, which determine if the rotor is to turn to the
left, turn to the right, or stay in place. Logic signals
LEFT and RIGHT go to a timing circuit, which drives
the relays. The relays in turn, actuate the rotor motor
and brake release coils.

As the rotor turns, R8 is turned. When the desired
position as set on R9 is reached, the error voltage goes to
zero. The motor is then turned off, and after a short
delay, the brake is engaged. This action occurs auto-
matically.

circuit description

Fig. 2 is the schematic of the error amplifier and
comparators. Since the wiper of R8, the position-sensing
pot, is grounded to the rotor housing, a floating power
supply is needed. This supply is provided by meter
transformer T1 and voltage regulator U1. The meter
circuit is the same as in Ham-M design.

Error amplifier. Error amplifier U2 is a common 741 op
amp. Any voltage difference between pins 2 and 3 is
amplified by 10,000 times or more. This gain is reduced
by negative feedback through R11 and R12. The overall
effect is that U2 output is 1 volt for every 6 degrees of
error in position,

Comparators. U3 and U4 are LM311 comparators. These
devices are similar in function to the op amp except that
the output is a digital signal. If pin 3 is more positive
than pin 2 the output is grounded; otherwise, the output
is pulled up to the +12-volt supply through the external
components.

U3 pin 2 is connected to a threshold voltage, which
can be adjusted between 0.5 and 2 volts. If U2 output is
greater than this threshold voltage, U3 output will be

the desired position, voltages on each of the pot wipers By Paul Zander, WB6GNM, 86 Pine Lane, Los Altos,
will be equal. If you turn R9, the voltages will no longer ~ California 94022
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R9 EXISTING
POSITION POSITION - SENSING
CONTROL POT IN ROTOR L
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re /
20 voc R9
HAM-M
ROTOR
_ ” K!, BRAKE RELEASE
LEFT TIMERS _§
u3 s
vz e RIGHT RELAY e
DRIVERS|
;“ K2, LEFT MOTOR
ERAOR
AMPLIRIER COMPARATORS N
H K3, RIGHT MOTOR

fig. 1. Simplified block diagram of the automatic position contral system for HAM-M antenna rotor.

low, indicating that the rotor should turn to the right.
As the rotor turns, U2 output decreases until U3 output
again goes high. U4 works in a fashion similar to U3
when the antenna is turning to the left. R26 and R27
provide positive feedback, and hence a little hysteresis,
to the comparator action so that no uncertainty will
occur when the inputs are nearly equal.

No vac

!

There's a small range in the error amplifier output
where neither comparator output is low. This results in a
dead band in the control action, which is unavoidable
for two reasons. First, there’s no simple means of
gradually reducing motor speed so that the rotor stops
exactly in the right place. (SCR circuits are well known
rfi generators.) Furthermore, the brake locks in incre-

10 RZ
vt |e 1 JOVA
va |t
723
TI METER TRANSFORMER 3 2 A3 —M)
FROM RS
HAM- M CONTROL 5 b 10K
o A6 LEFT
18K
S0pF c2 R8
c3 < 50 R9
50V 100pF cs i ¢ 500 > 10K
R4 (IN ROTOR)
10x
Sar RIGHT
3
20 (GROUNDED
INSIDE
ROTOR)
—AN——0) +12V
v R22
RI6 i0 R26
10K g:CIU . 100K
6.6y R23
4 It
RI7 4 g —_—
2K ua\7 RIGHT
s{iman >
f LED 2
Rl [ a
10K ro
TIMING
i CIRCUIT
R27
GROUND CONNECTION 100K
AT ROTOR
LEFT
CIRCUIT COMMON 11
LDt
VYWA—O ~15V

fig. 2. Error amplifier and
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ments of 3°45’, which is of little practical concern since
few antennas have extremely narrow beamwidths.

The bypass capacitors and decoupling resistors in the
power-supply leads of U2, U3, and U4 are a precaution
against instabilities that sometimes bother IC circuits.
This part of the circuit design is possibly overcautious,
but | felt it was better to be safe.

Because the wires from the position-sensing pot, R8,
are in the same cable as the wires supplying power to the
motor, a considerable 60-Hz signal is superimposed on
the position signal. C6, C7, C8, C9, and R15 filter this
hum before it reaches the comparators. The hum is
further reduced by not grounding the circuit common
inside the control box. However, safety and rfi consid-
erations require that the cabinet be properly grounded.

Timing circuit. The timing circuit, fig. 3, is based on the
poputar NE555 timer IC. A low input on pin 2, from
either the comparator or the manual test switch, will
start the timing sequence. U5 discharges C13 through
pin 7. Normally C13 could begin to recharge through
R29; but in this circuit, Q2 keeps C13 discharged as long
as the input is low. Meanwhile the output, pin 3, is high,
which causes CR3 to conduct, energizing brake-release

relay K1. Simultaneously Q3 is also turned on. Q3 then
turns on K2, which causes the rotor to turn to the left.
U5 output also acts through Q4 to keep U6 reset. U6
cannot start timing until U5 has timed out.

When U5 input goes high, Q2 and Q3 turn off; hence
the motor is turned off. C13 then begins to charge
through R29. When C13 reaches 8 volts, U5 turns off
and the brake is engaged.

If, during the coasting period, you wish the antenna
to rotate further, Q2 and Q3 can be turned on
immediately and the motor will be reenergized. |f you
wish to reverse rotation direction, it will be necessary for
U5 to time out before U6 can be set and K3 energized to
turn the rotor to the right. In short, an operator error
cannot cause the circuit to jam.

Power supplies. This control circuit requires three dc
power supplies. These are a 20-volt, 60 mA supply for
the positioning bridge and meter; (fig. 2) a +12-voit 300
mA supply for the ICs and relays; and a - 15 volt supply
for the error amplifier and comparators. The +12-volt
and - 15-volt supplies are shown schematically in fig. 4.

The design is based on the uA723 regulator. It would
probably be easier and less expensive to use the newer
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LIMIT MOTOR
- R3i 5| SWITCH WINDING
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@3 4 !
2N3964 I l
K1 K3 ci6 |
1304F !
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cAR3 8 l
cr4 CRE K2 |
" | meur RIGHT |
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fig. 3. Timing-circuit schematic. C13, C14 see text. CR3-CR7 1N645A or similar. K1-K3 12 Vdc 185-ohm coil, 29 V 5A contacts (Potter
& Brumfieid R10-E1-X4-V185 or Allied TF154-CCCC-12V). LEDs are HP 4403.
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three-terminal regulators such as the LM320 and LM340
series. Because there are few, if any, 20-volt regulators
available, the position-bridge circuit could be operated at
18 volts. Whichever voltage you choose, the supply
should be fused at no more than 1/8 ampere unless the
regulator has internal current limiting.

Nothing is critical about the control-circuit assembly.
| removed the transformers, meter, and motor capacitor
from the Ham-M control box and put everything into a
larger cabinet. Alternatively, the transformers and meter
can remain in the Ham-M box and the new circuit put

TO METER
TRANSFORMER
53

: []

POWER ON
3aA

POWER TRANSFORMER

FROM
HAM-M CONTROL BOX

pot in the rotor. The meter should indicate the position
of this temporary pot. The meter can be calibrated
initially by adjusting R5 to give a full-scale meter reading
when the temporary pot is turned fully to the right.
When the temporary pot and the position control pot,
R9, are in the same position, all the relays and LEDs
(except of course the power indicator) should be off. As
the pots are turned, the relays and LEDs should go
through the sequence of turning the motor and brake on
and off, as discussed previously.

When vyou’'re satisfied that the contro! circuit is
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fig. 4. Power-supply schematic.

into a separate enclosure. Either way, most of the wiring
can be done with a Vector wiring pencil or on a PC
board.

Position control R9 deserves some comment. | used a
standard 270° rotation pot with a pointer knob. The
panel was labeled S-W-N-E-S. If you can obtain a 360°
rotation pot, the front panel could include a map to
show the area to which your antenna is aimed.

LEDs 1 and 2 and switches 1 and 2 are needed only
for testing and can be mounted inside the box. | also
recommend that the connections between U3 and U5
and between U4 and U6 be jumper wires that can be
easily removed for testing.

testing and adjustment

This control circuit, if carefully built, can be
connected to your Ham-M rotor without removing it
from the tower for the following procedure.”

First check the control operation with the rotor dis-
connected by using a 500-chm linear pot in place of the

*This design is based on a series-5 rotor. Series 1 and 2 rotors
will require changes in the rotor.

working properly, set R17 and R20 for the widest dead
band, remove the jumpers between the comparators and
the timing circuit, then connect the rotor. The rotor can
be operated by using the test switches, ST and S2. Your
antenna may require more brake delay than mine did. If
so, increase timing capacitors C13 and C14 until the
antenna comes to a smooth stop. Adjust the meter
calibration if necessary. Check to see that the compara-
tors are still functioning as indicated by LEDs 1 and 2.

Now, reconnect the comparators to the timers and
check out the automatic positioning control. The final
step is to adjust the dead band. Adjust R17 and R20 to
make the dead band smaller, then rotate the antenna.
When the dead band is too small, the antenna will coast
through it before the brake is engaged. After the time
delay, the motor will reverse only to coast through the
dead band again. Increase the dead band until this
searching action doesn’t occur.

This automatic rotor control has proved satisfactory
in two years of use at my station. A self-addressed
stamped envelope would be appreciated with any
correspondence relating to this article.

ham radio
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fine tuning
the phased

vertical array

Design and
construction of a
2-element vertical

in which phasing

is stepped between
zero and 180 degrees

Several years ago | described an antenna using two
mobile whips mounted on the terrace railing of my
apartment.l The antenna was a close-spaced array for 20
meters. The primary purpose of the design was to
provide a means of reducing interference during recep-
tion. A secondary purpose was to provide some gain in
line with the north-south pattern of the array. A simple
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switching arrangement provided a choice of zero degrees
for no directivity, 135 degrees for a reversible cardioid
pattern, and a spare position for “’in between’’ phasing
for experimentation.

While experimenting with this array over a two-year
period, | made many observations, which convinced me
(strictly from a reception standpoint), that it would be
desirable to be able to shift the phasing quickly over a
range between zero and 180 degrees in as many small
steps as practical. This article describes a phase-shifting
unit that accomplishes this objective.

background

The popularity of the two-element phased array has
been due to the work of Brown? and the charts he
prepared (fig. 1) and, of course, to Kraus.3 Since the
publication of these articles many others have appeared
in the literature, As background reading, | recommend a
series of 12 articles on vertical antennas, which were
published in CQ magazine.?

Brown's chart2 was prepared under a given set of
conditions that required the currents in each driven
element to be of equal magnitude. This can be accom-
plished by power dividers and branching networks,
several of which have been described in the amateur
literature. The Wilkinson divider5, the jeep-coil type,
and the ohms-law type® are examples.

Most of the published amateur work on phased arrays
has followed the rule of equal currents and has adhered
pretty closely to the standard pattern structure and phas-
ings as shown in fig. 1. Very few amateurs have ventured

By William Tucker, WAFXE, 1965 South Ocean
Drive, Apartment 18-S, Hallandale, Florida 33009
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fig. 1. Horizontal patterns for two vertical radiators fed with currents of equal magnitude (after Brown, reference 1). Circles indicate the

relative field from one radiator alone with the same power input.

the region of unequal currents and “in-between”
phasing.

In an antenna system where the phasing will be varied
from zero to 180 degrees, it's not a simple matter to keep
the currents equal. In this case, the fact that the currents
usually are not equal allows us to use those variations of

WHIP WHIP
ANTENNA ANTENNA

PHASE -
REVERSING
SWITCH

DOUBLE - POLE
18- POSITION SWITCH

PHASE-SHIFT COAX
------------------- 1g0”

{8 PHASING LENGTHS

L——> 70 riG

fig. 2. A method far shifting phase in 10-degree steps. Eighteen
separate pieces of coax cable would be required — not a very
practical scheme.

the pattern from the norm created by a wide assortment of
phase shifts.

null variations

For practical purposes the resultant patterns follow
the classical patterns fairly well insofar as gain and
directivity are concerned, but the main difference seems
to be in the intensity and directivity of the nulls. Broad-
cast stations, for example, place their antennas so that
the nulls avoid interference with other stations using the
same frequency. Their patterns require a power division
usually not equal to, and a phasing seldom a multiple of,
45 degrees.

The ease of reversing the directivity of a phased array
quickly, with the flick of a switch, proved valuable in
making observations that would have been otherwise
impossible with a slow-moving rotary beam. All observa-
tions were made on the 20-meter band using two mobile
whips spaced 12 feet (3.7m) apart in a north-south
plane, mounted on the terrace railing of my apartment,
which serves as a rather skimpy ground plane. The anten-
nas are not vertical but extend out from the terrace at a
45-degree angle.

It was observed that the intensity of the null in the
cardioid pattern obtained with approximately 135-
degree phasing varied greatly as the vertical angle’ of
arrival responded to ionospheric changes and could be
altered by a shift in phasing. This condition also existed
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on the nulls in a figure-8 pattern obtained with
180-degree phasing.

Another observation made was the fact that there was
an apparent shift in the azimuth of the deep null of the
cardioid pattern, perhaps as much as 45 degrees, by
small shifts in phasing. This phenomenon was also
noticed in the nulls of the figure-8 pattern but to a
smaller degree. This proved very helpful in eliminating
interference on reception without materially affecting
forward gain. Also, in the case of noise, a minimum
could be obtained by proper phase selection; and in
many cases the noise level could be reduced from an S-9
to an S-2 level.

The variable phase shift unit described here can be
used with any 20-meter phased two-element array,
regardless of spacing or polarization, and will allow you

WHIP WHIP
ANTENNA ANTENNA

1/2» COAX SECTIONS

180*

36 POSITIONS

{18 EACH SIDE) TO RIG

fig. 3. Simple and practical method for an antenna phasing
system using a half-wavelength of coax table with as many taps
as desired.

to select the most suitable pattern and then proceed to
“fine tune” the system to ionospheric conditions and
interference, which are both usually in astate of flux.

design

The original phase-shift unit | had been using with the
two mobile whips provided a selection of four phasing
positions, which were entirely inadequate for the “fine

WHIP WHIP
ANTENNA ANTENNA

PHASE -
REVERSING
SWITCH

ONE LENGTH

174X COAX
174X COAX

18 COAX SECTIONS

NOTE: ALL COAX

SHIELDING GROUNDED TO RIG

fig. 4. System as shown in fig. 3 but with only one side of cable
tapped and a dpdt switch used for phase reversal.
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COAX-CABLE SECTIONS
v

o* CERAMIC ROTARY WAFER 180°
GANGED ROTARY SWITCH COAX
(20 CONTACTS) CABLE

fig. 5. Method for connecting small-length coax sections to a
20-position rotary switch. The switch was modified so that the
wafers were far enough apart to accommodate each coax-cable
segment. The switch should be able to carry the rf current.

tuning’” needed. | could have provided additior.

switching and shifted phase every 10 degrees, but |
would have ended up with 18 separate rolled-up coils of
coax, an unwieldly arrangement to say the least (fig. 2).

A quick solution appeared: why not just use one
length of coax cable, 1/2-wavelength long, for the
180-degree phase shift and divide it into 18 sections so it
could be tapped? Simple, but it won't work; the unused
portion of the cable will act as an open-ended stub and
detune the entire system.

A simple and practical method evolved in which there
would be no unused section of cable. The entire half
wavelength of coax would straddle the two antenna
feedlines (fig. 3). At the centertap, the two antennas
would be in phase (0 degrees) and at either end would be
180 degrees out of phase. It’s apparent that as the tap is
shifted, the amount of coax added to one feedline is
automatically subtracted from the other. Of course, a
further simplification is to tap one side of the line and
use a dpdt lever switch for phase reversal (fig. 4).

The electrical length in inches® of a quarter-
wavelength line (90 degrees phase shift) is determined
by:

2952k
L= 5= m
L =length {inches)
k = coax-cable velocity factor
F =frequency (MHz)

Inasmuch as coax cable varies, the line should be
trimmed ta frequency with the aid of a grid-dip meter.
After the proper tength is found, the number should be
divided by 18 to give that many pieces of cable for
10-degree steps in phase shift. One additional piece of
cable should be added to provide an overlap that may be
needed for fuil 180-degree coverage because of
differences in rotary switches and workmanship. For
example, at a frequency of 14250 kHz you might grid-
dip a quarter wave of coax and find it to be 135 inches
(342.9cm). If so, each of the segments will be 7.5 inches

*For coax length in millimeters, the factor 2952 in eq. 1
becomes 74980; for the length in centimeters it is 7498. Editor



{19cm) long. Adding one length will give 19 sections
with a total length of 142.5 inches (363cm).

After the 19 sections of coax have been mounted on
the switching assembly, the unit should be grid-dipped as
a quarter wave and the frequency noted. This new
frequency will be the guide for cutting a matching piece
of coax to balance the system so the centertap position
will be zero degrees.

A mechanical problem occurs in trying to cram 19

2-GANG 2-GANG
CERAMIC-ROTARY CERAMIC-ROTARY
SWITCH SWITCH

19 COAX SEGMENTS

T0 RIG

fig. 6. Switch arrangement using two ganged sections. One
phasing coax-cable segment is used as a link between each ganged
section. Whichever switch is not in use should be set at contact
marked with an X.

short lengths of RG-68/U coax around a 20-position
switch. This problem was solved by modifying a two-
section rotary ceramic switch so that the wafers were
placed just far enough apart to accommodate the length
of coax segment. The coax was then placed lengthwise
and attached to alternate contacts on each switch as
shown in fig. 5 and using a common rotor for selection.
The unused portion of the coax on the selector arm is
short and of little consequence. The rotary switch, of
course, should be of good quality and be able to carry
the rf current. A word of caution: do not rotate the
switch on transmit!

RG-58/U cable is used throughout the phasing unit
because of its small size and ease of handling. Unfortu-
nately, the use of this cable will limit the power to
somewhat less than may be desired. 1've been using 300
watts of key-down power output, but the coax should
handle twice that power and even more. Of course,
larger cable can be used as feedlines for the antennas.

The 18-segment number was chosen so that phasing
could be divided into 10-degree steps, and the added
segment to 190 degrees. This 10-degree number can be
varied to conform to the amount of contacts available
on your rotary switch. If you can accommodate more
than 20 positions, fine. The more positions you have,
the greater the selection of phasings and the shorter will
be the coax sections. Conversely, fewer contacts mean
longer segments and fewer phasing selections. | would
limit the size of the segments to between 5 and 10
inches (13 and 26cm).

If you can’t obtain a rotary switch with sufficient
contacts, | suggest you use two ganged assemblies as
shown in fig. 6. Mount the two separate ganged
assemblies close enough together so that one phasing
segment can be used as the link between them. Which-
ever switch is not in use should be set at contact X.

In preparing the coax for mounting on the switch, try
to leave a minimum of exposed inner conductor. The
shield should be wrapped together with a fine copper
wire, then soldered (fig. 7). Also, the phasing unit
internal wiring should be balanced right up to the fixed
and variable phasing lines. Coax should be used in the
internal wiring unless the leads are very short.

matching impedances

Close-spaced elements will usually have a fairly low
impedance because of the mutual impedance involved
and will usually be in the neighborhood of about 15
ohms. An swr of even 3:1 can be tolerated unless the
feedline is several wavelengths long. However, a simple
linear matching transformer can be used consisting of
1/4 wavelength of two lengths of 52-ohm coax in
parallel, grid-dipped to frequency. This section is used to
match the 15-ohm impedance of the antennas to the
52-ohm feedline. This follows the formula for quarter-
wave linear transformer design where the surge
impedance of the linear transformer is equal to the
square root of the product of the input and output
impedances. The 26-ohm impedance of the parallel coax
lines comes out pretty close to the desired value.

checking and adjustment

Once the two antennas are connected together in the
phasing unit, the output of the unit should be matched
to the rig with an antenna tuner. The lead between the
tuner and the phasing unit should be as short as possible
and the tuner adjusted for minimum swr with the
phasing set at 130 degrees. This setting will usually allow
other phasing settings to be used without having to
readjust the tuner (fig. 8).

This ‘phasing unit can also be used on 10 and 15

FINE WIRE WRAPPING
SOLDERED TO HOLD

SOLDER CABLES TOGETHER
TO SWITCH

TERMINAL

\ NOW) VINYL COVERING (RG-58/y CABLE} g
LAV
P Ny —

BRAID
(A

/ RG-58/U

fig. 7. Method for mounting coax cable to rotary-switch seg-
ments. Sketch A shows how to secure the cable ends. Sketch B is
an example of the coax-cable segment in (A) mounted to a
two-gang ceramic rotary switch.
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meters if desired without any changes. The calibration
will be doubled on 10 meters to indicate 20 degrees per
division and 15 degrees per division on 15 meters. A
phasing unit can be designed for 80 meters and also used
on 40 meters.

The effectiveness of the phasing unit can be checked
and calibrated in the receive position by using a steady
signal source such as a grid-dip meter placed 30 or 40
feet (9 or 12m) away from the array, first in the position
where the cardioid null falls, then where the null of
either side of the figure-8 falls. The phasing setting that
provides the best front-back ratio for the cardioid
pattern should be designated as 135 degrees {130 degrees
will do); and for the best broadside nulls, 180 degrees.
The calibration can then be verified by tests with local
stations in known directions. The other calibration
points can be determined by interpolation.
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fig. 8. Final schematic diagram of phasing unit shown con-
nected to antennas, tuner and swr indicator.
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fig. 9. Arrangement of three vertical antennas in a triangle for
full directional coverage.

In operation, when in contact with another station,
the phasing control is usually set at 135 degrees with the
reversing switch set for strongest reception. If inter-
ference is present, an attempt is then made to reduce it
by adjusting the phasing control. Sometimes reversing
the array will reduce interference more than the wanted
signal. If this occurs, simply flip the reversing switch
back to normal for transmitting. This situation will
accur often when there is a high noise level, which can
be reduced considerably by reversing the cardioid
pattern. The figure-8 pattern is normally used when the
interference or noise level is broadside to the array.

concluding remarks

The flexibilty of this phasing system can be rewarding
once the user becomes familiar with its capabilities. For
those with space for three close-spaced verticals in a
triangular arrangement, this system can be used with any
two of the verticals. The advantage will be compiete
coverage in azimuth in six steps. The switching arrange-
ment in fig. 9 should do the trick.

| welcome comments from those who have built the
phasing unit described here and have obtained
experience with its use on the amateur bands.
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a comparison of

vhf mobile antennas

Mobile antenna gains
depend not only on
antenna type but —

deflection due to
vehicle speed

The issue of antenna gains, especially at vhf, seems to be
shrouded in some mystery. At times, the gain figures of
antennas appear to be Aetermined more by the sales
department than the engineering department. As part of
my job 1 had the occasion to test a number of vhf
mobile antennas to determine their in-use performance.
It is hoped the results will prove useful to the amateur
fraternity.

gain references

Usually the gain of a base station antenna is refer-
enced to a half-wavelength dipole and the gain of a
mobile antenna to a quarter-wavelength monopote. The
Electronic Industries Association (ElA) has previously
established standards for both base and mobile antennas.
These standards are EIA-RS-329, part 1, for base
antennas and EIA-RS-329, part 2, for mobile antennas.
Commercial antenna manufacturers now rate the gains
of their land-mobile base antennas per EIA-RS-329
although few, if any, rate their mobile antennas by the
same standard.

antenna gains
Mobile antennas are usually tested on a 56-inch

w0 TR may1en

{22cm) ground screen or on a standard automobile. In
the testing presented, all the antennas were mounted on
the rear- cowl (passenger side) of a Dodge police cruiser.
All the antennas were adjusted for a vswr of less than
1.56:1. Each test consisted of transmissions from the
mobile to a base receiver using a DB-224 antenna at 175
feet (63m). Signals were then recorded on a calibrated
limiter meter using step attenuators as required. The
tests were performed at various locations at distances of
1 to 20 miles (1.6 km to 32 km) from the base station.
At every location two tests on each antenna were
performed, one with the vehicle pointed toward the base
station and the other with the vehicle pointed away
from the base station. Table 1 shows the average gains
referenced to a quarter-wavelength whip with the vehicle
stationary.

Although above data was taken at 155.5 MHz, the
gain figures are equally applicable at 146 MHz. The gains
are somewhat higher than might be expected due to the
effects of the roof of the vehicle. The roof shields the
quarter-wavelength antenna more than the five-eight
wavelength antenna when the auto is pointed toward the
base station. In all tests, however, the relative gains were
in the same order as the final averages.

Since we have the antenna on an automobile, gain
with the vehicle stationary is only part of the story.
Tests were also performed to see how much degradation
was suffered at high vehicle speeds. Since testing was
being done for a police agency, high speed meant 100
mph (160kh/h)! Table 2 shows the antenna deflection at
100 mph.

As mentioned previously, the test frequency was
165.5 MHz; at 146.5 MHz the antennas are longer, 3
inches (tcm) for five-eighth wavelength antennas so you
would anticipate deflection to be somewhat greater.

By Daniel J. Lynch, WAMNW, 2000-147 N. Meridian,
Tallahassee, Florida 32303



table 1. Stationary antenna gains. Antenna gains with reference
to the 1/4-wavelength whip. Only two measurements were
performed on the DB-702. The ASP-800 is a heavy duty version
of the ASP-177 with approximately 0.5 dB more gain.
stationary
average
antennas gain
0.046 inch {1mm) stainless
1/4-wavetength whip 0 dB
0.100 inch (2.5mm) Larson
1/4-wavelength whip —

Antennas Specialists 800

5/8 wavelength 0.125 inch (3mm) whip 3.1dB
Antennas Specialists 800

5/8-wavelength without spring 3.1dB
DB Products 702 5/8-wavelength

0.100 inch (2.5mm) whip 2.2dB
Larson 150 5/8-wavelength

0.100 inch (2.5mm) whip 3.6 dB
Larson 150 5/8-wavelength

0.125 inch (3mm) whip 3.6 dB

Subsequent tests with an antenna cut for 146 MHz
indicates approximately the same antenna deflection at
vehicle speeds of 70 mph (113km/h).

high speed gain

Tests were then run to check the effect of antenna
deflection on performance. Table 3 shows both the
high-speed gain reduction and the gain at high speed
with reference to a quarter-wavelength whip. At high
speeds the gain degradation is both apparent and
dramatic. The five-eighth wavelength antennas with
0.100-inch (2.5mm) whips suffer much greater degrada-
tion than the five-eighth wavelength antennas with
0.125-inch (3mm) whips or the quarter-wavelength
antennas.

Degradation was not caused by detuning of the
antenna or transmitter, since there was only a slight
increase in vswr when the antennas were deflected.
Although the 0.046-inch (1mm) quarter-wavelength
whip and the ASP-B800 deflected approximately equal
amounts (45 degrees and 50 degrees respectively), the
ASP-800 had significantly greater degradation. This

table 2. Antenna defiection at high vehicle speed. Speed of
approximately 70 mph (113km/h) produced above defiection
with antenna cut for 146 MHz.

antanna type deflection

0.046 inch (1mm) stainless

1/4-wavelength whip 45 degrees
Larson 0.100 inch (2.5mm) stainless

1/4-wavelength whip 20 degrees
Antennas Specialists 800

5/8-waveiength 0.125 inch (3mm)} whip 50 degrees
Antennas Specialists 800

5/8-wavelength whip without spring 30 degrees
DB Products 702

5/8-wavelength 0.100 inch (2.5mm) whip 80 degrees
Larson 150

5/8-wavelength 0,100 inch (2.5mm) whip 80 degrees
Larson 150

5/8-wavelength 0.125 inch {(3mm) whip 30 degrees

greater degradation is caused by the narrower beam-
width of the gain antennas being bent up above the
horizon more than the wide beamwidth of the quarter-
wavelength antenna.

This was verified in testing of uhf antennas when a
30-degree deflection produced a degradation of 5.5 dB
for an antenna that used two vertically phased five-
eighth wavelength elements. This compares to a 30-
degree deflection producing a 3.0 dB degradation for a
single five-eighth wavelength element.

It is apparent that for maximum performance it is
necessary to maintain the antenna vertical and still retain
immunity to damage from overhead objects. Knowing
that the antenna must be kept vertical, placement on the
vehicle becomes important. Tests by Antenna
Specialists! show a 2.5 dB increase in signal when a vhf
quarter-wavelength antenna is moved from the trunk lip
to the center of the roof. The five-eighth wavelength
antenna shows a 1 dB increase when moved from the
trunk lip to the center roof.

Since most of my driving is within 10 miles (16km)

table 3. Antenna gain reduction at high speed and the resultant
gain with reference to a 1/4-wavelength whip at high speed. The
5/8-wavelength antennas without the 0.125 inch (3mm) whip
actually have a loss with respect to the 1/4-wavelength whip at
high speed.
average
average gain gain at
reduction at high

antenna high speed speed
0.046 inch (1mm) stainless
1/4-wavelength whip 1.6 dB 0dB
0.100 inch (2.5mm) Larson
1/4-wavelength whip 0.2 dB 0.7 dB
Antennas Specialists 800 5/8-wave-
length 0.125 inch (3mm) whip 4.1 dB 0.6 dB

Antennas Specialists 800 5/8-wave-
tength without spring 0.125 inch
(3mm) whip 3.2dB 1.5 dB

DB Products 702

0.100 inch (2.5mm) whip 7.6 dB - 3.8dB
Larson 150 5/8-wavelength

0.100 inch (2.5mm) whip 7.3 dB - 2.1dB
Larson 150 with 0.125 inch

(3mm) whip 3.0dB 2.2 dB

of the local repeater, a gquarter-wavelength whip on the
roof is adequate. When traveling out of town a five-
eighth wavelength antenna (with a 0.125 inch {3mm)
whip) is substituted on the same mount. The quarter-
wavelength antenna offers an added advantage around
town. Because the quarter-wavelength whip doesn‘t
resemble a CB antenna, the radio is somewhat more
immune to theft since stolen amateur equipment doesn’t
have as large a market as do stolen CB radios. In some
areas this aspect may outweigh the performance factor.

reference

1. D. W. Horn, Selection of Vehicular Antenna Configuration
and Location Through the Use of Radiation Pattern, 1973
Vehicular Technology Group Conference of the IEEE.

ham radio

may 1977 & 53



Iiamiromcs, INC. has the antennas you want!

FAMOUS CUSHCRAFT AND LARSEN ANTENNAS STOCKED IN DEPTH
To Order, Call 716-663-9254 9AM-9PM E.S.T. or Drop Us A Note Today.

'l.un.llu,un
|

c.0.n.|

©

Larsen Antennas

CHOOSE YOUR WEAPON!

YOU. ALL WHIPS AND MOUNTS ARE INTERCHANGABLE.
COAX AND PLUG INCLUDED.

* LM-150 85 wavelength, 3dB whip w/loading coil for 2M $23.20
(Also operable as 14 wave on 6M)
= LM-220 85 wavelength, 3dB whip w/loading coil for 220 $23.20
* LM-450 Colinear 5dB whip w/center loading coil for 450 $23.20
= Q Quarter wavelength whip for 140-470 MHz (cul as desired) $2.60
* MM-LM-K Super Strength Magnet Mount Kit w/cable & conn. $14.20
= LM-K (not shown) Mount w/cable & conn, for 34 in blind hole  $6.20
= GC-LM-K Gutter Clip Mount w/cable & conn. $14.20
* TLM-LM-K  Trunk Lip Mount (Chrome Plated) w/cable & conn. $13.70
* AMB-K Trunk Gutter Mount (Stainless Steel) w/cable & conn, $9.85

Debbie Says —

The LARSEN MAGNETIC
MOUNT is a real grab-
ber! Guaranteed to stay
put at speeds up to 100
MPH. Low silhouette.
Magnet system guaran-
teed permanent. Far
superior to other brands.
Yet easy to remove when
you don’'t want your
antenna to be visible!

hamtronics, inc.

182H BELMONT RD., ROCHESTER, N. Y. 14612
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POWER PACK The big signal (22 element array) for 2 meter FM, uses two
A147-11 yagis with a horizontal mounting boom, coaxial harness and all hardware.
Forward gain 16 dB, F/B ratio 24 dB, 1% power b id “d 4»

B0” x 40", turn radius 60", weight 55 Ibs., 52 chm feed takes PL-259 fitting.
A147.22 146 - 148 MHz, 1000 Watts, wind area 2.42 sq. ft. $84.95
4-6-11 ELEMENT YAGIS The standard of comparison in VHF-UHF communica-
tions, cut for FM and vertical polarization. The four and six element models can be

tower side mounted., All are rated at 1000 watts with direct 52 ohm feed and
PL-259 connectors.

Model Number Al47-11 A-147-4 A449-11 A449-6 A220-11
Boom/Longest ele. 144~ 740" 44~ /40" 0~ /13 357713~ 102" 26"
qu.pTum radius 6 Ibs,, 727 3 |bs., 44~ 4 Ibs, 60" 3 Ibs,, 35 5 Ibs,, 51"
Gain/F/B ratiodB 13.2/28 9/20 13.2/28 11/25 13.2/28
:é Power beam 48* 66° 48° 60° a8*

ind area sq. ft. 1.21 43 39 30 50
Frequency MHz 146-148 146-148 440-450 440-450 220-225
Price $29.95 $19.95 $27.95 $21.95 $27.95

3 | y
FM TWIST 12.4 dB Gain: Ten elements horizontal polarization for low end cover-
age and ten elements vertical polarization for FM coverage. Forward gain 12.4 dB,

F/B ratio 22 dB, boom length 130", weight 10 Ibs., longest element 40, 52 chm
Reddi Match driven elements take PL-259 connectors, uses two separate feed lines.

A147-20T 144 - 147 MHz, 1000 watts, wind area 1.42 sq. ft., $54.95

' FM RINGO 3.75 dB Gain (reference %4 wave whip). Half
| wave length antennas with direct dc ground, 52 ohm feed
takes PL-259, low angle of radiation with 1-1 SWR. Factory
preassembled and ready to install, & meter partly preassembled,
all but 450 MHz take 134" mast. There are more Ringos in
use than all other FM antennas combined.

;

Model Number AR-2 AR-6
- Frequency MHz 135-175 50-54
| Power—Hdlg. Watts 100 100
! Price $21.95 $32.95

RINGO RANGER 6 dB (reference %4 wave whip). Three
half wavelengths in phase with matching stub. Gives extremely
low angle of radiation for better coverage.

Model Number ARX-2 ARX-220 ARX-450
Frequency MHz 137-160 220-225 432-450
Height 112 in, 75 in. 39 in.
Power Hdig.-Watts 100 100 100
Price $32.95 $32.95 $32.95

NEED MORE INFORMATION?

We have many other antennas in stock. Let us know if you
would like complete antenna catalogs!

More Details? CHECK — OFF Page 150
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THINKING ABOUT

OSCAR?

Here are some helpful suggestions -

1. Our FM transmitters (shown at the
right) can be used very effectively and
economically for CW on 2M or 432 up-
link. A simple modification allows you
to QSY several kHz from xtal frequency.

2. Our famous 2M converters (below) allow
you to build up an inexpensive receiv-
ing system for mode B. (10 meter i-f
recommended.)

3. Popular 10 meter preamps bring new
life to your receiver for mode A re-
ception.

4. We have a large stock of the rugged
Cushcraft beams for immediate de-
livery, including these popular models
recommended for OSCAR. Give us a
call; we'll ship yours right away!

Model Type Price
DX-120 20 el 2m Colinear Beam $42.95
Al147-4 4 el 2m End Mount Beam 19.95
Al147-11 11 el 2m Beam 29.95
A144-20T 20 el 2M Twist (linear or cin:ulnr]f’4 o
A449.6 6 el 432 End Mount Beam 21.95
A449-11 11 el 432 Beam 27.95

5. We stock CDR rotors, low loss cable,
etc. Give us a calll

VHF AND UHF CONVERTERS

Low MNoise FET
Front End

All common i-f's

Coax
Connectors

Low Power Drain
Crystals Avail
for any Desired Freq Scheme

MODEL C25 VHF CONVERTER KIT {sshzuwnl

* Models for 2M, 6M, 10M, 220 MHz, air-
craft, com’l, etc. * Stable cascade rf
stage * 0.3-0.5 uv sensitivity *+ 10-20 dB
gain * Compact 24 x 4'%" pcb * Any
i-f 10-50 MHz

MODEL U20-450 UHF CONVERTER $19.95
* For 432 MHz ssb or atv, 450 MHz fm,
aircraft or com'l, etc. * Economy Con-
verter * Use with P15 Preamp for Opti-
mum Performance * Any i-f 10160 MHz

XTAL (either of above) $5.50

TEST PROBE KITS

i ONLY $7.95/ea.
-

Contain probe, ground clip, cable, and all

components except plug to mate with

your test equipment.

TE-3 RF Detector Probe for VTVM, good
from 100 kHz to over 500 MHz

TE-4 Direct probe for ac/ohms, etc.

TE-5 DC probe w/res for 11 meg input
vivm

TE-6 Blocking capacitor probe for counter,
sig gen

TE-7 Wideband Detector probe for scopes

TE-8 High Z/Low Z scope probe

More Details? CHECK — OFF Page 150

FM/CW TRANSMITTER KITS

FOR REPEATERS, LINKS, OR JUST

A GREAT SOUNDING PERSONAL RIG
USE ON CW FOR OSCAR!

RATED FOR CONTINUOUS DUTY
APPLICATION NOTES AVAILABLE

SEE FEATURE ARTICLE IN AUG '76 HR
FULLY SHIELDED PROFESSIONAL
DESIGN

INDIVIDUAL VERNIER FREQ CONTROLS
COMPANION CABINETS AVAILABLE

200 MW EXCITER MODULE KITS
T40-11 Eleven Channel Exciter for 2M,
6M, or 220 MHz $39.95
T40-1 As Above but only One Channel
$34.95

*

- .
.

T20 Tripler/Driver Module Kit, 150 mW
2M input, 200 mW 450 MHz output $19.95

B/ //// Adddddddd

RF POWER AMPLIFIER MODULES

* NO TUNING » VSWR PROTECTED +» 150

MW DRIVE

T80-150, 140-175 MHz, 20-25W output,
Wired and Tested, simply connect your
cables $79.95

T80-450, 430-470 MHz, 13-15W, W/T $79.95

EVER WISH YOUR RECEIVER
B[IULIJ HEAR THEWEAK UNES?

Almos :
VHF UHF r|1||

with th pul

in us iroughout the

P8 KIT $7.95 P& W/T 16.95
. 9| ®
A
MODEL RANGE
P8-30 20-83 MHz
P8-150 83-190 MHz
Plé- Give exact freq.

* Easy-to-tune cascade circuit
= 20-30 dB gain; 2.5 dB noise figure
* Fits in transceivers, only 1% x 23"

P9 KIT $9.95 P14 W/T $19.95

MODEL RANGE
P9-30 26-88 MHz
P9-150 88-172 MHz
P9-220 172-230 MHz

P14 Give exact freq.

» 2.stage common gate fet ckt
* 20-30 dB gain; 2 dB noise figure
* Compact — 134 x 3~

= Coax connectors & diode protection
* Great for OSCAR!

VHF/UHF FM RCVR KITS

* MORE FOR YOUR MONEY
COMMERCIAL TYPE DESIGN

IDEAL FOR REPEATERS, MONITORS,
LINKS, OR RACK MTD RECEIVERS
MAKE YOUR OWN 2M FM TRUNK
MOUNTED TRANSCEIVER

VHF MODELS FOR ANY BAND 28-240 MHz
R60-( ), 0.5-1uV sens, incl VHF Converter
and IF/Audio Boards $64.95
R69-( ), 0.2-0.4uV sens, incl P9 Preamp,
VHF Conv, and IF/Audio Boards $69.95
R40 10.7 MHz IF/Audio Board alone $39.95

UHF MODELS FOR ANY BAND 380- 520 MHz
R60-450, 5-10uV economy rcvr, incl UHF
Conv & IF/Audio Boards only $59.95

RB0-450, 2-5uV sens monitor rcvr, incl
UHF Conv, VHF Conv, and IF/Audio
Boards $84.95

R95-450, 0.4-1uV sens rcvr, incl P15 Pre-
amp, UHF Conv, VHF Conv, and IF/
Audio Boards $94.95

ACCESSORIES

Al13-45A Six Channel Adapter $13.95

AS-10 Scanner Adapter (use w/any re-
ceiver) $10.95

T15 Receiver Alignment Oscillator $15.95

A40 10.7 MHz Crystal Filter Module $34.95

CRYSTALS (We stock common freqg. and
will gladly order others) $5.50

Inexpensive DC POWER SUPPLIES

A great new line of power
supplies to operate 12vdc
gear in the shack or shop!
All have low ripple, good
regulation, and overload
protection. And they are
all in STOCK for IMME-
DIATE DELIVERY, and they areall WIRED & TESTED.

Model Price Intermittent Cont
12CB4 $29.95 2.5A 1.5A
103R 39.95 4A 2.5A
104R 49.95 bA 4A
10BRA 79.95 12A BA
108RM = 99.95 124 BA
109R 149.95 25A 10A

*Indicates model which has panel meter(s)

ANTENNAS . .

We have in-depth stocks of CUSHCRAFT, LARSEN,
and HY-GAIN antennas & CDR rotors for IMME-
DIATE DELIVERY. Popular items like Ringos,
Beams, Magnet Mount Whips, Rubber Duckies, 10-
BOM Verticals, Tribanders, Doublet Insulators,
Baluns, and Lightning Arresters, CALL or WRITE
NOW! We'll be glad to advise you or send Yyou
FREE catalogs, No Obligation, of course!

P15 KIT $15.95
P35 W/T $34.95
Available for
any band
380 520 MHz
+ 2 common
ate fet's h
50 dB gain; -
4.5 dB noise figure '
* Great for atv, -
ssb, fm

HY-GAIN 3806 2M HT's IN STOCK!
Accessories & Crystals, too $189.95

HOW TO ORDER:

Iram ronics, inc

182H EELMDNT RD., ROCHESTER, NY 14612

may 1977 55



high performance

antenna for 80 meters

Simple construction
and high performance
are two features

of this 80-meter
phased array

While tuning around the different amateur bands, you
can find that the antennas in use fall into a familiar
pattern. On 10, 15, and 20 meters, most people are using
a Yagi or quad; on 40 meters, the majority are using a
vertical or dipole. However, on 80 meters, a wide variety
of antennas is encountered, the inverted Vee being the
most common. The larger stations do have a wide range
of antennas; Rhombics, fong wires, long horizontal vees,
phased verticals, big loops, collinears, Yagis, quads,
occasionally even a Beverage.

At my location in Tennessee, close to the center of
the United States, any antenna | install for 80 meters
seems to work well for stateside contacts. However, |
generally run into trouble busting through the ‘‘copper
curtain” of the East and West Coasts to DX contacts.
This presents no big problem for ordinary hamming and
rag chewing. When | decided to climb on the bandwagon
and work for 5BDXCC though, | learned quickly that it
was going to be a struggle unless | installed an antenna a
little better than an ordinary vertical or dipole. | have a
conventional horizontal dipole, about 60 feet (18m)
above ground, that has been up for several years and
works fairly well, but not good enough to stand up
under competition for the long-haul contacts or in the
pile-ups.

antenna comparison

Not being hampered by a restricted house lot or lack
of real estate, | was able to leave up the old dipole and
still install other antennas at the same time. The dipole
was used as my standard of comparison. As each new
type of antenna was erected, | would compare the
performance of the new one with the old dipole. In a
fairly reasonable period of time this procedure would
allow me to determine whether the new antenna was a
bomb or a dud.

I've learned that judging the performance of a single
antenna in just a couple of contacts, or over a short
period of time without some means of comparison, is
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inconclusive. When band conditions are good, even a
short length of barbed wire fencing will give you a few
contacts. Conversely, if you check an outstanding
antenna system when conditions are poor, you can often
be erronecusly led to believe that the antenna was a
complete waste of time. So over a period of several
years, 1've spent many weekends installing new antennas
for 80 meters and checking them against my old dipole.

The relative performance of the more common
antennas surprised me in that several seemed to perform
beautifully. It wasn’t until | compared them to my
dipole that | learned they weren’t all-round performers,
or didn't meet the claimed performance standards.

During the last five years, |'ve installed and tested
verticals, phased verticals, inverted-vees at different
heights and configurations, multi-element inverted-vees,
horizontal vees up to 650 feet (200m) long, long wires
several wavelengths long, loaded rotatable dipoles,
discones, sloping dipoles {both single and multi-element
and with reflectors) Zepps, loops, shortened quads, col-
linears and even a small rhombic. | haven’t yet gotten
around to installing a good full-size rhombic, but this is
on the program. Several antennas did outperform the
dipole, but their limitations and the small improvement
in performance didn’t always justify or warrant the extra
hardware, weight, and real estate that was involved.

In the course of trying for a better antenna, |
attempted to feed in phase a second dipole, identical to
the old one, parallel to it and at the same height. This
seemed to offer very little improvement. In fact, any
improvement of receive or transmit signal strengths were
practically indiscernible, in any direction or over any
distance.

phased array

Before tearing down this system, | decided to see
what would happen if | fed the two antennas 90 degrees
out of phase, by very simply inserting a 42 foot (13m)
length of coax in the feedline to one of the dipoles. The
results were startling in that performance came close to
equalling the best multi-element or long wire antennas |
had ever used.

| found that by spacing the two dipoles parallel to
one another, about 120 feet (36.5m) apart, and at
approximately the same height, | was getting about 3-5
dB of forward gain; front-to-back ratio was about 12 dB.
Even with some forward gain in either of two directions,
my side lobes are broad enough to permit operation off
the side with a respectable signal. My two dipoles are

By Bob Fitz, K4JC, Route 1, Springfield, Tennessee
37172



oriented north-south, with the gain and front-to-back to
the east and west. | could improve the performance by
varying the spacing of the two antennas, but the
convenience of using trees already present, and the fact
that | like my comparatively omnidirectional pattern
away from the prime direction discourages my changing
the existing spacing. By running the feedlines from the
two dipoles to a coax switch, and inserting a 42-foot
(12.8m) length of RG-8/U into the feedline of either the
east or west antenna, | can switch the directivity to
either the east or west (fig. 1). Signals from north and
south don’t seem to be affected very much.

After this antenna installation was made, my total of
50 countries on 80 meters jumped to 140 countries in
the next three months. This, without too much effort or
more than a casual attempt at DXing on 80-meter ssb
and CW.

The only non-conventional aspect of my dipoles is

._.\%_‘L

TRANSMITTER

fig. 1. The antennas are fed through identical lengths of coax. By
tuning each antenna individually to the same frequency, it is
possible to switch directions without retuning the amplifier. The
coax switch cannot be self-grounding.

the feedline. Instead of a normal coax feed, | use a
standard quarter-wave unbalanced-to-balanced trans-
former (balun) feed system. The balun seems to improve
the performance of the dipoles. The only caution that
must be exercised is the exact match of the two feed-
lines and the two antennas. Otherwise, the transmitter or
linear will have to be retuned after changing the
direction. | found that antennas of the same length were
not entirely satisfactory. The second antenna was
affected by several nearby trees, the house, and a slight
difference in height. By changing the length to get it to
load exactly like the first dipole, | can switch directions
without retuning.

The array is broadband enough to permit operation
on both the ssb and CW portions of the band without
exceeding a swr of about 2.8:1 at the ends of the band.
It even permits operation on the Army MARS frequency
above the high end of the 7S-meter phone band

For a simple, easy to install and tune, and inexpensive
arrangement that has a minimum of hardware, it's the
best all-around antenna |'ve ever used on 80 meters.

ham radio

Even if our

hase station
antennas
cost

The highest quality base station
antennas you can buy don't have
to cost more. We know. We make
them. Lesser quality might save a
little at purchase time but gener-
ally this type of antenna results in
on-going maintenance cost or
early replacement expense and,
since the cost of replacing an
antenna is always higher than the
original price, why not buy the very
best first, especially where the best
costs no more?

For fine base station antennas
that cost you noe more, look into
Phelps Dodge Stationmasters,
Super Stationmasters, broadband,
coaxial, cardioid, ground plane, yagi,
corner reflector, parabolic and
others. Our new 80-page catalog has
the full story. Ask for a copy: Phelps
Dodge Communications Company,

Route 79, Marlboro,
New Jersey 07746,
Telephone

201-462-1880.
Lommunications &8Coempany \N
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Bob Stein, W6GNBI

how to use the
slotted line

for transmission-line
measurements

In a previous article,! several applications of the swr
indicator (such as the Hewlett-Packard Model 415B)
were described, exc/uding its use in conjunction with a
slotted line. Since it was for that specific purpose that
the swr indicator was developed, this article will actually
be a continuation of the previous one as well as one
which will discuss the use of coaxial slotted lines to
measure swr, impedance, and transmission-line loss. The
frequency range over which coaxial slotted lines are used
is typically 400 to 5000 MHz, although it is possible,
under certain conditions, to go as low as 100 MHz.

Since the purpose of this series of articles is to
popularize the use of test equipment which is often
available on the surplus market, let's begin by
enumerating some of the coaxial slotted lines which you
may run across. Hewlett-Packard Models 805A and 805C
and General Microwave Type N200 are slab-type lines,
which will be discussed shortly. Conventional coaxial
lines, such as the GenRad (formerly General Radio)
types 874-LBA and 874-LBB, are also available. Military
types IM-24/U, IM-25/U, IM-92/U, and others are
usually nothing more than the aforementioned
commercial models which have been assigned military
nomenclature. One exception to this is the TS-56A/AP,

By Robert Stein, WANBI, 1849 Middleton
Avenue, Los Altos, California 94022
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which appears to have been designed originally as
military equipment.

principles of the slotted line

The principles governing the operation of the slotted
line are those which apply to all rf transmission lines,
and which will not be repeated here except as they apply
directly to using the line. If we consider a section of
transmission line which is fed from an rf source and is
terminated in its characteristic impedance, Z,, we know
that there will be no reflection from the terminating
load and therefore there will be no standing waves on
the line. On the other hand, if the line is terminated by
an impedance which is different from Z,, a
standing-wave pattern will result, as shown in fig. 1.

If the transmission-line section is coaxial, the voitage
standing wave will exist as a potential difference or field
between the inner and outer conductors. If we probe
this field along the length of the line with a detector,
and are careful not to disturb the field excessively with
the probe, the detector will provide an output voltage
which varies as the field intensity or voltage amplitude.

Since adjacent voltage minima or maxima along the
line are always a half wavelength apart, the wavelength
of the rf source can be determined by measuring the
actual distance between adjacent minima or maxima.
Furthermore, the detector is able to provide relative

amplitudes of the voltage maxima, e, .., and minima,
%o 50:50

STANDING WAVE

VOLTAGE

.

fig. 1. Standing wave on a transmission line terminated by a ioad
impedance which is not equal to its characteristic impedance.

o

€,,in. €nabling us to determine the voltage
standing-wave ratio from the following equations:

e
swr = ndx

Cmin

e
swr (dB) = 20 log 14X
) min
Knowing the wavelength and the swr, it is also pos-
sible to determine the impedance of the load by means
of transmission-line relationships. This will be explained
later.
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fig. 2. Cross-sections of the slab-type (A) and coaxial (B) slotted
lines. The radial lines represent the electric field, the concentric
lines the magnetic field. Courtesy Hewlett-Packard Company.

The conventional coaxial slotted line, such as the
GenRad Type 874-LBB shown in the photograph,
consists of a length of precision 50-ohm coaxial line with
a narrow slot cut longitudinally along the outer con-
" ductor. A probe, mounted on a carriage which is
movable along the length of the slot, extends into the
line to sample the rf field. Connected to the probe is a
microwave diode; a tuning probe or stub tuner (not
shown in the photograph), also connected to the probe
and diode assembly, tunes the structure for maximum
sensitivity. A scale, graduated in centimeters and milli-
meters, is attached to the frame so that a pointer on the
carriage can be used to measure distances along the line.

A somewhat different line configuration is the slab
line used by Hewlett-Packard for their model 805 series
and by General Microwave for the Type N200. As shown
in the photograph of the Hewlett-Packard Model 805C,
the probe carriage is mounted on a box-like structure
which is actually two parallel conducting semi-planes
separated by about 0.8 inch (20mm) and between which
is the center conductor. Fig. 2 shows cross-sections of
the slab line and the conventional coaxial line. The
equipotential field lines show that each of the semi-
planes of the slab line is equivalent to one-half the outer
conductor of the coaxial section. Precision machining
results in a bB0-ohm characteristic impedance and,
according to Hewlett-Packard, the space between the
semi-planes is equivalent to a slot width of less than
0.002 radian in a coaxial line.

The probe carriage contains a microwave diode
detector, the probe, and a probe tuner. A scale, cali-
brated in centimeters and millimeters, is mounted on the
frame and is used in conjunction with a vernier scale on
the carriage to permit wavelength resolution to within
0.1 millimeter (about 0.004 inch).

In both types of slotted lines, the detector is usually a
type TN21 or 1N23 microwave diode, operating in its
square-law region. Bolometer elements, such as a Narda

i & T it At it B Bl

The GenRad (formerly General Radio) Type B74-LLB Slotted
Line. An adjustable stub or probe tuner is usually inserted into
the left-hand tor on the able carriage. Photo courtesy
GenRad.

Type N821, a PRD Type B610-A, or a selected 10-
milliampere instrument fuse, may also be used. Bolo-
meters require less attention relative to square-law opera-
tion, but are less sensitive than a diode detector.

For impedance measurements, a precision short must
be connected to one end of the slotted line. Because the
GenRad line uses hermaphrodite GR874 connectors, the
GR Type 874-WN3 Short-Circuit Termination will fit
either end. The Hewlett-Packard and General Microwave
slotted lines are equipped with type-N connectors, male
at one end of the line and female at the other. These
lines are supplied with precision male and female
shorting terminations.

The low-frequency limit of the slotted line is a direct
function of its usable length, that is, the distance over

SWR
INDICATOR
MODULATED
L-P LOSS SLOTTED
SFANAL FiLTER [ Pao {] 0N [ rose

GENERATOR

fig. 3. Equipment set-up for measuring swr, using an swr indica-
tor for direct measurement readings.

which the probe carriage can travel. The Hewlett-
Packard Model 805A and 805C frequency range is
specified as 500 to 4000 MHz, although these lines are
usable down to about 400 MHz, since the probe travel is
approximately 36.5 centimeters (one-half wavelength at
410 MHz). The GenRad Type 874-LBB is rated from
300 to 8500 MHz, based on its probe travel of 50
centimeters. The earlier Type 874-LBA has a specified
upper frequency limit of 5000 MHz.

These slotted lines can be used at frequencies below
their specified minima, but such measurements may
require the use of additional air-dielectric transmission-
line sections or line stretchers. Such applications are
beyond the scope of this article, but are covered in
reference 2.

connecting the slotted line

The equipment set-up for using the slotted line is
shown in fig. 3. The swr indicator was discussed in detail
in reference 1. The signal generator must be amplitude
modulated with a sine or square wave at the same
frequency to which the swr indicator is tuned — usually
1000 Hz. Although an output of 1 milliwatt into 50
ohms is recommended for measurement of high
standing-wave ratios, an output of 0.2 milliwatt (100
millivolts across 50 ohms) will generally suffice. The
generator must supply a constant output which has
minimum harmonic distortion and low incidental fm.
The modulating voltage must also be stable to minimize
measurement errors.

A lowpass filter, connected to the output of the
signal generator, is desirable although not absolutely
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necessary. Severe harmonic distortion in the signal-
generator output can result in erroneous measurements,
but these are probably of minor importance for amateur
use. A loss pad of at least 6 dB should be used to
minimize loading effects of the test set-up on the signal
generator,

All of the connections to the input of the siotted line
can be made with interconnecting coaxial cables, but the
load must be connected directly to the slotted-line
connector. In the case of lines having a male connector
at one end and a female at the other, connect the load to
the end which will permit a direct connection or, only if
absolutely necessary, one made with the fewest number
of adapters. Otherwise, the swr of the adapter(s) will
introduce errors into your readings.

The measurement procedures which follow are, of
necessity, abbreviated and generalized so as to be appli-
cable to most slotted lines. That is not to say that they
cannot be applied directly to whatever line you may be
using, for in fact, they can. But there are much more
detailed instructions in the manufacturers’ manuals, and
I strongly recommend that either the applicable manual
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fig. 4. Swr vs swr in dB.

be obtained or that one of those specified in the refer-
ences at the end of this article be purchased.

measuring swr less than 10:1

Direct method. The direct method of measuring swr is
that which is most often used, although the alternate
attenuator method will also be described. The procedure
for direct measurement of swr is as follows:

1. Connect the equipment as shown in fig. 3, except
that the load is left unconnected; allow sufficient warm-
up time for the signal generator to become stable.
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2. On the swr indicator, set the gain control fully
counterclockwise and the range switch to 50.

3. Adjust the probe depth and tuning for a reading on
the swr indicator, changing the range switch position
clockwise, if necessary. If two peaks are obtained as the
probe circuit is tuned, use that which results in the
higher reading.

4. Connect the load to the slotted line and move the
carriage along the line to find a voltage minimum.

5. Retune the probe circuit for a maximum meter
reading. Then reduce the probe depth and retune the
probe circuit (these adjustments interact) until a stable
reading is obtained on the swr indicator with its range
switch set to 50 or 60. It may also be necessary to adjust
the signal-generator output. The main object, however, is
to achieve a stable meter indication consistent with mini-
mum probe insertion.

6. Move the carriage along the line to find a voltage
maximum, and adjust the swr indicator gain control and
range switch to obtain a meter reading of 7 on the swr
scale.

7. Move the carriage to obtain a minimum meter
reading, without changing any other adjustments or
controls on the slotted line or on the swr indicator.

8. Read the standing-wave ratio directly from the swr
scale on the meter. If the swr is greater than 3, switch to
the next lower (counterclockwise) position of the range
switch.

9. If the swr is less than 1.3, a more accurate indica-
tion can be achieved by setting swr indicator meter scale
switch to expand, and repeating steps 6 and 7. In this
case, the standing-wave ratio is read from the expanded
swr scale on the meter.

Attenuator method. The attenuator method of
measuring swr eliminates any error which may be intro-
duced by deviation of the detector from true square-law
response. It can also be used if an swr indicator is not
available or if the signal source is unmodulated.

If the attenuator method is employed in conjunction
with a modulated signal generator and an swr indicator,
the test set-up of fig. 3 is applicable, except that a
precision variable attenuator is used in place of the loss
pad. The measurement procedure is as follows:

1. Perform steps 1 through 7, described under the
direct measurement method, with the variable attenu-
ator set to provide at least 6 dB of attenuation.

2. Adjust the gain control and the range switch on the
swr indicator for a meter reading of 0 dB with the range
switch set to 50 or 60.

3. Move the carriage along the line to find a voltage
maximum; do not readjust the swr indicator controls.

4. Increase the variable attenuator setting until the
swr indicator again reads 0 dB, or as close to it as can be
obtained on-scale.

5. The swr, in dB, is equal to the variable attenuator



setting plus the meter reading (also in dB), minus the
variable attenuator setting used in step 1.

6. Swr in dB can be converted to swr by reading the
value from the scale on the meter which corresponds to
the dB value of swr. This relationship is also plotted in
fig. 4. '

If an swr indicator is not available, or if the signal
generator is unmodulated, connect the equipment as
shown in fig. 5, leaving the load initially disconnected.
Then proceed as follows:

25 orR
50pA
50k-

100k § ’

SIGNAL L-p VARIABLE SLOTTED
GENERATOR FILTER arrenoaror T ke I Loao

fig. 5. Equipment set-up for measuring swr, using a micro-
ammeter for an indicator. The signal generator does not have to
pe moduiated in this arrangement.

1. Set the meter potentiometer to about mid-range
and the variable attenuator to provide at least 6 dB of
attenuation.

2. Adjust the probe depth and probe tuning for a
reading on the meter, readjusting the meter pot if
necessary.

3. Adjust the carriage position for maximum meter
reading and retune the probe circuit for maximum. If
two peaks are obtained as the probe circuit is tuned, use
that peak which results in the higher current,

4. Connect the load to the slotted line.

5. Move the carriage along the line again to obtain
maximum current.

6. Readjust the probe depth and tuning so that, with
the meter pot set for maximum sensitivity, the meter
current does not exceed 50 microamperes.

7. Move the carriage to obtain minimum current and
note the meter reading.

8. Reset the carriage for maximum current, and
increase the setting of the variable attenuator until the
current is the same as that recorded in step 7.

9. The swr, in dB, is equal to the variable attenuator
setting minus the setting used in step 1. Swr in dB can be
converted to swr by the foliowing expression, or from
the curve of fig. 4.
swrin dB

swr = antilog 20

measuring swr greater than 10:1

It is extremely unlikely that any amateur will be
interested in accurate readings if the swr of the device
under test is greater than 10:1. The techniques for

making such measurements are explained in detail in
references 2 and 3, and do not warrant coverage here.

The load impedance on a transmission line can be
calculated from a knowledge of the swr present on the
line and the position of a voltage minimum with respect
to the load. Although this seems complicated, the
physical measurements using a slotted line are quite
simple. Other than the equipment required to measure
swr, a precision (low-inductance) shorting termination is
needed.

The measurement procedures involve the precise loca-
tion of adjacent voltage minima along the line. When the
swr is low, the exact location of a minimum is difficult
to establish because the minimum-voltage region is quite
broad. Improved accuracy in locating the minimum may
be achieved by averaging the carriage positions which
provide equal voltages on each side of the voltage mini-
mum, as follows.

1. Mentally establish a convenient reference which is
approximately the mid-point between the maximum and
minimum readings obtained on the swr indicator {(ar on
the microammeter, if the attenuator method of swr
measurement is used).

2. Move the carriage to one side of the minimum until
the reference level is obtained on the indicating device.
Note the carriage position in millimeters on the slotted-
line scale.

3. Repeat step 2, moving the carriage to the other
side of the minimum.

4. Average the positions obtained in steps 2 and 3 by
adding the two position readings and dividing by two.
This is the position of minimum voltage.

Ad
’—-I(smrr TOWARD LOAD)

rx/2

fig. 6. Standing-wave patterns on a slotted line with a capacitive
load and with a shorting termination. Courtesy Hewlett-Packard
Company.

The following procedures are used to measure the
impedance of any load connected to the slotted line.

1. Measure and record the swr of the load, using any
of the methods described previously.

2. Note the exact carriage positions in millimeters
{from the scale} for two adjacent voltage minima.
Record the difference between the two positions, which
is equal to A/2, as shown in fig. 6. Also record the
position of one of the minima.

3. Replace the load with a precision short.

4. Move the carriage to find a new minimum which is
closest to the one recorded in step 2.
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5. Record the shift, Ad, between the positions
recorded in steps 2 and 4 and note whether the shift is
toward the generator or the load.

6. Calculate the electrical length, 8, in degrees, of Ad
from the following expression

g = 180(Ad)
N2

If the minimum shifted toward the load in step 5, 0 is
considered positive; if the minimum shifted toward the
generator, 0 is considered negative.

7. Determine the impedance from the following equa-
tion (where Z, equals 50 ohms, the characteristic
impedance of the system,

z7=7 [1 = j(swr)(tan 0)]
° (swr) = j(tan 8)

or by means of a Smith chart, as explained below.

determining impedance from a Smith chart

Solving the equation in step 7 above involves several
rectangular-to-polar and inverse conversions, and is
tedious, even with a scientific calculator which incor-
porates those conversion functions. Fortunately, the
ubiquitous Smith chart provides a quick and simple
solution to the problem. After proceeding through steps
1 through 6 under impedance measurements, continue as
follows:
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fig. 7. Example of determining impedance by use of a Smith
chart. Courtesy Hewlett-Packard Company.

1. Convert Ad to wavelength (AA) by means of the
expression Ad

AN =

where A is twice the value of A/2 recorded in step 2 of
the impedance measurement procedures.

2. Draw a circle, on the Smith chart, whose center is

*Reprinted from reference 3 by permission of Hewlett-Packard
Company.
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GENERATOR T

at the origin (1.0) and whose radius is equal to the
measured swr.

3. Along the periphery of the Smith chart, mark a
point equal to AA, the shift in wavelength, either toward
the generator or toward the load, as applicable.

4. Draw a radius line from the origin to the point
established in step 3.

5. Read the normalized impedance at the intersection
of the radius line and the swr circle.

IF MINIMUM SHIFTS A/4,
LOAD Z:2Zg x SWR

LOAD
MINIMUM
MINIMUM WILL SHIFT TO

MINIMUM WILL SHIFT TO
THIS REGION IF LOAD THIS REGION IF LOAD
18 INOUCTIVE 1S CAPACITIVE

LoAD

T
-x/e T a4
IF MINIMUM DOES NOT
Zo
SWR

SHIFT, LOAD Z =

fig. 8. Summary of rules for impedance measurements. Courtesy
Hewlett-Packard Company.

6. Multiply the normalized impedance by Z, (50
ohms) to convert to the actual impedance.

As an example, assume the following values were
obtained by measurement:

swr =33

A/2 =150 mm, with one minimum at 220 mm

Ad =30 mm, toward generator

a. Calculate A\

_4Ad _ 30 _
A)\—T 2——————(150) 0.10\
b. Draw an swr circle with a radius equal to 3.3, as

shown in fig. 7.

c. Draw a radius line for a shift of 0.10\ toward the
generator.

d. Fig. 7 shows the radius line and circle intersecting
at 0.44 + j0.63, which is the normalized series
impedance of the load.

e. Multiply the normalized impedance by 50, giving
the actual impedance as 22 + j31.5 ohms.

rules of thumb for impedance measurements

Some rules of thumb that are helpful when making
slotted-line measurements are:*

a. The shift in the minimum when the load is shorted
is never more than * one-quarter wavelength.

b. If shorting the load causes the minimum to move
toward the load, the load impedance has a capacitive
component.

¢. If shorting the load causes the minimum to shift
toward the generator, the load impedance has an
inductive component.
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fig. 9. Line attenuation for low input standing-wave ratios.
Reprinted from reference 4 by permission of Howard W. Sams &
Co., Inc.

d. Hf shorting the load does not cause the minimum to
move, the load impedance is completely resistive and has
avalue of Z, /swr.

e. If shorting the load causes the minimum to shift
exactly one-quarter wavelength, the load impedance is
completely resistive and has a value of Z,, x swr.

f. When the load is shorted, the minimuny will always
be a multiple of a half wavelength from the load.

These rules are summarized in fig. 8.

measuring transmission-line loss

Although the loss in a transmission line can be
measured by means of an swr indicator and rf detector,
as explained in reference 1, that technique requires that
both ends of the line be accessible. This can be incon-
venient, especially if the transmission line is connected
to an antenna, and you want to find out whether the
coax you put up five years ago is still good. Of course
you could measure the power between the transmitter
and the line, and then measure it between the line and
the antenna, but this too has disadvantages (proper
impedance terminations, carrying equipment to the roof
or up the tower, a second person to energize the trans-
mitter, and so on).

Let's consider how the loss can be measured with a
slotted line. We know that the swr, measured at any
point along a lossless transmission line, will be uniform
and will depend only on the load impedance presented

to the line. We also know that if the transmission line is
lossy, the swr at the input end will appear to be better
than that which is actually present at the load end. In
fact, if the line is lossy enough, it will look like a pure
resistance (equal to its characteristic impedance) at the
input end, regardless of the terminating impedance.

Knowing these facts, it stands to reason that if the
load impedance or swr is known, and the input swr can
be measured, we should be able to calculate the trans-
mission-line loss. The only problem would appear to be
that of terminating the line in a known load — an
antenna does not qualify — until we realize that a short
is a known load with an infinite swr. Theoretically, an
open circuit also presents an infinite swr, except that
any connections or leads at the open end will bring the
swr down.

Thus, the first step is to disconnect any existing load
from the transmission line and connect a short in its
place. ideally, this should be a precision shorting termi-
nation if there is a connector at the load end of the line.
If not, use a short, wide strap between the inner and
outer conductors in order to minimize the inductance.

Then measure the swr at the input end of the trans-
mission line. Obivously it should be measured at the
frequency of interest because loss increases with
rrequency. Knowing the input swr and the load swr (=),
the line attenuation can be determined from either fig. 9
or fig. 10. Those nomographs may be used for any
known load; for the special case where the load swr is
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Reprinted from reference 4 by permission of Howard W. Sams &
Co., Inc.

0

may 1977 [§ 63



The Hewlett-Packard Model BO5SC Slotted Line utilizes slab-line
construction. Photo courtesy Hewlett-Packard Company.

infinite, the following expression will also yield the
attenuation, A, in dB:

A,=10log in*1
swr,, — 1

As an example, let’s assume that you are feeding your
two-meter antenna with 60 feet (18.3 meters) of RG-
8A/U coaxial cable. The cable attenuation specifications,
which have been plotted in fig. 11, indicate that the
nominal attenuation of 100 feet (30.5 meters) should be
approximately 2.3 dB at 144 MHz. However, we cannot
normally use a slotted line at 144 MHz, so we must
measure the loss at a higher frequency and assume that
the measured loss can be translated to 144 MHz.

If we make the swr measurement at 400 MHz, the
attenuation of 100 feet (30.5 meters) of RG-8A/U
should be nominally 4.1 dB. Since we are concerned
with the loss in only 60 feet (18.3 meters), the loss of
that length should be about 2.46 dB at 400 MHz and
1.38 dB at 144 MHz.

Continuing with our example, assume that the swr
measured at the input end of the coax is 2.1:1 when the
load end is shorted. Going to the nomographs, it can be
seen that the input swr is read more easily on fig. 10.
Placing a straight-edge between the input swr of 2.1:1
and the load swr of =, we find that it intersects the line
attenuation scale at about 4.5 dB.

Since the measured attenuation is more than 2 dB
greater than what should be expected at 400 MHz, we
can make a worst-case assumption that the coax has seen
better days and should be replaced. If you are interested
in knowing the actual loss at 144 MHz, it can be extra-
polated from the curves of fig. 11 graphically, as
follows.”

1. Convert the measured loss to attenuation per 100
feet (30.5 meters). Since we measured a loss of 4.5 dB
for 60 feet (18.3 meters) this becomes 4.5(100/60), or
7.5 dB per 100 feet (30.5 meters).

*The extrapolation is based on the following approximations
holding true over a /limited frequency range: (1) the attenuation-
vs-frequency characteristic is linear when plotted on log-log
coordinates and (2) the attenuation-vs-frequency curve for cable
having degraded characteristics varies in the same manner as that
for new cable.
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2. Using a scale or a pair of dividers, determine the
distance between the appropriate curve and the attenua-
tion per 100 feet (30.5 meters) calculated in step 1; this
is shown as dimension L in fig. 11,

3. Lay off dimension L equal to L, above the curve
at 144 MHz; read the actual attenuation. In our case, it
is approximately 4.35 per 100 feet (30.5 meters).

4. Determine the loss for the length of transmission
line used. For 60 feet (18.3 meters), the loss is approxi-
mately 2.6 dB. Since the nominal loss for that length of
line is only 1.38 dB, it can be seen that the line has aged
sufficiently to cause an additional loss of more than 1.2
dB. Under the most favorable conditions, with a perfect
match between the antenna and the coax, only 55
percent of the transmitter output power will reach the
antenna, as compared to 72 percent for new line.
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fig. 11. Attenuation vs frequency for commonly used coaxial
cables, Dimension L and L' are used in the example in the text
of translating line loss to a lower frequency.

Note that measurement of transmission-line loss is
one case where a high swr is desirable, indicating low
attenuation. If this seems confusing, just remember that
for a lossless line, an infinite load swr will show up as an
infinite swr anywhere on the line. One further comment
— if the input swr actually reads infinity, it is likely that
you have a transmission line which is open near the
input connector, rather than a lossless line.
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Time was when a separate receiver
and transmitter comprised an ama-
teur station.

Then came the transceiver —
everything in a package. For split-
frequency work, you had to have
another box—an external VFO.

Now Swan presents the $5747
untransceiver: separate transmit and
receive operation on individual bands
through dual VFOs all in a single unit.

A 125-watt-minimum output,
cool-operating unit with selectable
sideband, all-solid state construction,
digital frequency readout, and 3.5
to-30 MHz capability.

The digital counter reads either
of the dual VFOs you select with a
resolution of = 100Hz on six digits
of seven segment LED's.

You come up on a frequency fast
because broadband tuning eliminates
adjustments.

The SS747 will operate on any
frequency throughout its range in
500 KHz steps (except IF guard band)
with the addition of a frequency

synthesizer or with additional crystals.

And you select lower sideband,
upper sideband, or CW with sidetone
on all frequencies from 3.5 to 30 MHz
(optional AM available).

THE

Performance is everything you'd
expect from Swan. Like better than
¥ microvolt at 10db S + N/N ratio
sensitivity and 300-3000 Hz audio
response—the best in the business.

Other features include receiver
incremental tuning; panel meter
indicating relative power out and
receiver signal strength; and infinite
VSWR protection.

All circuits are on plug-in printed
circuit boards and an accessory like
the noise blanker is added internally
just by plugging into a board. For
instance, a plug-in board lets you
use the counter as a piece of test
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equipment for checking external
frequency sources up to 150 MHz
with 100 Hz resolution

The $5747 packages the ham rig
in one compact unit of unprecedented
flexibility. See the new look of amateur
radio at your Swan dealer today. Use
your Swan credit card. Applications
at your dealer or write to us

Other features include:

« ALC

« Mike gain control

« VOX

« Automatic self adjusting AGC
« CW drive control

» Operates directly from 13.8
(nominal) VDC

+ 2.7 KHz IF bandwidth

« Only 12"WX6"Hx13%4"D,
weight 22 Ibs.

» Low average 8 amp SSB transmit
power drain, 750 ma receive

Accessories

« AM (6 KHz BW)

« CW audio filter (selectable 80 or
10 Hz bandwidth plug-in board)

- Noise blanker

- External frequency synthesizer

» PSU-1 AC power supply

« 10-position crystal oscillator

VFO SELECTOR
REC A-B xwmiT

veo-s_|

- Frequency counter board

§5747, std 13.8 VDC unit. . .
PSU-1115/230 VAC universal
power supply. .

(Prices FOB

$849.95

$151.95
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Dealers throughout the world
or order direct from
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remote switching

multiband antennas

Simple remote switching
of amateur antennas
using surplus components

This article describes a system for remote switching of
multiband amateur antennas covering 2 through 10
meters. The antennas include a ten-element 2-meter
beam, an inverted-V for 10-80 meters, and a Y-wave
vertical for 20 meters.

The distance between my station and the antenna
mast is 130 feet (40m). Adding this distance to the
height of my antennas makes for a rather long trans-
mission line. While the description of my switching setup
centers around an open-wire line, coax cable could also
be used, as explained later.

system description

A single open-wire line with Y%-inch (12.5mm) spacing
was constructed using hard-drawn wire with poly-
ethylene spacers located at 9-inch (230mm) intervals
along the line. Near the base of the antenna mast a cast
metal box measuring 6 inches (153mm) square by 3
inches (77mm) deep houses the switching circuits
between the common transmission line and the antennas
(fig. 1).

Switching is accomplished by a surplus Ledex rotary
solenoid, which is connected to ceramic switch wafers
that provide a 2-pole, 11-position arrangement. The
circuit is wired to provide two 6-position repeat
programs since the Ledex solenoid steps only one way
(fig. 2).

A slave Ledex solenoid is used in the station to
minimize the number of control wires to the switch box
and to obtain a positive remote readout of switch posi-
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tion. To ensure synchronization between master and
slave, an "indicate at position 1" line is brought into the
station in addition to the two lines for energizing the
Ledex coils, making three wires in all. If you wish to run
an additional five wires to the station, the slave Ledex
may be eliminated.

The long length of control wire to actuate the Ledex
solenoid introduces a voltage drop, so power to the
Ledex coil is taken from a capacitor that is charged
through a resistor then discharged through the Ledex
coil by a pushbutton switch. Actuating the pushbutton
switch about once per second allows the capacitor to
recharge; if you need more energy to work the Ledex,
either voltage or capacitance must be increased. This

-——— - - REMOTE
3-WIRE CONTROL TO SWITCHING
STATION THROUGH BOX

BURIED PVC TUBING

COMMON FEEDER
300 TO 600 OHM

STATION P
- J ANT
4

ANT
ANT -]
z2as

fig. 1. Arrangement of common transmission line and remote
switching terminal between amateur station and antennas.

pulse method ensures that any Ledex coil can be used
from 6 through 48 volts.

display

To indicate which antenna is in use | use a nixie tube
whose numerals are selected by the slave Ledex. A
legend is affixed to the panel to show the antenna for
each number selected.

The two Ledex solenoids can get out of phase
because of an incomplete closure of the select button.

By Maurice Allenden, G3LTZ, 3, Westhill Close,
Highworth, Swindon, Wilts., England
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fig. 2. Schematic of the remote antenna switching system. Master and slave Ledex solenoids are used between amateur station and
antenna-mast base to minimize number of control wires. NIXIE feature shows selected antenna.

To correct this, one control wire from the master Ledex
illuminates an LED (ref. 1 in fig. 2) each time antenna 1
is selected. If any discrepancy exists, pressing the phase
button disconnects the master Ledex while the slave is
pulsed to read position 1 also.

construction

The remote-control box is a surplus item. It has a
terminal block on one side with feedthrough tabs. The
Ledex solenoid is mounted on an aluminum bracket (see
photo). Wiring is with polyethylene hookup wire. A 4:1

i
u
.Z_

Sl sae=l

fig. 3. Remote switch box with cover removed. Ledex stepping
solenoid is shown at lower left, balun t right.
Main terminal block is shown at bottom left.

mer at upp

balun converts the open-wire line impedance (about 300
ohms) to about 70 ohms to feed the half-wave vertical
antenna for 20 meters.

Wiring isn’t critical, but the remote box must be
weather tight. | sealed all holes and box edges with
silicon rubber sealant — the type used around bathtubs
and sinks, which is obtainable from most hardware
stores. A small amount of silica gel was included in the
remote box before sealing.

performance

The system described here has been in constant use
for more than 7 years. Weather in England is not noted
for its low humidity, but I've had no corrosion problems
within the switchbox. | use the open-wire line as a tuned
feeder for 10-80 meters and as a flat line for 2 and 20
meters, so the switch wafers are large (1'% inch, or
38mm). If a high-power linear amplifier is used with a
tuned transmission line, contact spacing on the switch
could be increased by removing alternate contacts. Using
a Yaesu FT101 transmitter and tuned lines, ['ve
experienced no problems with this system.

While open-wire line has been emphasized, coaxial
cable can be used if resonant antennas are used. The low
impedance and low standing-wave ratio of such antennas
could be handled easily by the ceramic-switch sections.
If long transmission lines are used, a good economic
argument exists for the remote switching system
described here,

acknowledgement

My thanks to Bob Weston for the photos that
illustrate this article.
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“RF design without
here today w1th our new

“Our rugged new VMP 4 power transistor will
change the way you design RF power stages,
front ends and switching amplifiers.

It’s immune to load mismatch burnout and
secondary breakdown, provides oy S AT
high gain over a broad band, | \ Y
has wide dynamic range and
very low noise characteristics.
It’s a first in VHF
MOSFETs.

And Siliconix
VMOS tech-
nology made

it possible.”




bipolar problems- its

MOSPOWE

Until now, RF designers have had to live
with the basic limitations of bipolar transistors
that complicated VHF/UHF transmitter and
transceiver design. You had to build costly stages,
with careful load matching and extra components
to prevent thermal runaway and load mismatch
failures.

Our new VMP 4 MOSPOWER FET changes
all that. It's the first commercially available FET
to operate at high power at radio frequencies
offering better than 10W class C at 150 MHz. It’s
also the first with ideal characteristics for
small-signal applications as well as linear power
and switching amplifiers. So you can use it at any
VHEF transceiver stage, achieving new economies
in design, production and maintenance.

The VMP 4 is, first of all, a high reliability,
high performance power transistor offering input
impedances that are easier to match over broad
bands and capable of unsaturated gain of as much
as 18 dB atr 200 MHz. It can operate under the
most adverse RF loads—short circuit to open
circuit. So it eliminates mismatch burnout and
loss of available output power.

Now efficient class D, E and F switch mode
designs are practical with the VMP 4. Since the
VMP 4 is MOSFET, it's a majority carrier device,
with no minority carrier storage time. So it
can, for example, switch 2A in less than four
nanoseconds, or 10A in less than six. That's 10
to 200 times faster than bipolars.

J
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0
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As a front end in VHF transceivers, the
VMP 4 offers low noise figure as well as high
dynamic range due to its small-signal linearity.
[t’s minimum gain is 15 dB at 150 MHz, with a
typical small-signal noise figure of 2.5 dB at 150
MHz. Two tone intermodulation intercept point
is a high + 46 dBm.

Siliconix wants you to discover how easy it is
to improve your VHF/UHF transmitter and
transceiver performance and reliability. That's why
we're offering one VMP 4 for $13.97, the normal
100 + quantity price. And we'll include a VMP 4
data sheet and applications notes, too.

To order your VMP 4, send your check or
money order for $13.97, plus $1.00 for postage
and handling to VMOS Marketing Dept. at the
Siliconix address below. (California residents please
add 6.5% sales tax.)

Or, see one of our authorized Siliconix
distributors: Components Plus, Elmar, Future,
Hamilton/Avnet, Pioneer, Quality Components,
Semiconductor Specialists, Wilshire or RAE.

Siliconix Incorporated, 2201 Laurelwood Road,
Santa Clara, CA 95054 (408) 246-8000.

I Siliconix incorporated



a simple lever
for raising masts

An easy method

for erecting

antenna masts

using readily available
materials

The gin pole is a great help in raising masts. You’ll find
little information in the amateur radio handbooks on the
use of gin poles, so in this article I've included tech-
niques on the proper use of this simple lever to get your
antenna mast off the ground and into a position where it
will do some good. Information is presented on forces
you can expect when using the gin pole, on rigging
accessories, and on the correct way to proceed when
working with the materials involved.

the mast

A typical example is as follows. The mast butt is to
be placed on the ground {(or perhaps buried into the
ground). If the mast is heavy, certain procedures are in
order. Willing helpers can raise the mast to, say 10 feet
(3m) or so above ground, then a support, such as a
stepladder, can be placed under the mast. The situation
is shown in fig. 1. A line secured to the point where the
mast is supported by the ladder and extended in the
direction you want the mast to rise can be used to hoist
the mast into place, but this situation also causes some
problems.

Assume the mast base is to be located at point X in
fig. 1; the fadder support touches the mast at a point 25
feet {7.6m) from its base, the ladder is 10 feet (3m)
high, and 100 pounds (45 kg) of weight rests on the

the gin pole:

about 256 pounds (1139 newtons) should start the mast
rising. Considering the coefficient of friction between
tractor (or willing helpers) and ground surface, consider-
able more than this force would be required, since the
force would have to be exerted nearly horizontally.

At the same time, a force of about 279 pounds (1241
newtons) acts to compress the mast between point X
and the point where the line is secured. Unless the mast
is blocked against movement toward the pulling force,
the mast will probably be pulled off the support. To
keep the mast at rest until the lift starts and to keep it
from swaying later, it’s best to have guy wires already
attached, with helpers holding the wires to keep the
mast steady.

If the mast has been properly blocked, but the mast is
flexible, you may suffer the agonies shown in fig. 2
depending on where the line is secured to the mast. This
effect is called buckling and the unhappy result is that
the mast will suffer a permanent kink, or you'll hear a
loud snap. Buckling is the most common cause of failure
of long, thin masts, The answer: use a gin pole.

gin pole number 1

There seem to be as many kinds of gin poles as people
who have heard the term, and there seem to be even
maore ways to use them. The ARRL Antenna Book! isn't

ROPE_LINE

200 FT (6! M)
25 FT (76M)
SUPPORT

fig. 1. A typical problem — a mast is to be erected at point X.
The mast is temporarily propped with a stepladder or other
support. Rope is secured to the mast as shown and extended in
the direction to which the mast is to rise. Forces involved can be
tremendous and the mast may buckle.

particularly helpful, and | can name at least 20 diction-
aries, encyclopedias and technical handbooks (including
the Bluejacket’s Manual) that never mention the word.
One reference? on gin poles and ropes |’ve found may be
available only in trade school and public libraries.

All this variety means that perhaps we'd better talk

ladder. Also assume the line is 200 feet (50m) longand By David T. Geiser, WA2ANU, RD 2, Box 787,
attached to a tractor (or a team of helpers). A force of  Snowden Hill Road, New Hartford, New York 13413
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MAST

ROPE_
MAST,

fig. 2. The buckling problem, In sketch (A) a single rope is
secured above the mast balance point, which allows the mast to
sag, as does a single rope secured to the top of the mast (B). in
either case the mast may buckle.

about a few of the more successful kinds of gin poles so
you can adapt the material you have to the job when it’s
time for the antenna-raising party.

Rossnagel? credits the American Standards Associa-
tion with defining a gin pole as shown in fig. 3. {In
Rossnagel’s text, both weight to be lifted and pulling
forces were directly below the pulley, or block). If we
take the previous example but use a 20-foot-long (6.1m)
gin pole located at the mast butt (point X), the required
vertical force on the line would be 250 pounds {1112
newtons). The backstay would have to support 324
pounds {146 kg) and the gin pole 579 pounds (251 kg),
assuming a 45-degree angle for the backstay. As the mast
rises more than 53 degrees from horizontal, other people
pulling on the mast guys (in the direction of the back-
stay) would have more effect than people pulling the gin
pole line; however, the possibility of buckling still exists.
Buckling would be less if one line went to our previous
intermediate attachment point on the mast and another
to the top of the mast. Pulling two lines at different
speeds through the same block at the same time is a little
like trying to pass someone when you’re both going
down the same playground slide. However, the two lines
could be run through different blocks at the same point.
(Another solution would be to run the two lines over a
U-shaped bracket mounted on top of the gin pole; but
the friction — and therefore needed pull — would be
increased tremendously and the possibility still exists of
the lines interfering with each other.

Before discussing other varieties of gin poles, some-
thing must be said about ropes and working with ropes.
Rope is convenient, but the character of rope and the
forces involved are dangerous to careless people.

A new Manila rope of % inch (12.6mm) diameter has
a breaking strength of over 2600 pounds (1179kg).
However, the safe working load for such rope? is only
265 pounds (116 kg). Such a rope would be marginai for

the direct pull in the example of fig. 1 and the mast line
of fig. 3. its use as a backstay in fig. 3 would result in an
overload. Doubling the rope is acceptable if both halves
can be made to take the same stress. A rope should be
used at about 10 per cent of its breaking strength (table
1).

Ropes that are old, rotted, kinked, wet, or frozen
should be distrusted. (A wet rope or a wet splice is
strong, but a wet rope kinks.) The old rules of the sailor
apply: never step across a rope, never step inside a rope
loop, and never wrap a rope around your hand or arm

table 1. Safe working loads for Manila rope (from reference 2).
Data is based on no. 1 Manila rope, 3 strands, with a safety
factor of 10.

diameter working load

inches {mm) pounds (kg)

0.375 ( 9.5) 135 { 61)
0.5 (12.5) 265 (120)
0.625 (16.0) 440 (200)
0.75 (19.0) 540 (245)
0.875 {22.0) 770 (349)
1.0 (25.5) 900 (408)

unless you want the rope to pull you. Always use heavy
gloves when working with rope lines; old ropes; particu-
larly used ones, can produce nasty burns,

gin pole number 2

By now it should be apparent that the gin pole is
shorter than the mast. The gin pole should be 1/3 to 1/2
the height of the mast. There is an advantage (but not an

BLOCK

APPLY
PULL

GIN
POLE

L 7777

25FT (75’"’/\

fig. 3. Gin pole no. 1: a fully guyed gin pole whose butt is
located at the butt of the mast to be raised.

ANCHORS
{3 PLACES)

N
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L8
STAYS (3 PLACES)

f

fig. 4. Gin pole no. 2: a fully guyed gin pole located some
distance from the mast.

overriding one) in having the gin pole as high as the
balance point on the mast.

In the first discussion it was assumed that the mast
butt rested on the ground when the ladder support was
used. If the support had been too close to the mast butt,
the butt would have swung into the air, and the top of
the mast would have crashed to earth. It's important
that the gin-pole rope be fastened to a free mast above
the balance point. This is what | meant when | said the
butt end of the mast was supposed to be against the
ground.

If the mast butt end is hinged to a heavy weight (such

/
//STAY (2 PLACES)

N

fig. 5. Gin pole no. 3: a swinging gin pole with mast and pull
ropes secured at the gin-pole top. Gin pole swings vertically. Side
sway is prevented with guys or stays.

as a foundation for the mast), the gin-pole rope line may
be attached to (or even slightly below) the balance
point, although | wouldn’t consider that a very good
idea. |f the mast is of uniform cross section and the mast
carries no extra load on top, the balance point is in the
center. Table 2 shows how the balance point moves on
the mast as n changes. {(n is the ratio of mast to top load,
such as an antenna and rotator.) Thus if the mast weighs
4 times as much as the antenna and rotator, the balance
point would be 60 per cent of the mast height. If the
mast butt is larger than the top (and of the same general
type of construction), the balance point would tend to
be lower.

In the discussion of gin pole no. 1, pulling the rope is
less effective when the mast rises to more than a certain
angle. The reason is that the gin-pole rope tends to pull
the mast down toward the gin pole rather than up into
the air. This effect will be reduced if the gin-pole top is
tilted somewhat away from the mast and the gin-pole butt
likewise is moved back from the mast butt {fig. 4). The
change of gin-pole position makes the first part of the mast
raising harder but the last part easier. It does not cure the
possibility of buckling, however.

74 [ may 1977

While it's apparent that it's desirable to tie gin-pole
ropes both at the top and slightly above the mast
balance point, it may not be obvious what would be
lifted by a single rope at each point in turn. On a
perfectly stiff and uniform mast, a rope at the top would

table 2. Ratio of mast weight to top-load weight as a function of
balance-point location of mast height.

balance point

mast weight location
top-load weight (1) (% of mast height)
83.4
75.0
66.7
62.5
60.0
58.3
57.1
56.3
55.6
55.0
54.5

o
(4]

O W BNV E WN M

=

have to lift the top load and half of the mast weight. A
rope at the balance point would lift the total weight of
top load and mast. Thus the rope at the top may be
considered to make up for the flexibility of the mast.

gin pole number 3

The swinging gin pole {fig. 5} has its bottom end
pinned very close to the mast butt so that the top can
swing downward as the rope is pulled. If the pull rope
and two mast ropes are tied to the top of the gin pole,
the mast will rise as the top of the gin pole is pulled
down. The pulls at the top and slightly above the mast
balance point will remain in good proportion so long as
the mast butt is blocked so that the mast butt can move
no further in the direction of the gin pole. (The ideal
condition is when the mast butt and the gin-pole butt
rotate around the same pin.) If the angle of the gin pole
to the mast is 90 degrees (or a little less), the mast
becomes vertical as the gin pole approaches the
horizontal.

Note that the gin pole needs side strays anchored in
line with the pin. This helps the gin pole to remain in a
vertical plane. If the gin pole is narrow in the direction
of the plane of movement, several sets of side stays along
its height may help the gin pole bear much heavier loads.

A-FRAME

fig. 6. Gin pole no. 4: A-frame swinging gin pole. The spread legs
provide help against side sway and allow mast and gin-pole butts
to line up. Tent pegs are used to butt mast and gin-pole
assembly.



Remember this as in the other procedures: helpers
prevent mast sidesway by controlling the mast guy wires.

This technique is somewhat idealized as it isn't easy
to use a single pin for mast and gin pole, and the forces
on the pin can be fierce. (Since both butts can‘t be in
the same place at the same time, the pin is subjected to
bending as well as shear.)

gin pole number 4

My preference (because of a short mast, heavy
rotator, and heavy beam antenna) is the A-frame
swinging gin pole of fig. 6. Here, two pieces of 2x4-inch
{(5x10cm) lumber are pinned together with a bolt, and
the bottom ends of the pieces are spread into a 20 to 30
degree X. The rope is tied in the manner shown in fig. 7.

The A-frame legs are blocked with 2x2 inch (5x5cm)
tent pegs. The tent pegs are driven into the ground in
fine with the pin on the hinged mast. The mast butt is
likewise blocked. Each butt {mast and A-frame) should
be in line with, and at right angles to, the plane of the
gin pole and mast movement.

Using the swinging gin poles, the longer the pull rope
(within reason), the easier will be the job of rasing the

MAST
ROPE

BOLT WIiTH
WIDE WASHERS

fig. 7. Rope ties at A-frame cross. Basic method is shown in (A)
and (B). Rig at (C) is preferred to minimize slipping and bind the
joint.

mast. From experience | recommend that the pull-rope
length, from the gin pole to helpers, be two or three
times the length of the gin pole. If a tractor {or an auto)
is available to do the pulling, there’s an advantage in
having more rope length because of the better traction.

An auto {or any other conveniently located anchor) is
more useful standing still if a long rope is available. The
auto need only be moved to a location where the rope is
snug. Then the pulling crew can raise the antenna by

walking toward the antenna while pressing down on the
rope (fig. 8). This procedure can bend or pull off an auto
bumper, so it's best to anchor the pull rope to the auto
frame.

This "“walking-in"’ procedure is necessary at some
time when raising a mast with any swinging gin pole. If
the angle between gin pole and pull rope becomes more
than 90 degrees, some of the pull force will tend to lift
the gin-pole butt from its pivot. The last few degrees of

HELPERS
PUSHING
DOWN
AUTO OR

fig. 8. The ‘‘walking-up'' procedure. With pull rope tight and
anchored, the pulling crew walks toward the gin pole, pushing
down on the pull rope. As the mast rises, crew pulls rope during
the last few feet of rise (see text).

swing should be easy while pulling down on the rope —
perhaps too easy! The weight of a heavy gin pole,
without any pulling during the last few degrees of swing,
may be enough to swing the mast to the vertical position
and beyond. As the mast approaches the vertical, helpers
on the mast guys away from the gin pole should keep
their guys under tension so that the mast won't get out
of control.

gin pole strength

A 20-foot (6.1m) length of 2x4 inch (5x10cm)
lumber isn’t very strong. A finished 20-foot (6.1m)
length of 4x4 inch (10x10cm) lumber will safely bear
about five times the load of a finished piece of 2x4 inch
(5x10cm) lumber. The larger the pole, in thickness and
width, the more load it will bear. It doesn't do much
good to increase one dimension of the gin pole without
increasing the other, although sometimes (as with the
side stays discussed for gin-pole no. 3) lateral guys will
help on the narrow side.

removing the ropes

When the mast is erect, the strain can be taken off the
ropes and the gin pole can be removed. If the mast can
be climbed, a helper can remove the ropes (don’t forget
the safety belt and its proper use). | prefer to use a
heavy knob at the lift points while the mast is on the
ground and use a doubled rope line from the gin pole to
the lift points and looped over the knob. Thus the rope
doesn’t have to be tied to the pole. With two ends of the
rope loose at the gin pole, one loose end is merely pulled
over the knob, and the rope is down.

references
1. The ARRL Antenna Book, 1st edition, 1939, page 117, or
11th edition, page 259, ARRL, Newington, Connecticut.
2. W. E. Rossnagel, Handbook of Rigging, 1st edition, McGraw-
Hill, New York, 1950.
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There's excitement on the 2-meter
band and Kenwood’'s TS-700A is the
number one way to get there. There's
more than just FM repeaters. SSB DX,
OSCAR Satellite, CW...and do it all
with the TS-700A.

4 MHz band coverage (144 to 148
MHz), completely solid state, AC and
DC capability, automatically switches
transmit frequency 600 KHz for re-
peater operation (146-148 MHz).
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The hottest 2-meter mobile rig on the market. Features
a brand new and unique squelch system with contin-
uous tone coded squelch, tone burst, or carrier squelch

Full 4 MHz band coverage and 25 watt output. It's
phase-locked loop (PLL) frequency synthesizer provides
operation on 800 channels. The TR-7400A’s list of
features goes on and on, but even more important is
its superb performance and dependability and all
at a surprisingly low price

TR-7200A

Kenwood's other 2-meter FM mo-
bile transceiver . . . compact, rugged
and packed with features like a
priority channel for your favorite
frequency, 146-148 MHz cover-
age, 22 channels (6 supplied),
completely solid state, and 10 watt
output. Shown with the PS-5 AC
power supply for home operation.

TV-502

An easy way to get
on the 2-meter band
with your TS-520,
TS-820, (and most
other transceivers.)
Simply plug it in
and you're on
SSB and CW,

A high performance portable 2-meter FM transceiver
that's Kenwood throughout. 146-148 frequency cover-
age, 12 channels (6 supplied), 2 watts or 400 mW RF
output, and provisions for external 12 VDC operation.

Kenwood has opened the 6-meter band to the ama-
teur who wants to go first class without paying an
arm and a leg. Behind its pretty face is a ruggedly
built, versatile performer offering full 4 MHz cover-
age (50-54), all modes (SSB, FM, CW, and AM), and
10 watts out.

TRIO-KENWOOD COMMUNICATIONS INC. 1111 WEST WALNUT/COMPTON, CA 90220

TV-506

Discover the excitement of 6-meters with your TS-
520, TS-820, (and most other transceivers) together
with the TV-506 transverter. Its 10 watt output will
provide you with many hours of enjoyable 6 meter
operation. -

Want more information? See this fine equipment at an author-
ized Kenwood dealer or write for detailed specifications.

KENWOOD

... pacesetter i amateur radio




using a
programmable
calculator

to design your own

phased array

How to use the
hand-held

programmable calculator
to compute the

radiation pattern of
phased vertical arrays

Did you ever see those antenna pattern diagrams for an
array of vertical antennas? Kraus! and Jasik2 have them,
and they can be found in a lot of the books the broad-
cast engineers have on directive arrays. Usually the
books show a group of polar plots depicting what
happens to the pattern when you vary the spacing and
phasing of the elements. But it's not too often that
they’ll tell you what happens when you change the
amplitudes of the element currents or lay the elements
out in anything other than in a straight line. Smith’s
book is a noteworthy exception.3

You say the geometry of your back yard forces you
to position your elements like a convoluted kol/bassi

predict the antenna pattern? Discussed here is a little
program for the HP-25 Programmable Calculator.

the technique

A number of years ago an article appeared in the
IEEE Transactions on Broadcasting showing how to
compute broadcast array patterns when the individual
towers were fed with arbitrary amplitudes and phases
and were arbitrarily located in space.? It looked like a
nice way to go if you knew FORTRAN and had an IBM
360/65 computer lying around. Now, with the advent of
programmable pocket calculators, you too can crank out
phased array antenna patterns — and from the comfort
of your own hamshack.

80°

Az

\
[

d

Ag A,

fig. 1. Element positions for an antenna array, showing the terms
used in the formula for calculating the radiation pattern. Ay is
the reference element.

Suppose you lay out the elements as shown in fig. 1,
choosing A, as the reference element (with current
amplitude I, and phase 0°). The magnitude and phase of
the currents in antennas A; and A, will be specified as
KyI, | a; and K,I, |_ a, where the K and a values are

sausage, and the way you want to lay your elementsout By Jim Corum, K1AON, Box 213B, Route 6,
doesn’t look like anything in the books? How can you  Morgantown, West Virginia 26505
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HP-25 Program Form
Titie PHASED ARRAYS
Switch to PRGM mode, press [1] (%] , then key in the program.
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table 1. HP-25 program for calculating the radiation pattern of phased arrays. Examples for Its use are given in ths text,

the amplitudes and phases relative to the reference
element. The antenna pattern is calculated from the
phasor sum

P@6)=11 lv_gij’n ¥ | (1

where

P(0)= the antenna pattern as a function of 0

K',, = the relative amplitude of the nt element

N = the total number of elements in the array

Yn =pd, cos(@,-0)-a,

@, = the phase of the nt" element relative to the
reference element in degrees (+ for lagging
phase, ~ for loading phase)

Bd, = the electrical distance (in degrees) from the
driven element to the nt" element

8,, = the spatial angle between AyA, lineand A,

Because of the format which must be used with the
smaller programmable calculators, eq. 1 is modified to
the form

p(o)=|1+10031_%11<n V| (2

’

where K, = i%“l . This may look like double talk, but it

makes the program fit into the 49 steps available in the
HP-25.*

*Though it may not be immediately obvious, the K,, values are
stored as fractional parts, thereby effectively doubling the
memory capacity of the HP-25. This results in some skew in the
calculated antenna patterns, but represent only a small percent-
age error. Editor

The program is loaded into the memory by keying in
the strokes listed in the Program Form, table 1. Next
you’'ve got to put your element data into the memory
registers. We're going to put in the phase and amplitude
information as a decimal number of the form ¢, * K,
{with a,, positive). We'll also store the element position
in the form 6, * Bd,.. Punch in a 6 and we're ready to
go. Not yet clear? Well, let’s try an example.

Suppose you want to find the pattern for the array in
fig. 2. Load in the program. Element 1 (A4} has current
5I, with phase -180°. Consequently K; = 5/1000 and
we’ll store the number a; * K; = 180.005 in register 0.
Element 1 is along the reference axis so that 6, = 0°,
and it's spaced out A3 so that fd, = (2n/\) (A/3) =
120°. Therefore, store the number 6, - fd; = 0.120 in
register 1 of the calculator. Next, we'll take care of
element 2 (A,). It's current is 2I, | -90°so ay - Ky =
90.002 is stored in register 2. Finally, 8, + 8d, =45.180
is stored in register 3. (Don't forget to put 1000 in
register 7). Now you're ready to run. If you have an
HP-25, preset the calculator at the program start. Let’s
find the value of the antenna pattern at 0° and then
work our way around in 5° increments. Plug in zero,
press R/S, and watch the display blink away. This
program will stop at step 36 to see if you want to
compute a pattern for more than three elements {more
on this in the next example). Since we’'re looking at a
3-element array, press GTO 38 R/S.* When the program

*If you are working with three elements or less, you can save
computational time by deleting steps 35, 36, and 37 from the
HP-25 program, and add stack rolldown (R{) and GTO 01 at the
end of the program. This will provide direct readout of the
answer without the intermediate operation as step 36. Editor
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stops you're at step 49 and the display reads 0. Now
rolldown the stack and read the magnitude of the field
pattern at 0° [P(0°) = 5.984]. Now plug in the next
value of 9, say 5°. If you repeat in 5° increments and
piot on polar graph paper, you should get the pattern
shown in fig. 3.

five-element array

Next, let’s calculate the pattern of an antenna with
five elements. For simplicity, assume one of the arrange-
ments you can look up in a book. Kraus provides an
example on page 94 of Antennas: an array of five
sources spaced A/2 apart along a line. All elements are
fed in phase but the relative magnitudes of the separate
currents are 1, 4, 6, 4, 1, respectively (this is called a
binomial array). Load the data:

a; *K; =0.004 (Register 0)
0, -Bd, =0.180 (Register1)
a, * K, = 0.006 (Register 2)
6, Bd, =0.360 (Register 3)

(We're using the same normalizing constant.) Plug in 8 =
0° and start the program. The display stops blinking
with a partial sum displayed. Since N > 3, go to step 7a
of the procedure (table 1) and load the last two
elements:

a3 * K3 =0.004 (Register 0)
63 Bd; =0.540 (Register 1)
ay * Ky =0.001 (Register 2)
0, Bdy =0.720 (Register 3)

Press R/S. When the display stops blinking, you‘ve got a

80°*

Az
dp:a/2
Ap=Igfo°
A =51o[-i80°
8p:45° Az =2Ig|-90*
di=xa/3
o
Ag A

fig. 2. Three-element antenna array used as an example in the
text. Radiation pattern of this array is plotted in fig. 3.

partial sum on all five elements. Now press G TO 38 R/S.
When the lights stop, you should have 0.000 across the
display. Now roll down the stack, and read off the value,
P(0°) = 0.00008727 ~ 0. Repeat the process in 5°
increments and you should get the pattern of fig. 4. This

* The new HP-67 and HP-97 programmable calculators have
sufficient storage for up to 12 elements. Editor
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i80° o
Ag A

270°

fig. 3. Radiation pattern for a 3-element array shown in fig. 2.

sure beats using a slide rule! If you're not convinced,
take these 5 elements, lay them out at random and
calculate the array pattern.

You can use this same program for an array as large as
you like — just keep repeating steps 7a and 7b (life
would be simpler if there were four more registers on the
HP-25).* By the way, you can get more accuracy by
letting the normalizing constant be a million. Then R, =

fig. 4. Radiation pattern for a S-element bi-
nomial array calculated with an HP-2S pro-
grammable calculator. Only the upper half of
the pattern is shown. !

he
@
LX

1,000,000; K, = K'
1076).

Remember that this gives the array pattern when the
elements are fed with the specified amplitudes and
phases. Actually, getting these on the antenna farm is no
simple trick — even for two elements it can be non-trivial
(see WICF's article in QST)® and you may need some
cute matching networks.

A special thanks to Bazile Pinzone of stations WCLG
and WELW for several antenna sessions at the kitchen
table.

x 107%;and Ry = 0, - (Bd; x

n
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all-band

bobtail curtain

array

In addition to its
effectiveness as a
DX antenna,

the bobtail curtain
serves as a useful
all-band antenna

The problem of antenna height restrictions is not new
to amateurs. Though, having to keep them virtually
below surrounding ground can be frustrating. First the
State took most of my high ground for a highway and
then the FAA imposed an antenna height restriction.
The tops of my new antennas varied from a point only
level with surrounding terrain to about 15 feet (4.6m)
above the ground level. After trying to find an effective
antenna to overcome the problem, | surely felt that
signals that originate in the valley, tend to stay in the

enough gain to overcome the losses due to my loca-
tion. Previous work with a bobtail curtain indicated it
would be an effective antenna, particularly since the
high current points occur at the top of the array. At
the same time, the thought occurred to split the center
leg into an open-wire section. The antenna could then

&6’ 66"
(20M) {20M}

33 33 33
(10M) tom) OPEN WIRE LINE (oM}
= H

fig. 1. Layout of the all-band bobtail curtain array. The center
leg has been split into an open-wire line providing a feed system
for 80, 20, 15, and 10 meters. A normal bobtail curtain is one
wavelength long on the top portion, with the vertical tegs being
one-quarter wavelength. The normal feed is through a single wire.

be fed on other bands, as a symmetrical center-fed
antenna. On 80 meters, the current points would again
be at the top of the array. The result is shown in fig. 1. |
was happy to find that on 40 meters it performed
exceptionally well to Australia with the temporary

valley. By Bill Wildenhein, W8YFB, 41230 Butternut
My next thought was to build an antenna with  Ridge, Elyria, Ohio 44035
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25-watt rig in use. The quoted gain of 7 to 10 dB for this
antenna is realistic — primarily for DX stations. For
ragchewing around the United States, it is less effective.
effective.

On 80 meters the tuner was wired as in fig. 2, with
the antenna current distrubution shown in fig. 3.
Signal reports Stateside, again, tend to be lower than
reports, for instance, from the Carribean. Not enough
time has been available to thoroughly investigate its
properties on 80 meters.

On 160 meters the bobtail can be fed the same as on
80 and tuning will be relatively non-critical, but, the
radiation angle will be higher., As a local ragchew
antenna it would be quite adequate. Instead, | decided
to try it working against a radial ground system. Since
the resonant frequency was approximately 1.6 MHz,
the antenna was '‘shortened” as shown in fig. 4 with
about 1300 pF series capacitance. The only drawback
with this arrangement is that the antenna becomes
quite narrowband, requiring resetting of the series
capacitor if the frequency is changed more than about
25 kHz. Radiation resistance is only 15 ohms, but this
can be transformed to 60 ohms with a wideband 4:1
transformer. In my case, | used a 2-inch (5cm)
diameter toroid bifilar wound with 22 turns and then
connected as a 2:1 autotransformer. Using a home-
made impedance bridge, the transformer looks essen-
tially “flat”. With the series capacitor resonated, the
input side of the transformer measures 60 ohms. Fig. 5
is a schematic of the complete tuner, while fig. 6
shows the normal patching arrangement for 40 meters,

Although | hardly felt a 20 meter setup would be
worthwhile, | arranged the tuner for 20 meters by dis-

W

The complete tuning unit is installed inside of the paint pail. A
tight fit prevented damage during a recent flood. The 160-meter
radials are secured to the vertical support pipe by a hose clamp.
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connecting the 90 pF mica shunt capacitors and used
the 40 meter tap on the link coil. This configuration
of the bobtail begins to exhibit a pattern similar to a
center-fed longwire, but also seems to produce un-
usually high angle lobes that may be due to interaction
from the vertical ends. Since the characteristics may be
partly due to the site, | would hesitate to make any
definite claims regarding the various lobes, but feel it is

fig. 2. A single-band bobtail curtain can be fed across a parallel-
tuned circuit, since the input is a high impedance. To provide a
balanced feed, for bands other than 40 meters, a split secondary
was used on the inductor.

a worthwhile addition — even if only as a secondary
antenna. One unusual advantage at this location is the
hillside to the south of the antenna effectively shields
the antenna. When static from southern thunderstorms
becomes severe, this antenna discriminates against the
noise and provides solid contacts when the comparison
antenna mounted on high ground is useless.

Since my transmitter does not cover 15 or 10
meters, it was not possible to run more than compara-
tive listening tests. Indications are that the antenna
begins to behave as a long wire on these bands, with
lobes more closely aligned to the plane of the top
portion. Tuning and loading were checked by using a
temporary network configured the same as 80 meters,
a crystal-controlled source, and a few measurements
with an impedance bridge.

The antenna tuning is not critical on all bands from
80 to 10 meters. If the tuner is set for 3.6 MHz, swr
does not exceed 1.5:1 over the range 3.5 to 3.8 MHz.
If tuned to the center of 40 meters, the swr remains
within 1.4:1 across the entire band. The higher bands
follow the same pattern. With a 2-inch (5cm) gradu-
ated dial on the tuning capacitor, | can accurately
preset the antenna coupler on all bands without
resorting to on-the-air tuning. Thus, it is possible to
have an antenna that is a solid performer on 40, but
useful on all other bands with a minimum of extra
effort. If 160 meter operation is not intended, no
extensive ground system is necessary. A 10-foot (3m)
length of pipe can be driven into the ground to act as
a ground as well as to support the network. In my
case, a stainless hose clamp secures the 160 meter
radials to the pipe.



The network cover is a discarded plastic paint pail.
The plywood disc was carefully fitted into the paint
pail forming a skirt to guard the patch board from
rain. This care in fitting paid off when an unexpected
flood covered the tuner. As soon as the river was low
enough, | examined the tuner and found very little

fig. 3. Current distribution when the modified bobtail curtain is
used on 80 meters.

leakage, — only a soaked coax line. The patch board is
made from a piece of plexiglass obtained as scrap.
Since the input end of the feed line is a high-voltage
point, this precaution is advisable. For the same
reason, it is wise to “‘child-proof” the feed system and
also the ends of the antenna. The aluminum tab

l

fig. 4. Method of feeding the bobtail curtain on 160 meters.
fnstead of using the balanced feeders, the antenna can be fed
against a system of ground radials.

= 1300pF

4:1 WIDE BAND TRANSFORMER

extending down from the lower edge of the plywood
disc and a similar one at the rear are drilled and
tapped to receive wing bolts that secure the paint pail
to the disc.

As can be seen, most of the components were from
a military surplus TU-5 or TU-6 tuning unit. Plate
spacing is adequate for about 200 watts. As a rough
guide to selection of capacitors, assuming 5000-ohm
feed impedance, the following may be helpful:

watts volts

output p-p plate spacing
50 1500 0.04 inches (1mm)
100 2C00 0.05 inches (1.3mm)
250 3000 0.07 inches (1.8mm)
500 4500 0.125 inches (3.8mm)

1000 6500 0.225 inches (6mm)}

The following hints from an inveterate antenna
tinker may help reduce the costs and make construc-
tion easier. Before you spend money on expensive
wire, visit your nearest farm supply. Copperweld
electric fence wire is cheap, light, and very strong. If

you purists are turning up your noses, consider this: rf
penetrates to a depth commonly given by:
2.63x 1073 6.68x10~3

inches or =
VE(MHz)

depth = B ol

VF(MHz)
Hence, at 2 MHz, penetration is only 1.8 mils (.05mm}
and becomes progressively less as frequency increases.
We are then, no longer concerned with the usual cross
sectional area, but more nearly with the circumference
of the wire.

wire size circumference radius

18 AWG (1mm)  0.126 inches (3.2mm)} 0.020 inches (0.5mm)
12 AWG (2.1mm) 0.253 inches (6.4mm) 0.040 inches (1mm)
10 AWG (2.6mm) 0.320 inches (8mm)}  0.051 inches (1.3mm}

The copper coating extends to a depth of typically 10
per cent of the radius. Using this fact, no. 18 AWG
{1mm) would be sufficient down to 2 MHz. Thus, two
strands of no. 18 AWG (1mm) are equivalent to no. 12
AWG (2.1mm) and three strands become no. 10 AWG
{2.6mm).

In its basic form Copperweld is very springy, snags
and kinks easily, and is difficult to twist into strands
unless you use a little common sense. First, have your
tools ready at the place where they will be used. A
pair of trees, posts, or other supports, located the
proper distance apart, will hold the wire during prepar-
ation for stranding. Be aware of the fact that when
these wires are twisted you will find the group
becomes several feet shorter. Fasten the end of the
wire to one tree or support. Use a dowel or rod
through the spool to prevent further twisting of the
wire as you pay off the wire. Walk with the spool to
the other tree or post, around it, and back to the start.
Keep tension on the spool at all times. Your electric
drill should be ready to go, with a husky hook already

FEEDERS

PLUG FEEDERS HERE
» FOR 160M. OPERATION

LT

DISCONNECT
ON 20 M. N
' 7/ 7
7s0pF - 42 _1f2sECT
tkv TS 2 36548

BROADCAST
SET CAPACITOR

9Tl 6T

o

\IGO

75 OR 508
TRANSMISSION

fig. 5. Schematic diagram of the complete tuner that will permit
a 40-meter bobtail curtain to be used on all bands. The feedline
is plugged into the appropriate jacks for each band. The coil is 2
inches (Scm) in diameter with 17 turns (center tapped) wound
to be 3 inches (7.6cm) long. The tlink for the input is 1-3/8
inches (3.5¢cm) in diameter centered inside the secondary. It
should be 3/4 inch {(2cm) long and wound with no. 16 AWG
(1.3mm) wire. The capacitors across the coils must have
adequate plate spacing to prevent arcing.
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FEEDERS

fig. 6. Patching the tuner for 40-meter operation.

in the chuck, and your cutters handy. Grasp all the
strands securely and cut them free from the post.
Secure the strands to the hook in the chuck. Firmly
hold the drill, keeping tension on the strands to
prevent them from tangling in the grass as the drill
twists them. After they are twisted, and the drill shut
off, you will notice the chuck rotating backwards. This
is fair warning that you have made a dandy spring. If
let go now, you and your lawn will be consumed by a
whirling dervish, resulting in a very unhappy mess. So
grasp the hook with one hand and release the chuck
with the other. The added leverage from the hook will
allow you to let the excess twist unwind in a con-
trolled manner. At all times keep that wire under
tension! When the wire is unwound you will have the
pleasant surprise of seeing a docile, nail-straight length

Most of the components for the tuner were obtained from
surplus TU tuning units. A dial on the bottom permits setting the
capacitors for the different bands. The metal bracket on the
bottom is used to hold the pail securely.
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of wire, with no tendency to spiral or become un-
manageable.

With two lengths of wire completed, you can prefab
the entire antenna as shown in fig. 7. Before raising
the antenna, give it a heavy coating of an acrylic spray.
The best way is to make a spray guard out of tin
metal stock as shown in fig. 8. Without a guard you
get a light, uneven coating, and you need several cans
of clear spray to do the job. The spray guard is
hooked around the wire so that the rear of the guard
rides on the wire. Let the wire dry thoroughly before
putting the antenna up.

If you haven’'t priced feeder spreaders lately, get
ready for a shock! However, they can be made very
easily from scrap plexiglass. If just rough sawn to size,
they will accumulate dirt rapidly and may arc in wet
weather. | found the easiest way is to file them
smooth with a sharp file, removing all saw marks. Then
play the flame of a Bernzomatic torch over them. The

33 683"

o) (21m) 33

T InsuLATORS

fig. 7. The entire antenna can be fabricated by installing the
insulators and spreaders with the wires suspended a short
distance above the ground. This will allow the feeders to hang
straight.

torch will melt just the surface, leaving them glass-
smooth. For powers to about 200 watts, 2 inch (5cm)
feeder spacing is adequate, with spreaders spaced a
foot apart. For higher power | would recommend 6
inch (15cm) spacing of feeders, and 18 inches (46cm)
between spreaders. | use solid no. 22 AWG (0.6mm)
wire to strap the spreaders in place and then secure
these wraps to the feeders with a drop of solder.
(Obviously, before spraying the wires with the acrylic
spray.) By assembling the system under tension
between posts or supports, the open-wire line section
can be accurately made so it will hang straight.

If the array is supported between trees, you don't
want the feeders bumping the ground during high
winds, so your best investment is a good quality, free
running pulley at one end, and an adequate counter-
weight. My 40 meter model, with two strands of wire,
rides very steady using one half of a cement block for
weight. The far end of the antenna is secured to a
55-foot (17m) tall locust tree that is about 8 inches
(20cm) in diameter at the base. During high winds the
point where the antenna attaches to the tree has a
total swing of 8 to 10 feet (2.5-3m), yet the antenna
rides very well. For inexpensive halyards on such light-
weight antennas, Sears’ heavy duty plastic clothesline
(without the steel core) is very usable.

If you haven't worked with plastic materials, you
may feel that drilling is no problem. A twist drill with a
conventional grind does have a tendency to grab as it
breaks through the far side. If you use too much feed
pressure it will practically screw through to the far side.



—— SECURE WITH MASKING
TAPE

fig. 8. The guard for the spray can is fabricated from light metal
stock. By using the guard, the spray will cover the wire and not
dissipate in the air.

Your drill press may suddenly sport a propellor. In many
cases the plastic piece will shatter or crack., An even
worse hazard is present in a piece that has been squared
up with a sander. The sander imparts an edge like a fine
toothed saw. Let that spin on a drill press and you get an
ugly slash. So break the corners and edges with a file. To
prevent the drill from grabbing, modify the drill point
with a brass grind. Fig. 9 shows a conventional point, a
point modified with a brass grind and the simple way to
obtain the brass grind. This grind produces clean holes

SHARP RAKE

"-.H ANGLE

ZERD DEGREE
RAKE ANGLE

STANDARD BRASS
GRIND GRIND

MOVE DRILL SIDEWAYS INTO
-— WHEEL

|

fig. 9. Normal drills can be converted to a brass grind by
changing the rake angle at the tip. This alleviates problems with
cracking and chipping when drilling plastics. '

with far less tendency to grab unless you feed too
heavily or don’t retract the drill to clear chips on thicker
pieces.

In conclusion, this antenna has at least gotten me
back in the running! If you need a cheap, all-band
antenna that can be hung from fairly low supports, is
inobtrusive, and gives excellent performance for 40
meter DX, this could be one solution.

ham radio

REMEMBER STS ?

Don't worry, past buyers of SXS equipment!
Lunar Electronics is now handling the manu-
facture, distribution and maintenance of the
RS Ime of amateur radio products. Most
i important to you is that your
SXS warranty will be fully
honored here at Lunar Elec-
tronics despite SXS's clos-
ing. I'll see to it!
LOUIS N. ANCIAUX, General Mgr.
WB6NMT

FREE DX ‘J” ANTENNA

to first 100 buyers of unique NEW Model DX-
555P Counter-Generator with prescaler. Offer
valid only in May 1977.

NEW Counter-Generator

Two vital pieces of test
equipment in one.

Counter:
5 digit display, 7 digit readout capa- The DX ‘J* ANTENNA:
bility. 10 Hz to over 30 MHz (250 + Gold-alodined aluminum
MHz with ler). Input level 20m radiators
Vrms to 5 Vims (Prescaler 200m Vrms * Requires no ground

to 2 Vrms). Base oscillator beats di-
rectly against WWV,

Elll‘l.
SWR typ. 1.3:1 (146-

Generator: . aﬁﬂzr?ﬂl watts plus
440 kHz to 30 MHz in 3 ranges * Weight: B oz
Output displayed on counter and avail- « 144, 220, or 440 MHz
able at jack on rear panel 600 Mz Models, Your Choice

modulation for AM receivers

General:
110 VAC fused supply
Size (in.) 2.3H x 6.3W x 8.5D
Weight (lbs.) 4.4

MODEL DX-555P (to 250 MHz - incl. prescaler) $239.95
Pleialseh Ie“d $3.00 shipping/handling. Model without prescaler also
available.

AMPLIFIERS
FOR THE DISCRIMINATING AMATEUR

Features:

® Advanced Solid State Design

® Microstripline Techniques in
Design

_ @ |ncreased T-R Delay for
SSB/CwW

® Full VSWR and Reverse
Voltage Protection

® Broadband-no Tuning Required

® One Year Warranty on Amplifiers (90 Days on
Transistors)

® Lunar Amplifiers meet or exceed emission stan-
dards set by F.C.C. in April 1977

Input Qutput  Nom.,
Freﬂuenw Power Power Current

.

Retail Valve — $29.95

2M10-80L

Model (MHz) w) (W) (A) Price

2M3-30L 144-148 3 30 42 $119.95
2M10-70L 144-148 10 70 9 $149.95
2M10-80L 144-148 10 BO 12 $159.95
1.3M10-70L 220-225 10 70 9 $169.95
HF3-100L 3-30 3 100 16 $219.95
HF10-100L 3.30 10 100 16 $219.95

Please add $3.00 shippina/handling

California residents add 69%. Order today at your dealer

or direct from:

ctro n Ics SAN meao CAse
114-222.96
Louis N nr\cnau: WBENMT
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for fhe
experimenter!

INTERNATIONAL CRYSTALS & KITS
OSCILLATORS « RF MIXER « AMPIJFIER * POWER AMPLIFIER __

OX OSCILLATOR
Crystal controlled transistor type. 3
to 20 MHz, OX-Lo, Cat. No. 035100.
20 to 60 MHz, OX-Hi, Cat. No. 035101
Specify when ordering.

A single tuned circuit intended for
signal conversion in the 30 to 170
MHz range. Harmonics of the OX or
OF-1 oscillator are used for injection
in the 60 to 179 MHz range. 3 to 20
MHz, Lo Kit, Cat. No. 035105. 20 to
170 MHz, Hi Kit, Cat. No. 035106
Specify when ordering.

$4.50 ea.

$3.95 ea)

TRANSISTOR

RF POWER AMP

A single tuned output amplifier de-
signed to follow the OX or OF-1
oscillator. Outputs up to 200 mw, de-
pending on frequency and voltage.
Amplifier can be amplitude mod-
ulated. 3 to 30 MHz, Cat. No. 035104

Specify when ordering.
$4.75 ea)

OF-1 OSCILLATOR
Resistor/capacitor circuit provides
osc over a range of freq with the

Cat. No. 035108. 18 to 60 MHz, OF-1
HI, Cat. No. 035109
Specify when ordering.

N

$3.25 ea.

desired crystal. 2to 22 MHz, OF-1 LO,

Ne S
kY a
SAX-1
TRANSISTOR DAX-1
BROADBAND AMP

RF AMP
A small signal amplifier to drive the
MXX-1 Mixer. Single tuned input and
link output. 3 to 20 MHz, Lo Kit, Cat.
No. 035102. 20 to 170 MHz, Hi Kit,
Cat. No. 035103.

Specify when ordering.

$4.50 ea.

General purpose amplifier which
may be used as a tuned or untuned
unit in RF and audio applications. 20
Hz to 150 MHz with 6 to 30 db gain.
Cat No. 035107

Specify when ordering

. b

$4.75 ea.
_ ),

=

.02% Calibration Tolerance
EXPERIMENTER CRYSTALS
(HC 6/U Holder)

Specify when ordering.

\

Specifications

= 7] -
$4.95 ea.
20 to 60 MHz — For use in OX OSC Hi
Specify when ordering $4.95 ea.

Cat. No.

031080 3 to 20 MHz — for use in OX OSC Lo
Specify when ordering

031081

031300 3 to 20 MHz — For use in OF-1L OSC
Specify when ordering

031310 20 to 60 MHz — For use in OF-1H OSC

~

Shipping and postage (inside U.S., Canada and Mexico only)
will be prepaid by International. Prices quoted for US.,
Canada and Mexico orders only. Orders for shipment to other
countries will be quoted on request. Address orders to:
M/S Dept., P.O. Box 32497,
Oklahoma City, Oklahoma 73132.

$4.25 ea.
$4.25 ea.
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International Crystal Mfg. Co., Inc.

10 North Lee

Oklahoma City, Oklahoma 73102
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DenTron amateur radio products have always
been strikingly individual. This is the result,
not of compulsion to be different, but of a
dedication to excellence in American crafts-
manship. This dedication now extends to one
of the worlds finest high performance Military
amateur amplifiers.

Luxury styling, however, would not be fully
appreciated without an exceptional power
source. The heart of the MLA-2500 is a heavy
duty, self-contained power supply.

Compare the MLA-2500. It has the lowest
profile of any high performance amplifier in the
world. It’s modular construction makes it
unique, and at $799.50 it is an unprecedented
value.

Very few things in life are absolutely uncom-
promising. We are proud to count the DenTron
MLA-2500 among them. And so will you.

MLA-2500 FEATURES

e 160 thru 10 meters

e 2000+ watts PEP input on SSB

e 1000 watts DC input on CW, RTTY, or SSTV

e Variable forced air cooling system

e Self contained continuous duty power supply

o Two EIMAC 8875 external-anode ceramic/metal
triodes operating in grounded grid.

e Covers MARS frequencies without modifications

e 50 ohm input and output impedance

e Built in RF watt meter

e 117 V or 234 V AC 50-60 hz

® Size: 5% H x 14" W x 14" D.

All DenTron products are made in the US.A.

Introducing the new MLA 2500
The linear amplifier beyond compromise.

\‘:

B

Amplifier in actual operation.

2100 Enterprise Parkway
Twinsburg, Ohio 44087
(216) 425-3173

Deniron_

Radic Co.. Inc.



) LOGIC PROBE

Compare these features

® > 100 ke input Z

® Probe tip protected against
overvoltage

® Automatic pulse memory

® Counts < 15 ns pulses

® Assembled and tested

ONLY $24.95 ® Use in almost any logic system
SEND CHECK OR MONEY ORDER

L,S,l_, BOX 7197, UNIV. STA., PROVO, UTAH 84602

“approaches

THE IDEAL
ANTENNA™

WE KNEW IT WAS GOOD . .. BUT,
THE INDEPENDENT LABORATORY
SAID IT BEST!

Antler A-280 5 wave, magnetic
mount mobile 2-meter antenna.
Precision tuned coil, 47" tapered
17-7 stainless steel whip.

“The measurements
made at the EMCO
facilities in Austin,
Texas would indicate
that the Antler Model
A-280 2-meter antenna
closely approximates an
ideal antenna’"

“It can be further stated
that the average VSWR is
less than 1.3 without mak-
ing any attempt to op-
timize this figure.”"

*Certification test report by EMCO, ap-
proved testing facilities for compliance
testing as required by the F.C.C.

ANTENNAS

MCM Mfg. COMPANY
Fort Warth

REPEATER AUTO PATCH

It's complete — a single digit access/discon-
nect Auto Patch facility. All you need is a
repeater and the phone line. Complete with
automatic disconnect, dial-in capability, two
way audio monitor plus remote control. When
used with a rotary dial exchange, Data Signal's
DPC-221 dial converter is also required. P.C.
board or Rack Mount available.

RAP-2 PC $99.50 Rack $149.50

DATA TONE TO DIAL PULSE
CONVERTER

Convert standard 0-9 Data Tone digits to Bell
System compatible dial pulse code. Completely
solid state, Includes state-of-the-art Phased
Locked Loop anti-falsing Data Tone decoder,
large capacity 64-digit memory and solid state
pulsing. Starts dialing on first incoming digit.
Memory will not become congested due to
rapid succession of incoming digits. Cancel and
redial function. ® and # digits are decoded
and provided for remote control purposes.

Available as p.c, board or rack mounting.

DPC-221 P.C. Board $219.50
DPC-221R Rack Mount $299.50

DELUXE C-MOS P.C. KEYER

Complete C-MOS keyer in kit form or wired,

just right for your custom enclosure, Versatile
controls allow wide character weight variations,
speeds from 5 to 50 w.p.m. plus volume and
tone control. Solid-state output switching saves
power, eliminates all these annoying relay
problems and is compatible with both grid
block and solid-state circuitry. With its side-
tone monitor and 90 day warranty the Data
Signal PC Keyer is the one for you.

C-MOS Keyer Wired $24.95; Kit $19.95

== ]

[T

I 5
Send for Free Catalog

DATA SIGNAL, INC.

2403 COMMERCE WAY
ALBANY, GA. 31707
912-883-4703
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HANNELS

Witk Your 9C-22S

3 DIRECT READOUT
SINGLE KNOB SELECTED
PRE-PROGRAMMED

* 120 channels with
15 kHz Split Option

- -

HIGH DUPA

E S o

DUPB

You Get These
56 Frequencies
Pre-Programmed

in the Conversion:
jcoM IC-R228

VHF FM TRANSCEIVER

146.01  147.00

146.04 147.03
146.07 147.06
146.10 147.09
146.13 147.12
%gig }:;}g Now you can have 56 pre-programmed frequencies including all the
146.22 147.21 standard repeater channels, plus any four additional frequencies you
146.25 147.24 choose to program, with Valley Instrument's easy-to-install $25 conver-
146.28 147.27 sion. Splits too, if you wish, by adding the + 15 kHz option for only $3.00
146.31 147.30 dditional ° ’ !

a iItional.
146.34 147.33
146.37 147.36
146.40 {g.g: e Single switch channel selection e Easily installed
}:2‘3 e e llluminated frequency readout e Low cost
146.64  147.66
{ﬁ% {:;‘g; Valley Instrument's VIP-60 conversion installs in place of the original 22
146.73 147.75 channel switch. Eight leads from the conversion switch to the 1C-22S
146.76  147.78 accomplish the selection of the 56 pre-programmed channels; four more
146.79 147.81 leads activate any four additional channels you choose to program. The
iﬁﬁ {gﬁ conversion is fast, simple and clean — it's all inside the radio.
146.88  147.90
i:ggi }ggg Order yours today! Make your fine transceiver even better!
16.97 147.99

Valley Instrument Products &t iiinos soios

Valley Instrument Products PLEASESHIP ___ VIP-60 conversion kit(s) at $25.00 BANKAMERICARD

P.O. Box 339 each plus $1.00 packing and shipping.

Bartlett, IL 60103 —
ALSO INCLUDE 15 kHz option(s) at $3.00 each. VISA

ILLINOIS RESIDENTS ADD 5% SALES TAX

Nome Call D | enclose $ check or money order.
Address = ‘:] Please charge my VISA/Bank-Americard $
City . Card number ______ Expiration date
State 2P Signoture —
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converting a low-band
mobile antenna for
two-meters

If you are a low-band mobile opera-
tor, and would like to give two meters a
try without investing in a new antenna
or replacing the old one, you might like
to try my solution to the problem. | can

5y

FOLD-OVER

\g

56"
(142.2cm)
MACHINE
SCREW FLEXIBLE
/smAP
o
9-1/8" Fe—somm)
232cm
i A
13-172" AUTOMOBILE
(343¢m) BUMPER
MACHINE SCREW
FLEXIBLE STRAP
ANTENNA MOUNTING
HARDWARE
fig. 1. flustrates simple modification of a

low-band mobile antenna to permit use on
two meters. Newtronics Hustler is shown.

convert back and forth in minutes, vswr
on 2 meters is almost 1:1, and operation
— either simplex or through the local
repeaters — has been very satisfactory.
Low-band operation is unaffected as
soon as the modification is removed.
The mast portion of my Hustler

90 may 1977

mobile antenna is used as the 2-meter
radiator. A matching stub is made from
a two-foot piece (61cm) piece of Y%-inch
(12.5mm) diameter aluminum tubing, a
short length of flexible metal strap
{plumber’s tape) and two nuts, washers
and bolts. The aluminum tubing serves
as a matching stub held in place by the
metal strap, as shown in fig. 1.

First, flatten the tubing for about
five inches (12.5cm) at one end and
bend the flattened section around the
Hustler mast for a tight fit. Allow suffi-
cient overlap to permit drilling the flat-
tened portion to receive a bolt. After
attachment, the tubing may be bent
parallel with the mast and spaced about
2 inches {560mm)} from it. Secure the
bottom of the tubing to the antenna
mounting hardware on the bumper by
the flexible strap and a bolt, nut and
washer. Adjust the distance between
attachment points to about 13% inches
(34.3cm).

Dimensions for a car other than a
1973 Chrysler Newport may be a little
different, but a simple adjustment of
length by sliding the tubing up and
down should make a good match
possible.

Herb Ash, K7ARR

vhf frequency
measurement with an
hf receiver and scaler

The combination of a high-frequency
receiver and scaler cannot compare with
a frequency counter having one Hz reso-
lution and a scaler to measure vhf or uhf

frequencies. However, if accuracy of
several hundred Hz in the two-meter
band is acceptable, try this.

Inject a small sample of, let's say, a
145.000 MHz signal into a 10-to-1
digital scaler. The scaled-down frequen-
cy will be exactly 14,5000 MHz. This
signal, coming out of the scaler, is rich
in harmonics. With the hf receiver con-
nected to the output of the scaler, tune
to the second harmonic, or 29.0000
MHz, to be compatible with the 10-
meter band coverage of the receiver. In
effect, this uses a divide-by-five scale-
factor (10+-2=5}. {f the receiver dial cali-
bration is accurate, it will measure
29.0000 MHz, showing that the vhf fre-
quency was exactly 145.000 MHz.

The vhf frequency determination will
be as accurate as the accuracy to which
the hf receiver can read, times a multi-
plying factor of five (as in the foregoing
example). My receiver dial readout error
is no more than 200 Hz at midpoint
between 100-kHz marker points, and
about 100 Hz as it approaches the
marker frequencies. This would produce
vhf frequency measurements with errors
of only 1000 Hz (200 x 5) and 500 Hz
(100 x b), respectively. If you are lucky
enough to have the divided vhf frequen-
cy falling extremely close to a marker
frequency, so that the audible beats can
be counted and the marker set to a
near-zero beat with WWV, an extremely
good vhf frequency accuracy can be
obtained — probably better than 100
Hz.

With good modern communications
receivers and scalers and reasonably
careful manipulation, you can obtain
500 to 1000-Hz accuracy in the two-

meter band. Other combinations of
scaling factors, and hf receiver fre-
quencies, may be used to measure

different portions of the vhf and uhf
bands. The accuracy can be no better
than the hf receiver readout times the
scaling factor, but this may be accurate
enough and eliminates the need for an
expensive frequency counter.

l.ouis D. Breetz, W3LB

boosting bargain
regulators

Have you ever purchased a “'bargain’’
3-terminal, 5-volt, voltage regulator only
to find that its output voltage was below



the manufacturer’s specifications? Many
of these devices provide excellent regu-
lation, but their output voltage is
marginal for TTL.

‘ 2
o—— M 309
Vin V, +4v
o 3 300
Ik

e 1 omsee 2

.22

2
iM309 ————=°
v v, +4v

AL
NC, 7 N
,@~c

fig. 2. Voltage-regulator circuits. (A) illus-
trates poor means of obtaining other than
characteristic output voltage from LM309
regulator (not recommended). (B) shows a
simple way to obtain a different output
voltage from the LM309 while maintaining
good load regulation. (C) illustrates use of a
transistor to increase the output voltage of the
LM309 regulator.

The circuit of fig. 2A is suggested by
at least one manufacturer as a way to
obtain output voltages different from
the device’s characteristic output.
Because the output voltage is dependent
upon the load current, this circuit
suffers diminished load regulation.

A common germanium or silicon
diode as used in fig. 2B is a simple way
to raise the output voltage while main-
taining excellent load regulation. The
current through the diode is less than 10
mA so a 1N270 germanium diode can
be used to increase the output voltage
by 0.4 volt. Any silicon diode such as a
1N4001 will raise the output voltage by
0.7 volt. The 0.22 uF capacitor is
necessary to prevent oscillation when
the regulator’s ground terminal is raised
above the circuit ground.

1f you happen to have a zapped tran-
sistor on hand whose base-emitter junc-
tion is still functional, it can be used as
in fig. 2C to boost the output voltage.
Germanium or silicon transistors, npn or
pnp, may be used for 0.4 or 0.6 volt
increases, respectively.

Remember that the minimum input
voltage to the regulator is increased by
the added voltage, and the regulator
case must now be electrically isolated
from the chassis.

George Shankland, WA7VVC

step forward in vhf

circuits

Fig. 3 illustrates a typical vhf rf stage
circuit diagram, except that all of the rf
circuits have been isolated from the
chassis. This technique has the advan-
tage that smaller-than-ordinary values of
dc blocking capacitance can be used,
helping to prevent stray out-of-band sig-
nals from reaching the mixer stage and
reducing unwanted reaction between
input and output circuits.

It is necessary, however, to build the
rf amplifier stage and the mixer stage in
separate boxes. The copper tubes which
form part of the input and output
coupling circuits provide a low-
impedance return for rf to the coax
braid, heretofore a very weak point in
vhf receiver design.

All components are attached to
standoff insulators mounted on each
side of the central screen. The input and
output coupling coils are spaced about
1/8 inch (3.0mm) from the input and
output coils, respectively, to reduce

their mutual capacitance to as low a
value as possible while still retaining
adequate coupling. Both positive and
negative supply leads have high rf
impedances and are bypassed to the
metal box by feedthrough capacitors.

| believe that all vhf circuits should
be isolated from the chassis to prevent
signal coupling, and every attempt
should be made to attenuate parallel
currents flowing through containters
(chassis, etc.) of vhf circuits. Such cur-
rents can reduce the attenuation of out-
of-band signals by allowing them to
bypass amplifier tuned circuits and
reach the mixer stages.

Perhaps in the future paraltlel cur-
rents may be attenuated by painting all
vhf rf chassis and containers with some
form of rf-resistance paint. My copper
tubes could also be covered on the out-
side with such paint. Although | have
not tried this, it seems reasonable that
higher gains, narrower bandwidths, and
improved stability in all vhf rf circuits
could result.

My present amplifier is similar to
that shown in fig. 3, but has slightly
larger values of dc-blocking capacitance
and higher value rf-decoupling resistors
in the supply leads. | also use a higher
supply voltage of approximately 70
volts. The standoff insulators are about
1% inches (3.8cm) long and are made
from nylon. The holes through the
center screen are about 3/8 inch
(9.5mm) in diameter.

These techniques are also useful in
reducing feedthrough of local oscillator
signals to rf stages, a condition that can
cause all sorts of additional problems.

Peter W. Hazlett, G3IPV

I
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a7
INPUT 3 § 7"
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7 E ouTPUT
10
} coprER Tupk [P COAX SOCKET
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fig. 3. Vhf rf amplifier which has been designed to eliminate problems of coupling unwanted
signals into the circuit through parallel current paths.
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the word’s out
your ears

Just listen on VHF or UHF. Before long you'll discover that
the guy with the full quieting signal, the readable signal, the
one that gets through best usually says: “. . . and I'm using

a Larsen Kiulrod Antenna.”

This is the antenna designed, built and ruggedly tested in
the commercial two-way field. It's the fastest growing make
in this toughest of proving grounds. Now available for all
Amateur frequencies in 5 different easy-on permanent
mounts and all popular temporary types.

Make your antenna a Larsen Kulrod and you'll have that
signal difference too. Also good looks, rugged dependability
and lowest SWR for additional pluses.

FREE: Complete details on all Kulrod Amateur Antennas.
We'll send this catalog along with names of nearest stocking
dealers so you can get the full quieting “difference” signal.

* Kulrod is a registered trademark of Larsen Electronics

i.msen fintennas

11611 N.E. 50th Ave. » P.0. Box 1686 * Vancouver, WA 98663 * Phone: 206/573-2722
In Canada write to: Canadian Larsen Electronics, Ltd.
1340 Clark Drive » Vancouver, B.C. V5L 3K9 # Phone: 604/254-4936

Time $aver 200 p. - $5.95

The complete hobbyist guide to
electronic equipment, parts, supplies and
services. Hundreds of maill order sources.

The new book contains over 600
companies and 250 categories:
components, transceivers, antennas, pPs,
ICs, assortments, assemblies, discounted
items, test equipment, peripherals, etc.

Dealer Inquiries Invited

.| Limited first run — Order Today i
] | enclose $5.95 plus 55¢ postage and l
handling. Californians add 39¢ sales tax. 15 day ®
refund guarantee. .

o Name . !

b s .

|

o City/State/Zip !

l Send to: PMS Publishing, Dept. O, 12625 Lido ]

S Way, Saratoga, CA 95070 ~

I N MR OEE EE Cmme M O m .

* General Communication & Industry
e Citizen's Band
(Standard & Synthesized)
* Two-Meter - Monitor - Scanners
® Marine VHF * Amateur Bands

Depend on Jan Crystals
made in U. S. A. for

* Frequency Control * Frequency Stabllity
* High Performance

Send 10* for our latest catalog
Write or phone for more details

2400 Crystal Drive
Ft. Myers, Florida 33901
all phones (813) 936-2397
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Rugged...compact (10"x17.5"x4.5")...lightweight (17.5 Ibs.)

For the first time...

An all solid state mobile kilowatt

No tuning or adjustment whatever over
80, 40, 20, 15 and 10 meters

Mobile 12V. .. no separate power supply required

Base station with optional 13.6V power supply

Fully remote controlled

Suitable for use with any transceiver in the 100W class
Heatsink convector-cooled and thermostatically controlled
8 power transistors of latest stripline RF linear devices; rated
for operation at infinite VSWR

For further details, send for free informative brochure and
name of your nearest dealer.

Dealer inquiries invited.

Power input 136V DC 1000W
Power output 13.6V DC 600W PEP typical
Frequency range 2-30MHz continuous coverage, no tuning
Filter selection Front panel rotary switch or
by remote control

Intermodulation distortion 24d8B 1kw input 3rd order
32dB 500W PEP output 2-18MHz

Harmonics 50dB all amateur bands
Drive level 60W PEP 50 ohms
Power source 11-13.6V DC 70A peak. avg. voice 40A
Size 10" wide; 17 5" deep, 4.5" high
Weight 17.5Ibs

30-day money back (less shipping) guarantee.
Send check or money order. lllinois residents add
5% sales tax

MA1000 $795 PS75 $395

F.0.B. Escondido, CA or Chicago, L (P!ug-'n powersupply)

MAGNUS ELECTRONICS CORPORATION

5715 N. Lincoln Avenue, Chicago, lllinois 60659 « 312 334-1502 = Telex 25-3503

More Details? CHECK — OFF Page 150
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short circuits

simple computing vswr indicator

Several errors crept into the
WBICYY article on the simple
computing vswr indicator, in January,
1977, ham radio. In fig. 2 (page 60), C9,
.001 pF, should be inserted between the
junction of R17 and R19. U3 is an

LM301 (748), as noted in the text,
while CR5 is a TN914. The formula for
calibrating the front of a junk-box
meter should read:

+
swr = JL’ L

I~ 1

ImA

where Iy, is the full-scale meter deflec-
tion and I is the indicated meter
reading. A new printed-circuit board
layout is shown in fig. 1. As with all
parts placement diagrams from ham
radio, the board is shown from the com-
ponent side.

+izv
26

R2T
Ion o
o ZERO

TO PNE bl
Ul v, u4e

e
g

RIS Ri6 Lt Rig
M [} 1ok oo

TO GATE
a3

GsD GDS

BOT TOM BOTTOM
04 03

+2v

fig. 1. Parts placement and corrected board layout for the simple computing vswr indicator by WB9CYY.

table 1. Changes required to the schematic for operating frequencies other than standard mark

and space.
Y1 Y2
jumper afsk use (MHz) (MHz)
15-A RTTY  4.352 4.700
15-A ASCIl comp 4.557 4.147
1-A ASCII term 5.202 4.383
R7 = 2Q 5= R7 R6 =
f;,C.? 2A

" 4Q?R5- R7

RS R6 R7 mark space
{ohms) (ohms) (ohms) (Hz) (Hz)
a7k 228 91k 2125 2295
a7k 228 91k 2225 2025
47k 228 91k 1270 1070
R5R7

f =fm ark +fsggcg
& 2

Where, f, > 1800 Hz and f, = desired center frequency, Q = 10 and f, < 1800 Hz, Q = 5. The
actual value used for R6 should be chosen to allow variation over the desired range. Gain (A) is
normally set to be = 1 (unity gain). Values in the table above were selected using these

parameters.

milliwatt portable counter

In the schematic diagram (fig. 2) of
the portable milliwatt counter, ham
radio, February, 1977, page 24, the coil
shown between the output of the 40673
transistor and the input of U1 should be
deleted. The network is a 330-ohm
resistor in parallel with the 100-pF
capacitor.

94 @ may1977

vestigial sideband transmitter
for ATV

In fig. 6 of the vestigial sideband
transmitter (ham radio, February 1976,
page 24) the input has been incorrectly
shown going to pin 7 instead of pin 8.
For normal operation, pin 7 is open and
the video information goes to pin 8. All
other connections remain the same.

digital afsk

In the improved digital afsk (March,
1977, ham radio) several design changes
were inadvertently overlooked by the
author. Table 1 reflects these additions.
The parts list should be changed as
follows: C3 and C4 are .1uF mylar or
polystyrene capacitors while R6 is a
500-ohm trimpot (CTS X201-R501B).

repeater up/down mode circuit

In the PC-board layout for the up-
down repeater-mode control circuit,
January, 1977, ham radio, page 41, the
interconnection between pins 3 and 4 of
each |IC was inadvertantly left out.

i-f amplifier design

The noise blanker for high-perform-
ance operation (fig. 2) shown in ham
radio, March, 1977, page 11, was sug-
gested by Siemens and developed by
Michael Martin, DJ7VY.



THE WORLD’S MOST COMPLETE LINE OF VHF-FM KITS AND EQUIPMENT

RX28C. . 28-35 MHz FM receiver with 2 o . )
pole 10.7 MHz crystal filter . . . .§ §9.95 RECEIVERS RXCF sccemory filter for nb-;lvc receiver kits
RX28C W/T. same as above —wired & tested 104.95 Eives adjacent channel
RX50C K 30-60 MHz reve w2 pole 10.7 rejection . . 8.50
ASOLERIL oot £l c50% RF28 Kit 10 mer RF front end 10.7 MHz out 12.50
N RAREYE MW g6 RFSO Kit . .. 6mtr RF frontend 10.7 MHz out  12.50
RXS0C W/T same as above —wired & tested 104.95 RF144D Kit. . 2 mtr RF front end 10.7 MHz out  17.50
RX144C Kit . 140:170 MHz reve w/2 pole RF220D Kit. . 220 MHz RF front end 10.7 MHz
10.7 MHz crystal filter . . . . . . 69.95 ot 7.0
RX 1440 W/T same as above ~wired & tested 114.95 . ol e ware ottt as
RX220C Kit. . 210-240 MHz reve w2 pole RF432 Kit. . . 4‘2 MHz RF front end 10.7 MHz g
10.7 MHz crystal filter. . . . 69.95 ; - ‘I'Il\ """"""" R e
RX220C W/T . same as above—wired & tested . . 114.95 IF10.7F Kit l',f:m::":_"l‘rf“;'r"'_"f incfades F_ R
bl - p ety ey i FM455 Kit. . . 455 KHz IF stage plus FM detector 17.50
i 9.95 2 Kit . T8 T H
RX432CW/T . same as above —wired & tested 124.95 AS2 Kit audio and squelch board 15.00
TX50 .. transmitter exciter, 1 watt, 6 mir. i‘;.wi TRANSMITTERS TX2208 W/T ameasibovecwied & ested 49.95
IX50 W/T same 83 above —wired & tested 2908 Rsies ., TX432B Kit - . transmitter exciter 432 MHz 39.95
I'X1448 Kit transmitter exciter—1 watt -2 mtrs 39.“5 - TX432BWIT . same as sbove—wired & texted $9.95
}tlf;g \;;,':] :':;',‘,'i,:?;:::’::;:::e_dl:;,?”2‘;'"' ' ) g TX150 Kit 300 milliwatt, 2 mtr transmitter 19.95
o B 5 S SR T v Fw & 29,95 TX150W/T same as above —wired & tested 29.95
PA2501H Kit . 2 mtr power amp—kit 1w in—25w PO
out with solid state switching, WER AMPLIFIERS Blue Line RF power amp, wired & tested, emission
case, connectors . . . . . ..o 59.95 e - CW-FM-55B/AM
PA2501H W/T. same as above -wired & tested 74.95 - Power Power
PA4010H Kit . 2 mtr power amp—10w in-40w ’ Model Frequency Input Output
,p Out-relay switching . . . <. 59.95 - BLB 3/150 45- S5MHz  3W 150W TBA
PA4010H W/T. same as above —~wired & tested 74.95 BLC 10/70 140-160MHz 1OW T0W 139.95
PAS0/25 Kit 6 mtr power amp, Iwin, 25w out, — BLC 2/70 140-160MHz W T0W 159,95
less case, connectors & switching 49,95 " BLC 10/150 140-160MHz 10W 150W 259.95
PASO/25 W/T . same as above, wired & tested. . . 69.95 BLC 30/150 140-160MH 2 IOW 150W 139,95
PA144/15 Kit. 2 mitr power amp— 1w in—15w BLD 2/60 220-230MHz W HOW 159.95
out—less case, connectors and BLD 10/60 220-230MHz 10W HOW 139.95
. e B 39.95 BLD 10/120 220-230MHz  10W 120W  259.95
PA144/25 Kit. same as PA144/15 kit but 25w . 49.95 BLE 10/40 420-470MHz 10W 20W 139.95
PA220/15 Kit . similar to i'r\l_4-1_fli for 220 MHz  39.95 BLE 2/40 420-470MHz 2W J0W 159.95
PA432/10 Kit . power amp-su;llllhsr I;‘:"AHMIS BLE 30/80 420-470MHz Jow S0W 2$9.9%
except 10w and 432 - S 49.95 BLE 10/8 420-47 ow 80W 89.95
PA140/10W /T 10w in—140w out—2 mtr amp 179.95 oy {80 20-470MHz | 289.
PAL40/30W/T 30w in—140w out—2 mir amp 159.95
POWER SUPPLIES
PSISCKit. . . 15amp--12volt regulated power sup- el OV vos 0s ndds over \'n_|h|gt' protection to your
ply w/case, w/lold-back current limit- — § power supplies, 15 VDC max. 9.95
ing and overvoltage protection . . 79.95 Sl PS3IA Kit 12 volt —power supply regulator card
PS1SCW/T . . same as above—wired & tested 94.95 el e, with fold-back current limiting . .~ 8.95
PS25C Kit . . . 25amp—12volt regulated power sup- - >3 PS53012 W/T new commercial duty 30 amp 12 VD
ply w/case, w [fold-back current limit- regulated power supply w/case,
mgandovp . . . .0 129.95 = w/fold-back current limiting and
PS25C W/T . . same as above —wired & tested 149.95 - overvoltage protection . . . . . . 219.95
PS25M Kit. . . same as PS25C with meters . . . . 149.95
PS25M W/T . . same as above —wired & tested 169.95 ~
RPTSO Kit. . . repeater—6 meter. . . . . - .. 465.95 REPEATERS
RPTSO. ... repeater—6 meter, wired & Icatu} 695.95 DPLAI44 . . . 2 mir, 600 KHz spaced duplexer,
RPT144 Kit . . repeater—2 mitr—15w—complete wired and tuned to frequency . . . 379.95
: y (less crystals) - 4635.98 DPLA220 . . . 220 MHz duplexer, wired and
RPT220 Kit . . repeater—220 MHz— 15w —-urlllplelr tuned to frequency : 379.95
: (loss crystala) o o o oo ap o it SR = - DPLA432 . . . rack mount duplexer . . . . . . 319,95
RPT432 Kit . . repeater—10 watt-432 MHz ] DSGU . .. .. double shielded duplexer cables
i . (lesscrystals) . .. ...ounl 31593 with PL259 connectors (pr.) 25.00
RPT144 W/T repeater—15 watt—=2 mtr. . . . . . 695,95 DSC-N . . ... same as above with type !
RPT220 W(T . repeater—15 watt—220 MHz, . . . 695.95 onnEators (i) 25.00
RPTa32 W/T repeater— 10 watt—432 MHz, . . . 749.95 .
DPLASO . . . . 6 mir close spaced duplexer, . . . 575.00
TRX50 Kit Complete 6 mtr !-Mluallscuivf‘r kit, TRANSCEIVERS OTHER PRODUCTS BY VHF ENGINEERING
20w out, 10 channel scan with case '
(less mike and crystals). . . . . . . 249.95 CD1 Kit . . . . 10 channel receive xtal deck -
TRX144 Kit same as above, but 2 mtr & 15w out219.95 : ¥ w/diode switching. E $ 6.9¢
TRX220 Kit same as above except for 220 MHz 219.95 CDZKit ., .. 13‘;:‘::‘“’":‘1"':“““ deck w/switch —
TRX432 Kit ia{t;i‘:ﬁ:huvc elcnp.l 10 waI‘t ﬂl?d‘ SEd CD3Kit . . .. UMF version of Ill llfkk A
TR« i o transceiver case only . . . . . ... 19.95 for 432 multi-channel -:;:cralu:n. 12.95
TRER o S5ali transceiver case and accessories . . 39.9§ hf’{"il'l\" “e ::]'f";:l‘l'ri‘-ﬁ::t:’r :‘;'"I‘ e 19.95
) for RX with priority 19.95
3 5 i SYNTHESIZE RS Crystals we stock most repeater .nui ;mmlr‘
SYN I Kit. . . 2 mitr synthesizer, transmitt offsets pairs from 146.0-147.0 (each). 5.00
F,:"UH“"H“‘PI;‘:;:TJ llli::l;l“ﬁ}lz 10 MHz; CWID Kit 159 bit, field programmable, code iden-
bt b P 9.95 tifier with built-in squclxh tail and
. 5 adapters) ... . ..iieaan 13 ,9.; 1D thmers T
SYN:11 \_""n rpibifoyd :h';Ft Wiseg, &.llcslcd = g:b CWID wired and tested, not pru,u ammed 54,95
MO-1 Kit. . . . Marsfcap offset "Pti"-‘l““ """" 250 CWID wired and tested, programmed . 59,95
TO-1 Kit. . . . 18 MHz optional tripler . .. . o MIC | 2,000 ohm dynamic mike with
P.T.T. and coil cord - 12.95
TSI W/T, .. tone squelch decoder . . . 59.95
WALKIE-TALKIES TS1 W/T installed in repeater, llltllldllli!
. 3 face accessories B9.95
HT 1448B Kit 2 mtr, 2w, 4 chaanel, hand held receiver % Inter
ith p D3 Kit 2 tone decoder 5 RiF 29.95
NICAD :“h Lr.ysla.l: f]’i Iv-4l(;‘,-§2|)_ull:|pie!- ) lg:gz b TDIW/T . same as Ihl‘l‘L wired & tested 19.95
. ',I """ iLery peok, 4.2 Akl B ¥ HL144 W/ 4 pole helical resonator, wired & tested,
BCL2 os-anie battery charger for above 5.95 swept tuned to 144 MH2 ban 24.95
Rubber Duck . 2 mitr, with male BNC connector . B.95 HL220 W/T Sam.c 18 shov tined (o 220 MH2 ban 1.1 o
HL432 W/T same asabove tuned to 432 MHz ban 24 95
s

VHF ENGINEERING
DIVISION OF BROWNIAN ELECTRONICS CORP.

| BuomeRICARD

Box H / 320 WATER ST. /| BINGHAMTON, N.Y. 13901 / Phone 607-723-9574

More Details? CHECK — OFF Page 150
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SEND FOR FREE COMPLETE MAIL ORDER CATALOG

SST T-1 RANDOM WIRE ANTENNA TUNER

All band operation must for Field Day. Size
(160-10 meters with most 2 x 4-1/4 x 2-3/8. Built-in
any random length wire. neon tune-up indicator.
200 Watt power capa- Guaranteed for 90 days.
< bility. Ideal for portable Compact — easy to use.

Larsen Antennas
to fit Any Mobile Unit

or home operation. A Only $29.95. Magnetic Mount or Gutter Clamp 5/8 wave — $38.50
Speculv 2 meters, 220, 450 1/4 wave — $18.50
COAXIAL SWITCH SELECTOR CHART — BARKER & WILLIAMSON, INC. 8" single hole mouny  BiBwave 53180
Model 376 114 wave 11.50
Connector
Model | -PRICE | Outpuns | Piacement || Aemarss
s 18.95 L Anial PRHOTAN wwitch Grownds all except selected MDML 104"
output rcunt
s 5 Hadal PROTAK pwich Grouwndd all except siected NPC & Amp Powar Supply
18.95 oulpul Crout. Santh senich DORNON g ounds Regulated
i autputs Solid Su(;. Dual
S50A 14.00 5 Radial Overload Protection
ss0a2 | 12.50 2 Radial Converts 115 volts AC 1o 13 6 volts
S51A F] Fachial Specal 2 pabe, 2 powton wetch uaed 16 DC +200 millivalls. Handles 4
17.50 wwwitch any AF devior in of out of senie amps continuous and & amps max
snree tron in g cogxial hine See Ligute (over| i Ideally suited for applications where
556 a5 Arack et only, 1or wall mounning of radisl ¢ \. § : excellent DC stability is important, such as CB iransmission, small Ham
T CONNECion i iches “ 4‘ - | radio transmitter, and high quality eight-track car stereos. Can be used to
590 17.95 S Axal L trickle-charge 12 volt car batleries.
- = i = RS MA X IMUM TYPICAL
S00G 12.95 5 Al Grounds all wscept wiected ourpul CFtuw Outpul Voltsge 3 2 VDG \38 ¢ SVBE
502 16.50 2 Awial Line/Load Regulabon 20 my 50 mv
Fipple/ Noise 2 mvV AMS 5 mv AMS
595 ‘3.50 6 In e Grrounds @il escept wiecied outpul corcunt Transient Response 20 uSec
Current Continuous 4 Amp
C:rrlml I_nmln = 6 Amp $49.95
Current Foldback 2 Amp
Case: 30 (M) x &7 (Wyn B (D) Shipping Wisght 6 Ibs
SLI N K I l S99
kit talk
A LOT of antenna in a LITTLE space power
New Slinky® dipole* with helical b

TPl "
W for an Economy Price?

THAT'S RIGHT!
introducing the ECONO-LINE

Model Input Output Typal Frequency

* . loading radiates a good signal at 1/10

e I 1
i wavelength long

L

*paient No 1858220

-
|

- 0 WAL e
.

LR T
[

Price
702 5.20W 5090W 10 in/70 out 143 149 MMz $130 00

14W 60 BOW 1in/70 out 143 149 MH: $169 00
Now get TPL COMMUNICATIONS
quality and reliability at an economy

['h’ﬂ
WE 0 dem o 19 M0
Wil bewild

DENTRON ..~ ™%

& lomw Chan A (o

m\ M\F lumﬁ Nfﬁ price. The new Econo Line gives you
everything that you've come to expect
T muun 18 ths from TPL at a real cost reduction. The
it T, latest mechanical and electronic construc-
tion techniques combine to make the
160-10AT modern amplifiers now .1 3 .
SUPERTUNERTM available 1o the amateur. In 5 \ ) m Ecclmo Line: your best Iampilfie( value,
Want an antenna tuner 10 o4 opinion  the finest / Unigue broad-band circuitry reguires no
match everything between yunar on the market today. 1) feeel v = ) . tuning throughout the entire 2-meter band
160 and 10 through bal-  $229 50 il 17" YT and adjacent MARS channels. See these
anced line, coax ||l;e and BO.10AT » This electnically small 80/ 75 40, & 20 meler antenna operales great new additions to the TPL COMMUN
andom line uper ™ al any length from 24 10 70 teet * o extra Dalun of ransmalch + t 3
;unerTM is Ii’:e one for you SH‘::::'::E:E:M Fip - heeded ¢ porlabie—erects & slores n minutes ® small |CAT|0N5d_DlgduFCI line at your favorite
a1 just $129.50 80 through 10 meters .mv‘w::;ﬂ;(;m};’qﬁ;.mu. I!:lel:n;::;ﬂ;;ﬂryrﬁﬂtﬂ amateur radio dea er.f i
. over complele meter -
160-10AT-3K handles full legal power SpheIC NoMse DICkUD Than & vertical and needs no redials = ki For prices and specifications please write

SUPER SUPERTUNERTM
Designed and engineered 10
be compatible with the
full-power highly efficient

and matches your 52 ohm
transceiver 1o a random
wire antenna. BO-10AT s
yours tor only $59.50

ncludes a pair ol specislly-mads d-nch da by 4-inch long
cods, containing 135 teet of radiating conducior, balun, 50 i
RG5S8 U coax 259 connecior. nylon rope & instruchon man
usl = nowin use by US Dep! of State, US Army. rado schools
phus thousands of hama the world over

for our Amateur Products Summary! FCC
type accepted power amplifiers also avail
able. Please call or write for a copy of
TPL's Commercial Products Summary.

N [ 1
‘nmn 152‘35& TB\";':Z ::!mv; Make/Model Xmit Freq. Rec. Freq.
A Osptal Company
RS> TWO METER
CRYSTALS IN STOCK o
Standard ® Icom ® Heathkit ® Ken @ N .20 Cwsla"s
Clegg ® Regency ®Wilson ® VHF Eng 10"3‘ K o
® Drake ® And Others! n Stoc
$4.50 @ Lifetime Guaramee
Open 9AM to 9PM
Master Charge & BankAmericard accepted on most orders. Mon.-Fri. |
Name Call Sar 9:f
Prices FOB Medford 1
Address ’
ic A MA. All units can be |
Miﬂﬁ,ﬂ‘ﬁ,‘f 02"1855 City State Zip shipped UPS. MA
Orde residents add 5% sales |
T

tax. Orders over $1200
deduct 5%. Add $3.50 for
shipping & handling on
all orders.

New England’s
Friendliest Ham Store

| FREE Gift With Every Order! m ALL SALES FINAL !

| (617) 395.8280
|

==
_Imul RiCANS
[
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3%" HIGH
9'%" DEEP
WEIGHS 7 LBS.

9%" WIDE

A.F. GAIN

@ R.F. GAIN

NORM.s8 OPP.

With its exclusive Plug-in-and-go MOBILE
MOUNT, light weight, and compact size, the Atlas
210x/215x transceiver is the perfect mobile rig. ..
the King of the Road in Amateur Radios.

To go mobile, just slip the 210x into the mobile
mount and all connections are made automat-
ically. In just 10 seconds you're on the air mobile!

OTHER FEATURES INCLUDE:

All solid state design.

200 watts power rating and no transmitter
tuning.

Full 5 band coverage (210x covers 10-80
meters, 215x covers 15-160 meters).

Weighs just 7 pounds and is only 3% high x
9%"" wide.

Plug-in circuit boards.

Phenomenal selectivity with exclusive 8 pole
crystal ladder filter

Exceptional immunity to strong signal overload
and cross modulation.

ATLAS 210x/215x

5 BAND—200-WATT—ALL SOLID STATE
HF SSB/CW TRANSCEIVER

ALC Q

AL T
DIAL 8B MIC. GAIN @

Model 210x or 215x Transceiver $679.
(With noise blanker installed add $40.)

ACCESSORIES:

Portable AC Supply 110/220V $100.
Plug-in Mobile Kit $ 48.
Model DD6-C Digital Dial only $229.
Mobile Antenna Matching

Transformer MT-1 $ 27.
DL 200 Dummy Load, 200 watt intermittent or

60 watt continuous power rating . . $ 9.
For complete details see your Atlas dealer, or drop us a

card and we'll mail you a brochure with dealer list

-

417 Via Del Monte - Oceanside, CA 92054
Phone (714) 433-1983
Special Customer Service Direct Line (714) 433-9591

PLUG-IN-AND-
GO-POWER

PERFECT MOBILE RIG




products

interlocking solderless
breadboards from CSC

Continental Specialties Corporation,
a leading manufacturer of electronic
breadboarding equipment, test equip-
ment and accessories has announced
two new professional-quality solderless
breadboarding sockets which combine a
number of highly desirable features.
Designated Experimentor™ 300 and
Experimentor 600, the new one-piece
sockets both provide 94 five-point
terminals, plus two 40-point bus strips,
for a total of 550 solderless tie-points.
Experimentor 600, priced at $10.95
suggested list, has a 0.6" (15mm) center
channel, making it the only socket on
the market with full 4-terminal fan-out
for microprocessors, clock chips,
RAM's, ROM’s and other larger DIP
packages. Experimentor 300, priced at
$9.95 suggested list, has a 0.3" (7.5mm)
center channel that is perfect for smaller
DIP's.

Like CSC's other popular bread-
boarding products, both Experimentor
sockets also accept transistors, LED's,
resistors, capacitors, pots — virtually all
types of discrete components, as well as
lengths of # 22-30 solid hookup wire
for interconnection — with plug-in ease.
CSC Experimentor sockets also feature
a unique interlocking system that
permits sockets to be snapped together,
mixed or matched, vertically or horizon-
tally, to provide optimum configura-
tions for almost any type of circuit.
And instantly disconnected or
reconnected, without tools, to meet
requirements.
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CSC Experimentor sockets are
molded of durable abrasion-resistant
material, and feature CSC's non-
corrosive, prestressed nickel-silver
contacts for positive connection and
longer life. Both sockets measure 0.325"
(9.56mm) deep and 6" (15cm) long —
but the Experimentor 600 measures
2.4" (6cm) wide (as opposed to 2.1"
(5.3cm) for Experimentor 300), because
of the wider center channel that accom-
modates microprocessor type DIP IC's.
Both sockets also feature alpha-
numerically designated tie-points, aiding
in circuit design and testing, as well as
circuit tracing. Vinyl-backed to prevent
accidental shorts, CSC Experimentor
sockets can be used free-standing or
conveniently screw-mounted, either
with 4-40 flat-head screws from the
front, or 6-32 self-tapping screws from
the rear.

CSC Experimentor sockets are avail-
able now from CSC distributors and
dealers, or directly from CSC’s East- or
West-Coast offices. For more informa-
tion, contact CSC at 44 Kendall Street,
Box 1942, New Haven, Connecticut
06509, or 351 California Street, San
Francisco, California 94119.

digital multimeter

This new battery/ac portable 4-1/2
digit, five-function digital multimeter
from Hewlett-Packard has a unique
touch-hald probe (available as an
accessory) that lets the user "freeze”
the reading on the display — a con-
venience when probing closely-packed
circuit boards.

Called the Model 3465B, the digital

multimeter has a dc voltage measure-
ment range from 1 microvolt to 1 kilo-
volt with a mid-range accuracy of
+(0.02 per cent reading + 0.01 per cent
of range) for one year. Ac measurement
range is 10 microvolts to 500 volts with
a mid-range accuracy of *(0.15 per cent
of reading + 0.05 per cent of range) over
a 40 Hz to 20 kHz bandwidth.

Ac and dc current measurement
range is from 10 nanoamps to two
amps. Dc current accuracy for the 10
mA range is *(0.1 per cent of reading +
0.01 per cent of range). Ac current
measurements are made over a fre-
quency band of 40 Hz to 20 kHz with a
mid-band accuracy of £(0.25 per cent of
reading + 0.25 per cent of range).

Resistance range is 10 milliohms to
20 megohms with a mid-range accuracy
of +(0.02 per cent of reading + 0.01 per
cent of range). Open circuit voltage on
the ohms terminal, when set to its
lowest range does not exceed 5 volts,
preventing damage to most solid-state
devices,

Input protection is provided to TkV
on any dc range, 500 V rms on any ac
range, and 350 V peak on any resistance
range. A front-panel fuse protects the
instrument from overload when
measuring current,

The HP 34112A touch-hold probe
accessory provides greater utility by
allowing the operator to focus his
attention on the point of measurement
in hard-to-reach circuits. The touch-hold
probe, which plugs into the front panel
input connectors, holds the displayed
reading at the touch of a button.

A high efficiency LED display has
the advantage of longer battery life, and
instrument reliability is improved
because of low internal temperature
rise.

Input terminals are recessed to meet
safety requirements, and the input
terminal for current also contains a fuse.
International symbols as well as voltage
limits are shown on the front panel.

More Details? CHECK — OFF Page 150



The standard 3465B DMM comes
with an internal ac power supply and
rechargeable nickel-cadmium batteries.

U.S. price of the Hewlett-Packard
Model 3465B with rechargeable nickel-
cadmium batteries is $500. U.S. price of
the Model 34112 Touch-Hold Probe is
$40. For more information write
Inquiries Manager, Hewlett-Packard
Company, 1501 Page Mill Road, Palo

soldering, or line voltage variations.
Operating temperatures can be adjusted
in seconds to any setting between 400°
and 750° F (204° and 399° C) while the
iron is running. An indicator light in the
handle serves as a visual guide to the

clearly when the iron is left on. The
Oryx 50-3 comes complete with a long-
life, iron-coated tip and a four-foot,
3-wire cord for 100-130 Volts ac. Other
style tips and a safety stand are offered
as optional accessories. For more infor-

mation, write: Oryx, 4115 North 44th
Street, Phoenix, Arizona 85018,

control system, as a temperature-setting
aid, and as a safety feature by indicating

Alto, California 94304.

Hamtronics catalog

Hamtronics announces publication of
a new catalog featuring, among other
products for the vhf enthusiast, a new
miniature vhf receiver preamplifier, a
receiver multi-coupler allowing two
receivers to be used on a single antenna,
and a low-cost fm signal generator.
Previous products from Hamtronics
listed in their new catalog include vhf
and uhf fm receivers and transmitters in
kit form and various adapters for use
with vhf and uhf equipment, such as
scanner adapters, multi-channel
adapters, and a full line of preamps.

The new 16-page catalog is yours in
exchange for a self-addressed stamped
envelope. Write Hamtronics, Inc., 182
Belmont Road, Rochester, New York
14612.

temperature-controlled
soldering iron

The new Oryx 50-3 soldering iron
has a thermostatic control built right
into the handle. It keeps the tempera-

ture constant regardless of speed of

More Details? CHECK — OFF Page 150

Leader LAC-895 |
3.5-28MHz ||
Antenna Coupler

Leader LAC-B98
50Mz- 54MHz
Antenna Coupler

cader LAC-B97
144-148MHz
Antenna Coupler

ANTENNA COUPLERS
TO HELP YOU WORK

HF AND VHF-
SUPER STRONG... SUPER CLEAN!

LAC-895 3.5-28MHz Range, 5 Bands

« Handles up to 200W . . . 100W continuous. » Measures 5 bands
from 3.5-28MHz, incl. 27MHz. » Built-in SWR & in-line Waltmeter.
« 2 Swilchable direct output circuits. $159.95

LAC-896 50Hz-54MHz Range

« 100 Watts power handling capacity. ® 5SW, 20W, 100W in-line
Wattmeter range. » 1.0-10.0 direct SWR readings.

» 501 input impedance. $69.95

LAC-897 144-148MHz Range

« 10-250 () load impedance, matched to 5011. « 100 Walts power
capability. s 5W, 20W, 100W in-line Wattmeler.

« 1.0-10.0 direct SWR readings.  $69.95

Communicat

\ 151 Dupont Street, Plainview, N Y. 11803 (516) B22-9300
Wesl Coast: 7733 Densmore Ave. Van Nuys. Call 91406 (213) 989-2760 « In Canada Omnitronix Lid _ Montreal. Que. ec

. for Less/!

J
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Which hog
- has the ham?

Glade Valley Schonl Radln Session

18th Year — July 30 thru August 12, 1977

At first glance, both these cars look like they have standard
factory antennas. Even at second glance.

But the one on the left has a ham rig inside. You
can't tell because on the outside it has an ASPR 748 gain
disguise antenna. So the rip-off artists just pass it by.

A/S has an entire line of high-efficiency disguise
antennas for GM, Chrysler and Ford automobiles. The
HM85 Cowl Mount Whip System, for instance, will mount
on an auto cowl, fender or deck in a single
7/8" to 15/16" hole.

For years law enforcement agencies
have used A/S disguise antennas to keep
their cover. They’ll help you keep yours, too.
We'll bet our A/S on it.

the antenna specialists co.
12435 Euclid Avenue, Cleveland, Ohio 44106 - a member of The Allen Group, Inc.
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Need someone to make you upgrade?
Let us do it before the QRM does!

It's more fun our way. Instruction
in theory and four code practice
sessions per d;l_\‘. Have a "Vaca-
tion with a Purpose”. Two weeks
in the Blue Hidgu Mountains of
North Carolina. Classes at all
levels and FCC exam available at
close of Session.

C. L. PETERS, K4DNJ, Director

] )
i L)
| P. 0. Box 458, Glade Valley, N. C. 28627 |
E Please send me the Booklet and Ap- X
¥ plication Blank for the 1977 Glade I
i Valley School Radio Session, H
i i
: MName. _ _ Call___ :
i i
! Address :
| [
:' City/State/Zip S 5

Radio
Amateurs
Reference

Library
of Maps
and Atlas

WORLD PREFIX MAP — Full color, 40" x 28%,
shows prefixes on each country DX rones,
time zones, cities, cross referenced tables

$1.25

RADIO AMATEURS GREAT CIRCLE CHART OF
THE WORLD — from the center of the United
States! Full color, 30* x 257, listing Great Cir
cle bearings in degrees for six major U.5. cities;
Boston, Washington, D.C., Miami, Seattle, San
Francisco & Los Angeles. s1.25

RADIO AMATEURS MAP OF NORTH AMERICA!
Full color, 30" x 25" — includes Central Amer-
ica and the Caribbean to the equator, showing
call areas, zone boundaries, prefixes and time
zones, FCC frequency chart, plus useful informa-
tion on each of the 50 United States and other
Countries

WORLD ATLAS — Only atlas compiled for radio
amateurs, Packed with world-wide information

includes 11 maps, in 4 colors with zone
boundaries and country prefixes on each map.
Also includes a polar projection map of the
world plus a map of the Antarctica — a com-
plete set of maps of the world. 20 pages. Size
8% x 12v $2.50
Complete reference library of maps — set of 4

as listed above s3.?5

See your favorite dealer or order direct.

Mail orders please include $1.25 per order
for shipping and handling.

WRITE ”‘m” “‘”EU" I I b (@ ]=) '( INC

(1113
BROCHURE!

Dept. E 925 Sherwood Drive
Lake Blufi, 11l. 60044

More Details? CHECK — OFF Page 150



2
FULL DAYS

HUGE INDOOR
AND OUTDOOR
FLEA MARKETS

SEE LATEST
EQUIPMENT

BY THE NATION'S
LEADING
MANUFACTURERS

FCC EXAMS
FORUMS, SEMINARS

AWARDS BANQUET

Rachester

HAMFES

HOTEL
OFFICIAL HEADQUARTERS
N. Y. STATE ROCHESTER
ARRL MARRIOTT
CONVENTION ROUTE 15

AT THRUWAY

MAY EXIT 46

HAMFEST LOCATION
712 M
1971
WRITE:

ROUTE 15A AND
CALKINS COUNTY
ROCHESTER, N.Y.
ROCHESTER HAMFEST
BOX 1388
ROCHESTER, N. Y. 14603
OR CALL:
716-271-1460 DAYS ONLY

Aha, the SECRET of PC
Board success finally revealed.
A perfectly balanced lighting
tool combining magnification

with cool Huorescence. Excel-
lent for fine detail, compon-
ent assembly, etc. Lens is pre-
cision ground and polished.

Regularly $78.00. Now, over
30% discount (only $54.00)
to all licensed Hams, verified
in Callbook. Uses T-9 bulb
(not supplied).

Include $3.00 U.S. postage, or $4.00
in Canada. $5.00 elsewhere. Cali-
fornia Residents include 6% sales tax.
Or send stamped envelope for free
brochure of other incandescent or
fluorescent lamps suitable for all en-
gineers, architects, students, etc.

Mastercharge and BankAmericard accepted

D-D ENTERPRISES
Dept. A, P. O. Box 7776
San Francisco, CA 94119

More Details? CHECK — OFF Page 150
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...every tower in
the world should be
made this good.

Once in a while somcthln& really big
comes along like Tri-Ex’s all new W-80. So big
we decided to call it the “Big W"’.

It's the big one of Tri-Ex’s “W” Series
towers.

Early on was the W-51. A superb per-
former and very popular still.

Last year came the W-67. Higher, bigger,

stror;?or.
ow the W-80, Tri-Ex’s “Big W” tower.
Excellent Performance

Provides good DX capability at low
costs. And if you're watching the sunspot
cycle—it's now on an upswing for better than
average transmission and ion.

“Big W” is a free-standing, crank-up
tower that goes a full 80-feet up. You can
lower it with relative ease under windy condi-
tions using “Big W’'s"” comfortably positive
pull-down cable to protect your antenna load.

inherently Strong

As with all “W" Series towers, the W-80is
made of hl&h strength steel tubing Iogs with
solid rod “W" bracing. Stable? You bet!

Hot dipped galvanized after fabrication.
Long lasting. Five sections. Included is a free
rigid base mount. And the top plate is pre-
drilled for a TB-2 thrust bearing.

Is Tri-Ex's “Big W" your kind of tower?
Better believe it! Write today or see your
nearest dealer. Ask about the W-80. It’s real.

NEW
“BIG W”

ri=Ex
TOWER CORPORATION

7182 Rasmussen Avenue, Visalia, California 93277 :
’ .
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Fact: Better
communications
systems start with
SINCLAIR
building blocks. -

For over 25 years, Sinclair's cavity filters have set the
pace in two-way radio communications.

These building blocks provide optimum perform-
ance coupled with rugged, long-life construction O Band-
pass filters - field tunable, rotatable loops for variable
selectivity O Notch filters - optimum rejection of specific
frequencies O Q-circuit™ filters - unique, patented broad
isolation notch for rejecting multiple frequencies. These
innovative temperature-compensated, cavity filters are
also used to build the industry's finest duplexers. To re-
duce the cost of combining transmitters, Sinclair cavity
and cavity-ferrite combinations are the answer.

With these building blocks and help from Sinclair's
communication specialists, you can build a system
rEr;atched to your needs. Send today for new All-product

igest.

) bt b

SINCLARIR |

RADIO LABORATORIES

BUFFALO, NEW YORK | [
675 ENSMINGER ROAD l

TONAWANDA 14150 | 4
716-874-3682 = |
ONTARIO: TORONTO L4K 1B6, 416-669-1244

BRITISH COLUMBIA: VANCOUVER V5C 4H4, 604-291-7726
QUEBEC: MONTREAL H9P 1G7, 514-636-1979

AFFILIATED COMPANIES IN ENGLAND AND AUSTRALIA

[ 4 |
V2
h NOTCH FILTER [

DUPLEXER

MOBILE AND BASE DUPLEXERS/Rx AND Tx MULTICOUPLERS/FILTERS/MOBILE AND BASE ANTENNAS/COMMUNICATIONS SHELTERS

« DEPENDABLE % .

* QUALITY c )

¢ ACCURATE & g

* VERSATILE e, A B

* TOUGH .‘ﬁ P

4RANGE N~
MODEL 85

WATTMETER
SERVICES EVERYTHING FROM
PORTABLES TO BASE STATIONS

MODEL 85 HAS 15 FEATURES, HERE ARE A FEW

« Frequency range 20-512 MHz - Power ranges, 0-3/15/50/150
watts - Accuracy - 5% of full scale = Temperature compensa-
tion « Easily recalibratable in the field - Dry load, no coolant,
PLUS over 10 accessories available.

You can buy a Wattmeter for less but if you want quality send
for data on the Model 85 or call 216-267-2233. Available for
immediate delivery,

Coaxial Dynamics is a major supplier to the electronic indus-
tries, service shops and U.S. Defense department. Quality and
dependability of our products are assured by our guarantee and
our customers. Ask them.

COAXIAL DYNAMICS, INC.
13110 Enterprise Ave. « Cleveland, Ohio 44135
216-267-2233

O
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K-ENTERPRISES

LT T

o 6.5 2 004

o Wl e

’E  ENTLEPRILES TREQUINGY COUNTIR

MODEL 4X6C
50 HZ—250 MHZ

300 and 500 MHZ PRESCALERS
FREQUENCY STANDARDS
MARKER and PEAKING GENERATORS
POWER SUPPLIES AMPLIFIERS

WRITE FOR FREE CATALOG

BANKAMERICARD.

Phone:
918-676-3752

master charge

THE INTERBANK CARD

K-ENTERPRISES

Box 410 (N.W. of town) FAIRLAND, OK 74343

More Details? CHECK — OFF Page 150



HERE'S A HOT NUMBER

800-325-3636

(Toll Free)

CALL
HAM RADIO CENTER

ST. LOUIS

FOR NEW AND USED AMATEUR RADIO EQUIPMENT
MASTER-CHARGE BANKAMERICARD
TRADE ON NEW OR USED

Hours 9 AM. - 5 P.M. (Central) Closed Sun. & Mon.

THE HAM-KEY

NOW 5 MODELS

NEW
MODEL HK-5
ELECTRONIC KEYER
$69.95

* lambic circuit for squeeze keying.

» Self completing dots & dashes

* Dot memory.

* Battery operated with provision for
external power.

* Built-in side-tone monitor.

* Speed, Volume, tone & weight controls.

* Grid-block or direct keying.

* Use with external paddle such as HK-1.

et

MODEL HK-1
$29.95

MODEL HK-3
$16.95

* Deluxe straight key.
* Heavy base, no need to attach to desk,
* Velvet smooth action.

* Dual lever squeeze paddle.

» Use with HK-5 or any electronic keyer.

+ Heavy base with non-slip rubber feet,

* Paddles reversible for wide or close finger spacing.

MODEL HK-4
$44.95

MODEL HK-2
$19.95

+ Combination HK-1 & HK-3 on
same base,

* Same as HK-1, less base for those
who wish to incorporate in their own Keyer.

Available from your local dealer or order direct.

HAM RADIO CENTER, INC.

8340-42 OLIVE BLVD. ® P. 0. BOX 28271 e ST. LOUIS, MO. 63132

More Details? CHECK — OFF Page 150 may 1977 [& 103



MINI-KITS

FM Wireless

NEW

DIGITAL CLOCK
with

Mike Kit
10 MINUTE $2.95
L]
Pl Transmit up to
6 digits — 12/24 hour 300° to any FM
Here's the kit everyone has been asking for! broadcast radio.
Never fail to identify your station again. And Sensitive mike input requires crystal

ceramic or dynamic mike. Runs on 3 to
a V.

TONE DECODER KIT

A complete tone decoder on a single PC
Board. Features: 400-5000 Hz adjustable
frequency range, voltage regulation, 567 IC.
Useful for touch-tone decoding, tone burst

it's easy to use, just tap timer button to start, 9 minutes later the display will flash on and
off to alert you. Reset it by simply touching the timer button or it will reset itself
automatically after two minutes! Other features are: jumbo .4" LED readouts, durable
extended aluminum case available in 5 colors, plug transformer, Polaroid lens filter, time set
buttons, finest quality PC boards and super instructions. You get all parts — no extras are
needed, unlike some of the kludges our competitors offer! Colors available: gold, black,
silver, bronze, blue (specify). Size: 425" x 1.6” x 1.6".

Clock ICIt with 10 min: timer,; DC-T0 ;e st e sse s eaiesradss i esse $25.95 detection, FSK demod, signaling, and many
Regular 12/24 hr clock Kit .. ..ottt it et e e et sas e ananeanaanaaannsans 22.95 other uses. Use 7 for 12 button touchtone
AIR BIOCIG T2 OOV, DB 1o viws v srsonioe s 1o ins o sl e 6 w00 o 818116786 4616 W 14 24 .95 decoding. Runs on 5 to 12 volts.
Kits are also available fully assembled and tested, just add $10 to kit price. Complete Kit, TD-1 . ....cvvvvnnnn $4.95
CAR CLOCK 12/24HR CALENDAR ALARM CL LED BLINKY KIT
A great attention getter which alter-

6 DIGIT $25.95

® High accuracy (1 minute/month)
®Big .4" LED display

6 Digit LED 12/24 Hour

feature one could ever ask for.
includes everything except case, build it into wall,

nately flashes 2 Jumbo LEDs. Use for
name badges, buttons, or warning type
panel lights. Runs on 3 to 9 volts.

Has every Kit

Complete Kit $2.95
® Special circuit suppress all voltage station or even carl FEATURES: 5
spikes and transients SUPER-SNOOP AMPLIFIER
® Same case as illustrated above ® 6 Digits, .5 High LED ® 12/24 Hour Format A it lifi hich will pick
super-sensitive amplitier wnich wi ic
® Display blanks with ignition off ® Calendar shows mo./day ® Snooze button i up Sin e alp15 Bsiapa s nim

® True 24 Hour Alarm ® 7001 chip does all!!
® Battery back up with built in on chip time base

Complete Kit, less case, DC-9

® Reverse polarity protected
Complete Kit, DC-7 $25.95
Assembled and calibrated ... 35.95

monitoring baby’s room or as a general
purpose test amplifier. Full 2 watts of
output, runs on 6 to 12 volts, uses any type
of mike. Requires 8-45 ohm speaker.

Complete Kit, BN-9 .............. $4.95
600 MHZ 30 WATT Power Amp
PRESCALER e A—— USIC LIGHTS KIT
e famous class C power am w 3 )
available mail order! Four Watts in for 30 See music come alive! 3 different lights
$59.95 Watts out, 2 in for 15 out, 1 in for 8 out, flicker with music or voice. One light for
Incredible value, complete with all parts, lows, one for the mid-range and one for the
Assembled and tested. Extend the range of instructions and details on T-R relay. Fully highs. Each channel individually adjustable,
your counter to 600 MHz. Works with all stable, output short proof, infinite VSWR and drives up to 300 watts. Great for
counters. Available in kit form for $44.95. protected| Case not included. parties, band music, nite clubs and more.
Specify =10 or =100 with order. Complete Kit $22.95 Complete Kit, ML-1 $7.95
COMING SOON:  VIDEO TERMINAL KIT ~ ¥'¢3,0%8 ™! [TSTRENKIT
— Produces upward and downward wail char-
TTL LINEAR REGULATOR TRANSISTORS acteristic of police siren. 5 Watts audio
74500 35 555 50 309K 99 NPN 2N3904 type 10/$1.00 Omﬂ':t' runs ‘on 39 ‘voits, uses 845 ohm
745112 5 556 7% 309H Ay 99 PNP 2N3906 type 10/$1.00 SPeaRRC,
7447 79 567 1.7% 340K12 ¥ 1.25 NPN Power Tab 40W 3/$1.00 Complete Kit, SM-3 .............. $2.95
7473 35 1458 50 18056 O .99 PNP Power Tab 40W 3/$1.00
1475 50 LED DRIVER 7812 é‘-’ 99 FET MPF-102 type 3/$2.00 CODE OSCILLATOR KIT
74904, 55 75491 50 1816 9 029 UJT 2N2646 type 3/$2.00 : :
s mm s mmo s Sosswwe ™R | Ponriul ] war audo csllotr of sppr
DIODES: 1KV.25A ... ..... 5/$1.00 100V,1A .. ...... 10/$1.00 1N914A type . . . ... .. 50/$2.00 warning aiarm. battery checker, voltage indi-
x cator and code oscillator,
LED DISPLAYS § 741 0P-AMP SPECIAL SOCKETS FERRITE BEADS | SOCKET KIT Complete Kit, CPO-1 ............. $2.50
Factory prime mini dip with both 14 PIN  5/$1.00 with info and specs Assortment of 12
Xerox and 741 part numbers 16 PIN  5/$1.00 | 15/81.00 most used 1€ POWER SUPPLY KIT
10 for $2.00 24 PIN  2/$1.00 6 hole Balun Beads sockets. Good to c | | lated = - supol
40PN 35200 | s/51.00 have around the omplete triple regulated power supply
X - shop. $1.95 provides variable ¥15 volts at 200 mA and
::E ;‘TE o o . 78 B0BDA $18.95 +5 volts at 1 Amp. 50 mV load regulation
DL - i g': ,},: Factory Prime — includes FREE socket! || 60 Hz XTAL TIME BASE good filtering and small size. Kit less trans-
HP 7930 7 Ga 125 ® Auns on 515 VDC formers. Requires 6-8 V at 1 Amp and 18 to
Red Polarcid Filter a ?5:. X 1.128" 59 21L02-1 $1.95 Fast 450 ns Low Power :tauw current (2.5 ma) 30 VCT.
- - - - Operate clocks in .
-ar, boat, plane Complete Kit, PS-3LT ............ $6.95
CHEAP CLOCK KIT $995 PC Board Dealers .;':t||;::c.f:;|:::hm:cmnl:v
DC4 Features Does not $2.95 Write for our Kit, TB-7 $5.50 DECADE COUNTE R
@6 digit 4" LED include board Transformer wholesale price Assembled & Calibrated
T2 o Tk T v cranifbrdy $1.49 list, Hi M*D wsg ';5 sl PARTS KIT
INCLUDES @ 7490A decade counter

® 7475 latch
® 7447 LED driver
® |LED readout
0 Odes ® Current limit resistors
P.O. Box 4072 Rochester NY 14610 vl Complete with instruction and details on
Y how to build an easy, low cost freq.
(716) 271-6487 counter. R8 J

SEE YOU IN ATLANTA — HAMFESTIVAL JUNE 18 & 19

$3.50

copD add

rsmsey 2I2cironiss




New from Info-Tech:

An AFFORDABLE, SILENT, RTTY System

New Model 150
RTTY Keyboard

Features:

4 speeds (60,66,75,100 wpm)
Built-in AFSK with 3 shifts (170, 425,
850 hz)

Automatic CR & LF at end of 64 or 72
character line

Built-in low shift CW ID provision
Pricedat ............c...... $289.50

F.0.B. St. Louis

New Model 75
RTTY to Video Converter

Features:

4 speeds (60, 66, 75, 100 wpm)

Built-in T.U. with 3 shifts (170, 425,
850 hz)

32 character x 16 line video output
with scrolling

Connects directly to receiver audio &
video monitor

Priced at .................. $324.95

F.O.B. St. Louis

e Send for data sheets on these products
e Video monitors available
e Master Charge welcome

l I"FO-TEG “ IlconponATEn Specializing in Digital Electronic Systems

20 Worthington Drive,  St. Louis, Missouri 63043  Phone: 314-576-5489

More Details? CHECK — OFF Page 150 may 1977 [§ 105



@7

in soltd state ®

THE FM LEADER S

2 METER @538 220 MH,
GMETER G 1 440 MH;

the first name

FEATURING THE.

Y

The Master in 2 Meter FM

Positive performance at a
practical price makes our
HR-2B tops on 2 meters.
Individual trimmer capacitors
give bull’s-eye accuracy for
working repeaters or point-to-
point. The .354V sensitivity and
Hi/Lo power switch insure your
hearing and being heard . . . clearly

12 Channels
15 Watts
$22900 Amateur Net

and reliably . . . the Regency way. /

.AND THE

(o
HR-440 R

UHF—The Ultimate in FM

440 is fresh . . . it's new . ..
and with our HR 440 you can
use UHF without using-up your
budget. So, pioneer some new
ground! Put a compact HR 440
, under your dash or at your desk.
12 Channels It's the best way to usher yourself
10 Watts into UHF.

\$34900 Amateur Net )

7707 Records Street
Indianapolis, Indiana 46226

%&C&L ELECTRONICS, INC.

@© 1976
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Armchalr Copy

Shortwave Llstenmg

Our ONLY occupation is
supplying everything you
need to tune the mediumwave
and shortwave bands—and
identify what you hear. Our
NEW mini-catalog details
Barlow Wadley, Drake and
Yaesu receivers, WORLD
RADIO TV HANDBOOXK, logs,
receiving antennas & tuners,
calibrators, FM or TV guides,
AM pattern maps, QSL
albums, ITU publications,
RTTY displays, CONFIDEN-
TIAL FREQUENCY LIST,
clocks and all SWL books.

GILFER ASSOCIATES, INC
P.O. Box 239, Park Ridge, NJ 07656
[ TTPVYRY AN TRYPCYROVHY IRPNTYITVRY APV PYRY AETON

SST T-1
RANDOM WIRE
ANTENNA TUNER

All band operation (160-10 meters) with any
random length of wire. 200 watt outpul power
capability will work with virtvally any trans-
ceiver. Great for apartments and hotel rooms —
simply run a wire inside, out a window, or any-
place. Toroid inductor for small size: 3 x 414 x
2% . Built-in neon tune-up indicator. S50-239
coax connector, Guaranteed for 1 yr., 10 day trial.
If not satisfied, return for full refund! COD OK
by phone, or order by mail.

THE ORIGINAL Random Wire Antenna
Tuner — in use by amateurs for 5 years.

Compact — easy to use . . .

only $29-95 postpaid

(Add sales tax in Calif.)

55T Electraonics

P. 0. BOX 1, LAWNDALE, CALIF, 90260
(213) 376-5887

More Details? CHECK — OFF Page 150



NEW R-X NOISE BRIDGE OFFER!

IF YOU BOUGHT THIS

Fake Palomar Engineers Noise Bridge

EXPECTING TO GET THIS

FROM THIS AD

WM, 1618 Elmwoou, ~oilene
1 X 79605,
KENWOOD T75-520, cw filter, year old. Consider
Triton, R599A in trade. WROUM Rt 3 Box 244,
Dmam)o CO 81301.
WANTED: NC1B3-D or other gen coverage rcwr, any
cond. call KZENN collect, 516 785 332

SELL palomar RX noise bridge $20. Unique wire
tuner $50. mints F. Shain 120 W Liberty Savannah ga
31401

SELL: Robot 70 monitor $200. Robot BOA camera,
lens, tripod $250. Package $430 mint. WB2HSH 1145
Brinckerhoff Avenue Utica NY 13501. 315-724-6970.
SWAP like new Drake TRA4-NB No. 30439, AC4 and
MS4 for mint Collins receiver with cw filter. N. Konos
B"’f Summit Ave., Salem MA 019 ?0

“TaLs, 1steclain: Nowce aclwe Froae-

Reproduced from September 1976 QST
Page 164

Genuine Palomar Engineers R-X Noise Bridge

TAKE ADVANTAGE of our great new trade-in offer.
$1.00 off on a genuine Palomar Engineers R-X Noise
Bridge when your order is accompanied by a fake
R-X noise Bridge.

EVEN IF YOU DON'T HAVE A FAKE R-X NOISE
BRIDGE you can take advantage of our usual low
price of only $39.95.

The Palomar Engineers R-X Noise Bridge tells you if
your antenna is resonant or not and, if it is not,
whether it is too long or too short. All this in one
measurement reading. And it works just as well with
ham-band-only receivers as with general coverage
equipment because it gives perfect null readings even
when the antenna is not resonant. It gives resistance
and reactance readings on dipoles, inverted Vees,
quads, beams, multiband trap dipoles and verticals.
No station is complete without this up-to-date

instrument.

Why work in the dark? Your SWR meter or your
resistance noise bridge tells only half the story. Get
the instrument that really works, the Palomar
Engineers R-X Noise Bridge. Use it to check your
antennas from 1 to 100 MHz. And use it in your
shack to adjust resonant frequencies of both series
and parallel tuned circuits. Works better than a dip
meter and costs a lot less.

Send check or money order for $39.95 (or $38.95
and your imitation Palomar Noise Bridge) for
postpaid delivery anywhere in U.S. or Canada.
California residents add sales tax.

Italy write i2VTT, PO Box 37, Cantu. Elsewhere
send $42 (U.S.) for air parcel post delivery
worldwide.

Fully guaranteed by the originator of the R-X Noise
Bridge. ORDER YOURS NOW.

PALOMAR ENGINEERS

P.O. Box 455, ESCONDIDO,CA 92025 — Phone: (714) 747-3343

More Details? CHECK — OFF Page 150
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TS-1 MICROMINIATURE ENCODER-DECODER

O Available in all EIA standard tones 67.0Hz-203.5Hz

0 Microminiature in size, 1.25x2.0x.65" high

O Hi-pass tone rejection filter on board

[0 Powered by 6-16vdc, unregulated, at 3-9ma.

0 Decode sensitivity better than 10mvRMS, bandwidth, +2Hz max,, limited

O Lowdistortion adjustable sinewave output

0 Frequency accuracy, +25Hz, frequency
stability +.1Hz

O Encodes continuously and simultaneously
during decode, independent of mike
hang-up

O Totally immune to RF

Wired and tested, complete with
K1 element

$59.95

K-1 field replaceable, plug-in, frequency
determining elements

$3.00 each

COMMUNICATIONS SPECIALISTS

P.O. BOX 153
BREA, CALIFORNIA 92621

. i N | 705 oF THOUSANDS
This is easy- ‘ OF CRYSTALS

anyone can solder- &3 IN STOCK!
o o = ~ \ '\ SCANNER
KESTER SOLDER g __ \\09“ \\ MONITOR

9] \ \ AMATEUR
|\ | HAM
A\ \\ CB

Handymen! Hobbyists!'rr |
DO-IT-YOURSELFERS! "

Let Kester Solder aid you in your home repairs or hobbies. For that household
item that needs repairing — a radio, TV, model train, jewelry, appliances, minor
electrical repairs, plumbing, etc. — Save money — repair it yourself. Soldering
with Kester is a simple, inexpensive way to permanently join two metals

When you Solder go "First Class — use Kester Solder.

-..____'Ir .

Immediate dekivery on most frequencies!

For valuable soldering information send self-addressed stamped envelope to

Kester for a FREE Copy of “Soldering Simplified''. CRYSTAL BANKING SERVICE
P.0. BOX 683
KESTER SOLDER LYNNFIELD, MASSACHUSETTS
Qiﬂonnm WRIGHTWOOD AVENUE/CHICAGO, ILLINOIS 60639_/ 01940

108 [ may 1977 More Details? CHECK — OFF Page 150



KLM beams...

mechanical excellence...

peerless performance...

top to bottom.

The outstanding antenna system of well known DXer
Don Schliesser, W6MAV/KERV, is shown in the
above close-up photograph. A full view of the com-
plex is shown in the smaller right-hand photograph of
Don's beautiful, high-on-a-hilltop home.

After careful consideration, Don chose KLM mono-
banders, top to bottom; five beams ,topped by a
4 element 40, a 5 element 20, a 6 element 15, a 5
element 10 and an 11 element 2 meter beam. Mel and

Mike of KLM are indeed proud that their high per-
formance antennas were selected on a merit basis
over others considered by Don Schliesser.

The KLM product line also includes HF, VHF and
UHF antennas in a very wide variety of configura-
tions, log periodic types for commercial and military
applications plus the rotors pictured.

See your KLM dealer and pick up a catalog before
naking any antenna decision.

KLM electronics

17025 Laurel Road, Morgan Hill, California 95037 (408) 779-7363

More Details? CHECK — OFF Page 150
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KR-400 azimuth rotator
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KR-500 elevation rotator

may 1977 [ 109



SCR1000

* 100% Solid State

e 30 Wts. Output

e Exclusive MOSFET/
Hot Carrier Diode
Revr., front end —
greatly
reducesIM  §
& 'desense’

¢ Full Metering

¢ Lighted Push-
buttons &
Status
Indicators
for ease of
maintenance

Some Plain Talk About Repeaters —
Let's face it — your repeater group's success or failure hinges on the quality and reliability of your **Machine''!
That's why the engineers at Spec Comm dedicated themselves to the production of the finest
repeater available on the amateur market. The SCR1000 has been conservatively designed for years of
trouble-free operation, and every consideration has been given to operator convenience and accessory interfacing
Features like full metering, lighted status indicators, full front panel control of every important repeater parameter,
and accessory jacks for autopatch, xmir. control, etc. And audio
50 good and so full, your 30 watts will sound like 100!
hink about it, and think abou! your users. The purchase of
a Spec Comm Repeater is a sound investment in your
roup's future, and they'll be thanking you for years to come!
old Factory Direct only. $899.95
Don't make a mistake — your group deserves the finest! Call
or write the engineers at Spec Comm today for further info!

Custom 'Mods' Available: 'PL’, B Pole
Revr. Pitr., Hi/Lo Power, Multi-Freg., etc.
— Ingquire.

i State of the Artin VHF FM Repeaters!

SPECTRUM COMMUNICATIONS)

~N

* Front Panel Controls for timers &
AF levels
e Built-in AC Supply, w/instant btry.
switchover
* Built-in IDer — field programmable
Fully adjustable
* State of the Art CMOS logic for
control, timers, and I1Der
* Accessory jacks for Autopatch,
Remote Control, etc.
e Supplied w/Sentry xtals & Turner local
mic
e True FM — for audio quality so good that
‘it sounds like direct’"!
* Revr. Sens.: 0.3V/20dB Qt.
o Selectivity: —6dB @ +6.5kHz; —90dB @
+ 30kHz. (—110dB @ =+ 30kHz w/opt. 8
pole fitr.)

SPEC COMM REPEATER BOARDS
All Assembled & Tested

| SCR100 Rcvr Bd. Same sens. & sel. as SCR1000
Very wide dynamic range. Mainly IC. Exc. audio
quality. $115.00 w/_0005% xtal
SCT100 Xmtr. & Exciter Bd. — 6 Wis_ Output. True
FM for exc. audio. $115.00 w/.0005% xtal

| BA-10 30 Wt. Amp. Bd. & Heat Sink. 3 sec. LPF &
pwr. sensor. $51.95
CTC100 COR/Timer/Control Bd. — Complete COR
w/Carrier ‘Hang' and T.0. Timers, remote xmtr
control, etc. $29.95
D100 CW IDer & Audio Mixer Bd. — Diode prog
memory. Adj. tone, speed, level & time. 4 input AF
mixer & local mic amp. $59.95 programmed

Send for Data Sheets.

1055 W. GERMANTOWN PK * NORRISTOWN, PA 19401 * (215) 631-1710

NOVICE LICENSE OPERATION. The MOR-GAIN HD
Dipole is the ideal antenna for the new or Novice
Tnmnr As the Novice progresses to higher license
he un easily re-tune l.ln HD Dipole to the
his higher license frequency priv-
ikﬂ.l lll! ipole is thus a one-time investment.
HD Dipoles are available for all Novice frequencies.
LEAST COST. Dollar for dollar, the HD dipoles are
the h mm«mmmmmnluﬁmms
on the market today. For Example: the 5-band 75-10
Hommhmwms .00 per band - an
unbeatable low cost.

.

"
Multi-Band HF Communications Antennas
=—+¢ .
75-10 HD THOUSANDS IN USE
MOR-GAIN HD DIPOLE SPECIFICATIONS MOR-GAIN HD Dipoles . . .
MODEL .? LENGTH PRICE * One half the of conven:
(Meters) (feet) tional half-wave dipoles.
40-20 HD 40/20 3 $49.50 * Multi-band, Multi-frequency.
40-10 HD 40/20/15/10 36 59.50 * Maximum efficiency - no traps,
80-40 HD B80/40 + 15 69 57.50 loading coils, or stubs.
75-40 HD 75/40 66 55.00 * Fully assembled and pre-tuned
75-40 HD (SP) 72[40,20 g 57.50 - no measuring, no cutting.
75-20 HD 75/40 66.50 i
75-20 HD (SP)  75/40/20 66 66.50 ’1’5?"036' ”“'3.2:,.,“"3..&“'.5 o
75-10 HD 75/40/20/15/10 66 74.50 * Permit use of the full capabili-
75-10 HD (SP)  75/40/20/15/10 66 74.50 ties of today's 5-band xcvrs.
80-10 HD 80/40/20/15/10 69 76.50 * One feedline for operation on
L gy o B i il s i ol N B
are .
i i, S v el T s Ao, S, P
al today.
WHY MOR-GAIN? * Highest performance for the No-

ai« as well as the Extra-Class

* Guaranteed ONE YEAR.

LIMITED REAL ESTATE. Where real estate for an-
tenna installation is limited, the HD dipole is the
ideal solution. Operation on BO/75/40 meters is now
possible since the HD dipole is only half the length
of a conventional half-wave dipole. For all-around
operation, the HD dipole will outperform any Lrap
loaded horizontal or wvertical dipole.

wmmmhrwmwmunmm today. Write for fully descriptive

Manufactured & Guaranteed by

MOR-GAIN
2200L South 4th Street

(913) 682-3142

PRE-AMP

TS R _-;_.____d_;ﬁ

: % 3)

% o !

¢ a & =~
HIGH GAIN « LOW NOISE

35dB power gain, 2.5-3.0 dB N.F. at 150
MHz 2 stage, R.F. protected, dual-gate
MOSFETS. Manual gain control and pro-
vision for AGC. 43" x 1%" x 1%" alum-
inum case with power switch and choice
of BNC or RCA phono connectors (be
sure to specify). Available factory tuned
to the frequency of your choice from 5
MHz to 250 MHz with approximately 3%
bandwidth. Up to 109% B.W. available on
special order.

N. Y. State residents add sales tax.

Model 201 price: 5-250 MHz $29.95

Vanguard
Labs

196-23 JAMAICA AVE.
HOLLIS, N. Y. 11423
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Drake Accessories

designed for convenience and accuracy

Drake Directional RF Wattmeters

W-4 1.8-54 MHz WV-4 20-200 MHz

Drake directional, through line wattmeters, using
printed circuits, toroids, and state of the arttechniques,
permit versatile performance and unsurpassed ac-
curacy, yet at a lower cost.

In contrast to VSWR measuring devices of the past,
Drake wattmeters are frequency insensitive throughout
their specified range, requiring no adjustments for
power or VSWR measurements.

Negligible insertion loss allows continuous moni-
toring of either forward or reflected power for fast ac-
curate tune up and checking of transmitter-antenna
performance.

Indirectly measure radiated power (forward power
minus reflected power) and VSWR by means of a plastic
nomogram included.

Each wattmeter makes possible quick, accurate ad-
justments of antenna resonance and impedance
match, when placed between transmitter and matching
network.

High accuracy; ideal as laboratory instruments.

Removable coupler allows remote metering.

Specifications W-4 $72.00 WV-4 $84.00
Frequency
Coverage 1.8-54 MHz 20-200 MHz

Line Impedance
Power Capability

Jacks, Remov-

50 ohm resistive
2000 W continuous

Two 50239 input and

50 ohm resistive
1000 W continuous
Type N input and

r ™
Drake RCS-4
Remote Coax Switch

* Remotely Selects One
of Five Antennas

= Grounds All Unused
Antennas

« Grounds All Antennas
in Gnd Position for
Lightning Protection

« Front Panel Indicator
Monitors Antenna
Selection Interval

* Protected Against
Adverse Weather
Conditions

* SO-239 Connectors
Provided for Main
Coax Feed-Line and
Individual Antenna
Feed-Lines

* Handles 2000 Watts
PEP

= Available in 120 V-ac
or 240 V-ac
50/60Hz Versions

$120.00

« Control unit works on 110/220 V-ac, 50/60 Hz, and supplies
necessary voltage to motor. * Excellent for single coax feed to
multiband quads or arrays of monobanders. The five positions
allow a single coax feed to three beams and two dipoles, or
other similar combinations. » Control cable (not supplied) same
as for HAM-M rotator. « Selects antennas remotely, grounds all
unused antennas. Gnd position grounds all antennas when
leaving station. "Rain-Hat" construction shields motor and
switches. » Up to 30 MHz, insertion of switch changes VSWH no

able Coupler output connectors  |output connectors
more than 1.05:1. « From 30 MHz to 150 MHz, insertion changes
Semiconductors | Two 1N295{_power Two 1N695 power VSWR no more than 1.5:1. « Motor: 24 V-ac, 2 amp. Lubrication
meter rectiiers meter rectifiers good to —40°F = Switch Rf Capability: Maximum legal limit.
Accuracy + (5% of reading + 1% of full scale) \ )

* 80-10 Meters

* Antenna Selector and
By-Pass Switches included

Drake MN-4 & MN-2000 Matching Networks

A Drake matching network is a worthwhile addition to any
amateur station where peak performance is desired. Basically
identical, except for power handling capabilities, the MN-4 and
MN-2000 enable feedline SWR's of 5:1 to be matched to the
transmitter. If input impedance is purely resistive, even higher
SWR's can be handled. « Besides piresenting a 50 ohm load to
the transmitter, the Matching Network’s built in rf wattmeter
allows accurate and continuous power measurement and
VSWR indication. The advanced wattmeter circuitry yields
frequency-insensitive readings from 2 to 30 MHz, and accuracy
until now obtainable only in expensive wattmeters

MN-2000 (2000 Watts)
$220.00

MN-4 (300 Watts)
$110.00

To receive a FREE Drake Full Line Catalog All prices (suggested amateur net) and specifications subject to change without notice

please send name and date of this publication lo

R.L. DRAKE compPanyY <S> [IITH

Western Sales and Service Center, 2020 Western Street, Las Vegas, Nevada 83102 « 702/382-9470

540 Richard 5t., Miamisburg, Ohio 45342
Phone: (513) 866-2421 = Telex: 288017
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NO COMPROMISE!

ALL PRODUCTS FULLY ASSEMBLED, TESTED AND WARRANTED, V12003 Reudents

COMPE'"TIVELY PR'CED! PRICES INCLUDE ALL POSTAGE FEES WITHIN THE USA Add 5% Sales Tax
FOREIGN ORDERS, ADD $1.00 TO COVER POSTAGE & HANDLING

Input Watts| Output Watts

=] Min.  Typical
I 15 11
a" 2 20 25
- 4 30 0
e — ANTENNA BALUN
$49.95 $32.95 $39.95
EPC-300 EPC-144-B LA-144
300 MHZ Prescaler 2 Meter FM Transmitter 30 Watt 2 Meter Power Amplifier Fulli 2KW, 3 to 30 MHz, 1:1 or 1:4
o Bullt-In 117 vac 60 HZ power supply 0 2 Channels, 144-148 MHZ o Frequency range |44-148 MHZ ratios.
o Size 3" wx 24" hxd"L o Power lMil:u: _' watts typical, | want o Maximum RF output power 30 watts Spﬂcill TEFLON insulated wire
o BNC input, output connectors . min & 1.1.3 VX 4 o Maximum RF input power § watts windings.
o Input impedance = 50 ohms o 50 ohm output impedance o Supply voltage 13.6 VIX v -
© Output TTL, Fan out of | © Narrow band FM ¢ 5 KHZ o Small size | 7/8" w x 5/8" h x 34" 1 May be used with tuned matching
o Sensitivity 14 my @ 150 MHZ o Rugged balanced emitter output & Virtuslly borm-out prool batanced lines or antenna tuners. Withstands
150 mv @ 300 MHZ il emitter output transistor, accidental high VSWR, great for
. © Small size | 7/8" wx 1" hx 3X" 1 o Fully compatable with the EPC-144-B antenna experimentation,
For Faster DL‘IIVL‘I’)’ o 4:: l\“h‘:l‘ lrrrlli\ :[ JA l‘u‘:.l ‘I |r|l| widance p
t . ut & outpu e "
Add $1.00 For Airmail ! ¥ T Builtin hang-up and dipole center
Elprocon © Sold as a fully tested & assembled i |
Send Self- Addressed Stamped ELECTRONIC PROTOTYPE CONSULTANTS circuit board less case, connectors nsulator,
Envelope For More Information 1907 W. Campbell / Phoenix, Arizona 85015 and heat sink

Totally weatherproofed by encapsu-
lation, silver plated S0-239 coax
connector input, and brass terminal
output.

An invitation to join
The

¥ Q,naut

Balance your antenna, end radiation
from coax, improve beam patterns,
and lower receiving noise pick-up.

Free literature upon request.

Available at your dealer
or order direct:

ONLY $11.45 ppd. (specify ratio)

K. E. ELECTRONICS

2931 Unit F West Central Ave.
Santa Ana, Calif. 92680

MAXI TUNER

Tired of push-button b Y SOLVES ANTENNA PROBLEMS!
QS0s? Then the excitement
of Argonauting is for you! A challenge?

Of course. The test of an operator? Perhaps. But above all it is the thrill
of working the world with five watts.

The club is exclusive but if you enjoy the spirit of conquering distance
with lower power, you are "in". There are no dues — just $329.00, the
price of an Argonaut. Join more than two thousand fellow members
with Argo fun. Your membership awaits you at most ham dealers.

THE FINEST
naut 509 $329.00
Argons . ANTENNA TUNER AVAILABLE

ACCESSORIES: ;‘rm\.m !‘30-?5'. Ohm VRN-“I:W I}.u.m l‘: .\:’nur
Model 205—Antenna Tuner $ 9.95 I itii Uxing. | Virlally: :Any’ Antenna
Model 206—100 kHz Crystal Improved Ultimate Transmatch Circuit Matches
MCdal:bggéar CW Filt ¥ ggggg Coax, Random Wire and Balanced Antennas

ore 42 i 2 Continuous 1.7-30 MH:z Coverage
M%dueln IEIO—.One Ampere Power PooEn 229.203 Rotary Inductor (28 xH)
Modeﬁp;15P—Ceram|E : Rugged Cast Aluminum Turns Counter

Microphone . $29.50 Handles 3 KW PEP
Model KRS-A—Keyer $38.50 Monimatch SWR Circuit

Heavy Duty 3-Core Balun
Velvel-Smooth & ta 1 Vernier Tuning
0-100 Logging Scale on Capacitors

Color Choices to Match Existing Rig
Available in Kit Form or Assembled
One Year Facltory Warranty

— Custom Vacuum Capacitor Designs and Indi-
vidual Componenis Available

TE N -TEc Call or Write for Pricing, Spec Sheet, and FREE

Amateur Market Antenna Tuner Comparison Chart

4%" x 13" x 7", ! SEVIERVILLE, TENNESSEE 37862 That Tells it Like It Is

EXPORT: 5715 LINCOLN AVE
POWER P. 0. Box 11
R F COMPONENTS Ladysmith, W1 54848
(715 o3

For further information, write

CHICAGO, ILLINOIS, 60646
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2 METER PORTABLE
SYNTHESIZED RADIO

* & Channal
Ope "

* 10.7 ana 455
KHz |

* .3 Migrovoll Sen-
¥

SPECS.
22025M
FREQUENCY RANGE 220-225 MH:

* & Chanmel O on
* Individual Tr

My

* .3 Migravell Sanulivity for 20 il Guseiing
1ib. 4 o bew Batiery

ndieatns

Tihw ) A e TR

« Switohuble | & 3.5 Watts Output

® 12 vDC
= Curreni Drain: MX 25 MA. TX 400 MA

' $259.95

WILSON ALSO
HAS DYNAMITE
LINES OF
ANTENNAS,
CRANK-UP
TOWERS,

AND

ROTORS ...

SPECS.
14055M

= Battery Indicator 1

45025M
SPECS.

FREOUENCY RANGE 420450 MHr
* & Channel Oparstion

* Imdividual Trimmens on sl TX/MX Crysan
= All Crystah Plug in

* 3 Microvelt Sensitivity for 20 88 Guieting

» Weight: | Ib. 4 ox. bew Batbery

. ¥ Indicat

(B EEE L]

mable | & 1.8 Waits Outpul

vOC

ol Drain - AN 5 MA, TX 300 MA
ek Spasker Mic

o1

UST ASK ANY

HAM

ABOUT A Wilson RADIO . . .

... we're known by the thousands who use us!!!

ACCESSORIES:
« Battery Chargers

« Touch Pads

« Tone Options

« Speaker Mics

« Leather Cases
« Mobhile Amplifier and
Battery Charger

*Slee: 87/8 21 3/4
=27/

« Switchable | & 8
Watts Minimum
Outpul ® 12 VDC

« Currenl Drain: RX
25 MA TX 400 MA
(1w) 500 MA (5W)

» Microswiten
Speaker Mic

* Unbreakable
Lexans Cam

» Furnished with Flax

Antenna and

Simplex Xtal Fre-

quency 53/382

installed

Wilson 2 meter Hand-Held ra-

14055'9‘ dios . . . The dependable ones

. . . proven performance for

5 WATT the discriminating Ham who
TRANSCEIVER insists on quality and value.

Two models are available: the
2.5 watt model 14025M, and
the switchable 1 watt or 5
watt model 14055M . . . op-
tions include Touch-Tone Pad,
Battery Charger, Battery Packs
Speaker Mike, Leather Case,
and Tone Options.

Join the thousands of ama-

teurs now using Wilson . . . the
radio that goes where you do.

144-148 MHz

$259.95

MORE ABOUT THE WE-800:

Wilson's Mew Portable 800 Channel 2 Meter Syn-
thesized Radio that can go anywhere with you
* Switchable 1 and 12 watt output « 1 watt output
with internal Ni-cad battery pack (takes regular 10
“AA" Ni-cads) » Low current drain CMQOS synthe-
sizer: Rx45 MA, TX 350 MA at 1 watt « 12 watt
output mobile « Covers frequency range 144-148
MHz in 5 kHz steps, 600 kHz off-set up or down
« Two positions available for other than 600 kHz
off-set » Five pre-set channels « On-off switch con-
trol for meter light in rear for power saving use
* Size B-1/4" x 6-3/4"" x 1-7/8" » Weight 1 Ib. 5 oz.

mienng and Simples
odd, 4485, 00 Wb
o 1408

Prices effective May 1, 1977 and are
subject to change without notice.

14025M

HAND HELD
25 WATT

TRANSCEIVER
144-148 MHz

$192.95 LisT

1402 SPECS

« 6 Channel
Operation

= Individual
Trimmers on all
TX/RX Crystals

* All Crystals Plug In

« 12 KHz Ceramic
Filter

« 10.7 IF and 455
KHz IF

* .3 Microvolt Sen-
sitivity for 20 dB
Quieting

= Weight: 1 Ib. 4 oz.
less Battery

e S-Meter/Battery
Indicator

*Size: 87/8x 17/8
x27/8

* 2.5 Watts Minimum
Output @ 12 VDC

e Current Drain RX
25 MA TX 500 MA

* Microswitch
Speaker Mic

= High Impact
Plastic Case

ALL WILSON HAND-
HELD RADIOS
FEATURE:

« Performance

« Dependability

- Rugged Construction

« Versatility

FOR ADDITIONAL LITERATURE, CONTACT YOUR NEAREST AMATEUR DEALER

Wilson Electronics Gorp.

4288 SO. POLARIS - P. 0. BOX 19000 . LAS VEGAS, NEVADA . 89119 . TELEX 684-522

More Details? CHECK — OFF Page 150
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NEW!
FM144-10SXRII @ KDK

All Solid State-PLL digital synthesized — No Crystals to buy! 5KHz steps — 144-149
MHz-LED digital readout PLUS MARS-CAP.*

e 5MHz Band Coverage — 1000 Channels (instead of the usual 2MHz to 4MHz —
400 to 800 Channels) e Priority Channel ® Audio Output 4 Watts e 15 Watts Output
® Unequaled Receiver Sensitivity and Selectivity — 15 POLE FILTER, MONOLITHIC
CRYSTAL FILTER AND AUTOMATIC TUNED RECEIVER FRONT END — COMPARE!!
e Superb Engineering and Superior Commercial Avionics Grade Quality and Con-
struction Second to None at ANY PRICE.

= FREQUENCY RANGE: Receive: 144.00 to 148.995 MHz, * MONITOR LAMPS: 2 LED'S on front panel indicate

5KHz steps (1000 channels). Transmit 144.00 to (1) incoming signal-channel busy. and (2) un-lock
148.995 MHz, 5KHz steps (1000 channels) + MARS- condition of phase locked loop
CAP.* * DUPLEX FREQUENCY OFFSET: 600KHz plus or minus,

« FULL DIGITAL READOUT: Six easy to read LED digits 5KHz steps. Plus simplex, any frequency
provide direct frequency readout assuring accurate * MODULAR COMMERCIAL GRADE CONSTRUCTION: 6
and simple selection of operating frequency umtized modules eliminate stray coupling and facili

« AIRCRAFT TYPE FREQUENCY SELECTOR: Large and tate ease of maintenance
small coaxially mounted knobs select 100KHz and = ACCESSORY SOCKET: Fully wired for touch tone,
10KHz steps respectively. Switches click-stopped with phone patch, and other accessories
a home position facilitate frequency changing without * RECEIVE: 25 uv sensitivity. 15 pole filter as well as
need to view LED'S while driving and provides the monolithic crystal filter and automatic tuned LC
sightless amateur with full Braille dial as standard circuits provide superior skirt selectivity
equipment = AUDIO OUTPUT : 4 WATTS. Built in speaker.

* FULL AUTOMATIC TUNING OF RECEIVER FRONT END: « HIGH/LOW POWER OUTPUT: 15 watts and 1 watt.
DC output of PLL fed to varactor diodes in all front switch selected. Low power may be adjusted
end R-F tuned circuits provides full sensitivity and anywhere between 1 watt and 15 watts, fully pro-
optimum intermodulation rejection over the entire tected — short or open SWR.
band. No other amateur unit at any price has this « PRIORITY CHANNEL: Instant selection by front panel
feature which i1s found in only the most sophisticated switch. Diode matrix may be owner re-programmed
and expensive aircraft and commercial transceivers to any frequency (146.52 provided)

* TRUE FM: Not phase modulation — for superb em = DUAL METER: Provides ~'S™ reading on recewe and
phasized hi-hi audio quality second to none power out on transmit

« FULLY REGULATED INTEGRAL POWER SUPPLIES: = OTHER FEATURES:

Operating voltage for all circuits. 1e., 12v, 9v and Dynamic microphone, mobile mount, external speaker
5v have independently regulated supplies 12v regu jack, and much, much, more. Size: 2% x 6'2 x 7%
lator effective in keeping engine alternator noises All cords, plugs. fuses., mobile mount. microphone
out and protects final transistor from overload hanger, etc., included. Weight: 5 Ibs.

Same specifications as above except transmit /receive: 51.00-53.995 MHz. 600 channels
Introductory Price $389.00

ENCODER/
DECODER

SPRING SPECIAL nkodaciony e 11900 - O
FM144-108XRII

338900 54 . Touch-Tone
VALUE $599.00 U R
Regulated AC/PS .. $59.00

Model FMPS-4R ... $49.00 s

Manufactured by one of the world's most distinguished Avionics manufacturers, Kyokuto Denshi Kaisha, Lid.
First in the world with an all solid state 2 meter FM transceiver. -
egional Sales & Service Centers:

= AMATEUR-WHOLESALE ELECTRONICS g

Eas!: Sanford Communications, Inc,

8817 S.W. 129th Terrace, Miami, Florida 33176 Colonia, NJ.
Telephone (305) 233-3631 = Telex: 51-5628 PLEASE ORDER FROM YOUR LOCAL e v ie,
U.S. DISTRIBUTOR DEALER OR DIRECT IF UNAVAILABLE.
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NEW!
FMSC-2 SCANNER
FOR KDK —

FM-144 —. s o'-. .

eel
14 CHANNEL PROGRAMABLE
INTRODUCTORY PRICE $99

NEW! 7400 SCANNER

FOR =1
KENWOOD ol gl
TR-7400A : ssesne02

14 CHANNEL PROGRAMABLE
INTRODUCTORY PRICE $99

EW “E\“ AM/FM ANALYZER STANDARD
SIGMA - NEW 2 METER FM
e " TRANSCEIVERS
@ AF-250L °% ~ - Model SRC. 146A
A 1
. + INTRODUCTORY PRICE b &, S‘SRPFEIE.:AL SALSEQK 00
TEMPO 2020 $199 -:;[T}&qlas 14754
A BRILLIANT NEW SSB TRANSCEIVER | . / 9 N/C
i'HD'n‘III:Jli?IH‘u AN UNBEATABLE fﬂMﬁ‘l;ﬂ DEVIATION/MODULATION * USA 7 DELUXE BASE
TION OF ADVANCED ENGINEERING axD | METER CHARGER $40 00
UNIQUE DPERATING FEATURES M D_?[] KHz, AM {]_lﬂﬂ% - SIZE 5'?”“1] 2 10%"(w) + PT3644 LEATHER CASE 31000
PLEASE WRITE FOR COMPLETE INFOR | » FREQUENCY: 1.8BMHz-520MHz  x 7%”(d). WEIGHT: 7 Ibs -AF. 19 RUBBER ANT AND WHIP  $5.00
STANSA ALSO MODEL AF-250LW WITH BUILT IN 125 WATT g MO e
?;ﬁ:gcgaen CALIBRATED WATT METER AND DUMMY LOAD. PRICE $259 | Jifsovcrioncr  HEGlt
MODEL SRC-146A PLEASE WRITE FOR COMPLETE INFORMATION READY 10PLUGIN$6900 Quantities Limied

*NEW!
NEW! TOUCH TONE PAD
COMPLETELY WIRED &
READY T0 PLUG IN $69 00
COMPLETE BACK ASSEMBLY

*NEW
$39.95

NEW! ADD
5 CHANS (TOTAL 10)
10 SRC- 1464

= Simple 10 min. installation

+ Same color and quality as SRC. 146A

= Completely WIRLD & TESTED

= ALS0 usable with most other hand
helds $39.95

4

YAESU FT-101E
TRANSCEIVER'S

+ CONTROLS: SCAN /HOLD,

<" FMSC-1 SCANNER

FOR KDK FM 144

INTRODUCTORY PRICE $169
»FULL SCAN 146 and 147

MHz CONSECUTIVELY OR
1 MHz, OR ANY MHz
RANGE. SCAN RATE: 1
MHz/2 SECONDS (AD-
JUSTABLE)

LATCH/DELAY, 600 KHz
OFFSET (OFF, UP, DOWN).

PROGRAM/1 MHz + SIMPLE INSTALLATION

the indispensable BIRD 43
THRULINE WATTMETER

AUTHORIZED
BIRD DISTRIBUTOR

SIGMA RF-2000
@ SWR &
POWER METER

INTRODUCTORY PRICE $29
CAL PWR SCALES 200W/2000W

Please wiie tor special deal

NEW— COR HAM |1 ROTATORS  Reg. $159.95

« FRED). RANGE 35 - 150 Mz
+ PLEASE DO NOTCONFUSE THE RF- 2000 WITH
BIEA 0 SIMILAR APPEARING LOWER PRICED UNITS

ATLAS, COLLINS, REGENCY
DENTRON, BRIMSTONE, CUSH-
CRAFT. BIRD, STANDARD
KLM HYGAIN. KENWOOD, TEMPO
MINI-PRODUCTS, MIDLAND, VHF
MARINE,EIMAC, ICOM, AMMCOM
CIR, ETC — PLEASE WRITE FOR
QUOTE

PLEASE WRITE FOR SPECIAL BONUS

AND PACKAGE OFFERS

ATLAS

UNEQUALED AT MANY
TIMES THE PRICE

RF-2000 15 AN INDIVIDUALLY CALIBRATED
PROFESSIONAL QUALITY INSTRUMENT

NEW! @

SIGMA
XR-3000D
LINEAR
AMPLIFIER

INTRODUCTORY PRICE $?89

2 DAY AIR SHIPMENT ANYWHERE IN U S $35 ALASKA AND HAWAII SLIGHTLY HIGHER

* FULL BAND COVERAGE 160-10 METERS INCLUDING MARS
« 2000 + WATTS P.E.P. SSB INPUT. 1000 WATTS INPUT CONTINUOUS DUTY,

CW, RTTY AND SSTV.

« TWO EIMAC 3-500Z CONSERVATIVELY RATED FINALS.

« ALL MAJOR HV AND OTHER CIRCUIT COMPONENTS MOUNTED ON SINGLE
G-10 GLASS PLUG IN BOARD. HAVE A SERVICE PROBLEM? (VERY UNLIKELY )
JUST UNPLUG BOARD AND SEND TO US.

* HEAVY DUTY COMMERCIAL GRADE QUALITY AND CONSTRUCTION SECOND
TO NO OTHER UNIT AT ANY PRICE!

* WEIGHT: 90 Ibs. SIZE: 9%"'(h) x 16" (w) x 15%"'(d).

FEATURES

CUSTOM COMPUTER GRADE COMMERCIAL COMPONENTS, CAPACITORS., AND TUBE

SOCKETS MANUFACTURED ESPECIALLY FOR HIGH POWER USE

- HEAVY DUTY 10KW

SILVER PLATED CERAMIC BAND SWITCHES « SILVER PLATED COPPER TUBING TANK COIL
+» HUGH 4" EASY TO READ METERS — MEASURE PLATE CURRENT, HIGH VOLTAGE, GRID
CURRENT, AND RELATIVE RF QUTPUT « CONTINUOUS DUTY POWER SUPPLY BUILT IN «
STATE OF THE ART ZENER DIODE STANDBY AND OPERATING BIAS PROVIDES REDUCED
IDLING CURRENT AND GREATER OUTPUT EFFICIENCY » BUILT IN HUM FREE DC HEAVY
DUTY ANTENNA CHANGE-OVER RELAYS » AC INPUT 110V OR 220V AC. 50-60Hz » TUNED
INPUT CIRCUITS = ALC-REAR PANEL CONNECTIONS FOR ALC OQUTPUT TO EXCITER AND
FOR RELAY CONTROL = DOUBLE INTERNAL SHIELDING OF ALL RF ENCLOSURES « HEAVY
DUTY CHASSIS AND CABINET CONSTRUCTION AND MUCH, MUCH MORE

CIR

TRANSCEIVERS

= L |
LN AT T A e

ASTRO 200

PLEASE WRITE FOR COMPLETE INFORMATION

@KDK

ACCESSORIES FOR KDK FM 144

FMPS-4R Regutated AC/PS $49
FMTP-| Tauch Tone Pad $59
FMTP-2 Touch Tone Pad with 10 Number

Programable Memory $99
FMMC- | Microphone with Built in

Touch Tone Pad $59
FMTD-1 Private Call Decoder for use with and

Programed by Any Touch Tone Pad 129
SC-124 Audible Tone Encoder Decoder $119
FMSC-1 Scanner — Random, Any Range $169
FMSC 2 Scanner — Programable, 14 Channels 199
MARS CAP*  Dption Kit — Any Frequency

Any Spiit $12
FMOF-1 Ofiset Option Kit

Extra Positions. Crystals Required 319
FMOF.2 +1 MHz Offset Dption Kit

(No Crystals To Buy) $19
FMTE-1 Sub Audible Tone ( 100 Hz

Adjustable 67-203 Hz) $29
FMAT-] 5 Wave Portable Antenna for Hotel

Motel or Apartment $7.95
Extra DC Cord & Plug $350
ACC Socket 5 Pin Din Plug £1.50
Owners Manual $5.00
Service Manual $2.00
Mounting Bracket (Extra) $6.00

S. | GREGORY -WA4KGU,
Owner/Gen, Mgr

AMATEUR-WHOLESALE ELECTRONICS

8817 S.W. 129th Terrace, Miami, Florida 33176

COURTEOUS PERSONAL SERVICE—SAME DAY SHIPMENT -« Prices subject to change without notice.
TELEPHONE: (305) 233-3631 « TELEX 51-5628 - STORE HOURS: 10-5 MON.-FRI,

Bawwluinicany m

More Details? CHECK — OFF Page 150

may 1977 115




KIT §237
LED DISPLA
MOLEX PINS
200 for $1.98
Pins %” long, 1/10” spac-|
ing. For displays, keyboards.|
Wt. 4 ozs, SHiswa
BARREL KIT #210 A/
GLOWIN'
for
1.98
4”7 x 17 panels that glow
biue-green with
Use for nite lites, indicn
tors, etc.Cat. No.
BARREL KIT {198
TRANSISTORS &
DARLINGTONS

Al

dri

digit readouts

Untested. No.
BARREL KIT /20

PANEL MINI BLOCK
,/,//',’”l/ CAPACITORS
—v ny 50 for $1.98
Unbelievablel
110VAC. |High
cap
5“3550"t
BARREL KIT {184

10-AMP INLINE
BRIDGE

BARREL KiY #229
MULTI-DIGIT
READOUTS

some with
Wut a buy!
5H3e28

ver chips,

Worth  $50,

Drecision submini
for all applicatiogs,
3_ozs, Cat, 5H3528

RECTIFIERS
oraie dumns 1,000,000 | 20 for $1. 98
ITO-220 in barrels. , NPNs|Asstd voltage We cant
& PNPs. Cat: No. 5"3533 test ‘em, No, 5H347s

~ Poly Pak’f Exc

EARRENKIISES

Each kit carries a money back guarantee!
Test ‘em yourself ‘n save!

BARREL KIT /225 b

SOUND TRIGEERS

"'Hand clap’ sensitizes crya-

Includes 100% material, too‘

BARREL KIT #2211
1C SOCKETS &

8 for | €
$1.98 M

MIr unlondal Four 14.-pi

POLY PAK'’S IS THE “BARREL KIT KING” OF THE WORLD!

Avy. Ship.
Wt. 6 ors.

IXED READOUTS
(15 for wir ‘/
$1 98 1219 /:\9;,.’ H
Barrels of unteated 177,

in, |37, .57, T-pegn. Like FND-

25 for Lam
$1.98

7 BARREL KIT #2137

PS}

Distributor unloads barrels

of asstd bulbs, pop'l'r vol

BARREL KIT 21 1.
LO-PROFILE TO-5

50 for $1.98

NPN power trnnnlnou.
mostly RO Bvcep 40V
1 -100. Up to 250

'Wt. 10 oZs. No.

tion keyboards at

BARREL KIT 41

ical gear train hobbyists.
sH3427

TH

BARREL KIT 184

14-WATT METAL FILMjJu

BARREL KIT #182

MBO RED LEDS

BARREL KIT j1
MICRO ZENERS

./10’/

KIT

Asnt values, Un-
5H3448

watters,
marked, Cat. No.

barrets by tactories. 100 % .
01

Cat. No, 3HIA

tnl ‘mike amplifier, triggers|four 18-pin. Solder tail, |367, 500, 503, MAN-8's.| ages to 24V. Screw & bay- |M e RCA 2NG189,
SCR. Cat. No. SH3628  flo-profile.No. SH3621  |Wut a buyl Na. SH3619 | onet. Wt. 4 ozo, No.5H3S81 | WL 12 os. No. snassl
BARREL KIT /201 BARREL KT xzoo
100 for
[ KIT 6V INDICATORS DIGIT
$1 98 4202 w/leads
1 B PLUGS, sot:m-:1'<Y 115 for $1.98
It's true! 20-key, 4 func- uy bt ondel | Test lamp  mamutacturer
ridicu- 4-9 pin.all kinda W, 1 Ib| GomDe inventory!  Worth
lous give-away, Wt, 12 ozs > . - . ! ea. Like grain-o-wheat.
N SHa Cat No.  SH3527 Cat o, e Se2e driger chips beneath epoxy
BARREL KIT f191 BARREL K'.:’t“" BARREL KIT f186
Nuoorf'gi.nns ) :::IBSI:_#:LZ // arts KEYBOARD CHIP
. < L
2108, ) BARREL KITS £ 1800* for $1.98] ioimer, seciers 5
Wige variety of sizes 1" 10 |$ AND CHOOSE TH T | oden, stc, o .p.e.. wark. :
3” gears for the mechan- E : -1’2 pound, approx. L, Preformed, dumped  into Tmlhﬁlr}lysvro'a. keﬂm-:‘:

em,

encoder chips. No.5H3414)

BARREL KIT /163
MINI TRIM POTS 4

N BARREL KIT #1
|“POP’ PLASTIC

P

BARREL KIT /160
V. REGULATORS

150 for 15 for $1.98 100 for $1.98 30 for 1o TRANSISTORS 10 for
100 % material, user can- | 1-Watt, tiny, 100 % mate, ree $1 o8 25 for $1.98 $1.98
$1.98 collation  from  Iactory {rial, from 2V to 30V. Axial[ - 2ZN3904°s with some - <
dumps, 3V 10 mils, For |leads. No shortd, no opens Asst. values 100 to 1 meg] sN3000's of 100 % mate. |No. SH3330
100% metal film resis- |100’s of projects, red lens. |DO-7 & micro_enoxy units, What a buy. Single turn. | rial. TO-92. Preformed. LM309KC TO-3 V.R.'s bar-
tors. Long leads. 5HI3413 [Cat. No. SH3369 Cat. No. 5H33168 i W. Wt. 6 6z. 5H3345| Cat. No. 5H3343 1oz, (reled. Bot by the pound
BARREL KIT 7189 BARREL KIT 7158 BARREL KIT 7154 BARREL KIT 149 BARREL KIT 144 BARREL KIT 7138

MODULAR SWITCHES

2S for #4

$1.9 L
TTYT|

Centralab .
switches. TV-makers ~ex-,
cess, Dpdt, 6pdt, ete, Brand

new. Cat. No. SH3150
BARREL KIT #13s

ma

MICRO MINI LAMPS |[CALCULATOR CHIPS TANTALUM MINI DIP ICS UPRIGHT ELECTROS MOLEX
AXIAL ELECTROS

20 for 18 for Mx >o~--\(ELECTROS '1.00for $1.98 40 for ' 40 for :E 5°°"‘1‘,'5

Large migr dumped 100 s o1
$1.98 Ton | $1.98 7‘7/‘/7'”/777 0 for $1.98 Iha into. barrels. Incluies| §1.,98 $1.9 . 1.98
Imaginel Micro mize (4 xpNational type. Can be |Mixed, marked prime, top 74“ LM-380-8, 703, 667 - 1mf to 300mf in mixture -
a) with wire leads. 3 to] MM5736, 1K, ete. tin. |8rade asst. values, volt- 555, 558—but who knows? Asst. capacities and| of voltages. 100 % marked | Calculator maker dumn' We
B VOC, 40 mils. SHI288 | tested. Cat. No. SH3258 ages. Cat. No. 5H3258 We U b, BH3288 voltages. Cat. No. 5H3227 | 5y “2ood sH323 gut A zillion of 'em.

MAGNIFIED MAN-3's

CLOCK CHIPS

ROCKER SWITCHES

BARREL KIT #145
MINI

RCA PHONGO PLUGS

PANEL SWITCHES

An-

or 20 ¢ or s TRANSFORMER 40 for $1.98 30 for. B
$1.98 LT, 51-98 12 for 15 for 1,000,000 RCA phono plugs | DL .98 4
seg readout, with built-on (We gathered an assortment 1 98 for this one. You hi-fi-ers |Did you hear 0[ (),\K,
gnifier, Factory discon- of clock chip, alarm, calen- $1.98 5 -8 outputs, inter- | know wut they are . other eqpt maker barrelled|
tinued line, 100% _mate- |dar, beepers, who knows, | o spazoz :f“"‘i,t“'é‘ ";‘_\"“0- Only 1 100% material. SH3283 " |all types of rotaries
rial. Cat, No. 5H3325 10z, [.(1"mixcd. Cab Wo., ;SH 33 - ! . SH3294 tric. slides, ate,  SH

elec-
1268

BARREL KIT /134

BARREL KIT #1231

BARREL KIT ;128

BARREL KIT 127

BARREL KIT 126

BARREL KIT #1212
MICRO MINI LEDS

BARREL KIT 7109
TERMINAL STRIPS

BARREL KIT j108
TO-5 PLASTIC

BARREL KIT /104
SLIDE VOLUME

BARREL KIT #101
RESISTOR SPECIAL

BARREL KIT /99

PHOTO ELECT

RIC

40 for_f 100 for $1.98 ¥ TRANSISTORS CONTROLS 200 for ., -~ 0 f 1.98
$1.98° Wide asst, of wrminal strin | 40 for $1.98 10 for 1.98 - 1 or $1.
All the tiny leds, axial, up- | connectors,. from 1 contact . EAy 1 . Asst. GE types, CDS types,
right of Monsanto, Litronix, |up.  Strip  manufacturers [Includes  PNP, NPN, 2N- | @1 O Includes: Vs, V4, ¥a, 1, 2-| Mixed by factors. Big job
variety of colors. ~Yield|barrel dump is your gain, {36718, 2Ni36d1, 2N5000 watters, carbon, oz.] for us to separate, 100 %
50 or better, 5SM313% | Wi 1 1b.cat No SM 3136 Jseries, etc. Untested. Cat.No. SH3057 100 % good. 5uaos4 good. Cat.No. SH3052
[BARREL KIT f92 4 BARREL KIT ;88 BARREL KIT 87 BARREL KIT ;86 BARREL KIT :83,
3 AMP EPOXY BARREL /91 _E LITRONICS LED NATIONAL IC BONANZ ¥ LEDS 15 for $1.98
RECTIFIERS Unv.u'zd SILVER MICAS READOUTS 100 for 40 for A r :?o"‘r .
100 for $1. 100 for $1.98 [10 for $1.98 $1.98 $1.98 < VOLT REG )
Cosmetic rejects, electn- Axial, red case, variety of {7 17's, 7275 singles, tri- Typt\ K000, Ti00 series, | T47’s, Y s, tri-| Factory rejected “them 1or
cally fine business!  You|physical sizes & values. ples, cte. 43 to 0.6, Hot |DT T mk ples, etc length of leads, May include
check ‘em, it’s not for us.lcat.No, SH3IOLE tram factory, all  aised: | & cile o [from fa i[0.6,8,12,16,18 24 volts
Asst. voltages. SH3204 bive fun!No.  5H2861 Cat.No. SH 2850Unles(ed have lun‘suzsﬁs Power tab Cat. SH 2635
BARREL KIT 776 BARREL KIT #13 BARREL MIT 471 ARREL KIT 68 @ |BARREL KIT /65 BARREL KIT 761
1-WATT ZENERS TRANSIS’ CAPACITOR SPECIAL #2 WATTERS MIXED READOUTS P’.OLYS}’YRENE CAPS
100 for $1.98 ;l-;c;nos {9 100 pes. 100 for . |10 for $1.98 [I100 9;’,’,@ ;
Factory same as 400-mw’ 160 % | Factory turns  —— ch -

i PI‘ $ - $1 -98 $1 98 good. nl::ng:r" as MAN-4" s, MAN- | Finest caps made. AS a gam-

'We don't wish to separate |mjcas, moldeds, nplastics, Supm.eu throw ’em in the . MAN-3's, 11 barrels & | ble we bought 10 barrels

giags, Double plug. wide asst voltuges & values |cargmics, discs, etc. Nifty [barrel, It's a 1i'l gold mine. nn ‘time to separate from factory, mixed values;

at.No.(SH 2741 Untested up

to 300 mf. Cat. SH2747

100 %2good Cat.Mo SHI2738

All murked. Cat.No. SH 27 35|

Cat.No. SH 2733 Untestud.

%

BARREL KIT {93
HALF WATTERS.

20_0 for $1.98

or factory tried to
us by mixing 1004
color-coded resistors in]
barrel. But value is there,
4 oz. SH3046 Untested
SARREL KIT 781
SUBMINI RESISTORS

200 for
$1.98

PC, upright type, color cod-
ed, !4 watt. Asst vilues.|
Came to us in a barrel.

Cat.No SH2746 100 %zood

esi
lnul

ail good. Cat.No. SH2729

BARREL KIT /58
SLIDE SWITCHES

30 for $1.98'W
11 shapes, sizes, spst, apdt,
momentari ete. Tre'nen-
dous shop unk for 100's of
switching projects.

Cat.No. 8H 2726100 % good

BARREL KIT jis6

POWERS! POWERSI '8 DIGIT READOUTS PNP HIGH-POWER 2N3055 HOBBY 1 AMP “BULLETT"” GERMANIUM DIODES
10 for (1 {TF )| TRANSISTORS TRANSISTORS RECTIFIERS Untested — I untested
$1.9 120 for 15 for 100 for $1.98 200 for $1.98 1.98 100% good.
cleaned Bargain of a lifetime! ANl $1.98 $1 98 Famous style, asstd. volt- No.5H2514 Famous NE-2's,
3 power|%e Zot wus 1 barrel — the . Ph ages, silicon, ‘axial includes | = CatNo 5H2614 =
resistors 3 to 7 watts, “blisdor digit™ types. Multi- | Popular germanium TO-3{Fallouts ot the famousfali types of voltages Lo amous  miker, - wop .
No. SH 2724 blexed. Cat. No. sW2722 |c8%e SH 2618100 % Kood | 2N10G55.  $H2617 100 % [IKV.Cat.No. sH 2615 item. Never & e vantage

BARREL KIT /54

BARREL KIT 440

BARREL NIT 239

BARREL KIT y37

BARREL KIT 36

BARREL KIT 73S =
NEON LAMPS
30 for /

BARR:LIMT #31

BARREL KIT /30

PREFORMED
RESISTORS
200 for $1.98
Made mostly by Corning, \\9 got barrels of Ly and
the finest resistor made. watters far Do use,
Y2 wacters. 19 o | VA La, 100 4" watters.

a barrel ot
SH 2609

tol, &
Cat._No.

alues.

No. 5H2608100% good

150 for
$1.9

rels.

BARREL KIT #27
PREFORMED DISCS,

26
3

Hi-Fi mir's ihel( inventory
but he dumped 'em in
Preformed, for PC use,
Mixed values tool SH 2608
il L.

ar-

98 Untested.
T}'pe T() 92 (TO-18),
|manutacturers, Vﬂriel)‘
2N #'5. Cat.No SH 2604

KIT 26 PLASTIC
'rm\uslsrons
10

BARREL KIT 25
METAL CAN
TRANSISTORS

100 for $1.98
Includes TO-5, TO-1, TO-
18, etc., aqmru-d 2N num.
bers unmarked e

Cat.No 5H 2603 Ume:\e\l

all
of

) BARREL KIT j20

LONG LEAD DISCS

100 for

. L
Cat.No 5H 2598 1

ng
00 %

BARREL KIT f219
DIPPED MYLAR

60 for $:I..98

Finest
shiny finish,

capac
Im. \gme tacto-

. ORY ARRANGE-
NEW ”(67;., mix ‘em? They
to ‘bag’ anme

WE
1‘»{.0‘: test em ynuruu Buy
types of your choice at
ByARRFI. PRICES!

LINEARS

Order by Cat. No.SH3171
and Type No.

30 tor $1.98 [
8 O
8 [}
8 D
8 {1
Lan]
s
.C

1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.98
1.98

©Poly Paks Inc® wakefield,

116 @ may1977

20 for 1,98

LmM7828N,20 O 100

LM78481V.

ase code: VeMinl dip}
= TO-5: N=DIP.

Mass,, US.A. 1977

100 for
$1.98

BARREL KIT /37
LINEAR & 74

1PS

Untested

Marked anu unmarked,
teenal numbers of raw fac-*

vory stork. Cat,No ISH 2431,

in.

BARREL Wit 11
MOSFE
THANSISTORS

60 for $1.98

includes
tuo!

LUHFE  transisto
Cat.No.SH2429

%7

All 4 leaders TO-18 cuse.

BARREL XIT /14
PRECISION RESISTORS

200 for
$1.08 —ED-

Marked and unmarked V.
Y2, 2 watts.Ne'SHI328

T

BARREL KIT /11
R TAB

oW

P
TRANSISTORS

N

NPN, plastic TO220 type.

Assorted 2N numl

bers,

No. '8H2425 {Intesteq.

BARREL KIT 78
SUBMINIATURE
IF TRANSFORMERS

75 for $1.98

Amazing,
oxe, anteana,

includes

wha

46fkes
knaws

Cat.No. 5H2422 100 %igood

BARREL KIT /7
VOLUME CONTROL

30 for
$1.98 BY3 Aeos

duals, variety

cludes,

BARREL KIT #2
LINEAR OR AMPS,

pipsI7S for
Wed $1.98

May include 709's,
703's, 5680 series, 565 in-
SH416

T41°s,

75 for $1.98

Marked 14 and/or with
registers, flip flops,

£rs. 5M 2415 Untest

ts, styles, hig ones —
smmll ovnex, Cat.No.5H 2421

count-

BARREL KIT /5
SCRS, TRIACS,
QUADRACS

40 for
$1.98 ... tactory

stock! Al} the 10 amp types.
Cat.No./SH 2419 Untested.

od
of

'‘BARREL KIT 4
4000’ RECTIFIERS
1010 s;‘or —h

Untested.

-
INAOOD
clude 25,

series,
50,

May
1

m-

400, 600. 800 And l000

volters, SH
L SH2a1

[

BARREI. I(I'I’ 10
ROMS-REGISTERS

Untested

to 10 pin
marked internal
number, t,

BARREL KIT #

3
IN4148/014 5

SWITCHING DIODES
100 for $1.98
ine 1amous  switching
diodes at these nrices!
Cat.No. SH2418 Untested.

16
pin dips, may include gates,

Terms: Add postage Rated: net 30
Phone : Wakefield, Mass. (617) 245-3829
Retail: 16-18 Del Carmine St., Wakefield,

POLY PAKS

P.0. BOX 942ZH LYNNFIELD, MA. 01940

|

SALE] |

0 Send for FREE

SPRING CATALOG
Sy

C MAY
BE PHONED

MINIMUM ORDER — $6.00

More Details? CHECK — OFF Page 150
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RATES Non-commercial ads 10¢ per
word; commercial ads 40¢ per word both
payable in advance. No cash discounts or
agency commissions allowed.

HAMFESTS Sponsored by non-profit
organizations receive one free Flea Market
ad (subject to our editing). Repeat inser-
tions of hamfest ads pay the non-
commercial rate.

COPY No special layout or ar-
rangements available. Material should be
typewritten or clearly printed (not all
capitals) and must include full name and
address. We reserve the right to reject un-
suitable copy. Ham Radio cannot check
each advertiser and thus cannot be held
responsible for claims made. Liability for
correctness of material limited to cor-
rected ad in next available issue

DEADLINE 15th of second preceding
month.

SEND MATERIAL TO: Flea Market, Ham
Radio, Greenville, N.H. 03048.
.|

THE BEST HANDBOOK in Amateur Radio. The Radio
Communication Handbook from the RSGB in 2 volumes
$31.90, from ham radio’s Communications Bookstore,
Greenvitle, NH 03048.

HELP CELEBRATE VERMONT'S BICENTENNIAL
(1777-1977), work 10 Vermont stations on HF bands, get
beautifut VICC award. For info write VTICC AWARD,
Burlington Amateur Radio Club, PO Box 312, Burlington,
VT 05402.

HAM RADIO HORIZONS, a super new magazine for the
Beginner, the Novice and anyone interested in Amateur
Radio . .. What it's all about. How to get started, The fun
of ham radio. It's all here and just $10.00 per year.
HURRY! HURRY! Ham Radio HORIZONS, Greenville, NH
03048.

QRP TRANSMATCH with Preamp for HW7 Ten-Tec.
Send stamp for details to Peter Meacham Associates, 19
Lorreta Road, Waltham Mass. 02154

CANADIANS 1,000,000 surplus parts. Bargains
galore. Free catalog. Etco-HR. Box 741, Montreal, H3c
2v2.

WANTED: Ham Radio Magazine, all issues thru 1976.
State condition, price. KTPPC, 180 N. 6th, Laramie, WY
82070.

PORTAPAK the accessory that makes your mobile real-
ly portable. $67.50 and $88.00. Dealer Inquires in-
vited. P.O. Box 67, Somers, Wisc. 53171,

RADIO MUSEUM now open. Free Admission. 15,000
pieces of equipment from 1850 telegraph instruments to
amateur and commercial transmitters of the 1920’s.
Amateur station W2AN. Write for information. Antique
Wireless Assn., Main St., Holcomb, N. Y. 14489.

TELETYPE EQUIPMENT for beginners and experienced
operators. RTTY machines, parts, supplies. Beginner's
special: Model 15 Printer and demodulator $139.00.
Dozen black ribbons $6.50; case 40 rolls 11/18 perf. tape
$17.50 FOB. Atlantic Surplus Sales, 3730 Nautilus Ave.,
Brooklyn, N. Y. 11224, Tel: (212)372-0349.

BUY — SELL — TRADE. Write for free mailer. Give
name, address and call letters. Complete stock of major
brands new and reconditioned equlpment. Catl for best
deals. We buy Collins, Drake, Swan etc. SSB & FM.
Associated Radio, 8012 Conser, Overland Park, Ks.
66204 913-381-5901.

QSL —~ BROWNIE W3CJl — 3035B Lehigh, Allentown,
Pa. 18103. Samples with cut catalog 50¢.

More Details? CHECK — OFF Page 150

WANTED: (4) Spectrum International 70/MBM48 J-
Beams. 1330 Curtis, Berkeley, CA 94702.

RTTY DEMODULATORS — New ST-5's with auto-start
and AK-1 AFSK audio oscillator $185 or $25 and balance
UPS COD. David Tancig, 618 W. White St., Champaign,
ILL. 61820.

WANTED: ARRL Handbooks. Quote WSDDL., 5006 North
Second, Loves Park, IHlinois 61111,

NEW 4.Varactor, 3-transistor UHF TV tuner. Tunes thru
440 MHz for ATV or repeater applications. $7.95 ppd.
Workshop, Box 393H, Bethpage, NY 11714,

TV-2B SWAN Two Meter Transverter. Two units for sale,
one 28 MHz IF and one 50 MH2 IF. $200 each.
Hallicrafters PS-500, 500 watt tranceiver power supply.
$50. K3RYL, 2750 Belaire Rd., Bethlehem, Pa.
18017.

CRYSTALS — S.A.S.E. my list. KBLJQ, 355 Mower Rd.,
Pinckney, Mich. 48169.

PRESCALER BOARD for 650 MHZ 11C90. Includes in-
structions and parts source, 3.00. Aiso CSJ counter
boards 15.00 (see 76 ads). RTC Electronics, P.O. Box
2514, Lincoln, Nebr. 68502.

RECONDITIONED TEST EQUIPMENT for sale. Catalog
$.50. Walter, 2697 Nickel, San Pablo, Ca. 94806.

RTTY: E-51 AFSK generator — wide/narrow shift —
wired/tested — $34.95 — kits available. Stamp for Info.
Com — Tech Etectronics, P.O. Box 73, Rensselaer, N.Y.
12144,

WANTED: old keys, Navy,RR etc., also old microphones.
K4NBN, Del Popwell, 1946 Sweetbriar, Jacksonville, Fla.
32217.

DISCOUNTS ~ KLM, Larsen, Brimstone, Stereo
Systems, Police Monitors, etc. Catalog available.
Bankamericard & Mastercharge. 201-962-4695 Narwid
Electronics, 61 Beliot Road, Ringwood, N.J.
07456.

TRAVEL PAK QSL KIT — Send call and 25¢; receive your
call sample kit in return. Samco, Box 203, Wynantskill,
N.Y.12198.

2-METER CRYSTALS, $3.50 each, for all popular rigs. In
stock. Immediate delivery. Send cash or money order,
we pay postage. Rolin Distributors, P.O. Box 436,
Dunellen, N.J. 08812.

TRANSMITTING TUBES, HV and filament xfmrs, rotary
inductors, transmitting capacitors. Send stamp for flyer.
T.S. Marinich Electronics, 102 Bell St., Weirton, W. Va.
26062.

SAVE! BEARCAT SCANNERS. $259.95. New. E.R.
Brooks Guns, 6612 Eastern Ave., Bell Gardens, CA 90201
(213) 773-5193.

MOBILE IGNITION SHIELDING provides more range
with no noise. Available most engines. Many other sup-
pression accessories. Literature, Estes Engineering, 930
Marine Dr., Port Angeles, WA 83862.

300 MHz B&K counter, and prescaler. Price
breakthrough! $191 postpaid. Portable. Factory built.
Details, catalog free. Spacetron-J, 948 Prospect,
Eimhurst, ILL. 60126.

MOTOROLA HT220, HT200, and Pageboy service and
modifications performed at reasonable rates. WA4FRV
(804) 320-4439, evenings.

B&K TEST EQUIPMENT. Free catalog. Free shipping.
Dinosaur discounts. Spacetron-"'D'', 948 Prospect,
Elmhurst, ILL. 80126.

QSL‘s, CATALOG 30¢. RTTY paper 4% inch rolls white,
case of 12 $25.00 plus shipping. P. O. Box 11184,
Phoenix, Arizona 85061.

MODEL 28 Consoles, RO's — $135.00, KSR's — $175.00,
ASR's — $325.00. Goodman, 5454 South Shore Drive,
Chicago, ILL. 60615 (312) 752-1000.

OLD TIMERS TOO rave about Ham Radio HORIZONS,
amateur radio’s exciting, new, fun magazine! Join in the
action. 12 Issues for $10.00. Ham Radio HORIZONS,
Greenville, NH 03048.

AMECO TX82 (55.00). 1330 Curtis, Berkeley, CA 84702
(415) 526-7345.

MOBILE BONDING STRAPS under 50¢ each. Literature.
Estes Engineering, 930 Marine Drive, Part Angeles,
Wash. 98362.

FOR SALE Hallicrafter SR 150 AC supply D-104 MIC.
Good condition $250.00, WB4KiZ, John P. Rentz, P.O.
Box 284, Twin Lakes, CA 31605.

)SPEAKERS

N7
SQUARE — 3”7 - 4Q - .3W, 4 mig holes.
$1.45 ea. ppd., 2/$2.75 or 4/ $4.80 ppd.

PIONEER — Round 234" x 7” - 16Q -
3W. $1.55 ea., 2/$2.85 or /$5 20 ppd.

OVAL — 2” x 4”7 x 1Y,” deep - 82 - .1W.
4 Hole Mtg. $1.75 ea. pd., 2/$3 15 or
4/$5.75 ppd.

a Round #5P585A 2"313/4”-89 AW

Matsushita. 35 ea. ppd.
2/%$2.55 or 4/%$4.75 ppd.

14 MULTI-CONDUCTOR RIBBON — 3#22
color coded — gg« limited.
¢per ft. or $1.25/10 ft.

TUNING METERS — Blue
tinted plastlc body, O to
left, graduated scale,
200u s 15"W x 147H x
3,7D. Scale can be rear
lighted. Sylvania #18148-1

2.25 ea. or 4/$6.95 ppd.

“S” UNIT METER — Pearce-Simpson
#3701-004. Scale 0, 3, 5, 7, 9, +10, +30.
500.A rating. ll/z"w X 11/4”H x 34”D.

$2.95 each

3000 MFD

@ 30 Volt
Capacitors.

17 Dia. x 3" — 90¢ ea. or 3/$2.25 ppd.

3000 MFD @ 20V Capacitors. Same size
as above. 80¢ ea. or 3 for $2.00 ppd.

ELECTROLYTIC CAPACITOR — PHI LCO
QUAD SECTION

f‘Z)\ 1% dia.

L TWISTAB® MTG.
100x150 MFD @ 400V and at 350V D.C.
and 20x50 MFD @ 250V — A nice unit
for Xceiver, etc. $1.10 ea. or 3/$2.95 ppd.
DUAL Electrolytic 1000 & 500 MFD. 15V,

long leads. 34" dia. x 214" long.
55¢ each 3/$1.50 ppd.

CRL Disc Capacitors. .1 MFD, 10V 3~
dia., long leads. 10 for $1. 00, 100/$8.40

UNPOTTED TOROIDS — center ta
88 MHY - 5 oz. - 5/%$2.95
5 pcs. -9 oz, - 5/$3.49 5/$3 95 ppd

Transnstor and Relay As-
sembly — consists of (2)
MJE3055 and (2) MJE2955
transistors (10 amp, 90w,
60v complementary pairs)
mounted in_ “U” channel
7 heat sink 2%” x 1{” x
txz". (2) XTAL CAN RE-

YS, DPDT, 28v, 8000Q,
5.8 ma DC, 1 amp contacts
mounted on PC board with
resistors. $2.95 ea. ppd.

400 PIV BRIDGES — 1.5A Gen. Instr.
P.C. Bd type. 65¢ ea. or 3/$1.80 ppd.

SEMTECH BRIDGES

Heat sink w/center hole
mtg. 10 Amp — Tested —
200V P.LV. $1.75 ea. ppd.
400V P.L.V. 1.95 ea. ppd.
600V P.LV. $2.15 ea. ppd.

25 AMP - TESTED
200V P.LV. 2.25 ea. ppd.
400V P.l1.V. 2.50 ea. ppd.
600V P.LV. 2.85 ea. ppd.

CARBON TRIMMERS
Miniature 14 watt units.
tyge Values: 200, 700, 1000

K, 250K, 700K, horz. mt.
30¢ ea. or 5/$1 35 ppd.

MINI Imported vertical pots (Y4H
NEW YW, 'I756Dy ‘Vales: 1000, 23K,
5K, 50K ohms. Slot adj. Also 5000 and
5K Horiz. Price: 5 for $1.20 ppd.

NEW SIZES — VERTICAL MOUNT
PC BOARD POTENTIOMETERS
American made (CRL) Cermet: 25K,
100K, 300K ohms. 5/%$1.30 pfd
CTS Blue wheel. Values: 750,
$ 5K, 50K, 750K ohms. 5/$1.25 ppd.

914 Full leads, 5 ppd.

ﬁ 1.C. — Fairchild RTL. sl 900 or ul
#1923 Full Leads, 3/21 85 ppd.

SEND STAMP FOR BARGIN LIST
PENNSYLVANIA RESIDENTS - ADD 6%
ALL ITEMS PPD., USA
Canadian orders for less than $5.00 add
$1.00 to cover additional mailing costs.

UPS requires your street address.

m. weinschenker

electronic specialties-BOX 353, IRWIN, PA 15642
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RF TRANSFORMER

® New! Broadband antenna
matching.

@® For all verticals and mo-
bile whip antennas.

@ Smaller size and higher
efficiency. Only 312"
diameter for full 5-Kw
PEP capability.

Here is the answer to the match-
ing problem for vertical antennas
and mobile whips. A broadband
transformer that matches your
50 ohm transmitter to 32, 28, 22,
18, 12, 8, or 5 ohms. Plenty of
taps to match any vertical or whip.

And with no tuning or other ad-
justment. The RF Transformer is
completely broadband 1-30 MHz
(1-10 MHz on three lowest taps).
So when you change frequency
within a band you need only re-
tune the antenna to resonance;
not fiddle with a matching net-
work.

Also, more power goes to your
antenna. The RF Transformer is
more efficient than a matching
network or tuner—less than 0.1
db loss.

As always, when you buy Palomar
Engineers you get the best: large
ferrite toroid core, teflon insu-
lated wire, sealed epoxy-encap-
sulated weatherproof construc-
tion, stainless steel mounting
hardware, full 2000 watt CW
(5-Kw PEP) capability.

Send for free brochure.
Improve your station. Simplify
your tuneup. Get better results
with the new Palomar Engineers
RF Transformer.

Order direct. $42.50 postpaid U.S.
and Canada. California residents
add sales tax.

PALOMAR
ENGINEERS

BOX 455, ESCONDIDO, CA 92025
Phone: (714) 747-3343
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DEALERS, Stock HAM RADIO and Ham Radio
HORIZONS in your store. Call B00-258-5353 for complete
details.

FERRITE BEADS: wi/specification and application sheet -
10/$1.00. Assorted PC pots - 5/$1.00. Miniature mica trim-
mers, 3-40 pl. - 5/$1.00. Postpaid. Includes latest catalog.
Stamp for catalog alone. CPO Surplus, Box 189, Brain-
tree, MA 02184,

COILS WANTED: Need complete set of B & W kilowatt
HDVL plug-in colls with jack bar and link assembly.
Same style in EF. Johnson would be acceptable. All
replys answered. Wayne NBMS, Rt. 2, Box 305, Fairmont,
West Virginia 26554.

VERY In-ter-est-ing! Next 4 issues $1. "Ham Trader"
Yellow Sheets, Sycamore, IL 69178.

HAMMARLUND HQ 170, Hammariund HX 50 with
manuals, good working & looking cond., new tubes.
$300.00. WB4FSN, 708 Holston, Elizabethton, Ten-
nessee 37643 615-543-2830.

ETCH IT YOURSELF PRINTED CIRCUIT KIT, Photo-
Positive Method — All the supplies for four P.C. boards,
direct from magazine article in less than 2 hours. Only
$19.95 S.A.S.E. for details. Excel Circuits, P. O. Box B91,
Troy, Michigan 48099, 313-549-0440

475 TEKTRONIX portable scope. Early model, used very
little. $1375.00, Includes all necessary accessories. Call
503-642-1088 or write: Jim Lowe, 19699 SW Wright,
Aloha, OR 97005.

MODERN CODE PRACTICE. 0-22wpm on four 80 min
casseties, $10. Royal, P. O. Box 2174, Sandusky, Ohio
44870.

FOUR SCHOLARSHIPS for the academic year 1977-78
are being offered to licensed Amateurs — General class
or higher — by the Foundation for Amateur Radio. Re-
quiremants for the scholarships, two for $750 each and
the others for $250 each, ditfer; full details and applica-
tion forms should be requested from FAR Scholarships,
8108 Hampden Lane, Bethesda, MD 20014,

EXCLUSIVELY HAM TELETYPE 23rd year, RTTY Journal,
articles, news, DX, VHF, classified ads. Sample 35e¢.
$3.50 per year. Box 837, Royal Oak, Michigan 40868.

FIGHT TVI with the RSO Low Pass Filter. For brochure
write: Taylor Communications Manufacturing Company,
Box 126, Agincourt, Ontario, Canada. MIS 3B4

RUBBER STAMP, name/call/QTH $2.50 ppd. (CA
residents add tax). LWM Press, Box 22161, San Diego,
CA 92122

FOR SALE: Heathkit RF Generator. Mint condition.
$45.00. Please write. Eric Bartlett, 20 Park St., Fitchburg,
Mass. 01420

TELETYPEWRITER PARTS, gears, manuals, supplies,
tape, torolds. SASE list. Typetronics, Box 8873, Ft.
Lauderdale, FL. 33310. Buy parts, late machines.

TECH MANUALS for Govt. surplus gear — $6.50 each:
SP-600JX, URM-25D, OS-8A/U, TS-17T¥UR. Thousands
maore avallable. Send 50¢ (coin) for 22-page list. W3IHD,
7218 Roanne Drive, Washington, DC 20021.

MANUALS for most ham gear, 1939/70. List $1.00. Send
SASE (or 25¢) for one specific model quote. Hobby In-
dustry, WAJJK, Box HB864, Council Blulfs, lowa
51501.

ATTY — NS-1A PLL TU — Due to continued interest and
demand we are resuming production. Board $3.00, parts
kit (no board) $15.00, wired/tested $24.95 all postpaid.
SASE for info. Nat Stinnette Electronics, Tavares, FL
32778.

STAINLESS AND GALVANIZED STEEL antenna guy wire
our specialty. Wilcox Electronics, Box 1331, 5. L. C. Utah
B4110.

VARIABLE AND TRIMMER CAPACITORS — AF chokes
— Miniductors; stocked for Iimmediate shipment. First
class stamp for fiyer. D & V Radio Parts, Rt.¥2, Freeland,
Michigan 48623

HELP FOR YOUR NOVICE, general, advanced ticket.
Recorded audio-visual theory instruction. Free informa-
tion. Amateur License Instruction, P. O. Box 6015, Nor-
folk, Va. 23508

TRANSISTORS, IC's, Communications — CB Save —
Save — Low Cost — Direct 25C1307 — $3.85, 25C1306
— $2.95. Send for dealer confidential price list — Get
Free Transistor. BAD Enterprizes, Box 32 Dept. 2, Mt
Jawatl, PA 16740

ALDELCO SEMI-CONDUCTOR SUPERMARKET
RF DEVICES

2NIITE IW 400 MH: 550 2ZNGOBO AW 175 MH: 5.40
INIBEE 1W 400 MH2 99 2ZNGOE1 15W 175 MMz 45
2N5589 IW 175 MH: 475 2NB0E2 25W 175 MH: 10.95
2NE5S0 10W 175 MHz 7BO 2NG0B3 J0W 175 MH: 12.30
2NESD) 25W 175 MM 1095 NG0B 40W 175 MH: 1630
HEAVY DUTY RECTIFIERS

200 Vol 100 Amp D08 B.50
200 Volt 250 Amp D09, 12.50
1000 Volt 2 Amp Silicon Rectifier RCA 10 for 99
10,000 Voit Sdicon Rectifier Ene, 65 mA 205

ALDELCO KITS

Digrsl Clock Kit, Hours, Minutes & Secondd. Large Half Inch LED
readouts. Elapsed time indicstor. 12 howr format with 24 how
darm, Snocre feature, AM PM indicator, Power Supply, power
tahure indicator, Complete with wood grain cabinet $£2395
12 oo 24 hour Clock Kit. Similar 1o sbove without alarm, eic
Foatures compléte with wood grain cabinet $22.05
B0 Cycle xial time base kit. Use in car or boat 54.06

ALDELCO APUTER CENTER books
rds & support chips

Wirn Wrag Ware-540 Special §1 96
DISCRETE LEDs

Jumbo Reds. Long or Short bulb, 6 tor $1.00
Jumbo Orange, Green, Clear Red or Green & for $1.00
200 Serivs. Green, Orangs, Yellow or Red & for $1.00
RAL2 or Micro Red & for $1.00
ZENERS

INT46 to IN750 400 Mw ea. 25 TNAT2B 10 TNATEA | w %
2N2876 RCA RF $1095 CA J0Z8A Dil. Amp $1.50
MPSA T4 90  BOSOA $10.95
INIOSE 99 LM3I0AK Valt. Reg 1.10
MPF 102 FET 56 TA2E3 L)
2NI004 or 2NID0E 10/.99 L0219 B tor $17.50
MI3055 220 ING103

MUJE 340 IZN5655).... $1.10  25C1306 430
40671 RCA FET $1.56 25C1307 525
741 or 709 Pin DIP 26  LM709 or LM741 Min Dip ... 45
565 Timer 75 LM741C TOS OPF Amp 45
VHF Fernte Beah 1678100 14 or 16 Pin IC Sockets 30
200 Volt 26 Amp Bridge . $1.50 We have 7400 series ICs send
IND14 - INS148 10 far 99 stamp for catalog

IN34 - INGO - INGA 10 for 09

¥ antity Add % for ihppemy M osde
v Momey Orvder i fuche Do tage

ALLDELICIO

2281H Babylon Tnpk., Merrick, NY 11566
{516) 378 4555

C W Sendin’ Machine

IAMBIC MEMORY KEYER WITH DOT
AND DASH MEMORIES STORES UP TO
EIGHT DIFFERENT MESSAGES IN 2048
BITS OF MEMORY

$1 50- 00 Prepaid Shipping USA

H. ALAN HARP K4PB
718 MAGNOLIA DR.
LAKE PARK, FLA. 33403

WANTED FOR CASH

4-250
4CX250 4CX1500 4-125A 4-400

4CX150 4CX1000 4-65

4CX300A 4CX3000 4-1000
4CX350A 4CX5000 304TL
4CX10,000
5CX1500

Other tubes and Klystrons also wanted.

The Ted Dames Company

308 Hickory St. Arlington, N.J. 07032
(201) 998-4246 Evenings (201) 998-6475

More Details? CHECK — OFF Page 150



NEW FROM HY-GAIN
2-METER BEAMS THAT
LAST LONGER. WORK HARDER.
AND COST LESS.

Introducing a whole new
generation of Hy-Gain 2-Meter
beams.

Completely redesigned for
greater strength and corro-
sion resistance. So they last
longer.

Newly engineered for

greater performance and max-
imum efficiency. So they

work harder, your transceiver
works better.

And built better. So you
pay less for the performance

you want.

Our new 2-Meter beams
give you the kind of perfor-
mance you expect from the

world's largest manufacturer
of quality antennas. Yet, thanks
to Hy-Gain technology, they
weigh less, have lower wind
loading and are UPS shippable.

They use an exclusive new
element to boom mounting
system that's mechanically
stronger and electrically
more efficient. All can be

vertically or horizontally po-
larized. And all are constructed
of the finest aluminum and
ZMI hardware.

Hy-Gain 214 14-element
close spaced beam with ex-
tremely high forward gain and
narrow beam width. $26.95

Also available with 8-
element optimum spacing,
Hy-Gain 208. $19.95

Hy-Gain 205 5-element
optimum spaced end mount
beam with high forward gain
and broad frequency
response. $16.95

Also available with 3 ele-
ments, Hy-Gain 203. $12.95

See the new generation of
Hy-Gain 2-Meter beams at
your amateur radio dealer.

Or write Hy-Gain; 8601 North-
east Highway Six; Lincoln,
NE 68505.

i y-gain

>

Hy-Gain reserves the nght to change
prices, designs and/or specifications
at any time without notice

SPECIFICATIONS 214

Mechanical

Boom length 186"

Longest element 392"

Turning radius 95"

Wind survival 80 mph

Mast diameter 1-1%" O.D.

Boom diameter 1%" O.D.

Wind load area 1.65 ft? max.

Net weight 5.5 Ibs

Electrical

Forward gain 13.0 dBd*

Front-to-back ratio 20 dB

Maximum SWR 2:1

Band width 2 MHz

Maximum power 250/500 PEP

Impedance w/balun 52 ohms

2 power beam width 35° vertical
35° horizontal

Stacking distance 82" min.

1977 Hy-Gain

realistic means of comparing forward gain.

More Details? CHECK — OFF Page 150

208

148 34"
40%"

75 "

80 mph
1%-15%" O.D.
1%" O.D.
1.26 ft2 max.
4.1 Ibs

11.8 dBd*
20dB

2:1

2 MHz
250/500 PEP
52 ohms

43" vertical
36° horizontal
82" min.

205 203

15" 432"

39 34" 404"

73" 432"

80 mph 80 mph
1va-156" O.D. 1va-1%" O.D.
1" O.D. 144" O.D.
.740 ft2 max. .496 ft2 max.
2.9 Ibs 2.2 lbs

9.1 dBd* 6.1 dBd*

20 dB 20 dB

21 4

4 MHz 4 MHz
250/500 PEP 250/500 PEP
52 ohms 52 ohms

60° vertical 95° vertical
45° horizontal 60° horizontal
82" min. 82" min.

‘Hy-Gain antennas are gain rated against a standard dipole antenna (dBd) instead of a theoretical isotropic source (dBi). This is a more honest and
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FM YOUR GONSET

Or vyour Clegg 22'er,
Ameco TX-62, Polycom 2
or PC-62, Johnson 6N2,
Heath Seneca VHF-1, or
Hallicrafters SR-34.

Why throw away that old AM
2-meter rig? Why spend $300 for a
new FM transceiver when you have
a working AM rig gathering dust?
The Palomar Engineers FM'er plugs
in (no rewiring or modification
required) and puts your old AM
transmitter on FM.

The adapter contains a preamp,
clipper, filter, driver and modulator
to give clear, crisp FM. Sounds as
good or better than a brand new
transmitter. Frequency adjust for
netting is built in. Receive by slope
detection.

Works with the Gonset
Communicator | (Gooney Bird), 11,
I, 1V, GC-105 and other rigs
listed. For 2-meter band only.
Requires HC-6/U crystal and 9-v
transistor battery (not supplied).

Get on FM at a tenth the cost of a
new rig. Use the plug in Palomar
Engineers FM'er that has been
proven in daily use by MARS and
Civil Defense nets nationwide. Send
for free brochure.

Order direct. $37.50 postpaid U.S.
and Canada. Specify transmitter
model. California residents add
sales tax.

PALOMAR
ENGINEERS

BOX 455, ESCONDIDO, CA 92025
Phone: (714) 747-3343
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STOP LOOKING for a good deal on amateur radio equip-
ment — you've found it here — at your amateur radio
headquarters in the heart of the Midwest. We are factory-
authorized dealers for Kenwood, Drake, Collins, ICOM,
Ten-Tec, Atlas, Tempo, Regency, Swan, Midland, Alpha,
Standard, Dentron, Hy-Gain, Mosley, Cushcraft, and
CDE, plus accessories. For the best deal around on HF
or VHF gear, write or call us today for our low quote and
become one of our many happy and satistied customers
of HOOSIER ELECTRONICS, P.O. Box 2001, Terre Haute,
Indiana 47802. (812)-238-1456

ROHN 25/45 Tower sections wanted. Pick-up, take-down,
W1/W2 areas preferred. Need only few for final setup.
M.S. Pride, 603-472-5000,

FREE CATALOG. Solar Cells, Nicads, Kits, Calculators,
Digital Watch Modules, Ultrasonics, Strobes, LEDS,
Transistors, IC's, Unique Components. Chaneys, Box
27038, Denver, Colo. B0227,

JANEL & meter F.ET. converter, LF. 285 MHz $60.00
James Gysan, W1VYB, 53 Lothrop St., Beverly, MA
01915,

WANTED: 4CX-250B/4CX 250K (WERGZ), 1330 Curtis,
Berkeley,K CA 84702 B

NEW TV Cameras $150.00, video tape $3.00 per hour.
D.G. Trimble, 5835 Herma, San Jose, Ca. 95123,

POWERFUL, ADJUSTABLE, REGULATED, THREE OUT-
PUT POWER SUPPLY and 900 easily removable parts in
complete Cartrivision television recorder electronic
assembly with documentation. Perfect for
Microprocessor, IC, transistor, television, CB radio ap-
plications. $21.45. Free brochure. Madison Electronics,
Incorporated, 369, D77, Madison, Alabama 35758.
Satisfaction Guaranteed.

DIGITAL ELECTRONICS: Your Ham headquarters in
New Orleans, Representing Drake, Ten:Tec, Atlas, KLM,
Hy-Gain, Tri-Ex, Rohn, Regency, Midland, Wilson, CDE,
Dentron, Larsen, Nye-Viking, New-Tronics, Standard,
Swan, BAW, Millen, Amidon, and W2AU. Call or write
Chuck, W5VJG for quotes. Trade ins accepted,
BankAmericard & Mastercharge. Digital Electronics,
Inc., P.O. Box 30566, New Orleans, 70190. (504)-568-9879.

DEALERS, Stock HAM RADIO and Ham Radio
HORIZONS in your store. Call B00-258-5353 for complete
details.

Coming Events

WELS 12th Los Angeles Amateur Radio Convention
Saturday and Sunday, May 21 & 22 2814 Empire Ave.,
Burbank, CA 91605,

ROME HAM FAMILY DAY, June 5, 1977, Bring the XYL
and kids and spend a great day at the Beeches, Rt 26,
Rome, NY. We have over 5000 square feet ol indoor
display area and a giant flea market. For the family we of-
fer a free tour of Fi. Stanwik. For the ham we have in
teresting programs, contests, door prizes, equipment
displays, exhibits, and technical presentations. At the
end of the day relax and treat the family to the famous
Beeches buffet. For info write PO Box 721, Rome, NY
13440, (Exhibitors are urged to reserve free display area
now)

COME TO CANADA this summer for Ontario Hamfest 77.
July 810 1977, sponsored by Burlington Amateur Radio
Club. Weekend camping, fleamarket, auction, many
displays. Write Box 836 Burlington Ont. LTR3Y7 for
descriptive brochure.

MEMPHIS IS BEAUTIFUL IN OCTOBER! The Memphis
ARRL-sponsored Hamfest, bigger and better than the
4500 who attended last year, will be held at State
Technical Institute, Interstate 40 at Macon Road, on
Saturday and Sunday October 1 and 2. Demonstrations,
displays, MARS meetings, flea market, ladies lea
market, too! Hospitality room, informal dinners, XYL
entertainment, many oulstanding prizes. Dealers and
Distributors welcome. Contact Harry Simpson W4SCF,
PO Box 27015, Memphis, TN 38127 for further informa-
tion.

STARVED ROCK RADIO CLUB HAMFEST — June 5
S.A.S.E. after 41/77 for details. SARRC/WIMKS, RFD W1,
Oglesby, IIl. 61348

WEST VIRGINIA: THE TRI STAT‘E AMATEUR RADIO
ASSN. WBVA (TARA) 15th. annual Hamfest, Sunday,
June 5th. 11:30 am. Camden Park, Rte. West, Hun-
tington. Talk-In on 04/64, 16/76 and 34/94. For info and
tickets write: TARA, P.O. Box 1295, Huntington, W. Va.
25715,

AUDIO COMPRESSOR

AN /GSA-33 — Five identical plug-in com-
pressor amps with power supply in 19
inch rack. All solid state, 600! in & out,
great for auto patch and phone patch.
Weighs less than 30 Ibs. Built like a
battleship. $34.95

Documentation available for above.

ARR-41/R-648 Collins Airborne wversion
of R-390. Same autstandln% performance,
Mechanical filters in igital Tuning,
1 kHz readout, 28 VDC. Easuy converted
to 115VAC, 190-500 kHz, 2-25 MHz.
$265.00

AN/USQ-18 Digital time code generator -
provides parallel and serial time data

all solid state with internal standard
and WWV auto-start - more info on re-
quest. $275.00

SRR-13A RCVR 2-32 MH

THIS CRITTER IS IHMaCULATEI

Looks and smells new with some spares, connec-
tors to make test cables and complete documen-
tation. $425.00

206 MHz AND 2.3 GHZ

SOLID STATE RECEIVING SYSTEM

With weather-proof preamp. 3.7 dB NF @ 206
MHz, 7 dB NF max. @ 2390 MHz. 4.8 GHz
preamp included in weather-proof housing (8.7 dB
NF). All units except preamp 19% std, rack
mount. Complete documentation avail. w/equip-
ment. $375.

Motarola station monitor - Model T-1130
$165.00

Collins Prcselacting Filter, 2-29.999 MHz,
1 Kc increments, digital tune & readout,
complete with manual. $250.00
(We were only able to obtain 2 more)
AM/URM-23 SUMMATION BRIDGE — measures

F power between 1 & GHz with attenuators
and bolometer. Unit complete with manual.  $95.00

WE ARE BUYERS as well as sellers. What have
you? We don't have a catalog, by the time we'd
publish it the merchandise would be gone.

DISC'BAP y 19075 BRAEMORE RD.

NORTHRIDGE, CA. 91326 213-360-3387

TRAGIC WASTE OF RF

could be your fate as precious watis zig-zag round
the world to shower just a little — or little or
none — on that hoped for DX station. BUT WE
HAVE AN ALTERNATIVE — THE JOYSTICK VFA
(Variable freq. ant.), which gives low angle, omni-
directional, harmonic free radiation on all bands
160 thru 10 (+ MARS and receive on all BC &
SW). Stalwarts WHTYP and GADJY achieved
notable results in contests — just to mention two
of the many who have sent glowing reports of the
VFA in use, often in poor QTH and/or under QRP.

g 250W P.E.P. &/or
SYSTEM ‘A’ $75.00 Receing Oniy”

oy LE.P. &/or Im-
SYSTEM ')’ $99.00 5roved o Factor Receive
Air Mail cost included
(each system 3 sections easily assembled to make
unit 7 67 long. Matching ATU.) Not only will
you save space but you will save $55 at present
low exch. rate and by buying direct UK manuf,
Rush your order — Mastercharge or check, or
ask for brochure.

PARTRIDGE (HR) ELECTRONICS LTD.

BROADSTAIRS, KENT, ENGLAND
G3CED TEL. THANET 62525 G3VFA

12 Button touch-tone pads calibrated and
guaranteed 90 days (abuse excluded) with
diagram $14.00
Attractive plastic mounting box with
brackets ; $4.75
Complete workirl; system ready to con-
nect to your transmitter $24.95
Complete working system with speaker
in housing for acoustic coupling with
power switch - $39.95

&

TELEPHONE EQUIPMENT COMPANY

Post Office Box 596, Leesburg, Florida 32748
(904) 728.2730

More Details? CHECK — OFF Page 150




5
4 PREASSEMBLED . B!IMPLBTE KIT

WAZzsE

Crescomm Frequency BnunTeré Features:

] High Sensitivity VHF pre-scaler (built-in). 100mv 5 Easy 6 hour assembly; all circuit broad tracks are
RMS @ 502 @ 300MHZ. Frequency range DC pre-tinned, have drilled holes and are plated through!
through 600MHZ Model 600. All 1.C. sockets included - Makes trouble shooting a
z _ breeze.

Excellent temperature compensation_crystal con-
trolled time base, yielding + 1 part/ 10 stability per ﬁ Cabinet, plexy window and all necessary compo-
hour after 10 min warm-up, * 10PPM worst case, nents included for easy, trouble-free assembly.
from 0° to + 55°C!, at 100Hz @ 450MHZ is attain-
able, typically if calibrated to WWVL. This is approxi- 1 90-Day full coverage-warranty.

mately 2 parts in ‘[071
1

" . Optional accessories TCXO time base yielding %
3 7 digit display, resolution 100Hz with 10m Sec. P e ¥ 9
: ) ) PPM stability. $79.95
gate interval, pre-scaled! 10Hz resolution with 1 Sec.
prr-scaled,l ,:J:-'z resolution with 10 Sec. gate inter- Optional 10 Sec. time gate resolution to 1Hz. $15.00.
val pra-scatedi (Free with purchase of above TCXO)
Built-i i - inal - .
4 o o 5V.DC reguiator,.mput to:3-terminal regu Optional 12VDC power recepticle and cord assembly
lator is accessible for use with 12VDC out-board PS.
$15.00 (on preassembled counter only)

You can use this counter mobile.
“HAVE IT YOUR WAY"

Complete kit or preassembled, burned in, and environmental chamber tested unit available for the commercial shop
or modern ham shack.

KIT Model 600K 179.00 ea. PREASSEMBLED & TESTED Model 600 AT 249.00

Bank Americard and Master Charge accepted. Please include account number with order.
NAME s e e
STREET
CITY STATE : : ZIP —
CALLSIGN — — — ——— SEND CHECK OR MONEY ORDER TO:

rescom WIRE DIVISION « COMMUNICATION DIVISION s ELECTRONIC DIVISION
ncorporafte
ATLANTA HAMFESTIVAL, JUNE 18-19

Bldg. 13 Euclid Avenue, Newark New Jersey 07105 (201) 589-4647
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V-l flea market | compPuTER
KENTUCKY HAM-O-RAMA — Sunday, May 29 (Memorlal SU R P I— U s

Day Weekend) at Boone County Fairgrounds, Burlington, - __-._-.-..-._-
Kentucky. 10 minutes south of Cincinnati, 2 miles west '-q@_-: ek o

of I-75 South, Burlington exit. Prizes, refreshments, ex-
hibits, flea market. NKARC, Box 31, Ft. Mitchell, Ken-
tucky 41017

PERKIOMEN VALLEY ARC Hamfest June 5, 1977 at the
Perkiomenville Sale and Auction Ground, Rt. 29
Perkiomenville, Pa. Tables available for flea market. Talk-
In on 28/88. Also channel 14, Site Is located south of
Green Lane on Rt. 29 in the scenic hills of Pennsylvania
For information and reservations contact Bob Bosch,
WA3EBX, 215-679-5143

CADILLAC MICHIGAN 17th Annual Swap-Shop will be SOLID STATE POWER SUPPLY — 12 VDC ¢r 5 Amp
held Saturday, May 21st 1977 at the National Guard Ar- output; input 115 V B0 Hz. Front panel has voltage
mory, Cadillac, Michigan. Free parking. everyone adj., runmng light, resel, & fan. Size: 9%ax?x14V: ™
welcome. Tickets $2.00. Talk-in on 146.37/97 Shpg. Wi 35 Ibs. Removed from computer

#0502655 $39.50

ANN ARBOR, Michigan, Arrow Repeater Hamfest, June
5, Chelsea Fairgrounds, 1-94 at exit 159. Nearby over-
night camping. Table and truck sales. Tickets $2 gate,
$1.50 advance. Write Arrow, Box 1572, Ann Arbor, MI
* New! Full 5Kw PEP capability 48106

beam-mount balun. ey
18TH ANNUAL STARC HAMFEST May 7, Binghamton,
+ Sealed weatherproof NY. Flea market, snack bar, tech talks, hourly door
Construction prizes, Admission $2.00, banquet reservation $6.00. In-

door exhibit reservation $5.00/table. Contact STARC,
* Stainless steel mounting P.0. Box 11, Endicott, NY 13760.

Same as above - 24 V 5.5 A #0516-332  $39.95

hardware.
NEW YORK CITY. The 4th annual Hall of Science AR.C TRANSISTOR CONTROL ASSEMBLY — with eight
Flea Market and Hamvention. 111th Street and 48th Ave NPN 100 V TO-3 and eight NPN 60 V TO-66
The proven and dependable Palo- Corona-Queens. Refreshments, Zoo Museum. Dealers Transistors, associated Emitter Resistors and
i booths, test bench. Family fun Sunday June 12 (rain date Diodes. 5 Ibs. #345-0025575 $5.00
mar engineers 5 .Kw PEP (2 W June 19) 9 AM-3. Admission $2.00 door prizes. Talk in
Ccw CCS] balun is now available 34/94. Information (212) 699-9400, PRICES ARE F.0.B. - LIMA, OHIO

for mounting on your rotary Allow for Shipping Charges

BETTER THAN EVER-1977 EDITION GOLDEN SPREAD

beam. With a ratio of 1:1 the HAMFEST AND FLEA MARKET-Holiday Inn West. A B ened
balun couples coaxial cable to 50 Smaruno. Ttixat.:‘a:,ua 1F2. rala. 14, Six mngecr;_'sequoITs __,,____,_| w on Credit Card Order
ommercial exhibits. Family recreation. Two Hospitality ) 55
or 75 ohm balanced ame_nnas. An Hours. Big pre-registration prize and super Grand Prize, L Address: Dept. HR
adjustable U bolt provides con- others. $3.00 advance, $4.00 at door. For info. pre- FAIR RADIO SALES
; i " registration packet, P. O. Box 10221, Amarillo, Texas
venient mounting to a 2'' mast or 79108 1016 E. EUREKA « Box 1105 + LIMA, OHIO « 45802

boom.
- HAMFESTERS 43rd Annual Picnic and Hamtest. Sunday
The wire leads from the balun are August 14, 1977, Santa Fe Park, 91st and Wolf Road,

brought out for direct connection Willow Springs, lllinois, Southwest of Chicago. Exhibits FREE CATALOG

h ' riven element so for OM's and XYL's, Famous Swappers Row. Tickets at
to the beam’s driven e gate $2.00, advance $1.50. For advance tickels send HARD-TO-FIND PRECISION TOOLS

there are: no SOider IUQ connec- check or money order to Bob Hayes WOKXW 18831 Lists more than 3000 items: pliers, tweesers, wire
tions to go bad in the weather. Cedar Ave., Country Club Hills, Il 60477 sirippers, vecuuim systems, relay hools, optical
equipment, 1ool kits and cases. Also includes ten
K1FCO, members of the 143 Communications Flight pages ol uehul “Tool Tips™ 10 ald in tool selection
ONLY PALOMAR BALUNS (Spt), Rhode Island Air National Guard, plan lo be .
operating on Armed Forces Day, May 21, 1977. Anyone JENBEN TOOLS AND ALLOYS
HAVE ALL THESE FEATURES arking U shib Siation, KIELO. will tecalve & coms @ 4117 K. 44tk Stroet, Phoenis, Arix. 15018
* RF toroidal core for highest memorative certilicate from our unit provided a S.A.S.E.
efficiency and QSL card Is sent to us, Our mailing address |s:
e K1FCO, 143 Communications Flight, Rhode Island Air
* Teflon insulated wire. National Guard, T.F. Green Airport, Warwick, R. |. 02886, CASH FOR 2-WAY FM RADIO
» Stainless steel hardware We will be operating on the following frewquencies; MOTOROLA, GE. RCA, ETc. EQUIPMENT
: 21.385 MHz 14002 1o 18002, 14.330 MHz 1400Z to 18002, MOBILES, BASES, PORTABLES, MOBILE-
Won't rust. TELEPHONES, REPEATERS, REMOTE CONTROLS,
7.280 MHz 1400Z to 1800Z, 50.700 MHz, 1400Z to TONE E T
18007 QUIPMENT, 2-WAY TEST EQUIPMENT
* Epoxy filled case. Absolutely : Operational Units Only
watarprool. NEW JERSEY: The Irvington Radio Amateur club Cc?:lilggzog;f;;-:::? ;:és
* White case to reflect the sun. ;;;13’5!- Fra'"‘ffkﬂ' :"“' '::J"ﬂh"d ﬂ‘é“ig??-ll hug'ﬂn& 701-51A KINGS I;OW, SAN JOSE, ”L'f.i 95112
nion Ave., Irvington, ay 15, rom v Telephone 24 Hours 408/998-44.
® Lighlnlng protection built-in. to 4 P.M. Prizes, refreshments. The PAL Bullding
* Wideband 1.7-30 MHz. Borders the Garden State Parkway at exit 143, Talk-in e mmmm—————————

34-94 and 52 Tables $3. Info. write Radio Club, P.A.L. 285

Union Ave., Irvington, N.J. 07111 or call evenings
Send for free brochure. WA2MYZ Ed 201.687-3240 BUMPLETE PACKAGE
How many lightweight baluns THE EASTERN CONN. AMATEUR RADIO ASSOC. — MULTI_BAND
h b d t I dy? K1MUJ — will hold their 4th annual Flea Market on May
ave you urne ou A aiready 22, 1977 at Point Breeze Rest, Webster, Mass. Time will
Install the balun that will stay up be from 10:00 AM to whenever. Dealer fee will be $5.00. ANTENNA SYSTEM
: Admission for buyers will be 50¢ per person. Free park-
there working year after year. ing. Take Ri. #52 to Exit 1 in Webster then South on R, Employing the famous Savoy cealed reso-
193 one mile. Look for signs. Talk-in on 52 direct, 16-76, :a;‘% %Egmal balun. Power level up to
10-70, 825-225, CH. 14. Need more Info? Call Dick, 3
Order direct. $37.50 postpaid K1MUJ, 617-943-4420 after 7 or Mike WA2RLV, Model DGA 2040
dents add sales tax. available Please state portion of band you wish to have pre-cut.

MOBILE ANTENNAS 15m, 20m, 40m and
2m. $29.95

MOBILE CB ANTENNA: % Firestick $14.95

ANTENNAS BY SAVOY

2100 Powerline Road

HOSSTRADERS Fourth Annual Tallgate Swapfest, Sat
May 7, all day, at the Deerfield NH Fairground, under

PA LOMA R covered buildings. Admission only 75¢. No commission

or percentage, dealers welcome at same rate. Excess

ENG.NEERS revenues to benefit Shriners Hospital for Crippled
Children in Boston. (Last year our Seabrook Swapfest

1
1
1
L}
L}
L)
1
L]
L]
i
L]
]
1
]
i
]
|
i $59.50
U.S. and Canada. California resi- 203.774-2854 anytime. Food & refreshments ! Model DGA 4075 $59.50
I
]
1
]
L)
]
]
L)
1
1
1
1
1
]
1
1

BOX 455, ESCONDIDO, CA 92025 sent $206.75 to March of Dimes.) For more info, SASE to
Sy Norm, WA1IVB, Box 32, Cornish, Maine 04020, or Joe Pompano, FL 33060
Phone: (714) 747-3343 K1RQG, Star Ad., Box 56, Bucksport, Maine No CODs. Please add $1.50 handling charge.
044186 B e s i it s S i B e i o i
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The DRAKE TR-33C

Amateur VHF
FM Transceiver

$22995

* Hand Held Convenience, 12 Channel Capability

SCPC (single Crystal Per Channel) Frequency Control
Lower Receiver Battery Drain
Expanded Portable Antenna Choice

« 12 Channels—only one crystal per channel provides
simplex OR repeater operation on ANY channel. 2
channels supplied. 5 transmit offset positions, 3
supplied. » All FET front-end crystal filter for superb
receiver intermod rejection. « Small convenient mi-
crophone included. » New lower power drain circuit
on squelched receive. » Nicad rechargeable batteries
supplied.  Built-in battery charger. « Ac and dc power
cords supplied. « Telescoping screw-on antenna
supplied, rubber helix optional. « Channel indicator
light when using external dc supply. = Carry strap
supplied. » Meter Indicates receive strength, xmit
output, or battery voltage. = External speaker jack on
rear panel. » Auxiliary jack on rear panel—may be
used for tone-pad connections, etc. » Traditional R.L.
Drake service backup.

DRAKE TR-33C ACCESSORIES

DRAKE TR-33C SPECIFICATIONS

GENERAL: » Frequency Coverage: 146-148 MHz, 12 channels
(2 supplied: 146.52 and 146.94). Crystal determines receive
frequency. » Transmit frequency offset for repeater operation
determined by 5-position switch: Simplex, +600kHz, and - 600
kHz supplied; any two additional offsets available with acces-
sory crystals. » Power requirements: 13.0 volts dc = 15% ex-
ternal supply OR internal battery supply. * Current Drain (Bat-
teries): Squelched receive: 30 mA; transmit: 400 mA. External
supply: above plus 45 mA for channel switch indicator lamp
= Antenna: 50 ohm external antenna through SO-239connector
OR screw-on telescoping whip antenna supplied, may be re-
placed with rubber helix antenna. » Dimensions: 55" x 2.8" x
8.5 (13.8x 5.8 x 21.6 cm). » Weight: 4.4 |bs (2 kg)

RECEIVER: » Sensitivity: less than .5 uV for 20dB noise quiet-
ing. » Selectivity: + 30 kHz adjacent channel rejection greater
than 75 dB. » Modulation acceptance: at least + 7 kHz « Inter
modulation Rejection: 70 dB referenced to sensitity level
» First i-f: 10.7 MHz with monolithic crystal filter. = Second i-1:
455 kHz with ceramic filter. » Audio Output: nominal 1 watt at
less than 10% distortion into B ohm built-in speaker or external
speaker

TRANSMITTER: * Rf Output Power: 1.5 watlts minimum with
13.0 volts dc supply. » Frequency Deviation: Direct frequency
modulation adjustable to at least + 7 kHz deviation, factory set
at = 5 kHz = Separate microphone gain and deviation ad-
justments « Drake 1525EM Push Button Encoding Mike can be
used direct with no modification.

N\
Drake AA-10 Power Amplifier Drake 1525EM
10 dB power increase / / Push Button
greatly adds to ; —_ - - .
the transmitting - - Encoding Mike :
distan vered f - v
by aanycg-i'?eteer fm ,J\—T :Q
t ; AN \ | * Microphone and auto- £
ransceiver running \§ te patch encoder in single
up to 1.8 watts output - convenient package with coil cord and
Small size: 2'H x 2.1"W x 5.5"D (51 x 52 x 140 mm) connector. Fully wired and ready for use
# High accuracy IC tone generator, no frequency
adjustments
Dl‘ake Ac-10 iner supplv » High reliability Digitran® keyboard
Powers the AA-10, TR-22C, TR-33C and TR-72. Simultaneously * Power for tone encoder obtained from
can charge the TR-22C/33C nicads. Supplies 13.8 volts up to 3 transceiver through microphane cable No
amps from 120 V-ac 60Hz input. » Accessory Crystals. « Model battery required. Low current drain
No. 1333 Drake MMK-33 Mobile Mount. * Low output impedance allows use with almost
all transceivers.
« Model AA-10 Power Amplifier .................. $49.95 ea. » Four pin microphone plug: directly connects
« Model AC-10 POWer SUPPIY .. ....vnevvneeenenns 49.95 ea. to Drake TR-33C without any moditication in
0 transceiver. Compatible with all previous
e Accessory Crystals . ..............ccoiininannns 6.30 ea. Draka and other 2 mater units with minor
* Model MMK-33 Mobile Mount .............000ee 12.95 ea modifications.
* Model 7079 Vinyl Carrying Case ............... 9.95 ea
¥ ying Drake 1525EM, microphone with tone encoder — $49.95
S Drake 7073DM without tone encoder — $19.00
All prices (suggested amateur net) and specifications subject to change without notice

To receive a FREE Drake Full Line Catalog,
please send name and dafe of this publication o

R. L. DRAKE COMPANY DRAKE J

540 Richard St., Miamisburg, Ohio 45342
Phone: (513) B66-2421 » Telex: 288-017

Western Sales and Service Center, 2020 Western Streel, Las Vegas, Nevada 89102 « 702/382-9470

More Details? CHECK — OFF Page 150
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FM-28 MARK-3 FM-DX
- o
3 x

for

: VHF FM!«
e =
~ WEOFFERYOUA *“
CHOICE OF FOUR
; SUPERB o
= - TRANSCEIVERS &
w =
Whether you're
- buying your first
® or fifth FM Trans- x
® ceiver; whether =
you're about to b
join the gang on
= 2 Meters or to
5 escape to 220MHz ¢
CLEGG HAS THE &=
- RIGHT RIG FOR YOU.
%  Call us toll free &
> today for details & ;
brochures. -
= 1(800)233-0250
= =
« InPa. (717)299-7221 =
=
; C/B?? Communications Corp.
N 208 Centerville Rd.
oo >
Lancaster, Pa. 17603 :
FM-DX  FM-28 M6

CURTIS KEYER
$24.95

=

7 CHIP
8043; IC only, 50-up group rate
8043-1; IC, PCB, Manual .....
8043-2, Semi-kit

Add for air postage and handling ... .
(See Feb75C0, Apr 75 HR, Feb760ST, Radio Handbook 75)
KB4200 Keyboard Keyer (Oct 74 QST) ... $549.95
EK420/KM420 Keyer/Memory (Oct 73 QST) $439.90
EK430 CMOS Keyer (Feb 76 QST) ... $124.95
K440 Instructokeyer (Mar 76 OST) ..... $224.95
Curtis Electro Devices Inc.

(415) 964 3136

Box 4090, Mouniain View, CA 94040 | NG
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flea market

1977 DURHAMFEST May 28-29. South Square Shopping
Center, Durham, North Carolina. Two day flea market
under covered parking deck. Fantastic prizes, Seminars,
Bingo and shopping for the family. Durham FM Assoc.
Box 8651, Durham, N.C. 27707.

AUCTION AND FLEA MARKET: Candlewood Amateur
Radio Association will hold their annual auction and flea
market Sal. May 14 at St. Mary's School, downtown
Ridgefield Conn, Doors open 10 a.m. Auction 1 p.m. Ad-
mission $1. Table space $1. Outdoor tail gate space
available S.A.S.E. to K1QPP for info & map.

EASTERN SHORE OF MARYLAND HAMFEST, MAY 22,
1977. Rain or shine, 10 am — 4pm. Only hamfest held on
the Eastern Shore of Maryland or the Del-Mar-Va. Pen-
ninsula. Location is 5 miles north of Easton, Maryland on
US Rt. #50, at the Talbot County Agricultural Center.
From the Baltimore or DC area, go across the
Chesapeake Bay Bridge and follow Rt. 50 Eas! for 21
miles from the bridge. Exacl location is be-
tween mile markers 80 & 1. Hamfest signs will be on R1.
50 both north and south, and talk-in on .52, and
146.445-147.045. Some 1ables available both inside and
outside. Food and drinks. Lots of room. Donation $2.00.
Additional $2.00 for tables and tailgaters. Info. from
K30NU, Robert L. Roberts, Jr., PO Box 781, Easton, Md
21601. Phone 301-822-0943 after 6PM

MISSISSIPPI IS BEAUTIFUL IN JUNE, The Tri-State
Hamfest will be held at the National Guard Amory, In-
terstate 55, at Hernando, on Sat. & Sunday June 11th and
12th. Demonstrations, displays, forums, flea market,
hospitality room, informal dinners with many outstand-
ing prizes. Dealars welcome too. All indoor facilities
with plenty of parking. Contact Royce Gates, WBSEGO
% C.A.R.A P.O.Box 2 Hernando, Miss. 38632.

WASHINGTON D.C. AREA— Manassas Hamfest: The
“Ole Virginia Hams™ A.R.C. Inc. Annual Hamfest June 5,
1977 at the Prince Willlam County Fairgrounds, % mile
south of Manassas, Virginia on Rt. 234. Gates open 7 am
— Fantastic Prizes again this year 5 Band SSB
Transcelver, Digital Frequency counter, Bird 43 Watt-
meater and many others. Admission $3.00, children under
12 free. Tailgating $2.00 per vehicle. Refreshments, YL
Program, Children's Entertainment, FM Clinic: Spectrum
Analysis, Deviation, and Power Checks. Lecture on QSL
Bureaus. Talk-in on 146.37/97 14652 147.84/24. Camp-
ground adjacent — Motels in Area. Indoor exhibit
space avallable for Dealers, for info Write: Frank Atkin-
son K4 CB, Box 1255, Manassas, Virginia 22110

THE SATELLITE AMATEUR RADIO CLUB is sponsoring
its annual Santa Maria Amateur Radio Picnic and
Swapfest, Sunday June 19, beginning at noon, Newlove-
Union Oil Picnic Grounds on Orcutt Hill. (Watch for the
sign at turn-off one mile south of Clark Ave. on U.S. 101).
Swap tables $3 each. Santa Maria Style Barbecue 2:30
p.m. (all you can eat), soft drinks available, bring your
own beer. Talk-in on 146.52 and 7280 KHZ. Many prizes
including a Yaesu FT 221, Tickets $5. adults, $2.50 for
under 12. Send checks to Santa Maria Swapfest, Box
1031, Nipomo, California 93444, Please order in advance
so enough meat can be ordered

THE HUMBOLDT AMATEUR RADIO CLUB'S annual
hamfest will again be held this year on Sunday, May 22,
at Shady Acres City Park in Trenton, Tenn. Flea market,
prizes, ladies activities, etc. For further information con-
tact Ed Holmes, W4IGW, 501 N, 18th Ave,, Humboldt, TN
38343

CHAMPAIGN/ILOGAN A.R.C. annual Flea Market. Free
admission. Door prizes. Time: 10:00 AM. Date: Sunday,
May 15. Place: Llon's Park, West Liberty, OH Talk-in on
52 Simplex. Vendors $1.00

Stolen Equipment

STOLEN: Swan Model 400 Transceiver, ¥100801, grey
case, from my car on 2-10-77 at 17137 E. Gale Ave,, City
of Industry, CA 91745, Ira C. Bechtold. Refer any info to
Sheriff's Dept. (213) 330-3322, Detective Bureau, File
¥577-02681-1424-606

A CLEGG FM-DX 2 meter FM transceiver (serial
#HM-298) and microphone were stolen from the van of
WA3IBGN on Feb. 5 1877, in downtown Bridgeport,
Conn. Please contact Jon P. Zaimes, WAJBGN, 681
Longhill Ave., Shelton, Conn. 06484 (phone 203-929-4659)
or the Bridgeport police department, file #6856

NOW . ..

EEB GOES MAIL ORDER

Distributor

for

Bird 43

(and elements)

Model 1471

B&K Dynascan
scopes & test
equipment

Model 14718 10 MHz 5~ dual trace $520 . ..
Model 1472C 15 MHz 5” dual trace $660 , . .
Model 1474 30 MHz 57 dual trace $865 . . .
Mode! 1801 40 MHz Counter $240 . . .
Model 18018 (1801 w/250 MHz prescaler)

29995 .., -
Model 1827 30 MHz portable counter $120 . . .
We're also a distributor for Triplett — the world
leader in VOMs, We have a 5000 item inventory

of USED Hewlett-Packard, Tektronix, General Radio
& other leading industrial equipment,

FREE CATALOG

Next time you're in Washington, D. C. stop in
and see us.
9-5 weekdays 10-4 Saturday

[
s & COD WELCOME

Electronic Equipment Bank, Inc.
516 Mill Street, N.E. Vienna, Virginia 22180
(703) 938-3350

TARY

MIL
SURPLUS WANTED

Space buys more and pays more. High-
est prices ever on U.S. Military sur-

plus, especially on Collins equipment
or parts, We pay freight. Call collect
now for our high offer. 201 440-8787
SPACE ELECTRONICS CO.
div. of Military Electronics Corp
35 Ruta Court, S. Hackensack, N.J. 07606

SST T-1 RANDOM WIRE ANTENNA TUNER

Al band operation (16010 matenl with

mout any randam e
ulput power capabilily

-

S5T ELECTRONICS

Seeour HAM MART
listings to find the
Amateur Radio
dealers nearest you.
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SPECIALS FROM

/7
electronicy

M 2

Fairchild VHF Prescaler Chips

Motorola MC14410CP CMOS tone Generator uses 1 MHz Crystal to

11CO1FC High Speed Dual 5-4 Input no/nor 15.40 produce standard dual frequency telephone dialing signal, Directly compatible with
11€050C 1 GHz Counter Divide by 4 74.35 our 12 key Chomeric pads. Kit includes the foilowing.
11C05DM 1 GHz Counter Divide by 4 110.50
11C06DC UHF Prescaler 750 MHz D Type flip/flop 1230 | 1 Mcldaiocp
11€24DC Dual TTL VCM same as MC4024P 2.60 1 1 MHz Crystal
11¢44pC Phase Freq. Detector same as MC4044p 2.60 1 Printed Circuit Board (From Ham Radio Sept. 1975)
11¢58DC ECL VCM 453 And all other parts for assembly. NOTE: Touch Tone Pad not included! $15.70
11€700C 600 MHz flip/flop with reset 1230 | Fairchild 95H90DC Prescaler divide by 10 to 350 MHz. Will take any 35
11C83DC 1 GHz 248/256 Prescaler 29.20 o )
11690D¢ 650 MHz Prescaler Divide by 10/11 1600 | MM Coumter to 350 MKz Kit jncludes the following.
11C900M same as above except Mil. version 24.00 2 ¢
11C91DC 605 MHz Prescaler Divide by 5/6 16.00 1 2N5179
11€91DM same as above except Mil. version 24.00 2 UG-88/u BNC's
ggnggg%ﬂ 350 MHz :rescaler Divide by 10/11 z_gg 1 Printed Circuit Board
same as above except Mil. version 16. And all oth i
gsHo1DC 350 MHz Prescaler Divide by 5/6 g5g | A all other parts for assembly $29.95
o same a5 above except Mil. version 1650 | Fairchild 11€90DC Prescaler divide by 10 to 650 MHz. Will take any 65
Gel-Cell 12 volts at 1.5 Amp Hr. #GC-1215 S19.95 | i e 0 o B i ide by 10/190 Lo 650 Wiz
Crystals JUST ARRIVED! These radios have just been axe @ 6.5 Wiz counter 7. Kt includes the Tollawing.
1000000 MHz 495  pulled out of service. Set up for approx. 150 MHz. | 1 11€90DC
5.000000 MHz 4,95 Clean. Al tubes inciuded, No accessories. Prices 1 25179
3579.345 KC 295 FOB Phoenix { WMirsvete 1 Printed Circuit Board and all other parts § b
rinted Circuit Board and all other parts for assembly.
10 Mz 995 Qe v eeT 29995 | 1 Bridge 82590 add $5.70 to total.
GE MT.33 $39.95 _— $59.95
GRC10 Radio Set $169.95 Fairchild 3817 Clock Kit from Ham Radio, Feb. 1976, Pg. 26 — All parts
Model T33BAT $39.95 FOB Phoenix included except transformer and case. 12 hour $24.95 24 hour $29.95
1.C.'s MuRata 10.7 MHz
82238 $3.00 Ceramic Filters TRANSFORMERS
SFW-10.7MA $3.95 F-18X 6.3vct at 6 amps 356
2102 $1.99 # F-93X 6:5v to 40v at 750 ma. 353
- T T T T F-92A 6.5v to 40v at 1 amp 459
Johanson and Johnson Ferrite Beads N-51X Isolation 115vac at 35va. 2.80
Trimmer Capacitors 12 for .99 or Model D-2 6.5v at 3.3 amps 4.95
1 to 14 pf. $1.95 120 for 9.99 6.5v at 3.3 amps
1 to 20 pf. $1.95 BE-12433-001 30v at 15 ma. .49
BGH-9 6.3vct_at 10 amps. 6.95
F-1072 12V @ 4A or 24 V @ 2A 7.80
FET’S P6377 12v @ 4a or 24v @ 2a 6.31
Lo P6378 12v @ Ba or 24y @ 4a 10.31
2N3070 1.50 2N5460 90 MFE3002 3.35 P8196 80vet @ 1l.2a 6.28
2N3436 2.25 2N5465 1.35 MPF102 .45
2N3458 1.30 2N5565 5.45 MPF121 1.50
SNaaz2 1% rezooo >0 e 250 |
.50 M A U128 .
ot 2@ el amoown b POLARAD DIODES
1. . . .
2N4875 175 MFE2009 480 a087a 129 SPECTRUM ‘ 1N270 Germanium Diodes  $7.95/c
— ANALYZER HEP170, 2.5A, 1000 PIV $4.95/20
TUBES Model DU.-1A with 3 RF tuning e e 20 20KV, 19, ma,
2E26 5.00 5728/T160L 25,32 73;2 40.82 units. Model STUI, 2A, 3A, will
3828 :00 811A . 81 3.
aX150A 1500 931A 195 2508 398 cover 10 MHz to 22,000 MHz, $795.00
4X150G 18.00 5849 32.00 8950 5.50
4CX250B 24.00 6LQ6 4.50 4-400A 29.95
4CX350A/8321 35. 00 6146A 5.25 4-250A 24.95
4CX15000A  150. 6146B/8298A  6.25 4-125A 2095 FANS
DX415 25.00 6360 7.95 4-65A 15.95
6907 35.00 Pamotor Fans, Mode! 4500C 117 VAC, 60 Hz, 19 w. $7.95
RF TRANS'STORS ' E. F. Johnson Vair. Capacitors
1189.1.4 1.2 to 4.2 pf .99 189-504-4 1.5 to 5 pf .99
2N1561 15.00 2N3927 11.50 2N5641 4.90 ‘ 189.4-5 1.5 to 9.1 pf 99 189-355-5 1.7 to 11 = pf 1.29
2N1562 15.00 2N3948 2.0 2N5643 20.70 189-5.8 1.7 to 11 pf 99 189-352-5 1.3 to 5.4 pf 1.39
2N1692 15.00 2N3950 26.25 2N5764 27.00 | 189-6-8 1.8 to 13 pf .99 : = Differential
me  dm o s e, oo T
2N2857 1.80  2N4073 2.00  2N5849/MM1622 19.50 | susT ARRiveD !
2N2876 12.35 2N4135 2.00 2N5862 50.00 | Wilcox/Sperry Circuit Boards:
2N2880 25.00 2N4427 1.24 2N5942 49.50 | #118273/6118273 This board has many valuable parts including the following:
2N2927 7.00 2N4430 20.00 2N5922 10.00 © 1 each crystal 9.700000Mc 1 ‘each 2N5486
2N2947 17.25 2N4440 8.60 2N6080 5.45 9.800000Mc 5 each 2N5208
2N2948 15.50 2N4957 6.30 2N6081 8.60 9.900000Mc 4 each 2N4126
2N2949 390  2N5070 13.80 2N6082 11,25 92.734000Mc 4 each 2N3563
2N2950 5.00  2N5090 6.90 2N6083 12.95 93.134600Mc 2 each 2N4259
2N3287 430  2N5108 3.90 2N6084 14.95 93.535000Mc 3 each #189 - 4 - 51 cap 1.5 to 9.1 pf
2N3300 1.05  2N5109 1.55 2N6166 36.80 93.935300Mc and about 100 more capacitors, resxswrs, coils
2N3302 1.05 2N5177/MRF5177 20.00 MRF8004 190 ! 94.335600Mc¢ ete. Only $19.95
R T s oy vaose pors mtuing e
2N3 3. HEP! R
2N3375/MM3375 700  2N5216 4750  WEPS3003 2988 ,’f,,l,losﬁ,z,é/",}ifS,Z}sTp’,‘,',sd,';"f;Cdm';as many valuable parts including the
2N3553 1.80 2N5583 5.60 HEPS3005 9.55 2 7490 1 7474
2N3571 410  2N5589 460  HEPS3006 19.90 | 5 74123 ] 7400
2N3818 6.00 2N5590 6.30  HEPS3007 2495 1 MC8300 i DM8820
IN3aot 359 Snseds 938 el 28 | 1 a5 1 2Nad0l
2N 38 . . . . 4
3N3866 JAN 414 SNS636 11'93 RCA IA7334 sggg ind abou[ 35 more capac:(ors, resistors, crystals, connector Only $4.95
2N38e6 JAN TX 485 N33l 2070 RCA 402 : ‘ f#'l|18376/6118376 This board has many valuable parts including the
——— ollowing:
We also have the following Wilcox/Sperry circuit boards in stack. 4 each MC1213 3 2N3563
#118788/6118788 #118374/6118374 #117867/6117867 1 MC1234 1 1N4004 .
#117198/6117198 #117535/6117535 4 MC724/824 and about 38 more capacitors, resnstors,
#118817/6118817 #117752/6117752 5 MC790/890 coils, connectors on! y $8.95

electronics

PHOENIX, ARIZONA 85008
PH. 602-957-0786

NO C.0.D.

More Details? CHECK — OFF Page 150
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ANTENNA BALUN KIT

U ONE KILOWATT - STILL $5.00
'Z" ratios 1:1 or 4:1

N Postage: USA, Canada and Mexico — 50 Cents

-

, AR .\-.!
7N S )‘v
Ask for free 'Data-Flyer!

Ik
on Ferromagnetic Materials

AMIDON.
MO0UDIS = 12033 OTSEGO STREET, NORTH HOLLYWOOD. CALIF. 91607
Lidmam

—— FnrEase—mzed

Also use as Transformer
to match other 'Z' ratios
Will match Mobile Verticals

ALPHA POWER

... For THAT BIG SIGNAL

ALPHA 374
‘NO TUNE UP’

® Smallest & lightest
true locked-key kilo-

= 8 T .'
ALPHA 77D
‘THE ULTIMATE'
® Runs cold and whis-
per-quiet in all modes
at maximum legal
power.
e Full
coverage.
® Built-in QSK systeg
® Vacuum tunipg

10-160 meter

ALPHA/VOMAX

‘TOPS IN

TALK POWER’
® New split-band
speech processor is
actually more effective
than rf clippers!
® Extremely low distor-
tion.
® Easy to use with any
rig.
® Money-back guar-
antee!
$179.00 (12 VvDC); AC
supply $15.

transformers,
ducted-air

larger!) plug-in
Eimac ceramic triodes,

warranty shared by all ALPHA linear amplifiers.

Write or call ETO direct for detailed literature and
prompt delivery.

e
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EHRHORN TECHNOLOGICAL
OPERATIONS, INC.
BROOKSVILLE, FLORIDA 33512
(904) 796-1428

TOWERS

FREE STANDING

ALUMINUM TOWER |

10 to 100’
Prices from
$110.00 (30')

MOST

POPULAR

HAM TOWER

REQUEST

NEW CATALOG

OF
TOWERS &

ANTENNAS

Communication Specialists
Midwest Ham Headquarters

For Over 38 Years
HAMS! Write For Free Catalog
and Wholesale Prices!
Electronic Distributors, Inc.
1960 Peck Muskegon, M| 49441
Tel: 616-726-3196 TELEX: 22-8411

Do you really know how your antenna
is working? You could with this
month’s test equipment special

VHF ANTENNA BRIDGE
Hewlett-Packard
HP803A

Measures antenna impedance along with
capactive or inductive reactance com
ponents. Works as a direct-reading null
bridge using a high power signal generator
or low power transmitter as a source and a
VHF detector or receiver to detect the null
point. It reads

Impedance from 2 to 2,000 ohms

Capacitive or inductive reactance as
plus or minus degrees from 0 to 180

Frequency coverage — 50 to 500MHz
.qg-" T
PPD e
with .
manual :

TEST EQUIPMENT

\® e

Tekfromix, Measurements, HP, Fluke, eic. used
bu! good working condition Mon back
rarantee. Send lor catalog

GRAY Electronics

P.0.Box 941, Monroe, Mich, 48161

More Details? CHECK — OFF Page 150



CRYSTAL FILTERS and DISCRIMINATORS
9.0 MHz FILTERS

KH:  SSB RX/TX
'y z .
3.75 kHz  AM ; Export

.0 kHz AM R
12.0 kHz ggmi ” : Inqmrm;
.5 kHz W (4 pole . otie
XF9.NB 0.5 kHz  CW (8 pole) $67.15 Invit

9.0 MHz CRYSTALS (He25/u) Shipping
XF900 9000.0 kHz Carrier ¥ -2
XF901 89985 kHz USB : $1.25
XF902 9001.5 kHz LSB § .
XF903  8999.0 kHz  BFO i per filter
F-05 Hc25/u Socket

VHF CONVERTERS UHF

MMc50 MMclad MMc220 MMcA32 MMcl296
RF Freq. (MHz) ¢ 50-54 144.148 220-224 432-436 12956-1300
IF Freq. t 28-32 28-32 28-32 28-32
N.F. (typical) 2.5dB 2.8d8 3.4dB 3.8dB
N 30dB 30d8 26dB 28dB
$4495 354995 55495 $59.95 $69.95

{0ther ranges, amateur, commercial
& scientific to order, Power 12V DC
Low N.F. units on special order.
Size 134" x 244" x 414" plus
connectors. L.0. output option —
$5.00 extra. Shipping: Converters
$2.50 each.

432 MHz SSB TRANSVERTER, MMt432

Use your HF Transceiver on the 432 MHz band with the addition of the
MMt432 linear Transverter. The MMt432 operates on all modes; SSB, CW,
AM, FM. It contains BOTH the linear transmit up-converter and the re-
ceive down-converter. An internal PIN diode T/R connects to your Trans
ceiver T/R line. The MMt432 is FT101 and similar HF rig compatible. Add
the 70/MBM48 MULTIBEAM and operate direct into OSCAR 7 mode B.
Write for free application note.

Specifications:

Output Power 10 W peak

Drive, 10 meters 145 W max

Receiver N.F. 3.0dB max

Receiver gain

Bandwidth

Prime Power

Price

Shipping: $3.50

Also Available:
144 MHz SSB Transverter, MMt 144 $214.95

146 MHz 440 MHz FM TRANSVERTER

Use your 2 meter Transceiver on the 440
MHz band with addition of the FMt440
TRANSVERTER. No changes needed to your
2 meter transceiver. Connect FMt440 in
place of regular 2 meter antenna. Switch
selected band changeover. Write for appli-
cation note.
FMt440 Specifications:
2 meter Drive Power 30 W max
440 MHz Sensitivity 0.5xVolt
Frequency Ranges 144 - 150 MHz
430 - 450 MHz
Price: $174.95 Repeater Groups write for terms
Shipping $3.50 Application Note available free

Also Available
432 MHz Transverter, QMt 432 $174.95

Spectrum
International, Inc.
Post Office Box 1084
, Mass, 01742, USA

More Details? CHECK — OFF Page 150

LINEAR AMPLIFIERS and TRANSVERTERS

by POLAR ELECTRONIC DEVELOPMENTS

The linear amplifiers are designed to boost your transmitted power when
using the new MMtl44, MMt432 solid state transverters or similar low
power Ltransmitters on the 2 meter and 70 cm bands. All transmission
modes are possible: CW, AM, 55B, FM, RTTY, etc.

Specifications: EDL144

Drive Power 20 W PEP max
Output Power 100 W PEP max
Rx Pre-Amp Gain 20 dB typ
N.F. 2.5 dB typ
Power Supply 115V A.C.
Size: 10" x6” x 7"

The EDL144 amplifier con-
tains a high power transmit
linear amplifier (5894 PA)
and power supply (115v) to-
gether with a low noise re-
ceive pre-amplifier (2.5 dB NF). T/R switching is automatic by an
internal VOX circuit; no changes are needed Lo your existing transceiver.

Specifications: EDL432P

Drive Power 10 W PEP max
Output Power 50 W PEP max
Power Supply 115V A.C.
Size: 10" x 6" x 11*
The EDL432P amplifier con-
tains a high power triode
amplifier (2C39A) with match-
ing power supply (115v), The
cabinet also contains the
cooling air blower, antenna relays and full metering. The RF section is
also available as a complete sub-assembly, model EDL432, for use with
an existing power supply etc.

Use your 10 meter transceiver with the EDT50-28 or EDT144-28 trans-

verters to operate on the 6M or 2M bands. These transverters

operate in all modes; they have the same style P.A. design as the
EDL144 amplifier, Receiving
is with a MMc50 or MMc144
style converter mounted in-
side the cabinet.

Specifications:
EDT50-28 50-52 MHz
d o J EDT144-28 144-146 MHz

| Drive Power, 10M 0.5 W max
| Output Power 100 W PEP max
- e | Rx Gain 30 dB typ
il N.F. 2.5 dB typ
-~ Size: 10" x 6" x T*
\ An external power supply is

— required,

Write for full details and application notes. Visit our Dayton
booth to see the full line demonstrated.

X ANTENNAS

144-148 MHz
Model BXY/2M $39.95

Gain 9.5dB in each plane, 500 feed. fOf

For OSCAR communications add

Circular polarization harness, PMH/2C  $9.70 cw AM
Also available for 2 meters: FM SSB

8 over 8 J-Slot, Model DB/2M $39.95 OSCAR

8 by 8 vertical pol. DB/2M-vert. $48.70

420-450 MHz

48 element J-Beam MULTIBEAM
Gain 415.7 dBd. Feed 500 coaxial.
Model 70/MBM48 $52.45

= oy
1296 — LY ]
1296 MHz LOOP-YAGI
GAIN -+20dBi
1250-1340 MHz

FEED 500 COAXIAL
$54.45
Shipping: Antennas FOB Concord, Mass. via UPS.
Write direct for Polar plots, Gain & VSWR curves,

Send 26¢ (2 stamps) for full line catalogue of KVG crystal products and
all your VHF & UHF equipment requirements.
Pre-Selector Filters Pre-Amplifiers
Varactor Triplers Crystal Filters

Decade Pre-Scalers Frequency Meters
Antennas Oscillator Crystals

SSB Transverters
FM Transverters
VHF Converters
UHF Converters
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"HESL
ANSLEIVER

SPECIFICATIONS
Frequency coverage.

Number of semsconductor devices
Modulation type

Power requirement

Current drain

Antenna input
Dmenssons
Weight

TRANSMITTER
Frequency coverage
Switching:

Autho distortion
Frequency control
Modulation system

730 WEST McNAB ROAD
FORT LAUDERDALE, FLORIDA 33309

144 DOOME; b0 147 S95MHZ

38 Transistors. 31 ICs. 8 LEDs

18F3 erminsions

118 VDT

Transmit — 85 Amps, Receive — 1 4 Amps, &l maximum

Twa wide s P high & 11% deep (overall)
4n e

144 DOOMMHE 10 147 BI5MHZ in SKHZ siaps (800 Channeis)
Sobd-stale type

Less than T4 &l 1KHz, 23 system devabon

Dupiaity wyntheszed

Phase modulaton

AF power oulpul
Frequency stability
Audia lrequency (esponse

Frequency display
Hum and noise
Spurious and harmonic

RECEIVER

Frequancy coversge

Frequency control system
Intermediate trequency
Sensitivity (unable)

Mod s lation scceptance bandwedih
Local oscillator iequency stability
Audio outpul power

Quisting sensitivity

Hum and noise

Squelch Mreshold sensitivity
Squelch limil sensitivity
Spurious response attenuation
Optional accessory

Low i ol prace

25 Walts masmum varnable approwrmately rom 2.25 Walts
Within = SPPM trom —20°C to +80°C

+ 208 1o —8dA om the slandard 538 per oclave
de-amphasa, from 300z 0 3000HZ

6 g, 7 swgment LED

Better han —30d8 273 rated system devabon af 190H:
Al lnas! 8008 below raled camen power

143.000MHE bo 148 BBSMH: . Semples — BO0 Channels will
SKHz separaton, Duples — +B00KH2 —B00KH2 + MM
of —1MIHE lor sach channel

Dhgtal synehescred

a1 AN

I5uV. 1208 Sinad » 50% Audko, 0 SuV menemum for 2008
= 7 5KHy munemum

= SPPM

4 Waftts nto an § Onm oed

(2008) — 0 Su¥ mirumuem

—50d8 squeiched and —30dB unsqueiched

0 25uY minimum

20UV or lees

708 minimum

Piug in Towch-1one Encode:

Tha AMCOMM 5 2 28 Syrahesied Trancerve: @ desgned and il ior mobde ametes use
0N e 2 mter At 10 v OF ICRROIORICE ITEROYSTenS SERcRCAnOnE e
et 1 Change waERGUE Robe

CONSIDER THESE UNIQUE ADVANTAGES:
1. Unequaled true "State of the Art" technology

2. Supert and unparalleled quality construction

3. Modular snap-in boards with exchange service
4, Variable RF output: 1 = 25 watts

5. Variable intensity LED digital frequency readout
6. Transmit frequency displayed by LED readout
7. Four front panel selectable splits

B. Vertical "Easy Read" 5 meter

9. Compact and lightwelght
10. Simple, artistic but aesthetic design and finish
11. List price - Including touch tone pad $549.00
12, Our Introductory price - competitivel

CALL FOR QUOTE - TODAY.

DISTRIBUTOR - DEALER INQUIRIES INVITED

HtIC

|t 5 W

-’-f:;":‘}q INTERNATIONAL COMMUNICATIONS SYSTEMS INC

1827 SOUTH DIXIE HIGHWAY POMPAND BEACH FLORIDA 3306C

ATLAS/IDENTRON/DOVE THON/DRAKE (GENAVE MY -GAINICOM

nL/ LM/M s WEWELL COLLINS/STANDARD

SWAN, OME/TRID KENWOOD!Y AESU
SR HAS R EE CORNE LLACPOACLISH ER/LARGEN

Order By Mail or Call
and Charge It On = @O

ICOM IC 22S
Frequency Encoder

by Trans Com

Have the best of two worlds with your IC 22S. Up
to 21 of your favorite frequencies AND full 146

to 148 MHz coverage.

Tunes from 146.010 to 147.99 MHz in 15 kHz

steps.

Simple installation using either 9 pin ASSY plug

or the optional 24 pin ASSY plug.

Lever type switches for easy frequency selecting.

Priced at $69.95 (wired and tested)
Send check or money order to:

—Trans "

P. 0. BOX 120

ADDISON, ILL. 60101

I, residents add 5% sales tax

6 digit AUTOMOTIVE CLOCK KIT complete
with a CRYSTAL TIMEBASE accurate to .01
percent. 12 volts d.c. operation — built in noise
suppression and voltage spike protection. Read-
outs blank when ignition is off — draws 256 mA in
standby mode, Has .3 in. readouts, Use it in your
car or for all applications where a battery-operated
clock is needed. Approximate size 3" x 3.5" x

1.75"
WITH BLACK PLASTIC CASE $34.95 ppd.
WITHOUT CASE $29.95 ppd.
ASSEMBLED AND TESTED $45.95 pod.

CMOS CRYSTAL TIMEBASE KITS with .01
percent accuracy. 5-16 v.d.c. operation, Draws
only 3 mA at 12 volts. Single |.C. — very small
size — the P.C, board is 7/8" x 1-5/8". Choose a
main output of 50 or 100 Hz., 60 Hz., 500 or
1000 Hz., or 1 Hz. Several related frequencies are
also available on each board, in addition to the
main ones listed above. Be sure to specify the
Frequency you want. All kits are $10.95 ppd.

Flyer available —

WNEXUS

TRADING CO.
94578

Box 3357 San Leandro, Ca
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TTLS
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There is only one

ELECTRONICS

WIRE WRAP CENTER
HOBBY-WRAP TOOL-BW-630

» Battery Operated (Sue C)

» Weighs ONLY 11 Ounces

« Wraps 30 AWG Wire onto

Standard DIP Sockets (025 inch)
Complete with built-in bit and sleeve

They can try and copy our ad,
BUT

They can’t copy our service!

WIRE-WRAP KIT — WK-2-W

WRAP « STRIP « UNWRAP
« Tool for 30 AWG Wire
« Roll of 50 Ft White or Blue 30 AWG Wire T 1
o S0pcs each 17, 27,37 & 4 lengths -
pre-stnpped wire @

$11.95

" SNIASEA

1% SNTABON n SNI4ISM 100

n SMT4TON a5 SMT4155M "
SHTAGN ] SNIATIN " ey "
TN 18 SNTATIN a 5 ™ w
SNTADSN M 1 12 SNTAIGON 125
SN TN 2 SNTAI0IN "
SNTAOTH n SNTA1EIN "
SNTAEN ] 5 (81
SNTAOSN » 1.10
SNTA10M 1 15
SNTA1IN 0 550
SNTATEN 1 20
SHTATIN 4 1%
SHTALAN m 150
NTA1EN 1 125
NTATTN 35 ]
SHTAZON H ]

k %

“ "

3 ra

] L]

] 195

1) 4 N

@ 1

»

3

b} H (] N
MANY OTHERS AVAILABLE ON REOUEST
20% Discount for 100 Combined 7400's

0400

DISCRETE LEDS

\

- WIRE WRAP TOOL WSU-30
WRAP « STRIP « UNWRAP-$5.95

WIRE WRAP WIRE — 30 AWG
250 min, $1.25 50N $1.95 1001 8295 1000h 51500
SPECIFY COLOR — White - Yellow - Red - Green - Blue - Black

L
e Hat ] 5% s My H
LE1] [ (L1 LS5 W i
“ - o acss o L :
ar s 526 Clear 3 KLY Clea n U
SPECIAL * — XC556 Red 100/58.00 1000/$60.00 — SPECIAL *

DISPLAY LEDS

@& CUTTER CRIMPER TOOL (CS-8)

Plier Nose (serraled-jaw)
ﬂ

Scissors Action Cutting

6 Boh Cutters (4-40, 5-40, 6-32, 8-32

10-32, 10-24)

Crimp Stations
12-X0 elect )
Up-Front” Wire Cutting

Scissors Action Stripping (No. 222010 No. 10)

Crimp Stations — nsulated (2w-20 to

12-10 slect | sa'sn

Tmm Autn 22-20 1o

length

Wl L
’ " s v
" 0 W
y
" X 3 " o

o

Actual Size - BY%
Permacel Electrical Tape
@ & (wide) XBER (long) « Allweather « Not impon
$1.25 per roll — $8.95 per 10 roll package

ATARI GAME BOARDS |NEW AY-3-8500-1 TV GAME CHIP,
ot $6.95 pa. | = Soecn o I . o

P

IC SOLDERTAIL — LOW PROFILE (TIN) SOCKETS

¥ SOLDEATAIL STANDARD (TIN}

V3 AP 1 i

B s n P . - o basfl -
- .. s s zae 18
0 i 154004 ]
SOLDEATAIL STANDARD (GLD)
" i @
WIRE WRAP SOCKETS (GOLD) LEVEL #3 W RRIDGE REC 19
» 34 i 37 ' 45 v e P BRIDGE REC 1
s ‘ " " - %P . = TRANSISTORS
Plastic Push Button Switch MINATURE TOGGLE SWITCH
* 18 AWG Solid Wire - 5 Loag
- l-Ic__! X .60 (high) %-27 Thiead JMT-221 DPDT onioftion §1.05
“WANP G Vol - 1ARE @ 118 YN JMT-223 DPDT oninoneion §1.75
188 Pugh On-Pen 09 " JMT-121  SPDT on/oliion  $1.50
1887 Mormaly Dpen L. JMT-123 SPOT on/mone/on $1.25
U8R Wormaly Clossd L" I ]

DIP SWITCHES

BPET Shde Acton

CLIPLITE 8/51.49

ey A !

2 oo 4 b
DATAHANDBOOKS
A0

O

$2.95
$2.495
5295

LED MOUNTING SYSTEM witeh unt $1.75 e
use with XC556 LEDS wit tOS148 e
S—— e - Groan - Arzibes - Yiow 16 pon At B switch unil 3228 ma
50 PCS. RESISTOR ASSORTMENTS $1.75 PER ASST.
] ok 1S 0MM TBONM 27 DWW
LMISON 4 WM Y ASST. 1 Sm ! O DM 30 OHM 14 WATT 5% - SOPCS
LMISIEN 5 LMLoY 7S £ e 100 Dvlt
L5 - ASST. 2 Sm ) g ") CHi 14 WATT 8% SO PCS
= 2741500 T7L, ey
MS03 ] ‘ = :. ASST. 3 L) " " w " 140 WATT 8% 50 PCS
o | M ASST.4  bm in o 1 . s 1k WATT 5% 50 PES
i sa o ASST.5  im e # o - - 14 WATT 5% S0PCS
: ; ASST. 6 S --: l‘: ' -—I: : Lo WATT 8% S8PC3
i g - L) v U 1M N
Rt ASST, 7 S u } " T e 144 WATT 9% - SOPCS
o MLS10V ASST. 8R Includes Resistor Assortments 1-7 (350 Pcs.) $10.95 ea.
i 4 e el
‘. 4 $5.00 Minimum Order — U.S. Funds Only Spec Sheets - 25¢ — Send 35¢ Stamp lor 1977A Catalog
4 ¢ California Aesidents — Add §% Sales Tax Dealer Discount Available — Request Pricing
CLOCK CHH:S

L | e R
& |lames
&5

1021-A HOWARD AVE.. SAN CARLDS. CA. 94070
PHONE ORDERS WELCOME — (415) 592-8097

-~ s n

0 3 27 7
+ DIPPED TANTALUMS (SOLID) CAPACITORS
(] m n ” 1 5 w0 ) 21
b 1 227V 1 n
) 17 ) 7
n 2] 1 n . T
m 1 1 » n ]
: = 1 102 “0 ¥ "
W m 2 17 iape 8 5 ©
MINIATURE ALUMNUM ELECTROLYTIC

Asisl Lead

AT

All Advertised Prices Good Thru May

More Details? CHECK — OFF Page 150
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FAST SCAN AMATEUR TELEVISION EQUIPMENT

- SOLID STATE J 7 g
&

-

+ BROADCAST QUALITY

PERFORMANCE
. FOR TECHNICAL DATA T —ren
AND PRICING, o~

WRITE TO: AM-1A RCVR MODEM

APTRON LABORATORIES sox 323, BLOOMINGTON, IN 47401

MODEL
CRP-22

$3995

POSTPAID IN USA

FREQUENCY PROGRAMMER
FOR THE ICOM IC-22S

® EASY DIAL-UP OF ALL 133
CHANNELS COVERED BY THE
IC-22S

® EASY INSTALLATION — ONLY
9 WIRES AND 20 MINUTES

® COMPLETE WITH VELCRO FOR el
MOUNTING TO RADIO OR B oa
DASH CLEING 215move:

e SUPPLIED WITH LOOK-UP
TABLE

The grogrlm frequency is controlled by switches A
and B. Just set A and Be:er the look-up table for I%
channel covered by the IC-22S, Size: 2.80 x 2.00 x .

CLEN

TEXAS RESIDENTS
ADD 5% SALES TAX

DEALER AND CLUB
INQUIRIES INVITED

ORDER DIRECT: SEND CHECK
OR M.0.
SATISFACTION GUARANTEED

CLENG ELECTRONICS COMPANY
BOX 12171 DALLAS ,TEXAS 75225

GEM-QUAD FIBRE-GLASS

ANTENNA FOR 10, 15, and 20 METERS

Two Elements $129.00
Extra Elements $90.00
Price is F.0.B. Transcona
INCLUDES U.S. Customs
Duty
s, KIT COMPLETE WITH
| *SPIDER
||| *ARMS
*WIRE
N/ | *BALUN KIT
' *BOOM WHERE
NEEDED
WINNER OF MANITOBA
DESIGN INSTITUTE
AWARD OF EXCELLENCE
Buy two elements now — a third and
fourth may be added later with little
effort.
Enjoy up to 8 db forward gain on DX,

with a 25 db back to front ratio and
excellent side discrimination.

Get maximum structural strength with
low weight, using our “Tridetic”
arms.

GEM QUAD PRODUCTS

Box 53
Transcona, Manitoba
Canada R2C 2Z5
Tel: (204) 866-3338

FOR A FAIR DEAL SEE
ROSS THE COUNTRY HAM

$160 Allowance for your ICOM 22A or
Kenwood 7200 on the New ICOM 211

$425 Allowance for your TS-520 or
FT-101B or EE On New Astro 200

Only trade-ins in good condition, unmodified with manuals.
Shipped to us Prepaid. New Service Manual for Yaesu $25.
Cash orders shipped Prepaid

Dealer for Yaesu, Atlas, Drake, ICOM, CIR, Dentron, Swan,
Rohn, KLM, etc.

ROSS DISTRIBUTING COMPANY
208-852-0830 Preston, Idaho 83263
Established 1957

REMOTE CONTROLLED
ANTENNA SWITCH

TS S ol iy

® The SW-5 is a heavy-duty remote
controlled RF switch. Handles 4
kW PEP with negligible insertion
loss and SWR below 30 MHz.
Housed in rugged, weather-proof
enclosure.
e Safe, low-voltage operation from
26 VDC supply in control unit.
® Indicator lights show at a glance
which antenna is in use.

® Requires six-wire control cable.
Ham-M cable satisfactory to 150
feet.

® Models from 3 to 9 positions.
Optional connectors and special
switching systems are available.

@ Five position Model SW-5 $120.00
(Shipping $3.00 in USA — IA res. add 39%)

ANTENNA MART
Box 1010 ISU Station

Ames, |A 50010
Phone: 515-292-7114

130 [ may1977
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digitally tuned

SOM-10M SSB transceiver

with over 40,000 frequency synthesized channels.

¢ Ultra-stable frequency synthesizer o
Large LED readout ¢ 200 Watts PEP
input e All solid state including
electronic tuning ¢ Front end filtering
® Built-in TVI filtering ¢ Modular
construction ¢ WWV Receiver,
Squelch, Noise blanker, VOX, Speech
processing are standard e Full
metering.

Discover a whole new world of
communications with the CIR ASTRO 200

. the Ham SSB Transceiver that has
established a new plateau of sophistication
for the serious enthusiast.

The built-in digital synthesizer with LED
readout gives you over 40,000 crystal
controlled channels in the 80 through 10
meter bands with 100Hz resolution. Just
press a momentary switch and tune your
frequency with no moving parts.

Calibrate it with WWV at the turn of a
switch for absolute accuracy. No more
crystal calibration.

And, as for frequency drift, the

CIR Industries, Inc.,

ASTRO 200 is ten times better than VFO
types. Total filtering sets the ASTRO 200
above all others for TVI and harmonic
suppression. Selectable USB or LSB allows
you complete flexibility.

CW operation features include semi
break-in CW with adjustable delay and side
tone . . . no key click or CW chirp.

CIR offers a complete range of
accessories including fixed station console
and external frequency synthesizer for
crossband DX work.

This extremely compact transceiver is
only 2.8" high by 9.5" wide by 12.3" deep
including heat sink. With all of these features
incorporating rugged militarized type
construction, it has no equal for SSB and
CW operation.

Be the first to learn more about the
exciting new CIR ASTRO 200 . . . ham
radio’s next generation transceiver.

List price, *995. Write or phone for
complete details.

TRANSCEIVERS

1648 N. Magnolia Avenue, El Cajon, California 92020 U.S.A., Phone (714) 449-7633, Telex 69-7989



ASSEMBLED $17.95
ADD $1.25 FOR
POSTAGE/HANDLING

VARIABLE POWER SUPPLY

Continuously Variable from 2V to over 15V
Short-Circuit Proof

Typical Regulation of 0.1%

Electronic Current Limiting at 3COmA

Very Low Output Ripple

Fiberglass PC Board Mounts All Components
Assemble in about One Hour

Makes a Great Bench or Lab Power Supply
Includes All Components except Case and Meters

MORE SPECIALS: -
HCA1950N 15V @ 50mA VOLTAGE REGULATOR IC. Very say 10
use. Makes 0 nest Highly Regulated 15V Supply for OF AMPY, etc
Requires only unregulated DC (18-30V) and 2 bypss capaciton
With Duta Sheet and Schamatics. 8 pin mDIP $1.75
LM741 FREO COMPENSATED OP AMP. 4 AT41, MC1741 etc. mDIP 5/51
MC1458 DUAL 741 OF AMP mDIP s
RCA558 DUAL 741 OF AMP mDIP s
2N3I904 NPN TRANSISTOR AMPLIFIER/SWITCH 1o 50 mA 100  6/%1
ZENERS-Specily Voltage 3.3, 39,43, 6.1, 6.8 8.2 ADODwAY 4/51.00
9.1, 10, 92, 15, 16, 18,20, 22, 24 27, or 33V [110%] 1 Wan 3/51.00

® MONEY-BACK GUARANTEE
® ALL TESTED AND GUARANTEED

ADVA ...

dor 105 unci S AT | BOX 4181 Q, WOODSIDE, CA 94062
i i ot o er- s 10w+ | Tel. (415) 851-0455

Oveigh micher wld poatage D00 ordery s $1.00 ere charge |

OTHER ADVA KITS:

LOGIC PROUE KIT - U with CMOS
Busdt in prntection speini pole
et oot Dl ul ok
’IXIIJ AEGULATED mw(n surFLY
limiving. Cospact sire snt rypicsl regulation of 06% make thes idest for mon sk |
Projects. Ausilable for 5V @ S00mA BV @ S00mA UV @ S0GmA 12V @ 400mA_ 15V @
Elied. Sewcity e

wl mow MIOS 1)

TTL, BTL, WTL, MTL MNIL o

tage sehar croherTg
Thasa wary te avsamtse bit
Rimegian PC o Powesr wpgity bty do not nshule o o
st wh Basing

N ichate o Comomeert ety Setae etiuctom ded pletet |

maters. Add §1 2% per bt for

PMALL NOW! FREE DATA SHEETS suliod seih

WRITE FOR FREE CATALOG 78 ofteing o
Bt 134 sarrn

TEAME S
Canada ant Mrsien
ety

el % sl 1

KIT $11%

ICor FET's WITH
$5 & $10 ORDERS.t
DATA SHEETS
WITH MANY ITEMS

. FREE

| mionEs THANSISTORS | TRANSISTORS | TRANSISTORS | LINEAR IC's
ZENERS & INTBE BO34 | Pedem 181 [1WSEE 1| LMIGOKS  TOTE
RECTIFIERS  |wrim M MeAESr 5006 | IwsbAD LR LMAITS LTS
s L (N9 AR eI 1M1 [CReA) SO0/ LMOMITE  L0s
e | v VB [INIZZ 31 [CPESOT BA00)LADMETIZ 178
(L J.‘l‘l wn s 11 | Crest BN LMIMT IS A1
Ll '.'-”H "|3ﬂ!ll VI (e l"||l-wi?'l L.
(LT 3 maes W Om VS| LMITONT 55
wIsH i 0 (warse a2 VE) [ LMITTN 280
W R Himaze w0 T T
|nnu Wi wmlnn e o ey m
M |aMzzzzas w3 | 2madel I NESMA nw
| omea  wmmnas w1 2w ${MPFINE A IMIBeER M
INJG0 G| TNIGGbe o (IWEIGOM D) MPEGSIE 01 LMTMCK 1
VADDT® 1131 | TN E] 0S80 AM MM am
INO0T  THDI[INIOS SR [IWANE  SRMD(SEVMEI )| LMIDIN M
| eeon) 1 |IIR0EA 34 {IMAAIE  UBIISKIGNI AT |LMTHN 5180
NGO04 1LY |INDSOIC AW [IWAGIGA S0 sETer AW LMpeICH M
| naos  som sy w1 WS oy |y UG 1)
| Ina006 10 [1NONE3 W | IeARe1 SEYI) LMMICNIE M
Ll 10791 | 0564 430 | INaBeTE m snnl 5108 | LMMICN 1
AL LALE ) TR0 | PNOSES v W Imansal I TIET ] L) e »
| s 2sm | awases s {1 HACIDIF 108
N30 e | INR8 AT | Imanss ml:'-ﬂll 1]
| ez % esien s | reasss i 2::"':_" 'L‘ ug | LNTI0AN 118
| ivaasd  em [0sn e awsoar nu 's ‘_. T ]
NI TNOBE 1 | WsOm 16 [LETNIN  ghan
THaTS nuu) WE [ INEVIS 1 .m_“ N g |XRISMCE 158
W 4 | INS108 e 1q | 174008 194
INS236 ? un-u omfasns  mCOUEDfyoonia LTS
LT L T TR ] e R T "
N300 mund  am (SRATE O onwn 1
VARACTORS | 20081 ta om [N s oL 3y | CAJSM" ]
| 15129 1w | Ei B ] et [T T
w14 (o mw|mse am REATMD 150
6 AAMMS 48 | INOID 7 iIws3es 1% [LINEARICY  |RCAIMTE® 258
FTALWI 1 | 2N 4D |INSINT  $1N0|LMIOEN  §1.98 |RCAISDN® 138
Wil I T5(INSAI2 190 [LMOGIAN 37 |MCAVSSTA® 228
VI Wl L IWMEY LT (LMOSTH 77 {LMeISOCN 100
MVIEI | O |nsase S0 LMo o [mcassaoN 58
VI TNINIR SRR (INBAM  WBI[LMIORK 128 |NGISV 5
MVINBG I [JN002 08 ZWSANE 131 (LMITIN | NS5V s
VN7 [Zo  aminmn £106 [LMIZIKS 138 [LATMISUC 128
MVIIU 1a TAB[INSSMA 254 (LMOJSKIZ 135 (B0JEOWC 278
vy "Imm 100 | Iwese1 1200 |LMOISK1S 138 | Darsens n
™  *supeR sPecIALs:
NSV 100V 10mA Diods 20/%1 | MPF 102 200MHz RF Amp s
TNAD0T 100/ 1A Rect 15/81 40673 MOSFET AF Amp $1.75
| IN4154 30V 1N914 25/51  LM324 Quad 741 Op Amp o4
BH1 50V %A Bridge Rac 451 LM376 Pos Volt Heg mOIP 55
| ANI2T2A NPN Tramistor 6/81  NESSS Timer mDIP 2/51
2N2B07 PP Tramistor 6/51  LM723 2-37V Ray DIP 381
| 2N3055 Power Xistor 104 69 | LM741 Comp Op Amp mDIP  4/81
INIA0A NPN Amp/Sw 1100 651 LM1468 Dual 741 mDIP 151
ZNI00E PNP Amp/Sw 100 651 CA3086 5 Trams Array DIP

CPG50 Powss FET “Amp S5 | RCA195DN - 15V/S0mA mDIP 1 ?5
AF391 AF Powsr Amp Tramsistor 10 25W @ 3-30MH: TO-3 55.00
B55X Tirner 10 The Ditferent pinout from 555 (widata) s
ACA1DATE Cual Tracksng Reguiator 10.2 1o 30V @ 200mA TO-66 52.50
RCA19STK Dusl Tracking Regulstor + 15V @ 100mA (TO-66) 52.25
B038 Wavelorm Genarator Wave With Circuits & Data 5175

HAMAMATSU - 7262A VIDICON TUBE

#9180 — Brand new type 7262A is a standard 1” vidicon
with electrical characteristics similar to type 7735A with elec-
tromagnectic deflection & focus. Slightly shorter in length with
a low power heater 6.3V @ 95ma (0.6W). Intended for use in
compact, transistorized CCTV cameras both B&W & color. In-
terchangeable with type 7735A, 7038 etc. for improved per-
formance. $29.95 each. Lots of 10 -
10%.

cash with order - deduct

Free Flyers of Video equipment listing this
and other excellent bargains.

The DENSON ELECTRONIC CORP.

Mail: P. 0. BOX 85 Office: 4 Longview Street, Ellington, Conn.
VERNON, CONNECTICUT 06066 Telephone 203 - 875-5198

IF WE WERE YOU

MODEL 6154 TERMALINER

I'D BUY FROM US

YOUR INQUIRY OR ORDER WILL
GET OUR PROMPT ATTENTION

AUTHORIZED

AR DISTRIBUTOR

WEBSTER COMMUNICATIONS
115 BELLARMINE
ROCHESTER, MI 48063
313-375-0420
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NOW FROM Wilson:

AMATEUR: ANTENNAS *ROTORS - TOWERS

3 CRANK-UP ;
TOWER MODELS \ DB33 i AMATEUR ANTENNAS
AVl'uBLE \ = ¥ .. { J' The Wilson 204 is the best and most economical antenna of its type on the market,
i —3 ; = i Four elements on a 26" boom plus a Gamma Match (no balun required) make for
TT-45 FREESTANDING . " J J high performance on CW & phone across the entire 20 meter band. The 204 Mono-
CRANK-UP TO\"EH .45 Ft. bander is built rugged at the high stress points. Using taper swaged siotted tubing
The TT-45 will support 9 sq. ft. at ! permits larger diameter tubing where it counts, for gth with
a height of 39 ft. freestanding I wind loading.
when properly bracketed to a | WILSON 204
house or wall at the 8 ft. level. ¥ The DB33 is the newest addition 10 the Wilson line of antennas. Designed for the
The loads decrease as the tower b =3 who wants a lig igl | package, the DB33 compli-
extension Mast is  lengthened. | ." i ments the M204 for an lent DXers combination.
(Loads are based at 78 mph and , J/

load permitted on the tower de- All Wilson Monoband and Duoband beams have the following common features

creases with increases in wind * Taper Swaged Tubing * Adjustable 52 £} Gamma Match
speed over 78 mph). The tower * Full Compression Clamps * Quality Aluminum
can be completely freestanding * No Holes Drilled in Elements * Handle 4kw
* 2" or 3" Aluminum Booms * Heavy Extruded Element 1o Boom Mounts

with our new concrete or tower
rotating bases, which allow the
use of our raising fixture. Using
these accessories, the towers can
be installed by one man easily.
List ... $345.00

FOR THE TOWERING SIGNAL -
WILSON'S SST-64 GUYED

CRANK-UP TOWER, 64 Ft.
All steel tubing is galvanized
ted and conforms to ASTN
fications for years of
ance free service. The
made of 4 sections,

WR 1000 ROTOR

The Rotor everyone has been waiting years for —
pable of the largest arrays up to 40 sq. ft. -Superior
op pitches — Full 4,000 inch Ibs. of turning
torque. Braking system requires 12,000
inch Ibs. before over-riding — accepts
2" - 3" masts — Weighs 60 Ibs, — Size:
11" diameter, 19" high.

35", 25" and

diameters give ug inest Rotor in the Market Today
and virtually makesthethinpush- ~ M CRANK-UP (BB B B WR1000........... $459.00 List
up poles a

large load§

make
value

CHANKUP TOWER, 48 FL v  WR 500 ROTOR
It?:c £t g ’ Y . ! 00 Rotor has

stabil e T ey, IEE (PR | 4 ) . e a0 _' N lUfhing torque
FEATL : ! . y : :

+ Low ee

steel. JCO)

can S

. the other
or being mar-

el Ball Bearing race-
tres elimination of side
& jamming when Rotor is
nted in line with the mast.

sign, fof ology minded.
List... $249.00 . con a

Forward  Fromt 1o Front-to

T s AT .
Mo 40 85 20 10 Recommended for antennas of
b o e i o 6.5 sq. ft. or less . . . weighs
M204 20 10.0 25 10 20 Ibs.
M203 20 85 20 30
miss 18 12.0 :: ﬁ The
Migs 18 s 2 3 WRS00 Rotor . . $139.95 List
Mio8 10 136 28 30
mios 10 13.0 26 30
M08 10 12.0 26 10
M103 10 8.5 20 3o a
pBss 20 12.0 :: ;: Commg Soon:
15 7 -
oses 18 88 20 % The New Wilson
10 ¥ 0
osas 18 s 20 30 WR750 Rotor!!!
10 85 20 30

AVAILABLE THRU YOUR LOCAL DEALER

FOR THE NAME OF YOUR OR FOR A FREE CATALOG OF
NEAREST AMATEUR DEALER THE ABOVE PRODUCTS, CONTACT:

¥ = Prices Effective
1ISON LIECIronics uvorp. way 11977

4288 SO. POLARIS AVENUE « P.O. BOX 19000 « LAS VEGAS, NEVADA 89119 » (702)739-1931 « TELEX 684-522
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The popular
CUA 64-12
by Heights

Light,
permanently
beautiful
ALUMINUM
towers

THE MOST IMPORTANT
FEATURE OF

YOUR ANTENNA

IS PUTTING

IT UP WHERE

IT CAN DO

WHAT YOU EXPECT.
RELIABLE DX —
SIGNALS EARLIEST IN
AND LAST OUT.

ALUMINUM

Complete Telescoping
and Fold-Over
Series available

Self-Supporting

Easy to Assemble
and Erect

All towers mounted
on hinged bases

And now, with motorized options, you
can crank it up or down, or fold it
over, from the operating position in
the house.

Write for 12 page brochure giving doz-
ens of combinations of height, weight
and wind load.

ALSO TOWERS FOR WINDMILLS

HEIGHTS
MANUFACTURING CO.

In Almont Heights Industrial Park
Almont, Michigan 48003
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Repeater Jammers Running You '.Ragged?

Here's a portable direction finder
that REALLY works—on AM,
FM, pulsed signals and random
noise! Unique left-right DF
allows you to take accurate (up
to 2°)and fast bearings, even on
short bursts. Its 3dB antenna
gain and .06 4V typical DF sen-
sitivity allow this  crystal-
controlled unit to hear and posi-
tively track a weak signal at very
long ranges—while the built-in
RF gain control with 120 dB
range permits positive DF to
within a few feet of the transmit-
ter. It has no 180" ambiguity
and the antenna can be rotated
for horizontal polarization.

The DF is battery-powered, can be used with accessory antennas, and is 12/24V for
use in vehicles or aircraft. It is available in the 140-150 MHz VHF band and/or
220-230 MHz UHF band. This DF has been successful in locating malicious inter-
ference sources, as well as hidden transmitters in ““T-hunts”, ELTs, and noise sources
in RFI situations.

Price for the single band unit is $135, for the VHF/UHF dual band unit is $169, plus
crystals. Write or call for information and free brochure.

L-TRONICS
5546 Cathedral Oaks Road
(Attention Ham Dept.)
Santa Barbara, CA 93111
(805) 967-4859

r----------------------‘

(R) -
\R '
: Bearcat ;='{ [/ Scanner $ 289
| |
; The Bearcat 210 super synthesized receiver

scans and searches 32-50. 146174 & l
416-512 MHz. withou! expensive crysials
Order now on our 24 hour toll-free credit I

I card order line B00-521-4414. In Michigan
I and outside the U_S. call 313-994-4441. Add
$5.00 for shipping in U.S. or $8.00 for air
I UPS to west coast. Charge cards or money
orders only Foreign orders invited. For
I additional informaticn, write. Communi-
cations Electronics, P O Box 1002, Dept I
I 21. Ann Arbor. Mictigan 48106
™ I
1 COMMUNICATIONS ELECTRONICS —
. Lawe AN RIZARD l
| P.0. BOX 1002 DEPT.2D = &=

ANN ARBOR, MICHIGAN 48106

L-_-----—--------------

TransCom TONE ENCODERS

TWO MODELS ® Plug in type tone elements
TG-1 single frequency Low distortion sinewave elements
TG-3 three frequency Excel. temp. & freq. stability
Output level control
Immunity to RF
All EIA freq. avail. 67.0-203.5 Hz
® 9-16V, reverse polarity protection incl.

Wired & tested with frequency TG-1 $24.95 TG-3 $56.95

I ’ . I
element. TG-3 has 3 elemenls  pu4 3 gor gach additional tone
with frequency selection switch. element

Installs easily in most radios.

—rrans@ P. 0. BOX 120, ADDISON, IL 60101 11 residents add 5% sales tax.

More Details? CHECK — OFF Page 150




AMATEUR RADIO AT ITS BEST

SEND FOR OUR FREE 1977 BUYER'S GUIDE, 44 PAGES DEVOTED TO

AMATEUR RADIO, or
SEE US IN PERSON AT:
ROCHESTER, NY HAMFEST . . . May 21-22
ABC HAMFEST, SANTA FE PARK, IL . . . June 12

SPECTRONICS,  INC. HOURS

STORE HOURS:
1009 GARFIELD Mon-Thurs 9:30-6:00, Fri. 9:30-800
OAK PARK, IL. 60304 Sat. 9:30-3:00, Closed Sun. & Holidays.

312-848-6777 [ -]
TELEX 72:8310 M (s

More Details? CHECK — OFF Page 150 may 1977 135



MODERN RADIO COMMUNICATION

A SEMINAR IN HIGH FREQUENCY RADIO ENGINEERING
MAY 16-20, 1977
This 4-day course is designed to bridge the gap between available literature and the latest in Radio Com-

munication Development. It will provide current information and explain the most recent Radio Design
Techniques by summarizing the state of the art to date and indicating future trends.

Detailed information will be given on designs of special interest such as new wide band amplifiers, mixers,
and frequency synthesizers.

Speakers: Ulrich L. Rohde
Prof. Dept. of Electrical Engineering (Coordinator)

Donald G. Childers
Prof. Dept. of Electrical Engineering

Jack R. Smith
Prof. Dept. of Electrical Engineering

Tuition is $300.00
For application and information call or write:

Dr. S. H. Schafer

Div. of Continuous Education
2012 W. University Ave.
University of Florida
Gainesville, FL 32611

Tel.: (904) 392-1701
7 HAM- N

DON & BOB'S

SUPER BUYS

WIRE, ETC. Premax heavy-duty 4 ft. ground rod + clamp $4.00
Consolidated antenna wire: #14 stranded $5.00/100 ft. #12
stranded $8.00/100 ft. #22 GA phosbronze longwire antenna
wire $3.50/1000 ft. Belden #14 stranded copper covered steel
wire $5.00/100 ft.

KLM KR400 Rotor 4+ 100 ft. rotor cable $100.00
CDE Big Talk + 100 ft. rotor cable $100.00
Hy Gain handi talkie $189.95 - call for quote

Midland 13-510 2m FM synthesized $399.00 - call for quote

CABLE 5/32”, 6-strand, soft-drawn guy cable. For mast or
light tower, 3¢ foot.

RAYTHEON 811A $16.00/pr. 572B/T160L ea. $21.95

BELDEN COAX RGS8U 8237 19¢ ft, 8214 RG8 foam 23¢ ft.
8235 300 ohm kw twinlead $12.00/C. 8210 72 ohm kw twin-
lead $19.00/C. Silver Plate Amphenol PL259 59¢ UGL175 19¢.
Saxton uninsulated open wire line: 300 ohm, 450 ohm $10/per
100 ft. Belden 100 ft. RG8 foam with installed plugs $25.00.

?EE fHam-Z $129.00. CD44 $104.00. Belden 8 wire rotor cable
¢ ft.

EXTRAS Reed switch 3/$1.00. Buss AGC3 fuse 5¢ CDE. .001/
igKV doorknob cap $1.95. Mallory 2.5A/1000PIV epoxy diode
¢ ea.

153” x 12 ft. solid aluminum mast $25.00 (freight collect)

CALL US FOR QUOTES ON: ATLAS 350XL,
KENWOOD TS520, TS700A, TR7400A, FT101E.
ALL IN SEALED CARTONS.

CALL US FOR QUOTES & ITEMS NOT LISTED

MADISON
ELECTRONICS SUPPLY, INC.

1508 McKINNEY HOUSTON, TEXAS 77002
713/658-0268 Nites 713/497-5683
TERMS: All prices FOB Houston. Quotes Good 30 Days. All

Items Guaranteed. Some items subject to prior sale. Send
letterhead for Amateur dealers price list.

136 may 1977

MODEL MAKER

WANT TO WORK ON ANTENNA R & D?

If you are a Ham who currently has a job as a
machinist and/or model maker, we have a
position for you.
You should have at least 3 years experience
in model making or prototype work and have
a good knowledge of antennas and elec-
tronics.
Our large, new facility, located in Addison,
{llinois, a small community outside of
Chicago, offers a choice of urban, suburban,
or rural living. We offer excellent salary,
benefits and working conditions.
Send your resume in confidence-stating
education, work and salary history to:
Mr. H. Turner
AVANTI
Research & Development, inc.
340 Stewart Avenue, Addison, {llinois 60101

ananti

Research & Development, Inc.
An Equal Opportunity Employer M/F

More Details? CHECK — OFF Page 150
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FOR THE BUILDER THAT WANTS THE BEST. FEATURING 120R 24 HOUR TIME — 29-30-31 DAY CALENDAR. ALARM, SNOOZE AND AUX. TIMER CIRCUITS

. Will alternate time (8 seconds) and date (2 seconds) or may be wired for time or date display only,
with other functions on dpmand. Has built-in oscillator for battery back-up. A loud 24 hour alarm
with a repeatable 10 minute snooze alarm, alarm set & timer set indicators. Includes 110

VAC/60Hz power pack with cord and top quality components through-out.

PRINTED CIRCY
-7001 Kits S
g:sgr?\%lv info.s!:)(‘:d?e?arg?a‘
} sS,
zé?:égé?j with componen
Specity for 7001

o LT Le CLOCK KIT

\T BOARDS for

ely with
old sepaat Y drilled

8 CorX-

ed

$7.95

KIT-7001BWITH6- 5 DIGITS

KIT - 7001C WITH 4 - 6" DIGITS &
2-.3" DIGITS FORSECONDS

KIT-7001XWITH6 - 6" DIGITS

KITS ARE COMPLETE {LESS CABINET) WITH PC BOARDS, POW
JAND ALL REQUIRED PARTS. ALL 7001 KITS FIT CABINETIAND AC

e e

12/24 HR.OPERATION BIG .4” DIGITS -50/60 HZ QPERATION.

KITINCLUDES
«INSTRUCTIONS

sQUALITY COMPONENTS
50 or 60 Hz OPERATION
®120r 24 HROPERATION

ph

95 aQTY
ea. 1-5

"

01095 QTy

ea. 6-11

7001C

DISPLAY

FESEEHE

7001 X DISPLAY

CHOICE OF DIGITAL DISPLAYS

7001 B DISPLAY

ITHG2ILE L=t CLOCK

it W TS !

MODEL 12 VOLT AC

or

ER SUPPLY, IC & SOCKET, 16 TRANSISTORS, 9 SWITCHES
CEPT (OPTIONAL) QUARTZ CRYSTAL TIME BASEKIT # TB-1

#2001 DC POWERED

? LED ReadoutsiFND-359 Red, com. cathode)

MM5314 Ciock Chip (24 pin)
13-Transistors
3-Switches
6-Capacitors

-Diodes
9-Resistors

24 Motexoins hoard and

“Kit #850-4 will fumish a compie
The only additional items required are a 7-12 VAC transtormer, a circuit

a cabinet. if desired.”

0995 oTY 12
ea ORMORF

of clock components as listed.

PRINTED CIRCUIT BOARD FOR KIT #850-4, SCREEN PRINTED
DRILLED AND SOLDER PLATED FIBERGLASS ....
MINI-BRITERED LED'S (FOR COLON IN CLOCK DISPLAY) .
MOLDED PLUG TRANSFORMER 115/10 VAC (WITH CORD)

NOTE: Entire Clock may be assembled on one PC Board or Board may be cut to remote display.

Great forClocks orany LED

Digital  project. Clear-Red

Chassis serves as Bezelto

increase contrast of digital
displays.

I3”H,6% "W 5%"D Black, White or

CABINET 1l

2%"HS5"WA"D

Clear Cover
$6.50 <.

SEE THE WORKS Clock Kit

Clear Plexigias Stand

o6Big .4" digits
e120r24 hr time
o3 set switches
«Plug transformer
eall parts included
Plexiglas is
Pre-cut & drilled

Kit #850-4CP

Size: 6"H,4¥2"W,3"D

8 JUMSO

4" RED LED'S BENIND RED FILTER LENS WITH CHROME Aim

SET TIME FROM FRONT VIA HIDDEN SWITCHES o 12/24-Hr. TIME FORMAT
STYLISH CHARCOAL GRAY CASE OF MOLDED MIGH TEMP. PLASTIC
» BRIDGE POWER INPUT CIRCUITRY — TWO WIRE NO POLARITY HOOK-UP
o OPTIONAL CONNECTION TO BLANK DISPLAY (Use When Key Off in Car, Etc.)

o MOUNTING BRACKET INCLUDED

KIT #2001
29%

o TOP QUALITY PC BOARDS & COMPONENTS - EXCELLENT INSTH

s2%, 50 H

s Vac

COMPLETE KiT

(Less 9V. Battery)

e —————————
ASSEMBLED UNITS WIRED & TESTED
ORDER #2001 WT (LESS 9V. BATTERY)

§ 3JOn
w3708

Will enaby
Dig °

ALTIME BAsg:

ital Clock Kitg

WIRED FOR 12 HR. OP i NOT SPECIIED OTHERWISE

JUMBO DIGIT CLOCK

A complete Kit (less Cabinet)
featuring: six ,5"%2?|ts,MM5314 1C
12/24 Hr. tme, 50/60 HZ., Plug-
Transformer, Line Cord, Switches
and all Parts. (Ideal Fit in Cabinet Il

Kit #56314-5 . .19.5 2/’38_

WITH PC Bnards

JUMBO DIGIT
CONVERBION kit $9-95ea.
Convert small digit LED clock to
& displays. Kitincludes 6 -
‘s, Multiplex PC Board & easy
hook-up infa.

or Clock-Calenday

Kits to Operate
from 12y bC.
wer Rey: 5.
@2.5Ma Ty, Y

Easy 3 wire h

00k
CCuracy : +* ng:'
#TB-1 (Adjustabie

omplete Kit .4..

Wir & Cal 9.9ea
25 -

TELEPHONE FORMA
KEYBOARD
BY Chomerics

# EF-21360
2-1/47x3"

REDORGREY PLEXIGLAS FOR DIGITAL BEZELS
- " + .23“ 2/.45 Kit # JD-1CC For common Cathode
3"x6"x1/8 95¢ ca. ea. . Kit #JD-1CA for common Anode
TRANSISTORS
HOTTKY TTL  PRESCALE OP AMPS
NEW LSI TECHNOLOGY Fairchild Super Digit | scHOTTKY Yo BERBCALE, paman o el S
FND-359 74500 40 95H90 9.95 N34S 109 85100 301 YOS
om i | 2 o | L
7 segment LED 74 : VOLTAGE - :
IN4125 1092 &80 741 0P
E 4" RED LED DIGITS 0 Com. Cath. e REGULATORS [linezaa 1092 53100
»in 74510 40 741 M-DIP
LM303H T0.5 & 95 J2N44d7 1082 58100 C
81A ) retvoge. | jm M wwexros s e eyt o 2aif 25 10T
o ONLY 8 IC’s! ¢ XTAL TIME BASE gst e wls. 50 74540 45 |} 7805 TAB 95 {ODES ‘
A truly “State of the Art" counter using quality IIIOI'STS 00. ;22::,’? ;g 77?;122 ;3% :g N 4002 Dm. S v 1276100 nggfm
ts throughout . 3 125 [JIN40oS 1A.600PIV 11/81.00
KIT INCLUDES: DETAILED INSTRUCTIONS, XTAL, ———— 3% BQRe 7% 125 fneor 14 iccory 105100l JuMBORED
TOP QUALITY FIBERGLASS DOUBLE SIDED PC | SEVOF6 FND-350 § sisn os § 7815 1o 75 [RECTIRER 283 1000PW e 00
. WITH MULTIPLEX 74575 175 [l 7824  TO0-3 125 BIN9I4 SIL. SIGNAL 20/$1.00
BOARD, IC'S WITH SOCKETS AND ALL PARTS LESS | WITHMULTIPLE 7S 1§73 D 7 BN SILSIGNAL 2001008 10FoR 3100
PPLY AN ABINET. - 74586 95 @ 723 T05 . DYAC V. 00800 FOR 39
:s?n:v:;c%%m'.zn KI‘I‘D ¢ #rc-s0 36995 | L IRE TIES noer % PROM sss mer NEAR o0 o 2%
5 VOLT REGULATED 1 AMP 8 TIEWRAP  100/61.95 745113 140 [] 1702 €Prom $8.95 N 555 DUAL TIMER 95 § PC TRIM
POWER SUPPLY KIT #PS-02  $0.95 [ STEWRAR j00re1% 725104 95 15203 Eprom 855 M ie piy s pots
350 MHZ PRESCALER KIT #PSL-350 23.95 ' 7 7 boccn e s | 50 fNcbeCoven  17s sk e
650 MHZ PRESCALERKIT #PSL-650 $29.95 PLUG 745138 1.75 aﬂéggﬂ&gg;g; g;:} TRANSISTOR SOCKET 4.7k 6/$1.00
CABINET{& MTG HARDWARE| ¥CABIII $19.95 TRANSFORMERS ;22:3? ,‘jgg PUSHBUTTONN.0.3/51f TO-5/18 GOLD PINS SPECTAOL
KnEocaLer) ~ "ousE wrCse, wpsoz AND A vacur o212 | 7RE 1E Leme TR IS ss100
at 50 : TOGGLE DPOT s te
DELIVERIES TO START IN MAY, 1977 TVAC at 175 VA $3.50 745156 1.96 IC SOCKETS 7'SEG
rsisr veo B e .
745158 2550 :
8 $25822 820 LED MOLEX
322}32 %3 14 25 22 .20 PINS
AUTO BURGL VARIABLE REGULATED 745181 2905 @ 16 28 25 23 COMMON CATHODE
T 1 AMP 74s182 196 ff 18 31 28 26 RHT DEC PTPREA
ALARM KI POWER SUPPLY KIT st 2 |3 2 ol LR OCIITNOY Aty
ANEASY TO ASSEMBLE ANDEASY TO INSTALL DIGITAL 28 o 30 2 lEND 503 ;ED 5 RHOP 4135
ALARM RROVIDING MANY FEATURES NOT » VARIABLE FROM 4 10 14V cLOCK IC's 40 . . ) ED z
oMLY, FOUND ! 5% dAOuNOING : « SHORT CIRCUIT PROOF MBI s 995 XTAL et TED e kP iree
S CEs OR SENSORS. WILL PuLSE HomN Q + 723 IC REGULATOR ez P T2F ssrosesmnz s1os [XAN 6o ces 6 NOP 819 i
RELAY AT 1MZ' RATE OR DAIVE Si 3 « 2N3055 PASS TRAN MM5376 AB 3.95 orm
FROts PRodmauatels T Si s - - Gunnent trmng AT + amp fl €Y 21102 COMMON ANODE  § ;e cporsve
MOUNTS UNDER DASH - REMOTE switcn KT #ALR-1 KIT IS COMPLETE INCLUDING PRIME . 450 NS DL 747  RED 6" LHOP $1.958 ¢ tars
CAN BE MOUNTED WHERE DESIRED. CMOS DRILLEC & SOLDER PLATED LOW POWER XAN-72 RED 3" LHDP $1.25
RELIABILITY RESISTS Pt e Atafm $9.95 N Cicrciass rc BoARD AND FAIRCHILD MAN 72 RED .3 LHDP $1.25
ncn'ovsefoomuevLowvnuzT:zs‘:LrLN;iS'; #ALR-1WT ALL PARTS (Less TRANS- oR snens‘rsl::s’s | [ g;lngﬂLEcm 3. RHOP 51 ;8 100 for $1.25
NTH o R - R
e petaiED orawinas Anb v WIRED & FORMER) _KITAPS.01 _38.95 b XAN-361 RED 3" RHDP $150)] Reel of 1000
STAUCTIONS OR AVAILABLE WIRED AND TRANSFORMER 24V CT will XAN-362 RED 3" LHDP $1.50
TesTeD TESTED provide J00MA at 12V and XAN-662 RED 6" NDP  $195 $8.50
$19.95 [ ' Ampat5v with #PS-01. $3.50 Over 500 XAN692 RED 6 NDP $195

More Details? CHECK —OFF Page 150

BOX 219 ¢ HOLLYWOQOOD,
TORE:

OPTOELECTRONICS, INC. |21

FLA 33022 e (305) 921-2056
2 AV

BawndmiRICARD
Fla

WE PAY ALL SHIPPING IN CONTINENTAL USA — OTHERS ADDS% {10% FOR AIRMAIL|

SEE OUR BOOTHS AT THE ATLANTA HAMFESTIVAL - JUNE 18-19, 1977

ORDER BY PHONE OR MAIL
COD ORDERS WELCOME

Orders Under $15 Add $1.00 Handhng

Res Please Add 4° Sales Tax.
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: NEW /com ownERS

e 145.350 To 148.215 MHZ in 15 KHZ Steps
e Easy to use, low cost
e Totally enclosed wiring
e Unit fully wired and tested
e Top quality components and construction @@

e Easy installation ®
Post Paid in U.S.A.

! 3 ,.9.__.. ILL. RESIDENTS ADD 5% SALES TAX .

® The
MS-1 MARCONI ENGINEERING
. Channel Programrner 1250 Golf Road « Des Plaines, lllinois 60016 .

YOUR BEST BUY IN KITS

@
®
®
o 192 cHiannELS For The IcoM-225 ®
®
@

ANALOG-DIGI-LAB FREQUENCY
Features 3 Regulated COUNTER
power Supplies. 3 Out- ; )
) 7 Digit 0-300 MHz Freq. Counter . . $99.00
Put- Wmve forms. 9. dwd 7 Digit 0-500 MHz Freq. Counter ... $139.00

tal level switches. 2 no
bounce pulser switches.
8 LEDs with drivers. 1 AP Super strip.
Easily constructed. Designed by RETS
Electronic Schools.

8 Digit 0-30 MHz Counter with options $109.00
0-300 MHz Prescaler for 8 Digit Counter $19.95
0-300 MHz Prescaler with Preamp $29.95
0-600 MHz Prescaler for 8 Digit Counter $39.95

Now only $139.00 Cabinet accessory package available for all of
Clock Kit (complete less case) ... $12.95 the above $24.95
Clock Cabinet Anyone of the above kits available pre-assem-

.50
or $4.50 with purchnse of clock kit. bled for an additional $50.00. Allow 3-4 weeks
Function Generator Kit $10.95 on assembled units.

Please add $1.00 Shipping/Handling on any order under $15.00
Send SASE for flyer. Featuring Electronic components and kits available.

HAL-TRONIX

P. 0. Box 1101 e Southgate, Mich. 48195 e (313) 285-1782

= " TIRED .- CRANKING?

Gl MOTORIZEYOURTOWERWITHOURELECTRICHOIST/WINCH

.+ STURDY —RELIABLE —EASILY INSTALLED
« I[N USE ON E-Z WAY, HEIGHTS, TRI-EX, TRISTAO, ROHN,

ALUMA,VERSATOWER, ETC. s‘ 95

™ TOWTEC CORP. Dept. H-5
118 ROSEDALE RD., YONKERS, N.Y. 10710 Tel. (914) ?TQ-ilﬂh

NEW VISUAL CODE READER
AND ELECTRONIC KEYER

Works with any
keyer, including
squeeze kayer in
speeds from 7
WPM to 40
WPM. Both in &
savi comtrn single unit.

‘?no"ms COOL NEADEN
Model CR1D1EK
$248

“om ATRONICS

* Makes code learning faster and

Our popular,
lowest priced

CODE READER KIT !
Model KCR101

$149

Ready made

GDDE READER
Model CR101
226

The Atronics Code Readers
+ Display letters, numbers, and com- easier
monly used punctuation visually as » A single connection to your receiver
Morse Code signal is received or transceiwver speaker puts it into
+ Operating speed 5 to 50 WPM at operation
selected speeds * Hard copy read-out of CW available
« All Solid State with TU-102 TTY interface Module
accessory

Buy Factory Direct & Save! Send for Free Literature.
USE YOUR BANKAMERICARD OR MASTER CHARGE.

ATRONICS r0 8ox 77. escondico. cA 52025 (714) 7451871

COLLINS & MORE

Collins 5151 Receiver $1295.00
Collins 30S1 Linear Amp $1995.00
Collins 7553B, Ham rcvr $825.00
Collins 312B4, Exc. cond. $225.00
Collins KWM-2 transcvr. V.G. $850.00
Collins CP-1, crystal Pack $250.00

Collins 399C-1 VFO console $265.00
Collins KWM-2A, round, mint  $1350.00
Collins 32S1, xmtr, very good $425.00
Heath SB303 Ham rcvr., mint  $310.00
Johnson KW Matchbox/SWR $220.00

We stock good, used equipment from Collins,
Drake, Heath and other manufacturers. Hundreds
of test items also available. Call for specific re-
quirements, or write for free catalog.

DAMES COMMUNICATION SYSTEMS
201-998-4256
10 SCHUYLER AVENUE
NORTH ARLINGTON, N. J. 07032

SYNTHESIZERS

We have the worlds largest selec-
tion of synthesizers for receivers,
transmitters and transceivers. For
complete details see our 1/3 page
ad in the April 1976 issue of this
magazine or call or write for addi-
tional information. Phone orders
accepted between 9 AM and 4 PM
EDT. (212) 468-2720

VANGUARD LABS
196-23 JAMAICA AVENUE
HOLLIS, N. Y. 11423

DIRECT CONVERSION RECEIVER
MODULE KIT

Includes: tuned RF amp., double balanced pro-
duct detector, 2 section passive audio filter, low
noise audio preamp., volume control, and a 1
watt audio power amplifier on a 3* x 57 glass
epoxy p. ¢. board.
Use your VFO or crystal oscillator
12 volt operation
Specify 80 or 40 meter band with order

339-95 ppd USA
Kits do not include case or connectors
ORDER FROM
DIRECT CONVERSION TECHNIQUE

3132 NORTH LOWELL AVENUE
CHICAGO, ILLINOIS 60641

send SASE for fiyer, $1.00 for catalog

SUB-AUDIBLE  GENERATOR

« Inexpensive multi
tone encoder

« Compatible with
PL-CG-QC

* Low distortion
sinewave

= Input 8-18 VDC
unregulated
PHaoed;. piaetic Price $19.95
leads

« Adjustable frequency Frt;gﬁﬁ;‘yat
(98-250 Hz), Lower
available $500 extra
« Excellent stability
Send for more info

Sxbx.B

Calit. res. add 6%

le
I'broducta

95051
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AMERICA'S NEWEST AMATEUR DEALER'
(and therefore the most eager to serve you)

AGL ELECTRONICS IN ACTION'

Our staff of experienced Hams is waiting to assist you with the selection of the best pos-
sible equipment to complement your station. Contact us today for friendly and competent ad-
vice. You deserve the best treatment and we’'ll provide just that. Good Amateur equipment and
service is the name of our game.

elect" Onijc s

[@'SENM!QOD\

LARRY WASWWH GORDON WA5JMK MIKE WA5UOB MIKE WB5ACM TOM WBS5IZN
214-241-6414

e 5 AG L E L E CT R 0 N I C S

3068 FOREST LANE, SUITE 309 e DALLAS, TEXAS 75234

More Details? CHECK — OFF Page 150 may 1977 [l§ 139



Alabama

LONG'S ELECTRONICS

3521 TENTH AVE. NORTH
BIRMINGHAM, AL 35234
800-633-3410

Call us Toll Free to place your order

TOWER ELECTRONICS CORP.
24001 ALICIA PARKWAY
MISSION VIEJO, CA 92675
714-768-8900

Authorized Yaesu Sales & Service.
Mail orders welcome.

Ham Radio’s guide to help you find your local

Indiana

Arizona

MAGTERS COMMUNICATIONS
7025 N. 57th DRIVE
GLENDALE, AZ 85301
602-939-8356

Rohn tower distributor, Atlas,
Icom, Tempo, HyGain & service.

Colorado

C W ELECTRONIC SALES CO.
1401 BLAKE ST.

DENVER, CO 80202
303-573-1386

Rocky Mountain area’s complete
ham radio distributor.

POWER COMMUNICATIONS
6012 NORTH 27th AVE.
PHOENIX, AZ 85017
602-242-8990

Arizona's #1 Ham Store.

California

Florida

CENTRAL EQUIPMENT CO.

18451 W. DIXIE HIGHWAY
NORTH MIAMI BEACH, FL. 33160
305-932-1818

Specializing in Amateur, CB

& Marine Equipment.

HOOSIER ELECTRONICS

P. 0. BOX 2001

TERRE HAUTE, IN 47802
812-238-1456

Ham Headquarters of the Midwest.
Store in Meadow Shopping Center.

lowa

BOB SMITH ELECTRONICS
12 SOUTH 21ST STREET
FT. DODGE, IA 50501
515-576-3886

For an EZ deal.

Kansas

C & A ELECTRONICS

2529 EAST CARSON ST.

P. 0. BOX 5232

CARSON, CA 90745
213-834-5868

Not the biggest, but the best —
since 1962.

CARSON ELECTRONICS

12010 EAST CARSON ST.
HAWAIIAN GARDENS, CA 90716
213-421-3786

Dealing exclusively in ICOM
communications equipment.

HAM RADIO OUTLET

999 HOWARD AVENUE
BURLINGAME, CA 94010
415-342-5757

Visit our stores in Van Nuys
and Anaheim.

GRICE ELECTRONICS
320 EAST GREGORY
PENSACOLA, FL 32502
904-434-2481

Gulf Coast dealer for Atlas, Drake,
lcom, Kenwood.

ASSOCIATED RADIO

8012 CONSER P.0.B. 4327
OVERLAND PARK, KS 66204
913-381-5901

Amateur Radio’s Top Dealer.
Buy — Sell — Trade.

Kentucky

lllinois

COHOON AMATEUR SUPPLY
HIGHWAY 475

TRENTON, KY 42286
502-886-4535

Ten-Tec dealer — Call 24 hours
for best deal

ERICKSON COMMUNICATIONS, INC.
5935 NORTH MILWAUKEE AVE.
CHICAGO, iL 60646

312-631-5181

Headquarters for all your Amateur
Radio needs.

Maryland

KLAUS RADIO, INC.

8400 NORTH PIONEER PARKWAY
PEORIA, IL 61614

309-691-4840

Let us quote your Amateur needs.

QUEMENT ELECTRONICS

1000 SO. BASCOM AVENUE

SAN JOSE, CA 95128
408-998-5900

Serving the world’s Radio Amateurs
since 1933.

SPECTRONICS, INC.

1009 GARFIELD STREET
OAK PARK, IL 60304
312-848-6777

Chicagoland’s Amateur Radio
leader.

COMM CENTER, INC.

9624 FT. MEADE ROAD
LAUREL PLAZA RT. 198
LAUREL, MD 20810
301-792-0600

New & Used Amateur Equipment.
All Inquiries Invited.

Massachusetts

TUFTS RADIO ELECTRONICS
386 MAIN STREET
MEDFORD, MA 02155
617-395-8280

New England's friendliest
ham store.

Dby st Moctol e bene s, (ontoct Hom Ry Ticlsy for- combbTe ATy .
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Amateur Radio Dealer

Michigan

RADIO SUPPLY & ENGINEERING
1207 WEST 14 MILE ROAD
CLAWSON, MI 48017
313-435-5660

10001 Chalmers, Detroit, Ml
48213, 313-371-9050.

New York

Minnesota

ELECTRONIC CENTER, INC.
127 THIRD AVENUE NORTH
MINNEAPOLIS, MN 55401
612-371-5240

ECI is still your best buy.

Missouri

MIDCOM ELECTRONICS, INC.
2506 SO. BRENTWOOD BLVD.
ST. LOUIS, MO 63144
314-961-9990

At Midcon you can try before you
buy!

ADIRONDACK RADIO SUPPLY, INC.

185 W. MAIN STREET
AMSTERDAM, NY 12010
518-842-8350

Yaesu dealer for the Northeast.

CFP COMMUNICATIONS

211 NORTH MAIN STREET
HORSEHEADS, NY 12010
607-739-0187

Jim Beckett, WA2KTJ, Manager
Bryant Hozempa, WB2LVW, Sales

GRAND CENTRAL RADIO
124 EAST 44 STREET

NEW YORK, NY 10017
212-682-3869

Drake, Atlas, Ten-Tec, Midiand,
Hy-Gain, Mosley in stock

Nebraska

COMMUNICATIONS CENTER
2226 NORTH 48 ST.
LINCOLN, NE 68504
402-466-3733

Yaesu, Drake, Tempo, Swan,
HyGain - call for prices.

HARRISON

“HAM HEADQUARTERS, USA"
ROUTE 110 & SMITH STREET
FARMINGDALE, L. I, N. Y. 11735
516-293-7990

Since 1925, . . Service, Satisfaction,
Savings. Try Us!

New Hampshire

EVANS RADIO, INC.

BOX 893, RT. 3A BOW JUNCTION
CONCORD, NH 03301
603-224-9961

lcom & Yaesu dealer,

We service what we sell.

New Jersey

ATKINSON & SMITH, INC.
17 LEWIS ST.
EATONTOWN, NJ 07724
201-542.2447

Ham supplies since ‘55",

New Mexico

HAM EQUIPMENT CENTER
6344 LINN N.E.
ALBUQUERQUE, NM 87108
505-268-1744

Serving New Mexico. Ten Tec
and Tempo Equipment

RADIO WORLD

ONEIDA COUNTY AIRPORT
TERMINAL BLDG.
ORISKANY, NY 13424
315-337-2622

New & used ham equipment,
See Warren Spindler, K21XN.

Ohio

Pennsylvania

ELECTRONIC EXCHANGE
136 N. MAIN STREET
SOUDERTON, PA 18964
215-723-1200

New & Used Amateur Radio
sales and service.

‘“HAM" BUERGER, INC.
68 N. YORK ROAD
WILLOW GROVE, PA 19090
215-659-5900
Communications specialists.
Sales and service.

HAMTRONICS, DIV. OF
TREVOSE ELECT.

4033 BROWNSVILLE ROAD
TREVOSE, PA 19047
215-357-1400

Same location for 25 years.

Tennessee

J-TRON ELECTRONICS
505 MEMORIAL BLVD.
SPRINGFIELD, TN 37172
615-384-3501

Ten-Tec dealer — call or
write for best trade.

Texas

HARDIN ELECTRONICS

5635 E. ROSEDALE

FT. WORTH, TX 76112
817-461-9761

You bet Ft. Worth has a ham store!

UNIVERSAL SERVICE

114 N. THIRD STREET
COLUMBUS, OH 43215
614-221-2335

Give U.S. a try when ready to buy.

Virginia

Oklahoma

ARCADE ELECTRONICS

7048 COLUMBIA PIKE
ANNANDALE, VA 22003
703-256-4610

Serving Maryland, D.C., and Virginia
area since 1962.

RADIO STORE, INC.

2102 SOUTHWEST 59th ST.
(AT 59th & S. PENNSYLVANIA)
OKLAHOMA CITY, OK 73119
405-682-2929

New and used equipment —
parts and supply.

Wisconsin

AMATEUR

ELECTRONIC SUPPLY, INC.
4828 WEST FOND du LAC AVENUE
MILWAUKEE, W! 53216
414-442-4200
Open Mon & Fri 9-9, Tues, Wed,
Thurs, 9-5:30, Sat, 9-3.
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STEERABLE PHASED ARRAYS

2 ELEMENTS OR 4 ELEMENTS

THE EASY WAY!

Based on modern
psychological techni-
ey ques — This course will
take you beyond 13
w.p.m. in

LESS THAN

$995 HALF THE TIME!

- ® No Books To Read
Album contains e No Visual Gimmicks

three 12" LP's . To Distract You

A . 3 Just Listen And Learn
2% hr. instruction
Avalilable in Cassette also for only $10.95.

EPSILON [§3] RECORDS

508 East Washington St., Arcola, IL 61910

has the words

QUALITY,

Now THEY ARE MADE PRACTICAL BY EVERYTHING FROM A TO Z IN ELECTRONICS

THE OMEGA-T 2000C BEAM STEERING COMBINER Ee——
Broadband, 1.8-30MHz. Can be used F o i

with any type antennas - verticals, dipoles, beams.

Write for details or see your dealer.

_ KENWOOD =
Transceiver
ELECTHUBPACE 15-820 B
e—— =3 BYBTEMBS, INC. 160 thru 10M r
P.O. BOX 1359, RICHARDSON, TEXAS 75080, (214) 231-9303 $830. 4

Apollo Products-Little Giant Trans Systems Tuner Kit — $122.50 icom
Transceiver

Designed and engineered after "‘Apollo’ — ‘'Little Giant" 2500X-2, for an "“engineered M EM
performance” Trans Systems Tuner and Adaptations of the Lew McCoy Transmatch, with IC 225
power handling at the KW plus level! $299

Kit includes: 1 r&mvr inductance for 10-15-20

1 200 pid wide-spaced variable gunv‘i r':.‘l:‘lf(?uﬂs, 4 for condensers

with isclantite insulation rated and ? for inductance CTC - UHENVHE

1000 valts 1 HD switch for band catching 10 POWER TRANSISTORS FOR AMATEUR USE

1 200 pfd dual section parallel thru BO meter coverage
condenser isolantited | pkg 12-gauge tinned round wire
Cabinet included Apollo “Sha
dow Boxes" M Kit includes sche
matic. Recommend parts layout : 1. Check or M.O. with order
1 pvc Insulated shalt couplings INFO NOTE *377 OHM and **600 u ] A . A,
Ve to 34 OHM “Open wire spaced ladder zm 2. Bank Americard or Mastercharge
3 50-239 coax chassis connectors. line" air dialectric 3E 1 C.0.D. (20% deposit, please)
Tunes 52 ohm or 52-300-600* or *53 x wire diam. **B4 x wire diam
random wires info only not supplied Write for
FREE brochures
and particulars
on all models.

J101 UNDERWOOD CAPACITORS

2 finger-grip pointer knobs 27
diam. white indented

radio, inc.
2602 E. Ashlan, Fresno, CA 93726 / Ph.(209)224-5111

Apollo Products, Box 245, Vaughnsville, Ohio 45893 419-646-3495

Subsidiary *Little Giant Antenna Labs"

a NEW antenna principle

PROVEN IN EXACTING TESTS AND MANY YEARS ON THE AIR AT WyMBH — KgAST — KBVRM

BEAM
THE L‘M A N T E N N A only 27 inches high

A COMPLETELY NEW ANTENNA

Here is an ultra compact beam antenna which can be tuned to any frequency between 7.0 and 14.5
MHz. Weighing onlt\; B Ibs. this antenna may not outperform a full sized beam but it sure will give
you your share of DX and stateside contacts. Will handle 1 KW over a 100 kHz bandwidth.

* Fully weather proof * Hi-Q, attenuates harmonics

* Mounts easily on TV masting * Comes assembled & tested KITS 1040 $94.50
* Fipure 8 pattern 149 50
LITTLE GIANT MODEL 100X1000-40 $149.

Other models available for 10, 15 & 20 meters Add $3 trans.

Little Giant Antenna Lahs, Box 245, Vaughnsville, Ohio 45893

Subsidiary “Apollo Products' Village-Twig Co.

419-646-3495
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COMPLETE CALCULATOR OFFER
SPECIAL czzss, $11%9

Your best buy is this special combination semi-kit containing everything you
need to make a quality rechargeable calculator.
lator, 22856 AC adapter, and 6 C22855 nicad rechargeable batteries. It's
called a semi-kit because you have to wire up the 6 nicads and install them
in the battery compartment (a simple job which requires about an hour or
less to complete). You can also use your calculator immediately using the
AC adapter without even installing the batteries (as we have installed for
you the miniature jack that is normally sent with the AC adapter).
plug in the adapter and you are ready to use a nice desk calculator then
when you have time install the rechargeable nicads for portable operation.

S er W T & MOREL

Contains our C22853 calcu-

Just

\\117,

BURROUGHS PANAPLEX II
9 DIGIT DISPLAY

SPECIALS OF THE MONTH

TRW RF TRANSISTORS PT355I1C 15W
output 12.6V @ 175 MHz. Same as
2| 81 but has no Stud

$3.50 or 10/$20.00

CALCULATOR BOARD WITH
8 DIGIT READOUT

Miniature calculator boards by Bowmar. Each is loaded with quality
components including the calculator chip, 2 to 4 IC's, magnifying
type red 8 digit readout, DIP tantalum capacitors, transutors, re-
sistors, capacitors, toroid transformer and diodes. The keyboards
have been removed from board but all other components as listed
are on each board. Styles may vary but approx. size is 4Y2” L. x

Dnrﬂ'ﬂ BR C22736 nr 48\';, EA%SSISI?:R; 23'83’21:“:“‘:‘[” S 2" W. Unbelieiable value — the readout alone is worth more
P for $1 @ 175MHz. $15.95 price. a is.
.l.'».\,!|.||.l!|= 3
G. E. Miniature Lamps
Type BR 12259 gas discharge 7 segment dis- R"SE _%_323 (Z,'Z¥ (@@ '82ﬁ SEMEBNDUCTOR MUUNT'NG HARDWARE
play. Requires 160VDC. Right hand decimal on 15¢ each or 10'/51 00" .
right of each digit. Bright and easy to read, ASSORTMENT
has Vs” thick glass over ceramic substrate.  NEW Motorola Full Wave Bridges
The displays we have are used, excellent condi- MDA952A- 8 Amps 400V ¢ $3.00
tion. Compare elsewhere up to $3.50 each. No MDA%2-4 10 Amps 400V $5.00 @@
sockets available. MDA970-3 4 Amps 200V ° $2.00 Q
TUBES 4X1506 1000  6080WB 300 7289 2.50 ' Q
2039 $2.00  4CX250B 2000 6146 300 7645 5.00 100 PIECES OF
26 3.50 35T 15.00 6146W 4.00 8950 5.50 SEMICONDUCTOR
3B24WB 300 578 300 6336A 7.00  4600A 150.00 @ HARDWARE
3828 400 811 595 6360 500 4-125A o0 | 0 &g TATURARE....e
3p21WB 350 8324 300 6528A 7.00
4X150A 13.00 5894 25.00 6939 7.00
1.C's 1404A 200 74121L  2/1.00  MCl488L 125 STUD RECTIFIER MOUNTING KIT
AM9OS0EDC  $2.00  LM340K-24 150  745200L 2.00 LM741CH  4/1.00
MM5262N 200 LM337 1.00  MC7908CP 100 LM747CH  4/1.00 | prepackaged mtg.
€8008-1 500 MM521WB 150  MC7818CK 150  MC75150L 27100 | Lo S
P3101A 200 LM30IAN 37100  MC4001P 2.00 DM74LS154N 175 P ‘
715AH 200  AMS6003 3.00  MC2360G 2.00 mounting rectifiers
and zener diodes
DIODES & 1N4040 45  1N4757A  5/1.00  1N5887B  5/1.00
LINEARS 1N1202 40 1N4999 6 IN5892B  5/1.00 | c22540
1N2508 $0.65  1IN754A 5/100 1N5271B  5/1.00 1N5894B  5/1.00
1N914 3071.00  1N3050 1.00 1N5276B  5/1.00 1N5895B  5/1.00 3 for 49¢
1N1602 65 1N4719 60 IN5278B 57100 1N4148 30/1 00
1N1828 65  IN4T49A  5/1.00 1IN5862B  5/1.00  1N823 5/1.00
1N2804B 100 1N4754A 57100 1NS890B  5/1.00
R.F. POWER TRANSISTORS ;&gzs s 200 TRANSISTORS
Type # MHz Vee Power Case Price 8 2N2431K 5/$1.00 2N336 JAN  2/$1.00
B28 $ 4.00 X A 1.00
22857 oo 20 30mw A S 95 ayiseq/p1r2 $1000 N30 3/3100 SN0RBIAN 8100
2N2857 JAN 5 1000 10 30mw A $110 g13 $ 695
X 95 2N3567 5/$1.00  2N619 4/$1.00
2N2947 50 25 15w C  $8.00 8324 $ 500 >N3p38 5/$1.00 2N718 JAN  3/$51.00
2N2950 ¢ 50 25 3.5W D $450 6146W $ 4.00 2N3640 5/$1.00 2N742 3/$1.00
2N3291 250 10 16DB A § .85 7289 $ 250 oN3644 5/$1.00  2N961 3/$1.00
2N3375/MM3375 s 160 28 116w E § 350 25004 $150.00 2N3702 5/$1.00  2N964 3/$1.00
2N3818 ﬁ ‘k 150 28 20W E §$ 450 SCR & TRIACS 2N3703 5/$1.00  2N1048 3.00
2N3866 400 28 W B § 65 2Ndl6 $1.00 2N4001 1.00 2N1142 JAN 2/51.00
92 2N4170 $1.00 2N4291 4/51.00 2N131 4/31.00
2N3866 JAN 400 28 W B $200 5yqaq) $ 75 2N5192 2/$1.00  2N1381 4/$1.00
2N3866 JAN TX 400 28 W B $300 5n4444 $1.00 2N5194 § .75  2N2060 JAN 2/$1.00
2N3925 175 136 SW D $250 2N50 30 MM3002 $.75 2N914 107$1.00
2N3948 ° 200 20 1w B $ 1.25 MAC21-1 25V 25A $1.00 MM4000 $ .75 2N249%4 2/%1.00
2N3950 50 28 50W E  $10.00 MAC21-2 50V 25A $1.50 MM4003 $.75 2N2904 4/%1.00
2N4072 175 136 25W A § 100 MAC21-3 100v 254 $2.00 25C458 5/$100 —=mrs
- : 00 MAC21-5 300V 25A $3.00 250235 27$1.00
2N4957 1200 10 1708 A $5.00 : 1N914 30/$1.00
] MAC21-6 400V 25A $350 MJES00 65
2N5109/PT3571A 1200 15 11DB B § 110 (o RaNSISTORS — MJEL093 1.00 1N4148 30/$1.00
2N5177/MRF5177 2 400 28 30W  F  $10.00 kenos MJE3055 $ .75 mgg%A 10/5%'88
2N5179 \ 900 6 150B A § .50 450mw 3000MHz Vccl2 MPSA-13 4/31.00 1N4001 1g;§1'00
2N5589 175 136 W G $4.60 $2.50 each or 5/$10.00 %N%S‘{‘;“ A 100 1nd002 /31,00
2N5590 175 136 10W G $ 630 BIRD POWER SENSOR 2N3013  10/31.00 134606 4/$1.00
2N5591 175 136 25W G $10.35 RFL-5W & FWD-5W E"ctfo'vhc Cap's  1N5160 $1.0
2NSe37 v 400 28 20W G $10.00 4C5 100-250MHz s12.00 3000MFD @ 200¥DT W
2N5862 e 15 27 75W H  $49.00 A4D5 200-500MHz $1200 o00mFp @ 2aine  Gins $2.00
2N5942 d 30 28 80PEP 1 $44.00 Acrodyne Industries, lnc. $1.25 DGZOOBA $2.00
2N6081 175 125 15W G 850 Solid State RF Power An@
2N6083 175 125 30W G $l125 Yool CWA-1208 145-172 R LCs
2N6084 175 125 W G §1495 oW output. 7401, 7402, 7408, 7420, T4H1l, 74H53 @
2N6097 175 128 4OW H $1500 ROTRON FANS: 7/S1.00; 74121, 74145, 74193 @ 3/$1.00;
: "0 Feather fan model 113  $6. oo LM380N8 $.79; LM565CH, LM567CN @ $2.00
MM1500 1500 20 250mw L $15.00 puffin Fan $4.00 each; LM38ON' $1.29; NES5S5V $.40; 525129
MM1607/2N5842 1700 4 A $6.00 Muffin Fan model 747 55 $2.00; MC1488L $2.00; MM5262N $2.00;
MM4049 \;ﬁ‘/ 4000 5 A $7.00 Pamotor muffin fan model 4500c 2600 $4.00; TMS4050NL-2 $5.00; Tmsaoeom.
MM8006 AR~ 1000 6 1408 A § 125 (NEW) $6.00 $5.00; MCl489L $2.00; 2102AL-4 $1.25; P1103
PT3551C 175 125 15W J §600 TRIAD TRANSFORMERS $1.00/ 80081 $5.00; MC6820L $5.00; AY51013
F-18X 6.3VCT @ 6 amps  $3.00 $4.99; C1702A $6.50; IM5623CJE $2.00
MMT-74 700MHz 12V 14DB K 3/$1.00 RG-174 50 ohm Coax 6/ Lengths p.21A 6.3VCT @ 10 amps $4.95 - -
MMT.2857 1000MHz 15V 18DB K  $1.00 5/5 B85 F.22A63VCT @ 20 amps $6.50 Please add sufficient postage with all orders.

FMT-2060 1000MHz 10V 16DB K
Matarola & Fairchild Micro T RF Transistors

$1.00 AA SIZE NICAD BATTERIES
1.25 Valts

SEMICUNDUCTURS SURPIUS

40¢ each

More Details? CHECK — OFF Page 150

F-93X 6.5V-40V 750ma 53.00
89059 24V @ 2 amps

C.0.D. orders will be accepted if over $5.00. All
parts are prime and fully tested at the factory.

3001 NORTH 32 ST, APT. 212
PHOENIX, ARIZONA 85018
(602) 956-9423
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B'I.I.!" P. 0. BOX 19442 ®NO COD's ®FOREIGN ORDERS ADD 10%

DALLAS, TEXAS 75219 ®SEND CHECK OR M.O. (20% for Airmail)
ELECTRONICS

(214) 823.3240 ®BAC or MC PHONE ORDERS ~ @TX. Residents add 5% Sales Tax
AUDIBLE CONTINUITY TESTER KIT

®ADD 5% SHIPPING ®0ORDERS UNDER $10. Add 60c

WRIBLE RLAM Kir

Emits a piercing dual tone blast that
is impossible to ignore. Great with
our Sender Receiver Kit. All com-
ponents and quality PC Board includ
Requires 6 1o 12 volts, ed. Speaker and power switch not
(batteries not included). $1.95 included (3:-15V) $2.50 (kit)

PS—12 POWER SUPPLY KIT
We Guarantee vour Satisfaction!
Not only is the PS—12 able to
supply a continuous 10AMPS
(15 AMPS intermittent) of low
ripple, regulated DC voltage, but
it is also variable from 3 to 30
volts! Use it as a building block
for a fantastic bench supply.
We leave the chassis work up to

Measures continuity and resistance to
2K. Test LED’,
Less Speaker

diodes & transistors

.MIHI GRANDFATHER CLOCK m.

*Large LED Simulated

The most fascinating kit we have ever offered features:

swinging pendulum matches tick-tock sound* Electronic tone chimes the hour (ie: vou!
3 times for 3 o'clock)* Quality components & 2 PC boards measuring 4.5" x 6.5"* z
All CMOS IC construction* Transformer provided, no case included* Large 4"
LED readouts. $44.00 Postpaid FEATURES: KIT INCLUDES:
QOutput adjustable  Transformer
from 3 to 30 Heatsink (drilled)
BULLET SUPER STAR PS—01A $14.95 A:;E,l:ls %ﬁ,;em S:mﬁdo;f]uﬁl;::.s-
A compact, well regulated triple output power supply. Gives +5VDC @ limiting to 15 tors, etc.)
1.5A and +15 @ 150ma and —15 @ 150ma. Complete with PC Board, com amps. All  Components
ponents, heatsinks & quality transformer. PS—01B same as above but with Special Pre-requ- (resistors, caps)
+/—=12 output instead of +/— 15; Please specify model number when ordering. lator circuit e- Transistor mount-

liminates need

ing hardware &

for massive heat insulators
sinks Drilled & plated
ULTRASONIG SENDER-REGEIVER KIT 1.9 Boter than 1% PC Board

A complete transmitter/receiver kit that will flood an average sized room H}?'DL?I(:‘;&OL]‘”“;' Wire
with 23KHZ sound and detect any movement in the area. The output is a Ogm 15 :m'-psom $49 .95
DC level that can be used to trigger a relay, bell or alarm. Uses 2 quality Low Ripple out- !
transducers. All components & PC Board included. (Requires 9.15 VDC @ put add $3.70 for
60ma [not supplied| ). Heavy duty 10 Ib. postage

AUTOMATIC TIME OUT CIRCUIT for ultrasonic or mechanical switch
alarms. Provides a five second entry delay, sounds alarm for one minute,
then re-arms itself. Requires 6-15 VDC. $3.95

. Asmans 2o

Transformer

. aanmn S SR ¥ S VPRSP O

ICOM

ey

MODEL KR50

SUPERLATIVE “FEEL"

5-50 GRMS PADDLE FORCE
AUTOMATIC OR

MANUAL WEIGHTING

DIT AND DAH MEMORIES
WITH SEPARATE DEFEATS
“STRAIGHT KEY" OVERRIDE
FOR QRS OR TUNE-UP
GUARANTEED FOR LIFE
BEARING PIVOTS

A sparkling new keyer with a
host of exciting features, A
powerful aid to cleaner, more
articulate CW that is relaxing to
use and a joy to co

IC-22S

146 MHz FM 10 W
TRANSCEIVER

py.

The paddle assembly will delight the CW purist
as well as the recent graduate from a bug or
hand key. The superlative “feel” is attained by
a magnetic return force, instantly adjustable to
exaclly the right touch for you,

Weighting, the ratio of dit and dah (bits) lengths
to the spacing between them, is either automa-
tically or manually varied. In the automatic posi-
tion, it is programmed to lengthen the bits at slow
speed for enhanced smoothness and decrease them
as you advance the speed, for highest articulation.
Or, it can be adjusted to a constant value.

The KRS0 is versatile. Dit and dah memories are
provided for full iambic (squeezel keying. Either
dit or dah, or both, may be turned off for opera-
tion as a conventional type keyer. Self-completing
characters at all times

A convenient "Straight key” is built-in for QRS
sending or tune-up. Also an internal side-tone and
115VAC/ 12VDC operation is provided.

KR20-A

Paddie has unigue principle
with excellent feel for rhyth
mic CW. Characlers are sell-
completing, Bit weighling is
optimized for normal speeds.
Manual key bulton conve
niently located for hand
sending. Side tone signal,
Reed relay. Plug-in circult

KRI-A

This is the paddle machanism
used In the KRS0, Requires 6-
14 VDC for adjustable electro-
magnetic paddle refurn force,
Adjustable contact spacing.
For iambic or conventional

heyers, “'Straight key'' but-
ton, Housed in an attractive
metal case with cream front

boards, 115VAC or 6 T‘J l panel, walnut vinyl top. Size
VDO, HWD 245 4V 2 X 4" X 67, WL 1% lbs
Te A PRICE $35.00
PRICE $67.50 ¥
KR5-A KR2-A

Similar to the KR20A bul
withou! monitor signal and
AC power supply. A great
value. For 6-14 VDC cperation
Size HWD 27 X 4" X 6~

Weight: 144 Ibs

PRICE $3850

The paddie used in the KR20A,
Single paddle for non-iambic
keyers. “Straight key" button
conveniently located, cream
aluminum case with wainut
vinyl top. Sire: 2™ X 4™ X 67,
Welght: 1% b

COMMUNICATIONS

1C-245

146 MHz FM 10 W
TRANSCEIVER

IMMEDIATE DELIVERY
SHIPPING PREPAID IN USA

MASTERS

“SINCE
1932"

7025 N. 57th DR.
GLENDALE, AZ 85301

The KR50 is designed to have a permanent place PRICE $15.00
in your shack for the years, perhaps ?céﬁes [E= =18 PHUNE
ahead. An investment in the enjoyment o Bawadu] BiCaRy
'l l TEN-TEC, N 602-939-8356
PRICE $110.00 4 SEVIERVILLE, TENNESSEE 17862

EXPORT: 5715 LINCOLN R'JT CHICAGO, ILL. B0G4E

144 [[B may 1977 More Details? CHECK — OFF Page 150



ME-3 microminiature tone encoder

Compatible with all sub-audible tone systems such as: Private Line,
Channel Guard, Quiet Channel, etc.
* Powered by 6-16vdc, unregulated
» Microminiature in size to fit inside all mobile units
and most portable units
» Field replaceable, plug-in, frequency determining elements
» Excellent frequency accuracy and temperature stability
= Output level adjustment gotentiometer
* Low distortion sinewave output
... "wAvailable in all;EIA tone frequencies, 67.0 Hz-203.5 Hz
% Gomplete immunity to RF
\~».Reverse polarity protection built-in

$29.95 each communications specialistsy 1 FIELD HEFLACEABLE,
Wired and tested, complete with P.0. BOX 153 DETERMINING ELEMENTS
K1 elbment BREA, CALIFORNIA 92621 %300 each
(714) 998-3021 :

=]

More Details? CHECK — OFF Page 150 may 1977 U@ 145




CFP ... FOR ALL YOUR AMATEUR NEEDS

. ATLAS ICOM
CUSHCRAFT TEMPO
CIR (ASTRO 200) TEN TEC
DENTRON YAESU*
DRAKE

- YAESU FT-101E
REMEMBER, YOUR DEALER IS RESPONSIBLE FOR WARRANTY REPAIRS DURING WARRANTY PERIOD.

Mail Orders accepted, N. Y. residents add sales tax. SASE will get our list of used Amateur
Equipment.

WANTED: GOOD Store Hours
cLean Trapest © F P COMMUNICATIONS Tues. to Sat.

WAZKTJ 211 NORTH MAIN STREET — - Fri. & Sat. subject to

HORSEHEADS, N. Y. 14845 |s.iwc.:| Hamfest weekends
WB2LVW [@ PHONE: 607-739-0187 | J Closed Sun. & Mon.

— PCB — PCB — PCB — PCB — PCB — PCB —

ot = ETCH-IT-YOURSELF

Printed Circuit
Kit

- LR $19.95
/ -y ppd.

NOW YOU CAN design amj produce your
own printed circuit boards.

IT'S EASY. Photo positive method. No
darkroom required.

LESS THAN 2 HOURS to produce a p.c.
board direct from magazine article.

KIT INCLUDES materials to make 4 p.c.
boards direct from magazine article.
Add $1 for COD, S.A.S.E. for details.

IJIPDLE /ﬁNTENNﬁ CBNHECT[IR

BUDWIG MFG. C0. v sor o7 ramons. cr ss0ce

ELECTRONIC KEYBOARD CABINETS
TWOSIZES W D W PRICE

14 B3 3 $13.80
14 113 3 $1450

MANY OTHER ELECTRONIC
COMPONENTS AVAILABLE

— 83d — pieog ynuD pejupd — 83d — 80d

SASE
EXCEL CIRCUITS co. BRINGS N M s
uDat 4 ;
4412 Fernlee 313-549-0440 3 CATALOG 104w lsusnf{l {Inuu[dr{:srft{urn(:n{f’tguz

PCB — PCEB — Printed Circult erd — PCB — PCB

Royal Oak, MI 48073 o
— PCB — PCB — PCB — PCB — PCB — PCB —

STEP UP TOTELREX

Professionally Engineered Antenna Systems
Single transmission line “TRI-BAND" ARRAY”

ILLUSTRATION BALUN

MONARCH
TBSEM/4KWP

ILLUSTRATION TRAP

By the only test that means anything

on the air comparison . .. this array con-

tinues to outperform all competition

and has for two decades. Here's why .. yochnical data and prices on com-
. . . Telrex uses a_unique trap design piete Telrex line, write for Catalog PL 7
employing 20 HiQ 7500V ceramic con-
densers per antenna. Telrex uses 3 opti-

mum-spaced, optimum-tuned reflectors .
to provide maximum gain and true F/B e re ~ {aboradariss
Tri-band performance, AARORY FABK. MDA TR A

146 [@ may 1977

Vanguard now has a HOT
2m converter ~ at a price
you can afford

- OFF ON -
@ omo @

ANT. ® - + @ Rov.
— -
MODEL C-144-A ONLY $39.95
READ THE SPECIFICATIONS & SEE
WHY IT'S THE BEST CONVERTER
VALUE AYAILABLE ANYWHERE!!
Dual-gate MOSFET r.f. stage with diode
protected input

Dual-gate MOSFET mixer for minimum
cross modulation. Every converter tested for

noise figure (2.5 — 3.0 dB max.) with
Hewlett Packard noise measuring equip-
ment

* 6 tuned circuits.

* More than 20 dB gain. .1 microvolt sen-

sitivity guarantee when used with receivers
having | microvolt or better sensitivity
Complete with one .005% plug-in crystal to
cover 144-146 or 146-148 MHz (be sure to
specify which, or get both for only $5.00
more). Standard output is for 28-30 MHz.

* 16 gauge aluminum case with BNC recep-
tacles and Aantenna/power switch. Measures
‘I L4 x2 ‘!i LY ] Vi

(I]‘\cralcn 12Vde @ 15 ma,

IN STOCK NOW FOR IMMEDIATE
C.0.D. SHIPMENT. Call Monday through
Friday 9 AM to 4 PM (212) 468-2720.

VANGUARD LABS

196-23 Jamaica Ave., Hollis, New York 11423

TECHNICAL MANUALS

Ameco Hayden-Rider Sams
ARRL RCA Tab
Cowan Radio Callbook T. I
Gilfer Radio Pub.

Postage 35¢ per book. PPD 5 or more books.
MADISON ELECTRONICS SUPPLY, INC.
1508 McKinney, Houston, TX 77002
713-658-0268

A SUPER BOOK ABOUT SUPER-DX

S /
—"A GREAT book *
Dave Middelton wTZe

“So delightful 1 couldn't put it down!"
Richard Peterson RADIO OBSERVER

Autoblogrophical with on culer-spoce fwist

“Charming, lively, entertaining.”
Ron Bracewell SPECTRUM magazine
“Spellbinding! I couldn’t put it down until I finished!"

Keith Carver WSRYY

Searching around the clock forintelligent signals from
spnce at one of the world's largest cosmie listening
posts. Science fuct which reads like science fiction.

tI}Zraus WBJK El !\R

228 poges 50 iustrations
Cygnus-Quasar Books, Box 85, Powell, Ohio 43065
£3.25 paper, $6.25 hard, postpaid

More Details? CHECK — OFF Page 150



DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS, LEDS, etc.
1N914 100v 10mA .05 8-pin pch .25 ww 45 2N2222 NPN .15
1N4004 400v 1A .08 14-pin pcb .25 ww .40 2N2907 PNP 15
1N4005 600v 1A .08 16-pin pcb .25 ww .40 2N3740 PNP 1A 60v .25
1N4007 1000v 1A 15 18-pin pcb .25 ww .75 2N3906 PNP .10
1N4148 75v 10mA .03 22-pin pcb .45 ww 1.25 2N3054 NPN .35
1IN753A 6.2v z .25 24-pin pcb .35 ww 1.25 2N3055 NPN 15A  60v .50
TN758A 10v z .25 28-pin pcb .35 ww 1.45 T1P125 PNP  Darlington .35
1“;529 12v z .25 40-pin  pcb 50 ww 1.95 LED Green, Red, Clear .15
7 5.1v z .25 : D.L.747 7 seg 5/8" high com-anode 1.95
1N5243 13v z 25 Molex pins .01 To-3 Sockets .25 XAN72 7 seS com-anads 1.50
1N5244B 14v z .25 2 Amp Bridge  100-prv 1.20 FND 359 Red 7 seg com-cathode  1.25
1N5245B 15v z .25 25 Amp Bridge  200-prv 1.95 HP276 com-cathode 1.25
C MOS - T 7T -
4000 15 7400 .15 7473 .25 74176 1.25 74H72 .55 745133 .45
4001 .20 7401 .15 7474 .35 74180 .85 74H101 .75 745140 .75
4002 .20 7402 .20 7475 .35 74181 2.75 74H103 .75 745151 .35
4004 3.95 7403 .20 7476 .30 74182 95 74H106 95 745153 .35
4006 1.20 7404 15 7480 .55 74190 1.75 745157 .80
4007 .35 7405 .25 7481 .75 74191 .35 745158 .36
4008 1.20 7406 .35 7483 .95 74192 1.65 7400 .35 74S194 1.05
4009 .30 7407 .65 7485 95 74193 .85 74102 .35 745257(8123) .25
4010 .45 7408 25 7486 .30 74194 1.25 74103 .30
4011 .20 7409 .15 7489 1.35 74195 95 74L04 .35
4012 .20 7410 10 7490 .55 74196 1.25 74010 .35 74L.S00 .45
4013 .40 7411 .25 7491 95 74197 1.2 74120 .35 741.S01 .45
4014 1.10 7412 .30 7492 .95 74198 2.35 74130 45 741502 .45
4015 .95 7413 .45 7493 40 74221 1.00 74147 1.95 741504 .45
4016 .35 7414 1.10 7494 1.25 74367 .85 74151 45 741505 .55
4017 1.10 7416 .25 7495 .60 74155 .65 741508 .45
4018 1.10 7417 40 7496 .80 74172 .45 741L.S09 .45
4019 .70 7420 .15 75108A .35 74173 .40 74LS10 .45
4020 .85 7426 .30 75110 .35 74174 45 74LS11 .45
4021 1.35 7427 45 74100 1.85 75491 .50 74L75 .55 741520 40
4022 .95 7430 15 74107 35 75492 .50 74193 .bb 741521 .25
4023 .25 7432 .30 74121 .35 741123 .bb 741522 .25
4024 .75 7437 .35 74122 .55 741832 .40
4025 .35 7438 .35 74123 .55 74H00 .25 741.837 .40
4026 1.95 7440 .25 74125 .45 74H01 25 74500 .55 741.540 .65
4027 .50 7441 1.15 74126 .35 74H04 .25 74502 .55 741542 1.75
4028 .95 7442 .55 74132 1.36 74H05 .25 74S03 40 74LS51 .65
4030 .35 7443 .85 74141 1.00 74H08 .35 74504 .35 74LS74 .75
4033 1.95 7444 .45 74150 1.00 74H10 .35 74805 .35 741586 .75
4034 2.45 7445 .80 74151 .75 74H11 .25 74508 .35 74LS90 1.30
4035 1.25 7446 .95 74153 95 74H15 .30 74810 .35 741593 1.00
4040 1.35 7447 .95 74154 .75 74420 .30 74511 .35 741.5107 95
4041 .69 7448 .95 74156 1.15 74H21 .25 74520 .35 7415123 1.00
4042 .95 7450 .25 74157 .65 74H22 .40 74540 .25 74LS1561 .75
4043 1.25 7451 .25 74161 .85 74H30 .25 74850 .25 741.8153 1.20
4044 .95 7453 .20 74163 .95 74H40 .25 74851 .45 74LS157 .85
4046 1.60 7454 .25 74164 .60 74H50 .25 74564 .25 74L5164 1.90
4049 .80 7460 .40 74165 1.50 74H51 .25 74874 .40 7415367 .85
4050 .60 7470 A5 74166 1.35 74H52 .15 748112 .90 7415368 .70
4066 1.35 7472 .45 74175 .80 74H53J .25 748114 1.30
4069 .40 74H55 .25
4071 .35
4082 45
9000 SERIES LINEARS, REGULATORS, etc.
9301 .85 8266 .35 LM320K5 1.65 LM340T-24 95 LM723 .45
9309 .35 8836 .95 LM320K12 1.65 LM340K-12 2.15 LM725 1.75
9322 .85 MCT2 .95 LM320T12 1.25 LM340K-15 1.25 LM739 1.50
95H03 .65 8038 3.95 LM320T15 1.65 LM340K-18 1.25 LM741 8-14 .20
9601 .75 LM201 .75 LM339 .95 LM340K-24 95 LM747 1.10
9602 .50 LM301 .25 7805 (340T-5) .95 LM373 2.95 LM 1307 1.25
LM308 (Mini) .75 LM340T-12 1.00 LM380 95 LM1458 .95
LM309H .65 LM340T-15 1.00 LM709(8,14 PIN} .25 LM3900 .60
MEMORY CLOCKS LM 309K (340K-5).85 LM340T-18 1.00 LM711 .45 LM75451 .65
745188 (8223) 3.00 LM310 1.15 NEBSES .50
1702A 7.95 LM311D(Mini) .75 NEG56 .95
mmgg:g ggg LM318 (Mini) .65 NE5S65 95
. NE566 1.25
2o i2¢ | INTEGRATED CIRCUITS UNLIMITED  fneser & 13
TMS6011NC 6.95 7889 Clairemont Mesa Blvd. San Diego, CA 92111 (714) 278-4394 | sN72820  1.35
8080AD 15.00 All orders shipped prepaid No minimum
8T13 1.50 Open accounts invited COD orders accepted
8723 1.50 Discounts available at OEM Quantities
8724 2.00 California Residents add 6% Sales Tax
21078-4 4.95 24 Hour Phone (714) 278-4394 MasterCharge / BankAmericard




The 1977 Atlanta HamFestival
and
Georgia State ARRL Convention
June 18-19, 1977

Downtown Atlanta Marriott Hotel ® Courtland and Cain Streets ® Atlanta, GA. 30303

® GIANT Covered Fleamarket Swapshop! * 120 major exhibits!
e More than 50 technical forums! e Special MICROPROCESSOR Section!

e The BIGGEST door prizes in all of Ham Radio:
First Prize is a complete 2MFM Mobile rig — including a 1977 AMC Gremlin!!!

If you attended the Atlanta HamFestival within the past three years, you will receive a pre-registration
package by May 10th; AFTER MAY 10, call 404/971-HAMS or write for preregistration materials to:

Atlanta HamFestival
53 Old Stone Mill Road
Marietta, GA 30067

NO MATERIALS WILL BE AVAILABLE BEFORE MAY 10TH!

SPECIAL HAMFESTIVAL RATES: $18 SINGLE, $24 DOUBLE.
CONTACT THE HOTEL DIRECTLY for reservations toll free at 1-800-228-9290 — and Hurry!!

THE BEST HAMFEST IN THE WORLD!

GREGORY ELECTRONICS GASOLINE POWERED AC GENERATOR

The FM Used
¥  Fquipment People. Rugged U.S. Army type

GENERAL ELECTRIC EXECUTIVE

AND MASTR Il STRIPS PE 75 AE

120v/2.5 KW/1800 rpm

NEW in packaging for over-
seas 508 Ibs. (no tools and

maint, parts)
$499

G.E. MASTR EXECUTIVE G.E. MASTR Il U.H.F.

Series RECEIVER Strips, POWER AMPLIFIER
CHASSIS. PU-181-PGC-1

less xtal, not checked out, (sche- ) &°50 banded amener. 12 kot 120 or 240V/0.3KW/3600
?at‘;‘:;;”“h"’ upon request with 101y 3 watts R.F. driving power rpm
ur
4ER46, 25-33 MHz or 33-42 MHz, g”g“,‘,?ﬁ.‘;”,‘gcu'aégg;ghg:gg o) NEW in case, with water-
wide band : 100 Ibs,
4ER4B, 132-150 MHz, wide band :?g_:;f ::i :g hobrbis proaf. bag: 100 1bs
4ERS50, 450-470 MHz, narrow band 494-512 MHz. 40 watts szﬁg
SPECIAL SALE PRICE SPECIAL SALE PRICE

s50 s75 PRICES: fob CUNEO NW ITALY — 100 miles from Genoa

TERMS: confirmed, irrevocable letter of credit U.S. dollars

GREGORY ELECTRONICS CORP.

245 R1. 46, Saddle Brook, N.J. 07662 EI-ETTRONICA KFZ EiL.JNAEvOo:g.l:rAut:‘rls

Phone: (201) 489-9000

148 ﬂ may 1977 More Details? CHECK — OFF Page 150



0 _ " KENWOOD 5

pacesetier in amalcur radio

presents

: 5
: . (  £p» ATLAS
" FT-101E YAESU * RADIO INC.
The FT-101E YAESU Transceiver with new
RF Speech Processor. Solid state 160

thru 10 meters.
*“FT-101EE (less processor)
*FT-101EX (less accessories)

g \

FM144-10SXRII

NEW!
FMSC-1 SCANNER

FOR KDK FM 14
INTRODUCTORY FRICE $169

TS-700A
THE TS-700A KENWOOD

TRANSCEIVER., SOLID STATE 2 METERS
SSB/FM/CW/AM.

( ERicoM] )

Communications

SRC-146A

* FULL SCAN 146 and 147 MHz
CONSECUTIVEL R Z.
SCAN RATE: 1 MHz/2 SECONDS STANDARD
CONTROLS: SCAN/HOLD TRANSCEIVER
LATCH/DELAY, 600 KHz OFFSET MODEL SRC-146A
ao?;‘FHzUP, DOWN), PROGRAM/ NEW!! E?EC‘E"'TOF?EEDP&RD
¥ COMPL LY Wi
SIMPLE INSTALLATION READY TO PLUG IN $75.00
\ / COMPLETE BACK ASSEMBLY IC-211
4 MEG, MULTI-MODE
2 METER TRANSCEIVER
(/ *NEW
$39.95
NEWI!I ADD =
5 CHANS (TOTAL 10)
T0 SRC-146A
BIRD » Simple 10 min. installation
= Same color and qualit_{ as SRC-146A
PRICES « Completely WIRED & TESTED
AT
FACTORY
NET

* ALSO usable with most other hand - .
helds $39.95 NEW! 1C-245
\ / 146 MHz FM 10 W TRANSCEIVER

FAN

AVAILABLE AT

DRAKE TR-4CW

J

COMPLETE YAESU, KLM, KENWOOD, DRAKE, ICOM, TEMPO, SHURE,

L/ . TURNER ASTATIC, HYGAIN, LARSEN, KDK, ETC. IN STOCK. TOP
4 TRADES GIVEN ON YOUR USED EQUIPMENT.

-

MAIL ALL ORDERS TO: BARRY ELECTRONICS CORPORATION
512 BROADWAY, NEW YORK CITY, NEW YORK 10012
BARRY INTERNATIONAL TELEX 12-7670

THE NAME THAT’S KNOWN AROUND THE WORLD NOW OPEN SUNDAYS 12 TO 5 + 212.925.7000
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There’s
nothing
likeit =

RADID mmun "b '(
oo

Respected worldwide as
the only complete authority
for radio amateur

QSL and QTH information.

The U. S. Callbook has nearly
300,000 W & K listings. It lists
calls, license classes,
and addresses plus the many
valuable back-up charts and
references you come to expect
from the Callbook.

Specialize in DX? Then you're
looking for the Foreign Callbook
with almost 235,000 calls,
names and addresses of ama-
teurs outside of the USA.

U.S. Callbook  $14.95
Foreign Callhook  $13.95

Order from your favorite elec-
tronics dealer or direct from the
publisher, All direct orders add
$1.25 for shipping. lllinois residents
add 59%, Sales Tax.

RADID mmua"b k
OO0 K nc

Dept. E 925 Sherwood Drive
Lake Bluff, 11l. 60044

names

AdyerTigers iNdex

ABC Communications
AGL Electronics

Adva Electronics
a:ldcl:c

Amidon Associates

Antenna Mart

Antennas By Savoy

Antenna Specialists

Antler Antenna

Apollo Products

Aptron

Atlanta Hamfest

Atlas Radio

Atronics

a\unli Research

Buﬂwug Mfg. Co.

ullet

CBS Enterprises

CFP Communications

CIR Industries

CW Sendin Machine

Cal-Com Systems, Inc.

Clegg Communications Corp.

Cleng Electronics

Coaxial Dynamics, Inc.

Communications Electronics

Crescomm Inc,

Crystal Banking Service

Curtis Electro Devices

Cushcraft

CIS“UI ‘Quasar Books
Enterprises

Dames Communications Systems

Dames, Ted

Data Signal, Inc

Davis Electronics

Denson Electronic Corp.

Dentron Radio Co.

Direct Conversion Technigue

Disc-Ca

Drake Co., R. L

Enhrhorn Technological Operations

Electronic Distributors

Electronic Equipment Bank

Electrospace

Elettronica

ELPROCON

Epsilon_ Records

Excel Circuits

Fair Radio Sales

Gem Quad

Gilfer Associates

Glade Valley Radio Sessions

Gray Electronics

Gregory Electronics

Hal Communications Corp.

Hal-Tronix

Ham Radio

Ham Radio Center

Hamtronics Inc

Harrison Radio

Heath Company

Heights Mfg. Co

Henry Radio Stores

Hy-Gain Electronics Corp

fcom

Infa-Tech

Integrated Circuits Unlimited

Intern 1wl Crystal

Interna nal Communications Systems, Inc.
James Electronics

Jan Crystals
Jensen Tools & Alloys
K-Enterprises
KE Electronics
KLM Electronics Inc
Trio-Kenwood Communications, Inc
Kester Solder
L-Tronics
Larsen Antennas
Leader Instruments
Little Giant
Logic Systems, Inc
Long's Electronics
Lur-ar Electronics

le Products

Fl Enterprises
MHz Electronics
Madison Electronic Supply
Magnus Electronics
Marconi Engineering
Masters Communications
Maor-Gain
New-Tronics Carporation
Nexus Trading Company
NuData Electronics
Optoelectronics

Palomar Engineers 107, 118,

Partridge {HR) Electronics
Peninsula Marketing
Phelps Dodge Communications Company
Poly Pahs

RF Power Components
Radio Amateur Calibook
Ramsey Electronics
Regency Electronics
Rochester Hamiest

Ross Distributing Company
S5T Electronics
Semiconductors Surplus
Siliconix

Sinclair_ Radio Laboratories
Space Electronics
Spectronics

Spectrum Communications
Spectrum International
Swan Electronics
Telephone Equipment Co.
Telrex Labs

Ten-Tec

Towtec Corp.

Trans Com

Tr-Ex Tower Corp

Tufts Radio Electronics

VHF Engineering, Dw. of Brownian
Valley Instrument Products

Vanguard Labs 110,

Vartan, Eimac Division
Webster Communications
Webster Radio
Weinschenker

G. R. Whitehouse & Co
Wilson Electronics
Yaesu Electronics Corp

———

et s bt e drd

114,

LSRN E8NERRENY.

w
@™

108, 145

111, 123

136, 146

120, 122

100, 150

142
117

21
113, 133
Cover 111
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Call toll-free 800-647-8660

for products by MIFJ ENTERPRISES

400% MORE RF POWER
PLUGS BETWEEN YOUR MICROPHONE AND TRANSMITTER

sin] 149°

LSP-520BX. 30 db dynamic range IC log amp and 3
active filters give clean audio. RF protected. 9 V
battery. 3 conductor, %" phone jacks for input

and output. 2-3/16 x 3-1/4 x 4 inches.

LSP-520BX Il. Same as LSP-520BX but In a
beautiful 2-1/8 x 3-5/8 x 58/16 inch Ten-Tec
enclosure with uncommitted 4 pin Mic jack

output cable, rotary function switch

SUPER LOGARITHMIC
SPEECH PROCESSOR

Up To 400% More RF Power is
yours with this plug-in unit. Simply
plug the MFJ Super Logarithmic
Speech Processor between your
microphone and transmitter and
your voice is suddenly transformed
from a whisper to a Dynamic
Output.

Your signal is full of punch with
power to slice through QRM and
you go from barely readable to

i) I $2795

-I-l---'.-

CWF-2BX Super CW Filter

By far the leader. Over 5000 in use. Razor sharp
selectivity. B0 Hz bandwidth, exiremely steep
skirts. No ringing. Plugs between receiver and

_L. $4995

CMOS-8043 Electronic Keyer
State ol the art design uses CURTIS-B043
Keyer-on-a-chip.

e Built-in Key « Dot memory e« lambic opera-

53995

NEW

MFJ-16010 Antenna Tuner

Now you can operate all band — 160 thru 10
Meters — with a single random wire and run your
full transceiver power output — up to 200 watts
RF power OUTPUT.

phones or connect between audio stage for tion with external squeeze key « B to 50
speaker operation. WPM « Sidetone and speaker e Speed, vol- e Small enough to carry In your hip pockel
e Selectable BW: 80, 110, 180 Hz e 60 dB down ume, tone, weight controls e Ultra reliable solid 2-3/16 x 3-1/4 x 4 inches e Matches low and
one octave from center freq. of 750 Hz for B0 Hz state keying +300 volis max. e 4 position high impedances by interchanging Iinput and
BW & Reduces noise 15 dB « 9 V battery switch for TUNE, OFF, ON, SIDETOMNME OFF outpul e S0-239 coaxial connectors e Unique
e 2-3/16 x 3-1/4 x 4 in, « CWF-2PC, wired PC e Uses 4 penlight cells o 2-3/16 x 3-1/4 x 4 wide range, high performance, 12 position tapped
board, $18.95 = CWF-2PCK, kit PC board $15.95 inches inductor. Uses two slacked toroid cores
zae BB 95 - $ 95
$d ) i |
y . 1
- !

SBF-2BX SSB Filter

Dramatically improves readability.

e Optimizes your audio to reduce sideband
splatter, remove low and high pitched QRM, hiss,
static crashes, background noise, 60 and 120 Hz
hum e Reduces fatique during contest, DX, and
ragchewing e Plugs between phones and re-
celver or connect between audio stage for speaker
operation e Selectable bandwidth IC active
audio filter e Uses 9 volt battery e 2-3/16 x
3-1/4 x 4 inches

MFJ-200BX Frequency Standard

Provides strong, precise markers every 100, 50, or
25 KHz well into VHF region.

o Exclusive circuitry suppresses all unwanted
markers e« Markers are gated for positive identi-
fication, CMOS IC’s with transistor output. = No
direct connection necessary e Uses 9 voll
battery e« Adjustable trimmer for zero bealing to
WWV e Switch selects 100, 50, 25 KHz or OFF
e 2-3/16 x 3-1/4 x 4 inches

MFJ-1030BX Receiver Preselector

Clearly copy weak g

signal 3 to 5 “S" units).

s More than 20 dB low noise gain e Separate
input and output tuning controls give maximum
gain and RF selectivity to significantly reject
out-of-band signals and reduce image responses
o Dual gate MOS FET for low noise, strong signal
handling abilities « Completely stable e Op-
timized for 10 thru 30 MHz « 8 V battery
e 2-1/8 x 3-5/8 x 5-9/16 inches

< if 217

MFJ-40T QRP Transmitter
Work the world with 5 watls on 40 Meter CW.

s No tuning e Matches 50 ohm load e Clean
output with low harmonic content e Power
amplifier transistor protected against burnout
o Switch selects 3 crystals or VFO input e 12
VDC e 2-3/16 x 3-1/4 x 4 inches
MFJ-40V, Companion VFO . .. $27.95
MFJ-12DC, IC Regulated Power Supply,

1 amp, 12VDC : co.. $27.95

CPO-555 Code Oscillator

For the Newcomer to leam the Morse code.

For the Old Timer to polish his fist.

For the Code Instruclor to teach his classes.

e Send crisp clear code with plenty of volume lor
classroom use e Sell contained speaker, vol-

ume, tone controis, aluminum cabinet e 9 V
battery e Top quality U.S. construction e Uses
555 IC timer  2-3/16 x 3-1/4 x 4 inches

TK-555, Optional Telegraph Key $1.95

OUR OFFER TO YOU

Dear Fellow Ham,

Try any MFJ products and il you are not
completely satisfied, return it within 30 days for a
full prompt refund (less shipping). Call us today
toll free B00-647-8660 and charge your Bank-
Americard or Master Charge, or mail your order
in today with your check or money order (or use
your BAC or MC). Please add $2.00 for shipping
and handling

73, Martin F. Jue, KS5FLU

ORDER TODAY. MONEY BACK IF NOT DELIGHTED. ONE YEAR UNCONDITIONAL GUARANTEE.
Order By Mail or Call TOLL FREE 800-647-8660 and Charge It On e G

MFJ ENTERPRISES

P. O. BOX 494
MISSISSIPPI STATE, MISSISSIPPI 39762




Call
1-800-633-3410

for Yaesu®

* and KENWOOD, DRAKE, CDE, ICOM, HYGAIN, CUSHCRAFT,
NPC, TPL, TRISTAO, NEWTRONICS, DENTRON, REGENCY,
ROHN, KLM, WILSON, TEN-TEC, NYE VIKING & MCM.

YAESU FT-221R 2m transceiver

The FT-221R is a compact, versatile, transceiver designed for the
active 2 meter operator. It features: ® Complete 144 to 148 MHz
coverage in 8 band segments ® Dual rate, concentric VFO dial
drive e Built-in AC & DC power supplies ® SSB/CW/FM/AM
modes ® Selectable + 600 kHz repeater offset ® Built-in VOX and
break-in CW e External tone input connector ® Built-in noise
blanker ® 11 crystal channels per band seg. (total 88 channel)
* SSB output 12 watts PEP e Built-in speaker.

LIST PRICE ...ttt e 595.95

YAESU FT-101E transcelver

Yaesu's number one transceiver now available from Long's has
these features: ® Solid-state ® 10m thru 160m coverage ® Built-in
AC & DC power supplies ® Built-in RF-speech processor 260
watts PEP SSB, 180 Watts CW & 80 Watts AM e Solid-state VFO
® Built-in VOX ® Auto. break-in CW with side tone e Built-in
WWV/JJY reception ® Heater switch ® Built-in speaker® High-Q,
permaability tuned, RF stages ® All mode operation: SSB, CW
and AM.

LISTIPRIBE: issiaanti/ivinanxsssnssnarviy e 729.00

DRAKE TR-4CW SSB transcelver

The new TR-4CW features: ® 10 thru 80 meters ® 500 Hz CW filter
* 260 Watt CW input ® 1 kHz dual concentric dial ® Great PTO
stability ® Transceive or sep. PTO ¢ Wide range receiving AGC
» Constant calibration mode to mode ® 300 Watts PEP input on
SSB e Shifted-carrier CW o Upper & lower SSB  VOX or PTT.

LIBT PRIBE s i s e i 649.00

KENWOOD TS-520
SSB transcelver

® Covers 10 thru 180 meters
* Solid-state thru-out except for
final & drive stages ® FET VFO
* WWV o Am#il‘iad-typa AGC cir-
cuite VOX/PTT/MOXcircuite® Dual
gate type 35K35 MOS FET

LISTPRICE .......... 629.00

Remember, you can call TOLL-FREE:
1-800-633-3410 nationwide or call
1-800-292-8668 in Alabama for Long'’s
Electronics low price on any HAM item.

BANKAMERICARD

webeome hew

152 may 1977

Longs Electronics

3521 10TH AVENUE NORTH, BIRMINGHAM, ALABAMA 35234

master charge

THE INTEARARE CARD

More Details? CHECK — OFF Page 150



Q # )  YEARS AHEAD WITH YAESU!

FP-301D AC Supply/Speaker/Digital Clock/Automatic CW I.D. .= FT-301D Transceiver, Digital Readout/All
Solid State/Broadbanded, No Tuning or Loading/160 thru 10 Meters/All Modes, USB, LSB, FSK, CW. & AM/
200 Watts PEP Input = FV-301 VFO, Split Frequency or Crystal Control/1 KHz Readout == YO-301 Monitor
Scope/All Mode Monitoring/Range 1.8 to 54 MHz/Two-Tone 1800-1900 Hz Generator.

YC-500 SERIES COUNTERS YC-601 DIGITAL DISPLAY FOR 101 & 401 SERIES

DIGITAL DISPLAY ;_.‘..'.

v 2508 (€3

==} POWER
(o) e o

YC-601 Displays Transmit and Receive Frequencies
on Bright Green Digital Display Tubes/Covers 1.8 to
30 MHz with WWV-JJY Position/Plugs into 101 or

234 VAC, DC, 12 to 14.5 VDC. Professional 401 Series/Cable Supplied.
Instruments at Amateur Prices!

YC-500E Accuracy 0.02 PPM, YC-500S, 1 PPM,
YC-500J, 10 PPM/6 Display Digits/Readout Range
10 Hz to 500 MHz/AC Operation Stepped from 100 to

Yaesu Electronics Corp., 15954 Downey Ave., m@@@

Paramount, CA 90723 @ (213) 633-4007

Eastern Service Ctr., 613 Redna Terrace
Cincinnati, OH 45215 @ (513) 772-1500

377



~ Meteor-burst
leadership for
over 30 years.

1946

1947-
1975

1977

EIMAC was there when radio ama-
teurs first studied and utilized vhf
meteor-reflected propagation. EIMAC
35Ts and 100THSs did the job.
EIMAC was there when radio
amateur and military circuits used
meteor propagation for reliable com-
munication. EIMAC 4CX250Bs and
4CX1000As did the job.
EIMAC is at hand as
Western Union estab-
lishes world's first data
acquisition system based
upon meteor-burst tech-
nology. EIMAC 8877s
are doing the job.

Again, a unique radio amateur study and
investigation leads to improved communica-
tion tgchniques. EIMAC is proud to have taken
part in these experiments.

For complete information on EIMAC
products or the 8877, send your QSL card to
Varian, EIMAC Division, 301 Industrial Way,
San Carlos, California 94070. Telephone (415)
592-1221. Or contact any of the
more than 30 Varian Electron
Device Group Sales Offices
throughout the world.

varian
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