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ICOMS IC-02A

Digital Readout, Scanning, Memories and...

EAcoM
VHF M
TRANSCEIVER

|c-02A

B

easy
fr‘;wemavslg‘ar?u pﬂgﬁ&w dial lock,
fones and DTMF in the IC-O2AT.

d custom LCD
m indicates frequency,
memory channel, signal strength
and fransmifter output, PL tone, and
scanning functions.

The new IC-O2A has a battery
lock. frequency lock, and lamp
on/off switch. An
aluminum case
back is
provided

ICOM’s IC-2A(T) continues to be
available..and its complete line
of accessories work with the
new IC-O2A.

The IC-O2A comes standard with BP3 NiCd
battery pack, BC25U wall charger, flexible
antenna, wrist strap and belt clip

The World System

ICOM America, Inc., 2112-116th Ave NE, Bellevue, WA 98004 (206)454-8155 / 3331 Towerwood Drive, Suire 307, Dallas, TX 75234 (214)620-2780
All srared specificarions are approximare and subject to change without nofice or cbligation.  All ICOM radios significontty exceed FCC regulafions liminng spurious emissions.  02AT983
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The 3CX800A7.

Varian EIMAC continues to com-
mit its development of reliable
tubes for HAM radio.

The new, rugged 3CXB00A7
power triode provides 2 kW PEP
input for voice service or 1 kW
cw rating up to 30 MHz. Two
tubes will meet the new, higher
power ratings authorized by the
FCC.

Designed for today’s low profile,
compact linear amplifiers, the
3CX800A7 powerhouse is only

2%z inches (6.35 cm) high. Cool-
ing requirements are modest
and a matching socket, air
chimney and anode clamp are
available.

A data sheet and more informa-
tion is available from Varian
EIMAC. Or the nearest Electron
Device Group sales office. Call
or write today.

Varian EIMAC

301 Industrial Way

San Carlos, California 94270
Telephone: 415+592-1221
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“DX-traordinary”...
superior dynamic range,
auto. antenna tuner,
QSK, dual NB, 2 VFO’s,

general coverage receiver.

A superlative, high-performance,
all solid-state HF transceiver,
that covers all Amateur HF
bands, and incorporates a 150
kHz to 30 MHz general coverage
receiver having an excellent
dynamic range.

* 160-10 Meters, with 150 kHz-30
MHz general coverage receliver
Covers all Amateur |'I't'l|ilt‘!ll'j(‘.“.
plus WARC, on SSB, CW, FSK,
and AM. UP conversion digital
PLL circuit

» Excellent receiver dynamic
range. Typlcal two-tone dynamic
range, 100 dB (20 meters, 50-kHz
spacing. 500 Hz CW bandwidth)

* All solid-state 28 volt operated
final amplifier. Lowest IM distor
tion. Power input 250 W on
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“Digital DX-terity”...
General coverage,
Superior dynamic range,

2 VFO'’s, 8 memories,
Scan, Notch, COMPACT!

Combines compact styling with
state-of-the-art circuit design
and performance.

I's-430S5 FEATURES:

* 1G0-10 meters, with 150 kHz 30
MHz general coverage receiver,
Covers all Amateur lrequencies,
plus WARC. UP-conversion
digital PLL circuit

* USB, LSB. CW, AM, and
FM (optional) all mode

* Compact lghtweight design
Only 10-5/8 (2700 W x 3-3/4 (96]
H x 10-7/8 (275) D, inches (mm):
only 14.3 Ibs, (6.5 kg.)

* Superior receiver dynamic range
with Dyna-Mix high sensitivity
direct mixing system

SSB/CW/FSK, 80 W on AM
SWR/ Power meter,

¢ Available with AT-930 automatic

antenna tuner built-in, or as an
option. Covers 80 10 meters.
including WARC bands

* CW full break-in. CMOS logic IC,
plus reed relay. Switchable to
semi break-in

e Dual digital VFO's, 10-Hz steps,
includes band information

* Eight memory channels. Stores
frequency and band data
Internal battery memory back
up, est. 1 yr. life. (Battery not
Kenwood supplied.)

* Dual mode noise blanker
with threshold control, for
“pulse” noise. NB-2 for
“woodpecker?

NB-1,
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* 10- Hz step dual digital VFO's,
Operate independently, include
band and mode information
Dial torque adjustable. Step
switch for 10-Hz or 100-Hz steps
A=B switch shifts “B” VFO 1o

“A" VFO [requency and mode, or

vice versia, VFO LOCK switch
RIT for VFO or memory. UP,
DOWN manual scan with
optional UP/DOWN microphone.
= Eight memories store frequency,
mode, and band data. 8th
memory stores RX/TX fre
quencies Independently.

» Lithium battery memory back-up.

(Est. 5 yr. life.)

* Memory Scan

* Programmable automatic band
scan width

* SS5B IF slope tuning, allows
independent adjustment of the
low and/or high frequency
slopes of the 1F passband.

* CW VBT and pitch control. VBT
tunes out interfering signals. CW
pitch control shifts IF pass-band
and beat frequency. “Narrow
Wide™ filter switch

* Tuneable, peak-type audio
filter for CW

* AC power supply built-in.

* Fluorescent tube digital display
(100 Hz resolution, modifiable to
10 Hz) with digitalized sub-scale,
in 20-kHz steps

* RF speech processor.

* One year limited warranty

FUNC TION
An b

* 558 monitor circuit.
Optional Accessories:

* AT-930 Auto. antenna tuner.

* SP-930 External speaker with
selectable audio Mlters

* Y(G-455C-1 (500 Hz) or
YG-455CN-1 (250 Hz) plug-in
CW filters for 455 kHz IF.

* YK-88C-1 (500 Hz) CW plug-in
filter for 8.83 MHz IF.

* YK-88A-1 (6 kHz) AM plug-in
filter for 8.83 MHz IF,

* S0-1 commercial grade TCXO.

¢ MC-42S UP/DOWN hand mic.

* MC-60A deluxe desk mic.

* MC-80 desk top UP/DOWN mic.

* MC-85 multi-flunction desk mic.
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* |F shilt circuit for minimum QRM

* Tuneable noteh filter, built-in

* Narrow-wide filter selection on
SSB and CW (filter optional).

* Speech processor, buill-in

All solid state, Input rated 250 W

PEP on SSB. 200 W DC on CW.

120 W on FM (optional), 60 W on

AM. Operates on 12 VDC or on

120 VAC, or 220/240 VAC with

optional PS-430 AC power

supply.

Fluorescent tube digital display

indicates frequency to 100 Hz

(10 Hz modifiable)

All-mode squelch circuit, built-in

= Built-in noise blanker

RF attenuator (20 dB)

* VOX circuit, plus semi break-in
with side-tone

KENWOOD

TRIO-KENWOOD COMMUNICATIONS

1111 West Walnut, Compton, California 90220

— U ON e

Optional accessories:

* PS-430, PS-30 or KPS-21

AC power supplies

SP-430 external speaker.
MB-430 mobile mounting
bracket

AT-250 automatic antenna
tuner, 160-10 m, incl. WARC,

« AT-130 compact anlenna tuner,
80-10 m, incl. WARC.

FM-430 FM unit.

YK-88C (500 Hz) or YK-88CN
(270 Hz) CW filters.

*» YK-885N (1.8 kHz) SSB filter.
YK-88A (6 kHz) AM filter.

« MC-42S UP/DOWN hand mic.

= MC-55 (8P] mobile mic.

* MC-60A deluxe desk mic.

« MC-80 desk top UP/DOWN mic.
« MC-85 multi-function desk mic.

.
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| enjoy operating because it’s relaxing (sometimes), informative
{“Roger, you're 5and 9 — NEXT!”’), and a good way to meet inter-
esting people (that’s true). It gives me an opportunity to try out new
antenna designs, test my understanding of propagation, and, in gen-
eral, stay more or less informed about what's happening. However,
in the process I've noticed a trend worth examining — particularly
by those who are part of it. | call it:

INSTANT PUDDING

Recently I've found myself reduced to mumbling into my beard about such-and-such practice by this-
or-that individual. It appears that technically, at least, Amateur Radio has come of age, with instant power-on,
QSY, tune-up, and antenna matching. We have the latest fully-synthesized, all-mode transceivers, full break-
in amplifiers, and motor driven crank-up towers. With even half an effort we can work DXCC in a couple
of weeks (or even on a weekend, during a contest). But in the process, something’s been left behind.
Call it courtesy, experience, operating skill, or just plain consideration for our fellow hams. Let me give
you a few examples of what I’'m talking about.

WD22XYZ calls CQ, is answered by a DX station, completes the contact, and stands by for any other
DX calls on his frequency. Without a moment’s hesitation, KD11PQC jumps in with kilowatts a-glowing
and calls the DX station. When | was a novitiate to the hobby | learned fast that this is simply not done;
unless WD22XYZ relinquishes the frequency, it's still his.

Another pet peeve of mine, heard more times than | care to recall, occurs when a DX station calls a

directional CQ: ’CQ, CQ, CQ, listening for W1's only!’’ The ensuing cacophony of calls includes all areas,
states, and cities {(with only slight exaggeration on my part). Of course, the DX station can control the
situation if he continues to request the particular call area and refuses to give in by answering that loud
W12 — maybe.
Signal quality reporting is another troublesome area. God help the operator who informs another that
his signal leaves a little bit to be desired; for example, 20 kHz wide on glorious SSB. | made the mistake
of telling another ham the other day that he was transmitting on two different frequencies simultaneously.
His immediate reaction was, ‘'That’s impossible! It's probably your receiver that's overloading.” | hastened
to add that both of his signals were quite ‘'clean’’; it’s just that he had two VFO's going at the same time.
In all fairness to him, it turned out to have been the other operator in the QSO who was at fault. Fellas
— | think most criticism is meant to be constructive. (Anyhow, whatever happened to pride in one’s
signal/station?)

How many times have you heard, ‘‘Roger, roger, roger, you're 5-9 plus. But will you please repeat your

call and name and my report?’’ Please note that Q5 means ‘‘perfect copy’’ and S9, by IARU convention,
is 50 microvolts RMS (in a 50 ohm system}. By the way, it might be very useful to everyone if you knew
what your Brand X receiver S9 was equivalent to. It might make the signal reports a little more meaningful
when testing antennas or evaluating the performance of one's station over another’s.
Full-power tune-up into the antenna seems to be occurring more and more often these days, usually
when you're trying to pull that weak one out. If you must tune up on frequency (I won’'t mention dummy
loads), listen first, wait, listen again to make sure that it's a clear frequency and then give a short request
to see whether the frequency is in use. If it isn’t, go ahead. Propagation being what it is, it's quite possible
to believe that a frequency’s clear when it's really quite occupied. If you have to apply full power to your
antenna, load up when the band is truly dead: high noon on 160 meters, 4 A.M. on 10 meters. (I know
— 160 and 10 meter operators will insist the bands are never dead.)

Communicasting is the term | use to identify operation by an individual who wants others to think he’s
communicating, even though he's really only broadcasting his highly opinionated, usually insulting, narrow-
minded point of view. This practice has reared its ugly head more and more often on the lower bands
recently — all in the name of exercising the right to free speech. With all due respect to rights, isn't use
of the frequency spectrum — a precious, limited resource — a privilege? (If you have something to say,
and you want other Amateurs to hear it, write a letter to ham radio. If space permits, we'll print it.)
To paraphrase a recent television ad describing the reasons for a stock brokerage’s success, courteous

operation is just “‘good old-fashioned work.”’ In our case, if we were to stop expecting instant pudding
— i.e., immediate gratification — and instead were more willing to hang in there, learn by example, develop
expertise and the kind of operating skills that can only be acquired over a period of time, |, for one, would
be a lot happier.

Rich Rosen, K2RR

editor-in-chief

6 February 1984



MFJ RTTY

ASCII

AMTOR

COMPI.I'I' ER IN'I'ERFACES

GENERAL PURPOSE RTTY/ASCIl/
AMTOR/CW COMPUTER INTERFACE

Lets you send and receive computerized RTTY/ASCII/AMTOR/CW. Copies
all shifts and all speeds. Copies on both mark and space. Sharp 8 pole active
filter for 170 Hz shift and CW. Plugs between your rig and VIC-20, Apple,
TRS-80C, Atari, T1-99, Commodore 64 or most other personal computers.
Uses MFJ, Kantronics software and most other RTTY/CW software.

RTTY/ACSII/AMTOR/CW
INTERFACE
CARTRIDGE
FOR
VIC-20/C-64

NE

Most versatile RTTY/
ASCII/AMTOR/CW Inter- MR- 1238
face cartridge available for $ m 95
VIC-20 and Commodore
64. Gives you more features, more performance,
more value for your money than any other interface

ridge available.
me Interface cartridge works for both VIC-20 and
Commodore 64. Plugs into user's

Choose from wide variety of RTTY/ASCII/CW
even AMTOR software, You are not married to one
on-board software package. Use MFJ, Kantronics,
AEA plus most other software cartridge, tape or disk.

850 Hz and 170 Mz shifts on recelve and transmit.

Has mark and space outputs for scope tuning.

Normal/Reverse switch eliminates retuning.

True dual channel mark and space active fiiters and
automatic threshold correction gives good copy when
one tone Is obliterated by QRM or selective fading.

Easy, positive tuning with twin LED Indicators.

Narrow 800 Hz active CW fllter. Automatic PTT.

Exar 2206 sine generator for AFSK output.

Shielded XCVR AFSIK/PTT Interface cable provid-
ed. Plus or minus CW keyed output. FSK out.

Powered by (few mA.), no power adapter
to buy or extra wire to dangle or pick up/radiate RFI.

Glass epaxy PCB. Aluminum enclosure. 4YexdVax1",

s AR S i
MF] RTTY CW
o ' .-.um ..__. u-u.-. COMPUTER INTERFACE
& U - , Sl
T e oo o,,, -4 4
MFJ-1224

MFJ Software plus MIFJ Interface for VIC-20/C-64

Software cartridge aione, $49.95. Order MFJ-1250
for VIC-20, MFJ-1251 for Commodore 84.

Includes cable to Interface MFJ-1224 to VIC-20 or C-64.

*129% | *QQ*

MFJ INTERFACE plus MFJ
SOFTWARE CARTRIDGE

for VIC-20 or Commedore 64,

MFL-1228 PLUS MFS-1280  § 99 95
or MFJ-1251 for one low prics o V50 0o

SOFTWARECARTRIDGE FOR

VIC-20/C-64  mrs1250/MFi-1251
Powerful MFJ software $ 49 95

cartridge for VIC-20 (MFJ-

1250, $49.95) and Commodore 64 (MFJ-1251,$49.95).
Plugs Into expansion port. Devel by MFJ.
Features RTTY/ASCII/CW send and receive, split
screen display, type ahead buffer, message ports,
status display, automatic CW speed tracking, parallel
and VIC serlal printer compatibllity plus much more.

SUPER RTTY FILTER

Super RTTY

filter greatly
improves copy under -
crowded, fading and weak signal conditions.Improves
any RTTY receiving system. 8 pole bandpass active
filter for 170 Hz shift (2125/2295 Hz mark/spacs). 200
or 400 Hz bandwidths. Automatic noise limiter. Audio
in, speaker out jacks. On/off/bypass switch. “ON"
LED. 12 VDC or 110 VAC with optional AC adapter,
MFJ-1312, $9.95. 3xdx1 Inch aluminum cabinet.

New MFJ-1224 RTTY/ASCII/AMTOR/CW Com-
puter Interface lets you use your personal computer
as a computerized full featured RTTY/ASCII/
AMTOR/CW station for sending and receiving. Plugs
between rig and VIC-20, Apple, TRS-BOC, Atarl,
T1-99, Commodore 64 and most others.

Uss MFJ (see MFJ-1250/1251 below) software for
VIC-20, Commodore 64 and Kantronics for Apple,
TRS-80C, Atari, T1-99 and most other software for
RTTY/ASCII/AMTOR/CW.

Easy, positive tuning with twin LED Indicators.

Copy any shift (170,425,850 Hz and all other shifts)
and any speed (5-100 WPM RTTY/CW and up to 300
baud ASCII).

Coples on both mark and space, not mark only or
space only, to improve copy under adverse conditions.

Sharp 8 pole 170 Hz shift/CW active filter gives
good copy under crowded, fading and weak signal
conditions. Automatic noise limiter suppress static
crashes for better copy.

Normal/Reverse switch eliminates retuning. +250
VDC loop output drives RTTY machine. Speaker Jack.

Automatic tracking coples drifting signal.

Exar 2206 sine generator gives phase continuous
AFSK tones. Standard 2125 Hz mark and 2295/2975
Hz space. Microphone line: AFSK out, AFSK ground,
PTT out and PTT ground.

FSK keying output. Plus and minus CW keying.
CW transmit LED. External CW key jack.

Kantronics compatible socket.

Exclusive general purpese socket allows Interfac-
ing to nearly any personal computer with most appro-
priate software. Avallable TTL lines: RTTY demod
out, CW demod out. CW-1D Input, +5 VDC, ground.
All signal lines are buffered and can be Inverted
using an Internal DIP switch.

Use Galfo software with Apple, RAK with VIC-20,
Clay Abrams with TRS-80C, N4EU with TRS-80 IlI,
IV. Some computers with some software may require
some external components.

Metal cabinet. Brushed alum. front. 8x1%x6 In.
12-15VDC or 110 VAC with adapter, MFJ-1312,19.95.

MFJ-1223, $20.95, R$-232 adapter for MFJ-1224,

CW INTERFACE CARTRIDGE

NEW. FOR wg-zofcs-?
$ | ngumg
MFJ1228 gl sedin

under weak, crowded, nolsy
conditions. Works for both VIC-20 and Commodore
64. Plugs Into user's port.

4 pole 100 Hz bandwidth asctive filter. 800 Hz
canter frequency. 3 pole active lowpass post detection
filter. Exclusive automatic tracking comparator.

Plus and minus CW keying. Audio in, speaker out
Jacks. Powered by computer.

Includes Basic listing of CW transmit/recelve pro-
gram. Avallable on cassetts tape, MFJ-1253, $4.95
and on software cartridge, MFJ-1254, $19.95,

You can also use MFJ-1260 (VIC-20) or MFJ-1251
(C-64), $49.95 sach, RTTY/ASCII/CW software cart-
ridge. Or use Kantronics, AEA and others.

Also copy RTTY with single tone detection.

UNIVERSAL SWL RECEIVE
ONLY COMPUTER INTERFACE
FOR RTTYIASCIIIAMTOR!CW

MFJ-1225 il :.._«-\..\ il i
ssgss - ._“___
*9:7s 0099,

Use ——
m"&m [ MFJ-1225 pius MFJ-1250
and oommunicatlonsl or MFJ-1251 §99.95,
receiver to receive commercial, military and amateur
RTTY/ASCII/AMTOR/CW traffic.

Plugs between recsiver and VIC-20, Apple, TRS-
80C, Atarl, T1-99, Commodore 64 and most other
personal computers. Requires appropriate software.

Use MFJ(sea this ad), Kantronics, AEA and most
other RTTY/ASCII/AMTOR/CW software.

Copies all shifts and all speeds. Twin LED Indicators
makes tuning sasy, positive. Normal/Reverse switch
eliminates tuning for Inverted RTTY. Speaker out
Jack. Includes cable to Interface MFJ-1224 to VIC-20
or Commodore 64. 4'/x1 Vx4V Inches. 12-15 VDC or
110 VAC with optional adapter, MFJ-1312, $9.95.

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO
OBLIGATION. IF NOT DELIGHTED, RETURN WITH-

INDAYS FOR PROMPT REFUND (LESS SHIPPING).

= One year unconditional guarantes = Made In USA.
* Add $4.00 each shipping/handling = Call or write
for free cataleg, over 100 products.

More Details? CHECK — OFF Page 108

ME

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

TO ORDER OR FOR YOUR NEAREST

o

DEALER, CALL TOLL-FREE Igj
800-647-1800. can ——=
601-323-5869 in Mississippl and out- fm1
side continental U.S.A. Telex 53-4590. /|
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THE '"NO-CODE" LICENSE PROPOSAL WAS SOUNDLY DEFEATED, with not one commissioner voting
for it at the December T4 FCC meeting. Presenting the item was Private Radio Bureau Chief
Bob Foosaner, who pointed out that while a principal argument for No-Code was the supposed
lack of growth in Amateur Radio, the service had grown from 300,000 licensees in 1975 to
over 400,000. Furthermore, he continued, the nearly 5,000 comments filed ran 20:1 against
No-Code, with even the handicapped it was supposed to benefit opposing it.

Commissioner Mimi Dawson, Studying For An Amateur License Herself, then asked what
alternative entry to the radio spectrum might be available for "computer hobbyist' radio
communications since Amateur opposition to No-Code did not make Amateur Radio attractive
to that group. Foosaner responded, "The hobby class (license) may be something that re-
places the CB type of thing...we'll find a spectrum available for this type of service."

Commissioner Comments During The Discussion Were All Complimentary to Amateur Radio,
with Chairman Fowler in particular citing the service's many contributions. However, some
observers feel the failure of No-Code and the resulting lack of growth in Amateur VHF or
UHF band usage will greatly increase outside pressure on those bands. Not only is there
the possibility of a non-Amateur "hobby class' competitor for spectrum, but various user
groups are actively promoting 216-225 MHz as a land mobile band, plus use of 420-430 MHz.

WSLFL'S STS-9 2-METER OPERATION WAS AN UNQUALIFIED SUCCESS, from every point of view.

He operated enough orbits to give the U.S. and the rest of the world at least several
chances to hear and--hopefully—"work" him. His '"CQ North America" was easily copyable.
a thousand miles from Columbia's groundtrack, depending on spacecraft orientation.

Media Coverage Of The Event Was Outstanding, emphasizing the idea that now ''the guy
next door" could actually talk to an astronaut in space. Owen's chat with King Hussein,
JY1l, was highlighted, of course, but many average Amateurs across the country found them-
selves hosting TV news crews and chatting with talk show hosts or newspaper reporters.

Though Owen's Operating Method Disappointed Many who'd hoped to hear their calls come
back from space, it made real PR sense. His acknowledging a few calls, then describing
what he saw and what was going on in Columbia was far more interesting to non-Amateur list-
eners and media than long lists of calls. He also reported it almost impossible to copy
many calls because of his single-earpiece headset. Though it appears most of those Owen
was acknowledging were well-equipped VHF buffs with big signals, Owen's first review of
his logging tape after Columbia's return did turn up some mobiles! Discipline was gen-
erally fair to gooed in most areas, though with some confusion and harassment.

Strong, Positive Effects On Amateur Radio are already being felt. Reinforcing the
excellent exposure Amateur Radio got during the Grenada invasion, interest in becoming an
Amateur seems to be at an all-time high. Inquiries about Amateur training courses are way
up, and school-age Amateurs report many classmates asking about their hobby. NASA was also
very pleased, with future operation by other licensed astronauts almost certain!

About 300 Callsigns Were Pulled Off The Logging Tape in Owen's initial runthrough. He
feels quite a few more can come from a more painstaking review. Of the 300, about 75% were
U.S., with no Japanese, Russians or Africans noted. Special QSLs for those who made it on
the tape will be available shortly. Send QSLs and SWL reports to ARRL, with an SASE.

Congratulations to NASA, The ARRL, W5LFL, K6DUE, and many other contributors toward mak-
ing Owen's space operation possible. A special salute to Vie Clark, W4KFC, who passed away
one week too soon to see a dream on which he'd worked so hard finally realized. A most ambi-
tious project, meticulously executed, for the benefit of all—but particularly Amateur Radio.

PCB-FILLED DUMMY LOADS DO POSE A THREAT TO AMATEURS, though perhaps not as severe as
once feared. A just-completed study by the Centers for Disease Control in Atlanta found
less than 2% of the loads tested contained PCB coolant, though a few others did show traces
of the dangerous compaund. However, tests of the Amateurs who'd been exposed to the PCB-
cooled loads showed no abnormal levels in their blood.

Since Any Exposure To PCBs Is Considered Dangerous, Amateurs who have dummy loads, capaci-
tors, or transformers made before PCB's dangers became known should contact the nearest office
of the EPA for advice on safe disposal.

THE VOLUNTEER EXAM IS MOVING AHEAD, with appointment of the first regional Volunteer Exam
Coordinator Ilikely very soon. Leading the race with a very well thought out proposal is
the Anchorage Radio Club, which is anxious to take on the responsibility for the entire
state of Alaska. There are also groups or organizations in almost every other part of the
country who've indicated strong interest in taking on the VEC job in their areas. In the
meantime, the ARRL is still talking about becoming the national VEC,

WARC FREQUENCY ALLOCATIONS WERE ADOPTED BY THE FCC in December, with several items of
concern for Amateurs. 1.9-2.0 MHz was allocated to Amateur Radio on a 'restricted secondary"
basis, with radiolocation primary. AM broadcast will eventually be moving into 1605-1705
kHz, with displaced radiolocation users then going to 160's top end. 220-225 MHz retains
Amateur, plus fixed and mobile pending the results of an FCC NTIA working group study. The
902-928 MHz band seems to have a variety of potential users, but the FCC did turn down in-
dustry pleas that it also include a secondary land-mobile allocation.

8 February 1984



WN THE WORLD
WITH THE R3

NO RADIAL
VERTICAL

10, 15, 20 METERS

Optimum curren gives
iclency and low angle radiation for DX

cations.

R3 brings high performance antenna features
0 those living in apartments, condominiums
or on small city lots. Even if you have plenty of
space, R3's combination of neat appearance
and DX capability make it ideal for your sta-
tion. The R3 includes an integral turner to give
a perfect match across 10, 15, and 20 meters.
The remote tuning feature allows easy finger-
tip control as you operate your station.

R3 is a complete antenna system ready to in-
stall in virtually any location from ground level
to roof top.

FEATURES
3 dB Gain, ref YaAwhip
No Radials
360° Coverage
Integral Tuner with
Remote Gontrol Console and Indicator
24 Volts To Tuner
110 or 220 Volt Operation
75 ft (22.9m) Control Cable Included
Only 221t (6.7m) High
1 sq ft (.09 sq m) Space
Self Supporting
Stainless Steel Hardware
Mount: Sleeve Type Fits Pipe Up To
1% in (4.5cm) dia
Can Be Easily Stored and Set Up For
Portable or Temporary Operation

Add up the features—you'll find that you can
have ALL OF THIS PERFORMANCE without

the need to buy tower, rotator and associated
hardware. RS IS ANOTHER PRODUCT
CREATED FOR THE ENJOYMENT OF YOUR
HOBBY BY THE WORLD RENOWNED
CUSHCRAFT ENGINEERING DESIGN TEAM.

More Details? CHECK — OFF Page 108
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comments

photovoltaics

Dear HR:

WDBAHO's article, ““Photovoltaic
Cells: a Progress Report’’ (December,
1983, page 52), brought to mind painful
recollections of the early 1960s when |
bought 300 0.4 x 0.8 silicon cells
surplus for fifty bucks. | say “painful’’
because | soldered the little buggers in
aseries-parallelarrangement. | thought
Iwould goblind and alsolearned that the
little pieces of silicon would fracture
easily. Whenmost of the 300 were finally
soldered, I had the pleasure of gettingall
of 2 + watts output on a sunny day.
Still, it was great fun after the drudge
work of putting it together was done and
itdid make a nice battery charger. After
several years of operation, the unit
busted up on my move from San Fran-
cisco to Oakland. Too bad — there are
more sunshine/hours in Oakland.

The ‘breeder concept’’ photo in the
article (fig. 1) made me whistle. There
must be at least 3000 square feet of
panels. Thatwould meanaboutamiflion
of my 0.4 x 0.8 chips (ouch), and at
1960's prices, acost (even atsurplus) of
over $150,000, allforabout6kW output!

Sincel’ve been out of touch with that
scene for over twelve years, it's appar-
ent there has been a great deal of
progress.

Your article really rekindled my
interest.

Nubar Tashjian, K6KVX
Oakland, California

10 February 1984

Dear HR:

Idon'tunderstand WD8AHO's claim
thatsolar cells at $4.00 per watt will pay
back inless than one year. {See 'Photo-
voltaic Cells: A Progress Report,”’ De-
cember, 1983, page 52.)

Energy from our local electric com-

pany costs 770\3/0 x $0.052 = $0.52 x

10 ~4 each hour at the 1 watt rate. So,
for the $4.00 cost of a 1-watt solar cell,
| could buy 76,923 hours of electric
energy at the 1-wattrate. Averaging six
hours per day, as one might use a solar
cell, | could buy that power from the
local electric company for 12,820.5 days
or about 35. 7 years.

The added expense for storage bat-
teries (and inverters?) makes the break-
eventimeevenlonger.ldon'tknowthe
life expectancy of solar cells, but | would
be surprised to break even within the
span of human lifetime.

Martin Sample
Tuolumme, California

As Mr. Sample suggests, the ques-
tion of when photovoltaics will become
cost competitive with local power com-
paniesis, to some, agoodreason notto
get involved in photovoltaics.

Photovoltaicsis notforeveryone, and
certainly notforanyone who measures
payback solely in economic terms. But
a modest photovoltaics system can
meet the needs of the Amateur who
wants an economical, uninterrupted
supply of power for his or her ham
shack, for remote operations, and in
emergencies or natural disasters.

Every day we read of billion-dollar
costoverruns, unexpected delays, and
unacceptable workmanship in the de-
velopment of new power plants. These
problems suggest that in the years to
come, electricity is likely to cost more,
notless. It’s reasonable to expect that
by the time photovoltaic powerreaches
the 100 megawattlevel and the cost has
dropped to below $4 per watt, the pay-
back period of PV’s — partly because of
powercompany rateincreases — will be
reduced to less than one year and be
competitive with utility rates.

With a life expectancy of 30 years or
more, photovoltaics today offerareadily

available source of dependable power at

a reasonable price.
Paul J. DeNapoli, WD8BAHO
Livonia, Michigan

As faras Amateurs today are concerned, perhaps the
following letter says it best . . .

Dear HR:

I fail to see how solarenergy can have
apayback of less than three and one-half
years. At $10 per peak watt, and four
hours per day peak suntime, | calculate
only 1460 watt hoursperyear. At7 cents
perkWh, thisequatestoapayback of 10
cents peryear — which would take 100
years!

WDBAHO is clearly talking about
energy payback only (the energy re-
quired to build a cell), not the cost of
manufacture. | am truly excited about
the prospects of solar energy and final-
ly put cells on my sailboat to keep the
batteries trickle-charged. You can'tbeat
PVswhen you can’tget powerany other
way, butlet’s be honest about the cost
to the consumer.

R.F. Bruninga, WB4APT
Bowie, Maryland

auto-dialer chip

The MD-22 chip necessary for con-
struction of K2MWU'’s *‘State-of-the-
Art Auto-Dialer’”” (December, 1983,
page 21} will again be availabie in mid-
to late February.

Readers who have had difficulty in
obtaining this partshould contact CES,
Inc., P.O. Box 2930, Winter Park, Flor-
ida 32790. (305) 645-0474.

short circuit

RTTY and the Atari™

In the article, "RTTY and the
AtariT™ Computer,” on page 38 in
the July, 1983, issue of ham radio,
the lower left pinout of the XR2211
chip should be labeled 12. It was
omitted from fig. 3 though discussed
in the text on the following page
under the subhead ‘‘terminal unit
construction adjustments."’



AEA Brings You The AMTOR Breakthrough

We are pleased to announce three new AMTOR products. Our new software package that will allow you to operate
AMTOR with your CP-1is called AMTORTEXT™. Acomplete hardware terminal unit and AMTORTEXT software plug-
in cartridge for the Commodore 64 computer is called the MICROAMTOR PATCH™. We also have new applications
software packages for the AMT-1 and Commodore 64 or VIC-20 computers.

NEW AMTORTEXT™

AMTORTEXT™ is a LOW COST software package that will allow the CP-1 and Commodore 64 Rl S T R
computer to be used as a multi-mode AMTOR TERMINAL. Compare the outstanding FEATURES 2 g
and PRICE of the AT-64 (AMTORTEXT for Commodore 64) to the competition:

¢ KEYBOARD OVERLAY instructions (eliminates constant referral to manual) ® STATUS
INDICATORS on screen ® Easy to follow MENU = ARQ, MODE A- MASTER OR SLAVE » FEC
MODE B » MODE L (LISTEN TO MODE A) *SPLIT SCREEN with 2000 CHARACTER TYPE
AHEAD transmit buffer« WORD MODE for error correcting with DEL KEY until space or CR is sent
* REMOTE ECHO shows characters transmitted as they are validated by other station ® easy entry
of your SELCALL for automatic response to ARQ calls * BREAK-IN MODE to interrupt sending
station * LTRS/FIGS REVERSE for assistance in MODE L sychronizing ® TEN MESSAGE
BUFFERS OF 256 CHARACTERS EACH ¢ AMTOR timing synced to host computer internal CRYSTAL OSCILLATOH
* PROGRAMMABLE TRANSMIT DELAY can be saved to tape *sAUTOMATIC PTT « POWERED BY HOST COMPUTER # includes
INTERFACE CABLE for AEA model CP-1 COMPUTER PATCH™.

The AMTOR software TIMING ROUTINES have been written by Petér Martinez, G3PLX (father of AMTOR) which means you can be
sure of having NO SYNCHRONIZING problems with other AMTOR stations adhering to the established international AMTOR
standard. PROPER SYNCHRONIZATION is an ABSOLUTE must for AMTOR!

Ej. L | MICROAMTOR PATCH™ is a NEW LOW-COST, HIGH-PERFORMANCE AMTOR
4 =7 - SOFTWARE/HARDWARE computer interface package. The MICROAMTOR PATCH
. (model MAP-64) INCORPORATES AMTORTEXT software (described above) for the
Commodore 64 computer. All circuitry and software is incorporated on asingle, plug-in
cartridge module featuring the following: *TRUE DUAL CHANNEL MARK AND SPACE
MULTI-STAGE 4 POLE, CHEBYSHEV ACTIVE FILTERS » AUTOMATIC THRESHOLD
CORRECTION for good copy when one tone is obliterated by QRM or SELECTIVE
FADING * EASY, POSITIVE TUNING with TRIPLE LED INDICATOR = NOT a low-cost,
easily “pullable” phaselocked loop detector!!l « SWITCH SELECTED 170 Hz or WIDE
SHIFT on receive ®* AUTOMATIC PTT  demodulator circuitry powered by your 12 VDC
supply to AVOID OVERLOADING HOST COMPUTER and for maximum EMI ISOLATION e EXAR 2206 SINE GENERATOR for
AFSK output » SHIELDED TRANSCEIVER AFSK/PTT INTERFACE CABLE PROVIDED ® FSK keyed output.

The MicroAmtor Patch is structured for easy upgrading to the AEA CP-1 Computer Patch™ advanced interface unit without having to
buy a different software package! Simply unplug the external computer interface cable (supplied with the MicroAmtor Patch) from
the MicroAmtor Patch and plug it into the Computer Patch.

* The Model MAP-64/2 incorporates the C-64 MBATEXT™ PROM
$149.95 List $129* MAP64 on the same board with AMTORTEXT for low cost RTTY/CW/

$239.95 / $199.95* MAP-64/2 ASCII/AMTOR operation.

AMT-1

The AMT-1 is the DEFINITIVE AMTOR TERMINAL UNIT which all future AMTOR units
will be measured against. All you need for full AMTOR operation is a dumb ASCI| terminal
(or personal computer and emulation software) and a normal HF transceiver and antenna.
With the AMT-1 you will receive the following features: «SENSITIVE FM DEMODULATOR
* FOUR POLE ACTIVE RECEIVEFILTER® TOTAL CONTROL FROM KEYBOARD or by
COMPUTER PROGRAM CONTROL e 16 LED PANADAPTOR TYPE TUNING
INDICATOR * CRYSTAL CONTROLLED AFSK MODULATOR o RECEIVE/TRANSMIT
standard RTTY « TRANSMIT MORSE CW « MORSE RECEIVE field installable option
e AUTOMATIC PTT e 13 front panel LED STATUS INDICATORS = all METAL
ENCLOSURE for maximum RFI immunity ® operates from your 800 ma 12 VDC power

source, AMT-1 C le Stand,
$589.95 List $499.95* AMT-1 ggoﬁﬂ.ﬂmﬁﬂmé:; Moniioe s ‘oalass
Applications software for C-64 or VIC-20 e T

AEA also offers an applications software package for the CommodoreVIC- ———cr —c =" — == - ——— i
20 (model AMT-1/VIC20-1) or 64 computer that is resident on a plug-in PROM [—
CARTRIDGE and includes the INTERFACE CABLE to go between the |
computer and the AMT-1. KEYBOARD OVERLAY instructions are also |
included for easy operation without the instruction manual. The COMM-64
program (model AMT-1/C64-1) offers SPLIT SCREEN OPERATION with ten l
MESSAGE BUFFERS. It also offers UNATTENDED OPERATION with |
automatic MESSAGE RECORDING and AUTOMATIC STATION |Add'°55
|
I

7 A
o
3
@

INDENTIFICATION. $89.95 List $69.95*

*SUGGESTED AMATEUR DISCOUNT PRICE THROUGH e 5 i
PARTICIPATING DEALERS ONLY il A VSRR PRSI ¢ - @ S ] ) 2

Advanced Electronic Applications, Inc.
P.O. BOX C-2160 ® LYNNWOOD, WA 98036 * (206) 775-7373 * Telex: 152571 AEA INTL

More Details? CHECK — OFF Page 108 ~ 108 February 1984 [[§ 11



frequency synthesis
by VXO harmonic selection

Quieter than a PLL,
it generates all frequencies
between 5 and 6 MHz

This article describes a modification of an old
method of frequency synthesis. its chief advantage
over the earlier scheme is that it can synthesize all
possible frequencies over the output range, rather
than being limited to a set of discrete frequencies. Its
stability, determined by the stability of a single VXO,
is comparable to that of other synthesizers.

block diagram

The basis for the system is a variable crystal
oscillator — a VXO consisting of a 100-kHz frequen-
¢y standard crystal which is continuously “‘pulled”
from 100 to 100.2 kHz (see fig. 1). The VXO output
frequency is divided by ten and fed to a pulse
generator. Here a short pulse is formed with a PRF
continuously variable over the range 10 to 10.02 kHz,
directly controlled by the VXO. A bandpass filter
passes the 500th through 600th harmonics of the
pulse, producing a ‘comb’’ with about 10 kHz spac-
ing which moves continuously upward about 10 kHz
as the VXO frequency is increased. if the 500th har-
monic is selected, its frequency will move con-
tinuousty from 5000 to 5010 kHz. Then if the 501st
harmonic is selected, its frequency will move con-
tinously from 5010 to 5020.02 kHz and so on. In this
way we may obtain all possible frequencies in the
range from 5 to 6 MHz.

12 February 1984

In order to select one harmonic and reject all
others, it is necessary to employ a filter having a
bandwidth considerably less than 10 kHz. Considera-
tion of spurious frequency problems leads to the use
of a SSB crystal filter in the 9 MHz region. | selected
an 8.83 MHz filter because | intend to use a 9 MHz
beating oscillator to heterodyne the synthesizer into
the ham bands, and | do not wish to invite trouble.
The VFO and first mixer form a superhet with an 8.83
MHz IF sharp enough to pass just one ‘‘tooth’’ of the
“comb.”” The IF beating against the same VFQ in the
second mixer restores the selected ‘‘tooth’’ to its
original frequency, exactly. Drift in the VFO has no
effect on the output frequency. As the VFO is tuned
continuously in one direction, succeeding ‘‘teeth”
are selected, interspersed with regions of zero out-
put. The VFQO is calibrated in terms of output fre-
guency so that the appropriate “‘tooth” is selected.
The output frequency is then adjusted to the desired
value by adjusting the VXO frequency. If this adjust-
ment causes the IF to reject the ““tooth,’’ slight retun-
ing of the VFO wiill bring it back into the filter pass-
band. The selection indicator is a meter which indi-
cates whether or not a “‘tooth” is passing through
the filter. !t reads either zero or about 2/3 scale, cor-
responding to the absence or presence of an output
signal, respectively.

theory of operation

Assume a VXO is continuously “‘pulled’’ from f; to
a higher frequency, f;. We may multiply the frequen-
cy by any integer, M, and divide the frequency by
any integer, N. The output frequency will vary from

f= 21 8

to fu= % (2

By Frank Noble, W3MT, 10004 Belhaven Road,
Bethesda, Maryland 20817



For continuous coverage, the pulling range of fig.
2{A) must be equal to the separation between adja-

cent harmonics of %, fig. 2(B), or

%— (fi=fo) = fﬁo (3)
fo
so that =_7° 4
f1 = fo “
Substituting eq.4 in eq.1:

fo f?
N=M=L = 2= 5
Jr S 1 -1o) ®)

Comparing fig. 2(C) with fig. 2(A), note that

M—I‘:]—‘] (f1 —fo) islarger than

% (f1 —fo) {6)

s0 M in eq. 4 is the minimum value which will provide
continuous coverage. Larger values will produce pro-
gressively increasing overlap.

practical considerations

If a standard SSB crystal filter is used, the har-
monic spacing must be of the order of 10 kHz to
allow adequate rejection of neighboring harmonics.
Hence

fo _
N =10 (7)

and N=fyx10-4 (8
Substituting eq. 8 in eq. 5:

M=f; x 104 9

Now the desired value of f; is 5 x 108, so that

M = 500 (10)

AT-Cut crystals will not achieve values of M as
small as 500, using capacitance tuning. This amount
of pull may be obtained with inductive tuning, but
extreme care must be taken, especially with the coil,
to retain stability. The frequency, fy, must exceed 10
MHz so that reasonable values of inductance may be
used. This leads to the requirement of large frequen-
cy division, N, an additional complication. An in-
cidental advantage is that the tuning linearity is bet-
ter than for capacitance loading.

If we use the 100 kHz 5 degree X Cut commonly
employed for frequency standards, a value of M =
500 may be obtained with capacitance tuning. The
temperature stability will be poorer than for AT
crystals, but a crystal oven will solve this problem.

in any case, the percentage drift of the output fre-
quency will be identical to the percentage drift of the
crystal.

circuit description

Fig. 3 shows a detailed circuit diagram for one
form of the synthesizer.

The first stage, the VXO, uses an LF353N for U1A
in a power design? and substitutes a large variable
capacitor having ‘‘midline’’ plates to improve the tun-
ing linearity. (SLF or even more radical plate shapes
would be preferabie if available.) A fast-rising square
wave is formed by U1B, suitable for driving the divide
by ten IC, U2. The very fast rising square wave out-
put of U2 is differentiated by a short time-constant
RC circuit. The negative-going pulse is clipped by the

VX0
100-100.2
kHz

wi
ek BUFFER

SELECTION
INDICATOR

VFO
13.83-~14.83 BUFFER

10.00-10.02 kH2

MIXER NO. |

MHz

CRYSTAL
FILTER MIXER NO. 2

8PF
5-6MH:z

PULSE 8PF
GEMERATOR 5-6MH2

frequencies.

8.83MHz

our

fig. 1. One possible arrangement for the synthesizer. See text for a discussion of the relationships between the various
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diode, so that the input to Q1 is a short positive pulse
with a PRF continuously variable from 10 to 10.02
kHz. The source of Q1 is biased at + 6 volts so that
only the narrow part of the pulse near its peak is
amplified. The tuned circuit in the output of Q1 is
resistively loaded to pass 5-6 MHz, selecting the
desired ‘‘comb.” Q2 raises the comb level. Its output
is also broadbanded by resistive loading. A link on
the Q2 output coil drives one input of diode ring mix-
er No. 1 through an attenuator which provides a 50-
ohm source for all frequencies. The second input to
the mixer is supplied by the VFO buffer, Q9, having a
source impedance of about 50 ohms at the VFO fre-
quency. (This is not ideal. It would have been better
to increase the output of Q9 and use an attenuator to
provide 50 ohms at all frequencies.)

The output of the first mixer is terminated in 50
ohms for all frequencies. This is the most critical ter-
mination. It drives FL-1 through a series resistor,
forcing a termination of less than 600 ohms, which is
roughly what the filter requires. The output termina-
tion is about 400 ohms. (We observe that passband
flatness, vital to SSB, is not important in this applica-
tion; consequently, termination requirements have
been eased.) Since the filter is very sharp, the output
circuit of IF amplifier U3 has high Q and large L/C
to achieve high gain. Q3 is an RC amplifier for driving
FL-2 with a source impedance of somewhat less than
680 ohms. This filter is also terminated in somewhat
less than 680 ohms. It drives emitter-follower Q4.

== _ - 1

L
w'o wi
-— !rf fg) ——
Nt "o
(
|
= ' = ' |
M
a'o o |
|
|

-— “T” ty ~to -

fig. 2. Diagram for determining the relationships between |
frequencies, multipliers, and divisors.
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Left, VXO direct drive dial calibrated in kHz. Center, selec-
tion indicator meter. Right, VFO reduction drive dial calibrated
in 100 kHz steps.

The output impedance of Q4 approximates 50 ohms
at all frequencies to match one input of the second
mixer. A separate VFO buffer, Q8, drives the other
input. The critical output of the second mixer sees 50
ohms at all frequencies. U4 is an amplifier, broad-
banded by the 50 ohm half-wave filter at its output.
The input to amplifier US is fairly clean. The signal is
made larger by U5 and further laundered by the
bandpass filter at its output. Q5 is an emitter follower
to reduce the output impedance to about 50 ohms at
the "“HI"" output. An L network followed by a quar-
ter-wave filter reduces the output voltage and im-
pedance and further improves the waveform at the
“LO" output. Q6 is another emitter follower used to
prevent distortion generated by the diode rectifier
from reaching the RF outputs. The rectified and fil-
tered output of Q6 is used to drive the selection in-
dicator, a miniature 1 milliampere meter. The VFO,
Q7, is a Hartley oscillator using a good coil and
source degeneration to obtain good stability and
waveform. It must not drift over + 1 kHz per hour —
otherwise it could drift the desired “‘tooth” out of the
filter slot. The VFO tuning capacitor has semi-circular
plates for good tuning linearity. It is driven by a re-
duction dial to make the tuning less critical.

mechanical details

Except for the portion between the U4 link and the
outputs, the circuit is contained in a metal enclosure
(standard chassis No. 1) measuring 3 1/4” H x
71/2"W x 57/8”D, (9cm x 19cm = 15 cm) Radio
Shack No. 270-229 (see photo 2). A second standard
chassis (No. 2) contains the portion after the U4 link,
a 12-volt regulated power supply (150 mA), and a con-
verter employing a 12.5 MHz crystal oscillator to beat
the synthesizer output up into the 40-meter band. No
attempt was made to miniaturize chassis No. 2 be-
cause it rests on a shelf under the operating table, out
of the way. The coils in chassis No. 2 are surplus
5/8-inch slug-tuned bakelite units mounted in shield
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fig. 3. Detailed circuit diagram for one form of the synthesizer. Details of the design and suggestions for improvement are contained in the text.
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444D SSB/FM
Base-Station Microphone
-Shure's most widely used base-
station microphone is a ham
favorite because it really helps
you get through ... with switch-
selectable dual impedance low
and high for compatibility with
any rig! VOX/NORMAL switch
and continuous-on
capability make
the 444D easy
to use even
under tough
conditions. If
you're after
more Q5's, you
should check

it out.

526T Series l|

SUPER PUNCH"®
Microphone

Truly a microphone
and a half! Variable out-

level to match the system,
The perfect match for
virtually any transceiver
made, regardless of
impedance. Turns

FREE! Amateur Super for 550

Radio Micro- and many other
phone Selector features make the
Folder. Write 526T Series Il a

for AL645. must-try unit.

sn "“ 1‘
THE SOUND OF THE PROFESSIONALS .. WORLDWIDE
Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204
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put that lets you adjust the

mobile-NBFM unit into
an indoor base station!

operation, too. These

Left, front-to-back, VXO through comb amplifier. Right, front-
to-back, VFO and VFO buffers. Center, balance of circuitry
through U4 output; front-to-back, Mixer No. 1, FL-1, U3, Q3.
FL-2, Q4, Mixer No. 2, U4,

cans. The coils in chassis No. 1 are 3/8-inch slug-tuned
ceramic unshielded forms made by Miller. A shielded
cable containing power supply leads and the DC for
the selection indicator interconnects the two chassis.
The RF interconnection is made by means of coax
cable.

Chassis No. 1 is divided into three main shielded
compartments by means of two aluminum shields
running front-to-back. The left compartment con-
tains U1 through Q2. The right compartment is sub-
divided into three shielded sections and contains Q7,
Q8, and Q9, front-to-back. The remainder of the cir-
cuit through U4 is contained in the center section.
Most of the circuits are supported on perfboard placed
parallel to the front panel. Push-in terminals are
used where required. Care is taken to be sure that the
mixer grounds are of low inductance and resistance
— otherwise balance will be degraded. Similarly, the
connections to the crystal filter grounds and case
should be very solid, and the input and output cir-
cuits well separated and shielded; otherwise, un-
wanted signals may bypass the filters. The VXO tun-
ing shaft is directly driven by a knob calibrated in
kHz. The VFO shaft is driven by a 6:1 reduction drive
dial calibrated in 100 kHz steps. Coax cable running
below the bottom plate carries the RF interconnec-
tions between the shielded compartments. For me-
chanical reasons, the ends of the coax are exposed.
To correct this, a shield resembling an inverted
chassis is placed below the bottom plate and secured
with metal spacers. This shield also raises the knobs
above the table, increasing the ease of tuning.

comments

The writer’s experience with low frequency VXO
circuits is limited to one crystal of ancient manufac-
ture. Before proceeding further, a prospective
builder should experiment to be sure his 100 kHz
crystal will pull 200 Hz. (Note that the exact fre-
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quencies do not matter; the difference between the
maximum and minimum frequencies must be at least
200 Hz.) If this much pull cannot be obtained, the cir-
cuit will have to be re-designed using the equations
contained above.

It should be clear that this is a first model which is
certainly not of optimum design. Its defense is that
it presents no surprises. The second crystal filter, used
to reduce noise generated in the |IF amplifier and to
increase the out-of-band attenuation, may not be
needed. The filters associated with U5 and Q5 could
be simplified and improved. The crystal could be
placed in an oven for better stability. Finally, the VFO
reduction drive should have a higher ratio, (prefer-
ably 100:1, to ease the tuning); if not, some form of
electrical bandspreading could be used.
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elliptic lowpass
audio filter design

Use standard

88 and 134 mH inductors
for deep attenuation

filter response

The elliptic lowpass filter is frequently used by the
Radio Amateur for speech filtering because of its sharp
selectivity, and many articles have been published on
this particular application.' ¢ Unfortunately, the audio
filter design procedures currently used by the Amateur
are derived from engineering texts, and therefore are
more suited to commercial practices. For example, the
commercial filter designer develops his design based
on a particular cutoff frequency and impedance level,
and then orders the inductors from an inductor
manufacturer. Capacitors are obtained from electronic
distributors, measured, and then paralleled as required
1o get the design values within the specified tolerance.
In Amateur applications, in which requirements are
less stringent, variations in cutoff frequency and im-
pedance level can be exchanged for more convenient
component values. The Amateur also places greater
importance on being able to use an inexpensive source
of standard-value inductors than does the commer-
cial designer. This is because the Amateur usually
builds only one or twao filters and therefore cannot take
advantage of the large-volume discount prices
available to the commerciai designer.

In the discussion that follows, a simple design pro-
cedure for passive |.C audio elliptic lowpass filters that
use inexpensive 88 and 134-mH inductors is presented.

common filter types

The two most frequently used filter types in
Amateur Radio practice are the Chebyshev and the
elliptic. Both can be designed for any level of pass-
band ripple; the elliptic is more versatile because it also
can be designed for any level of stopband attenuation.”

20 February 1984

Also, the attenuation rise of the elliptic can be made
much more abrupt than the Chebyshev.

In RF harmonic filtering, attenuation greater than
40 dB one octave from the cutoff frequency is usually
adequate; a 7th-degree Chebyshev design is most
suitable because its response provides more than 42
dB attentuation at twice the cutoff frequency and it
has a simple ladder configuration (four shunt ca-
pacitors alternating with three series inductors).
However, for speech filtering applications, it is impor-
tant that the filter attenuation rise as quickly as possi-
ble to 40 dB or more. Consequently, the 7th-degree
elliptic design is preferred over the Chebyshev. Greater
than 40 dB of attenuation occurs at a frequency only
1.2 times the cutoff frequency of an elliptic filter com-
pared to two times the cutoff frequency of a
Chebyshev design.

Fig. 1 shows the schematic diagram and the typical
attenuation response of a 7th-degree elliptic filter. A
family of elliptic designs is available that shows 45 to
65 dB of stopband attenuation and uses the same
value of inductance for L4 and L6. This means that
only two different inductance values are needed (L2,
and L4, L6). One value can be the fixed 88 or 22-mH
value of the standard surplus inductor, and the other
can be obtained from a modified 134 or 33.5-mH
inductor.

inductor types

The two inductor types suitable for the elliptic filter
construction are shown in fig. 2. Both types (one pot-
ted) have molybdenum-permalloy cores and the op-
timum frequency range is from 300 Hz to 20 kHz. Both
types have two windings that can be connected either
in parallel or series aiding. Fig. 3 shows the inductors
with instructions for connecting the windings in series
or parallel.

The unpotted inductor has an inductance of 134 or
33.5 mH in the series or parallel connection, respec-
tively. The potted inductor has values of 88 or 22 mH
in the series or parallel connection. The potted induc-

By Ed Wetherhold, W3NQN, Honeywell, P.O.
Box 391, Annapolis, Maryland 21404
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fig. 1. Elliptic 7th-degree lowpass filter. (A) Schematic
diagram including component designations. (8) Attenua-
tion response.

tor is designed for mounting on a flat surface by in-
serting a Ya-inch diameter stud through a hole and
then by placing a Tinnerman mounting clip over the
stud to secure the inductor. The center inductor in fig.
2 is shown with a Tinnerman mounting clip.

Since turns cannot be removed from the potted in-
ductor to vary the inductance, it must be used as is
in applications requiring a 22 or 88-mH value. Because
turns can be removed from the unpotted inductor,
many different elliptic designs are possible, and eight
different designs have been selected and calculated
for stopband attenuation (A) levels ranging from 45.6
to 64.5 dB. The total turns needed to be removed from
the unpotted inductor for these eight designs varies
from eight to one hundred turns. Procedures and
equations for calculating the total turns to remove for
any inductance value that may be needed are given
in appendix A.

7th-degree elliptic lowpass filter

The maximum amplitude of the passband ripple
(Ap) (see fig. 1B) is less than 0.11 dB for these
designs. The cutoff frequency is designated f,|p and
is defined as that frequency at which the attenuation
first exceeds the A, level. The normalized value of /4 ,
is unity, and all other frequencies are referenced to
it. The start of the stopband is denoted by /| Ag and oc-
curs where the minimum stopband attenuation (A;)
is first achieved. The band of frequencies between the
end of the passband and the start of the stopband is

called the transition band. It is desirable to minimize
the transition band for best filter selectivity. An indica-
tion of the degree of selectivity is the [, /f. i ratio
— the smaller the ratio, the more selective the filter.
Since the normalized value of /, is unity, the nor-
malized value of /4 indicates filter selectivity. The /.1

values in the eight designs vary from 1.2 to 1.37. Note:
selectivity and higher stopband attenuation are
tradeoffs.

In audio filtering applications, a passband ripple of
less than 0.2 dB (as found in the eight designs), is suf-
ficiently low and won't be discussed further.

L2-C2, L4-C4, and L6-C6 resonant circuits produce
attenuation peaks in the response at /5, [, and f; (see
fig. 1). If these attenuation peaks are correctly
placed, the minimum stopband attenuation will theore-
tically never drop below the A, value.

simplified design procedure

Table 1 lists all filter parameters: inductances, re-
flection coefficients, A,, f4,, and A;. The reflection
coefficient, used by filter designers to categorize a
specific design, is directly related to A,,. The relation-
ship between R (filter termination impedance) and
_[,1Pis given in columns R and F of table 1. R can be
calculated if fis known, or vice versa. The L2 and L4,
L6 columns list two inductance values which corre-
spond to the series or parallel connections of the in-
ductor windings.

Table 2 lists the normalized component values and
frequencies of the same eight designs in table 1. This
data is used to calculate the actual component values
and frequencies of the filter after the termination
resistance and cutoff frequency are selected.

The designs in tables 1 and 2 are' keyed to each
other either by the design number or by the L2/L4

fig. 2. The two inductor types used in constructing the filter.
Each has two windings which can be connected in series or
parallel. The large unpotted inductor (L2) has a maximum in-
ductance of 134 or 33.5 mH and the potted inductors (L4 and
L6) have 88 or 22 mH for the series or parallel connections,
respectively. All inductors are shown with their leads in the
parallel connection. One of the potted inductors is shown
with a Tinnerman mounting clip.
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fig. 3. These diagrams show the lead designations of the
unpotted 134 mH and potted inductors with instructions
for connecting the two windings in series or parallel: (A}
unpotted 134 mH; (B) potted 88 mH.

ratio. These ratios range from 1.25 to 1.50, and cor-
respond to L2 values from 110 to 132 mH (in the series-
aiding connection) or from 27.5 to 33.0 mH (in the
parallel-aiding connection). The purpose of each table
will be explained before demonstrating the design
procedure.

Before selecting a design from table 1, the cutoff
frequency and the approximate impedance level must
first be selected. Because the cutoff frequency is
usually more critical, its value is fixed, and R is
calculated using the equations under column R or by
using the graph in fig. 4. The “A’’ designs are best
suited for cutoff frequencies below 2 kHz, while the
"B designs are best for cutoff frequencies above 2
kHz.

In most cases, an exact match between design and
circuit impedance is not possible. However, resistive
matching pads (see appendix C) can be used if the
difference between the circuit and filter impedances
is less than about 30 percent. For greater impedance
differences, matching transformers must be used. The
disadvantage of not being able to select a specific and
independent filter termination impedance is a conse-
quence of using fixed inductor values, worthwhile be-
cause standard-value surplus inductors can be used.
The filter performance parameters are next reviewed
to see if they are fully satisfactory. If, for example, a
minimum stopband attenuation exceeding 55 dB is re-
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quired, then only designs 1 through 3 should be con-
sidered. After a design is selected from table 1, and
normalized values of the same numbered design in
table 2 are scaled to the impedance level and cutoff
frequency.

design example

To design a speech filter that has a 3 kHz cutoff fre-
quency and a source and load impedance of 500 ohms,
a typical procedure would consist of the following
steps:

{a) Follow the 500-ohm line across the graph in fig.
4 until it intersects with the slanted lines in the vicini-
ty of 3 kHz; design 8B provides the closest match. If
a lower or higher cutoff frequency is required, the filter
impedance level must be changed to correspond to
the new cutoff frequency. If the new filter impedance
is within 30 percent of 500 ohms, resistive padding can
be used to match the filter to the 500-ohm system.
For greater impedance differences, suitable matching
transformers must be used to prevent excessive signal
amplitude loss (see note 1).

(b) Refer to table 1 to check the performance
parameters of design 8B. If Sfa, and Ag are satisfac-
tory, then design 8B can be used. For design 88, L4
= L6 =22mH, L2 = 33mH, L2/L4 = 1.500, and
R.C. = 8.06 percent.

(c) Find the exact pr cutoff frequency for R = 500

"A"-DESIGNS "B"-DESIGNS
84 4414 85 4818

“4“. DESIGNS USE THE INDUCTOR SERIES-AIDING
CONNECTION. “8'-DESIGNS _USE THE INDUCTOR
PARALLEL-AIDING CONNECTION. SEE TABLE |
FOR THE L, R AND F VALUES CORRESPONDING
TO A AND B DESIGNS.

DESIGNS 2,3,5,6 AND 7 ARE NOT PLOTTED,
20 BUT THEY MAY BE CLOSELY APPROXIMATED BY
INTERPOLATION FROM THE PLOTTED DATA.
DESIGNS 2 AND 3 LIE BETWEEN DESIGNS | AND
4, DESIGNS 5,6 AND 7 LIE BETWEEN DESIGNS

4 AND 8.
4“#4‘ T T i s g TA'_J

200 300 500 1L 2K 3K 8K
CUTOFF FREQUENCY (Hz)

404

30+

FILTER TERMINATION IMPEDANCE (ohmz)

fig. 4. Lowpass filter cutoff frequency versus termina-
tion impedance for some of the filter designs in table 1.
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ohms from the equation in column f of table 1:
S = 6.0137(500) = 3007 Hz. Use 3007 Hz as the cutoff
frequency and R = 500 ohms in the following calcula-
tions. (By a fortunate coincidence, in this particular
case both the fand R values are virtually identical with
the desired values. This will not always be the case,
and it is up to the ingenuity of the filter designer to
find an optimum combination of parameters that best
satisfies the design requirements. This is one of the
things that makes filter designing a challenge.)

{d) Caiculate the capacitance and inductance scaling
factars, C and L, where R and f are in ohms and
Hertz:

Cs = I/(R-f) = 1/(500)(3007) = 0.6651 10~ 6
L, = R/f = 500/3007 = 166.3-103

(e} Calculate the L and C component values by mul-
tiplying the normalized component values of design
8, table 2, by the C; and L; scaling factors. Frequen-
cies are obtained by multiplying the normalized fre-
quencies of design 8, table 2, by the cutoff frequen-
¢y, 3007 Hz. The component and frequency values ob-
tained are:

C1 = 0.1289f (0.6651-10-6) = 0.0857 uF
C2 = 0.02561f (0.6651-10 ‘6) = 0.01703 uF
C3 = 0.2084f (0.6651-10 -6) = 0.1386 uF
C4 = 0.1291f (0.6651-10 ) = 0.0859 uF
C5 = 0.1819f (0.6651-10-6) = 0.1210 uF
C6 = 0.09836f (0.6651-10-6) = 0.0654 uF
C7 = 0.08079f (0.6651-10-6) = 0.0537 uF
L2 = 0.19845H (166.3-10-3) = 33.0 mH
L4,6 = 0.1323H (166.3-10° 3) = 22.0 mH
pr = 1.000 (3007 Hz) = 3007 Hz

il

table 1. Lowpass filters: inductor values and L2/14 ratios with related parameters for selected 7th-degree elliptic designs
where L4 = [6. [For filter construction using two potted 88-mH inductors and one modified 134-mH inductor.]

the series and parallel aiding connections.
comgponent values and frequencies.

ing equations {as shown in appendix A):

1y

tion, respectively.

design | L2/L4 L2 L 46 | R A, A, R £
no. ratio {mH) (%) (dB) {ohms)} (Hz)

A 110.0 88 0.5279(f) 1.894(R)
1 1.250 15.36 1.3703 64.50

B 275 22 0.1320(f) 7.577(R)

A 114.4 88 0.5515(f) 1.8133(R})
2 1.300 12.80 1.3166 59.16

B 28.6 22 0.1379(f) 7.2532(R)

A 117.3 88 0.5689(f) 1.7578(R)
3 1.333 11.56 0.05842 1.2888 56.19

B 293 22 0.1422(f) 7.0313(R)

A 121.4 88 0.5947(f) 1.6817(R)
4 1.380 10.23 1.2573 52.61

B 30.4 22 0.1487(f) 6.727 (R)

A 123.2 88 0.6060(f} 1.6501(R)
5 1.400 9.77 0.04164 1.2458 51.25

B 30.8 22 0.1515(f) 6.6005(R)

A 126.7 88 0.6293(f) 1.68380(R)
6 1.440 8.98 0.03517 1.2258 48.77

B 317 22 0.1573(f) 6.356 (R}

A 128.5 88 0.6411(f) 1.5597(R)
7 1.460 8.64 0.03257 1.2169 47.64

B 321 22 0.1603(f) 6.239 (R)

A 132.0 88 0.6652(f) 1.5034(R)
8 1.500 8.06 0.02829 1.2012 45.56

B 33.0 22 0.1663(f) 6.0137(R)

Notes:

1. The unpotted inductor {L2) has two 33.5 mH windings that can be connected in series or paraliel aiding to give 134 or 33.5 mH, respectively.
The potted inductors (L4 and L6) have two 22 mH windings which can be connected in series or parallel aiding to give 88 or 22 mH. Fig. 3 shows

2. See fig. 1A for the schematic diagram and fig. 1B for the typical attenuation response of the above filter designs. See table 2 for the normalized
3. To obtain the L2 inductance values, remove an equal number of turns from both windings of the unpotted inductor in accordance with the follow-

(a) for all “A” designs, T, - 532 45.957V L, where T, is the number of turns removed from each winding (total turns removed = 2-T,, and

/v/, the desired 1.2 inductance in the series-aiding connection.

{b} for all “B” designs, T;, ~ 532 - 91,914V L, where T, is the number of tums removed from each winding (total turns removed = 2-T,), and
I, the desired L2 inductance in the parallel-aiding connection.

For example, for /. or 1./) 132 or 33 mH, remove four turns from each winding and connect the windings in the series or parallel-aiding connec-
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fa. = 1.201 (3007 Hz) = 3611 Hz

f5 2.233 (3007 Hz) 6715 Hz
fa = 1.218 (3007 Hz) = 3663 Hz
fg = 1.395 (3007 Hz) = 4195 Hz
with R 500 ohms and A, = 45.6 dB

As a check on the correctness of the values of
(C2,L2), (C4, L4) and (C6,L6), the resonant frequen-
cies of these parallel tuned circuits can be calculated
and should agree to within about 0.1 percent with the
values of f5, f4, and /s calculated from the scaling
procedure.

filter construction

Figs. 5A and 5B are photographs of the completed
filter design 8B. The inductors and capacitors are
mounted on opposite sides of a 2 x 5-inch terminal
board. The unpotted inductor is fastened to the ter-
minal board with 3M Scotch™ tape, and the two
potted inductors are mounted with their 1/4-inch
mounting studs and Tinnerman clips.

The tolerances of the shunt capacitors (C1, 3, 5, and
7) are not critical, and values within 5 percent of the
design values are satisfactory. Two capacitors can be
paralleled when necessary to obtain the required value.
The calculated values of the resonating capacitors (C2,
4, and 6) should be used only as a guide. This is be-
cause the actual resonant frequencies of the three
tuned circuits are of primary importance, while the ex-
act values of capacitance are of secondary importance.
The 88-mH value of the potted inductors is only no-
minal, and it can vary as low as 86 mH. It seldom is
greater than 88 mH. The winding capacities of the pot-
ted inductors in the 88- and 22-mH connections are
about 68 and 176 pF, respectively. The winding capa-

fig. 5. The photographs of the completed filter show how the
inductors and capacitors are mounted on opposite sides of
a standard terminal board. The filter assembly can then be
mounted in a standard 5 x 4 x 3-inch aluminum mini-box.
In (A4), the unpotted inductor (L2) is on the left followed by
L4 and L6. In (B), capacitor C1 is on the left. The common
ground return wiring is at the top of the terminal board.

cities of the unpotted inductor in the 134- and 33.5-mH
connections are about 68 and 148 pF, respectively. The
simplest procedure for tuning the three resonant cir-
cuits of the elliptic filter is to assemble all the filter com-

- —_— = —
table 2. Lowpass filter: normalized component values and frequencies of selected 7th-degree elliptic designs where
L4 = L6, [Values are normalized for an pr cutoff frequency of 1 Hz and 1-ohm terminations.)
design| 2714 | €1 [ c2 | 12 [ c3 [ ca [aeis]| cs [ ce | c7 f f f f

no. ratio (Farad) (Henry) (Farad) (Henry) (Farad) As - 9 4
1 1.250 |0.1760 |0.01627]0.2083 | 0.2671 |0.07819] 0.1667 | 0.2439 |0.05647|0.1438 | 1.370 | 2.734 | 1.394 | 1.640
2 1.300 |0.1611 |0.01832| 0.2074 | 0.2495 |0.08863| 0.1596 | 0.2251 |0.06487)0.1254 | 1.317 | 2.582 | 1.338 | 1.564
3 1.333 | 0.1535 [0.01964| 0.2063 | 0.2402 |0.09552| 0.1547 | 0.2152 |0.07047| 0.1155 | 1.289 | 2.501 | 1.309 | 1.524
4 1.380 |0.1448 |0.02141|0.2042 | 0.2293 | 0.1051 | 0.1480 | 0.2036 |0.07830| 0.1038 | 1.257 | 2.407 1.276 | 1.478
5 1.400 |0.1416 |0.022140.2033 | 0.2252 | 0.1091 | 0.1452 | 0.1993 |0.08165]0.09931| 1.246 | 2.372 | 1.264 | 1.462
6 1.440 |0.1360 |0.02357]0.2014 | 0.2179 | 0.1172 | 0.1398 | 0,1916 |0.08835(0.09126] 1.226 | 2.310 | 1.243 | 1.432
7 1.460 |0.1335 |0.02426]0.2004 | 0.2145 | 0.1211 | 0.1373 | 0.1881 |0.09169|0.08758| 1.217 | 2.283 | 1.234 | 1.419
8 1.500 ]0.1289 [0.02561]0.19845| 0.2084 | 0.1291 | 0.1323 | 0.1819 |0.09836|0.08079] 1.201 | 2.233 | 1.218 | 1.395
Notes:
1. Fig. 1A shows the interconnections of the capacitors and inductors, Fig. 1B shows the cutoff frequency and attenuation peaks corresponding
to the [, and f2, M. and f6 values
2. The normalized data for the filter design numbers in this table also apply to similarly numbered designs in table 1
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ponents except for the resonating capacitors, C2, C4
and C6. Connect the partially assembled filter between
a signal source and a resistive load, both having the
design impedance of the filter. Set the signal source
to the frequency of the first resonant circuit to be tun-
ed, and monitor the filter output voltage across the
load resistor with an AC VTVM. Resonate the induc-
tor of the first resonant circuit with a calibrated
capacitor decade. Resonance will be indicated by a
minimum reading on the AC VTVM. Read the
capacitance required for resonance from the capacitor
decade, and then place this value of capacity across
the inductor using as many paralleled capacitors as re-
quired. Repeat the same procedure for the other two
resonant circuits. Using this procedure, it is possible
to tune the resonant circuits to within 0.25 percent of
the design frequency values.

For optimum stopband performance, the ground
leads of C1, 3, 5, and 7 must be independent of each
other to minimize any common ground impedance.

testing the filter

Fig. 6 shows the measured filter attenuation com-
pared with the computer-calculated response. Close
agreement between measured and calculated respon-
ses in the pass and transition bands indicates that a
goad filter design and assembly procedure were us-
ed. The lower-than-expected attentuation peaks at />,
f4, and fg are because of a common ground im-
pedance in the ground leads of the four shunt
capacitors. If separate ground leads are used from the
shunt capacitors, the peak attenuation levels can be
increased by more than 10 dB. This will cause the
measured minimum attenuation A, levels to increase
slightly.

“ CALCULATED MEASURED (Hz) 14
80714, 6715 6700

tg 3663 3670
te 4195 4200

5]
o
i

8

AQEASURED ATTENUATION PEAKS ARE

LOWER THAN NORMAL BECAUSE OF
IMPEDANCE COUPLING IN

THE GROUND RETURNS OF Ci,3,5 AND7.

MEASURED AND CALCULATED ATTENUATION
RESPONSES OF ELLIPTIC LOWPASS

FILTER DESIGN NO. 8B WHERE

L2/L4 RATIO= 1500, L2= 33 mH,L4,6-22mH
FOR tag3007 hi =500 ohms, RC» 806%
Ap=0.0283d8 AND Ag=456d8

COMPUTER CALCULATED RESPONSE:
MEASURED RESPONSE - M-~} ~—— ¥~~~ X
MEASURED INSERTION LOSS=02 08 AT 2kHz

201

RELATIVE ATTENUATION (dB)
w
o
i
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2K Tk P sk d 7k ek
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fig. 6. Calculated and measured attenuation responses
of the 3-kHz filter design example.
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The passband insertion loss is only 0.2 dB. This low
value is due to the relatively high-Q inductors in the
3 kHz to 8 kHz frequency range. For much lower cutoff
frequencies, the inductor Q’s will be lower and the in-
sertion loss will be higher.

obtaining surplus inductors

The potted 88-mH inductors have been provided to
the author at no charge by the C & P Telephone Com-
pany of Maryland for distribution to those Radio
Amateurs wishing to build audio filters. The 134-mH
inductors were purchased by the author and are be-
ing offered at cost to those wishing to build the filter
designs described in this article. Your request for in-
ductors should be addressed to me and accompanied
by a description of your filtering application and a
4 x 9-1/4 inch SASE.

summary

Until now, the Radio Amateur has been hindered
in using high-performance audio lowpass filters due
to the lack of a simplified design procedure and a
source of high-Q and inexpensive inductors. This ar-
ticle explains how these problems have been solved.
By using computer-aided calculations, designs from
a special family of elliptic lowpass filters have been
derived that can use two surplus potted 88-mH induc-
tors and one unpotted 134-mH inductor.

Data was tabulated for eight 7th-degree elliptic
lowpass designs suitable for the audio frequency
range, and a simplified design procedure was
demonstrated by designing and building a 3-kHz,
500-ohm lowpass filter. Comparisons were made be-
tween the measured and computer-caiculated re-
sponses to show that the design and construction pro-
cedures were valid. It was explained how these design
procedures usually result in non-standard impedance
levels, and how this inconvenience can be alleviated
by using padding resistors or inexpensive matching
transformers. A source of surplus inductors for the
filter construction was given, and a procedure was ex-
plained for deriving an equation for modifying the un-
potted inductor for a specific inductance.
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appendix A

For a series-aiding connection calculate the total number of turns,
T,. as follows:

(a) Measure the original inductance, L,, with the windings con-
nected in series-aiding {SA) using an inductance bridge. An indirect
method of inductance measurement is to resonate the inductor with
a precisely known capacitance ( £ 0.5 percent) while measuring the
resonant frequency with a digital frequency counter.® Calculate the
inductance from the equation:

Lonpy = 25.33/(2C) 1

where [ and C are in kHz and uF.
Use coupling capacitors of approximately 500 pF each to isolate the
tuned circuit from the signa! generator and the AC VTVM.

{b) Remove 50 turns from each winding and connect the windings
in series aiding. Measure the modified inductance, L.

{c) Calculate T,, = [00-R/(R — 1) (2)
where R = VI,/L,
and T, = original number of turns on the unmodified
inductor
L, = original inductance (mH) in the series-aiding
(SA) connection
L, = inductance (mH) for the SA connection after

100 turns were removed

For example, if L., = 134 mH and L, = 110 mH for 50 turns re-
moved from each winding, then R = [.10371274 and T,, = 1064.

The unique value of T, is used to find the equation that gives the
total number of turns to be removed from any inductor {of the same
type) in order to obtain a specific inductance.

T, = 05(T, - SVTy) (3A)
where § = (T, - T)NL, (3B)
and 7, = number of turns to remove from each winding

to obtain L

I, - desired inductance {(mH)

T, = previously determined number of turns on the

unmodified inductor

T, = total turns removed to get L,

L, - inductance {(mH) when T, turns are removed

Example: a 134-mH inductor has a 7,, = 1064, with L., = 110 for
T, = 100

S = 1064 - JoyN 110 - 91.914
then T, 0.5 (1064 - 91.914V )

532 - 45.957VL,

For example, find 7| to get 132 mH from the 134-mH inductor.
T, = 332 — 45.957V132 = 532 -~ 528.0

J rurns removed from each winding.
Total turns removed = &

For a parallel-aiding connection:

T, = T,/2 VI, (4)

where T, and S were previously defined, and

T, = number of turns to remove from each winding
to obtain L,

L, = desired inductance (mH)

Ty = 91.91¢4VL, (5)

Find T, in order to obtain 33 mH from the 134-mH inductor with
its windings in the parallel-aiding connection:

T, = 532 — 91.914V 33 = 532-528.0
= 4 turns removed from each winding

Total turns removed = 8

appendix B

Equations relating reflection coefficient and A,

R.C. (percent) = 100V T — 0.Ix (1)
where x = A,/10 and A, is the maximum passband ripple
amplitude in dB.

Ap(dB) = —10 - logg(l —e?) (2)
where ¢ = percent R.C./100

For example, if R.C. = 8.058 percent, then A, = 0.0282913 dB.

appendix C

determination of filter
matching pad resistances

When the source impedance (Z) or load impedance (Z;} is within
30 percent of the termination impedance required by the filter, a
single resistor can be placed in series or parallel with Z; or Z; to
produce the termination impedance required by the filter. The slight
loss in signal level can usually be compensated for by simply increas-
ing the volume control on your receiver. For greater impedance dif-
ferences, a suitable matching transformer must be used (see note 1).

[A) When Z; or Z; is less than the required filter termination im-
pedance place a resistance /in series with the Z; or Z; so that the sum
of the two equals the desired filter termination impedance.

{B) When Z;or Z, is greater than the required filter termination im-
pedance place a resistance /n parallel with the Z, or Z; so that the
parallel combination equals the desired filter termination impedance.
If the added parallel resistance is ‘'R, "’ then:

R, = (SFI/S - F)
where S = source impedance and
F = filter impedance with all values in ochms.

{

For example, if a 500-ohm filter is to be matched to a 350-ohm
source and a 600-ohm load, then place a 160-ohm resistor in series
with the 350-chm source, and connect a 3 kilohm resistor in paraliel
with the 600-ohm load.

Note 1: A large selection of inexpensive audio transformers of different im-
pedances at power levels of 0.075, 0.2, 0.4, and 2-watts output can be ob-
tained from Mouser Electronics, 11433 Woodside Avenue, Santee, Califor-
nia 92071 (714-449-2222). Prices vary from 79 cents to $1.20 for the 0.075
to 0.4-watt levels and $2.30 for the 2-watt level.
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~ BITTEN BY THE ATV BUG?

Let P.C. put you on the air
and SAVE!

Complete System price
$248.00 savEss.o0

TXAS-5 Exciler/Modulator . . . . . . $89.00 ppd.
Wired and tested module designed 10 drive PAS 10 wall
near amplifier The 100 MHz crystal design keeps har

monics oul of lwo meters or 1alk back Video modulalor
i5 a full 8 MHz for computer graphics and color Re
quires 13 .8 VDC reg. @ 70 ma. BO mw oulput power

Tuned with crystal on 439.25. 434 or 426.25 MH2

Dual Irequency model available Add $15.00

PAS 10 Watl ATV Power Amplitier . $89.00 ppd.
The PAS will put oul 10 walls RMS power on sync hps
when driven with 80 mw by the TXAS exciter 50 ohms
in and out plus bandwidth for the whole band wilh good
hinearity for color and sound Requires 13.8 VOC reg @
Jamps

FMAS Audio Subcarrier Generator . $29.00 ppd.
e Puls audio on your camera video jusl as broadcas! does
al 4.5 MHz Puts out 1 V p-p to drive TXAS Requires
low Z mike, 150 to 600 2 and 12 10 18 VDC ¢& 25 ma
Works with any transmitter with 5 MHz video band
width

TVC-2 ATV Downconverter. . .. ... .. $49.00
Stripling MRF 901 preamp and double balanced mixer
digs oul the weak ones and resists intermod and over
load. Connects between UHF antenna and TV set. Dut
put channels 2 or 3. Vancap luner 420 1o 450 MHz
Requires 12 1o 18 VOC @ 20 ma
Supersensitive TVC 2L with NE64535 preamp
(9dbN.F L1

Call or write for our complete catalog of specifications, station selup diagrams, and op
tional accessornies which include: antennas, modulators, lest generators, cameras and much,
much more See Ch. 14 1984 ARRL Handbook

TERMS: VISA or MASTERCARD by telephone or mail, or check or money order by mail. All
prices are delivered in USA

(818) 447-4565 Charge card orders only v 172

P.C. ELECTRON'CS 2522 Paxson Lane,

Tom WEORG  Maryann WBEYSS Arcadia, California 91006
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TECHNICAL FORUMS
ARRL AND FCC FORUMS
GIANT 3-DAY FLEA MARKET

Starting Noon Friday

DAYTON

All Day Saturday and Sunday
NEW PRODUCTS AND EXHIBITS
GRAND BANQUET
ALTERNATIVE ACTIVITIES
ELECTRICAL SAFETY FORUM
SPECIAL GROUP MEETINGS
YL FORUM
PERSONAL COMPUTER FORUM
CW PROFICIENCY AWARDS
AMATEUR OF YEAR AWARD
SPECIAL ACHIEVEMENT AWARDS

<
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ADMISSION
$7.50 in advance, $10 at door.
(Valid for all 3 days)

BANQUET
$14 in advance, $16 at door.

FLEA MARKET SPACE
$15 in advance.

(Valid for all 3 days) TELEPHONE.

Checks for advance registration to

Dayton HAMVENTION

A

April 27, 28, 29, 1984
Hara Arena and Exhibition Center — Dayton, Ohio

Meet your amateur radio friends from all over the world at the internationally
famous Dayton HAMVENTION.

Seating will be limited for Grand Banquet and Entertainment on Saturday

evening so please make reservations early. Harry Dannals, W2HD, Past Presi-
dent ARRL, will be featured speaker.

If you have registered within the last 3 years you will receive a brochure in
January. If not, write Box 44, Dayton, OH 45401.

Nominations are requested for Radio Amateur of the Year and Special Achieve-
ment Awards. Nomination forms are available from Awards Chairman, Box 44,
Dayton, OH 45401.

For special motel rates and reservations write to Hamvention Housing, Box
1288, Dayton, OH 45402. NO RESERVATIONS WILL BE ACCEPTED BY

All other inquiries write Box 44, Dayton, OH 45401 or phone (513) 433-7720.

ALL Flea Market spaces will be sold in advance ONLY. NO spaces sold at gate.
Entrance for set-up available starting Wednesday. Special Flea Market tele-
phone (513) 223-0923.

Bring your family and enjoy a great weekend in Dayton.

i enigny

Sponsored by the Dayton Amateur Radio Association, lnc/

Box 2205, Dayton, OH 45401
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CES INTRODUCES THE
NEW 510SA “SMART PATCH”

The State of the Art Simplex Interconnect

Communications Electronics Specialties introduces the CES 510SA
“Smart" Simplex Autopatch, with many important new features never
available before: = Three digit control codes with user programming.
= A sophisticated toll restrict provides positive long distance lock out
* Time-out and COR activity timers with warning beeps and digital pro
gramming. * Rotary or DTMF dialing. = Phone line in-use detector prevents
interrupting a call in progress, and ds unique CW sequence. ¢ Phone ring

detection logic enables unique CW sequence. ¢ Digital programming of the sample

rate and width, and noise gate sensitivity control, for easy interfacing with most radios
Simple and direct connections to radio
Options available: = Smart CW identifier with unique CW messages for each patch function
» FCC type accepted phone line coupler. * Special tone squelch kit to operate patch through
repealers

l POWER

[(cEs_

The 510SA —the newest advance in interconnect technology, from the innovators at:
Communications Electronics Specialties, Inc.

Post Office Box 507 « Winter Park, Florida 32790
(305) 645-0474 + Toll-free (for orders only): (800) 327-9956

FREE! CABLE LOSS CHART

IN WINTER CATALOG
NEMAL ELECTRONICS
COAXIAL CABLE SALE
POLYETHYLENE DIELECTRIC

* $
‘
LOW LOSS FOAM DIELECTRIC
*H ! s :
' CONNECTORS MADE IN USA
£
\ . ‘&"
smpp ng

Cable — 53.00 per l‘w ft.

Connectors — add 10%, $3.00 minimum.

Orders under $20 add $2 additional plus shipping.
COD add $2.00. Florida Residenis add 5%.

NEMAL ELECTRONICS

Dept. H, 12240 N.E. 14th Ave., N. Miami, FL 33161
Telephone: (305) 833-3924

» 169

More Details? CHECK — OFF Page 108

TheBest
Got Better

MODEL 4381 RF POWER ANALYST

This new generation
RF Wattmeter with nine-mode
system versatility reads...
IN STOCK QUICK DELIVERY
avmorizio SJREFREN osteeutor

Websfer

associates
115 BELLARMINE
ROCHESTER, MI 48063 +~ 191
CALL TOLL FREE

800-521-2333

IN MICHIGAN 313 — 375-0420

» 124
‘ = ----I-----~

' al.lnlﬂ'l'-'ﬂnl.lm offers

. the best in self-instructional
foreign language courses using
audio cassettes — featuring
those used to train U.S. State
Dept. personnel in Spanish
French, German, Portuguese
Japanese, Greek, Hebrew,
Arabic,

Iltalian fn’;;”':@t‘ Learn
e 2 foreign i ;
Ianguage on; i
your own!i:.,

- e

tate/Zif M

| am particularty mterested in (check choica)
O Spamish [0 French [0 German O Polish .
O Greek O Russian [ Vietnamese

O Bulganan [ Turkish 0O Hausa
‘ O Other '
.
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. thesmarter
~——— handhelds

e — FOR 144 VHE 220 VHF & 440 UHF

SANTEC Handhelds just got a little smarter, with new com-
puter-control software designed by U.S. Hams who are also
professional programmers. Now SANTEC Handhelds, which
were the first to offer you varactor diode tuning in a hand-
held, first to offer you thick-film technology, first to provide
3.5W as a selectable handheld option and first to give you the
time of day on a handheld read-out, have made another user-
friendly leap forward in the logical progression of computer-
controlled handhelds,

Now three SANTEC Handhelds can lock out selected memory
channels from the memory scan, allowing you to check your
favorite frequencies much faster, without interruption from
less commonly used ones or from unprogrammed memory
channels. SANTEC Handheld's new operating programs now
allow you to store variable offset values in all 10 user-written
memory channels; and, as always with SANTEC Handhelds,
your stored offset automatically comes back when you select
a channel through the memory mode, and the plus or minus
indication shows on the LCD display.

Other new features are the provision in Memory 9 for split
memory offset operation, for those really unusual offset situa-
tions, and the capacity for hardware storage of a special PL
tone for each memory channel (requires an optional
encoder, available December, 1983). The new SANTEC Hand-
helds will also accept the keyboard input of all frequencies as
either short, fast 4-digit numbers or the familiar 6-digit ver-
/ \ sions: your SANTEC Handheld is smart enough to know what
: { | ! you want, either way.

€ & The handhelds with the most now have more for you. Don't
you dare settle for anything less: get your hands on a SANTEC

Handheld today!
Shown abode is just one of the three new smarter handhelds from SANTEC: the .Eu
ST-142 VHE, the ST-442 UHF and the ST-222 VHF Owners of earlier SANTEC models Tl
ST-144, ST-440 and ST-220, please write for information on how ypur SANTEC t b
Handhelds chn be upgraded to the new state of the art in handheld franscervers i i, “’! i
= == T

SANTEC f§ ~ |=

THE HANDHELD TRANSCEIVERS

© 1983, Encomm, Inc.
i 2000 Avenue G, Suite 80O, Plano, Texas 75074
Phone (214) 423-0024 + TLX 79-4783 ENCOMM DAL

| The Smarter Handhelds, clockwise from upper left: ST-142 VHF Transceiver;
Repairs, Parts & Services Available ... [F] ST-442 UHF Transceiver; ST-222 VHF Transceiver, operating from the ST-4QC

Quick-Charge Battery Charger & Power Supply; ST-LC Leather Case and
Strap; ST-MC Mobile Charger; MS-505 Remote Speaker; 5T-50083
Rechargeable 500 mAhr NiCd Battery Pack, STEC External Charge Adapter;
SM-3 Speaker Mic; STHA-1/HBM-1 Head Set Boom Mic & Adapter.




Hy-Gain broadband vertical

R ‘ antennas load the new auto-tune solid

state rigs, require minimal space and provide
low angle radiation without the expense
or the problems of support structures.

1BAVT/WBS (80-10 meters) The most successful vertical antenna
of all and for good reasons. Broadband performance covers the
40, 20, 15 and 10 meter bands in their entirety. Automatic 5 band
switching isaccomplished by mechanically superior, highly efficient
factory tuned Hy-Q traps with large coils for consistent perfarm-
ance at 2:1 or lower VSWR on 40-10 meter band edges; band-
width on BO meters is approximately 40 kHz with VSWR below 2:1

A factory tuned matching network for 50 ohms impedance is dc
grounded for lightning protection and reduced precipitation static
The mechanical integrity of this antenna is so stable that perform-
ance does not change with the weather. The 1BAVT withstands
winds to 80 mph (128 km/h) without guying. All stainless steel
hardware is included.

14AVQ/WBS (40-10 meters) OHers very similar construction and
the same excellent broadband performance as 18AVT over the
entire 40, 20, 15 and 10 meter bands; automatic band switching
with mechanically superior large-coil Hy-Q traps and very low
angle radiation pattern. The smaller, low visibility size also makes
the 14AVQ very suitable for roof mounting. The optional 14RMQ
roof mounting kit includes base plate, mast and radial/guy wires.
All antenna hardware is stainless steel.

18 HTS (80-10 meters. 160 meters with optional loading coil) The
superb reliability of the 18 HTS is manifest in installations now
over 20 years old. And, with the improvements we made over the
years, the 1BHTS is now better than ever. Automatic band selec-
tion is achieved through a unique stub decoupling system which
effectively isolates various sections of the antenna so that an
electrical 4 wavelength (or odd multiple % wavelength) exists on
all bands. For example, outstanding broadband performance on
20, 15 and 10 meters is achieved with an extended % wave colli-
near. On B0 meters bandwidth is approximately 250 kHz at 2:1
VSWR. With the optional base loading coil exceptional performance
is also provided at 160 meters. The galvanized tower requires no
guying and withstands winds to 100 mph (160 km/h). A special
hinged base allows complete assembly at ground level and permits
easy raising and lowering. Includes stainless steel hardware
WARC kits to be available.

Other Hy-Gain vertical multiband, antennas are available though
not shown here. The 12AVQS (20, 15, 10 meter) is similar to 18AVT
above but with VSWR of 1.5:1 or less on all bands. The 18VS (80-
10 meter) comes with a base loading coil and may be installed on a
short mast driven into the ground. All include stainless steel
hardware.,

PHASE FOR GAIN

Any two identical Hy-Gain verticals can be phased for
excellent gain and directivity. A great system for beam
performance on 40, 80 and 160 meters or for 10, 15 and
20 meters where space is limited. Send for our free
technical report “Phased Verticals

HF Vertical Antenna SWR Curves

L  J
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: ¢ £ I — -
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JVO TELEX -gain
| - ®
N TELEX COMMUNICATIONS, INC.
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high frequency receiver
performance

Understanding
and specifying
good receiver operation

Receiver performance and the means for its
specification is a complex and frequently misunder-
stood topic, for it involves many different and often
unrelated parameters, all of which are important to
the overall performance of the receiver. {For exam-
ple, it's no good having exceptional sensitivity if the
receiver drifts excessively.) When specifying per-
formance, it is important that all parameters be speci-
fied accurately and completely. Many manufacturers
and reviewers have been guilty of specifying per-
formance inadequately, with ambiguous and mis-
leading results. For example, the frequently quoted
“sensitivity 0.5 uV'’ is meaningless, and 0.5 pV for
10dB” is not much better.

It is interesting to note that the importance of
some performance parameters (e.g., intermodulation
and reciprocal mixing) have only recently been fully
appreciated and understood. Also certain receiver
design changes have actually been responsible for
reducing performance: for example, the direct
replacement of tubes by bipolar transistors in the late
1960’s, and the current widespread use of frequency

synthesis, which can introduce spurious receiver
responses if not designed with special care.

noise and sensitivity

One of the fundamental concepts underlying re-
ceiver performance is that of noise. So before we
examine performance parameters — what they
mean, how they are specified, and how they can be
improved — we'll take a brief look at the physics of
noise.

Thermal noise is due to the random movement of
particles in the effective impedance at the input to
the receiver at ambient temperature. It cannot be
avoided (except by cooling the whole antenna sys-
tem down to near absolute zero) and is even present
if a shielded 50 or 75 ohm resistor representing the
antenna impedance is plugged into the receiver input.
It is given by:

V = J4kTBR (1)

= RMS noise voltage
Boltzmann's constant
temperature in degrees Kelvin
receiver bandwidth in Hz
resistance/impedance in ohms

where:

I

It

14
k

T
B

Il

R

I

For a given antenna impedance and a nominal am-
bient temperature (taken as 300 degrees K or 27

By J.A. Dyer, G40OBU, Hillview, 27 Bath Road,
Ashcott, Somerset, England
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degrees C), the only way to reduce the thermal noise
is to reduce the receiver bandwidth. For a 50 ohm im-
pedance, ambient temperature of 300 degrees K, and
a bandwidth of 3 kHz the above expression works
out as:

v J@(1.38 X 10~ 23)(300)(3000)(50)
= 0.05uV (EMF) = ~26dBuV

where a dBuV is a dB relative to 1 microvolt (EMF).

Sensitivity is expressed as the smallest signal re-
quired to give a specific signal-to-noise ratio {S/N},*
in a particular receiver bandwidth, and in the case of
AM, for a given modulation level. In the days of noisy
tubes, good sensitivity was hard to achieve without
compromising other performance aspects. Now with
bipolar transistors and FETs, sensitivities of 0.5 uV
for a10dB S/N ratio in a 3 kHz bandwidth, can easily
be achieved on HF for an SSB or CW signal. As AM
is usually specified at 30 percent modulation level,
the figure will be 10 dB (3.16 times} worse than the
SSB/CW figure; in this case, 1.6 uV (EMF).

Noise factor (NF) can be defined as the ratio of the
S/N of a hypothetically perfect (noiseless) receiver to
that of a real receiver, which adds its own noise to
the thermal noise. Since it is the ratio of two ratios
it is independent of bandwidth, temperature, and
impedance.

Typical HF spectrum noise voltages within a 3 kHz
bandwidth are shown in fig. 1. We see at —26 dBuV
the thermal threshold noise, and also the receiver
noise for a NF of 10 dB, at — 16 dBuV. To achieve a
S/N of 10 dB a signal will need to be at —6 dBuV or
0.5 uV, which means that an NF of 10 dB is
equivalent to a sensitivity of approximately 0.5 uV for
a10dB S/Nin a 3 kHz bandwidth.

However, the most significant conclusions to be
drawn from fig. 1 are concerned with atmospheric
noise. This is plotted on fig. 1 for a quiet area at a
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fig. 1. HF spectrum noise in a 3 kHz bandwidth.

quiet time, and is between b and 25 dB above receiv-
er noise; consequently for a receiver with a noise
figure of 10 dB it is the atmospheric noise, not re-
ceiver noise, that limits receiver performance. indeed
the NF could be increased to 15 dB (1uV EMF sensi-
tivity) without loss of performance, except perhaps
at 25 to 30 MHz. There is, therefore, no point in re-
ducing the NF below 10 dB — especially as sensitiv-
ity can only be obtained at the expense of dynamic
effects such as intermodulation. It is also worth
noting that claims of 0.15 xV (EMF) for 10 dB S/N
(seen recently for an SSB transceiver) are quite im-
possible. Even a perfect receiver with a 0 dB NF
needs 0.16 xV ( — 16 dBuV) to achieve 10 dB S/N due
to the thermal threshold of —26 dBuV.

From fig. 1 it can be seen that under real operating
conditions a receiver with a sensitivity of 0.5 uV
will in fact need between 1 .V (at 30 MHz) and 10 uV
(3 MHz) for a 10 dB S/N ratio on HF — and this for a
quiet atmosphere (and no QRM}!

The above discussion considered noise voltage in a
3 kHz receiver bandwidth. However, noise is propor-
tional to the square root of the bandwidth. Thus if
bandwidth is reduced from 3 kHz to 300 Hz, all noise
voltages (thermal, receiver, and atmospheric) drop
by a factor of \/10 or 3.16 times {10 dB). This explains
the continuing use of CW in the HF bands; a CW
signal can still be copied when SSB would be lost in
the noise. In fact, some operators can copy a CW
signal with a S/N of around 0 dB, so the advantage
over SSB can be as much as 20 dBT. Thus sensitivity
for the same (10 dB NF) receiver can be quoted as
0.05 uV for 0dB S/N in a 300 Hz bandwidth.

Note that all voltages above are EMF (Electro-
motive Force}. Recently it has become common to
specify sensitivities and other parameters using
potential difference (PD) instead. This practice
makes sensitivity figures look twice as good (6 dB
better) because, in a matched impedance system,
PD is always half EMF (see Appendix}. Care must
therefore be exercised when interpreting receiver
specifications; often the distinction is not made
clear, usually indicating that PD is intended (see
dynamic range for explanation).

selectivity

Selectivity used to be achieved by means of dis-
tributed tuned circuits in the IF strip, and to obtain
good selectivity a low second IF was required (for ex-
ample, 455 kHz). Selectivity is now usually obtained
by means of crystal, mechanical, or ceramic block fil-
ters. The ideal filter response has a flat top with low
ripple, and steep sides going down to a ~70 dB (or

*In fact it's more appropriate to quote signal + noise to noise (S + N/N) or
even signal + noise + distortion to noise + distortion {SINAD). Note for an
S/Nof 10 dB or more there is little difference between the three terms.
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tremely narrow high Q filters (less than 30 Hz) then perhaps the ear/brain
combination always works with a positive S/N ratio for intelligibility. Editor
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fig. 2. A desirable filter response would include a fast
roll-off, low passband ripple and insertion loss, and a
high stopband rejection.

greater) stopband, and extending a long way out
(see fig. 2).

The old constraint of a low second IF no longer ap-
plies. In fact, it is easier to design crystal filters for
higher frequencies; IFs of 1.4, 1.6, 9 and 10.7 MHz
often being used.

Selectivity is usually quoted at the nose bandwidth
(6 dB down), and the skirt bandwidth at 60 dB down.
Good values for an 8 pole SSB filter are 2.7 kHz and
4.4 kHz, respectively. One measure of filter per-
formance often quoted is the Shape Factor (SF),
which is the ratio of the skirt bandwidth to the nose
bandwidth. The ideal SF is 1:1, and anything less
than 2:1 for a 3 kHz SSB filter is considered good.

Mechanical and crystal filters can get quite close to
the ideal, and some less expensive ceramic filters
give surprisingly good results. Impedance matching
into and out of a filter is of great importance and in-
sertion loss (the loss caused by the filter in the middle
of the passband) must be made up by amplification
{usually less than 10 dB). A typical set of filters for a
high grade communications receiver might be 8 kHz
(AM), 2.7 kHz (SSB) — often with two asymmetrical
filters, one for USB one for LSB — and 1.0 kHz, 300
Hz, and 100 Hz for CW. The trend in Amateur equip-
ment is for the tightest possible SSB filter (2.4 kHz),
and often 600 Hz or 300 Hz for CW are used.

The above refers to what could be called the
“’static’’ selectivity of the receiver, or the selectivity
to a single signal only. For a discussion on dynamic
selectivity see the section on reciprocal mixing.

As an interesting aside, consider the use of the
audio CW filter, often used by the Amateur fraternity
in lieu of a good CW filter at the IF. (The best filter of
all, of course, is the human brain; a good operator
can pick out and copy a weak CW signal in company

with numerous other signals because of the differ-
ence in tone. Many experienced CW operators prefer
to listen in a wide bandwidth and do their own filter-
ing even when sharp CW filters are available.) How-
ever, the audio image frequency (see fig. 3) will also
give an output of exactly the same tone, and even
the “human filter’” will find it impossible to differen-
tiate. But this is exactly the frequency that the audio
filter cannot differentiate, either! Also, unless AGC
voltage is at least partially audio-derived, strong un-
wanted signals in the IF passband will reduce the IF
gain, hence reducing post-filter dynamic range.
Nevertheless a good multi-pole audio filter can be
beneficial, especially if a linear detector is being used.
(A product detector is linear; an envelope detector is
not.) Also, if a steep-sided SSB filter is available, the
audio image can be rejected if the BFO injection is
made to coincide with the edge of the passband.

Image (second channel) rejection. In the normal
superheterodyning process, a wanted signal (Fg)
beats in the mixer with the local oscillator (or syn-
thesizer output) frequency (F g}, and one of the
resultant products of the mixing process, usually
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fig. 3. Narrowing the IF bandwidth improves the audio-
image rejection: (A) wide I-F bandwidth; (B) narrow I-F
bandwidth.
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FLo—Fg, at the intermediate frequency (IF}, is pass-
ed by the IF selectivity filter.

However, another frequency called the image or
second channel frequency (F g+ Fg) also beats with
the local oscillator frequency to produce a product at
the IF. This frequency must be rejected by some
form of RF tuning, either ganged to the "‘tune’’ con-
trol or using a separate ‘‘pre-select’” control; or by
means of switched bandpass filters, usually auto-
matically switched on synthesized receivers.

As the image frequency is equal to Fg plus twice
the IF, the higher the first IF, the further away from
Fs will be the image frequency, and the easier it will
be to reject. If up-conversion techniques are used,
the first IF will be in the range 40 to 90 MHz and the
image frequency will also be at VHF and thus can be
rejected by a simple 35 MHz low-pass filter at the
receiver input.?

Image frequency rejection is specified as the ratio
in dB of an unwanted signal above 1 nV to give the
same output as the received 1 uV signal. 50 dB of re-
jection is considered poor, while 80 dB or more is
desirable.

IF rejection

IF rejection occurs when a strong signal at a
receiver IF directly breaks through the early stages
and into the IF. It is specified in the same manner as
image rejection with 80 dB being a desirable number.
It should be quoted for all the IFs in a receiver. Often
in a double conversion receiver the figure for the se-
cond IF is worse than that for the first IF. Good
screening is necessary between IF and RF stages,
and IF traps in early pre-IF stages can be employed to
reduce IF breakthrough. Taken together, IFand image
rejection are sometimes referred to as "‘rejection to
external spurii.”’

dynamic effects

Dynamic interference effects such as intermodula-
tion and cross-modulation have often been largely ig-
nored in the past, and only in the last ten years or so
has their true importance been understood. it has to
be said that the replacement of tubes by bipolar
transistors in the 1960s made the situation worse.* In
general, dynamic effects are caused by large off-tune
{off frequency) signals that cause the receiver to
operate in a non-linear manner. It is these effects
(together with reciprocal mixing) that currently deter-
mine the performance of the communications re-
ceiver rather than the traditional parameters of sen-
sitivity, selectivity, and stability.

dynamic range and
intercept point
Dynamic range can be loosely described as the
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range of input signals over which dynamic inter-
ference effects produce outputs which are not signi-
ficant (i.e., which are below the noise floor). In order
to arrive at a suitable definition for dynamic range,
consider the intercept point as shown in fig. 4. This
occurs because the power level of the dynamic pro-
duct increases at a greater rate than that for the
wanted signal. Second order products increase as
the square of the input (twice as many dB), and third
order products as the cube (3 times in dB). (Third
and second order products will be dealt with in
greater detail when discussing intermodulation.)

Dynamic range can then be usefully defined as
two-thirds of the difference in level between noise
floor and the intercept point, or aiternatively as the
difference between the fundamental response input
level and the third order response input level as
measured along the noise floor (see fig. 4). These are
by no means the only methods of specifying dynamic
range, and care must be taken in interpreting manu-
facturers figures. Using the above method of defini-
tion a dynamic range of 90 to 100 dB for 3 kHz band-
width with an intercept point of 120 to 140 dBuV (+7
to +27 dBm), can be considered good. Note that
because dynamic range — by definition — depends
on the noise floor level, it will increase as bandwidth
is reduced. Intercept point is sometimes specified (as
are other parameters) in dBm, where a dBm is a dB
relative to 1 mW into the system impedance (usually
50 ohms). 0 dBm (50 obms) equals 224 mV PD
{Potential Difference), or 113 dBuV, thus to convert
from dByV to dBm (50 ohms) simply subtract 113.
(E.g., 0 dBuV = 1 uV EMF = 0.5 uV PDis —113
dBm). Note: dBuV is dB relative 1 uV EMF.

*Readers are urged to consider the outstanding intermod performance
achieved by using FETs these days. Editor
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fig. 5. Example of second-order IMDs.
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fig. 6. Example of third-order IMDs where 2F, beats with
F, to produce a response at 10.0 MHz.

intermodulation

Intermodulation product distortion (IMD) occurs
when two large unwanted signals beat together
(inter-modulate) in a non-linear receiver stage, to
produce a product at the wanted frequency.

Second order intermodulation products equate to
F1 + F2 {(where Fq and F; are the two unwanted fre-
quencies). This process is shown in fig. 5 where the
two unwanted signals are at 11 and 21 MHz causing
a beat at 10 MHz. (Signals at 6 and 16 MHz or3and 7
MHz would produce a similar product.)

One point to note about second order IMDs is that
at least one of the unwanted signals must be outside
the passband of any octave filter response that in-
cludes Fg and consequently can be rejected by any
reasonably tight RF tuning, such as a good octave
filter or sub-octave (less than an octave) filter.

Third-order intermodulation products are equal in
frequency to Fy £ 2F5. Thus both signals can be very
close to the wanted signal, and well within the RF
passband regardless of the type of RF tuning in use.
This is seen in fig. 6 where signais at 10.4 and 10.8
MHz produce a third-order IMD product of 10 MHz.

Intermodulation performance is typically speci-
fied as the levels of two unwanted signals not less
than 20 kHz off tune (off the main signal frequency)
to give a 0 dBuV (1 uV EMF) response. A good
receiver will have a third-order IMD performance of
70 to 90 dBuV. A statistical analysis based on data
relating to actual signals received over the whole of
the HF band on wideband {rhombic) antennas’-2 indi-

cates that at least 90 dB is required. As specified
above, this corresponds to adynamic range of 100 dB
and an intercept point of 134 dBuV or +21 dBm (50
ohms), as shown in fig. 7. It is easy to see why such
a figure is needed. 90 dBuV corresponds to 32 mV
EMF and at almost any time there will be tens of
broadcast (and other) stations putting between 10
and 100 mV onto a wideband antenna, with hun-
dreds of others in the range 1to' 10 mV (EMF)!

Second-order IMD performance, often not stated,
can sometimes be misleading. Second-order per-
formance can be poor.enough to present a real prob-
lem even with good third-order performance if a
wideband antenna is used without an antenna tuning
unit (ATU). This is due to the use of unshielded octal
filters of less than perfect performance. Levels similar
to third-order performance are required.

in-band intermodulation occurs when two signals
within the IF passband beat (mix) to produce extra
products. It is normally of little significance in HF
communications except where multichannel “Voice
Frequency Telegraphy (VFT)"' systems such as “’Pic-
colo” are in use. A typical level of performance for a
good receiver is for a product of —40 dB with
reference to two in-bands signals.

Cross modulation occurs when modulation from
an unwanted signal transfers itself across and
“modulates’’ the wanted signal. Again this is due to
non-linearities in the early receiver stages, and some-
times the same modulation will reappear on each ad-
jacent signal tuned in. Cross modulation is a third-
order effect, so good third-order IMD performance
will tend to mean good cross modulation perform-
ance (see fig. 8).

Cross modulation may be specified as the level re-
quired in dBuV for a 30 percent modulated carrier
greater than 20 kHz off channel to cause 3 percent
cross modulation. A level of 70 to 90 dBuV is con-
sidered good.

Blocking, or de-sensitizing, is similar to cross
modulation, but in this case the large off-channel
signal causes a reduction in wanted signal output. It
is specified as the signal required to reduce wanted
output by 1 dB. It can often be caused by a strong
CW signal, causing gain ta go up and down with the
keying. 90 to 110 dBuV is considered good per-
formance, for a 1 mV (EMF) signal.

causes and cures of
dynamic effects

Dynamic effects are caused by large off-channel
signals driving the receiver into non-linearity. There
are three fundamental methods of improving per-
formance: (a) preventing the off-channel signals
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a performance specification

This detailed specification indicates the performance required for a “‘very good" receiver. Additional
parameters not mentioned previously, such as audio output power, have been added for completeness.
Note that specifications like this should state worst-case figures (maximum or minimum values that are ac-
ceptable when the receiver is being tested); in some cases, however, “typical’” values are used instead.
This will at first sight make the receiver seem considerably better: for example, a worst-case NF of 10 dB
will often (typically) be 7dB. It is therefore important to establish whether a true specification or a list of typ-
ical values is meant. The specification below uses worst-case figures. Note dBuV is dB relative to

1 uV EMF.

frequency coverage
frequency display
réception modes
input impedance
sensitivity

(600 kHz to 30 MHz)

IF selectivity

dynamic range
third-order
intermodulation

second-order
intermodulation

In-band
intermodulation

cross modulation
blocking
reciprocal mixing

image rejection
IF rejection

crosstalk

response o
internal spurii

stability

antenna radiation
protection

AGC performance

AGC time constants

BFO range ICW)
AF outputs

muting

metering

power requirements
environment

MTBF
{mean time
between failure)
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specification
60 kHz to 30 MHz (continuous coverage, using full synthesis)
7 digit, resolution 10 Hz
CW, FSK (RTTY), SSB (USB and LSB), ISB, AM, NBFM

50 ohms
§SB, CW, IS8 - 0.5 xV EMF for 10 dB SINAD in 3 kHz
AM - 2.2 uV EMF for 10 dB SINAD in 8 kHz, modulation 30 percent
FM - 0.8 xV EMF for 10 dB quieting in 16 kHz bandwidth, 60 percent deviation
{Noise factor 10 dB)
response (kHz)
filter available on -6dB -60dB shape factor
15 kHz FM 15.00 3.00 22
BkHz AM 7.80 14.00 1.8
2.7 kHz §SB, IS8, CW 2.70 4.30 16
1kHz cw 1.00 2.00 20
300 Hz cw 0.28 0.75 27

104 dB. |Intercept point 140 dBuV = +27 dBm (50 ohms)| (3 kHz bandwidth).

84 dBuV. The levels of two unwanted signals both greater than 20 kHz off frequency will be 94 dBaV (or - 18
dBm (50 ohms)| to give a 1 1V (0 dBxV) response.

90 dBuV. The levels of two unwanted signals both er than 20 kHz off frequency will be 90 dBsV | -23
dBmISOM]wnMnh\HOdBledt:mnu. ) i -

- 40 dB. Two signals in-band of equal amplitude will produce a product greater than 40 dB down.

100 dByV. A 30 percent modulated carrier greater than 20 kHz off frequency must be 100 dBuV | — 13 dBm (60
ohms)] to cause 3 percent cross modulation,

100 dByV. A signal greater than 20 kHz off frequency will be 110 dByV | - 3 dBm (50 ohms)| to cause a 3 dB
reduction of wanted 1 mV EMF (60 dBuV) signal.

90 dB. An unwanted signal 50 kHz off frequency will be 30 dB above the level of a wanted on-frequency signal
1o reduce its SINAD by 3 dB, in a 3 kHz bandwidth.

90 dByV, The image frequency must be 90 dBuV [ - 23 dBm (50 ohms)| to give a 1 uV (0 dByV) response.

90 dByV. For the first and second IF the level of an unwanted signal will be 90 dBxV [ - 23 dBm (50 ohms)] to
give a 1 4V (0 dBy) response.

=50 dB. On ISB mode the crosstalk between two equal 0 dBm (600 ohm) outputs shall be less than —El:ﬁ‘
relative to output at 1 kHz.

All internally generated spurious signals are less than 3 dB above receiver noise. (3 kHz bandwidth.)

After 10 minute warmup, better than 1 part in 108/ °C. Long term crystal aging less than 1 part in 109 per day.
Less than 10 uVgy, (20 uV EMF) into 50 ohms ( — 87 dBm). (2pW) !
Receiver can withstand 30 volts at antenna input continuously. A spark gap is provided,

For an input change of 90 dB, the output change will be less than 3 dB for all signal levels greater than 3 Vg
(10 dBuV).

sLow FAST
attack hang decay attack hang decay
I1SB, SSB, CW 10ms 28 200 ms 5ms 200 ms 50 ms
AM, FM 20ms - 20ms &ms - Ems

+3kHz

Main output: 2W into B ohms at less than 3 percent Total Harmonic Distortion (THD)
Headphones: 20 mW into 600 ohms

Line: 600 ohms balanced line independent of AF gain control, settable to - 10 to + 10 dBm (800 ohms), i.e.
245mV 10 2.5 VPD.

0V on mute terminal for muting. Mute level at least 60 dB down.

Meater reads signal strength in dBuV or AF line level in dBm (600 ohms).

200 to 260 VAC, 45 1o 65 Hz, at 50 VA (Volt-Amperes)

Operating: 14 10 104°F { - 10 to + 40°C}

Storage: — 40 to 158°F { —40to + 70°C)

Relative humidity up to 95 percent at 104 °F (40°C) (non-condensing).

BO000 hours
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from entering; (b) improving the linearity of the early
stages of the receiver, prior to and including the roof-
ing filter (a roofing filter is inserted in the first {F and
is used to reduce the number of strong signals pass-
ing through the IF [chain]; it is not as narrow as the
main selective filters); and {c¢) reducing the level of all
signals.

This last method works because the response to
the unwanted (dynamic) signals falls off at a faster
rate than that of the wanted signals (see fig. 4). It is
implemented by means of a front-end attenuator or
by a wideband AGC loop (separate from the main
AGC loop} which operates on the RF amplifier on
large signals only, and thus can be thought of as be-
ing an automatic attenuator. Both methods have the
disadvantage of reducing receiver sensitivity, and
consequently other solutions should be found.

Method fa/ involves the use of sub-octave filters or
some sort of preselector tuning and can be very ef-
fective in reducing second order effects. However,
as previously mentioned, third order products can be
too close (in the signal passband} for tuned circuits
to have an effect.

The only real solution is to improve linearity, (b).
Bipolar transistors are particularly poor in this
respect, but FETs are approximately square-law de-
vices and are therefore very good in terms of third-
order effects, but not as good for handling second-
order products. Linearity can be improved by using
higher power supply voltages and by keeping pre-
roofing filter gain down to a minimum consistent
with required sensitivity, and therefore by keeping

|
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+134dB pV ,,’
40} “\/r
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120 // I’
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fig. 7. Good receiver third-order intermodulation distor-
tion performance is shown as a 100 dB spurious-free dy-
namic range.

N |
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- - TRANSFERS
TO Fg

FREQUENCY (MHz)

fig. 8. Cross modulation occurs when modulation from
an “unwanted” signal transfers itself across and modu-
lates the wanted signal.

-]

noise levels down. In the extreme situation, the RF
amplifier can be completely eliminated and the sig-
nals fed directly to a low-noise mixer via the front-
end filters. This isn't such a drastic step as it might
appear, because remember an NF of 15 dB is more
than adequate on HF, and this can be achieved with-
out an RF amplifier.

The mixer may be a double-balanced switching
type diode mixer using high level LO injection to im-
prove linearity. Components normally considered to
be linear, passive, and reciprocal must be carefully
checked to ensure that they are. This especially ap-
plies to ferrite cores used for RF coils and trans-
formers; and crystal filters, which are often non-
linear and non-reciprocal, i.e. having different
characteristics if connected the ‘‘wrong’’ way
around.

The practice of fitting protection diodes at the
receiver input (often found on marine-band re-
ceivers) will also cause non-linearity, as will diodes
used to switch filters. If all these points are carefully
considered, very good linearity can be achieved with
an intercept point of 140 dBuV or better. This level of
performance ensures that IMD cross-moduiation
products are below atmospheric noise on HF.

Reciprocal mixing is due to high level unwanted
signals mixing with the noise sidebands of the local
oscillator/synthesizer, producing noise products at
the receive frequency (see fig. 9).

It is another phenomenon which until recently has
been more or less ignored, partly because tube local
oscillators are inherently ““cleaner’” than most of the
modern solid-state synthesizers. It can be specified
as the level in dB above a wanted signal that an un-
wanted signal can attain at a specified frequency off-
channel (e.g. 50 kHz) at a specified bandwidth
(usually 3 kHz) to reduce the S/N ratio of a wanted
on-channel signal by 3 dB!

The oscillator noise can be reduced by employing
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high Q" (oscillator} circuits, and also by using high
power oscillators, as the noise sidebands will then be
relatively weaker, thus improving S/N. Phase locked
loops can be very poor in this respect because they
contain numerous noise sources which add together
in the output, together with frequency jitter. In addi-
tion, PLL's frequently use low “‘Q"’ circuits and low
power VCQOs in the output. The noise produced is
phase modulated and cannot be removed by limiting.

The action of reciprocal mixing in introducing off-
channel signals into the IF at levels proportional to
the distance away from the wanted signal (frequency
separation) (see fig. 9) effectively reduces the seiec-
tivity of the receiver. This is shown in fig. 10, and the
response curves indicate the dynamic selectivity of
the receiver, that is, the selectivity of the receiver in a
real signal environment. As can be seen, it's the
stopband of the filter response that’s been changed;
with 70 dB reciprocal mixing, a considerable loss of
performance occurs.

However, when the reciprocal mixing has been im-
proved to 90 dB, its effect on filter response can be
considered fairly minor. A frequency-synthesized
receiver can achieve 90 dB, while a good (tube or
FET) crystal oscillator can give 110 dB or better.

UNWANTED

SIGNAL
Locat

R
OSCILLATO

—eF ]
!

- NOISE
! { SIDEBANDS
]
H

fig. 9. Reciprocal mixing reduces the useful dynamic
range of the receiver.
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fig. 10. Dynamic selectivity differs from the static filter
response because of reciprocal mixing.
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synthesizer noise and
internal spurious responses

Internal spurious responses are responses of the
receiver to signals generated within the receiver
itself. These internally generated signals can be fixed
(e.g., reference frequencies) or can move when the
receiver tuning is changed. They cause problems
when they occur at the signal frequency or an IF, and
are generated by any oscillators within the receiver
or by digital circuitry such as synthesizers and fre-
quency counters. (A current trend is to use multi-
plexed fluorescent displays instead of DC driven LED
displays, which generate low frequency interference.
Adequate shielding must be employed to reduce
radiation.) In using frequency synthesis techniques,
many of the waveforms are digital, square waves
with fast rise-times rich in harmonics. CMOS and LSI
(N-MOS) is usually better in this respect than TTL
which has faster rise times. Careful design, with ade-
guate low-pass and bandpass filtering and with high
Q" output circuits, is important. With good design
it is possible to keep spurious outputs 100 dB down
on the main output level. This standard of perform-
ance should ensure that all spurious responses are no
more than 3 dB above the receiver noise level.

stability

A fully synthesized receiver can have a stability
equal to that of the frequency reference source.? If
an oven-temperature stabilized crystal oscillator is
used, stability of less than 0.1 Hz/ °C can be achieved.
With partial synthesis the stability is governed by the
stability of the VFO, but with cool, buffered solid-state
designs it is possible to achieve long term drift rates
of 100 Hz/hour with short term drift (even including
lifting the receiver an inch and dropping it!) of 10 to
20 Hz. The latter is more than adequate for normal
SSB/CW/RTTY/AM communications.

conclusions

The performance quality of the HF receiver has in-
creased over the years and it is now possible to de-
sign a general coverage receiver that provides very
high performance. As activity on the HF bands has
constantly increased, this improvement in perform-
ance is of vital importance to maintain the ability to
communicate.

Generally speaking, the cost of equipment has
gone up in proportion to its complexity. There is,
however, a reduction in real cost due, in part, to the
availability of relatively low cost complex ICs, crystal
filters, and FETs, as well as to improvements in design
techniques.

Future trends will include more extensive use of
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ICs, with possibly a single chip full-synthesizer, and
microprocessor control of the receiver. It seems likely
that more extensive use will be made of remote con-
trol of receivers via data link, and that in communica-
tions centers a central mini-computer will be linked to
each operating position, performing a variety of use-
ful functions. On the domestic scene, the home com-
puter can be linked to the receiver via an RS232 line,
and can be used to decode RTTY and SSTV signals,
etc. It could also be used as a big “‘memory"’ to store
channels (frequencies/modes/filters and a channel
ident) for instant recall.

In conclusion, receivers available now offer per-
formance that ten years ago could be obtained only
from professional receivers costing ten times as
much, and which twenty years ago could not be ob-
tained at all.

appendix

Fig. 11 shows the relationships between levels as specified in
VIEMF), VIPD), dByV, and dBm (50 ohms). Also shown is the S-
meter response as recommended by the |ARU, the International
Amateur Radio Union. This specifies that S9 should be at 50 uV
PD, or 100 xV EMF; and that each S-point should be at 6 dB inter-
vals. Also shown are the thermal noise threshold and typical
receiver and atmospheric noise terms for a 3 kHz bandwidth.
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PICK YOUR WICK

Chemtronics manufactures desoldering wicks in two
wire constructions: Chem-Wik for general purpose
desoldering with maximum solder holding capacity
and Chem-Wik Lite, faster acting for critical heat
sensitive components. As electronic equipment
becomes smaller, more complex. more demanding,
Chemtronics family of pure copper desoldering wicks
will meet your needs with a choice of performance
characteristics for virtually every desoldering
application

Send for free literature today

% Chemtronics

681 Old Willets Path
Hauppauge, NY 11788
B800-645-5244

In NY 516-582-3322
Telex 968567

IS SWITCHING PL TONES A PROBLEM?
You need a PLD-1 private line display

Switching PL tones 1s simple with a PLD-1 private line display
installed in your Communications Specialists TE-64 encoder. No
more squinting, no more counting and no more guessing. With the
PLD-1, you have immediate channel indication with a large, easy to
see, bright LED display. The PLD-1 displays all 32 PL channels and
is easy to install in the TE-64 encoder. It also works with most other
Communications Specialists encoder, decoder units.

Complete $49.95
Visa and Mastercard accepted.

ACQUIS COMMUNICATIONS, INC.
17192 Gillette Ave., Irvine, CA 92714
714/545-3732
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RAMSEY D-1100
VOM-MULTITESTER

Compact and reliable, de-
signed to service a wide vari-
ety of equipment. Features in-
clude ® mirror back scale

* double-jeweled precision
moving coil ® double over-
load protection ® an ideal low
cost unit for the beginner or
as a spare back-up unit

$4995

test leads and battery

included

THE FIRST NAME IN
ELECTRONIC TEST GEAR

NEW FROM RAMSEY 20 MHz
DUAL TRAGE OSCILLOSCOPE

Unsurpassed quality at an unbeatable price, the Ramsey oscilloscope
compares to others costing hundreds more. Features include a compo-
nent testing circuit that will allow you to easily test resistors, capacitors,
digital circuits and diodes ® TV video sync filter ® wide bandwidth &
high sensitivity ® internal graticule ® high quality rectangular CRT

* front panel trace rotator ® Z axis ® high sensitivity x-y mode ® very
low power consumption ® regulated power supply ® built-in calibrator
* rock solid triggering ® high quality hook-on probes

$39995

RAMSEY D-2100
DIEIT&L MULTITESTER

u siope

$5495

heg lest leads, battery & vinyl

carrying case included

high quality
hook-on probes included

RAMSEY D-3100
DIGITAL MULTIMETER

Reliable, accurate digital
measuremants al an amaz-
ingly low cost ® In-line color
coded push buttons, speeds
range selaction ® abs plastic
1ilt stan recessed input
jacks ® overload protection
on all ranges * 3'% digit LCD
display with auto zero, auto
polarity & low BAT. indicator

$5995

test leads and battery
included

CT-70 7 DIGIT
525 MHz COUNTER

Lab quality at a breakthrough price
Features ® 3 frequency ranges each
wilh pre amp * dual selectable gate
himes ® gale aclivity indicator

® 50mV @ 150 MHz typical sensitivity
® wide lrequency range * 1 ppm
accuracy

$441995

wired includes AC adapter

CT-70 kit
BP-4 nicad pack

CT-90 9 DIGIT
600 MHz COUNTER

The masl versatile for less than $300
Features 3 selectable gate times ® 9

g » indicator = display hold
* 25mV @ 150 MHz typical sensilivity
* 10 MHz timebase for WWV calibra-
lion ® 1 ppm accuracy

$414995

wired includes AC adapter

$129.95
59.95
8.95

CT-125 9 DIGIT
1.2 GHz COUNTER

A 9 digit counter that will outperform
units cosur-g hundreds more. ® gate
indicator ® 24mV @ 150 MHz typical
sensitivity ® 9 digit display = 1 ppm
accuracy * display hold ® dual inputs
with preamps

$416995

wired includes AC adapler

BP-4 nicad pack .

pyts, alein b
—

CT-50 8 DIGIT
600 MHz COUNTER

A versalile lab bench counter with
optional receive Irequency adapter,
which turns the CT-50 into a digital
readout for most any receiver ® 25 mv
@ 150 MHz typicalsensitivity ® 8 digit
display * 1 ppm accuracy

$16995

wired

CT-50 kit :
RA-1 receiver aaaplnr ml 2

DM-700 DIGITAL
MULTIMETER

Professional qualily at a hobbyist
price. Features include 26 different
ranges and 5 lunctions ® 3% digit
inch LED display ® automatic decimal
placement ® automaltic polarity

$11
wired includes AC adapler

DM-700 kit
MP-1 probe set

PS-2 AUDIO
MULTIPLIER

The PS-2 is handy for high resolution
audio resolution measurements, mul
tiplies UP in frequency * great for PL
tone measurements ® multiplies by 10
or 100 = 0.01Hz resolution & built-in
signal preamp/conditioner

$4.995

wired
PS-2 kit

BHOADEAND BF PREAMPLIFIER

PR-2 COUNTER
PREAMP

The PR-2 is ideal for measuring weak
signals from 10 {o 1,000 MHz ® liat 25
db gain * BNC conneclors ® greal for
snitfing RF * ideal receiver/TV
preamp

$4.495

wired includes AC adapter
PR-2 kit

PS-1B 600 MHz
PRESCALER

Exteands the range of your presant
counter to 600 MHz * 2 stage preamp
® divide by 10 circuitry ® sensitivily
25mV @ 150 MHz * BNC conneclors
® drives any counter

$5Q95

wired includes AC adapter
PS-1B kit

TERMS: * satisfaction guaranteed * examine for 10 days; if not pleased return in

and insurance to a maximum of §10.00

ACCESSORIES FOR RAMSEY COUNTERS
Telescopic whip antenna—BNC plug .. § 8.95
High impedance probe, light loading . .. 16.95
Low pass probe, audio use 16.95
Direct probe, general purpose use

Tiit bail, for CT-70, 90, 125

original form for refund * add 6% for shippi
+ overseas add 15% for surface mail » COD add §2.50 * orders under $10.00 add
§1.50 * NY residents add 7% sales tax * all kits have a 90 day parts warranty. All
wired units have 1 year parts and labor warranty.

RAMSEY ELECTRONICS, INC.

2575 Baird Rd., Dept. HR
Penfield, N. Y. 14526

PHONE ORDERS CALL
716-586-3950

TELEX 466735 RAMSEY CI
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RAMSEY PARTS WAREHOUSE ety asas

ELECTRONIC'S A a— Bineh Ghesodies: 716-586-3950

’nC. LR te Mg ' Call your Phone Order in Today. TERMS

MINI KITS - YOU HAVE SEEN THESE BEFORE NOW
HERE ARE OLD FAVORITE AND NEW ONES TOO.
GREAT FOR THAT AFTERNOON HOBBY.

Video Modulaior Kil CLOCK K‘Ts
Color Organ
FM Ly oo Aatir Your old lavorites are here again  Over 7,000 Sold to Date
M 'NI See MusIC COME | e marser Complets hy VD.\ - $7.98 Be one of the gang and order yours loday'
ivel ] flere
'!I:', .,J :,I,“: ::: Super Sleuth Try your hand at building the finest looking clock on the
lights chke | *
bt Kl A supéersensilive ampli market Its satin linish anodized aluminum case looks greal
MI music  One hight Led Blinky Kit ‘ i Shak E
us J A 1 attention aet 1er which will pick up a ide & 2
each lor high 1“‘!‘3‘::|f‘j‘h E.;“:;‘na?:w pin drop at 15 feet! Great anywhere. while stx 4" LED. cigits provide a Nighly r(.aldahlc\
A super high performance FM wire mid-range and fiashes 2 jumbo LEDe for monitonng baby's display This 1s a complete kit. no extras needed. and it only
less mike kit' Teansmis a st p lows Each inds Use for name badges room or as general pur- takes 1-2 hours to assemble Your choice ol case colors
yards with & widually adjust butlons warning | pose “"“9“7'5' Full 2 W silver, gold, black (specity)
ity by maans O vz able and drives up Eam.l "‘;l“:st 9"‘55'"“':“(1' f":;“ :II-‘;I.‘HIH.’:T‘H&-3'"r‘|sh‘r“ Clock kit. 12/24 hour. DC-5 §24.95
Kot includes by uns on 3 10 15 volts v u =42 .0hm = ! SRRl o B
: ’ '.-n1 .]'f}f:‘:'\:" funs on Complete kit BL-1 '(r,‘pi-ﬂhl'-r Clock with 10 mun 1D timer 12/24 hour DC-10 $29.95
ary and super ir nov $2.95 Complete kit BN-9
f-:a::! ::1 ‘.‘ r[ " ava [ te kit $5.95 For wired and tested clocks add $10 00 to kit price
w e un ¥ Jdomplete L] - - e
. SPECIFY 12 OR 24 HOUR FORMAT
ML-1 CPO-1 2
FM-3 Kit $14.95 $8.95 Auns on 3-12 Vdc 1 wall out 1 KHZ good tor CPO
FM-3 Wired and Tested $22.05 £ Alarm Audio Oscillator  Complete kit $2.95
Whisper Light Kit Tone Decoder

Transmits up 10 300 to picks up sounds and converts board Features 400
any FM broadcast ra- S50 them to ight The louder the | 5000 Hz adjustable
dio. uses any type ol A sound. the brighter the hight range via 20 turn pot voltage regu
mike Runson 3 to 9V Type FM-2| |nciudes mike. controls up 1o lation 567 IC  Uselul tor touch
has added sensitive mike preampl 300 W runs on 110 VAC t burs! detection FSK sl

A complete tone deco
i g @ -
FM Wireless Mike Kit An interesting kit. small mike der on a single PC
)

slage Complete kit, WL-1 sed as a stable tone
e L . ns.on 5 to 12 volts V system around the A28
FM-1 kit $3.95 FM-2 kil $4.95 $6.95 oyl TO $5.95 o thaes aiready Nve and now
3T B1 & N low price
Siren Kit
Universal Timer Kil Mad Blaster Kit Produces upward and downward NEW L W '
Prov [ s ang F waill charact of a police y -
board " Prod siren 5 W peak audio outpul runs
ol pre | . rent on 3-15 volls uses 3-45 ohm Sk
e . ' 1 N0 Complete kit SM-3 $2.95 lae
MTull aeas — 2oy
80 Hz Time Base 1and Tested 39600
UT-5 K $5.95 e lbon B oKl R
s

I c S PE‘ IALS Crystals Prescaler
5 1579545 MHZ $1.50] Make Hhigh resolution audio 600 MHz
ar | o 0D00n MHZ gs5.00] measurments great tor musical PRESCALER
LNEAR | LE ; S toae anz  ss6o]| mstrument tuming. PL tones
TI1E : ;2 $150 |7 = Mulllpln'\A:-l.l-c-l!"'-I;f_'e-um-.r-n ¥ Extend the range ol your
$150 5 selectable x10 or x100 gives 01 R &0 : .
$15 $ 50 Swilches = 2 cesdlution with 1. et ountec to 600 MHz Works
$ 50 P Adaplers H
[T St Mini toggle SPDT $1.00 i o M e IO kR with all counters Less than
$1.00 415¢ $1.235 Red Pushbutt N 3/$1.00 time! High sensitivity 25 my
it ' meq input z and built-in hitering 150 mv sensitivity specily
$100 p
$100 Earphones gives great performance Huns 10 or <100
$125 1 ieags B onm Goot for smail tons e MOS
- y V battery all CMOS
1015200 SPECIAL s atarm clocks et Pa.’ ? Wired tested PS-1B $59,95
3 50 5 for §1.00 F-.\,zhﬂ £39.95 1. sled o-1 .
$ 50 $15.00 [ini & ohm Spes PS-2 wired $49.95 Kit. PS-18 §44.95
125 $.1.25 | Anpron. 214 cdwe. Round
2 type 10 1ad ke 6 12 nA TTL = T =
3 : ‘ 30 Watt 2 mir PWR AMP
3 lor $2 00 ympalibie $1.50
f—
Slug Tuned Coils AC OQutlet Simple Class C power amp lealures B imes power gain 1 Win
CMOs - $12 116" Hex Slugs furned cod | Panel Mu..r»‘r ow‘;r' Leads for Bout. 2 Win tor 150ut. 4W ntor 30 out Max output ol 35 W
. 5 5314 £ 1 urne a4
4011 ,‘“ 5375 gt 10 for $1.00 = $ incredible value. complete with all parts. less case and T-R relay
4013 501 7 $ 295 CAPACITORS :
4046 i {]]51.85 001 $ 6.50 | eviiim FERE—— PA-1_30 W pwr amp kil §24.95
4049 |l | 50 ANY LU ; a
4059 $9.00 !‘,[ur "’w s T -~ E':: TR-1. AF sensed T-R relay kit $6.95
4511 £ [ 850 1100
a1 ;‘: l}ﬂ FEFIHITE BE?D?'m 1.8 uF 25V 318100 1 e A L RF 998 iracdrie as oABE i Pl Power Supplr Kit
563G 175 | & e Basie Beach ;:!oo 22 uF 25V 3/8$1.00 1100 v w00 | g.10dn gain 150 mhz $11.95 ‘[“' e . “hl‘ ;::r
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VHF/UHF WORLD

VHF/UHF antennas and
antenna systems

There is probably no other
VHF/UHF topic that inspires such a
vigorous line of conversation than the
subject of antennas. Hardly a day
goes by when I'm not asked ques-
tions like ‘“What type of antenna do
you recommend?’’ or “What's the
difference between this antenna and
that one?’’ The reason we're so inter-
ested in this subject is that there is no
better way to improve the perform-
ance of your station: a 7 dB improve-
ment in antenna gain yrelds a 2 dB
overall increase in your station capa-
bility, since we gain 1 dB on transmit
and 1 dB on receive.

The answers to the questions
above are neither simple nor obvious;
they take time to answer thoroughly.
Furthermore, the answers may not al-
ways involve performance as much
as economic or structural considera-
tions. With this in mind, I've decided
to discuss the popular types of VHF/
UHF antennas and the tradeoffs be-
tween them in this month’s column.
Future columns will zero in on ways
to measure and obtain peak perform-
ance with the antennas we are using.

antenna types

The three major types of VHF/UHF
antennas presently in use {excluding
FM/repeater types) are the collinear
array, the Yagi and the parabolic
dish. Each type has its own advan-
tages and disadvantages. While all
can produce high gain, they differ
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vastly in form factor. Let's discuss
each type individually and see what
each can and can’t do.

collinear array

The collinear array was very popu-
lar among VHF/UHFers and espe-
cially EME’ers (Earth-Moon-Earth) on
2 meters and 70 cm (432 MHz) before
high performance VHF/UHF Yagi an-
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fig. 1. Typical collinear array.

tennas were designed. It usually con-
sists of a group of half-wavelength di-
poles in front of a screen or set of re-
flectors (fig. 1). Technically speaking,
you could probably call this an array
of 2-element Yagi antennas. Some in-
dividuals have even placed additional
directors in front of the driven dipoles
in an attempt to increase gain.” The
unique thing about a collinear array is

that the feed system is usually some
form of open wire line. The collinear,
unlike many antennas, is usually guite
broadband. Efficiency can be very
high and gain is mainly a function of
the size of the array. The extended-
expanded collinear is a stretched-out
version that has fewer elements and
higher gain approaching 80 to 95 per-
cent efficiency.2 This antenna is
treated in depth in reference 2 and
improvements are mentioned in refer-
ence 3.

Collinear antennas offer severat ad-
vantages: They are not ‘‘critical”’ to
build, are usually low in cost, have a
low loss feed system, and when used
on EME, can be readily adapted to
polarity rotation. They are also easy
to array when extremely high gain is
desired. The principal drawback is
their overall size, which usually pre-
cludes mounting other antennas on
the same mast. (I'll discuss this sub-
ject later in this column.) There may
also be problems in areas where
moisture is present, since the VSWR
may increase if the feed system gets
damp or wet.

Yagi and Yagi type antennas

The Yagi antenna (fig. 2) is partic-
ularly popular where space is at a pre-
mium or when only narrowband oper-
ation is required. [t is presently the
workhorse in the VHF and lower UHF
spectrum. The first high gain VHF
Yagi designs were published by
Kmosko and Johnson,* Greenblum,s
and Ehrenspeck and Poehler.é Unfor-
tunately, these Yagis weren’t always



as good as claimed, were hard to du-
plicate, and when duplicated, often
failed to deliver the promised gain.
Some had very high side lobes.

The WOEYE 70 cm 4.2 wavelength
15 element Yagi’ with corrections®
was first published in 1972. Based on
the unpublished work of Pete Viez-
bicke at NBS (National Bureau of
Standards), it was the first really high
gain Yagi with a clean pattern that
was easily duplicated. Don Hilliard,
WOEYE (now WOPW]), and | urged
Pete to publish his work and he finally
did so in December, 1977, in NBS
Technical Note 688, now out of
print.® This publication, the result of
extensive studies done by NBS in the
1950’s to develop high gain arrays for
ionospheric scatter, included six dif-
ferent models with boomlengths of
0.4 to 4.2 wavelengths. In the Aug-
ust, 1977 issue of ham radio, | pub-
lished an article which included the
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fig. 2. Typical long-Yagi.

majority of the NBS material along
with several practical examples of
Yagi designs using this material.'® (A
future column will deal with this topic
in greater detail.)

The NBS Yagi designs described
above work well through 70 cm, but
the longest one is only 4.2 wave-
lengths {(approximately 10 feet or 3
meters at 70 cm). Giinter Hoch,
DL6WU, has been working on this
problem and has recently produced
some very long Yagis'' based on an
extension of the work of Green-
blum.® Hoch has been able to in-
crease the gain approximately 2.35
dB each time the boomlength is
doubled and has demonstrated this

success even at 23 cm (1296 MHz). |
have verified his information with a 70
cm 9.25 wavelength (21 feet or 6.5
meters) model which measured
greater than 17.5 dB over a dipole
gain at the 1981 Central States VHF
Conference.’? At the 1983 Central
States VHF Conference, KL7WE en-
tered an even longer (24 feet or 7.5
meter) 70 cm Yagi model based on
the same information and it measured
approximately 18 dB over a dipole.
Hence the quest for extremely high
gain Yagis is finally showing promise.

the Quagi

In April 1977 Wayne Overbeck,
K6YNB/N6NB, published a descrip-
tion of an antenna he called the
’Quagi.’”*® This antenna is basically a
Yagi with a cubical quad-type reflec-
tor and driven element. The design
shown was low in cost, used a wood-
en boom, and was fed directly with
coax. Newer designs have been pub-
lished;"* DL9KR and others have fur-
ther optimized this design and modi-
fied the feed systems for use in large
{groups of 16) EME arrays. This de-
sign could probably still use some op-
timization; only a few specific designs
are available.

the log-periodic
antenna array

The log-periodic antenna array,’ a
series of elements resembling a Yagi
antenna, but with all elements fed by
a special feed system, has never
gained much acceptance among
VHF/UHF'ers {(except ATV'ers) be-
cause it is basically a wideband (multi-
octave) structure with only moderate
gain. The late Oliver Swan developed
a hybrid antenna called the log-peri-
odic Yagi, which has somewhat
wider bandwidth than the typical
Yagi.'® It uses a log-periodic feed sys-
tem to excite the directors of a Yagi
structure. A 70 cm log-periodic Yagi
has also been published.?

loop Yagis

Until recently, very few Yagi de-
signs were used on the 23 cm band
because they were hard to duplicate

and extremely tight tolerances were
required. The boom-to-element at-
tachment had been a problem both
electrically and mechanically, which
further aggravated the tolerance
problem.

In 1974, Mike Walters, G3JVL, de-
cided to take a different approach to
the Yagi antenna. At first he experi-
mented with cubical quad loops
made of wire, but could not obtain
the desired performance. He then
changed the elements to thin 0.028
inch (0.7 mm) aluminum straps 3/16
inch (4.7 mm) wide bent in a circle.
After much trial and error, he devel-
oped a 23 cm, 28 element high gain
“loop Yagi.”’'® Later he developed
longer models and also a table of cor-
rections for different boom and ele-
ment sizes.'® The use of a round
boom with his unique element-to-
boom mounting method and the cor-
rection tables has been one of the
reasons this design has been so suc-
cessful. This antenna has been used
as low as 70 cm and as high as 3 cm
{10.256 GHz). A 45-element W1JR-
designed loop Yagi had greater than
19 dB gain over a dipole as measured
at the 1983 Eastern VHF/UHF Con-
ference.

stacking

When really high gain is desired
(such as in EME), Yagi antennas can
be either arrayed or stacked. General-
ly speaking, every time you double
the number of Yagi antennas in an ar-
ray, you can increase the gain approx-
imately 2.5 dB if the proper stacking
distance is used and the feedline loss
is kept low (this will be covered in a
later column). Recent work on 70 cm
EME tends to confirm that the best
compromise is to use the highest gain
Yagi design possible. Then the num-
ber of Yagis in the array will be at a
minimum, and feedline problems will
be more manageable. For general ter-
restrial operation, it is usually desir-
able to stack antennas vertically so
that the beamwidth in the azimuth
plane will stay wide and thereby spare
you severe rotator aiming problems.
This is particularly desirable for
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TRANSISTORS

FRESH STOCK - NOT SURPLUS
FULLY GUARANTEED

2-30MHz

P/N Rating Ea. Match Pr
MRF412 80W $18.00 $39.00
MRF412A sow 18.00 39.00
MRF421 100W 27.00 58.00
MRF421C 100+ W 27.00 58.00
MRF450 50W 12.50 28.00
MRF450A 50w 12.50 28.00
MRF453 60W 15.00 33.00
MRF453A 60W 15.00 33.00
MRFa54 sow 16.50 36.00
MRF454A 80w 16.50 36.00
MRF455 60W 13.50 30.00
MRF455A 60W 13.50 30.00
MRF458 sow 18.00 36.00
MRF460 60W 16.50 36.00
SRF2072 70+W 15.00 33.00

High Gain Matched Quads Available
MISC. 2-30 MHz

Type Rating Freq. Net/ea.
$10-12 10W 2-30 $14.50
MRF406 20w 2-30 14.50
MRF433 13W 2-30 14.50
MRF449 30w 14-30 14.50
MRF449A 30w 14-30 14,50
MRF475 12w 14-30 5.00
MRF476 3w 25-50 3.50
MRF477 40W 2-30 13.00
MRF479 15W 2-50 10.00

VHF TRANSISTORS

Type Rating MHz Ea.
MRF150 150W 2175 $80.00
MRF221 15W 130-175 10.75
MRF222 25W 130-175 12.00
MRF237 1w 1301756 3.00
MRF238 30w 145-175 13.00
MRF239 30w 136-175 15.50
MRF240 40w 145-175 15.00
MRF250 50W 50-175 17.00
MRF245 80w 130175 27.00
MRF247 80w 130-175 27.00
MRF492 90w 27-50 20.00
MRF607 1.8W 130-175 2.60
SD1416 80w 130-175 29.50
SD1477 125W 130-175 37.00
SD1441 150W 130-175 83.50
2N4427 1w 130175 1.25
2N5643 45W 125-175 15.50
2N6080 aw 130-175 7.00
2N6081 15W 130-175 7.75
2N6082 25W 130-175 9.75
2N6083 3ow 130-175 9.75
2N6084 40W 130-175 12.00

UHF TRANSISTORS
MRF641 15W 430-470 $18.00
MRF644 25W 430-470 21.50
MRF646 40W 430-470 24.50
MRF648 60w 430-470 33.50

Technical Assistance & cross-reference
information on CD, PT, RF, SRF, SD P/Ns
Call Engineering Dept.  (619) 744-0728
RF Parts Catalog Available
OEM & Quantity Discounts
Minimum Order $20 Add $3.50 Shipping
WE SHIP SAME DAY C.O.D./VISA/MC

ORDERS ONLY: 800-854-1927
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meteor scatter communication, in
which the field of reflection can be
wide.

parabolic dish antennas

The parabolic dish (fig. 3} is still
one of the favorite antennas on 23 cm
and above — especially on EME. The
gain of this type of antenna is primar-
ily determined by its size (diameter),
providing that the feed or illuminator
is properly chosen. There are many
advantages to using this type of an-
tenna. It is frequency-independent,
meaning that you can change fre-
quency by simply replacing the feed
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fig. 3. Typical
W2IMU).

parabolic dish (TNX

system with one for the proper fre-
quency. A properly built parabolic
dish antenna system will .also be
quieter on receiving because side and
rear lobes are lower than most other
antenna systems. Its principal disad-
vantages are that efficiency is low
{typically 50 to 55 percent, even if
everything is done right}) and high
wind resistance. (Recommended
feed systems for parabolic dishes are
described further in reference 3.)

conclusion

Hopefully the above information
and the additional articles referenced
will make it easier for you to deter-
mine which antenna type is best for
you. The collinears are usually low in
cost and easy to build, but if high
gain is desired, they must be large.
Where muitiple band capability is de-
sired on a single mast, the Yagi is
hard to beat. When high gain on UHF
and especially EME are sought, the

parabolic dish offers many advan-
tages; but again, if high gain is de-
sired, the antenna system must be
large. While we've discussed many
types of antennas for VHF/UHF, we
haven’t discussed them in great de-
tail. We'll deal with each type more
comprehensively as time passes. But
it will be up to you to weigh the ad-
vantages and disadvantages of each,
make your decision, and take the
plunge.
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TRADE IN YOUR OLD RTTY TU
FOR A NEW FLESHER TU-470

The Flesher Corporation dares to make an offer you can't refuse. Now you can move up to a high quality RTTY
terminal unit without throwing away money you have already invested. Your present name brand RTTY terminal
unit is worth up to full retail value* when you trade up to a Flesher TU-470 priced at $499.95. Most RTTY/CW
software works with the TU-470 without modification. So while the offer lasts, call our toll free number for more
information and a no-obligation estimate of your trade-in value. But act soon; this offer won't last long.

*LIMITED TO $200.00

Here are just a few of the many fine features the TU-470 offers:

e TTL & RS-232c compatible I/O for computer remote control
communication rates up to 300 baud ¢ Two tone RTTY detection with six
pole active filters » Three popular RTTY shifts ® Built-in 20 or 60 mA loop
* Signal balance circuit for single tone detection ® Threshold control
Anti-space ® Mark hold ® Scope outputs ¢ Independent reverse shift con-
trols for REC and XMIT. e Six pole active filter CW demodulator e

RTTY

Remote controlled bi-polar keying outputs for CW and PTT.

SUGGESTED RETAIL
PRICE ONLY $499.95
(Add $4.50 for UPS
shipping and handling in
U.S.A. plus $1.75 for all
COD orders.

Visa, Mastercard, COD, or check accepted.

HAL-TRONIX, INC.

SEE YOU AT MIAMI HAM JAMBOREE

| HAL 2304 MHz DOWN CONVERTERS (FREQ. RANGE 2000/2500 MHz)

2304 MODEL #1 KIT BASIC UNIT W/IPREAMP LESS HOUSING & FITTINGS $19.95
2304 MODEL #2 KIT (with preamp) $29.95
2304 MODEL #3KIT (with High Gain preamp) $39.95

MODELS 28 3IWITHCOAXFITTINGSIN & OUT ANDWITHWEATHER-PROOFED DIE
CAST HOUSINGS

BASIC POWER SUPPLY

POWER SUPPLY KIT FOR ABOVE WITH CASE

ANTENNAS & OTHER ACCESSORIES AVAILABLE SEND FOR MORE INFO
*AMA I COMPLETE UNIT

COMPLETE SYSTEM AS SHOWN NOT A KIT INCLUDES
A PC BOARD. POWER SUPPLY CABLES & CONNEC

$19.95
$24.95

TORS—PRE-ASSEMBLED AND TESTED 24dB GAIN
OR GREATER |
BUY YOUR FIRST UNIT AT 599.95
1OR MORE UNITS AT $89.95 ea
‘HAM MICROWAVE RECEIVER
NTSC AF Modulator with saw fillor kil §19.95
(lor use with computers, salelile systems and mlerfacing
Cabinel, power supply and hardware §12.95
HAL Proximity Keyer $19.95
HAL 1.2 GHz Prescaler bull and lested $89.95
HAL-PA-19 WIDE BAND PRE-AMPLIFIER, 2-200 MHz BANDWIDTH ( - 3dB POINTS)

19dB GAIN FULLY ASSEMBLED ANDTESTED $8.95

HAL-PA-1.4 WIDE BAND PRE-AMPLIFIER, 10 MHz TO 1.4 GHz, 12dB GAIN

FULLY ASSEMBLED ANDTESTED $1295
HAL-PA-2.1 GHz 2STAGE PRE-AMPLIFIER, DESIGNED FOR 2304 DOWN CONVERTER
MADE TO PIGGIE-BACK ON THE 2304 BOARD OFFERS 2048 GAIN ALSO HAS AN
IMAGE REJECTIONFILTER FULLY ASSEMBLED AND TESTED $34 95

SHIPPING INFORMATION ORDERS OVER $25 WILL BE SHIPPED POST-PAID EXCEPT
ON ITEMS WHERE ADDITIONAL CHARGES ARE REQUESTED ON ORDERS LESS
THAN $25 PLEASE INCLUDE ADDITIONAL $250 FOR HANDLING AND MAILING
CHARGES SEND 20¢ STAMP FOR FREE FLYER

HaLTronix . @~

P.O. BOX 1101
SOUTHGATE, MICH. 48195
PHONE (313) 285-1782

o

1-
“HAL" HAROLD C. NOWLAND
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Flesher Corporation

507 Jackson - P.O. Box 976 - Topeka, Kansas 66601

For more information and sales CALL 1-800-HAM-RTTY
For service and technical CALL 1-913-234-0198
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Now you can build this
Handheld Digital Multimeter
the easy Heathkit way!

The IM-2215 Handheld Digital
Multimeter takes the high
resolution of a bench instrument
into the field with measuring
capabilities to 100 uV, | uA and
1 ohm. Its 3%2 digit liquid crystal
display shows DC voltages up
to 1000 V, AC voltages up to
750 V, DC and AC current up
to 2000 mA and resistances up
to 20 megohms. Side pushbut-
tons allow quick range switch-
ing and easy one-handed opera-
tion. Kit priced at $99.95. Send
for complete details today using
the coupon below. Visa and
MasterCard orders call
TOLL-FREE: 1-800-253-0570.

r-——-——_

FREE COLORFUL

CATALOG |
Please send me my FREE Heathkit Catalog I
featuring the IM-2215 Handheld Digital Mul-

timeter and many other quality electronic kits. I

a

Heathklt
T S — =11} b

MAIL TO: Heath Company. Dept. 122-140

L-T65 Benton Harbor, M1 49022
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9 MHz CRYSTAL FILTERS

&prI‘ Band-
cation width Poles

24 kHz
24 kHz
24 kHz
24 kHz
24 kHz
3. 75kHz
50 kHz
12.0 kHz
500 Hz
500 Hz
250 Hz

IF noise 15

NEEaDDEZOE@EUL

kHz

10.7 MHz CRYSTAL FILTERS

XF107-A NBFM 12
XF107-B NBFM 15
XF107-C WBFM 30
XF107-D WBFM 36
XF107-E Pix/Data 40
XM107-504 FM 14

Export Inquiries Invited

kHz
kHz
kHz
kHz
kHz
kHz A

Shipping $3.50
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MICROWAVE MODULES VHF & UHF EQUIPMENTS

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

LOW NOISE RECEIVE CONVERTERS

1691 MHz
1206 MHz
432/435
438-ATV
220 MHz
144 MHz

MMk1691-137 $224.95
MME1296-144 119.95
MMc432-28(S) 74.95
MMc439-Ch x 84.95
MMc220-28 69.95
MMc144-28 54,95

Options: Low NF (2.0 dB max., 1.25 dB max.), other bands & IF's available

LINEAR TRANSVERTERS

1296 MHz 1.3 W oulput, 2M in
432/435 10 W output, 10M in
144 MHz 10 W output, 10M in
Other bands & IFs avallable

MM11296-144 $339.95
MMI1432-28(5) 269.95
MMt144-28 179.95

LINEAR POWER AMPLIFIERS

1296 MHz 10 W output
432/435 100 W output

50 W output

30 W output

100 W output

S50 W output

30 W output

25 W output
All models include VOX T/R switching

MML1296-10-L
MMLA432-100
MML432.50-S
MML432-30-LS
MML144-100-LS
MML144.50-5
MML144-30-LS
MML144.25

L" models 1 or 3W drive. others 10W drive

Shipping: FOB Concord, Mass

ANTENNAS

420-450 MHz MULTIBEAMS
48 Element TO/MBM48 15.7 dBd
B8 Element JO'MBMBS 18.5dBd

144.148 MHz J-SLOTS

Bover B Hor. pol D&IZM 12.3dBd
BbyAVert pol D&2M-vert 12.3dBd
B + B Twist axyizm 9.5dBd

UHF LOOP YAGIS

1250-1350 MHz 29 loops 1296-LY 20 dBi
1650-1750 MHz 29 loops 1691-LY 20 dBI
Order Loop-Yagi connector extra
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$75.75
105.50

$63.40
76.95
ask

$44.95
55.95
Type N $14.95 SMA §5.95
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WHEN ONLY THE BEST WILL DO ..
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5717 NE 56th St Phone 206/382-2132
Seattle, Washington 98105 TLX DUFFINTLSEA
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LATE NEWS..

Get the news
As it happens

Westlink Report i your source for information on all
the late breaking stories in the exciting world of Ama-
teur Radio. Westlink Report summarizes the news
that will impact the future of Amateur Radio. Westlink
digs into its stories and gives you the latest from New-
ingtor, summarizes the actions of the FCC, reports on
the important international news, keeps you fully in-
formed about space and AMSAT news and much,
much more.

Subscribe to Westlink Report today. Be informed.
Don't be surprised by the latest developments-in this
fast paced hobby. T

26 issues jugt $22.50 peryear U.S., Canada, Mexico.
$42.50 per year Air Mail.

WESTLINKgeporr

11119 Allegheny Street
Sun Valley, CA 91352

Tell ‘'em you saw it in HAM RADIO! * -
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Computer Books

\

Commodore 64 and VIC-20

Commodore 64/VIC-20 Computer Programs for Beginners. by Howard
Adler, three-dozen all-new programs practical for home, class-
room, office, 96 pages, available Octaber, ISBN 0-86668-03%8095

VIC-20 and Commodore 64 Computer Program Writing Workbook.by
Howard Adler, usetul collection of software-wnling coding
forms, graphics grids, BASIC instruction for VIC and Commodore
64. ISBN 0-86668-811-0 $4.95

TRS-80 Color Computer

Color Computer Graphics. by Ron Clark. complete gquide loaded
with instruction. how 1o make the most of video graphics, many
complete programs. 128 pages ISBN 0-86668-012-8 $9.95

101 Color Computer Programming Tips & Tricks. by Ron Clark, learn
by-doing instructions. hints. secrets. shortculs, technigues
insights includes 101 ready to-run programs 128 pages,
ISBN 0-86668-007 1

55 Color Computer Programs lor Home, School & Office. by Ron Clark
prachcal ready-1o run software with colorful graphics, 128
pages. ISBN 0-86668-005-5 $9.95

55 MORE Cofor Computer Programs for Home. School & Office. by Ron
Clark. handy companion volume packed with different uselul
wf and-run software 112 pages. ISBN 0-B6668-008- X $9.95

101 Programming Tips & Tricks for the VIC-20 and Commodore 64, by
Howard Aacler, collection of practical efficient program-writing
hints, secrets, techniques. shortcuts. easy-to-use instructions,
includes 101 ready-to-run programs, 128 pages

ISBN 0-86668- 030-6 $8.95

34 VIC-20 Computer Programs for Home. School & Office. by Howard
Adler. tested ready-1o-type-and-run software for classroom
business, home. all new for VIC. Commodore 64. 96 pages
ISBN 0-86668-029-2 95

Apple Computers

101 APPLE Computer Programming Tips & Tricks, by Fred White
secrels. mnts insights learn-by-doing instruchion lechmques
includes 101 ready to-run programs 128 pages

ISBN 0-86668-015 2 $8.95

33 New APPLE Computer Programs lor Home. School & Office. by Fred
White practical ready to-typean and-run software. 96 pages

ISBN 0-86668-016-0 $8.95
APPLE Computer Program Writing Workbook, by Fred White 96
pages, 8 1/2x11 ISBN 0-86668-813.7 $495

Please add $2.00 for shipping and handling.

SEND TO: HAM RADIO’S BOOKSTORE %
GREENVILLE, NH 03048 Py
(603) 878-1441

MICROWAVE VIDEO RECEIVER |

34+ dB GAIN e FREQUENCY 2.1to 2.6 GHz
ABSOLUTELY WATERPROOF
COMPLETE e READY TO INSTALL
1 YEAR WARRANTY
*124.95 — INCLUDES:
TAX - SHIPPING - HANDLING

SEND CHECK - MONEY ORDER - OR
CERTIFIED FUNDS TO:

K & S MICRO ELECTRONICS
1920 WEST GRANADA
PHOENIX, ARIZONA 85009

FOR LOWEST PRICES ON
QUANTITY ORDERS CALL:

(602) 253-8605

INDIVIDUAL COMPONENTS AVAILABLE
FAST-EXPERT REPAIR ON ALL TYPES » 155
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Now you can own the
Most Accurate Clock
the easy Heathkit way!

The most accurate consumer clock ever made! The Heath GC-
1000 Most Accurate Clock sets and corrects itself automatically
by receiving shortwave broadcasts from the National Bureau
of Standards. Microprocessor circuitry displays hours, minutes,
seconds and even tenths of seconds. Kit priced at $249.95,
Send for complete details today using the coupon below. Visa
and MasterCard orders call T(%I.Lvl"klili, 1-800-253-0570.

FREE COLORFUL |
CATALOG |
Please send me my FREE Heathkit Catalog I

featuring the GC-1000 Most Accurate Clock
and many other quality electronie kits

Address Apt. ——

|
Name |
|
|

Cuy

State _ _Zip
MAIL TO: Heath Company, Dept.122-141
Benton Harbor, M1 49022

— i —— L — — —— —— — —
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the
weekender

transmitter tuning aid:
buffer your load
with this resistive network

The temporary high SWR often encountered when
tuning up your transmitter and tuning unit can often
lead to disastrous consequences: abnormally high
voltages and/or currents can easily damage expen-
sive equipment, even in only a few seconds. If you
once, perhaps, pit the variable capacitors of your
final amplifier by an arc over, there is very little that
can easily be done to repair the damage. In some
cases, manufacturers have designed automatic cir-
cuitry that reduces power output when the SWR
goes up, but this technique offers only limited pro-
tection rather than a basic solution.

With these concerns in mind, | developed and built
a dummy load to overcome these problems. All dis-
cussions and calculations are based upon a 50-ohm
impedance system, which is common to most of our
modern transmitters and tuning systems. However,
the equations can be used for any impedance sys-
tem, or for any SWR limiting value desired.

The basic idea is to use a balanced-T resistive net-
work, with a characteristic impedance of 50 ohms, to
absorb most of the transmitter power during tune up,
while still providing sufficient power to allow for
proper tune up of your transmitter and antenna sys-
tem. The isolation effect of the network is such that
it limits your transmitter SWR to a maximum of 2:1,
even if you were to short out or open the input to
your tuning unit, which would be the worst condition
that could develop.

Fig. 1 shows the basic circuit, along with theoreti-
cal calculated values of resistance, and wattage dissi-
pation for a transmitter with an output of 100 watts.
This figure was chosen for ease of calculation and
presentation of the developed equations. Although
the network is a balanced type, so that R 4 is numeri-

By William Vissers, K4KIl, 1245 South
Orlando Avenue, Cocoa Beach, Florida
39231
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26.8 WATTS 893 WATTS
Ra Rp X

134 0hms 1340hms
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—————— o— * O ——
8 Y LOAD

TRANSMITTER

fig. 1. Balanced-T power-resistive network calculated
values.

cally equal to R p in ohms, the different subscripts are
shown to denote different wattage dissipation.

The equations relating the maximum value of
SWR, which was chosen as 2:1, the characteristic
impedance of the system R of 50 ohms, and the
network resistance values are:

Ry + Rp = (Rc)(SWR) = (50)(2) = 100 ohms
Ry + (RD)(RB)/(RD + Rp) = R¢/SWR
= 50/2 = 250hms

Having two equations and two unknowns, the net-
work is solved using the basic quadratic equation,
where;

Ry = Rp = 13.40hmsand Rg = 86.6 ohms

Again looking at fig. 1, if terminals X-Y are shorted
out, the resistance looking in at points A-B is 25
ohms, so the transmitter SWR would be 50/25 =
2:1. If terminals X-Y are left open, the resistance
looking into points A-B would be 100 ohms, and the
transmitter SWR will once again be 100/50 = 2:1.

The characteristic impedance of the network is de-
termined by these open and short circuit conditions
where:

Re = \/(Rs.c,)(Ro.c.) = \/(100)(25) = 50 ohms

All of the original design requirements have been
satisfied.

During actual tune up, R;, the 50-ohm load resis-
tance, is replaced by the input of the matching unit in
the circuit in fig. 2.

From fig. 1, it is seen that the power delivered to
the load is 33-1/3 watts, or 1/3 of the transmitter
output power of 100 watts at terminals A and B. This
still provides plenty of power for tune up, yet offers
an added advantage in that your ““tune up QRM’’ has
dropped by a factor of (10)(log;p)(1/3) = —4.77 dB.
This reduction will be appreciated by other Amateurs
on our already crowded bands.

A few years ago | experimented with building and
using ordinary two-watt carbon resistors in parallel,




ORLANDO HAMCATION and COMPUTER SHOW

MARCH 9, 10, 11, '84
1984 Florida State ARRL Convention

Same fantastic, downtown Location

NEAR |-4 & HIGHWAY 50, THE COMPLETELY

AIR-CONDITIONED ORLANDO €XPO-CENTRE

REGISTRATION $5 advance, $7 at door

under 14 free
For swap tables, commercial booths, advance
reqistration, or information, please send SASE to:

HAMCATION CHRIRMAN
P.O. BOX 15142 e ORLANDO, FLORIDA e 32858

CODE PRACTICE TAPES FROM | Now you can own this

HRPG — Practice copying Morse

Code anytime, anywhere. Whether I| computerlzed weaiher Statlon

you're upgrading your present license or

just trying to up your code speed, a large | the easy Heathk“ wavl

assortment allows you to choose exactly the
kind of practice you need.

This easy-to-assemble 1D-4001 personal weather com-
each tape $4.95 2/58.95 3/512.95 | puter gives you up-to-the minute meteorological readouts
| ncluding time/date, indoor and outdoor (F or C) tem-
peratures, wind speed and direction, and barometric pres-
sure. Past weather data can be recalled with the touch of
a button. Kit priced at $399.95. Send for complete details
today using the
| coupon below.
Visa and Master-
| Card orders call
ode for 25 mir |.:-,.. 15 wp 2t 20 minutes | TOLL;}I;E[:':‘.
o 4 95 O ST c00o for 30 oS | 1-800-253-0570.

utes

HR-STC2
HI/LO SERIES — Code Study Tapes

this unigue series, characters are sent at high spee
Delwee {

2ds with long
15/2.5 wpm)

— — — — — — — —

I

COLORFUL I
""" d 11 peed code without the frusira Ifl.’.: / CATALOG I
R OB s cNnG 7 Please send me my I-HT'.!' Heathkit Catalog
HR-HLC1 sdgFl HB'HLCS = sdgls ) featuring the 1D-4001 Computerized Weather l
¢¢.9/¢ 3 wpm cade for 80 minutes 9/3 wpm coce tor 28 minutes. Station and many other quality electronic Kits I
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) 5/5 Wi tor 20 miniutas 15/10 wpm code for 28 minules Name — e — —— == I
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State Zip I .
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Ham Radio’s Bookstore MAIL TO: Heath Company, Dept. 122-142 -
4 ~ Compan 767 Benton Harbor, M1 49022
Greenville, NH03048 . 140 T o e o M
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immersed in oil for a simple 50-ohm dummy load. |
decided to follow the same procedure used then for
the final T network, (fig. 2), in this project. My earlier
tests had shown it was possible to use a heat dissipa-
tion factor of 2.5 as a conservative approach for nor-
mal tune-up time. To choose resistors, | checked to
see what was available at my local electronics store,
and then calculated what was needed to approach
the theoretical values previously identified. For R,
six 82-ohm, 2-watt carbon composition resistors in
parallel equal 13.67 ohms with an allowable wattage
rating of (watts per resistor)(number of resistors)
(derating factor) = (2)(6)(2.5) = 30 watls, which
was above the previously calculated value of 26.8
watts. (The values of resistors specified are shown in
the parts list of fig. 2.)

Although the actual network resistance values dif-
fer slightly from the theoretically calculated values,
actual tests showed the differences to be insignifi-
cant in operation. The network is very tolerant of
small resistance deviations. This means you can
simply use off-the-shelf items — there’s no need to
handpick resistance values.

There are other advantages in using the unit. Be-
cause your transmitter SWR during tune up can
never go above 2:1 under the worst of conditions
(and even then your reflected power is still only 11
percent of forward power), your final amplifier out-
put tuning control positions will be very close to their
actual positions when you are finally tuned up to a
perfect SWR of 1:1. This makes tune up faster than it
would be if you tried to tune up your amplifier while it
was connected directly to your matching unit. Under

MATCHING
uNIT

| e~ SHIELD
| { GROUND
CiRCUIT
J143  SO-239 coax connecion
Ra B82.0hm, 2 watt, carbon resistors
— § percent folerance (6 needed)
Ry 680 ohm, 2 watl, carbon resistors
— & parcent tolerance (8 needed)
Ay I9-ohm, 2 wall, carbon resistors
— § percent tolerance (1 needed)
L 10 amp, 250 voli, DPOT toggle switch

1 quart paint can jempty)
1 quari tranaformer oil, mineral oil, or
sutomobile transmission ol

Caution: Transformer oil of unknown arigin
may contain PCBs. & hazardous compound
Ses “PCHs in the ham shack,™ ham radio,
December, 1983, page 42

fig. 2. Completed balanced-T circuit values and place-
ment in output line.
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TUNE®R

TUNE'—TRANS

MY
SMART
LITTLE
Dummy

Completed balanced-T resistive netwaork.

the latter circumstances, the operation of tuner and
transmitter controls is often so complex as to make
one wish for four hands instead of two, and an extra
pair of eyes to watch the SWR meter, lest it go much
over 2:1.

Another advantage of the unit is that you can
switch it from TUNE to TRANSMIT when you are
tuned up without having to turn off transmitter
power, the circuit design prevents dangerous switch-
ing transients from occurring. Finally, because the
unit is an in-line device, you will not need an expen-
sive coax switch as might be necessary with a regular
dummy load.

Although the design shown was for a balanced-T
network, an equivalent Pi network with suitably cal-
culated resistances and wattage values woftks just as
well. The technique is also adaptable for high power.
Actually, my first unit built was a converted home-
brewed, flea market, 1 kW gallon-sized dummy which
used a number of vitreous enameled non-inductive
resistances, similar to the ones manufactured by
Dale Electronics, Inc., P.O. Box 609, Columbus,
Nebraska 68601. Although my copy of their catalog
did not specify the highest frequency at which their
non-inductive resistors could be used, my old re-
structured dummy, with similar resistances, worked
fine down through 10 meters.

This device has also been thoroughly tested by Russ
Forsyth, K4YS, under a variety of operating condi-
tions. His helpful suggestions and comments are part
of this article.

All rights to the unit, except publication nghts, have been assigned
to Martin F. Jue, President, MFJ Enterprises, Inc., Box 494 Missis
sippi State, Mississippi 29762 Editor

ham radio



THE SATELLITE
EXPERIMENTER’S
HANDBOOK

Now, under one cover, here is all you need to communicate through
or pick up the signals from orbiting satellites. Whether yourinterestis
in Amateur Radio, weather or TV-broadcast spacecraft, you'll find
what you're looking forin The Satellite Experimenter’s Handbook.

Since the first OSCAR (Orbiting Satellite Carrying Amateur Radio)
was launched in 1961, thousands of ham radio operators, scientists,
educators and satellite enthusiasts from around the world have used
these “birds” for pleasure, education and experimentation. You can
join them! And if you're already into satellite communications, you'll
find a wealth of practical information on all aspects of these
spacecraft—from satellite design to ground-station equipment and

antennas.

Whether you're a beginner, an experienced satellite enthusiast, a
teacher or a scientist, you'll find The Satellite Experimenter’s
Handbook to be indispensable. $10 U.S,$11 in Canada and Else-
where. Copies available soon. ARRL, 225 Main St, Newington,

ORDER TODAY! -~

CTO6111.

The T.E.L.Model CS-1100
Total Communication System.

AT LAST! There is a state-of-the-art CW/RTTY/ASCII
communications system that meets the sophisticated
operator’s demands for a quality product.

Feature Benefit
CMOS uprocessor based. No RFl problems.
Membrane Switch front panel.  Insures reliability.
16 chr Intelligent LED display. Readable to 12 feet.
Super Narrow Filters. No tuning required.
Built-in 110 VAC supply. No extras to buy.
500 chr Buffer (all modes). Review received text.
Parallel Data Port. Connect to any printer

or computer.

e —— e

CW Operation: Send/
Rev 5-90 wpm with Auto-
matic Speed Tracking,
Four-99 chr memories
with ability to insert text,
will key any rig.
RTTY/ASCII: Receive at
60, 67, 75, 100 wpm and 110,
300 Baud with One Button Speed Selection.
A 30day unconditional guarantee and1yearparts/labor warrantee
assure satisfaction. Dealer inquiries invited.

Send for a free data package and comparison sheet.

)A‘ Random Access Inc.

PO. Box 61117 Raleigh, N.C. 27661

v 17
More Details? CHECK — OFF Page 108

Now you can build this
16/8-bit H-100 Computer
the easy Heathkit way!

Power-packed performance works to your advantage
with our 16/8-bit H-100 Series Computers. The All-In-
One model (shown here) or the sleek Low-Profile
model will meet
your computing
needs now and
in the future be-
cause of versatile
expansion ca-
Fa ilities. Send
or complete de-
tails today using
the coupon
below.

J

r———_————————

FREE COLORFUL
CATALOG
Please send me my FREE Heathkit Catalog

featuring the H-100 Series Computers and
many other quality electronic Kits

I Name —
I Address Apl. ——
Heamlu oy o N
l LT [ /|
- = l MAIL TO: Heath Company, Dept. 122~ 143'
-‘m_m 768 Benton Harbor, M1 49022
e — — S — T — -_—--
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OUTSTANDING PERFORMANCE
with MOSLEY ANTENNAS

TA-33 Jr

Three element
rotary beam
aerial
10-15-20M.
Rated to 300W

Two element
rotary beam
aerial
10-15-20M
Rated to 300W

MODEL TA.J:

The Pro-37 tollows in the Mosley tradition of high performance, dependability, and quality con

struction. The Pro-37 is pre-drilled for easy assembly. No adjustments or measuring. Average

assembly is about 12 to 2 hours. As with all the Mosley antennas we use stainless steel hard

ware throughout. Rugged construction makes our antenna the cleanest, strongest of its class, no

cluttered elements or boom o cause electrical and mechanical problems down the road Put it up ,
and leave it up. In performances it has no peers..It is as broadbanded or broaderbanded than any n e w -
antenna made. Its gain and front to back is as good or better than other antennas in its class, even
those with longer booms. Mechanically we feel it's the best built

The Pro-37 has 7 elements on a 24 foot boom which needs no boom support. It has 3 wide spaced
elements on 20 and 15 not counting the extra driven element. 10 meters has 4 wide spaced
elements not counting the extra driven element. The Pro-37 uses a unigue direct feed system
which enables the driven elements to contribute gain to the antenna, while giving it the broades!
possible frequency spectrum. Clean design makes the antenna easy to assemble and erect and
solves maintenance problems. No clutter on the elements or boom. The Pro-37 uses the proven
Mosley traps which on the Pro-37 will handie 2.5 KWDC out on CW. and 5 KWPEP on SSB
We're quite excited about the Pro-37 and we know you will be too!

Vertical Aerial, 10 thru 40 no band-
swilching 1s necessary Very por
table and no pipe mount needed

MODEL

J 4k

Want 40 Meter Dx?

Then Try... /

BROADBANDED SINGLE ELEMENT WANT A HIGH PERFORMANCE TRI-BANDER |
Can be made into 2 element or 3 element later BUT SMALLER? H

THEN THE CL-33 IS FOR YOU!

/ * 3 elements on an 18' boom

Wide spaced lor gain higher than normal size
TRI-Banders
4 * Uses our Classic feed system

\ ,,/ * Rated at 1KW CW and 2KW on SSB

- - new! 7-Band SWL/DX Dipole Kit
for 11.13:16:19-25-31:49 meters

FULL SIZE PERFORMANCE WITH 44’ ELEMENT e w3 T i =i
AND A 20' BOOM
Excellent Gain and Fronl to Back Here's a low cost 7-band receiving dipole aerial kit Complete with
Strongest Built 2 Element on 40 Meters that will pick up those hard-to-get DX stations 8 Trap Assemblies
Good Bandwidth. Can be made to 3 element later Everything included.. just attach the wires and Transmission Line Connector
you're on the air! Weatherprool traps enclosed in Insulators

Poly-Chem for stable all-weather performance 45 ft No. 16 Tinned Copper Wire
MODEL SWL 7 100 ft. of 75 ohm twin lead

. » 167
& 1344 Baur Boulevard St. Louis, Mo. 63132 1-314-994.7872 1-800-325-4016

NOW ALL THESE ANTENNAS ARE UPS SHIPPABLE!



WINTER SALE

NOW THE PRO-SEARCH"BASIC MODEL
PSE-1A DIGITAL ROTOR CONTROL
ONLY $199.95

For Conlesters,
DX'ers, Handicapped
Operators and General |
Purpose Ham
Operators:

The Most Advanced
Antenna Control
Availble...

B Bright Easy to
see V2" LED's.

B Automatic Brake
Control

B Single Button
Movement

B 2 Memories

B Punch in Headings

CURRENT

Contesters:

Pro-Search Rotor Controls
handles your Rotor for you! L Current Heading
No Mods to your Rotor just h Display
connect your present 8 wire

cable to our unit and it will Programmable

allow you Hands Off Operation Keyboard and Memory
while brightly displaying your Funclions

Rotors position on Y2 inch
LEDS.

DX'ers:

The PSE-1A aulomatically
handles the Rotors brake
protecling you against
accidently dropping it in while
your Rotor is still moving

New or Old Hams:

PSE-1A + Ham IV* 29995
PSE-1A + T2X* 34495

Need a complete system?
Add a new Telex Har‘ﬂ"uI 'Or = —-""‘/ “Printag with permission of TELEXHY GAalN

only $100.00 when purchased
as a package! Don't miss this WHY NOT HAVE THE BEST IN CONTROL SYSTEMS

one offer only available for a FOR PENNIES MORE?

limited time...Pro-Search The

Quality Controller Company. Compare Our Price To A Manual System
— Very Close —

In Performance Light Years Away!

Remember You Only Make This Purchase Once

Pro-Search is
Adaptable To Many
Systems, Simple
To Install.

No maodifications are
necessary

Disconnect your
present antenna
control system and

‘cannect ours.

PSE-1A is used wilh

HAM-M, HAM-II,

I, 1V, and TX;
Other models
available

To Order:

1-:800:325-4016
1-314:994.7872 (Missourl)

Or Write:

Pro-Search Electronics Ing,
1344 Baur Boulevard
St Louis. Mo, 63132

'Patent Pending
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Correct carrier oscillator adjustment,

good linearity

and the proper microphone

make the difference

better-sounding SSB

If you want your SSB transmit audio to sound
like your voice, this article was written for you.

| have never accepted the notion that good audio
died with AM. After all, isn't SSB just AM with two
of the unnecessary parts removed? The question is,
why doesn’t SSB audio give you good audio quality
all the time? Armed with some electronic test equip-
ment and a yearning for nice sounding audio, | set
out to find the answers.

The results of my research indicate that three cri-
teria must be met to achieve transmit audio quality
that compares favorably with AM: the first is smooth
frequency response; the second, a wide enough
passband or ““window’’ to be able to include most of
the important frequencies in a human voice; and
third, distortion should be low enough so that the
voice does not sound rough.

generating SSB

In most SSB transceivers the mixing of the voice
(audio) frequencies and the RF takes place in a
balanced modulator. The balanced modulator is real-
ly a mixer that combines the audio and RF together.
However, mixing is not an accurate way to describe
the process, since the output is the sum of the audio
frequency and the RF, or carrier frequency, and the
difference of the audio frequency and the carrier fre-
guency. (The name “mixer” should probably have
been ‘“adder-subtracter.””) The sum output is upper-
sideband (USB). The difference output is lower-side-
band (LSB). Since both USB and LSB come out to-
gether on the sole output terminal, the result is

58 February 1984

double-sideband {DSB). Because of the balanced de-
sign of the modulator, neither the audio nor the car-
rier oscillator {input) signals should appear in the
output.

It is important to remember that USB is always an
addition process, and that LSB is always a subtrac-
tion process. For example, with a carrier frequency
of 10,000,000 Hz and an audio frequency of 440 Hz,
the USB output is 10,000,440 Hz and the LSB output
is the difference or 9,999,560 Hz. If a second audio
frequency were also fed into the balanced modulator
along with the 440 Hz signal, then two frequencies
would appear on USB and two frequencies would
appear on LSB. If 1000 Hz were included with the
440 Hz signal, the USB would contain two frequen-
cies: 10,000,440, Hz and 10,001,000 Hz. LSB would
also contain two frequencies: 9,999,560 Hz and
9,999,000 Hz. When a voice is applied to the input of
the balanced modulator, the output becomes more
complicated, since a human voice contains many fre-
quencies, but the additive and subtractive processes
still apply.

producing just one sideband

The most popular system of selecting only one
sideband incorporates a filter to reject the unwanted
sideband and pass the desired sideband. It is com-
mon practice to use only one filter for both side-
bands. In order to do this, two different carrier oscil-

By Richard L. Measures, AG6K, 6455 La
Cumbre Road, Somis, California 93066
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fig. 1. A typical 2400 Hz SSB filter with carrier oscillator
frequencies set 300 Hz from filter window edges.

lator frequencies are used. On USB the carrier oscil-
lator is placed about 300 Hz lower than the low fre-
guency edge of the filter window. Since USB adds
the voice and carrier frequencies, the sum will be
higher than the carrier frequency and any audio fre-
quency of 300 Hz or more wiil create USBs that can
pass through the filter window. On lower sideband,
the carrier frequency is placed about 300 Hz above
the upper edge of the filter. Since LSB subtracts the
audio frequency from the carrier frequency, an audio
frequency of 300 Hz would just reach the upper edge
of the window. In either case an audio frequency of
200 Hz would be mostly rejected since it could not
add or subtract enough to each carrier frequency to
reach the window. If the carrier oscillators were reset
to a point 200 Hz from the edges of the window, then
200 Hz would produce a signal that will pass through
the window. It is important to remember that the
audio frequency itself does not pass through the win-
dow. The signals that pass through the filter are at a
radio frequency, usually around 9 MHz. These sig-
nals are offset from the carrier frequency by the
audio frequency. In order to receive SSB, the signal
is combined with the same carrier frequency in the
receiver as was used originally in the transmitter. The
combining is done in another mixer called a product
detector which produces audio output. This is the re-
verse of the process that began in the balanced mod-
ulator.

what voice frequencies are needed?

In the above example with the carrier oscillator fre-
guencies set 300 Hz from the upper and lower fre-
quency edges of the filter, it was shown how a 300
Hz audio signal would just reach the filter window.
The next point to consider is how high in frequency

can the audio signal go without missing the filter win-
dow. This is an important consideration because
human speech contains high frequency sounds that
are made by using the tongue to direct airflow
against the teeth. This group of sounds, known as
sibilants, includes S, soft C, F, and H. To do real
justice to human speech, the window should allow at
least 2800 Hz to pass. Allowing only 2500 Hz to pass
makes a noticeable difference in the clarity of the
sibilants. If a standard 2400-Hz wide filter is used,
then the opposite side of the window is 2400 Hz
away from the edge of the filter where the frequency
generated by the 300 Hz audio signal would pass
(fig. 1). The highest frequency audio that could pass
without falling out of the window would be 300 plus
2400 or 2700 Hz. This audio would be acceptable, but
would have more sibilance if the carrier frequency
were moved 100 Hz farther from the filter window
edge. This would move the audio passband from 400
Hz to 2800 Hz. This audio would be pleasing to most
people with normal hearing. If a wider filter window
were used — 2700 Hz — the audio quality would
sound even better, since the carrier oscillator fre-
quency could be reset so that the full range of impor-
tant human speech frequencies — 300 Hz to 3000 Hz
— could pass through the 2700 Hz window.

linearity

If the audio sounds rough and splatters on other
frequencies, then linear operation is not occutring.
The human ear can detect low levels of distortion.
Some musicians can hear less than one part distor-
tion in 10,000. Thatis —40 dB. | don’t notice on-the-
air distortion if it is — 38 dB or better. If a station 4
kHz down the band has a 30 dB over S9 signal and
his distortion products are down only 30 dB, you are
going to see close to S9 splatter on the window you
are listening to.

Most of the radios on the market today are fairly
clean. The cleanest by far are those with vacuum
tube finals employing RF negative feedback. If
operated conservatively, some of the solid-state
radios can also deliver a clean sound.

On my solid-state transceiver | was able to achieve
—40 dB distortion products on my voice, but only
after carefully setting the driver and final transistor
idling current to the values called for in the service
manual. | could only maintain the —40 dB distortion
level if | kept the ALC level in the bottom quarter of
the ALC scale. If | tried to operate with the ALC at
the top of the “‘safe’’ range, the distortion increased
by a factor of nine.

This test does not apply to the common two-tone
method of measuring distortion. A human voice is
much more complex than two tones and provides a
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more accurate and severe performance test, Blowing
into three holes of a harmonica also works well.

The mechanism of non-linearity is essential if a
mixer is to do its job of adding and subtracting. In an
amplifier, non-linearity means that the amplifier is go-
ing to do some unwanted adding and subtracting of
any two or more frequencies fed into the amplifier in-
put. Human voices have many frequencies. If the lin-
ear amplifier is not linear, there will be more frequen-
cies, and some of them are likely to land on someone
else’s conversation on a nearby frequency.

measuring distortion

Distortion can be measured with a separate re-
ceiver, provided it has an S-meter of known accur-
acy. The linearity of the S-meter is the essential fac-
tor in making this test. The number of microvolts that
equals S9 does not matter. Use a short clip-lead for
the receiver antenna and a 20 dB attenuator. Tune to
the frequency on which you are transmitting and
watch the S-meter while you speak into the micro-
phone. Note the S-meter reading and retune the re-
ceiver either 4 kHz above or 4 kHz below the trans-
mitter frequency. Speak again and note the S-meter
reading. The dB difference is your distortion level. A
reading of —40 dB is exceilent. A reading of —30 dB
is not quite anti-social, but —20 dB is definitely in the
“skunk’’ category. The all-time record worst distor-
tion | have witnessed was —9 dB — this is not the
way to win friends. Measuring distortion as described
works best on your own transmitter. it is possible to
use the same method on the air to measure someone
else’s distortion, but fading signals can make meas-
urements inaccurate. To do this, a real antenna is
more useful than the clip lead. | recommend 4 kHz
spacing to ensure that your receive window does not
appreciably overlap the other operator’s transmit
window. If the windows touch, the measurement will
mean nothing, since you won't be able to separate
the distortion from the desirable audio frequencies.

design defects

During my first SSB experiments | was amazed to
learn that listeners could detect a small change in
flatness of frequency response. If your transmitter
has a 3 dB loss at the high end, the lack of sibilance is
noticeable. Many of the modern rigs on the market
today have a built-in rolioff of the high frequency
transmit and receive audio. The amount of high fre-
quency (treble) rolloff varies from 4 dB to 10 dB in
the rigs that | have measured. Usually the receivers
have the more uneven audio response.

The usual culprit in the transmitter section can be
found at the collector of the microphone amplifier. In
my transceiver there was a 0.015 microfarad capaci-
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tor from the collector to ground. About 60 percent of
my 2900 Hz audio was going to ground at this point. |
replaced this with a 0.001 microfarad capacitor and
the treble passed through unscathed. Since the pur-
pose of this capacitor is to prevent your own RF from
getting into your audio, a non-inductive capacitor
such as a disc ceramic type is advised.

| noticed that the high frequency audio in my re-
ceiver seemed attenuated. My test equipment con-
firmed a 9.5 dB rolloff at 2900 Hz. This meant that
11.2 percent of the audio was making it to the speak-
er at that frequency and that 88.8 percent was not.
The culprit in this case was a large-value capacitor at
the output of the product detector. The value used
was 0.033 microfarad. This capacitor had a reactance
of only 1600 ohms at 2900 Hz. The audio impedance
of the productdetector was about 5000 ohms. Shunt-
ing a 1660 ohm capacitor to ground is bound to be a
spoiler. The purpose of this capacitor is to let the
audio pass and to suppress the RF energy. Again the
capacitoris necessary — butthe value must be picked
with some prudence. (Bigger isn't always better.} |
changed the capacitor to 0.0033 microfarad. The
audio sparkled. Voices were easier to understand.

microphones

Anyone who reads the advertising for micro-
phones knows that you need a special microphone
for SSB. It sounded reasonable to me, so | bought
two microphones with lots of “punch.” One was a
crystal element type. The other microphone had a
rising response dynamic element. Both microphones
had more highs than lows — just the ticket to “‘get
more DX.”” | also owned a flat response electret con-
denser microphone.

Early one winter morning | was working a DX sta-
tion on 80 meters. | asked the DX station if he would
listen to three different microphones and select the
one that was easiest to copy under adverse condi-
tions. | tried microphone number 1, number 2, and
number 3. The microphone that produced the best
copy was microphone number 3 — the condenser
microphone — and the same microphone my local
friends preferred to listen to. To be sure, this was
only one test, but it certainly cast doubt on the tra-
ditional view of what it takes to be understood on
SSB. Perhaps we don’t really need to sound like
ducks after all. Many amateur radio transceiver
manufacturers now offer condenser microphones.
Most of the microphones worn by television news-
casters are of this type.

adjusting the carrier oscillators

The most important adjustment in an SSB trans-
ceiver is the carrier oscillator. This adjustment sets
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needed is a common audio generator that can be ad-
justed for a few millivolts and an RF wattmeter-
\ C tor TTL and 24 VDC for solenods dummy load. Connect the generator to the micro-

mach o e phone input. Adjust the audio frequency for 1000 Hz.
329. By e o Set the level at a value that is about half of the max-
é;us--- DN il PO imum output power — for example, 40 watts. Adjust
$279.00 ea. the generator higher in frequency until the wattmeter
reads one quarter of the wattage produced when the
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Iy s A for both of my transceivers.

nlimited Some people believe that a wider filter will impair

reception because of increased splatter from adja-
cent stations. Most of the splatter on the ham bands
is due to distortion products coming from the other
fellow’s transmitter; distortion products such as
these can never be eliminated with a receive filter
because the distortion is on the same frequency as
the station you are trying to listen to.

RM 1°°° — There are devices on the market that will correct

Faxio Modem © for a slight loss in treble transmit response caused by
S—— a 15-cent capacitor being the wrong value. But if the
carrier oscillator is misadjusted, these devices will not
be effective. For example, if the carrier oscillator is

CO M PUTER RADIU M ODEM set so that the high frequency rolloff is 2200 Hz, the

SSB filter is going to have the last word on what gets

Connect your TRS-80, Atari, Apple, or IBM-PC through. Boosting the treble with an accessory can
to your radio for the ultimate in two way digital make the problem less noticeable, but will not restore
communications (CW/RTTY/ASCII). the high frequency rolloff to 2800 Hz as it should be.
Carrier oscillators can also be adjusted by ear. The
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MACROTRONICS, inc.® report.

e o~ 162 Clean audio is a pleasure to listen to on the air, and

1125N L Vv : o ; )

TURLOCK CA 95380 rotten, splattering audio is a blight on the bands. )
ham radio
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ham radio

the groundplane
loop antenna

Every once in a while an interesting
antenna comes along that causes me
to ask, “Why didn’t | think of that
idea?’’ A case in point is the ground-
plane loop antenna described by
Hans Wuertz, DL2FA, in cg-DL, the
monthly publication of the German
Amateur Radio Club. An English
translation of the pertinent data on
the loop was recently published in
Radio Communication, the journal
of the Radic Society of Great Britain
{(RSGB).

The basic configuration of the
DL2FA loop is shown in fig. 1. The
design is a half of a full-wave loop
antenna with the other half formed by
the ground image. With a 0.2 wave-
length half-loop for the lowest oper-
ating frequency, DLZFA claims that
the antenna can be tuned to cover a
2-to-1 frequency range (3.5 to 7 MHz,
for example).

Even though the radiation resis-
tance of the antenna is low, the effi-
ciency of the antenna is excellent,
and at 3.5 MHz the field strength is
only 2 dB less than a full-size quarter-
wave vertical antenna. At 7 MHz, the
field strength is within 0.5 dB of a full-
size vertical.

To achieve low loss, the loop and
ground return are constructed of
3/8-inch {approximately 10 mm) di-
ameter copper tubing. The copper

TECHNIQUES v ;50

LENGTH=0.2 A
FOR LOWEST FREQUENCY

GROUND RETURN TUBING

fig. 1. The DL2FA groundplane loop with
gamma match feed. Tap point is approx-
imately 0.04 wavelength. Ground return
tubing is soldered to ground screen.
Semicircie length is 27 feet 6 inches for
80-40 meter operation.

tubing that runs along the surface of
the ground is soldered to a ground-
plane or mat made of chicken-wire
(size not specified).

Measured data for the groundplane
loop is tabulated in table 1.

FIBS revisited

A few years ago 80-meter oper-
ators in southern California and
Arizona were surprised to hear one of
the rarest broadcasting stations in the
world: the Falkland Islands Broad-
casting Station operating on 3.958
MHz. The signals would appear on an
otherwise dead band in the late after-
noon hours for a few moments and
then disappear. The signals seemed
to peak in the spring and fall.

Reports indicate the station is be-
ing heard once again. It seems that
they are using single sideband with
carrier, with the audio present on the

c

upper sideband. Reception reports on
this unusual station would be appre-
ciated. The programs consist mostly
of pop and disco music with BBC
news on occasion.

It is thought that the FIBS prop-
agation into the Northern Hemi-
sphere is by other than normal ion-
ospheric reflection. One theory is that
the signal (and other DX signals near
that frequency) may be propagated
by a “whistler’” path which extends
into outer space far beyond the
ionosphere.

a simple 50 to 75 ohm
RF transformer

Shown in fig. 2 is a simple high-
frequency transformer that provides
wideband transformation between 50
and 75 ohm unbalanced lines. The
design is by JATAKP, and appeared
in a recent issue of CQ-ham radio
{Japan). The transformer is wound
on a FT-114 (x = 125) No. 61 ferrite
core (Amidon FT-114-61) having an
outside diameter of 1.142 inches and
an inside diameter of 0.75 inch. A tri-
filar winding of No. 18 wire is used,
with two coils having 8 turns and one
coil having 4 turns.

A 100 pF mica capacitor to ground
is placed at the junction of the two 8
turn coils and a 10 pF capacitor to
ground is placed at the 75 ohm port.
The units are 500 volt rated. The
balun is designed for 3.5 to 30 MHz at
the 100 watt average power level.
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« Extremely Compact « 3.5 to 30 MHZ

« All Bands * Dual VFO's » 1.8 to 30 MHZ * 200 Watts !
« General Coverage = 8 Memories » Super Receiver « Selectable IF/PBT » 200 Watts + Inexpensive
» 200 wWatts Tuning
ANTENNA SALE
CUSHCRAFT HYGAIN TOWERS BUTTERNUT HYGAIN

A-3 $210 HG37SS $ 649 HF6V $109 THSMK2S $318
A-4 $279  HG5255 $ 919 KLM TH7DXS $378
R-3 $269 HGS54HD $1429 KT34A $299 TH3MK3S $218
AV-5 $96 HG70HD $2339 KT34XA $449  TH3JRS $158
214-FB $78 HG50MTS $ 749 144-148LBA § 69 TH2MKS $138
3219 $92 18AVT/WS $ 94
40-2CD $279 LARSEN CALL AEA CALL  18HTS $335

CALL “TOLL FREE" FOR ALL ANTENNAS & ACCESSORIES V2s $ 57

CALL FOR HYGAIN TOWER PACKAGES.
2900 N.W. VIVION RD. / KANSAS CITY, MISSOURI 64150 / 816-741-8118

The Dayton HAMVENTION will present three
awards to selected recipients at the 1984
HAMVENTION on April 27, 28, 29, 1984. In
addition to the AMATEUR OF THE YEAR and
the SPECIAL ACHIEVEMENT awards, a third
award for TECHNICAL EXCELLENCE will be
given annually for outstanding accomplish-
ment specifically oriented to the technical
aspect of amateur radio.

Nominations are requested for each of
these prestigious awards. The deadline for
submission is April 1, 1984. Write for addi-
tional information.

AWARDS COMMITTEE
1984 Dayton HAMVENTION
P.0. Box 44
Dayton, Ohio 45401
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BEAM ANTENNA HANDBOOK
by Bill Orr, W6SAI

Recommended reading Commonly asked questions like: What 1
element sp.u,lr|g° Can ditterent yagi antennas be stacked. withou

the best
osing
performance? Do monoband beams outperform tribanders? Lots of construc
lion projects, diagrams, and photos. 198 pages 1977. 1st edition

RP-BA Softbound $7.95

SIMPLE LOW-COST WIRE ANTENNAS
by Bill Orr, WESAI

Learn how lo build simple, economical wire anlennas Apartmen! dwellers
lake note' Fool your landlord and your neighbors with some of the "'invis
ible’" antennas found here. Well diagramed 192 pages 1972

'RP-WA Softbound §7.95
THE RADIO AMATEUR ANTENNA HANDBOOK
by William 1. Orr, W6SAI and Stuart Cowan, W2LX

Contains lots ol well llustrated construction projects lor vertical, long wire
and HF/VHF beam antennas. There is an honest judgment of antenna gain
figures, information on the best and worst antenna locations and heights, a

long look at the quad vs. the yagi antenna, information on baluns and how
to use them, and new information on the popular Sloper and Delta Loop

antennas. The text is based on proven data plus practical, on-the-air experi
ence. The Radio Amateur Antenna Handbook will make a valuable and olten
consulted reterence. 190 pages

[ IRP-AH Softbound $7.95

ALL ABOUT CUBICAL QUAD ANTENNAS
by Bill Orr, W6SAI

The cubical guad antenna is considered by many to be the best DX antenna
because ot its simple, lightweigh! design and high performance. You'll find
quad designs for everything from the single element to the multi-element
monster quad, plus a new, higher gain expanded quad (X-Q) design
There's a wealth ol supplementary data on construction, feeding, tuning
and mounting quad antennas. 112 pages 1977

Softbound $6.95

[ /RP-CQ
Please add $! 00 to cover shipping and handling
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ancient modulation

Since the late 1950’s single side-
band has reigned supreme on the
Amateur bands. Users of amplitude
modulation (“‘ancient modulation’’)
have been greeted with derision and
have gradually retreated to obscure
regions of 160 and 10 meters. Many
newly-licensed Amateurs have never
heard an AM ham signal!

While Amateurs may pride them-
selves that sideband has provided
them with a quantum leap ahead in
communications reliability, they may
forget that amplitude modulation is
still the prime communication me-
dium in the world. After all, the
broadcast band is full of AM signals,
and there are a lot of them!

Generally speaking, while the quali-
ty of Amateur SSB voice transmis-
sion has deteriorated,* the quality of
AM transmission has improved. The
modern term for broadcast quality is
“transparency’”’ — the transmitting
system must be ‘“‘transparent”’ with
regards to the modulating signal.

While much thought and ingenuity
have gone into AM transmission in
the last decade, most of it has by-
passed the Radio Amateur. New
techniques, such as high-level pulse-
duration modulation, AM stereo and
audio processing are unknown in the
ham bands, but noise reduction sys-
tems, equalizers, delay/reverb ef-
fects, level controllers, low frequency
extenders and other processing tech-
niques are routinely used by AM
broadcasters to make their audio
more realistic and outstanding.

On the receiving end of the line,

I 75 ohms J
|

50 ohms

= {0

100

fig. 2. Wideband transformer to match
850 ohms to 75 ohms over the range of 3.6
to 30 MHz. Amidon FT-114-61 {or equiv-
alent) core is used. Trifilar winding of :
No. 18 wire consists of two coils of 8
turns and one coil of 4 turns. See text for
further details.

—

even the less expensive clock-radio
combo receivers have audio systems
that make the average ham receiver
blush with shame.

Even though most ham signals are
“strained’’ through a narrow-band IF
fitter, there is no reason why the rest
of the receiver should be below par as
far as audio quality goes.

Recently | put a little audio feed-
back around the output stages of my
trusty ham receiver, replaced the 19-
cent (?) output transformer with one
that had some iron in it, and ran the
whole works into a spare stereo
speaker. My goodness! [ didn't re-
cognize the sound of the ham bands!
A lot of signals (whose operators
previously sounded as if they were
talking into a tin can at the end of a

table 1. Groundplane loop dimensions and performance data. (Courtesy of Radiﬂ
Communication, published by the Radio Society of Great Britain and available from
Ham Radio’s Bookstore, Greenville, New Hampshire 03048.)

c1
band semicircle length {pF]
35- 70 27ft 6in(8.4m) 332
7.0-14.0 13ft 9in(4.2m) 184
14-28 6ft10in{2.1m) 102

comparison

bandwidth efficiency with 1/4 wave
{—3dB points) % (MHz) vertical
5.7kHz 70(3.9) -191dB
to 67 kHz 96 (7.0} -0.85dB
1 kHz 77(7.0) -1.562dB
to 147 kHz 97 (14.0} -0.50dB
24 kHz 83(14.0) ~1.22dB
to 323kHz 98 (28.0) ~0.47d8B

long string) actually sounded quite
pleasant, and some signals sounded
downright natural!

| then wondered what my trans-
mitted audio quality was like. | put a
good audio generator into the trans-
mitter and looked at the audio signal
as it entered the balanced modulator.
| didn't like what | saw. Any resem-
blance to a sine wave was minimal.

It was no job at all to add a feed-
back resistor and to change another
resistor in the low-level audio stages
to make the waveform look very pass-
able. Now, what came out of the ex-
citer audio system bore a close simi-
larity to what went in.

At this stage | stopped as | became
bogged down into an interminable
discussion of microphones with
friends who knew a lot more about
them than | did. The consensus was
that the best way to improve audio
quality was to throw away the micro-
phone that came with the exciter and
buy a good one! Without exception,
all of my friends who had particularly
pleasing and “punchy’’ signals on the
air had replaced their standard trans-
mitter microphones with different
(and more expenci+e) units,

So there it is. The “"ancient mod-
ulation”’ technigues of 1984 and the
techniques used by up-to-date broad-
casters certainly have some merit for
use in the Amateur bands. Which of
these new techniques should we ex-
amine? | throw the column open to
discussion from the readeis. (What's
the input from hams who work in
broadcasting? 1'd especially like to
hear from you. )

staggered stacking

It is common practice in the VHF
bands to stack two or more high-gain
Yagi beams to obtain increased gain.
Adjustment of the stacking distance
can improve sidelobe reduction of the
array.

Experiments conducted by G.J.
McDonald, VK2ZAB, and reported in
the Australian magazine Amateur
Radio, indicate that an improved

*See "‘better-sounding SSB,” page 58 — Editor
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We are now an Authorized FT.208R

DORAKE TRS TRTA. RTA L7 L7s Earth§
Satellite Apceiver ESR 24, THETA S000E & 500 Q3
EARTH SATELLITE STATION ESS-2250

FT1.708R
FIC 1903

KENWOOD

Dwale
HE00, R000, R-2000, T5-0305/AT
TS 4305, TR 25003500, TR 7830. TR
7850, TW-4000A
Kenwood Service! Repair

ROCKWELL/COLLINS
KWM-380
VoCom/Mirage
Tokyo Hy-Power
Amplifiers &
SIBAHT Gain
Antennas IN STOCK
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MURCH Mode! [T
uT20008

Models
#00, 408, MIC, A MID

HAM MasterTapes —
Beta or VHS Tapes -

FREQUENCY

T
[ e

Repeaters in Slock
Spectrum SCR-1000, 4000, & 77

. ompuler Interfaces
stocked: MFJ-1224
AEA CP-1, Kantronics
ICOM IC-RP 3010 (440 MHz)

Ham ClockHam Tags
Big " ICOM IC-RP 1210 (1.2 GHz)

Complete Butternut Antenna
Inventory In Stock'

KANTRONICS
Field Day 2. Mini-Re
Interface, Softwar

DIGITAL

Code Tapes COUNTER
T ROBOT 450C-800C-1200C v
AR Color Mod Kit
; ::zogzlusnc 3 umw-........ .
12BY7A & I'“-I‘-:::m ot wnpant
44
- BENCHER PADDLES &
BIRD ﬁ i Vibroples Keys In Stock!'!
AEA 144 MH2 Waltmeters & w2 . Ve ? New TEN.TEC
AEA 440 MH: Elements  “ 2591 HT, Corsair In Stock e
ANTENNAS In Stock = DENTRON IS BACK IN STOCK! 10 you § HEE of spping cont

MAIL ALL ORDERS TO BARRY ELECTRONICS CORP., 512 BROADWAY, NEW YORK CITY, NY 10012,

We Stock AEA, ARAL, Alpha, Ameco, Antenna Specialisis. Asiabic

DEALER
o Astron. B & K. B & W, Bash, Bencher, Bird, Butternut, CDE. CES, Collins

New York City's _

IN PREMISES

Communications
Daiwa. Dention.

Connectors, Covercrall, Cublc (Swan), Cushcralt
max, Drake, ETO (Alpha), Eimac, Encomm, Hell
{Newironica), Hy Gain, lcom, KLM, Kantronics

‘“Aqul Se Habla Espanol"' Soung, W P
Larsen, :EL (Dalwa), MFJ. JW._ Miller, MiniProducts, Mirage.

DEALERINQUIFRIES INVITED PHONE IN YOURORDER & BE REIMBURSED |
L & serviced on premises.
Amateur Radio & Computer Courses Qiven On Our Premises, Call
Export Orders Shipped Immediately, TELEX 12.7670 |

Subways BMT “Prince 51 Station’
IND “F" Train-Bwy. Siation

DIRECTION FINDING?

+ Doppler Direction % Circular LED

Finding Display

* No Receiver Mods % Optional Digital

+* Mobile or Fixed Display

* Kits or * Optional Serial
Assembled Units Interface

* 135-165 MHz * 12 VDC Operation
Standard Range * 90 Day Warranty

New Tech y (patent pending) converts any VHF FM receiver into an advanced

Doppler Direction Finder. Simply plug into receiver’s antenna and external speaker
jacks. Use any four omnidirectional antennas. Low noise, high sensitivl(g for weak
signal detection. Kits from $270. Assembled units and antennas also available. Call or

write for full details and prices.
5540 E. Charter Oak,

g DOPPLER SYSTEMS, ¥4 E Charter Ok (602) 998-1151
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fig. 3. The VK2ZAB array employing
staggered stacking. Bottom Yagi is ad-
vanced one-quarter wavelength in front
of upper array and extra quarter wave-
length is added to the phasing line. |
Front-to-back ratio is improved by this
modification.

front-to-back ratio in a Yagi stack can
be achieved by staggering the anten-
nas. That is, the bottom Yagi of each
vertically stacked pair is advanced
one-quarter wavelength on its mount-
ing so that it projects one-quarter
wavelength in front of the upper array
(fig. 3). The phase lead in the for-
ward direction is cancelled by adding
an extra quarter wavelength to the
phasing harness connected at the
bottom Yagi, thus insuring that the
current to both arrays arrives from
the feed junction in phase.

Signals arriving at the rear of the
array are subject to a 90-degree lag by
virtue of the position of the bottom
Yagi relative to the top one, plus the
additional 90-degree lag caused by
the extra length of phasing line.

Results? With a conventional stack
of two Yagis, the measured front-to-
back ratio was about 12.5 dB. The
staggered stack provided a front-to-
back ratio of 24 dB, for an improve-
ment of 11.5 dB. And that is equiva-
lent to about 2 "'S"" units enough
to make the difference between just
being able to copy a DX signal
through QRM from the rear of the
array and copying it comfortably!

Final measurements showed the
staggered stack had about 0.25 dB
more gain than the conventional
stack and also reduced the sidelobes
to some extent.

ham radio



John J Meshna Jr, Inc.

19 Allerton Street « Lynn, MA 01904 « Tel: (617) 595-2275

SELF STANDING COMPUTER TERMINALS

We acquired a small number of these Leautifully made computer
terminals which were made by a major U, S. manufacturer. We

do not know all the details about them at press time, but we can
tell you that someone lost over $2000 on each of them. They lose
vou win. The terminals feature 3 micro-processors for powerful
capabilities, 106 key, Hall Effect ASCII keyboard, 10 user define-
able keys, EAROMs, 16K RAM, 48K ROM, serial RS 232 asyn-
chronous data communications, (synchronous optional), select-
able baud rates of 75-38.4K BPS, high resolution, 12" green
screen, composite video monitor, 80 X 25 line scrolling display,
built-in reverse video option, self-contained, lightweight, tightly
regulated switching power supply & more than can be fit in this
space. The terminals were designed to be daisy chained around a
central host computer and used as individual work stations. The
host system could then selectively address any machine in the net-
work for any message it may have. All units are visually inspected
prior to shipment. An operators manual is provided w/ each unit.
Shpg. wt. 551b. model no. MT 686 $289.00

With the addition of our TP 420 dual FDD system below, you can
create your own office system.

We offer the following as options: schematic pac. 3 lb. $10.00
USRT for synchronous data comm. w/ installation data $ 10.00
25’ RS 232 cable, 1 male & 1 female DB 25 connector $ 20.00

TP 420 DUAL MINI-FLOPPY DISC SYSTEM

The TP 420 is an extremely versatile mini floppy disc drive sys-
tem. It consists of 2 Shugart SA 400 5'4” floppy disc drives, as-
sociated logic, controller card, power supply, cooling fan, and
case. The TP 420 has a built in controller card which features:
7 80 A CPU, Z 80A DMA, Z 80A CTC, Intel 8271 controller
chip, 6K RAM, ROM, plus other goodies. We have been told
that the serial interface controller card within the TP 420 will
support up to 4 8” drives from the unused port on it. The con
troller card can be easily removed should you wish to use it on
some other system. Also built in is a tightly regulated, switch-
ing power supply which runs on 115/230 v 50/60 hz.. The TP
420 is shipped w/ the interface cable for the MT 686, data, &
schematics, Shpg. wt. 22 IL. Stock no. TP 420 $300.00

PDR-27 NAVY RADIATION METER

Just released by the US Navy. They appear to be in excellent condition and include the
fitted aluminum transit case. Batteries not fumished but are available in most electronic
supply houses. 4 ranges 0.5 to 500 mr/hr. Removeable hand probe, detection of Beta
and Gamma radiation. With todays world conditions and perhaps proximity to a nuke
power station, it might provide a little insurance to own one of these instruments. With no
facilities to check or test, we offer AS IS, visually OK Schematic provided with each. We
have some accessones and offer as an option although not required for operation.
Shipping wgt. 22 Ib. PDR-27 Rad Meter $50.00
PDR-27 phones $7.00 Approx. 100 page Instr. Book $10.00
Hi Sensitivity GM tube $10.00 Low Sensitivity GM tube $5.00

The above listed tubes are already installed in the meter.

We are offering these as spares if desired.

PHONE ORDERS accepted on MC, VISA, or AMEX
No COD's. Shpg. extra on above.
Send for free 72 page catalogue jam packed w/ bargains. o

More Details? CHECK — OFF Page 108 February 1984 [@ 67



For OSCAR 10 and Russian
Satellite Communications

2M-14C

KLM's Circular Polarized antennas have been specifically de-
signed to optimize OSCAR 10 and Russian satellite operation.
Quality workmanship and superior design, yield virtually per-
fect circular patterns over the satellite operational bandwidth.
Enjoy less Multi-Path Distortion, less Flutter, Fade, and better
S/N Ratios, with comparable performance on transmit.

Both the 2M-14C and 435-18C sport virtually unbreakable 3/16’
rod parasitic elements anchored thru the boom, folded dipole
driven elements produce excellent physical and electrical sym-
metry for years of constant performance.

Specifications: (2M-14C)

BANDWIDTH: ..144-150 MHz
GAIN: 11 dBde
BEAMWIDTH: .......cc0u0- 48
FEED IMP: .....50 ohm unbal.
BALUN: v svsesmnin 4:1,2KW

BOOM LENGTH: ......... 12'9
VESWR: . Ll Aaiaka e 1.2:1
WINDLOAD: ........ 1.25 sq. ft.
WT. (LBS) . ¢ i soisi s o il
ELLIPTICITY; ..... +3 dB Max,

NEW * NEW * NEW * NEW * NEW * NEW * NEW * NEW * NEW

* NEW *» NEW » NEW » NXEW * NEW »

REMOTE CONTROLLED
ANTENNA TUNER

Installs outside at
the antenna  Max-
imum efficiency »
Optimum impe-
dance match » Fin-
gertip control e
Works all bands
with low VSWR
160 thru 10 meters
continuous * Works with all antennas,
doublets, inverted V's, verticals, single
band, multiband, trap or parallel type ele-
ments. Also available in mobile version for
full band coverage from driver's seat

Model VT-4 Home installation
Model VT-3 Mobile installation
ONLY $159.00 ~ 189
For more information write
VECTOR RADIO
PO Box 1166  Cardiff, CA 92007

FCC LOWERS
REQUIREMENTS —
GET YOUR RADIO
TELEPHONE LICENSE

FCC changes make obtaining a High-level
Radio Telephone License much easier now.
Eliminate unnecessary study with our short-
cuts and easy to lollow study material. Obtain-
ing the General Radio Telephone License can
be a snap! Sample exams, also section cover-
ing Radar Endorsement

A small investment for a high-paying career in
electronics

CIRCULARITY SWITCHER: ...........00a0 ke .. INCLUDED
- $19.95 ppd.

Satisfaction Guaranteed

SPI-RO DISTRIBUTING
P.0. Box 1538

The 435-18C is a star performer, an Hendersonville, N. C. 28793

optional CS-2 circularity switcher
puts left, and right-hand circular
control in your shack, and doubles
as a two port divider/impedance
transformer for single feed line
convenience.

. N !
Specifications: (435-18C) - S
BANDMDTH;:‘-.- .420-450 MHz GAIN: ..... 3 ._,*f ... 12dBdc
BOOM LENGTH: ........7.3 f1.
BEAMWIDTH: ............. 44 FEED IMP: ...:.50 ohm unbal.
WT.(LBS): .uvs. 45 BALUN: ..... ,E’, L. 2=-4:1. IKW
MAST DIA: «....Cen-Rear/1'2’ ELLIPTI e s 3dB MAX.

CIRCULARITY SWITCHER vees. . (CS-2) OPTIONAL
y iR " L ® Add-on Ac
. =" | range, add it

‘Sce vourdocal KLM dealer or write for our complete catalog

. electronics Inc.
. PO. Box .816' Morgan Hill, CA 95037

SYNTHESIZED
SIGNAL GENERATOR

435-18C T

SG100D
MADE IN © $349.95
USA plus shipping

* Covers1001

VSWR: ....... aﬁc_nuooo&ojns:l dial ® A

196-23 Jamaica Ave., Hollls, NY 11423
Phone: (212) 468-2720 >
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VHF meteor scatter
communications

Sporadic meteor activity
improves reliability

Meteors are space junk — typically, small bits of
stone or metal from a passing comet, or perhaps left-
overs from the formation of our solar system.

When a meteor enters earth’s atmosphere it al-
most always burns up. Its violent passage produces
heat, light, and an ionized trail of gases in the upper
atmosphere which reflect or reradiate radio signals,
an effect known by those who observed the return of
American astronauts from space. Not long ago, the
crews of the space shuttle Columbia lost contact
with the ground for several minutes during reentry
because of the reflective properties of ionized gases
created by the tremendous heat of reentry.

A few Amateurs have taken advantage of these
ionized trails to communicate beyond the VHF hori-
zon, using various modes of transmission. Until now,
however, communications using the reflective and
refractive qualities of meteor trails have been re-
stricted to periods of stream or shower meteors, be-
cause only these periods provide a level of ionization
high enough to support two-way communication us-
ing Morse code or voice modes.

Once again the Amateur community stands on a
technological frontier, for with the aid of today’s
microprocessor systems, some of the more than 100
million meteor trails that occur daily can be used

even though their peak reflective trail lasts only
several milliseconds.

Perhaps the most appealing aspect of the meteor-
burst concept is the use of bands ““closed’’ to normal
communication because of poor conditions. Sporad-
ic meteors occur 24 hours a day, 365 days a year.
This means you need not store that 6-meter rig in the
closet during minimal sunspot activity; you can go
right on using it to communicate in a new way using
new transmission techniques.

shower and sporadic meteors

lonized paths created by the passage of sporadic
and shower meteors allow two-way radio commun-
ication by returning a portion of the signal to the
earth much the same as the ionosphere does at fre-
quencies below 30 MHz. Current Amateur meteor-
scatter operations take place mainly during large
meteor showers. These predictable showers are
composed of meteors large enough to cause trails
lasting several minutes; the trails are long enough to
allow operating techniques to take place at humanly
controllable speeds.

Meteor showers or stream meteors occur at pre-
dictable times during the year (see table 1 and fig. 1},
with peak activity during June, July, August, and
December. Communication using the shower mete-
ors is @ VHF speciality in the same class as using
sporadic E, tropospheric scatter, and ducting condi-
tions. (In contrast, the sporadic meteor-scatter user
need not be concerned with meteor-shower sched-
ules or optimum direction calculations.)

Because they appear to radiate from certain points

By Lloyd Vancil, Al7J, 520 Del Sur Way, Ox-
nard, California 93030
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in the sky, meteor showers are usually named for a
constellation visible nearby: for example, the
Geminids appear to come to Earth from the con-
stellation Gemini. As the constellation moves across
the sky, communication is established and main-
tained by keeping the antenna trained on Gemini as
the Earth rotates.

Unlike shower-borne stream meteors, sporadic
meteors bombard the earth’s atmosphere constantly.
An average of 100 million meteors large enough to
leave an ionized trail enter the earth’s atmosphere

daily. The usable trails occur at an altitude of 50 to 75
miles (80 to 120 km)} and must last more than a few
hundred mitliseconds (table 2) in order to be usable.

Sporadic meteors are the small meteors charac-
terized by the “‘ping’’ noise heard by VHF DXers —
hence the name, ping jockey.”” Sporadic meteors
are the ones used to communicate over distances up
to about 1000 miles {1600 km) by relatively new data
acquisition systems.’

Although sporadic meteors appear continuously,
their most intense activity is between 0400 and 0800

that order, under shower name.

table 1. Meteor shower data for 40 degrees north latitude. Peak days, meteor velocities, and hourly rates are given, in

L
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shower and date
{peak date}
(velocity)
(rate)

January 1-4
QUADRANTIDS
Jan. 3, 42km/s
50/hr

May 1-6

ETA AQUARIDS
May 4, 64km/s
15/hr

June 1-15
ARIETIDS

June 7-8, 39km/s
60/hr

July 26-31

DELTA AQUARIDS
July 29-30, 43km/s
20/hr

August 10-14
PERSEIDS

Aug. 12-13, 61km
50/ hr

October 18-23
ORIONIDS

Oct. 21-22, 67km/s
20/hr

November 14-18
LEONIDS

Nov. 16-17, 72km/s
10/hr

December 10-14
GEMINIDS

Dec. 12-13, 35km/s
60/hr

December 21-23
URSIDS

Dec. 22, 35km/s
13/hr

optimum
time/path
(local standard)

0220-0740/NW-SE
0740-0900/E-W
0900-1430/NE-SW

0410-0630/ NE-SW
0630-0830/E-W
0830-1050/NW-SE

0515-0745/N-S
0745-0920/NE-SW
0920-1015/E-W
1015-1155/NW-SE
1155-1426/N-S

0100 /NE-SW
0100-0330/E-W
0330 /NW-SE

2330-0430/NW-SE
0430-0730/E-W
0730-1230/NE-SW

0015-0145/N-S
0145-0350/NE-SW
0350-0500/E-W
0500-0710/NW-SE
0710-0840/N-S
0200-0430/N-S
0430-0600/ NE-SW
0600-0700/E-W
0700-0840/ NW-SE
0840-1100/N-S
2115-0100/N-S
0100-0200/NE-SW
0200-0230/ E-W
0230-0330/NW-SE
0330-0715/N-S

2200-1600/E-W

antenna
offset
direction notes

SW intense, but lasts
S only several hours
SE

NW
N
NE

w intense daylight
NW shower, but mostly
N small particles

NE

E

NW

N

NE

SW reliable; many
S large particles
SE

w
NwW
N

NE
E

wW Periodic, spectacular
NW every 33 yrs; poor in

N between. Next peak in
NE 1999.

E
w reliable, many large
Nw particles

N

NE

E

S




hours, local time, because this is the time when the
local sector turns toward the direction of the Earth's
travel through space. This is a solar system event, in
that the occurrence is approximately the same at
local time at any point on the Earth — just as
daybreak or moonrise.

The peak in daily variation in sporadic meteor ac-
tivity occurs when a sector of the Earth's surface
becomes the “leading edge’’ of the planet’s progress
through space, effectively “leading” the sweep of
the planet through space.
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From late afternoon through early evening, the
“leading-edge"’ portion of Earth’s surface changes to
the “trailing edge;”" only those meteors traveling fast
enough to catch up are caught in Earth’s gravitation-
al field. Of these, only some will produce a usable
trail. The late afternoon events are much further
apart and meteors move much more slowly relative
to the Earth’s surface, resulting in greatly increased
waiting time between usable paths (fig. 2).

Because the number of usable sporadic trails
varies on an annual and daily basis, astronomers
have concluded that sporadic-meteor materials are
spread fairly evenly throughout the solar system, but
confined to the plane that intersects the planets.

history
Mankind has been aware of meteors — so called
“shooting stars’ — since his first view of the night

sky. The radio disturbance caused by meteors is a re-
latively recent discovery; Skellett,? in 1932, was the
first to link an increase of noise in a receiver to the
passage of meteors through the atmosphere. Allen®
studied the meteor-scatter propagation of signals
from an FM transmitter at Paxton, Massachusetts, in
1934. In this work, he identified both the shower and
sporadic types of meteor trails. Virtually all ad-
vances in the field to date are based on his and
Skellett's works.

The feasibility of meteor-burst communications
was first tested by the National Bureau of Standards

table 2. Order of magnitude estimates of the properties of sporadic meteors.
|
number of this
3 mass or greater electron line density
mass swept up by the (electrons per meter
(grams) radius earth each day of trail length)
particles pass
| through the
| atmosphere and
| fall to ground 104 3.15in 8cm) 10 1018 ,
Particles totally 108 1.57in (4cm) 102 1018
disintegrated in the 102 7.87 %10 1 (2em) 102 108
. upper atmosphere 10 3.15x10 ! (0.8cm) 104 108
1 1.57 <10 1 (0.4cm) 108 1017
| 101 7.87x10 2 (0.2¢cm) 106 101
J 102 3.15x10 2 (0.08 cm) 107 108
| 10 3 1.67x10 2 (0.04 cm) 108 1014
[ 10 4 7.87x10-3 (0.02¢m) 109 101
10 % 3.15x10-3 (80 MICRONS) 1010 1012
Approximate limit 10 6 1.57x10 3 (40 MICRONS) 101 o
of radar 107 0.787 =10 3 {20 MICRONS) 1012 1010
measurements 10 & 0.315x10 3 (8 MICRONS) ? ?
Note: Information from K. Davies, “'lonospheric Radio Propagation,”” National Bureau of Standards Monograph #80, April, 1965,
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The small dish that
captures all the
entertamment

\

WILSON

MICROWAVE
SYSTEMS, INC.

Only Wilson Microwave Systems can
give you the versatility of hand-held
control of the total satellite television
spectrum at such a remarkably

low price.

Total System Desi

gl’l.
From the solld steel antenna to t

state-of-the-art electronic receiver and
hand-held control unit, Wilson gives
you the most complete, integrated
system you can own.

At Wilson Microwave Systems, we
put the world of entertainment in the
palm of your hand.

NOW ONLY

$1695.00 sm w

Includes: 110° LNA - Polarizer | - 100’ Cable
Wilson MD9 Dish - YM1000 Receiver

) Dealerships
BUILT BY YAESU Available
1 year wa.rranty on receivers Antenna is shown with optional LNA cover.

4 year limited warranty on dish

Distributed by
NAMPA SATELLITE SYSTEMS

312 12th Avenue South ® Nampa, Idaho 83651
(208) 466-6727
In State Wats 1-800-654-1319 * Out of State Wats 1-800-654-0795
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i
4 fig. 2. Normalized daily variations in meteor activity.

(NBS) between Cedar Rapids, lowa, and Sterling,
Virginia, a distance of 733 miles (1180 km).* A system
built by NBS and operated from 1950 to 1952 showed
the feasibility of long-range meteor-scatter commu-
nication in the 30- to 100-MHz band. Through experi-
ence with this system, NBS defined certain opera-
tional characteristics of meteor scatter.

Stanford Research Institute (SRI)® built the first
true meteor-scatter communication system in 1956-57
between Bozeman, Montana, and Palo Alto, Califor-
nia. The SRI system used a two-frequency scheme
with a burst rate of 454 bits per second (BPS). A pilot
frequency containing no information was continuous-
ly transmitted. When the receiving station sensed the
pilot signal, it would order the system to begin
transfer of data. There were several problems with
this approach; mechanical delays in the start-up of
data transmission and low receiver sensitivity con-
siderably limited the data transfer rate.

In 1956, the Canadian Defense Research Board®
began using a system called JANET to conduct ex-
periments over paths of 560 to 745 miles (900 to
1200 km). JANET showed a wide difference in hourly
data transfer rates because of daily changes in the
number of meteors per unit time and other iono-
spheric effects, such as sporadic E and aurora.
JANET's overall average information rate was 25.5
BPS, which is equivalent to a speed of 38.25 words
per minute (WPM).

The National Bureau of Standards resumed
meteor communication experiments in 1959, com-
bining JANET technology with some other innova-
tions to attain an overall average data rate of 45
WPM with an error rate of 0.35 percent.” The same
year, under contract with the United States Air
Force, Hughes Aircraft Company developed a sys-
tem for air-to-ground communication, introducing
techniques for improved block transmission and error
detection and correction.

In 1965, the North Atlantic Treaty Organization be-
gan operating a system called COMET (COmmun-
ication by MEteor Trails) over a 625-mile (1000-km)
path using a 200 watt transmitter and a system for
Automatic Repeat Request (ARQ).? ARQ is a system
of error detection that allows the receiving station to

walm

1
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& Mg et

O Compter Conbel

fig. 3. Approximate data collection coverage of SNOTEL
system.

fig. 4. SNOTEL remote site with snow water sensors in fore-
ground,
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fig. 5. SNOTEL remote site in winter.

automatically request a repeat of the last information
received. COMET achieves a worstcase data rate of
14 WPM and an average of 140 WPM.

largest meteor-scatter link

The Soil Conservation Service of the U.S. Depart-
ment of Agriculture operates the world’s largest
meteor-scatter communications data collection
system (fig. 3) installed over a period of four years
{1976-1980), it is a hydrometeorological data collec-
tion system called SNOTEL (SNOw TELemetry)
located in the western United States.

Located in isolated mountain areas, the nearly 500
SNOTEL installations (figs. 4 and 5) collect and
transmit detailed data on weather and snow condi-
tions, updating information every 15 minutes. The
data is used by the Soil Conservation Service for a
number of purposes, including forecasting the
amount of water available for irrigation, municipal
water supplies, and power generation the following
spring and summer.

SNOTEL is controlled by a computer in Portland,
Oregon; the two master stations in Ogden and Boise
(fig. 6) can request, receive, and acknowledge data
from any of the remote sites, using phase shift keyed
transmitters with Henry 4K ULTRA"' finals and four
phase locked loop-based receivers. Each of the four
antennas at the master station is a five-element Yagi
directed at a different quadrant of the sky and tipped
up 30 degrees to optimize perfomance (fig. 7). Cur-
rently, the system collects data from a high percent-
age (typically 90 to 95 percent) of the more than 1015
active channels in the system during a 2-hour nomin-
al polling period each day — a collection of 7000
characters or the equivalent of 1400 five-letter words
per hour, and in maximum message lengths of 256 to
512 bits of sensor data.
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possible Amateur applications

Current microprocessor technology opens up the
field of meteor burst for the Amateur Radio com-
munity. An Amateur meteor-scatter system can be
constructed using a microprocessor to control the
receive and transmit activity. Literally anything that
can be digitized pictures, RTTY data can be
transmitted via meteor burst.

The key to an Amateur meteor-burst communica-
tion system is a standardized format, bit rate, and an
"acknowledge’’ or ARQ system. Several versions of
ARQ system introduced by current meteor-scatter
technology are adaptable to Amateur Radio use.
Microprocessor technology offers several schemes
for developing ARQ systems for error detection and
transmission requests.

fig. 6. Interior of master station at Boise, Idaho.

fig. 7. SNOTEL master station located at Boise, Idaho, and
one of its four antennas



A workable format, detailed in fig. 8, consists of
16-bit sync train (two 8-bit bytes), 72 words of data
(characters), one byte of parity information, and one
group number byte. (This is similar to the SNOTEL
data stream and is convenient for computer use be-
cause of the 72 characters per line.) Inclusion of the
group number allows the receiving end of the com-
munications link to request repeat of a single burst or
group of bursts. Basically this is a simple extension of
the computer-monitored RTTY station that grew out
of the Auto-Start-Auto-Answer RTTY station.

TEETE 7w iy oe?
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fig. 8. Possible burst format.

conclusion

Almost unlimited opportunity for discovery exists
in the field of meteor burst communications. Areas
open to Amateur experimentation include antenna
design and direction control, error detection and cor-
rection techniques, and frequency dependence.
Amateurs could take an active role in the improve-
ment of remote control and RTTY systems and in per-
fecting techniques of data collection and monitoring.

With their access to technology appropriate for
use in exploration of the field, Amateur Radio
operators enjoy a unique opportunity for innovation
and exploration in this expanding field.
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WANT A PLEASANT SURPRISE?

Bob Larry Mary Anthony

Just speak with one of Calverts’ courteous
salespeople. Call one of us now, toll free,
at 800-526-6362.

For your added convenience use your

ALL OUR TUBES ARE NEW UNUSED.

FULL FACTORY WARRANTY.
0A2 $ 200 6JE6 $ 885 6155 $ 70.00
2021 245  B6IME 6.45 6252 55.00
3-400Z 8500 6JS6C 7.95 6360 4.25
35002 8500 6KDG B.85  6550A 6.50
3Cx400U7 32500 6LGGC 385  G883RH/B032A 6.75
3JCXBO0AT 250.00  12AT7 293 7360 12.00
4-125A 70.00 12AU7 2.63 T735A (viowcow 26.50
4-250A 80.00 12AX7/ECC83 2.64 8072 106.00
4400A 80.00 5728/T160L 59.00 8122 104.00
4-1000A 479.00  (572B) Gberewaces win B11A G156 12.50
4CX2508 . . . 52.00 807 650  B8B44 wiocow 26.00
4CX350A 92.00 811A 11.00 B8T3 210.00
4CX350F ... 3500 813 34.00  BB74/3CX400A7 . . 206.00
4CX5000A 1060.00 8298 1500 8875 215.00
4X150A7034 23.00 B32A 12.00 B877/3CX1500A7 . 460.00
5ARA/GZ34 4.37 58944 45.00 8908 12.95
5R4WGB 500 6146A 6.50 8950 11.50
523 3.50  S5K406 Chimney for 3-500Z, 4-400A 52.00
60JB/ECCES 2.75  SK506 Chimney for 4-1000A 72.00
BEAB 4.45  SK606 Chimney for 4X150A, 4CX2508, 4CX350F .. 10.50
SEMICONDUCTORS
MRF245/SD1416 .. 30.00  MRF455 1250  2N3055 95
MRF454 18.95 MRF644/SD1088 . 19.95  2N6084 12.50
COAXIAL CABLE
RGBU (1000 ft.) .. 175.00  RG58U (1000 ft.) . 49.00  RGSYU (1000 fr) . 49.00
CONNECTORS
PL258 10/8.95 UG255U 2.50 M359 1.75
PL259 101495  UG273U 225  Type N Twist On 4.75
UG175176 10/1.60 M358 2.50
CCTV—Complete Security Camera Package
Camera, from award-winning camera maker, 16mm lens, Mounting Bracket, 9" Monitor,
100 foot Cable, Connectors. .. .Total Cost ONLY .. ....................... $285.00

Minimum order $25.00 - Shipping charges extra
F.O.B. East Rutherford, NJ.

{ 10 change or withdr:

TOLL FREE: 800-526-6362 (except from NJ)

CALVERT [ ]
ELECTRONICS, INC.

One Branca Road, East Rutherford, NJ 07073
201-460-8800 - TWX 710-989-0116 = Telex 4990274



THE MOST AFFORDABLE  _*
REPEATER =

ALSO HAS THE MOST IMPRESSIVE |
PERFORMANCE FEATURES

(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!)

REPIOO REPEATER

<+

— e A e A A A - A - ———

FEATURES:

JUST LOOK AT THESE PRICES! e SENSITIVITY SECOND TO NONE; TYPICALLY
0.15 uV ON VHF, 0.3 uV ON UHF.

e SELECTIVITY THAT CAN'T BE BEAT! BOTH

Band Kit Wired/Tested 8 POLE CRYSTAL FILTER & CERAMIC FILTER FOR
GREATER THAN 100 dB AT + 12KHZ. HELICAL
10M,6M,2M,220 $680 $880 RESONATOR FRONT ENDS. SEE R144, R220,
440 $780 $980 AND R451 SPECS IN RECEIVER AD BELOW.

o OTHER GREAT RECEIVER FEATURES: FLUTTER-
PROOF SQUELCH, AFC TO COMPENSATE FOR
OFF-FREQ TRANSMITTERS, SEPARATE LOCAL
SPEAKER AMPLIFIER & CONTROL.

CLEAN, EASY TUNE TRANSMITTER; UP TO 20 WATTS OUT
(UP TO 50W WITH OPTIONAL PA).

HIGH QUALITY MODULES FOR
REPEATERS, LINKS, TELEMETRY, ETC.

Both kit and wired units are complete with all parts, modules, hardware, and crysials.

CALL OR WRITE FOR COMPLETE DETAILS.

Also available for remote site linking, crossband, and remote base, °

HIGH-PERFORMANCE
RECEIVER MODULES

TRANSMITTERS

ACCESSORIES

COR KITS With Audio mixer, speaker ampli-
fier, tail & time out timers. Kit only $38.

® T51 VHF FM EXCITER for 10M, 6M, 2M,

/ 3 220 MHz or adjacent bands. 2 Watts contin- ¢ CWID KITS 158 bits, field programmable,
- . " # uous, up to 2% W intermittent. $68/kit. clean audio, rugged TTL logic. Kit only $68.
f" = e DTMF DECODER/CONTROLLER KITS.
R144 Shown Control 2 separate on/off functions with
touchtones®, e.g., repeater and autopatch.

e R144/R220 FMRCVRS for2M or220 MHz. - ! : h Aut
0.15uV sens.; B pole xtal filter & ceramic filter g:tixntohr:?ya{sng%r LA TBCAIVATIGH: WIKLANID:

in I-f, helical resonator front end for exceptional )

® AUTOPATCH KITS. Provide repeater auto-

selectivity, more than —100 dB at £12 kHz,

78

best available today. Flutter-proof squelch.
AFC tracks drifting xmtrs. Xtal oven avail.
Kit only $138.

R451 FM RCVR Same but for uhf. Tuned line
front end, 0.3 uV sens. Kit only $138.

R768 FM RCVR for 10M, 6M, 2M, 220, or
commercial bands. As above, but w/o AFC or
hel. res. Kits only $118,

Also avail w/4 pole filter, only $98/kit.

R110VHF AM RECEIVER kit for VHF aircraft
band or ham bands. Only $98.

R110-259 SPACE SHUTTLE RECEIVER,
kit only $98.

amronics®
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® T451 UHF FM EXCITER 2 to 3 Watts on 450
ham band or adjacent freq. Kit only $78.

® VHF & UHF LINEAR AMPLIFIERS. Use on
either FM or SSB. Power levels from 10 to 45
Watts to go with exciters & xmtg converters.
Several models. Kits from $78.

® A18 RFTIGHT BOX Deepdrawn alum. case
with tight coverand no seams. 7 x8 x 2 inches.
Designed especially for repeaters. $20.

patch, reverse patch, phone line remote
control of repeater, secondary control via
repeater receiver. Many other features.
Only $90. Requires DTMF Module.

* HELICAL RESONATOR FILTERS available
separately on pcb w/connectors.
HRF-144 for 143-150 MHz $38
HRF-220 for 213-233 MHz $38
HRF-432 tor 420-450 MHz $48

Tell ‘em you saw itin HAM RADIO!




NEW LOW-NOISE PREAMPS

New low-noise microwave transistors make
preamps in the 0.9 to 1.0 dB noise figure
range possible without the fragility and power
supply problems of gas-fet's. Units furnished
wired and tuned to ham band. Can be easily
retuned to nearby freq.

Models LNA( ),
P30, and P432
shown
Tunable

Model  Freq Range Noise Figure Gain Price
LNA 28 20-40 0.8 dB 20dB $39
LNA 50 40-70 0.9 dB 20dB $39
LNA 144 120-180 1.0dB 18dB $39
LNA 220 180-250 1.0dB 17dB 839
LNA 432 380-470 1.0dB 18dB £45

LNA BOO 470-960

1.2dB 15dB 345

ECONOMY PREAMPS

Our traditional preamps, proven in years of
service. Over 20,000 in use throughout the
world. Tuneable over narrow range. Specify
exact freq. band needed. Gain 16-20 dB. NF =
2 dBorless. VHF units available 27 to 300 MHz.
UHF units available 300 to 650 MHz.

® P30K, VHF Kit less case $18
® P30W, VHF Wired/Tested $33
® P432K, UHF Kit less case $21
® P432W, UHF Wired/Tested $36

P432 also available in broadband version to
cover 20-650 MHz without tuning. Same price
as P432; add "B" to model #.

HELICAL RESONATOR
PREAMPS

Our lab has developed a new line of low-noise
receiver preamps with helical resonator filters
builtin. The combination of a low noise amplifier
similarto the LNA series and the sharp selectivity
of a 3 or 4 section helical resonator provides
increased sensitivity while reducing intermod
and cross-band interference in critical appli-
cations. See selectivity curves at right. Noise
figure = 1 to 1.2 dB. Gain = 12 to 15 dB.

Model Tuning Range Price
HRA-144 143-150 MHz $49
HRA-220 213-233 MHz $49
HRA-432 420-450 MHz $59
HRA-( ) 150-174MHz $69
HRA-( ) 450-470 MHz $79

e Call or Write for FREE CATALOG

® (Send $1.00 or 4 IRC’'c for overseas mailing)

e Orderbyphone ormail ® Add $3 S & H perorder
(Electronic answering service evenings & weekends)
Use VISA, MASTERCARD, Check, or UPS COD.

RECEIVING CONVERTERS TRANSMIT CONVERTERS

Models to cover every practical rf & if range to
listen to SSB, FM, ATV, etc. NF = 2 dB or less.

Antenna Receiver
Input Range  Qutput
28-32 144-148
VHF MODELS 50-52 26:30
Kit with Case $49 50-54 144-148
Less Case $39 144-146 28-30
4 145-147 28-30
Wired $69 144-144.4 27-27.4
146-148 28-30
144-148 50-54
220-222 28-30
220-224 144-148
222-226 144-148
220-224 50-54
222-224 28-30
UHF MODELS 432-434 28-30
T R 435-437 28-30
Kit with Case $59 432-436 144-148
Less Case $49 432-438 50-54
Wired $75 439.25 61.25

SCANNER CONVERTERS Copy 72-76, 135-
144, 240-270, 400-420, or 806-894 MHz bands
on any scanner. Wired/tested Only $88.

SAVE A BUNDLE ON
VHF FM TRANSCEIVERS!

FM-5 PC Board Kit - ONLY $178
complete with controls, heatsink, etc.
10 Watts, 5 Channels, for 2M or 220 MHz.

Cabinet Kit, complete
with speaker, knobs,

connectors, hardware.
Only $60.

While supply
lasts, get $60
cabinet kit free when
you buy an FM-5 Transceiver kit.
Where else can you geta complete transceiver
for only $178

For SSB, CW, ATV, FM, etc. Why pay big
bucks for a multi mode rig for each band? Can
be linked with receive converters for transceive.
2 Watts output vhf, 1 Watt uhf.

Exciter Antenna
Input Range  Output
28-30 144-148
For VHF, 28-29 145-148
Model XV2 28-30 50-52
Kit $79 27-27.4 144-144.4
Wired $149 28-30 220-222"
(Specify band) 50-54 220-224
144-146 50-52
50-54 144-148
144-146 28-30
28-30 432-434
For UHF, 28-30 435-437
Model Xv4 50-54 432-436
Kit 99 §1.25 430.25
Wired $169 144-148 432-436*

*Add $20 for 2M Input

VHF & UHF LINEAR AMPLIFIERS. Use with
above. Power levels from 10 to 45 Watts.
Several models, kits from $78.

LOOK AT THESE
ATTRACTIVE CURVES!
T T TTT T T ‘."—rj

Trppcai §eﬁucnwry Curves
of Recelvers and
Helical Resonators.

' T IMPORTANT REASONS WHY

YOU SHOULD BUY FROMTHE
VALUE LEADER:

1. Largest selection of vhf and uhf kits
in the world.

2. Exceptional quality and low prices due
to large volume.
3. Fastdelivery, most kits shipped same day.

4. Complete, prolessional instruction

manuals.

5. Prompt lactory service avallable and
free phone consultation.
6. In business 21 years.

7. Sell more repeater modules than all
other mirs. and have for years. Can give
quality features for much lower cost.

amronics, inc.

65-C MOUL RD. ® HILTON NY 14468
Phone: 716-392-9430

Hamtronics ~

is a registered trademark

More Details? CHECK — OFF Page 108
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AT LAST A MINIATURE
BASE STATION AT A
MINIATURE PRICE...

The MX-15is a 15-meter band SSB/CW hand-held transceiver. It
measures only 1%2"* (D) x 2%'" (H) and offers 300mW for SSB
and CW operation. A single-conversion receiver employing a
MOS/FET front-end offers clear and sensitive reception. As a
base or portable station, the MX-15 offers an unlimited challenge
in QRP operation. Additional accessories are available to extend
your operation
The MX-15 comes with full 90 day warranty and is available
from factory direct or HENRY RADIO (800) 421-6631

@ $129.95

ACCESSORIES SUPPLIED
Standard Frequency crystal of your choice
6 pc. AAA Batteries
DC Cable
Instruction sheet

VisA®

ACCESSORIES AVAILABLE

= MX Channel crystal.... (Standard Frequency) $7.00
= MS-1 External Speaker-Microphone $23.50
= Noise Blanker Kit $6.50
= NB-1 Side Tone Kit $11.50
= SP-15 Telescoping antenna $19.50
= 2M2 DC-DC Converter set $17.50
= PR-1 Mobile Rack Kit $23.50
= VX-15 External VXO (one crystal supplied) $53.50
. $89.50

PL-15 10W Linear amplifier l

-

g =

S iy
—" M ne  MIZumo

Photo shown MX-15, VX-15, PL-15, SP-15, MS-1
and PR-1
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OVER 70 BRANDS
P IN STOCK
A,
4«-‘_

Full Service Shop e Spectrum Analysis *Antennas
New and Used Equipment *CW-SSB-FM, Etc. = Towers
FCC Study Guides «Code Tapes =Books *Accessories

Specialists in Amateur Radio,
Short-Wave Listening

And Contemporary

Electronic Gear.

MON, TUES, WED

_9:30-6:00 PM__
THURS, FRI
9:30-8:00 PM

CLOSED
SUNDAYS
HOLIDAYS

SAT. 9:30-3:00 PM
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Electronic Keyers, etc.

4 Memory channels 256
bits ea. or 1 1024 bit
message; squeeze or
std. keying, auto or
semi-aulo keying, pad-
dle, monitor, etc

MK-1024 $180 PPD
EK-150 same as 1024 excep! no message mem-

ory channels EK-150 $110 PPD

Chromed; non skid base;
dust cover. Silver con-
tacts HK-T06 $27.00 PPD

WEPHA Learn Code Booklet $4.00
100% Money-back Guarantee Dealers Wanted
Free info., other products
GLOBALMAN PRODUCTS
P.O. Box 400H, El Toro, Calif. 92630
(714) 533-4400 137
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« »
$GO MOBILE WITH YOUR H.T.! *
Model | —lcom IC-2A/T, Ete
Model K 1 for TR-2500
—slides on bottom of radio

Guaranteed!

Model K —TR.2400
— powered thru battery plug
Model N—FT-208R
Model T—Simple mod lor Tempo
and all Santec

e’
9 NOW FOR FT-208R & TR 2500
-~
Model Y — FT-207R, Wilson

— —lits into battery compariment
143

@1
HANDI TEK

P.O. BOX 2205 LA PUENTE, CA 91748

" A unique battery eliminator*
HANDI TEK Regulator allows
constant hand held operation
from auto DC or base supply
with no micad drain and
WITHOUT RADIO MODIFICA
TION' $24 95 PPD in USA

Calit. add $1.50 Sales Tax

e e e T I e R 202222222321 21222223
* REENERENRE RSN E RN F RN RN R AR R R RN R RN
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[ Our 4th Year

BUY ¢ SELL
TRADE
ELECTRONICS

IN

NUTS & VOLTS

The Nation’s /1 Electronic

Shopper Magazine
PO BOX I111-H * PLACENTIA, CA 92670
(714) 632-7721

Join 1000’s of Readers Nationwide
Each Month +~ 170
U.S.A. SUBSCRIPTIONS
§$ 7.00 - | YEAR 3RD CLASS MAIL
$12.50 - | YEAR IST CLASS MAIL
$25.00 - LIFETIME - 3RD CLASS MAIL

m—
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Jast-minute forecast

Excellent DX conditions on the
higher frequency bands (10-30
meters) are expected during the first
and second weeks of the month due
to a probable increased solar flux. A
recurrent disturbed period is also pos-
siblearound February 4, which should
result in better transequatorial open-
ings. Check with WWYV's geophysical
announcement at 18 minutes after
each hour for confirmation of the
high solar flux and geomagnetic A
values.

Other periods of disturbance may
be on the 14th and from the 22nd
through the 28th. The lower bands
should be very good all month and
excellent during low solar flux periods
in the third week of the month. Look
for DX openings to unusuat east-west
locations during the disturbed days.

No significant meteor showers oc-
cur during February. The full moon
and lunar perigee are on the 17th.

low band DX

Since publication of the nighttime
bands in the propagation chart was
begun, have you noticed how high
those bands are, even at their diurnal
minimum? DX stands for long dis-
tance contacts; even the shortest DX
path, Europe, is 3800 miles (6200 km)
from the East Coast. South America,
Japan, and the Far East are approxi-
mately 6200 miles (10,000 km}, while
Antarctica and Australia are 9000
miles (14,600 km) and 9900 miles
{16,000 km), respectively. The high-
est usable bands are related to the
maximum usable frequencies (MUF)
for that path. The longer DX paths

DX FORECASTER

Garth Stonehocker, KORYW

are to the south across the equator
where minimum MUFs are around
14-15 MHz now and will decrease by
3 MHz when the sunspot number
drops to 16 {or the radio flux to 75
units). The other DX paths are in mid
to high latitudes where MUFs are
lower and paths are shorter, giving
minimum MUFs of only 8-9 MHz.
These will decrease by 2 MHz at the
sunspot cycle minimum.

These numbersare based on month-
ly median (January) data. The daily
solar flux factors from last month's
DX forecaster can be used to forecast
several days ahead. The minimum
MUF is inversely related to the daily
flux, decreasing with an increasing
change in radio flux. Geomagnetic
disturbances will also affect these
minimum MUFs by 5 to 10 percent —
the high latitude paths negatively and
transequatorial paths positively.

Interestingly, even at sunspot mini-
mum, 40 meters will be open to
Europe, Japan, and the Far East and
30 meters on transequatorial paths. If
you work 80 meters and 160 meters,
they will be 50 percent and 75 percent
below the MUF even on the short-
northern paths. This doesn’t mean
they won’t work; we know they do.

band-by-band summary

Ten and fifteen meters will be open
for worldwide DX communication
from sunrise until after sunset during
the twenty-seven day solar filux maxi-
mums. Skip of 2500 miles (4000 km)
(or multiples) is possible, and will fol-
low the sun across the earth.

Twenty meters will be open to some
area of the world for the entire
twenty-four hour period on many days

of the month. The band should peak
in all directions just after local sun-
rise, and again toward the east and
south during late evening hours. Dur-
ing hours of darkness the band will
peak toward the west in an arc from
southwest through northwest, en-
compassing Pacific areas.

Thirty meters is a daytime and night-
time band. The day portion should be
like 20 meters except in that signal
strengths may decrease during mid-
day on days having high solar flux
values. This band will also be useful
well into the night and often through
the night. Once again exceptions to
this are on nights that follow very
high solar flux value days. The prob-
lem time is usually the hour or so be-
fore dawn {diurnal MUF minimum).
The workable distance may be ex-
pected to be greater than 80 DX at
night and less than 20 during the day.

Forty and eighty meters will be the
most usable nighttime DX bands.
Most areas of the world will be work-
able from dusk until sunrise. Hops
shorten on these bands to about 2000
miles for 40 meters and 1500 miles for
80 meters, but the number of hops
can increase because signal absorp-
tion in the ionosphere’s D-region is
low during the night. The path fol-
lows the direction of darkness across
the earth, similar to the way in which
the higher bands follow the sun.

One-sixty meters will be similar to 80
meters, providing good working con-
ditions for enthusiastic DXers who
like to work nighttime and early
morning hours, especially at local
dawn.

ham radio
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WESTERN USA MID USA EASTERN USA

aMT PST N NE E SE S SW w NW MST N NE E SE S SW W NW osT €sT N NE E SE S SW W NW

t /=Nt /=N t /=Nt =X t /=Nt /=N
0000 «00 |20 20|15 {10 | 15|10 |10 {20 soof| 30120 [ 15110 15|10 |10 | 20 || &0 700/l 30|20 {15*[15 | 15[/10]10]20
0100 so0|| 20 2011510 | 15|10 | 10|20 eoof| 30120 115|110 15|10 110 | 20 || 00 so0f| 30 (20| 15415 15{10|10]20
0200 e00 |20 | 201 15|10 {15{10 [ 10 {20 zo0{| 3020 | 15110 | 15|10 {10 | 20 || 800 w0i| 30120 | 15|15 15|10 10 {20
0300 roof| 20 | 30|15 (10 | 15110 [ 10|20 soofl 30130 15|10 | 15|10 |10 |20 || ®oo| Jro0of| 30|30 | 15|15 |15{10{10]20
0400 soo| 201 30|15 {10 {1510 {10 |20% | sow|; 30|30 |15{15| 15|10 {10 |20 |jvo0o| | 100}l 30 |30 | 15|20 [ 15]10 {1020
0500 900l 20 | 30|20 |10 | 15|10 |10 |20 100l 30130 120(|15| 15110 [10 |20 |j*oe| §2oof 30130 | 20|20 |15]10 | 1520
o800 | f1000{| 20 | 30|20 {15 | 15|10 |10 |20 noolf 30|30 | 20115 | 15({10 {15 |20 || 1200 vofl 30 130 | 2020 | 15|15 1520
0700 1moo{| 20 | 30120 {15 [15(10 |15 |20 1200 3030 | 2015 | 15115 |15 |20 || ro0 200(| 30 130 | 20|20 | 15{15 | 1520
osoo | [1200(i20 | 30120 |20 15|15 |15 {20 woll 30130 120|120 | 20|15 |15 | 30 || =200 300/l 30 |30 | 20|20 [ 20|15 | 20 {30
0900 1001120 | 30|20 |20 |20 |15 |15 |30 200| 30|40 | 20|20 | 2015 |20 | 30 |} 300 a00{l 30 |40 | 20 |20 | 20}20 | 20 |30
1000 2001 30 | 40 |20 {20 | 20|15 |20 |30 30| 30140 | 20|20 | 20|20 |20 | 30 || 4| | sw|| 30 {40 | 20 {20 | 20|20 | 20 | 30
1100 300 || 30 | 40|20 |20 |20 |20 |20 |30 s00|| 20|40 | 20120 | 20|20 {20 |30 || 50| | e|l 20 |40 |20 |20 | 20}|20 |20 |30
1200 | | «00|| 30| 40|20 [20 {20 |20 |20 |30 sooll 2030 | 20|20 | 20|20 |20 |30 || 8| } 70|l 20 |30 | 15|20 | 20 |20 | 20 | 40
1300 soo ([ 30| 30|20 {20 |20]20 |20 |30 soo |l 20|30 | 15|20 { 20|20 {20 |40 || 70| | 8oof 20 {30 | 15|15 | 20|20 | 20 |40
1400 &0 (| 30 | 30|15 |20 |20 (20 |20 |40 70| 20|30 | 15|15 | 2020 |20 |40 || &% %00 (| 20 |30 | 15 {15 {1520 | 20 |40
1500 700 || 40 | 20|15 |15 | 15|20 | 20 |40 goo|| 2020 | 15|15 | 20|20 [20 |40 || e0o| | rweof| 20 |20 |15%(15 [ 15} 20 | 20 {40
1600 soo (|40 | 2015 |15 |15 |15 |20 |30 o00]| 20120 | 15715 | 15|15 |20 | 40 |[1000] | 1v00|; 20 [20 | 10 |15 | 15|20 | 20 |40
1700 900 [[40 | 20115 |15 |15 |15 |15 |30 wo0|| 30120 | 1015 | 15115 {15 | 30 [j1oo| {1200l 20 {20 | 10 |15 | 15}15 |15 |30
1000 | J1w000)]40 | 20|10 |15 [15{15 |15 {20 nooi| 30120 | 101101 15|15 {15 [ 30 || 1200 wo|| 20 {20 [ 10 |15* 15(15 | 15 |30
w00 | f100(| 40| 2010 |15 | 15|15 |15 {20 | freeo{| 30|20 | 10|10 | 15|15 |15 {20 | weo| J 200 20 (20 |10 |10 |} 15|10 |15 (20
2000 1200(1 30 | 20110 |15 {1510 |15 {20 w0l 30120 11010 | 15|10 {15 {20 || 200 s00 (| 30 {20 | 10 (10 | 1510 (10|20
2100 w0 |1 301 20110 (10 | 15]10 [10 |20 200, 30120 11010 | 15110 {10 |20 || 300 «00{l 30 |20 | 10 {10 |15}10 |10 |20
2200 | | 20030} 20|15 |10 {1510 |10 |20 x00|| 30120 | 15|10 | 15|10 {10 |20 |} 00| | soo || 30 {20 |15 |15 [ 15|10 |10 {20
2300 300 (| 30| 2011510 | 15|10 |10 |20 a0y 40120 [ 1510 | 1510 {10 |20 || 500 eoo || 40 120 |15 [15 | 1510 |10 |20
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The italicized numbers signity the bands to try during the transition and early morning hours, while the standard type provides the MUF during ‘normal” hours.

* Look at next higher band for possible openings
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Actual slow motion frames from Ham MasterTapes

3. In slow maotion its dazzling 4. Wow. Can we see it again?

You've never seen this, Iike this,
before this!

And you can see it—in color—again and again
when you own the N2NY Ham MasterTapes.

Ever see a cap discharge in slow motion? You will on
Ham MasterTapes. Ham MasterTapes can perform the
dozens of complicated demonstrations necessary for a
beginner's understanding of Ham Radio Theory.

Finally, a step-by-step course in Ham Radio Theory
is available on color videotape. The Larry Horne N2NY
Ham MasterTapes video course is a unique, effective
teaching technique expertly produced by New York's
leading professionals in studio and field videotape

[]Video Graphics highlight important details

[] Carefully worked-out demonstrations on video avoid
the problem of getting complex gadgets to work on
command in front of a class

The N2NY Ham MasterTapes give you a basic
grasp of concepts that build theory background—not
only for passing the FCC tests, but for understanding
electronics

The hobby has long needed better, clearer, high-
tech teaching aids to help newcomers into our wonder-
ful world of Ham Radio

These six-hour tapes cover completely all the ma-
terial needed to understand Novice and Tech/General
Theory and operations, and include the new 200-ques-
tion FCC syllabus used beginning September 1983.

Only $199.95. Order direct and specify Beta or VHS
format. Call or write: Larry Horne, N2NY

_| Working examples of every ham
radio component, device, or system
covered in the FCC guide can be
clearly understood

THE N2NY HAM

v 139

Ham MasterTapes

RADIO COURSE ON VIDEOTAPE

Ham MasterTapes
136 East 31st Street
New York, N.Y. 10016 212-673-0680.




Our finest electret transducer suspended in a
housing accoustically engineered for optimum
voice communications. Improved audio from
any voice—more punch and great lo hear.
HilLo Z. Universall Battery ed
FET Preamp delivers '‘Heavy Duty’ —
will fully modulate any rig. Immune to RFI.

PRO-COM PRO-COM
250 350

=7

= Built to last.

= The ultimate in
= Super soft earcup comfort.

and head cushions. ® Noise cancelling

» Noise cancelling mic. great VOX action
mic. superb VOX using built-in earphone
action. or station loudspeaker.
* |solates you from = Use headband sup-
surrounding noise and plied or clip to
vice versa. eyeglass bow
» Swing the boom up
and you have a great
Ealr of earphones for

W
PRO-COM PRO-COM

352-IC

= First notable ad-

® Special Pro-Com

350 with connectors 1o vance since the

ﬂ““ into ICOM Ham dynamic transducer. A
and Helds. new standard of great

» Uses DC from sound

ansceiver. = Die cast metal—you
= PTT swilch with belt won't tip this one over,
clip. = No “Handling"
noise.
= Switching for VOX
ration or Manual

PTT with lock-on.
® Shielded hi-fiex
cord.

FS-1 Foot Switch
HS-1 Hand Switch In line push-to-talk switch

See them at your favorite Telex/Hy-Gain Distributor

TELEX hygain

TELEX COMMUNICATIONS, INC
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® Complete to use 10 GHz
R i

&' Internal Gunnplexer for portable

10.235 Ofemﬁon
operation ® Gunnplexer removable for tower

ol nsceiver ® 10 mW power out-
10.295 GHz ® Full duplex

mounting in fixed location service — three shielded cables required for intercon-

nection ® Powered by
potentiometer controlled VCO tunii

Advanced
Receiver
Resecarch

Box 1242 e Burlington CT 06013 @ 203 582-9409

s AMAZING ™

SCIENTIFIC and ELECTRONIC

. DEVICES ~

LASER DEVICES

* LC5 BURNING CUTTING CO2 LASER $15.00

* RUB3 RUBY LASER RAY PISTOL 15.00

* LRG3 IR LASER RIFLE/PISTOL 10.00

» |.GU3 VISIBLE RED LASER RIFLE 10.00 |
o LHP/LLD LASER LIGHT XMTR/RCVR SYS ....10.00

« | HC?2 BEGINNER simulated VISIBLE LASER. ..5.00
SCIENTIFIC & ELECT

TCL3 SOLID STATE TESLA COIL 35KV
BTC3 25C THOUSAND VOLT TESLA COIL
BTCS 1.5 MILLION VOLT TESLA COIL
HVM3 125 THOUSAND VOLT DC SUPPLY
10G3 10N RAY FORCE FIELD GUN

HEG1 MILLION WATT 500 JOULE SOURCE
LTRASONIC ACOUSTICAL

PPF1 PHASOR PAIN FIELD GENERATOR
PSP3 PHASOR SHOCK WAVE PISTOL
IPGS POCKET PAIN FIELD GENERATOR

RAT2 RAT AND PEST ELIMINATOR

HT9 HIGH FREQ. LISTENING DEVICE
ECURITY & PROTECTION

DEVI DEVASTATING DEVICES

PPG1 PHASOR PROPERTY GUARD

MFT1 MINI VOICE XMTR 2-3 MILE

INF1 INFINITY TRANSMITTER

PSW3 PHASOR BURNING STUN WAND

PG1 PARALYZING WAND

WE STOCK ALL PARTS NECESSARY FOR

CONSTRUCTION OF THE ABOVE PROJECTS
» CATALOG CONTAINING HUNDREDS MORE OF ALL NEW AMAZ-
ING and FASCINATING PLANS EASY TO BUILD KITS AND
ASSEMBLED ITEMS $1.00 CATALOG INCLUDED FREE WITH ANY
OF THE ABOVE PROJECT PLANS SEND CASH. CHECK. MO, VISA.

INFORMATION UNLIMITED
P.0.BOX 716, DEPT.HR  AMHERST, NH 03031

Em:nmu:m

S M~~~

S~
SSS288 28888 888888

N B N N — B I T I )

13 volts dc nominal at 250 mA @ 30 MHz i-f ® 10-turn
® 220 kHz ceramic if filter ® Extra diode
switched fiiter position for optional filter ® Dual polarity afc ® R
grey enclosure ® Full one year warranty ® $389.95 with 10 m

two-tone
Gunnplexer
® $269.95 without Gunnplexer

Postpaid for U.S. and Canada. CT Residents
add 7-': % sales tax. C.0.D. orders add §2.00.
Air mall to foreign countries add 10%
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I Have a name—but

need the Call Sign?

Traveling—and want
to meet local Hams?

NOW AVAILABLE—

1983-1984 Amateur Radio

NAME INDEX

By Name and Call

1983-1984 Amateur Radio

GEOGRAPHICAL INDEX

By State, City, Street No and Call

B oa TR R 2SS
No frills directories of over 435,000
U.S. Radio Amateurs. 8'2x11, easy to
read format. Companion directories
to the 1983-1984

AMATEUR RADIO

CALL DIRECTORY us wising

| e T —— ]
* NAME INDEX—525.00

* GEOGRAPHICAL INDEX—$25.00

* CALL DIRECTORY—$14.95

Add $3.00 shipping to all orders

Dealer/Club inquiries welcome.

Send your order-enclosing check or money order in
U S doliars to

Buckmaster Publishing
Whitehall

Mineral, VA 23117 US A w 117
‘ (703) 894.-5777 '

Tell ‘em you saw it in HAM RADIO!
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JPC/AZDEN

4000 SERIES
FM TRANSCEIVERS

10 METERS & DOWN

s ay 1
p—

p——

EXCLUSIVE AYEAFI LIMITED WARRANTY! COMPARE!

« WIDE FREQUENCY COVERAGE: PCS5-4000
covers 142.000-149.995 MHz in selectable steps
of 5or 10 kHz. PCS5-4200 covers 220.000-224.995
MHz in selectable steps of 5 or 20 kHz. PCS-4300
covers 440.000-449.995 MHz in selectable steps
of 5 or 25 kHz. PCS-4500 covers 50.000-53.995
MHz in selectable steps of 5 or 10 kHz. PCS-4800
covers 28.000-29.990 MHz in selectable steps of
10 or 20 kHz.

+ CAP/MARS BUILT IN: PCS-4000 includes cover-
age of CAP and MARS frequencies.

5 « TINYSIZE: Only2'H < 5.5"W x 6.8"'D. COMPARE!

\ P * MICROCOMPUTER CONTROL: At the forefront
of technology!

+ UP TO 8 NONSTANDARD SPLITS: Ultimate ver-
satility. COMPARE!

» 16-CHANNEL MEMORY IN TWO 8-CHANNEL
BANKS: Retains frequency and standard simplex
or plus/minus offsets. Standard offsets are 600 kHz
for PCS-4000, 1.6 MHz for PCS-4200, 5 MHz for
PCS-4300, 1 MHz for PCS-4500, and 100 KHz for
PCS-4800.

» DUAL MEMORY SCAN: Scan memory banks
either separately or together. COMPARE!

« TWO RANGES OF PROGRAMMABLE BAND
SCANNING: Limits are quickly reset. Scan the two
segments either separately or together. COMPARE!

« FREE AND VACANT SCAN MODES: Free scan-
ning stops 5 seconds on a busy channel; auto-
resume can be overridden il desired. Vacant
scanning stops on unoccupied frequencies.

« DISCRIMINATOR SCAN CENTERING (AZDEN
EXCLUSIVE PATENT): Always stops on frequency.

+ TWO PRIORITY MEMORIES: Either may be
instantly recalled at any time. COMPARE!

« NICAD MEMORY BACKUP: Never lose the pro-
grammed channels!

« FREQUENCY REVERSE: The touch of a single
button inverts the fransmit and receive frequencies,

THE 4000 SERIES

aEan
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mEEmE-
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PLEASE CALL FOR
SPECIAL PRICE

PCS-300
2m Handheld
FM Transceiver
142-149.995 MHz
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EXCLUSIVE DISTRIBUTOR DEALERINQUIRIES INVITED

AMATEUR-WHOLESALE ELECTRONICS
8817 S.W. 129th Terrace, Miami, Florida 33176

MANUFACTURER

Telephone (305) 233-3631

JAPAN PIEZO CO,, LTD.
1-12-17 Kamirenjaku, Mitaka. Tokyo, 181 Japan

TOLL FREE...800-327-3102
Telex: B0-3356

no matter what the ofiset.

« ILLUMINATED KEYBOARDWITH ACQUISITION
TONE: Unparalleled ease of operation

« BRIGHT GREEN LED FREQUENCY DISPLAY:
Easily visible, even in direct sunlight.

* DIGITAL S/RF METER: Shows incoming signal
strength and relative power output.

« BUSY-CHANNEL AND TRANSMIT INDICATORS:
Bright LEDs show when a channel is busy and
when you are transmitting.

« FULL 16-KEY TOUCHTONE" PAD: Keyboard
functions as autopatch when transmitting (except
in PCS-4800).

* PL TONE: Optional PL tone unit allows access (o
private-line repeaters. Deviation and tone frequency
are fully adjustable.

» TRUE FM: Not phase modulation. Unsurpassed
intelligibility and audio fidelity.

« HIGH/LOW POWER OUTPUT: 25 or 5 watts
selectable in PCS-4000; 10 or 1 watt selectable in
PCS-4200, PCS-4300, PCS-4500, and PCS-4800
Transmitter power is fully adjustable.

« SUPERIOR RECEIVER: Sensitivity is 0.2 uVor
better for 20-dB quieting. Circuits are designed and
manufactured to nigorous specifications for excep-
tional performance, second to none. COMPARE!

» REMOTE-CONTROL MICROPHONE: Memory
A-1 call, up/down manual scan, and memory
address functions may be performed without
touching the front panel! COMPARE!

- OTHER FEATURES: Dynamic microphone, rugged
built-in speaker, mobile mounting bracket, remote
speaker jack, and all cords, plugs, fuses, and
hardware are included.

« ACCESSORIES: CS-7R 7-amp ac power supply,
CS-4.5R 4.5-amp ac power supg?y. CS-AS remote
speaker, and Communications Specialists 55-32
PL tone module,

« ONE YEAR LIMITED WARRANTY!

Telex 781-2822452
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Mirage Communications
Introduces Their

6 Meter

Solid-State Amplifier

A1015

10 Watts In — 150 Watts Out
$279.95

® Built-In Rx Preamp
e All Mode-SSB, CW, FM
® Remote Keying

® DC Power 13.6 VDC at 18 Amps

® FCC Type Accepted
® 5 Year Limited Warranty
® Optional RC-1 Remote Control Available

Available at Mirage Dealers Worldwide

MIIGE

COMMUNICATIONS EQUIPMENT INC

P.O. Box 1393, Gilrov, CA 95020

® Made in the U.SA.

super radio to own

Call today for pricing information —
Ham Shack wants to be your ICOM dealer

Digital Readout, Scanning, 10 memories and much

more . . . State-of-the-art handheld radio. Direct entry microproc-
essor controls this fully featured radio. Besides scanning and 10 mem-
ories, the IC-02A/T stores duplex offsets in memory, will work on odd off-
sets, has 32 keyboard selectable PL tones which are stored in memory
Lithium battery backup for memory. Ruggedly built with aluminum back
for heat sinking when run at 5 watt level, LED readout with lamp, fre-
quency and battery lock, and a variety of options make the IC 02A/T a

The
HAM SHACK

808 N. Main Street e Evansville, IN 47711

= (812) 422-0231 &>

wxq
The Traveller Dipole Antenna
(= Is a highly portable continuously
o NG adjustable half wave antenna de
;\:\;H —~  signed for the use on any fre
== “\E‘\.\.‘ ! quency between 3.0 to 30 MHz
“&oF Very easy adjustment. No coil, no

traps It consists of a two reel (one
at each end) - two housing as
sembly, both built of aviation
grade aluminum. Each reel con

tains 72 feet (22 mis.) copper wire

Light, strong, dependable and very
simple. Includes 2 nylon ropes to
tie 1o any masit (tree, fence, etc )
The center insulator is a 1:1 im
pedance ratio balun with S0239
connector. Power handling capa
bilities - 2KW PEP or 1KW 100%
amplitude modulate

Price: $96.75 + shipping
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nternational Union Corporation 7291 N.W. 12th St. - Miami, FL 33126 (305) 591-3655 I_GJ
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Our 25th year

TAKE A VACATION WITH
A PURPOSE THIS YEAR

Join students from around the world at
OAK HILL s
SILVER ANNIVERSARY
Session
Over 25 years of successful teaching experience
means upgrading is as easy as 1-2-3,
Your vacation is spent in the beautiful Blue
Ridge Mountains of Virginia with expert in-
structors in friendly surroundings and with ex-
cellent accommodations.
Oak Hill also has a ham lab set up for all to use.
Courses offered are:
Novice to General
General or Tech to Advanced
Advanced to Extra
Learn — don't just memorize the answers o
the exam questions.

C. L. PETERS, K4DNJ, Director

Oak Hill Academy Amateur Radio Session
Box 43

Mouth of Wilson, VA 24363
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EMI/RFI shielding:
new techniques
part 2

Techniques and materials
that reduce EMI

Part 1 of this two-part article served as a basic
overview by identifying the problem of EMI/RFI,
citing examples of its adverse effects, and providing
a general discussion of EMI shielding effectiveness
(SE). In one form or another, each of these various
schemes involved plastics. This more detailed, more
technical article examines methods of testing SE that
employ RF techniques familiar to most hams.

Before examining SE and its testing, let's first ex-
amine the process of fabricating plastics in a manner
that renders them effective for EMI shielding and
containment, yet is economical enough to allow plas-
tic enclosures to be used instead of metal ones.

EMI and plastics

The FCC tries to stringently enforce EMI emission
standards that apply to electronic equipment. The
pressures of foreign competition, however, demand
that American manufacturers develop innovative
cost-cutting manufacturing techniques such as using
EMI-proof plastic enclosures instead of metal en-
closures. But there are other ways than the use of
enclosures to obtain or shield electronic devices from
EMI/RFI; we can use metallic tape with adhesive
backs (the adhesive is a plastic), neoprene and elas-
tomer gaskets (both plastics), or sprays and paints in
conjunction with plastics. In fact, plastics are so
common that we sometimes overlook them, and often
fail to fully appreciate or understand their versatility,

In order to better understand how plastics are used
in potting and casting, in PC board conformal coat-
ing, in insulation, high frequency connectors and a
myriad of other applications, let's begin by looking at
materials used for shielding.

materials for shielding

Most EMI shielding processes in use today have
disadvantages: precious metal powders are expen-
sive; conductive carbon comes in but one color —
black — zinc metallic sprays can lose adhesion, with
small metal flakes falling onto PC boards and short-
ing out components; and paints are subject to abra-
sion and subsequent delamination when put through
temperature extremes. What is the solution to the
problem? The answer may be a new technique of
utilizing structured fillers.

By Vaughn D. Martin, 114 Lost Meadows,
Cibolo, Texas 78108

fig. 1. The generation of aluminum flakes.
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Graphite fillers. With higher conductivity and bet-
ter reinforcement characteristics than carbon blacks,
graphite fillers look promising. Radar chaff, for ex-
ample, originally developed to resonate at radar fre-
guencies and to produce “phantom’’ targets for anti-
aircraft batteries, has been successfully introduced
into these types of composite plastics.

Impregnation of aluminum flakes into plastic is a
relatively new process. A spinning wheel throws off
flakes of molten aluminum alioy (see fig. 1); these
flakes, with a tightly controlled aspect ratio (length-
to-thickness ratio}, are then deposited into a resin
which causes them to become oriented in the direc-
tion of the flow of the resin. You have no doubt seen
fingerlings or small minnows in schools orient them-
selves upstream in line with the flow of water; these
flakes do the same in the resin. This is important be-
cause molding or extrusion processes require this. If
all flakes are not oriented in the same direction, they
experience lateral force and breakage occurs, with a
subsequent reduction in their shielding effectiveness.

Typically, aluminum-impregnated plastics contain
18 to 22 percent flakes by volume because electrical

¥ CONDUCTIVE FILLER
X RESIN

fig. 2. Composite of conductive particles suspended in
an insulating matrix.

.

-

LOG VOLUME RESISTIVITY ug VS
AVERAGE SHIELDING. 0 1 Y0 1000 MMz

SHIELDING EFFECTIVENESS IN dB

ainiem

fig. 3. Graph of averaged surface and volume resistivity.
|
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conductivity depends not on the weight ratio of the
flakes with their resin “’holder,” but on the volume
ratio of flakes to resin. This means that a low-density
polymer like polypropylene would need 46 percent
weight, while a high-density polymer like PVC would
require only 37 percent flakes to achieve the same 22
percent volume ratio.

the acid test

To date, most testing techniques have been con-
trived to test conductors or pieces of pure conduc-
tive materials. But now, the purely resistive proper-
ties of a substance like straight wire no longer exist;
the combining of metals with plastics has caused
networks to result with both inductive and capacitive
reactances.

In fig. 2, note that if probes were to pass through
the insert on the left at precisely the right spot, they
could miss the conductive particles, completely giv-
ing a totally insulative test result. But insertion as a
layer in the material to the right with its insulating
matrix (checkerboard) results in a more meaningful
measurement. (Two test methods of determining
surface and volume resistivity can be averaged to
determine shielding effectiveness form 0.1 to 1000
MHz by the graph in fig. 3).

To evaluate how well material acts as a shield, let's
first recognize that a pure conductive metal performs
its shielding effectiveness by an almost 100 percent
reflection of radiation, whereas a conductive-com-
posite product reflects about 80 percent of radiation
and absorbs 20 percent. Mathematically, the shield-
ing effectiveness, expressed in dB, (SE) +R + A or
the sum of the energy Absorbed and Radiated. In ac-
tual practice, there is another term, B, added to A
and R, but this term describing internal multiple re-
flections is usually ignored for materials with greater
than 10 dB of SE. This would include just about all
materials that are even remotely considered to be
shielding elements.

test and measurement systems

There are essentially three methods of measure-
ment: the free-space method, which is impractical at
lower frequencies; the shielded box method; and the
transmission line technique. The shielded box tech-
nique, shown in fig. 4, is the most popular. This rec-
tangular metal box, made with thick walls and electri-
cally tight seams in the walls, has a transmitting
antenna inside it and a sample port {(opening) in one
wall for radiation emitted through the port. If the
specimen to be tested is placed over the port or hole,
and the radiated power P, measured against the
open power level P;, SE can be determined by:

P
SE = 10log p, (tndB)
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fig. 4. Pictorial illustration of a shielded test chamber.
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fig. 5. Graph of the dynamic range possible with the
coaxial line test technique.

This method of testing has some problems. If there is
an edge in the chamber that approaches the wave-
length of radiation, resonance can occur with ensu-
ing standing waves between the antennas inside and
the chamber’s walls. Also, at lower frequencies, the
dynamic-range is limited to approximately 50 dB be-
cause of the energy that can pass through the small
sample port at those wavelengths. It is likely that
no two boxes would report the same results for a
given sample.

The coaxial transmission line technique has no in-
herent problems associated with it because this
method is not frequency-sensitive. (Note that there
are no seams in this canister-shaped specimen
holder.) Dynamic range, (fig. 5), is a function of the
generator and the sensitivity of the receiver. Unlike
the shielded box, which suffered from the
wavelength-to-specimen size ratio changing the
chamber’s own inherent impedance, this problem
does not exist with the transmission line technique.

This method (the TEM or transverse electromag-
netic cell) yields reflected, transmitted and absorbed
data by reflection coefficient measurements, which
allows the designer of the system to optimize reflec

tion. This is ideal for waveguides or parabolic anten-
nas in which the wave is to be redirected.

The main advantage of this measurement tech-
nique is the uniformity of repeated test results. The
TEM, (fig. 6), allows absolute verification to be
made that the reflection and transmission ratios in a
50-ohm line are the same as those theoretically ob-
tained in free space on a panel infinite in extent in the
plane perpendicular to the incident energy. The di-
mensions of a 50-ohm line are such that the ratio of
the impedance presented by a test specimen trans-
verse to the direction of propagation, to that pre-
sented to the free space wave by the same material,
is 0.13. This is the exact ratio of 50/377 (the two
characteristic impedances).

Electromagnetic fields near an oscillating dipole
antenna have a wave impedance as a function of
1/d, where d is the distance between the source and
receiver. This is true when the distance to the dipole
antenna is very small in comparison to the wave-

fig. 6. A block diagram of the coaxial line test technique
(TEM Cell).

fig. 7. The TEM (Transverse Electromagnetic Cell) test method
in operation.
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This tower is ready for
shipment to one of our
customers, or is it?
If we were an
ordinary tower
company, this
tower would
have already
been sent.

We are not
an ordinary
tower company
and that is
why this tower
did not go
out.

We have the best
quality control in the
business and we are
not afraid to say so. That
is why when John Pasillas

found a 1/8" clearance on the
swedged guide, he placed
a red tag of rejection on
this tower and made
sure it was corrected
to 1/16" before he
stamped his final
approval for
shipment.
Every
employee

at Tri-Ex
knows that
the reputa-
tion you estab-
lish in an industry
is what will make
or break his com-
pany. That is why
Tri-Ex has been in bus-

iness continually since 1955.

When you purchase your tower from Tri-Ex, you
can be assured that all welds have been done by
certified welders, all construction and galvanizing
has met ASTM standards, all towers have been
constructed in precision jigs, all steel has been
tested for carbon content and tensil strength.

When it goes to shipping, John is ready.

Introducing Tri-Ex's new DX-86
— 86 feet tall, 25 square feet in
a 50 mph wind.

Call you local dealer for details.

When you decide on Tri-Ex
you have many models to
choose from.

FOR ADDITIONAL INFORMATION WRITE TO
STACKED:

Light, medium, heavy duty
10 feet and up.

®
ri=Ex
TOWER
CORPORATION

7182 Rasmussen Ave.
Visalia, Calif. 93291

P.O. Box 5009
Visalia, California 93278

(209) 651-2171

CRANK UPS:
Light, medium, heavy duty
25 feet to 88 feet standard.

SPECIAL TOWERS:
Sky needle, Clementower
37 feet to 180 feet & higher

PReCSION
PROCESSING

Provides total dynamic range control
with very low distortion
® Seleclable processing modes
envelope compression or peak
limiting
® Variable high and low frequency
equalization
ment LED display
Install and use with any

+ 108
transmilter [transceiver

Introductory price—$189.95 ppd.

o hrochure with complele technlical specilcations contact

ANALOG TECHNOLOGY

P.O. Box 8964 ® Fort Collins. CO 80525

NEW! $1295 paic
HAM-TAGS Tough ABS custom
frames. Your call on each vehicle
Available with call at top or bottom of
frame, and frame front plate (check
your state). $1.50 shipping
( H

\ [ #7Y
& BHC,INC. =

1716 WOODLAND

HOUSTON, TX 77019

_/
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% (713) 522-5755

BUY! SELL! TRADE!
COMPUTER & HAM EQUIPMENT

[ COMPUTER
TRADER

ANNUAL
SUBSCRIPTION

$15.00
Low Ad Rates — Mailed Monthiy

Foreign Subscriptions - $30.00 Year
FREE 50 Word Classilied Ad with Subscription Order

COMPUTER TRADER-

Chet Lambert, WAWDR
1704 Sam Drive » Birmingham, AL 35235

(205) 854-0271

Sample Copy — $1.00
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fig. 8. Large room/shielded box/transmission line tech-
nique test results.

namic range can be obtained with standard coaxial
cables.

Analysis of test results shows how “flat”’ the test
results are from 0.1 to 1,000 MHz, (figs. 8 and 9).
The difference between measured and predicted re-
sults is due to the uncertainty of measurement of the
conductivity of the composite plastic, as previously
discussed. Fig. 8 shows a specimen of 20 percent
weight piece of TransmetTM* geries 100 conductivity
modifiers in a polyester resin. The methods used in
testing were the shielded box method, using a 6.25
foot (2 meter) cubic boxina 31 x 15.5 x 10 foot (10
x 5 x 3 meter) shielded room; the last method was
the transmission line technique. Figs. 10 and 11
show various plastics test results for SE.

length and precisely why, at lower frequencies, with-
in a shielded box, the impedance changes with fre-
quency. {We will note some data shortly that graph-
ically reveal this fallacy.) Likewise, as the wave im-
pedance and reflection coefficient increase as fre-
quency decreases, a false indication of ari enhanced
SE results as the frequency decreases.

The coaxial transmission line technique is an
insertion-loss measurement technique using a
substitution method (see fig. 7). The measurements
can be made at specific frequencies (the point-to-
point mode) using a modulated signal generator,
crystal detector, and tuned amplifier (SWR). The
other method employs sweeping a band of frequen-
cies with a tracking generator and a spectrum
analyzer used as a receiver. The advantage of this
point-by-point method is that other information,
such as reflection coefficient data, can be taken in
this mode; the sweeping mode has the advantage of
taking SE data at all points, but without the luxury of
allowing observation of reflection coefficients.

In the sweeping mode, the signal generator is re-

- placed by a tracking generator and the variable atten-
uator removed, because the attenuator in the ana-
lyzer is used instead. The spectrum analyzer presents
the response over the whole bandwidth in a single
curve. However, for determination of SE, two re-
sponses are taken, one with and one without the
specimen in the holder. The SE is the difference be-
tween these two curves.

The dynamic range of this measurement technique
is determined by three things: the power level of the
signal generator, the sensitivity of the receiver, and
the degree of shielding of the equipment and the
connecting transmission lines. For example, if a one-
watt signal generator with a detector such as an
HP415 standing-wave meter are used, an 80-dB dy-

O TRANSMISSION LINE DATA

70 D\ 0BOX DATA
o 507 \
2 50 B
S~

40
g o
3 304
2 ] o] o [¢]
T Qe =0 0 O
I 20

104

T T T ]
0.1 1 10 100 1000

FREQUENCY, MHz

fig. 9. Transmission line technique vs. shielded box test
results.
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*The Transmet Carporation, Columbus, Ohio
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fig. 11. Shielding effectiveness in different types of plas-
tic treated with solidified conductive flakes.

fig. 12. Ferrite beads for EMI suppression.

Although this method of testing is relatively new, it
is gaining rapid acceptance. Sometimes called the
Stutz method after its inventor, David E. Stutz of the
Battelle Institute, this method is used to measure
planar waves, whereas the shielded box method is
used to measure the near field.

Conducted interference. As stated previously,
conducted interference is best attacked at the source
or through the cables or wires running to and from
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the box. These problems are usually of much lower
frequency than EMI/RF| emissions and are the result
of emissions from motors, transformers, and other
magnetic field producers. Most hams know about
ferrite beads (fig. 12), small ferro-magnetic metal or
graphite tubular-shaped devices that slide over wires
and suppress conducted emissions. Ferrite beads,
however, become saturated at a certain current level;
their attenuation does not increase with frequency;
they tend to become a resonant frequency element,
and there are often gaps because of poor fittings.
Thanks to plastics, there are better ways to suppress
conducted emissions. ZippertubingT™*, for example,
uses metallic mesh, aluminum foil laminated to vinyl-
impregnated nylon, and high nickel-steel foil in stan-
dard jackets to form a protective shield fit over entire
cable bundles (fig. 13), whether they are the tradi-
tional round bunched cables or the flat “ribbon"”
cables used by printers and modern computer equip-
ment today. A new product now under development
by Zippertubing, Inc., uses a plastic polyurethane
material, PFR-20B, said to be even more rugged than
these other jackets.

Berquist** is another innovative company that
makes thermally conductive insulating pads that go
between resistors and the PC board. This company,
however, has gone one step further by laminating
copper right onto the pad, (fig. 14). This now pro-
vides not only thermal conductivity but also EMI/RFI
and conducted interference protection as well. While
the metal does cause a capacitance between the
transistor and its heatsink, the capacitance is limited
to approximately 100 pF for a TO-3 power transistor.

To the ham on a limited budget, the best way to

fig. 13. Zippertubing conductive cable covers for suppression
of conducted interference.

*Zippertubing, Inc.. Los Angeles, Califormia
**Berquist, Inc., Minneapolis, Minnesota



achieve magnetic shielding might be to use foil tape,
which is comparatively inexpensive and comes in
thicknesses of less than 0.002 inch to over 0.01 inch
thick with permeabilities ranging from as low as
3,000 to over 350,000.

(If you are really fascinated by this subject, you
may want to spend $99.50 and buy a kit from the
Magnetic Shielding Division of Perfection Mica* (fig.
15). This contains sheets and foil forms, a magnetic pick-
up probe, design information, and a variety of different
types of shielding.)

TO
GROUND

“SIL-PADS”

fig. 14. Thermally conductive heatsink pads with built-
Lin conducted interference suppression.

fig. 16. Kit for magnetic field shielding.

There is as yet no perfect coating, adhesive, or
potting compound; EMI shielding with plastics is a
science in itself. But with technology evolving rapidly
in this area — and with many effective EMI-shielding
materials becoming increasingly available you
need no longer invariably avoid using plastic cases in
building equipment.

ham radio

*Perfection Mica, Inc., Bensenville, lllinois

Call CECO For Your CCTV S

TRADED
TUBES BOUGHT, SOLD AND
SAVE $$$—HIGH $5$ FOR YOUR TUBES

Call Toll Free 800-221-0860

Tubes w121
34002 .......... $8500 7360............ $10.00
FOO0Z - qan s 8500 7735A ...........27.580
4-400A........... 8000 8122............ 105.00
4CX250B......... 5000 B186...: iv:ovivei 12.50
8128 vainia s i 4850 8643.............8250
BIIA .os v vuinims 1200 8844............. 26.50
B35 s chavsiinca 3500 B8873............175.00
O1468 . i i s 650 8B ues smas 185.00
6360.............. 05 BBET: s se pen oo 450.00
BBEAB s ansaeg g 675 8908............. 12.50

Semiconductors
MRF 245/SD1416.%$30.00 MRF 644/SD1088..19.95
MRF 454. . ... .. .. 18.95 2N3055..........95.00
MRF 455......... 1250 2N6084 ..........1250
RF Connectors -

PL259.........10/34.95 M358. .. .2.50 ea.
PL258..........10/895 M359... ...1.75 ea.
UG175176 ... ... 10/1.60 Type "N" Twist on
UG255/u. . ..., 250 ea. (RGB/u).......$4.75 ea.
UG273Mu. ... ... 225 ea. Minimum Order $25.00 ™

Allow $3.00 min. for UPS charges

COMMUNICATIONS, Inc. @
2115 Avenue X Brooklyn, NY 11235
Phone (212) 646-6300

SERVING THE INDUSTRY SINCE 1922

ecurity And Color Production Requirements

There are over

1800 New Hams every month

just waiting to hear from you.

In the highly competitive field of amateur radio, achiev-
ing name recognition and getting ahead of the compe-
tition are critical to a successful marketing effort. Com-
panies that know this have turned to DCC Data Service
for quality mailing lists. Through our HAM HOTLINE
lists, these successful companies have been the first to
reach the new Hams with their offers for radio equip-
ment, accessories, magazines, technical publications
and other related products and services. These names
represent the latest additions to our cumulative master
file of over 428,000 Radio Amateurs. The HAM HOTLINE
service has been a proven moneymaker and an excel-
lent supplement to magazine advertising.

SO DON'T KEEP ALL THESE NEW HAM
ENTHUSIASTS WAITING. GIVE US A CALL TODAY.

Rates and Selections:

® Monrhly Novice Hotline (avg. 1800 names, month) $()0,M
* upgfﬂdeS and Changes (avg. 11,000 names, month) sSOM
* Last 6 Months Hotline (78,000 names) $50/M

e Cumulative files also available 129

DCC Data Service
1990 M Street, N.W.
Washington, D.C. 20036
(202) 452-1419
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.19 7474

19 7486

19 74109
.24 74125
19 74154
22 74175
19 74367

6500
6502 4.50 6522

6800

6821 2.95
6840 10.00
6850 2.60

6.95

Tt RMS

1702A 256X8 1 us

2708 1KX8450 n.s........ 220
27A08 1KX8 350 n.s. ..... 3.95
2758 1KX8 +5V 450 n.s .. 2.50

2716 2KX8

450 n.s. ............ 3.20

2716-1 2KX8 350 n.s. ....
2732 4KX8450 n.s. ...... 4.75
2532 4KX8450 n.s. ...... 5.50
2764-25250 n.s. ........ 11.95

EPROM SPECIAL

We bought a large quantity of
2708s from a computer
manufacturer who redesigned
their boards. We removed them
from sockets, erased and
verified them, and now we offer
the savings to you. Complete
satisfaction guaranteed.
2708
$1.49 or 10/$12.00

STATIC RAM
TMM2016-2KX8

5.50

8/39.95

2101-1 - 256X4

500ns. ............... 1.00
21L02-1KX1 250 n.s. L.P. . .75
2102AL-4L.P.450 ns. ... .49
2114L-3 1KX4 300 n.s.

L.P. 2.75 8/16.00
TMS4044 (MCM6641 C-25)

4KX1250 ns. ....... 8/8.00
TMS4046 450 n.s. ........ .
5101E-8 - 256X4 -

HM6116P-4-2KX8
200 n.s. CMOS 8/39.95
6501-5 256X4 - CMOS - Data
Retention 2 Volts - 22 Pin -
200 n.s. Typ. - 5V - Very
Low Power 1.50
8108-5 1KX8 NMOS 500 NS

4K STATIC RAMS

LESS THAN 50¢ EACH
MK4104J-4 - 250 N.S. 18 Pin
Ceramic Computer Mfg.
Surplus. PRIME. Fully Static.
Easy to Use. Has Same Pin Out
as TMS4044, but slightly
different timing. With Specs.
(Mostek)

8 tor 5.00 32 for 15.95
VERY LOW POWER!

DYNAMIC RAM
5280N-5 (210784 « TMS4060)

4027-4KX1-250 n.s. ...... 1.00
4116-16KX1-250 n.s. ... 8/9.00
4116-16KX1-200 n.s. .. 8/11.50
4164- +5v 64K 200 n.s. 8/48.00

8000

Z8002 29.95 8080A  2.00
80C35C 4.50 8085 5.95
8035 2.95 B8085A-2 7.00
8039 3.95 8088  20.00
8200

1595 82508
1.25 8251
2.00 8253
1.50 8257
150 8279-5
3.00

DIP SWITCH
DT08 BY ALCO
8 POSITION DIP SWITCH
Super low profile -
Made for automatic insertion -
SPECIAL — .90 10/7.50

280

Z80 2.5 MHZ CPU
Z80CTC
Z80DMA-DMA
Z80PIO
Z80S10/0
Z80A-AMHZ CPU
Z80A DART
Z8OA-PIO

Z80A SI0/0

Z80B 6 MHZ CPU

8202A
8212
8214
8216
8224
8228

9.95
3.95
2.95
6.00
7.95

IM6402-+5v High speed
UART-AY5-1013 pin out 2.95
INS 82508

AY3-8910 w/60 pg.

14 pin dip Shunt
16 pin dip Shunt
DACOBCN - 8BitDto A . 1.79

UPD371 - Cassette

Controlier
TMS4103J - Char. Gen. ..
2513L.C................. 4.95
1488-1489 ................ .75
6100 - CMOS -

12 Bit CPU

TUnkess specified clsewhered Add $T 50 postage, we pay balance Orders ovier $60 00 add 85¢ for msurance No € O 0 Texas Hes

SOCKETS
Low Profile SOLDER TAIL

6 Pin 14 1.00
8 Pin 13.1.00
14 Pin 10:1.00
16 Pin 8:1.00
18 Pin 1.00
20 Pin 1.00
24 Pin 1.00
28 Pin 1.00
40 Pin 1.00

BUY S10
GET $1.00
FREE CHOICE

F.D. CONTROLLERS

1771 Single Density .... 15.00
1791 Double Density ... 20.00

CONTROLLER SET

THREE CHIP SET
1797, 2143-03, 1691 by W.D.
Compare at up to 86.85.
B.G. SPECIAL
All 3 for only $29.95

CRYSTALS
32.768 Khz SPECIAL ...... .

wtd 5% Taw 90 Dy

Maney Back Goarantee on gl items Al tems subject to prior sale Prices subyect to change without notice Foarmgn orders U'S fundvonly Vi cannot ship 1o

NMesco Conotu

92 February 1984
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Tell 'em you saw itin HAM RADIQ!



B G M I c R o P. 0. Box 280298 Dallas, Texas 75228
" " (214) 271-5546 ) m

- Z80* SINGLE BOARD COMPUTER!

64K RAM — 80 x 24 VIDEO DISPLAY — FLOPPY DISK CONTROLLER

$39.95

(BLANK BOARD WITH
DATA AND ROM'S.)

. /
\RL: U

P SPECp08! /7o oS

\ 6RO%g ¢OR > — R B

\eVt =

\— S
BOARD MEASURES
11%" x 12%"

ALL ORDERS WILL BE
PROCESSED ON A STRICT,
FIRST COME, FIRST SERVED
BASIS! ORDER EARLY! ]

£
P4

GIANT COMPUTER MANUFACTURER’S SURPLUS!
UNBELIEVABLE LOW PRICE!!

Recently Xerox Corp. changed designs on their
popular 820* computer. These prime, new, 820-1PC
boards were declared as surplus and sold. Their loss

]
is your gain! These boards are 4 layers for lower WE,VE GO' EM!

noise, are solder masked, and have a silk screened 5_1 /4;:
component legend. They are absolutely some of the
best quality PC boards we have seen, and all have

passed final vendor QC. Please note, however, these HALF s l ZE D R IVES
surplus boards were sold by Xerox to us on anAS IS

basis and they will not warranty nor support this
part.

We provide complete schematics, ROM'S, and
parts lists. If you are an EXPERIENCED computer
hacker, this board is for you! Remember, these are
prime, unused PC boards! But since we have no
control over the quality of parts used to populate the
blank board, we must! sell these boards as is, without
warranty. You will have to do any debugging, if
necessary, yourself! CP/M 2.2 for the original Big
Board, sold by Digital Research Computers, P. O.
Box 461565, Garland, Texas 75046, will run on this
PC board without modification. It is available from
them for $139 including manuals.

40 Track per side
Double-sided,
double density
Same as SA455
Latest head &
drive technology

Fast access lime

Two of These Hall Size Drives will
Fit in the Same Space as 1 Full Size Drivel

$229 2/%450

Compare sl up o $349 sa
ADD $3.00 UPS PER DRIVE

ADD $2 PER PC BOARD FOR SHIPPING. (USA and Canada)

*CP/M TM OF DIGITAL RESEARCH INC (CALIF) 820 TM OF XEROX CORP. 280 TM OF ZILOG

TERMS: Orders over $50 add 85¢ insurance. No COD. Tex. Res. Add 5% Sales Tax. Subject to prior sale. Foreign orders: US funds only. We cannot ship
to Mexico. Foreign counlries other than Canada add $6 per board shipping.

More Details? CHECK — OFF Page 108 February 1984 [l 93



California

C & A ROBERTS, INC.

18511 HAWTHORN BLVD.
TORRANCE, CA 90504
213-370-7451

24 Hour: 213-834-5868

Not The Biggest, But The Best —
Since 1962.

FONTANA ELECTRONICS

8628 SIERRA AVENUE

FONTANA, CA 92335

714-822-7710

714-822-7725

The Largest Electronics Dealer in San
Bernardino County.

JUN’S ELECTRONICS
3919 SEPULVEDA BLVD.
CULVER CITY, CA 90230
213-390-8003
619-463-1886 San Diego
800-882-1343 Trades
Habla Espanol

Connecticut

HATRY ELECTRONICS

500 LEDYARD ST. (SOUTH)
HARTFORD, CT 06114

203-527-1881

Cail today. Friendly one-stop shopping
at prices you can afford.

Delaware

DELAWARE AMATEUR SUPPLY
71 MEADOW ROAD

NEW CASTLE, DE 19720
302-328-7728

800-441-7008

Icom, Ten-Tec, Microlog, Yaesu,
.Azden, Santec, KDK, and more.
One mile off I-95, no sales tax.

Florida

AMATEUR ELECTRONIC SUPPLY
1898 DREW STREET
CLEARWATER, FL 33575
813-461-4267

Clearwater Branch

West Coast’s only full service
Amateur Radio Store.

Hours M-F 9-5:30, Sat. 9-3

AMATEUR ELECTRONIC SUPPLY
621 COMMONWEALTH AVE.
ORLANDO, FL 32803
305-894-3238

Fla. Wats: 1 (800) 432-9424
Outside Fla: 1(800) 327-1917
Hours M-F 9-5:30, Sat. 9-3

AMATEUR RADIO CENTER, INC.
2805 N. E. 2ND AVENUE

MIAMI, FL 33137

305-573-8383

The place for great dependable
names in Ham Radio.

Hawaii

HONOLULU ELECTRONICS

819 KEEAUMOKU STREET
HONOLULU, HI 96814

(808) 949-5564

Serving Hawaii & Pacific area for 51
years. Complete lines of Amateur equip-
ment, accessories and parts.

lllinois

ERICKSON COMMUNICATIONS, INC.
5456 N. MILWAUKEE AVE.
CHICAGO, IL 60630

312-631-5181

Hours: 9:30-5:30 Mon, Tu, Wed & Fri;
9:30-8:00 Thurs; 9:00-3:00 Sat.

Indiana

THE HAM SHACK

808 NORTH MAIN STREET
EVANSVILLE, IN 47710
812-422-0231

Discount prices on Ten-Tec, Cubic,
Hy-Gain, MFJ, Azden, Kantronics,
Santec and others.

Kansas

ASSOCIATED RADIO

8012 CONSER, P.0O. BOX 4327
OVERLAND PARK, KS 66204
913-381-5900

America’s No. 1 Real Amateur Radio
Store. Trade — Sell — Buy.

Kentucky

L & SRADIO

307 McLLEAN AVENUE
HOPKINSVILLE, KY 42240
502-885-8071

Ten-Tec, Azden, Ameritron Sales and
Service.

Ham Radio’s guide to help you find your loca

Maryland

THE COMM CENTER, INC.
LAUREL PLAZA, RT. 198
LAUREL, MD 20707
800-638-4486

Kenwood, Drake, lcom, Ten-Tec,
Tempo, Microlog, AEA, Ameritron.

Massachusetts

TEL-COM, INC.

675 GREAT ROAD, RTE. 119
LITTLETON, MA 01460
617-486-3040

617-486-3400 (this is new)

The Ham Store of New England
You Can Rely On.

Michigan

ENCON PHOTOVOLTAICS
Complete Photovoltaic Systems
27600 Schoolcraft Rd.

Livonia, Michigan 48150
313-523-1850

Amateur Radio, Repeaters, Satellite,
Computer applications.

Call Paul WDBAHO

Nevada

AMATEUR ELECTRONIC SUPPLY
1072 N. RANCHO DRIVE

LAS VEGAS, NV 89106
702-647-3114

Dale Porray ’Squeak,” AD7K
Outside Nev: 1 (800) 634-6227
Hours M-F 9-5:30, Sat. 9-3

JUN’'S ELECTRONICS

460 £. PLUMB LANE — 107
RENO, NV 89502
702-827-5732

Outside Nev: 1 (800) 648-3962
Icom — Yaesu Dealer

New Hampshire

POLCARI’'S ELECTRONICS CENTER
61 LOWELL ROAD

HUDSON, NH 03051

603-883-5005

Southern New Hampshire's only Ham
Store. Call today for quotes.

. YOUSHOULD BE HERE TOQO!
-D ea-ler S. Contact Ham Radio now for complete details.
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Imateur Radio Dealer

New Jersey

RADIOS UNLIMITED

P.O. BOX 347

1760 EASTON AVENUE
SOMERSET, NJ 08873
201-469-4599

800-526-0903

New Jersey's only factory authorized
Yaesu and Ilcom distributor. New and
used equipment. Full service shop.

ROUTE ELECTRONICS 17

777 ROUTE 17 SOUTH
PARAMUS, NJ 07625
201-444-8717

Drake, Cubic, DenTron, Hy-Gain,
Cushcraft, Hustler, Larsen, MFJ,
Butternut, Fluke & Beckman
Instruments, etc.

New York

BARRY ELECTRONICS

512 BROADWAY

NEW YORK, NY 10012
212-925-7000

New York City's Largest Full Service
Ham and Commercial Radio Store

VHF COMMUNICATIONS

915 NORTH MAIN STREET
JAMESTOWN, NY 14701
716-664-6345

Call after 7 PM and save! Supplying
all of your Amateur needs. Featuring
ICOM *'The World System.”” Western
New York's finest Amateur dealer.

Ohio

AMATEUR ELECTRONIC SUPPLY

28940 EUCLID AVE.

WICKLIFFE, OH (CLEVELAND AREA)
44092

216-585-7388

Ohio Wats: 1 (800) 362-0290

Outside Ohio: 1(800) 321-3594

Hours M-F 9-5:30, Sat. 9-3

LaRUE ELECTRONICS

1112 GRANDVIEW STREET
SCRANTON, PENNSYLVANIA 18509
717-343-2124

lcom, Bird, Cushcraft, Beckman,
Larsen, Hustler, Astron, Belden,
Antenna Specialists, W2AU/W2VS,
AEA, B&W, Amphenol, Saxton, JW.
Miller/Daiwa, Vibroplex

THE VHF SHOP

BOX 349 RD 4

MOUNTAINTOP, PA 18707
717-868-6565

Lunar, Microwave Modules, ARCOS,
Astron, KLM, Tama, Tonna-F9FT,
UHF Units/Parabolic, Santec, Tokyo
Hy-Power, Dentron, Mirage,
Amphenol, Belden

Texas

MADISON ELECTRONICS SUPPLY
1508 McKINNEY

HOUSTON, TX 77010
713-658-0268

Christmas?? Now??

Virginia

ELECTRONIC EQUIPMENT BANK
516 MILL STREET, N.E

VIENNA, VA 22180

703-938-3350

Metropolitan D.C.'s One Stop
Amateur Store. Largest Warehousing
of Surplus Electronics.

Wisconsin

AMATEUR ELECTRONIC SUPPLY
4828 W. FOND DU LAC AVE
MILWAUKEE, WI 53216
414-442-4200

Wisc. Wats: 1 (800) 242-5195
Outside Wisc: 1 (B00) 558-0411
M-F 9-5:30

Sat 9-3

UNIVERSAL AMATEUR RADIO, INC.

1280 AIDA DRIVE

REYNOLDSBURG (COLUMBUS), OH
43068

614-866-4267

Featuring Kenwood, Yaesu, lcom,

and other fine gear. Factory author-

ized sales and service. Shortwave

specialists. Near 1-270 and airport.

GROTH-Type
COUNTS & DISPLAYS

YOUR TURNS Y e
‘\

® 99.99 Turns
e One Hole
Panel Mount
e e Handy Logging Area
® Spinner Handle Available

“FOLD-OVER”
TOWERS

I EASE OF INSTALLATION

ROHN “Fold-Over” Towers are quickly and
easily installed. The “Fold-Over” is safe
and easy to service.

I AOAPTABILITY

ROHN has several sizes to fil your applica-
lions or you can purchase the **Fold-Over”
components to convert your ROHN lower
into a “Fold-Over".

. HOT DIP GALVANIZED
All ROHN towers are hol dip galvanized
after fabrication.

B REPUTATION
ROHN is one of the leading tower manufac-
turers, with over 25 years of experience.

Pennsylvan'a Case: 2x4"; shaft %"x3" Write loday for complete delails.
TC2 $12.50 Model TC2: Skirt 2-1/8"";
HAMTRONICS, TG3 $13.50 Knob 1.5/8" B
DIV. OF TREVOSE ELECTRONICS Spi £ Model TC3: Skirt 3""; QUALITY STEEL PRODUCTS BY
4033 BROWNSVILLE ROAD Pdd : Knob 2-3/8" RO H N
TREVOSE, PA 19047 Prices include UPS
215-357-1400 SACICIZEEE R. H. BAUMAN SALES

Box 2000 Peoria, |llinois 61656
US.A.

Same Location for 30 Years. P.0. Box 122, Itasca, IIl. 60143
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book and product

REVIEWS

HW-5400 HF transceiver

Regardless of his or her age, every Radio
Amateur has heard “therighereisan HW . . .”'
Back in the early 1960°s, the first of the HW
single-banders appeared on the scene, and were
an instant hit. That unit spawned a whole line
of units which included the SB-101, the SB-301,
and many more. There are many more still go-
ing strong; and now, there’'s the HW-5400 mi-
croprocessor-controlled HF transceiver.

The HW-5400 has all sorts of interesting
features. For instance, when | switched from one
band to another, and then back to the first band,
it was still tuned to the original frequency. In case
of power failure, all the memories are auto-
matically reset to the band edges.

It has split frequency operation, fast/slow
AGC, VOX, and antiVOX. It's alf there. One thing
| especially like is the optional keypad frequen-
cy entry. | do quite a bit of split frequency work,
and this feature makes operating easy; 1've also
found it handy when going off frequency from
a net.

When the kit arrived, the first thing that im-
pressed me was the weight of the power trans-
former. (Of course, the power supply is rated at
20 amperes, so | shouldn’t have been surprised.)
As soon as | opened the main carton, | was fac-
ed with a notice telling me not to unpack any

parts until | was told to in the assembly pro-
cedure. I'm glad | followed the instructions. . .the
packaging is indeed dense.

preliminary assembly

The assembly of the kit should take about one
hundred hours, more or less. Itis NOT a kit for
someone who has had no experience in building
kits. The instructions and illustrations are up to
Heathkit standards, but a good deal of care has
to be taken during soldering on some of the more
tightly packed boards.

| took slightly less than one hundred hours to
do the actual assembly, but | did encounter a
couple of problems that used up quite a few ex-
tra hours. {It should have taken less, but | was
being stubborn and didn’t want to ask for help.)
One of the areas where | got stuck turned out
to be caused by a bad FET. And after some dis-
cussions with Heath, it turned out that the com-
pany was having some difficulties with this par-
ticular part. Heath and Motorola, the manufac-
turer, were working on the problem. The replace-
ment FETs — which were sent promptly —
worked fine, so the problem | encountered ap-
pears to have been resolved.

The kit has fifteen circuit boards, some of
which are simple, with few parts. Others are not.
But all are well made, and the silk screening job
is good. While there is really no problem in stuf-
fing these boards, | do recommend that you take
the advice of good carpenters: measure twice,
cut once.

At the end of the assembly of each board there
is a series of tests to be made. In one, | found
two solder bridges that | hadn’t seen in my visual
checks — and | was using a lighted inspection
magnifier.

{ had a great feeling of accomplishment when
all the boards were finally done. Then | came to
the section innocently titled “Chassis.’” At that

moment | didn’t realize that } was about to
become an expert in crimping and soldering tiny
Molex spring connectors on a multitude of ends
of wires. After doing some 50 connections, |
checked the price of a crimping tool: over $80.
| continued my manual assembly procedures.
(Perhaps Heath will develop a design for mak-
ing a low-cost crimper, because using these con-
nectors really helps during troubleshooting.)

final assembly

As | started the final assembly, | looked at the
pile of boards | had just finished, and then at the
main chassis, and wondered what kind of magic
| was going to have to perform to get all that
material onto one tiny chassis. The installation
of the pre-assembled main cable harness is a
good example of the kind of magic you'll have
to perform; 1 suggest you start this step when
you're feeling well-rested and kindly towards the
world.

After daing the first two or three steps in the
final assembly, | was instructed to mount the
audio circuit board and make the necessary con-
nections. Then came the instruction to “connect
up a power supply’’ so that a series of operating
tests could be made. It was only then | realized
I should have built the power supply first, {1 think
perhaps it would have been wiser of Heath to
mention this at the very beginning.} However,
fortunately for me, | had "‘subcontracted’” that
part of the job to a ham friend who is normally
a very active person (he goes up and down
70-foot towers like | go up and down stairs). He'd
just had an extensive operation on one knee, and
was “‘climbing the walls” with inactivity. He built
my power supply in about six or seven hours.

All went well with the final assembly until the
test of the synthesizer board: | just couldn’t get
the right readings. After following the *‘in case
of trouble’” charts and trying a few tricks of my

TRANSMIT TRANSMIT
ALC AND SWR TRANSMIT MICROPHONE
SROTECT FINALS AND [—— — MIXER BALANGED AMPLIFIER
PREAMPLIFIERS MODULATOR

i-F FILTER MICROPHONE
Low PaSS BANDPASS NG 8o
FILTER 1 FiLter [ ™ anter [
T/R HIGHPASS RECEIVE PRODUCT AUDIO
RELAY FILTER MIXER DETECTOR AMPLIF IER
oispLav SPEAKER
=L T FREQUENCY
ML T T MICROPROCESSOR SYNTHESIZER

TUNING KNOB

fig. 1. Simplified block diagram of HW-5400.
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own, | called Heath. Very shortly, | was talking
to Terry, a synthesizer expert, and listening to
a quick run-through of that part of the circuit.
He made a couple of suggestions and sure
enough, his first one identified the trouble. It was
a mica tuning capacitor that was marked 100 pF,
but was really 1000 pF. No wonder the circuit
wouldn’t tune!

| ran into difficulty again on the IF board, but
this time | didn’t waste a moment; | got on the
phone. It turned out that the trouble was the FET
problem mentioned above. A package arrived in
three days, and as it turned out, there were four
FETs to be replaced.

When | had to remove the IF board, the syn-
thesizer board, and the RF board, | was quite
happy that Heath had made me put all those Mo-
lex connectors together. Disassembly was easy.
It was at this point that the quality of the printed
circuit boards became really obvious. | had abso
lutely no fear of unsoldering and resoldering the
connections on the traces of the PCBs.

“smoke’’ test

There was one interesting thing about doing
power-on tests after each step in the assembly.
If you've ever put a kit together, then you know
the thrill and fear of the “smoke test.” With this
rig you enjoy the same emotions over and over
again. It doesn't lessen with experience.

Now there it was, all put together and ready
for use. After three or four contacts on 75 and
20, | decided it was time to finish the job and
install the unit in its cabinet. But first, | thought
| should do a bit of peaking up, using my old
but reliable General Radio Model 605A signal
generator. There was no improvement.

state-of-the-art circuitry

This is a complex, state-of-the-art transceiver.
The simplified block diagram (fig. 1) shows the
flow of signals. On both transmit and receive,
the signals go through the lowpass filter (which
is switched for each band). On receive, the signal
goes through a highpass filter to get rid of broad-
cast band signals, and then travels through a
bandpass filter which is also switched for each
band. Notice that the BP filter is used on both
transmit and receve. The signals go one way on
transmit, and the opposite way on receive. This
is done by some very clever diode switching. The
final amplifier is permanently connected to the
output. The transmit/receive relay is connected
in the receive line, and is ppened on transmit.

finger sensor

Down at the bottom of the block diagram are
three blocks labeled DISPLAY, FREQUENCY
SYNTHESIZED OSCILLATOR, and MICRO-
PROCESSOR. They are NOT simple. The micro-
processor is the device which makes everything
happen in the HW-5400. It controls the display,
the frequency synthesizer, and the finger sen-
sor of the tuning knob. Yes, that's right . . . the
finger sensor.

Now here's a bit of genius in design. The main

tuning knob has two finger-spinning holes. One
of them has a metal insert. When your finger
touches the metal insert, the two digits after the
decimal on the display go out, and as you tune,
the frequency increment 1s 1 kHz instead of 50
Hz. So when you want to make a big shift in fre-
quency, use the metal insert spinner; for fine tun-
ing, use the other one. On the unit that | built,
| have the keypad accessory; for big jumps | use
the keypad, and for 20 or 30 kHz, | use the spinner.

frequency control

The frequency synthesizer circuits control the
VCOs, which combine to produce the required
injection signal. The VCOs are controlled by a
feedback loop referenced back to a crystal con-
trolled oscillator. This loop has a bandpass filter,
and the settling tme for a VCO is inversely pro-
portional to the bandwidth of the filter. The filter
must be narrow enough to get rid of the refer
ence frequency, and yet wide enough to allow
quick response.

Heath solves the problem ingeniously. They
set up the circuit so that the input to one of the
divide-by-N chains is the difference between two
VCOs. The step frequency of PLL 1is 10.05 kHz;
that of PLL 2, is 10 kHz. The difference between
the two steps is only 50 Hz, yet the reference
frequencies are at 10 kHz. This makes the filter-
ing out of the reference frequency relatively easy.
The output of VCO 1 is from 5.45-6.05 MHz (in
50 Hz steps). It is mixed with the BFO signal
(8.83 MH2z) to give 14.28-14.88 MHz. Then the
signal is mixed with 10 or 20 MHz, and the out
put from VCO 3 or VCO 4, and the desired out
put frequency is produced. A lot of the switching
is solid-state, so that the bandswitch is compos-
ed of only three wafers. One of those is used
to control the solid-state switching circuitry.

The display on the HW-5400 is easy to read.
At the left there is a series of symbols that in-
dicate which mode the rig is in. There are several
indicators — out of band, split frequency, trans-
mit, and unlocked VCO. The VOX, anti-VOX,
delay, and side tone controls are under a little
flip-up panel to the right of the display.

When the Heath engineers laid out the printed
circuit boards, they kept the transmit and receive
parts pretty well separated, and generally speak-
ing, the schematics follow the board layout in
the same fashion. This makes it a little easier to
locate the components on either the boards or
the schematics.

operation

As | mentioned before, when | switched from
one band to another, the HW-5400 remembered
the frequency | last used on the original band.
But it will also remember a second frequency.
With eight bands (80, 40, 30, 20, 17, 15, 12, and
10), that makes a total of sixteen frequencies in
memory, because the HW-5400 provides for split
frequency operation on each band. Incidental-
ly, when | operated split frequency, | found a
slight delay in going from receive to transmit (but
only on split frequency: simplex, the VCOs are
already on frequency and there is no delay), This
happened because the VCOs require a little time
to settle.

| found it strange to be able to switch from
one band to another without having to retune;
in fact, | kept looking for the knobs. Fortunate-
ly, all of my antennas have fairly low SWR. At
least they are low enough so that the HW-5400
will accept them without shutting down. Just
to see what would happen, | put the rig on 75
meters and left the 20 meter beam antenna con-
nected. The HW-5400 absolutely refused to put
out any power. | didn’t do any fancy tests to see
at what SWR it would quit, but | figure that this
15 the mistake most likely to be made.

One disconcerting thing at first was ““chirp”
of the 50 Hz steps as | tuned in a CW or RTTY
signal. But soon | no longer noticed the noise.,
For final tuning of signals, | started to use the
RIT. It is smooth. Another feature | like is the
IF shift. It seems to me that whenever | go off
a net to talk to someone, the frequency | select
invariably becomes the channel adjacent to the
National Tuneup Frequency! With the IF shift,
| can slide the IF sideways a little and get rid of
the QRM. It's a nice feature.

While the high speed tuning feature is great,
it did produce a surprise one evening. | spun the
dial to a new frequency to meet someone for a
QSO0, and because Heath'included a muting cir-
cuit to quiet the receiver while the VCO is settl-
ing, | ended up about 15 kHz past a local. He
was transmitting when | tuned past him, but it
took a few milliseconds before the speaker al-
most came off the desk from the buckshot, It
took me a second or two to realize what had hap-
pened. | moved down another 15 or 20 kHz and
learned something: the HW-5400 is almost as
good as my tube rig for bearing up under close-
by locals. | carried on the QSO about 30 kHz
from the local, and although | knew he was
there, it wasn't difficult or even uncomfortable
to carry on the QSO.

Radio Amateurs are never satisfied. It doesn't
much matter who designs what . . . we'd always
like to see something different. For me, there are
two things missing from the HW-5400: 160 me-
ters and a way to connect up my SB-610 band
scanner. After having used one for fifteen years
or so, | feel almost lost without it connected.

One of the things | really like about this rig is
the uncluttered front panel; you can tell what
each control is for without searching through the
instruction book. The knobs are far enough apart
so that | don't feel crowded.

If you like to build, and have some experience
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TUBES, SEMICONDUCTORS, IC'S
DIODES AT SUPER LOW PRICES

N ENTORY atit, the HW- 5400 is a good rig to tackle. If you
'N DEPTH l v want to dig inside to fix or tweak something, receiver
EIMAC, SY LVAN'A, GE, CETRUN you'll be able to go ahead with confidence be sensitivity: less than 0.35 uV for
cause you'll have been inside at least once S+N
Skd _— before. You'll enjoy operating the HW-5400; it's 10 dB N
3.4002 115.00 a good rig | audio output: 2 watts in 4 ohms
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:g:fosgggg?gs 433% H“'i[.h Company, Benton Harbor, Michigan slow)
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5751 4.00 - .
S814A 370 book review:
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g 44 = hv ALUMA Tektronix, is well known to the Amateur and
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Sherwood filters

Receiver selectivity and the ability to reject un-
wanted signals are subjects of tremendous in-
terest to Radio Amateurs. Long known for their
excellent aftermarket filters and extensive
modification. of the R4C receiver, Sherwood
Engineering now has a line of front end anten-
na filters. My interest came as a result of a phone
call from George Heidelman at Sherwood alert-
ing me to a new filter they had designed recently
for the 160 meter DX window, 1.825-1.830 MHz.

If you haven't been on 160 meters recently,
you would be surprised by the amount of activity
that will be found. On almost any given even-
ing there are plenty of CW and SSB QSO’s in
progress; rapid growth and the elimination of
power restrictions has resulted in some crowd
ing on the band. For instance, SSB operators
who sit just above 1.830 MHz with an LSB sig-
nal put a fair part of their signal down into the
DX window.

During both phone and CW contests, when
160 can sound as bad as 20 meters, the DX win-
dow is often bracketed by strong signals. For the
average transceiver or receiver, this can result
in very difficult copy in the DX window area. In-
stallation of the Sherwood filter will pass only
these signals that fall between 1.825 and 1.830
MHz thus facilitating easier reception without
front-end overload, intermodulation products,
etc. Another suggested application is at large
multi-op, multi-transmitter contest stations; a
spotter can scan the DX window, minimizing
interference, while the operator is working sta-
tions on another part of the band. When another
multiplier is heard, the operator can QSY to the
appropriate frequency and attempt to work the
station.

The filters can also be used to reduce in-
terference from high powered shortwave broad-
cast stations and in high ham density, urban en-
vironments. Currently Sherwood Engineering
has available filters that cover 25 kHz segments
for the 40 and 20 meter CW bands, 12.5 kHz
segments of 80/75 meters, and any 5 kHz seg-
ment on 160 meters. Other frequencies are
available on request.

These low-loss front-end antenna filters are
based upon a high performance, 6 pole, crystal
50 ohm design. They have a shape factor of
2.25:1, 6/60 dB and are designed to be used
with any receiver and can be adapted to most
transceivers

the acid test

After receiving the filter from Sherwood, |
reconfigured my receiver input so that | could
switch in and out the filter to do A-B compari-
sons. Because | live in a low-density area, hav-
ing other stations nearby is not a problem. How-
ever, as more and more new hams have joined
the fun on 160 meters, the band has become sig-
nificantly more crowded. During several 1983
contests, | found that while listening with the
filter in, | was able to effectively reduce in
terference coming from other stations outside

the DX window. At the filter's edges, nearby
signals were not completely eliminated due to
operating at the 3 dB points. My overall impres-
sion of these front-end filters is that they would
be highly desirable at a multi-op, multi-trans-
mitter operation and in any high ham density
area. For 160 meters, they provide an extra
measure of selectivity to help ferrett out those
weak and hard-to-copy DX signals. They can
also be used ahead of a Beverage antenna pre-
amplifier.

Filters for several frequency segments are
available for each band. They include the
FE-14000/6, FE-14200/6, FE-7000/6, FE-3500/6,
and FE-1825/6, as well as others that may be
specially ordered. Most are priced at $80; 160
meter filters are priced at $145. Add $3 for
domestic shipping, $6 for shipping overseas.

For more information on Sherwood's front-
end filter or any of the rest of their product line,
contact Sherwood Engineering, 1268 S. Ogden
Street, Denver, Colorado 80210.

Circle #302 on Reader Service Card.
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remote control

antenna tuners

Here's a brand new product of interest to
hams who've been disappointed with their an-
tenna's performance. The VT-3/VT-4 is a re-
motely tuned series-fed capacitor that is con-
nected directly to the antenna. Adjusting the
VT-3/VT-4 will tune the antenna to a minimum
value of SWR. For example, mobile antennas
that would before only tune 20 kHz without re-
adjustment, will now be able to tune the whole
band by a flick of the switch. Other suggested
uses are with a trapped vertical, half wave
doublet, long wire, or sloper.

The VT-3/VT-4 is housed in an aluminum
universal base mount with an anodized alumi-
num cover for weather protection. With the
addition of the LC-4 inductor kit, it can be con-
verted to a voltage-fed matching device. This is
a single band system that can cover 1.8-30
MHz and will provide full size band coverage
with appropriate coil tap adjustment.

The VT-3 is designed for mobile installation
and operates directly from the vehicle's 12-volt
power supply, The VT-4isa 117 VAC - 12VDC
supply and switch. The VT-3/VT-4 has a
switch to activate the capacitor and limit lights
show when either maximum or minimum ca-
pacitance values are reached. Both units re-
quire eight conductor control cables. Current
consumption is low so cable runs can be long
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5%" SSDD 35-40 Track

$22 Box of 10
(5 or more $21/Box)

FREE SUPPLIES CATALOG

Write Today

Payment:  Mastercard/Visa (include
Number and expiration date), Money
Order, Cashier’s Check, Personal Checks
{allow 10 days to clear). Shipping 3%, $3
minimum, by UPS mainland USA. Sorry
no APO/FPO/COD’s, New Jersey add
6%. Prices and availability subject to
change without notice.
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44 FORREST ROAD

171 RANDOLPH, NEW JERSEY 07869
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MAKI UTV 1200 - $499°5
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New CMOS DTMF Chip Kit

Teltone's TRK-957 Kit makes it easier and
less expensive o breadboard a low-power,
central office quality DTMF detection system
All you need is a power source from 5to 12
VDC. The sensilivity, wide dynamic range,
noise immunity, and low-power consumption
make the TRK-957 ideal for telephone
switching, computer, and remote control
applications The TRK-957 DTMF Kitis only
$24.75. To order call

(800) 227-3800, ext. 1130.

TELTONE’ v 183
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Price for the VT-3/VT-4 is $159.95. Eight
conductor cable is available for 24 cents per
foot and the LC-4 inductor kit is priced at
$39.00. All Vector Radio products are sold with
a money-back guarantee.

For more information on the Vector Radio
VT-3/VT-4 remote antenna tuner, contact
Vector Radio Co., P.O. Box 1166, Cardiff, Cali-
fornia 92007.

Circle #303 on Reader Service Card.

radio modem

Macrotronics, Inc. has introduced the RM1000
radio modem, a hardware and software system
that converts a personal computer into a state-
of-the-art communications terminal supporting
Morse, Baudot and ASCIl codes. The radio
modem is intended for use by Amateur Radio
operators and SWL's for copying news and wire
sevices. It features commercial quality
demodulators, dual bargraph tuning, and exten-
sive software capabilities.

The RM1000 uses multistage active filter
demodulators with dual LED bargraph tuning in-
dicators for reception of both Morse code and
radioteletype (RTTY) signals. It offers three
RTTY shifts which may be selected from the
computer keyboard, and a crystal-controlled
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AFSK tone generator provides stable RTTY key-
ing. Relays are used for Morse code and push-
to-talk transmitter keying. A hardware clock con-
tinuously displays time and may be inserted in-
to text in a completely user-programmable for-
mat.

Many features are included in the software to
accommodate a wide variety of operating situa-
tions including net operations, MARS, RTTY,
art ("PIX"), contesting and SWLing. A 70-page
user manual is included.

The RM1000 radio modem system is current-
ly available for ATARI™, APPLE™, IBM™ and
Radio Shack TRS80™ microcomputers. For
complete information, contact Macrotronics,
Inc., 1125 N. Golden State Blvd., Turlock,
California 95380.

Circle #304 on Reader Service Card.

new solid-state tube for
Drake R-4

Sartori Associates has just announced the
availability of a new solid-state tube, the
SBA6. Designed to replace the 6BA6 in Drake
R-4{A-B-C) receivers, the SBA6 will also re-
place the RF and IF 6BZ6 vacuum tubes in the
R-4A/B and early model R-4C, as well as the
6BAB6 and 12BA6 vacuum tubes used in the IF
amplifiers of the R-4 series. (For the third mixer
in the early model R-4C, we recommend re-
placing the 6BA6 with a 6HS6/SHS6 — (Drake
made this improvement in the mid-model R-
4C). The new SBAG will also serve as a plug-in
replacement for your T-4X 12BA6 ALC'd IF
amplifier.

Sartori solid-state tubes provide no-warm-
up, high performance, trouble-free operation
with R-4(A-B-C) receivers. Sartori also manu-
factures SEJ7, SHS6, and SBE6 mixers for the
R-4 series and the SEJ7, SHS6, SAUE,
SAX7-1, SAX7-2, SEV7/SFQ7/SAQB for the
T-4X series. All are priced at $23.00 postpaid

For more information about the SBAG, con-
tact Sartori Engineering, P.O. Box 2083, Rich
ardson, Texas 75080.

Circle #305 on Reader Service Card.

IC-04A and IC-04AT
The IC-04A and IC-04AT, two new 440 MHz
HTs from ICOM, feature frequency entry, con

trol functions and 32 PL tones controlled by the
16-button pad on the face of the radio. Also in-

cluded are priority, scanning (both of memor-
ies and programmable band scan), and DTMF
(04AT only). For scanning. 5 kHz increments are
front-panel selectable. Ten memories with inter-
nal lithium battery backup give the ultimate in
flexibility for channelizing operation for easy ac-
cess to most-used channels, A custom LCD
readout with S-meter is unique to the ham
industry.

The IC-04A and IC-04AT have the same styl-
ing, control features and functions of the
IC-02A(T), and utilize the existing accessory line
available for the IC-2A and IC-2AT, plus new ac-
cessories such as long-life and high-power bat-
tery packs.

For details, contact ICOM, 2112 116th Ave-
nue, N.E., Bellvue, Washington 98004,

Circle #308 on Reader Service Card.

full-function DTMF decoder

A full-function, dual-tone multifrequency de-
coder module, model 2009, is a state-of-the-art
CMOS design which decodes all 16 DTMF codes.
Available from Proham Electronics, model 2009
has several advanced features such as a crystal-
controlled imebase for long-term accuracy, on-
board voltage regulation, counter detection with
period averaging to minimize falsing, and latched
4-bit digital outputs with a choice of binary or
row/column format

Two LSI CMOS chips provide high perform-
ance operation and minimize the parts count. All
bandpass and band reject filtering is achieved
by using one switched-capacitive filter integrated
circuit. The time base oscillator and dividers are
also within this chip. Likewise, the actual de-
coding is performed by the second CMOS de-
vice, This simplifies operation, since there is only
one adjustment required, and it sets the oper-
ating level. There are no frequency adjustments
because all timing 15 referenced to the crystal
controlled time base. Ancillary benefits resulting
from the application of these LS| CMOS devices
is compact size, the printed circuit board is only
3.6 = 2.0 inches, and low power requirement,
typically 40 mA at 12.5 VDC. The kit is easy to



build using the comprehensive instruction
manual supplied, and easy to use. When driven
with an audio signal beween 50 mV and 1.0 V,
the model 2009 produces a 4-bit digital output
code corresponding to the DTMF digit detected
and valid code pulse. This output can be used
to drive a parallel port of a microcomputer or ad-
ditional digital logic circuitry as required. The
price of a bare board with manual is $9.95;
board, manual, filter and decoder chip, $44.95;
complete kit, $99.95; and manual only, $5.00.
All prices include postage in U.S.A. (Ohio
residents add 5% sales tax.)

For further information, contact Proham Elec-
tronics, Incorporated, 34620 Lakeland Blvd.,
Eastlake, Ohio 44094.

Circle_£306 on Reader Service Card.

shirt-pocket volt-ohmmeter

The new Model 3525 DIGI-PROBE™ volt-
ohmmeter, just introduced by Triplett, is said
to be one of the smallest trouble-shooting, bat-
tery-operated, digital instruments presently
manufactured. Its shirt-pocket size, internal
overload protection, accuracy and auto-rang-
ing features make it appropriate for a myriad of

lab, circuit design or in-field measurements on
industrial, commercial, or consumer electron-
ic/electrical equipment.

Only 6-3/8" long = 1-1/8” wide x 3/4”
deep (162 = 28 x 20 mm), the DIGI-PROBE™
utilizes a large 5mm easy-reading 3.5 digit LCD
display with a convenient ‘Data Hold" feature
to facilitate measurements in low ambient light
or in confined areas. It also enables the user to
“hold" the reading for later review. An instant-
tone continuity test permits rapid testing of
diodes, shorts and circuit continuity. Volts,
ohms, and continuity are easily selected with a
simple function switch. AC and DC volts are
selected by push-button with AC shown on the
LCD display.

Auto-ranging on volts and ohms functions

eliminates the need for range selection, provid-
ing true "Touch and Test" capability. The
Model 3525 has thirteen ranges. Range selec-
tion in all functions is fully atuomatic. The
ranges are: 0-500 VDC in four ranges; 0-500
VAC in four ranges; 0-2.0 Megohms (2.9 Meg-
ohms in overrange) in four ranges. Auto-rang-
ing response time is 5 seconds maximum and
accuracy is +0.75 percent of RDG + two
digits on most ranges. Blinking-digit overrange
indication and low battery visual indication are
provided. Internal overload protection is to 750
VAC/DC in voltage ranges and 250 VAC/DC in
ohms and continuity ranges.

The DIGI-PROBE™™ case is molded of high
impact black thermoplastic with textured
surface. The unit weighs only 2-1/2 ounces
(0.07 kg).

Priced at $65.00, the DIGI-PROBE™ is fur-
nished with two 1-1/2 wvolt button-type bat-
teries, shirt-pocket carrying case, attached 28-
inch test lead, comprehensive instruction
manual and one-year warranty.

For information or a free demonstration of
the DIGI-PROBET™ contact Triplett Corpora-
tion, One Triplett Drive, Bluffton, Ohio 45817.

Circle #309 on Reader Service Card.

noise figure measurements

application note

HP's new application note AN/57-1, “'Princi-
ples of RF and Microwave Noise Figure Meas-
urement,” is now available for all those work-
ing on device, component, sub-system and
system noise figure. It replaces the long-popu-
lar AN/57, ""Noise Figure Primer."

The 40-page note serves as a comprehensive
tutorial on noise figure, with detailed material
on thermal and shot noise, concepts of noise
figure, effective noise temperature, Y-factor,
etc.

Plenty of useful information is provided on
subtle measurement considerations including
single sideband vs. double sideband, effects of
local-oscillator noise, second-stage effects and
corrections, hot/cold techniques, frequency
conversation and image considerations.

An extensive glossary includes common
symbols and detailed technical explanations of
most terms. Also included is a bibliography of
34 other noise-figure-related references.

For a free copy of AN/57-1, contact Hew-
lett-Packard Company, 1820 Embarcadero
Road, Palo Alto, California 94303.

Circle #307 on Reader Service Card.

the action

24 hours per day
— without missing
aword.

“‘Action Monitor”

Is a voice operaled switch thatis a cinch to connect between any
HF/VHF/UHF recewver and a cassette recorder Every ime a sig
nalis recewved. the " Action Monitor " automatically turns on the
recorder so you have a permanent taped record ol whatis be
ing said 24 hours a day. Delay feature lets you get both sides
of all conversations. Great tor repeater logging, scanners, SWLs
and more Al electromic — no mechamcal relays to fal Small
compact umt hts almost anywhere Comes with cables. 9 volt
battery and instructions AC adapter available. add $8.95

Only $39.95

30 day money back guarantee
Please add $2 00 shippingMandling
Canadians $3 .00 No CODs
Wisc residents add 5% sales tax

Send your order today

J.C. Labs « PO Box 183HR » Wales, W1 53183

Tune in to all ]

SAY YOU SAW IT
IN

HAM RADIO

(414) 547-7987 154
TUNE IN THE WORLD
OF HAM-TV!
Amuateur Radio operators in the 1980°y are discovering the

fasoiraning ' World of Amateur Televivon™™ Be i Fast Scan TV
(FSTV, Slow Sean TV (88TVL. Facumule (FAX) or somewhere
n berween, Video communications modes are growing at an
exciting pace’

Mew advancementy are raking place in High- Resolunon  Color
SSTV and the use of persanal computers for ATV graphis
SSTV - FAX —RTTY vommumcations Intetest i even growing
n MICROWAVE and TVRO applicationi

AS ATV MAGAZINE™ has supported these modes of
Amateur Specialized Communsations unce 1967 — over 17
wears' And now under guidance of the UNITED STATES ATV
SOCIETY . HAM TV will

onnmnur 1 grow apdly Ineeesed

Send SASE for "free informanion brochures today

h TRIAL
niy $10 00

Spevial vin

wubsripr

One vear subsnption |12 issues)
f the "USATVS Jouinal $200 00
Sample wsue avaitable for B2 S0 ppd

A5 ATV MAGAZINE™:
P.O BOX H
LOWDEN, IOWA 3225%

A DIVESION OF G0 1) PUBLICATHONS 1

» 110

R *99.95
SSTV-RTTY-FAX TUNER
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viewt SETV. KTTY e FAX tuming
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RATES Noncommercialads 10¢ perword;
commercial ads 60¢ per word both payable in
advance. No cash discounts or agency commis-
sions allowed.

HAMFESTS Sponsored by non-profit or-
ganizations receive one free Flea Market ad
(subject to our editing) on a space available basis
only. Repeat insertions of hamfest ads pay the
non-commercial rate.

COPY No special layout or arrangements
available. Material shouid be typewritten or
clearly printed (not all capitals) and mustinclude
full name and address. We reserve the right to
rejectunsuitable copy. Ham Radio cannotcheck
eachadvertiserand thus cannot be held respon-
sible for claims made. Liability for correctness
of material limited to corrected ad in next avail-
able issue.

DEADLINE
month.

SEND MATERIAL TO: Flea Market, Ham
Radio, Greenville, N. H. 03048.
R
QSLs & RUBBER STAMPS — Top Quality! Card Samples and

Stamp info — 50¢ — Ebbert Graphics 5R, Box 70, Westerville,
QOhio 43081

15th of second preceding

TRAVEL-PAK QSL KIT — Converts post cards, photos 1o QSLs
Stamp brings circular. Samco, Bax 203-¢, Wynantskill, New York
12198,

QSL the Best! Fullcolor $20 for 200 Aslowas$7 Free catalog
Rusprint, Box 7575, Kansas City, MO 64116. Credit card order
fine 1-800-531-7373

SPRING CLEANING. Allmust go. Test equipment: H.P. scopes,
meters, G.R. bridges, Tektronix equip., lab standards, spectrum
analyzers, many other items, antiques; parts: insulators, gears,
fans, variacs, much more. Also electronics databooks, finestcur-
rent material, radio magazines, really cheap, test equipment
manuals. Sendlong SASE forgiantshack cleanoutliist. Joseph
Cohen, 200 Woodside, Winthrop, MA 02152.

COUNSELORS: Connecticut brother-sister camp. Complete-
ly equipped with hamradio station. Programincludes electron-
ics, kit building, code and communications. June 25 - August 22
Send resume: Lloyd Aibin (N2DMQ) Ken-Mont and Ken-Wood
Camps, 2 Spencer Place, Scarsdale, NY 10583.

FOR SALE: Heathkit SB 104A with complete mods. Spare PA
board. Power supply, ext. VFO. Best offer. S. Pavone,
201-335-5732.

Foreign Subscription Agents
for Ham Radio Magazine

Ham Radio Austria Ham Radio Holland

Karin Ueber Postbus 413
Postfach 2454 NL-7800 Ar Emmen
D-7850 Loerrach Holland

West Germany

Ham Radio Belgium

Stergohouse
Isesteenweqg 416

g"DJ?s\seG nt wed 1-20132 Milano

Belgium Iaty

Ham Radio (taly
Via Pordenone 17

Ham Radio Canada

Box 400, Goderich
Ontario, Canada N7A 4G7

Ham Rada Europe

Box 2084

$:194 02 Upplands Vasby
Sweden

Ham Radio France

SM Electronic

20 s, Ave des Clanong
F-89000 Auxerre
France

Ham Radio Germany
Karin Ueber
Posttach 2454
D-7850 Loerrach
West Germany

Ham Radioc Switzerland
Karin Ueber

Posttach 2454

D-7850 Loerrach

West Germany

Ham Radio UK

P O Box 63, Harrow
Migdlesex HA36HS
England

Hottand Radio

143 Greenway
Greenside, Johannesburg
Republic of South Atrica
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NEED TO CONTACT James Navarchiconcerning Yaesu gear.
C T.Huth, 146 Schonhard! St.. Tiffin, OH 44883

FASTRAK " 2005 Active filter features 8-pole response and dc
swilching: make a CW filler with 80 hertzbandwidth; 3.6 x 3.0
inch pcb and manual $9.95. Proham Electronics, Inc., 34620
Lakeland Blvd., Eastlake, OH 44094.

PROFESSIONAL QUALITY circuitboards at ham prices. Cat-
alog $1.50. Dynaclad Industries, Box 296, Meadowlands, PA
15347

KENWOOD TS-520, CW filter, extra VFO, service manual,
ac/mabile power supply $419. Heath HW-12, power supply $65.
EE-8 field telephones $22 each. | pay shipping. W8QX. (313)
644-5042

SUPERCQWW AND ARRL CONTEST PROGRAMS. TRS-80
Modell lil, (IVinliimode). Completely machine language. Auto-
matic identification of country and zone {CQ) from call letters.
Dupe speed 12000 + contacts per second. Screen displays
zones still needed (CQ). total points, zones, countries, etc. Auto-
matic CW generatorwith 2buffers. Log print program prepares
logs and dupe sheets. Log preparation program for hand logs.
Similar features to above. QSL label program for both, CQWPX
now being written. FREE fact sheet and sample printouts. K4S8,
3496 Velma Drive, Powder Springs, GA 30073

120' GUYED TOWER. Extremely strong $700. 20° sections
$150. Tim Colbert, 13608 Colony, Burton, Ohio 44021.

VLF-LF preamps, coupier, Loran-C boards. SASE. Burhans
Electronics, 161 Grosvenor St , Athens, Ohio 45701,

FASTRAK " 2007 intervaltimer uses digital logic 1o provide ac-
curate timing without falsing; adjustable length; ideal for 10min-
uteiduse; 3.6 x 1.5inch pcband manual $9.95. Proham Elec-
tronics, Inc., 34620 Lakeland Bivd , Eastlake, OH 44094,

ELECTRON TUBES: Receiving, transmitting, microwave . .. all
types availatite. Large stock. Next day delivery most cases. Daily
Electronics. 14126 Willow Lane, Westminster, CA 92683. (714)
894-1368

RUBBERSTAMPS: 3lines $4.50 PPD. Send checkorMOtoG L.
Pierce, 5521 Birkdale Way, San Diego, CA92117. SASE brings
infarmation

RECLAIM SILVER from electronics scrap. Write RALTEC,
25884F Highland, Clevetand, OH 44143

CHASSIS and cabinet kits. SASE K3IWK

WANTED: Manual for Lavoie oscilloscope model LA-265A.
Original or photocopy. State cost. WE4Q, 4257 Via Alta Drive,
Mabile, Alabama 36608.

SALE: Vanguard Labs signal generator 100to 180 MHz. John-
sonCB test set. Checks power, modulation and receiver. Jeff V.
Nielson, 610 South 200E, Monroe, Utah 84754.(801)527-4242.

CABLE CONVERTERS, decoders. Catalog $1 refundable. APS,
POB 263 HR, Newport, R 02840

RECONDITIONED TEST EQUIPMENT $1.00 for catalog
Walter, 2697 Nickel, San Pablo. CA 94806.

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year
$7.00. Beginners RTTY Handbook $8.00 includes journal index.
P.O. Box RY, Cardiff, CA 92007

FILTERS for Drake R-4C receiver FL-250, FL-500, FL-1500, new,
each $55.00; HP-608FR late model signal generatar, 10 MHz
thru 455 MHz, 19” panel with blue/gray cabinet, $375.00;
USM-140 oscilloscope, DC-25 MHz dualtrace, triggered sweep
$295.00, URM-26 signai generator 4 MMz thru 400 MHz,
$185.00; Jerrold 900A sweep generator, 500 kHz thru 1200 MHz,
$325.00; Tektronix L-30 spectrum analyzer plug-in 925 MHz thru
10.5 GHz, $345.00. All excellent lab tested, add shipping, phone
704-524-7519. Slep Electronics Company, Highway 441, Otto,
NC 28763.

IMRA international Mission Radio Assn. helps missioners —
equipmentioaned; weekday net, 14.280 MHz, 2-3PM Eastern.
Br. Frey, 1 Pryer Manor Rd., Larchmont, NY 10538.

**HAMS FOR CHRIST. ' Reach other Hams with a gospel tract
sure to please. Clyde Stantfield, WA6HEG, 1570 N. Albright,
Upland, CA 91786,

QUICK-FIND Callsign log. Quickly know it and when you
warked thatcall, and if you want towork it again! $2.00, fuil price,
Quick-Find, 2725-H Sandicrest, Cantonment, Florida 32533.

ENGINEERING SOFTWARE: Free brochure. SPP — Signal
Processing Program. General purpose program analyzes linear
and non-linear systems and circuits and their effects on user
specitied wavetorms. Transient analysis, 512 point FFT & In-
verse FFT. Laplace transfer tunction analysis and manipulation.
Non-linear time domain manipulation. Works with ACNAP to pro-
vide transient analysis for tinear circuits, PLOTPRO to plot re-

sults. Too much to tell, write for brochure. $59.95 ACNAP — Fast
Electronic Circuit Analysis Program analyzes active & passive
circuits up to 60 components and 21 nodes. Calculates Worst
Case, Monte-Carlo, Sensitivities, Noise Equivalent Bandwidth,
linearor log steps, disk file 1/O, works withPLOTPRO and SPP.
$49.95. PLOTPRO — Microsoft Basic program makes scientific
graphs using any printer. Linear, semi-logarithmic, logarithmic
plots, one or iwo Y axis. Plots multiple functions on same graph,
forced scaling or autoscaled, grid lines andlabeling. Vertical and
Horizontal formats, $49.95. All programs available for 5.25/8"
CP/M, 1BM PC, VICTOR 9000, and TRS-80 Models |, I, IV. In-
clude $3.00 each shipping & handling, California add 6%. BV
Engineering, P.O. Box 3351, Riverside, CA 92519, (714)
781-0252.

TENNATEST — Antennanoise brldge — out-performs others,
accurate, costs less, satisfaction guaranteed. Send stamp for
details, WBURR, 1025 Wildwood Road, Quincy, M( 49082,
WANTED: Cash paid for used Speed Radar equipment. Write
or call: Brian R. Esterman, P.O. Box 8141, Northfield, Hllinois
60093. (312) 251-8901.

WANTED: Old RCA, Western Electric tubes. (713) 728-4343.
Maury Corb, 11122 Atwell, Houston, Texas 77096.

WANTED: Early Hallicrafter **Skyriders’ and ‘' Super Skyriders'
withsilver paneis, also '‘Skyrider Commercial”, early transmit-
terssuch as HT-1, HT-2, HT-8, and other Hallicrafter gear, parts,
accessories, manuals. Chuck Dachis, WDSEOG, The Halllicraft-
er Collector, 4500 Russell Dnve Auslln Texas 78745.

SELL: Kenwood Twins. E. Alline, NESS, 773 Rosa, Metairie, LA
70005.

VERY in-ter-est-ing! Next 4 issues $2. Ham Trader '‘Yellow
Sheets’’, POB356, Wheaton, IL 60189.

IBM-PC ASCIl/BAUDOT/CW. SASE for details. E. Alline, NESS,
773 Rosa, Metairie, LA 70005

ANNIE’s EASY. Analyze d|po|es slopers, verticals, inverted-
vees and arrays; any orientation, position, phasing, weight or
combination with Annie Antenna Analysis Software. Include
REAL GROUND (conductivity, dielectric constant). Superb hi-
res plotting. Annie’s incredibiy friendly and with 100% machine
fanguage, she's FAST! For Apple ! + (48K or64K)or lle, DOS3.3,
$49.95 + $2.00 postage, NY add sales tax. Include fullname and
call. S.A.S.E. for info. Commercial, fibrary, etc., call for quote
(315)622-3641. Sonnet Software, Dept. HR, 4397 LunaCourse,
Liverpool, NY 10388.

KEYBOARD and instruments cases. Send for free information.
Bel-Tek, PO Box 125H, Beloit, WI53511.

WANTED: ARRL VHF Manual, early edition. State condition and
year of publication. Stanley Jatfin, WB3BGU, 800 Stonington
Road, Silver Spring, Maryland 20902. Telephone 301 593-5959,
evenings

Coming Events
ACTIVITIES

‘“‘Placestogo...”

OHIO: The Cuyahoga Falls ARC’s 30th annual Electronic Equip-
ment Auction and Hamfest, Sunday, February 26, North High
School, Akron. 8 AM to 4 PM. Tickets $2.50 advance, $3.00 at
door. Sellers may bringown tabies or some available for $2.00,
advance table reservations advised. Talkinon 87/27. Forinfor-
mation: CFARC, P.O. Box 6, Cuyahoga Falls, OH 44222 or cal
K8JSL (216) 923-3830.

INDIANA: The LaPorte Amateur Radio Club’s Winter Hamtest,
Sunday, February 26, Civic AuditoriuminLaPorte. Starts 7 AM
Chicago time, Admission $2.50 per person. 8 ft. long tables avail-
abie for $2.00 each by reservation. Good food, cotfes, etc. Talk
in on 52 simplex. SASE for tables, tickets, or information to
LPARC, P.O. Box 30, LaPorte, IN 46350.

MICHIGAN: The 14th annual Livonia Amateur Radio Club’s
Swap 'n Shop, Sunday, March 4, 8 AMto 4 PM, Churchitl High
Schoolin Livonia. Plenty ottables, refreshments and free park-
ing. Talkin on 144,75/5.35 and 52 simplex. For furtherintorma-
tion send large SASE to Neil Coffin, WABGWL, Livonia ARC,
P.0.Box 2111, Livonia, M1 48151.

OHIO: Cincinnati ARRL '84 State Convention and Flea Market,
February 25 and 26. Registration $5. Fleamarket $4 per space
both days. Forums, meetings, vendors, Wouff Hong, banquet.
Hospitality suite Friday and Saturday nights. Write: Cincinnati
ARRL '84, POB11300, Cincinnati, OH 45211 or call (513)
825-8234.

KENTUCKY: Glasgow Swapfest, Saturday, February 25, 8 AM
CSTtil. .. Glasgow Flea Market Building 2 miles south of Glas-



Get Your Best Deal ...
Then CALLUS ... TOLL FREE!

i} 8 o o =l 2 3 8 = 6 1 6 8 (In Tennessee, call 901-683-9125)

KENWOOD
ICOM

When you call, talk to a Qualified Ham Operator!
(Ask for MARSHALL, KU40, or BILL, WATNP)

AUTHORIZED DEALER FOR: Kenwood, ICOM, WE
Drake, Ten-Tec, Santec, MFJ, Astron, AEA, Mirage, TRADE'
[ ]

B&W, Hustler, Cushcraft, Larsen, Hy-Gain, and
others. ... PLUS CURRENT USED GEAR
= Call for free appraisal
Memphis Amateur
Electronics, Inc.

1465 Wells . Monday Friday 9to D,
Station Rd., Memphis, TN 38108 Saturday 9 to 12 (Central Time)

D

After the sale,
it's the service
that counts!

gow o nignway J1£. Large fiea markel, free coffes, tree park
ing. Admission $2 per person, no extracharge for exhibilors. One
frea table per exiibilor, extra tables avadable for $3 D0 each Talk
in on 146 34/94 or 147 63/03 For information: WA4JZ0, 121
Adairland Ct , Glasgow, KY 42141

ALL BAND TRAP
VERTICAL ANTENNAS!

FULL 144th WAVE - All Bandy Automatic Selection with
proven Mi-Q Traps. 3 Modeis-ALL seif supporting - Groung

NEW JERSEY: Springtest ‘84 sponsored by the Shore Points
ARC, Saturday. March 10from 9 AM 1o 4 PM, Atlantic County 4-H
Center, Egg Harbor Cily, approx. 15 mileswest of Atlantic City
Large heated, indoor selling space Covered tallgating (weather
permitting). Sellers $5 per space with own table. Buyers $2 50
advance, $3 00 day of hamfest. Forinformation, SPARC. P O
Box 142, Absecon, NJ 08201

or roof mount. HI STRENGTH FIBERGLASS TUBING
OVER -ALL. NO WOBBLY, LUMPY TRAPS - NO UN-
SIGHTLY CLAM!"S nuum = Size | 14" il the way up -
Traps hidden ng You can use N in & 1 71, sg Backyardl
FOR APART MENTS MOBILE HOMES - CONDOS stc
where minlmum  space and neal  sppearence s MAND -
ATORY! Instant “Dirive In" ground maount (included) . Use with
or without radisls (included) (Al angle roof mount - Extra)
COMPLETELY PRETUNED - NO ADJUSTMENTS NEED-

PENNSYLVANIA: The 1984 Lancaster Hamlest, Sunday, Feb
ruary 18, Guernsey Sales Pavillion, U S_Ris 30 and B96, Lan

caster 0800 1o 1600, dealer sejup 0600 Commercial 1ables 1 -
{main hall) $15 00 Non-commercial (rear annex) $6 00 General ||kE new. Pr&val‘lt ::::::—2%'_‘,%:. 3 S::Z g.,;-c_?— ::}332
smears, tears and No- AVT20-10—— 3 Band —— 11'4" $99.95

admission $3.00. Tadgating free with general admission (weath
er permitting). Talk inon 146 61 and 147 015, Send reservations
to Hamtest Committee, P.O Box 6082, Lancasler, PA 17603
Please make checks payable to SERCOM, Inc

MICHIGAN: The Cherryland Amateur Radio Club’s 1 1th annual
Swap N Shop, February 11, Immaculate Conception Elemen
tary School gym, 218 Vine Street, Traverse City, BAM 10230 PM
Tables $3 00 eachwithsetup at 6: 30 AM. Admission $2 .50, Talk

in on 146 25/ 85 For details SASE 1o Jerry Cermak, KBYVU
Rd , Tra seC M 4
3905 Slusher Rd , Traverse City. Ml 49684 HAM HADID BINDEHS «3. CADDELL Coir Corp. “3.
y POULTNEY, VT, 05764 RO2-2H7-4055
Beautiful buckram bound, WE LIKE 70 WIND COILS— TRY US
. o . COILS FOR HOMERILT
rich brown material with gold s e Senider 50 Mtes ORP Aig
. . $9 0
OPERATING EVENTS embossing. These binders ORP Tramimaleh 2
. ARRL Handbo 50
“Things to do..." 'Iwn'! _realiyf d}_rless ;p dgouchol- Tuna T 2WAS 40 Mare Transmer .
10. r Mini Migir's Droam Receivor
FEBRUARY 1 TO 12: NORAC (North Okanagan Radio Amateur eCt on 0 am a o ea 0ST Sep 1
Club) will be operating a special event station during Western stickers included. m{:{",":‘i‘:"'s‘ e faion Hocerver I
Canada's largest Winter Carnival NORAC wiltoperate VETNOR — Amplifiar for HW-8 ORP Transcewer |
from 21.00 Z 10 24 30 Z during this time in the General portion |_| HH“BDL 56.95 ea. QEI;T Jl“‘: :-:‘-- IHI 13 8D
of each band about 50 KC up. Call "CQWinter Carnival Award™ Hi armonic Filter {for .r-.“.. Wit band 00
The award 15 avallable to all Amateurs Worldwide who contact 3 fDr s17.95 Lot ,,” .13"‘" it 3 50
AVernon areastations orone Q50 with club station The award o i Prices ingiude postage
is free pul $1.00 or 2 IRC's to covar postage would be Please add $2.00 for shipping BALUNS
appreciated and handling Gt POWE FLinto your antonna. See ARAL Handbook p 5850 19800 620
KW oo $1250
) 4 15 00
HAM RADIO’S BOOKSTORE | | iio oo
2KW 61,81, 00 1 1 [pick one) 16 50
GREENVILLE, NH 03048 100KW-—4 1,61.9.1.00 1 1
Many otter nteresting cod kils in ST 5t must send 4
stampod envelope 10 Meceve our ool - 118

Keep those valuable
issues of Ham Radio

dog ears. Bind 'em
together and enjoy
for years to come.
You'll be happy you
did!

CIEVERS | Use - RGBU fesdine,

236-5333 9AM-6PM weekdays

days . AR Antennas Gusrenteed for | ymar

money back trisl Free Int

WESTERN ELECTRONICS

= Dept. AH.2 . 403 Kearney

ED EVERI NO TUNER NEEDED FOR MOST TRANS-
any length |
PEP, Input power. Shipped - PREPAID IN USA  Assembles
n 10 min using only screwdriver WEATHERPROOR

SEND FULL PRICE FOR PP DEL IN USA (Canada i
$10 .00 extra for postage, clerical, Customs ) or order using

VISA, MASTER CARD or AMER-EXP. Pn 1-308-
We ship in 2-3

2000 Watt

=10 day

Ne. GOBAT




Broaden Your

Complete Satellite T.V.
System with 8 Ft.
Parabolic Antenna

. $995

\ Item No. SATEC3D1
\ Shipped motor freight collect

What the system will do:

Receives up to 60 channels of TV direct from
satellites to your home receiver. Movies, spor-
ting events, cultural and religious programs,
other TV stations and much more.

- 3. What the system includes:
1. 8 ft. parabolic antenna made of reflective
metal bonded with fiberglass. Weather resistant
and virtually maintenance-free. In 4 sections for
. compact shipment.
2. Polar mount complete with azimuth and eleva-
tion adjustments for precise tracking. Available
for earth or slab mounting.
3. Center feed LNA support with Polarmatic
s 5. electronic feed and elbow wave guide. Enables
polarity to be changed electronically without

physically moving the LNA

/éf > 4. KLM Sky Eye V satellite receiver complete
e & \ with downconverter. Features single conversion
h circuitry and SAW filter for outstanding recep-
tion. Single control for transponder selection,
large signal strength meter and variable audio
tuning from 5.5-7.5 MHz. Built-in RF modulator.
5. Amplica low noise amplifier. Rated at 120° K,
uncooled. Takes the weak signals reflected from
the dish antenna and raises them to a level
usable by the downconverter. Uses GaAs FET
transistors for maximum performance. Built-in
lightning suppressor and weatherproof, cast
aluminum housing.
Nlota: Small cables not included.
Fiberglass LNA cover sold separatly

R =\
PO, . 5 & o =
: L
@ E
. :::.'., . o tL]
i 4,

Lonag’s Electronics ==

MAIL ORDERS: 2700 CRESTWOOD BLVD. B'HAM AL 35210 * SHOWROOM: 3131 4TH AVE. SO, B'HAM ;QL 35-253

master card
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More Details? CHECK — OFF Page 108

Enjoy TV
From Space!

Complete TVRO System Ll
with 10 ft. Parabolic
Antenna

$1395

Item No. SAT44311
Shipped Motor Freight Collect

What the system will do:
Receives up to 60 satellite TV channels in-
cluding movies, sporting events, news, other
TV stations and much more!

What the system includes:

1. 10 ft. parabolic antenna made of reflective
metal bonded with fiberglass. Breaks down in-
to 4 sections for compact shipment.

2. Polar mount. Features azimuth and eleva-
tion adjustments for precise tracking. Available
with earth or slab mounts.

3. LNA mount complete with rotor. Enables
LNA to be remotely positioned for correct
polarity. Control console included. Extension
tubes extra.

4. KLM Sky Eye V satellite receiver. Features
the latest in single conversion electronics,
large signal strength meter, video invert and
variable audio tuning. Downconverter and
built-in RF modulator included.

5. Amplica low noise amplifier. Rated at 120°
K, uncooled. Uses GaAs FET transistors for
maximum performance. Cast aluminum,
weatherproof housing.

8. Scalor. feed horn. Provides 0.5 dB more
gain than conventional types. Virtually
eliminates system noise.

NOTE: LNA-to-downconverter cable included.
Other interconnecting cables between com-
ponents sold separately.

A V.4 i i i 0
\Hr;ﬁ/y‘ ! (-1
= AATY BEL 7 4
=
e v ; @ A= w

-
NOTE: Prices good only while current supply lasts. Price subject
to change without notice. Hurry, quantities are limited!

Tk 1: 800 633- 3410

Toll Free

IN ALABAMA CALL 1-800-292-8668 9 AM TIL 5:30 PM CST, MONDAY THRU FRIDAY
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HB£443 X

All the usual TET multi-band beam features are included in these two models, including wide bandwidths,
increased gain, low SWR, light weight and superior mechanical construction and easy assembly

Preliminary Specifications: HBa443DX HB433DX

General Communication
Industry

Marine VHF

Scanners

Amateur Bands

CB Standard

CB Special
Microprocessor

Call or Write

JAN CRYSTALS

PO Box 06017
Ft Myers FI 33906 6017

NEW PRODUCT ANNOUNCEMENT

Active Elements 7 MHz 3 2

14 MHz 4 3

21 MHz 4 3

28 MHz 4 3
Gain 7/14/21/28 6.2/9.8/9.1/8.8 2.1/8.2/8.7/7.3
FB Ratio 9/14/21/28 12.4/21.8/22.3/20.1 0/21.7/22.3/20.2
Power 1TKW CW 1KW CwW
VSWR 70-71 2.0:1 or better adjustable

71-7.25 2.0:1 or better adjustable

140-145 21.0-2145 280-29.0 1.5:1 or better
Boom Length m/ft 6.0/19.8 4.0/M13.2
Max. Element Length m/ft 9.25/30.5 9.25/30.5
Weight kg/Ib 18.0/39.6 14.6/32.1
Introductory Price $450.00 $325.00

TET.&8VSrEms

AVAILABLE FROM YOUR LOCAL DEALER:

All Phones (813) 936 2397
w153
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QUAD BAND

BEAMS | digatox
7-14-21-28 MHz . :

THE NEWEST INNOVATIVE
ADDITIONS to the TET LINE
FEATURE TRUE MULTI—-
ELEMENT PERFORMANCE
ON 4, NOT 3,BUT 4 BANDS.
ALL ON A SINGLE BOOM ! HB433D

DISTRIBUTED BY:

. 2775 Kuriz Street, Suite 11
et LUNAR San Diego, CA 92110-3171
/ Telephone (619) 299-9740
c"onlcs Telex 181747

Louis N. Anciaux WBENMT

OR:

» 160

WARNING
SPVE VOUE LIFE O AN DJURY

Base plates, flat roof mounts, hinged bases, hinged sections, etc., are not
intended 1o support the weight of a single man. Accidents have occurred
because individuals assume situations are sale when they are not

Installation and dismanthng of lowers is dangerous and temporary
quys of suthicient strength and size should be used at all times
when individuals are chimbing towers during all types of installa
tions or dismantlings. Temporary guys should be used on the
first 10 or tower during erechion or dismantiing. Dismanthng
can even be more dangerous since the condition of the
tower, guys, anchors, and/or rool in many cases Is
unknown

The dismantling ol some towers should be done
with the use of a crane in order to minimize the
possibility of member, quy wire anchor, or base
lallures Used towers in many cases are nol as

inexpensive as you may think il you are injured
or killed.

Gel prolessional, expenenced help and
read your Rohn catalog or other tower
manulacturers’ catalogs before erecting
ar dismantling any tower A consultation

Paid
for by
the following:

with your local, prolessional tower
erector would be very inexpensive

insurance

UNR-Rohn

Dwismon of UNH In
Prank Road

BI6OT

Tell ‘'em you saw it in HAM RADIO!



Clean up the
radio/computer
Clutter.

For less than $250
you can make your
investment in yourself
pay off!

Chances are you have spent a couple
thousand dollars on setting up a comput-
er system that gets a lot of your work
done. But sometimes it gets to be work
to work at it
| know that when | have to move two pro-
gram manuals and a pencil holder to boot
up the disk drive, it is work. When there
is an unlabeled floppy (that | am going to
identify some day) on top of the monitor
and the business check-
book is on top of the printer
.and | will remember (I
hope) before the next “re-

or comes o WORK CENTER

that is work.

| found the annoyance of my own “com-
puter clutter” was even worse than the
extra work the disorder created. And that
is when | started looking for some practi-
cal furniture for my computer set up. Since
| had already spent a lot of money on the
system itself, | was really dismayed when
| found out how much it would cost to get
a decent-looking desk or even a data table
for my equipment. $400 . . . $500 . . . even
more for a sleasy unit that looked like junk!
In fact, it was junk! And it took a long time
for me to find something that was really
worth the money . . . and more
A lot of my working day is spent with my
computer, and | will bet a lot of your time
is too. So | figure a "home” for my sys-
tem—a housing that is good looking as
well as efficient to work at—will pay off
two ways:

1. Less work: an efficient and orderly lay-
out will save me time and energy.

2. Personal satisfaction: good quality fur-
nishings look better; they just plain feel
better to work at too.

So imagine how good. | felt to find the

“Micro-Office” Work Center! These are

fine pieces of computer system furniture

that make my office-at-home as pleasant

a place to work as it ought to be. And the

biggest and best surprise is the low, low
price for such good quality.

Here is what you get—all for only $249.50
plus shipping.

e Mar-resistant work surface. Your choice
of oak or walnut grained. Work surface
height is adjustable to your keyboard, your
chair, your height.

e Two shelves plus work surface exten-
der. Both shelves tilt to lock in position so
that monitor faces you—in a position that
does away with screen glare squinting and
neck craning forever. Retainer bar keeps
equipment from sliding off shelf. Snap-in
bookends hold reference manuals and
programs.

e Strong, sturdy and steady. All-steel
welded frame construction is concealed
by top-quality wood grain surfaces with
finished trim. Adjustable floor levelers in-
cluded. The work center is really a piece
of fine furniture.

 There is no risk in buying from us either.
We will make a full refund of purchase

MICRO-OFFICE

-

price plus shipping charges if you return
the workcenter within 30 days for any rea-
son whatsoever. In addition, the product
is warrantied for any defects in materials
or construction for a full year from date of
purchase. This is a no-risk investment in
your own productivity and work efficiency
that will pay off for years to come—even
if you do not yet have a microcomputer of
your own

e Take your choice for your own work
center decor:

Order 48-inch unit in walnut, #2KP0-945,
or in oak, #2KP0-947. Only $249.50 for
each unit plus $20.00 shipping charge.
On orders for-two or more units at the
same time, shipping charge applies to only
the first unit ordered. Shipment made
UPS, so we cannot ship to post office
box. lllinois residents please add $15 per
unit sales tax. Please allow 10 extra days
for personal checks to clear. Sorry—at
these special offer prices we cannot ship
c.0.d. or bill direct.

CALL TOLL FREE TODAY WHILE SUPPLIES LAST: 1-800/323-8064.
In lWinois call 1-312/251-5699. Or mail check with order to:

Micro-Mart Distributors

Dept. HR = 1131 Central Street « Wilmette, IL 60091

More Details? CHECK — OFF Page 108
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Order today!
NEW 1984
RADIO AMATEUR CALLBODKS

Known throughout the world for accuracy,
the 1984 Callbooks are a better value than
ever before. The U.S. Callbook contains over
433,000 listings; the Foreign Callbook has
over 413,000. More than 100,000 changes
have been made in each edition since last
year. Speclal features Include call changes,
Silent Keys, census of amateur licenses,
world-wide QSL bureaus, international
postal rates, prefixes of the world, and much
more. You can't beat this value! Order your
1984 Callbooks now.

Each  Shigping  Total

oU.S. Callbook $19.95 $3.05 $23.00
1895 3.05 22.00

Order both books at the same time for
$41.95 including shipping within the USA.

o Foreign Callbook

Order from your dealer or directly from the
publisher, Foreign residents add $4.55 for
shipping. Illinois residents add 5% sales tax.

Keep your 1984 Callbooks up to date.
The U.S. and Foreign Supplements contain
all activity for the previous three months
including new licenses. Available from the
publisher in sets of three (March 1, June 1,
and September 1) for only $12.00 per set
including shipping, Specify U.S, or Foreign
Supplements when ordering. Illinois res-
idents add 5% sales tax. Offer void after
MNovember 1, 1984, 175

“reallbook w

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

VEA | [weirces]

Tel: (312) 234-6600
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the appropriate number on this card, affix
postage and send to us. We'll hustle your
name and address to the companies you're
interested in.
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DiciMAX INSTRUMENTS| CORP.

» 130

—UP YOUR ERP—

For HT owners operating inside a vehicle and wanling
increased T/R range, RF PRODUCTS has the low cost
solution

Remove your BNC antenna from the HT and mount on
the RF PRODUCTS BNC magnet mount, install the magnet
mount on the roof top and connect the BNC co-ax conneclor

The magnet mount (part no. 199.445) has 10 feet of small
(5132 ") co-ax with BNC connector altached and is priced at
$1595 (rncludln‘g shipping by UPS 1o 48 states)

APPLIUED INVENTION

-m SO0 STATE | STATE 06 T &l

GaAs “FE'I'S byMITSUBISHI

TO ORDER - send $15.95 money order or cashiers check only
Fla.
N YR a. residents add 5% tax, for air UPS add $1.50
AT TR WA ¥
i S b o 3622 The RF PRODUCTS Magnet Mounts are one of the few magnetic antenna mounts available
Can be wied tor Y s P terrestal and D85 that can be repaired should the co-ax cable be damaged. The co-ax cable connector includes
v FO-DPYIRF Dogoer Module 10 525 Ghz LRI 00 1 e 141 a shrink tubing strain relief for long life at the connector/cable flex point (an RF PRODUCTS
:lc.n: : _r"‘ a2 i i exclusive on all cable assemblies)

Goki 1 Peamy - MU . Eightother models available with three each choice of antenna connectors, co-ax types and
transceiver connectors (BNC, 1-1/8-18, 5/16-24 & RG-122U, RG-58A/U, mini 8X & BNC,

RSBT0 gty ooy : il PL-259, type N) - 174

RS621 o
NSB22 quad wne b e
erhemr; Madinal W )

RF PRODUCTS

P.0O. Box 33, Rockledge, FL 32955, U.S.A. (305) 631-0775

WITSUBISH 40t SEMENS
1 ILEDS. P PHOTO DIOOES

msuusnu BPOLAN POWER miﬁmm 00
g9t 2 0.4 [1 41530 Ware #

e e - —T CALL LONG DISTANCE ON YOUR HANDHELD

VITRAMON VHE AR WP chp %4740 The Model 335A will deliver 35 watts of Our products are backed by prompt fac-
lr:'-{::; L — power using the latest state-of-the-art cir- tory service and technical assistance. To
1660 SEALED CERAMIC PISTON TRIMMERS 1% Wil 19 0gb § 138 cuitry. The amplifier will operate SSB or become familiar with our other fine pro-
BIFRIE PR o a FM and is compatible with ducts in the amateur radio
Db e e T most handheld trans- market, call or write for our
W GAZ50 gans/e baard, 11 =7 55 11 10 i ceivers, including the free product and small parts
i TR2400, TR2500, IC-2AT, catalog.

Yaesu, Santec, and Ten-

Tec. Only 300 mw input will Model 335 A

deliver 5 watts out; 3 walls Kit $69.95

in will deliver 35 watts out. Wired & Tested $89.95

ROUTE 21  HILLSDALE, NY 12529 _
518-325-3011 109 Maximum input drive level

AL mlggmmumcauon
& » 123

2648 North Arsgon Ave * Dayton, Ohio 85420 ¢ (513) 296-1411

More Details? CHECK — OFF Page 108
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A fresh idea!

Our new crop of tone equipment is the freshest thing growing in the encoder/decoder
field today. All tones are instantly programmable by setting a dip switch; no counter
is required. Frequency accuracy is astonishing +.1 Hz over all temperature extremes.
Multiple tone frequency operation is a snap since the dip switch may be remoted.
Our TS-32 encoder/decoder may be programmed for any of the 32 CTCSS tones.
The SS-32 encode only model may be programmed for all 32 CTCSS tones plus

19 burst tones, 8 touch-tones, and 5 test tones. And, of course, there’s no

need to mention our one day delivery and one year warranty.

=5 COMMUNICATIONS SPECIALISTS PRAALYS
426 West Taft Avenue, Orange, California 92667 el
(800) 854-0547/ California: (714) 998-3021

IE v 125
) i I



YAESU FT-726R TRIBANDER

NEW GALAXIES OF PERFORMANCE ON VHF AND UHF

FULL DUPLEX!!
ATELLITES!! SCATTER!!

The New Yaesu FT-726R Tribander is the world's first multiband, multimode Amateur transceiver capable of
full duplex operation. Whether you're interested in OSCAR, moonbounce, or terrestrial repeaters, you owe
yourself a look at this one-of-a-kind technological wonder!

Factory equipped for 2 meter operation, the FT-726R is a three-band unit capable of operation on 10 meters, 6 meters, and/or two segments of
the 70 cm band (430-440 or 440-450 MHz), using optional modules. The appropriate repeater shift is automatically programmed for each
module. Other bands pending

Powered by an 8-bit Central Processing Unit, the ten-channel memory of the FT-726R stores both frequency and mode, with pushbutton transfer
capability to either of two VFO registers. The synthesized VFO tunes in 20 Hz steps on SSB/CW, with selectable steps on FM. Scanning of the
band or memaries is provided

The optional SU-726 module provides a second, parallel IF strip, thereby allowing full duplex crossband satellite work. Either the transmit or
receive frequency may be varied during transmission, for quick zero-beal on another station or for tracking Doppler shift

Borrowing heavily from Yaesu's HF transceiver experience, the FT-726R comes equipped with a speech processor, vanable recewver bandwidth,
IF shift, all-mode squelch, receiver audio tone control, and an IF noise blanker. When the optional XF-455MC CW filter is installed. CW Wide/
Narrow selection is provided. Convenient rear panel conneclions allow quick interface to your station audio, linear amplifier, and control lines

Leading the way into the space age of Ham communications, Yaesu's FT-726R is the first VHF/UHF base station
built around modern-day requirements. If you're tired of piecing together converters, transmitter strips, and relays,
ask your Authorized Yaesu Dealer for a demonstration of the exciting new FT-726R, the rig that will expand your DX
horizons!

Price And Specifications Subject To - 195 E df#’ / 483
Change Without Notice Or Obligation FATS,
-
The radio.

YAESU ELECTRONICS CORPORATION 6851 Walthall Way, Paramount, CA 90723 e (213) 633-4007
YAESU CINCINNATI SERVICE CENTER 9070 Gold Park Drive, Hamilton, OH 45011 e (513) 874-3100
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SSB, CW, AM, FM, digital VFO’s, 10 memories, band
and memory scan, optional 118-174 MHz coverage...

The R-2000 is an innovative all-mode
§SB, CW, AM, FM receiver that covers
150 kHz—30 MHz, with an optional VC-10
VHF converter unit to provide coverage
of the 118-174 MHz frequency e. New
microprocessor controlled opera

features and an “UP” conversion PLL cir-
cuit assure maximum flexibility and ease
of operation to enhance the excitement
of listening to stations around the world.

R-2000 FEATURES:

s Covers 150 kHz—30 MHz in 30 bands.
Uses innovative UP-conversion digitally
controlled PLL circuit. UP/DOWN band
switches (1-MHz step). VFO's continuously
tuneable across the band and from band
to band.

* Optional 118-174 MHz coverage.
Through use of innovative microprocessor
technology, frequency, band, and mode
data of stations in the 118-174 MHz range
may be tuned, displayed (full frequency,
ie., 146.000.0), stored in memory,
recalled, and scanned, using the R-2000
front panel controls and frequency dis-
play, allowing maximum convenience and
ease of operation.

The optional VC-10 VHF converter unit
may be easily installed on the rear panel
of the R-2000.

+ All mode: USB, LSB, CW, AM, FM.
Provides expanded flexibility in receiving
various signal types. Front panel mode
selector keys, with LED indicators.

» Digital VFO's for best stability.

50-Hz step, switchable to 500-Hz or 5-kHz.

F. LOCK switch provided.

* Ten memories store frequency, band,
and mode data.
Complete information on frequency, band,
and mode is stored in memory, assuring
maximum ease of operation. Each mem-
ory may be tuned as a VFO. Original
memory frequency may be recalled.
AUTO. M switch for automatic storage of
currert operating data, or, when off, selec-
tive storage of data using M. IN switch.

e Lithium battery memory back-up.
(Est. 5 yr. life.)

* Programmable memory scan.
Scans all memories, or may be pro-
grammed to scan specific memories.
HOLD switch interrupts scanning. Fre-
quency, band, and mode are automatically
selected in accordance with the memory
channel being scanned. The scanning
time is approximately 2 seconds
per channel.

* Programmable band scan.
Scans automatically within the pro-
grammed bandwidth. Memory channels 9
and 0 establish upper and lower scan
limits. HOLD switch interrupts scanning.
Frequency may be adjusted, using the
tuning control. during scan HOLD.

» Fluorescent tube digital display
(100-Hz resolution).
Built-in 7 digit fluorescent tube digital
display indicates frequency or time, plus
memory channel number, DIM switch pro-
vided. The display may be switched to
indicate CLOCK-2, FREQUENCY, CLOCK-1,
and timer ON or OFF by the front panel
FUNCTION switch.

* Dual 24-hour quartz clocks, with timer.
* Three built-in IF filters with NARROW/
WIDE selector switch. (CW filter opt.)

6-kHz wide or 2.7-kHz narrow on AM,
2.7-kHz automatic on SSB. 2.7-kHz wide

on CW, or, with optional YG-455C filter
installed, 500-Hz narrow. 15-kHz auto-
matic on FM.

* Squelch circuit, all mode, built-in, with
BUSY indicator.

* Noise blanker built-in.
* Large front mounted speaker.
* Tone control.

* RF step attenuator. (0-10-20-30 dB.)
Four step attenuator, plus antenna fuse.

» AGC switch. (Slow-Fast.)
* “S" meter, with SINPO “S" scale.

+ 100/120/220/240 VAC, or 13.8 VDC
operation (with opt. DCK-1 cable kit).

Other features.

* RECORD output jack.

¢ Audible "beeper” (through speaker).
e Carrying handle.

« Headphone jack.

» External speaker jack.

Optional accessories:

e VC-10 118-174 MHz converter

e HS-4, HS-5, HS-6, HS-7 headphones.
* DCK-1 DC cable kit

* YG-455C 500-Hz CW filter,

* HC- lD World digital quartz clock.

* AL-2 Surge Shunt

More information on the R-2000 is
available from all authorized dealers of
Trio-Kenwood Communications

1111 West Walnut Street

Compton, California 90220

KENWOQOD

pacesetter in amateur radio

Specifications and prices are subject to change without notice or obligation.
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