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DOUBLE

Stack today's rapidly expanding VHF/UHF
action in your favor with the most advanced
design yet easy-to-operate FM dual banders
on the road: ICOM's \ -2400 2-meter/440MHz
or 1C-2500 440MHz/1.2 GHz.

Their overlapping band ranges are great
for present use and future expansions, and
their wide array of impressive features
make your auto a double-mobile winner!

WIDEBAND COVERAGE.

The IC-2400's range of 138-174MHz RX/
140-150MHz TX and 440-450MHz RX/TX
includes NOAA weather reception plus
liberal overlap for MARS/CAP operation.
The innovative IC-2500 receives and
transmits 440-450MHz and 1240-1300MHz.

HIGH POWER RADIOS!

The [C-2400 delivers 45 watts output
on two-meters, 35 watts on 440MHz. The
[C-2500) features 35 watts on 440MHz

v 102

NOW YOU
DON'T HAVE TO

10 wattson 1.2GHz. Both
umls lﬂtludt selectable

. ser for working
local stations.

FULL DUPLEX OPERATION.

Both transceivers transmit on one band
while simultaneously receiving on another.
Both radios feature independent offsets for
each band. It’s like having two separate radios
in one! Perfect for true telephone-style auto-
patching with a modern crossband repeater!

SIMULTANEOUS DUAL BAND
RECEPTION.

Monitor both bands on the internal speaker
or add external speakers. Each band features
separate volume and squelch controls.

40 MEMORIES.

Twenty per band. Store frequencies, PL
tones and TX offsets for super-convenient
mobiling!

PROGRAMMABLE BAND AND
MEMORY SCANNING.

You set the limits and select/lockout
preferred memories. ICOM's IC-2400 and

1C-2400 UHF/VHF Mobile
|IC-2500 unra

[C-2500 monitor the action, ASheer VHF/
UHF delight!

Additional features include: Priority
Watch. Monitor one channel’s activity
while operating on another frequency. Two
Call Channels. One on each band for

uick, single access to your favorite repeater

A Repeater Input Monitor Switch for
rap1d checks of TX offset and evaluation of
direct range. Plus, an Optional Beeper
silently monitors any \-tﬁ‘t[{‘d frequency or
repeater for calls with your preselected
L'+CSS subaudible tone.

Double your bands with ICOM's new
1C-2400 or 1C-2500 mobiles!
1COM America, Inc., 2380-116th Ave. NE, Bellevue, WA 98004
Customer Service Hotline (206) 454-7619
3150 Premier Drive, Sulte 126, Inving, TX 75063
1777 Phoenix Parkway, Sute 201, Atianta, GA 30349
ICOM CANADA, A Division of ICOM America, Inc.,

3071 - #5 Road, Unit 9, Richmond, B.C. VBX 2T4 Canada

Al stated specibcations are subgect 1o change without nobce o obligation
All ICOM racios significantly exceed FCC regulations kmding Spurnous
emissions. 2400/ 2500789
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ICOM

First in Communications



TV SYSTEM

dd a new dimension to your amateur radio com-

munications with AEA’s Amateur Television

(ATV) system. If you hold at least a technician-
class license, you can transmit and receive live or taped
audio and video Fast-Scan TV (FSTV) information that
rivals broadcast quality. Now you can share more than
conversation over the air with this new mode of "per-
sonal communications.”

It’s Easy and Inexpen-
sive. If you have a video
camera or camcorder and a
standard TV set, you may al-
ready own the most expen-
sive components of an ATV
system. AEA’s ATV system
includes a transceiver and an-
tenna. Simply connect the
camera, TV and the antenna
to the transceiver, and you're
on the air LIVE with one
watt PE.P.! Your TV set will
monitor your transmitted and received pictures. If you
want to broadcast with more power, AEA also offers a 50
watt mast-mounted linear amplifier with power supply.

The FSTV-430A Transceiver features a low-noise
UHF GaAsFET preamp with a typical noise figure of less
than 1.5dB and a crystal-controlled or variable tuning
down converter. Output is available on channel 3 or 4
for signal reception AND monitoring transmissions.
Two frequencies can be selected from the front panel for
transmission (one crystal is included). The AEA design
is also optimized for superior video and audio quality
without sync buzz even with weak signals. The
FSTV-430A is the only transceiver you need to work
ATV and it also allows you to use the same TV set to
monitor your transmitted and received pictures,

The LLA-430/50 Amplifier with Power Supply
gives a boost to your ATV signal. It includes a S0W
P.E.P. mast-mounted Linear Amplificr (patent pending)
covering 420 1o 450 MHz and a GaAsFET preamp
which utilize the antenna feedline for DC power. The
mast- mount eliminates the line loss between the
amplifier/preamplifier and the antenna to improve both
transmission and reception, and is the equivalent of a
10OW amplifier in the shack with a 3dB line loss. The
amplifier is housed in a weather-resistant alodized
aluminum case. The MPS-100 power supply also
provides a 13.6 volt output for the FSTV-430A.

The 430-16 Antenna is a high-
performance, computer-optimized
yagi specifically designed for ATV
operation. It features broadband
frequency coverage from 420 to
440 MHz. 14.3dB gain, O-ring
sealed connectors, 28 degree
E plane and 32 degree H plane
beam widths and 16 elements on
a 10-foot boom.

See AEA’s FSTV System at
your local authorized AEA dealer.
Put yourself in the ATV picture
and join the fun!

What is the advantage of Vestigial Sideband (VSB)?
AEA's FSTV-430A Vestigial Sideband operation drastically
reduces adjacent-channel interference. VSB requires
much less bandwidth than existing double-sideband
designs; it’s the standard method of modulation required
by the FCC for all U.S. broadcast TV stations. Similar in
principle to SSB. VSB puts all of the audio energy and
most of the video in ONE sideband instead of two. Using
about half the spectrum space of competitive units, the
FSTV-430A is the ONLY ATV unit that conserves
spectrum space by using VSB. Even with AEA’s
L.A-430/50 amplifier, one sideband is reduced more than
30dB. VSB presents an obvious advantage to the
bandwidth-conscious ATV operator.

Advanced Electronic Applications, Inc.
2006-196th St. SW/P.O. Box 2160 Lynnwood, WA 98036 206-775-7373 AEA Brings You

Prices and specifications subject to change without notice or obligation A Bo“or Experlonco.
Yealer inquiries invited. Copyright 1989 w103
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T$-950SD

“DX-clusive” HF Transceiver

The new TS-950SD is the first
Amateur Radio transceiver to utilize
WMMnﬂm a
high voitage final amplifier, dual
fluorescent tube digital display and

digital meter with a peak-hold function.

- @ Dual Frequency Receive Function.
The can receive two fre-
quencies simultaneously. The sub-
receiver has independent controls for
frequency step size, noise blanker, and
AF gain and its own digital display!

e New! Digital AF filter. Synchronized
with SSB IF slope tuning, the digital AF
filter provides sharp characteristics for
optimum filter

o New high voltage flna! amplifier.

50 V power transistors in the 150-watt
final section, results in minimum distor-
tion and higher efficiency. Full-power
key-down time exceeds one hour.

o New! Built-in microprocessor
controlled automatic antenna tuner.
The new antenna tuner is faster and
you can store the settings in memory!
(Manual override is also possible.)

® Qutstanding general coverage
receiver performance and sensitivity.
Kenwood's Dyna-Mix™ high sensitivity
direct mixing system provides from
100 kHz to 30 MHz. The Intermodula-
tion dynamic range is 105 dB.

Optional Accessories

~ Without DSP With DSP
e Digital Signal Processor. DSPis a
state-of-the-art technique that maxi-
mizes your transmitted RF energy.
Your signal stands out because it is
much more pure than your competi-
tion! You can even tailor your transmit-

ted CW or voice signal waveshape!

tion monitor w/pan display &

s High performance IF filters built-in.
Select various filter combinations from

the front panel. ForCW: 250 and 500 Hz,

2.4 kHz for SSB, and 6 kHz for AM. Filter
selections can be stored in memory!

------

= V/S-2 Voice synthesizer * SW-2100 SWR/power ; e == :
= SP-950 External speaker meter=TL-922A Linear L S =i
w/AF filter » SM-230 Sta-  amplifier (not for QSK) S S - i s
Specifications. leatures and prices subject o change without notice or obligahon ===
Complete service manuals are avallable for all Kenwood transceivers and most 3Ccessones b1

o Multi-Drive Band Pass Filter (BPF)
circuitry. Fifteen band pass filters are
available in the front end to enhance
performance.

= Famous Kenwood interference
reduction circuits. SSB Slope Tuning,
CW VBT (Variable Bandwidth Tuning),
CW AF tune, IF notch filter, dual-mode
noise blanker with level control, 4-step
RF attenuator (10, 20, or 30 dB),switch-
able AGC circuit, and all-mode squelch.
e Built-in TCXO for highest stability.
« Built-in electronic keyer circuit.
+100 memory channels. Store inde-
pendent transmit and receive frequen-
cies, mode, filter data, auto-tuner data
and CTCSS frequency.

eDigital bar meter.

Additional Features: » Built-in inter-
face for computer control « Program-
mable tone encoder = Optional VS-2
voice synthesizer = Built-in heavy duty
AC power supply and speaker = Adjust-
able VFO tuning torque * Multiple
scanning functions = MC-43S hand
microphone supplied

KENWOOD U.S.A. CORPORATION
COMMUNICATIONS & TEST EQUIPMENT GROUP

PO. BOX 22745, 2201 E. Dominguez Street

Long Beach, CA 90801-5745

KENWOOD ELECTRONICS CANADA INC.
PO. BOX 1075, 959 Gana Court

Mississauga, Ontario, Canada L4T 4C2

KENWOOD

... pacesetter in Amateur Radio
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Backscatter

The FCC and 20-Meter Third Party Traffic

Now hold on. Let me get this straight.

Hams are using the airwaves for business communications?

Can't be. We're better'n the rest and police ourselves.

Don't we?

All the latest hubbub about phone patches on 20 meters is very interesting. For years, many of us have won-
dered and agonized over what constitutes “business communications.” Trying to be very careful, | have always
followed the rule: if there's a doubt in my mind, don't do it.

A few years back the FCC waded into a big bruhaha about 2-meter autopatches and what was and was not
permissible. It always struck me as silly that | couldn’t call my wife on the way home to see if anything was needed
for dinner. All I'd get in return is a better dinner. There's no profit or gain for me in the call. But it was one of
those questionable calls and, consequently, not on the approved list.

The FCC has now decided to get involved in the morass of 20-meter third party traffic. | have the feeling that
it may be too little too late. If you haven't listened to the top end of 20 lately, you have missed some interesting
conversations.

According to W5YI, Robert McNamara, chief of the FCC Special Services Division, sent a letter to many of
the participants active in third party traffic. The gist of McNamara's letter is that Amateur Radio should be for
experimentation purposes in the field of communications, technical advancement, and the fostering of interna-
tional good will. However, he says, “It appears that as much as 15 percent of the 20-meter [Amateur] band is
being claimed for such communications [phone patch traffic] by some Amateur operators and by organizations
apparently organized specifically to utilize the amateur service for third party telephony communications.” W5Y!
says that the FCC has also received letters from other countries complaining about American Amateurs and
their phone patch traffic. McNamara also states that “requests to the commission to resolve the dispute are taking
far too much staff time from other essential activities.”

Perhaps if the FCC had shown some leadership in the first place, they wouldn't have to solve the problem now.

This complaint has been voiced by many over the past ten years and is all too pertinent now. While | think
we all agree that deregulation has worked to improve the overall quality of Amateur Radio, there are a number
of areas that have slipped too tar for even the most liberal to accept. From malicious interference, to foul language
and poor operating habits, the total lack of enforcement has fostered this kind of behavior.

Self-policing only works when all parties involved agree to participate. Get one guy who refuses to go along
and the system has been compromised. Unfortunately, there are too many “iconoclasts” who refuse to cooperate
in a self-policing environment.

And so, you have a mess like the one we have on 20 meters. It's a shame and not in the true Amateur spirit.
Hopefully, the FCC will take a strong leadership position to stop the abuses before they lead to serious damage
to Amateur Radio. We have enough threats to worry about as it is without adding third part traffic violations to
the primordial soup. We do not recommend a return to the restrictive policies of the FCC of forty years ago.
However, the FCC is the only organization that has the power and ability to stop the abuses now, before irreparable
harm is done.

It's kind of tough to extol the virtues of Amateur Radio to a friend and when you go to an on-the-air demonstra-

tion run across two bums arguing. You couldn't sell me on the basis of a demonstration like that. No sirree.
Craig Clark, NX1G

Ham Radio/January 1990
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TM-701A

Dual Bander

The TM-701A combines two radios
into one compact package. You get
25 watts on 2 meters and 70cm, 20
memory channels, tone encoder
built-in, multiple scanning, auto
repeater offset selection on 2 meters,
and a host of additional features!

* 20 multi-function memory channels.
20 memory channels allow storage of fre
quency, repeater offset, CTCSS frequency,
frequency step, and Tone On/Off stalus,
CTCSS and REV, providing quick and easy
access dunng mobile operation

* 25Won 2m and 70cm.

» Selectable full duplex-cross band
(Telephone style) operation.

» Easy-to-operate front panel layout.

* Multi-function DTMF mic. supplied.

TONE, REV
* Easy-to-operate illuminated keys.

A lunchionally designed control panel with

individually backlit keys increases the con
of operation dunng

,or LOW power

venience and ease

night-ime use

ge without

nonce

* Optional full-function remote
controller (RC-20).
A full-function remolte controller using the
Kenwood bus line may be easily connected
to the TM-701A and mounted in any con
venient location. The new controller is cap
able of operating all front panel functions
® Built-in dual digital VFO'’s.
a) Frequency step selection (5, 10,15,
20,12.5,25kHz)
b) Programmable VFO
The user friendly programmable VFOs allow
the operator o select and program vanable
tuning ranges in 1 MHz band increments
* Programmable call channel function.
The call channel key allows instant recall of
your most commonly used frequency data.
* Programmable tone encoder built-in.
* Tone alert system—for true quiet
monitoring.
When activated this function will cause a
distinct beeper tone to be emitted from the
transcewver tor approximately 10 seconds to
signal the presence of an incoming signal
* Easy-to-operate multi-mode scanning.
a) VFO scan
Band scan, Programmable band scan
b) Memory scan plus programmable
memory channel lock-out
c) Dual scan
Dual call channel scan
Dual memory scan
Dual VFO scan
d) Scan stop modes
lime operated scan (TO)
Carner operated scan (CQ)

2 of obligation
for alf kenwood Iranst

elvers and mosl accessones

CONTROLLER

e) Scan direction
f) Alert
When the AL swilch is depressed memaory
channel 11s scanned for activity at approxi
mately 5 second intervals

e MHz switch.

® Lock function.

* Repeater reverse switch,

Optional Accessories

* RC-20 Full-function remote controller

® RC-10 Multi-function remote controller

® |[F-20 Interface unit handset « MC-44 Mulli
function hand mic.®* MC-44DM Multi-function
hand mic. with auto-patch » MC-48B 16-key
DTMF hand mic.® MC-55 8-pin mobile mic

* MC-60A/80/85 Desk-lop mics.® MA-T00
Dual band (2m/70cm) mobile antenna (mount
not supplied) * SP-41 Compact mobile
speaker * SP-50B Mobile speaker® PS-430
Power supply ®* PS-50 Heavy-duty power
supply * MB-201 Mobile mount ® PG-2N
Power cable ® PG-3B DC line noise filter

* PG-4H Interface connecting cable » PG-4J
Extension cable kit ® TSU-6 CTCSS unit

KENWOOD

KENWOOD U.S.A. CORPORATION
COMMUNICATIONS & TEST EQUIPMENT GROUP
P.O.BOX 22745, 2201 E. Dominguez Street
Long Beach, CA 90801-5745

KENWOOD ELECTRONICS CANADA INC.

P.O.BOX 1075, 959 Gana Court
Mississauga, Ontario, Canada L4T 4C2




Editor’s Notes

A Preview of Coming Attractions

Every year, we at Ham Radio try to bring you the best of Amateur Radio. Last year we introduced a redesigned
editorial package that included new graphics, two Weekender projects per month, more construction articles,
and lots of ham notes. As we enter the nineties, Ham Radio has two new features to offer you. Here are the details...

A lot of you have written regarding the status of W1JR'’s “VHF/UHF World” column. After five years of writing
interesting and insightful articles about the upper regions for Ham Radio, Joe Reisert is taking a well-deserved
break. After a long search, we are pleased to announce that Bob Atkins, KA1GT, former author of the “New
Frontier” column in QST, has agreed to share his knowledge and enthusiam with you. We'll be bringing you his
new column “Microwaves” as soon as the first installment arrives. Of course, Joe is still a much valued member
of the Ham Radio family and we hope to present an occasional piece by him in the future. In the meantime,
Joe's excited that Bob will writing for all you VHF/UHFers out therel

Also new is the “Ham Radio Bulletin Board.” The “Bulletin Board” will feature some of the more technical
letters to the editor that we receive — letters that go into too much detail to be used in our “Comments” section.
It will appear in the magazine whenever we have messages for you, or you have messages for us.

I hope you enjoy these two new features. Both are part of our continuing effort to keep Ham Radio fresh, excit-

ing, and full of the most up-to-date technical information available.
Terry Northup, KAISTC

6

HAM RADIO
READER EVALUATION

It's been over a year since we introduced our editorial redesign of Ham Radio Magazine. At your request we've
included more short construction projects, two weekender projects each month, and loads of ham notes.
HR’s 25-percent increase in circulation over the last 12 months must mean that you really like what you see in
the “New” Ham Radio!

But we're not going to stop and rest on our laurels, Here's another opportunity to let us know how you feel
about Amateur Radio’s #t technical magazine. Please take a moment to fill out and return this questionnaire
— a photocopy is fine. Let us know how you feel about the "New"” Ham Radio Magazine.

1. Do you like the changes we've made to Ham Radio?

Yes No Why or why not?

2. What else would you like to see? More technical articles ______ More projects
More Weekenders Other

3. Do you like the current mix of articles? Yes _______ No

Why or why not

4. Do you think Ham Radio is: too technical , not technical enough ., justright ____ .

5. | like the Old New Ham Radio better. | don't really have a preference.
Why?

Please return your questionnaires to Ham Radio Reader Evaluation, Ham Radio Magazine, Main Street,
Greenville, New Hampshire 03048. Thanks!

Ham Radio/January 1950
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TS-940S—the standard of
performance by which all
other transceivers are judged.
Pushing the state-of-the-art
in HF transceiver design and
construction, no one has been
able to match the TS-940S in
performance, value and reli-
ability. The product reviews
glow with superlatives, and
the field-proven performance
shows that the TS-940S is
“The Number One Rated HF

Transceiver!”
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1) CW Variable Bandwidth Tuning. Vary the
passhand width continuously in the CW, FSK
and AM modes, without allecting the center
frequency This effectively minimizes ORM
from nearby SSB and CW signals

2) AF Tune.Enabled with the push ofa button
this CW interference fighter inserts a tun
able, threepole active filler between the 5
CW demaodulator and the audio amphifier Dur
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the filtering position
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MF) TUNERS

ere is the finest 3 K

The MFJ- 9890 is not for everyone.
However, if you do make the
investment you get the finest 3 KW
PEP tuner money can buy - one that
will give you a lifetime of use, one
hat takes the fear out of high power
operation and one that lets you get
your SWR down to absolute minimum,
The MFJ-989C is a compact 3 KW
PEP roller inductor tuner with a new
peak reading Cross-Needle SWH/Watt-
meter. The roller inductor lets you get
your SWR down to absolute minimum
With three continuously variable
components - two massive 6 KV
capacitors and a high inductance
roller inductor - you get precise control over

kanob Differential-T™ Tuner

MFJ-986 The new MFJ-986 Ditferential- T™

326995 2-knob Tuner uses a differential

capacitor to make tuning foolproof
and easier than ever. It ends constant re-tuning with
broadband coverage and gives you minimum SWR
at only one best setting. Covers 1.8-30 MHz.

The roller inductor lets you tune your SWR down
to absolute minimum. 3-digits turns counter lets you
quickly return to your favorite frequency.

You get MFJ's new peak and average reading
Cross-Needle SWR/Wattmeter with a new directional
coupler for more accurate readings over a wider
frequency range. It reads forward/reflected power in
200/50 and 2000/500 watt ranges. Meter lamp
uses 12 VDC or 110 VAC with MFJ-1312, $12.95.

A new current balun for balanced lines reduces
feedline radiation and forces equal currents into
antenna halves that are not perfectly balanced for a
more concentrated, stronger signal. Add $10 s/h.

MFJ’s Fastest Selling Tuner

The MFJ-941D is MRJ's fastest selling

MFJ-9410 300 watt PEP antenna tuner. Why?

$4 OO 95 Because it has more features than
tuners costing much more and it

matches everything continuously from 1.8-30 MHz.

It matches dipoles, vees, verticals, mobile whips,
random wires, banlanced and coax lines.

SWR/Wattmeter reads foward/reflected power in
30 and 300 watt ranges. Antenna switch selects 2
coax lines, direct or through tuner, random wire,
balanced line or tuner bypass. Efficient airwound
inductor gives lower losses and more watls out.
Has 4:1 balun. 1000 V capacitors. 10x3x7 inches.

MFJ’s Random Wire Tuner
Mrs-16010 3995

You can operate all
bands anywhere with any
transceiver when you let
the MFJ-16010 turn any random wire into a
transmitting antenna. Great for apariment, motel,
camping operation. Install a wire anywhere! Tunes
1.8-30 MHz. 200 watts PEP, Ultra small 2x3x4 in

MFJ’ s Defuxe 300 Watt Tuner

YT T

The MFJ-949D gives you lower
S:Fi‘gu‘s SWR than any tuner that uses

two tapped inductors. Why? Because
you get two continuously variable capacitors that
give you infinitely more positions than the limited
number on switched coils.

This gives you the precise control you need to
get your SWR down to a minimum. After all, isn't
that why you need a tuner? Covers 1.8-30 MHz

You get MFJ's new lighted 2-color peak and
average reading Cross-Needle SWR/Wattmeter,
dummy load, antenna switch, and 4:1 balun - all in
a compact 10x3x7 inch cabinet. Meter lamp uses
12 VDC or 110 VAC with MFJ-1312, $12.95.

With MFJ's deluxe 300 watt PEP tuner you get
an MFJ tuner that has earned a reputation for being
able to match just about anything - one that is
highly perfected and has years of proven reliability
MFJ’s Mobile Tuner wr-94sc

889 95
l_ Don't leave

home without
i this mobile
tuner! Have an uninterrupted trip as the MFJ-945C
extends your antenna bandwidth and eliminates the
need to stop, go out and adjust your mobile whip.

You can operate anywhere in a band and get low
SWR. You'll get maximum power out of your solid
state or tube rig and it'll run cooler and last longer.

Small 8x2x6 inches uses little room. SWR/ Watt-
meter and convenient placement of controls make
tuning fast and easy while in motion. 300 watts
PEP output, efficient airwound inductor, 1000 volt
capacitors. Mobile mount, MFJ-20, $3.00.

144/220 MHz VHF Tuners

mrJ-921 36 9925 o
MEJ's new VHE | o !o o] Q

tuners cover both

2 Meters and the 220 MHz bands. They handle 300

watts PEP and match a wide range of impedances

for coax fed antennas. SWR/Wattmeter. 8x2V/2x3 in.

MFJ-920, $49.95. No meter. 4'/2x2"/2x3 inches.

ME)

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

(601) 323.5869; TELEX: 53 4590 MFJSTKV
MFJ ... making quality affordable

uner money can buy wit
load, new peak reading meter, antenna swntch balun plus more ... $349.95

.create an

roller inductor, dummy

SWR and the widest matching range
possible from 1.8-30 MHz

You get a new lighted peak and
average reading Cross-Needle
SWR/Wattmeter with a new more
accurate directional coupler.

You get a giant two core balun
wound with teflon wire for balanced
lines and a 6-position antenna switch
with extra heavy switch contacts.

Its compact 10%x4'/2x15 inch
| cabinet fits right into your station

You get a 50 ohm 300 watt dummy
load for tuning your exciter, a tilt
stand for easy viewing and a 3-digit
turns counter plus a spinner knob for
exact inductance control. Add $10 s/h.

MFJ’s Artificial RF Ground
$TO95 wri931

You can

artificial RF
ground and
eliminate
RF “bites”,
feedback, TVI and RFI when you let the MFJ-931
resonate a random length of wire and turn it into a
tuned counterpoise. The MFJ-931 also lets you
electrically place a far away RF ground directly at
your rig -- no matter how far away it is -- by tuning
out the reactance of your ground connection wire,

Barefoot/1.5 KW Linear Tuner

s v pye -
=

k4

MFJ-962C tor a few extra dollars, the MFJ
$992Q9s 962C lets you use your barefoot rig
now and have the capacity to add a
1.5 KW PEP linear amplifier later. Covers 1.8-30 MHz
You get two husky continuously variable capacitors
for maximum power and minimum SWR. And lots of
inductance gives you a wide matching range
You get MFJ's new peak and average reading
Cross-Needle SWR/Wattmeter with a new directional
coupler for more accurate readings over a wider
frequency range. It reads forward/reflected power in
200/50 and 2000/500 watt ranges. Meter lamp uses
12 VDC or 110 VAC with MFJ-1312, $12.95
Has 6-position antenna switch and a teflon wound
balun with ceramic feedthru insulators for balanced
lines. 10%x4Y2x14 7/8 inches. Add $10.00 s/h
MFJ’s smallest Versa Tuner
s5Q95
The MFJ
9018 is our
5x2x6 inches - (and most atfordable) 200 watt PEP
tuner --when both space and your budget is limited.
Good for matching solid state rigs to linears.
verticals, beams, balanced and coax lines from
1.8-30 MHz. Efficient airwound inductor. 4:1 balun.
FOR YOUR NEAREST DEALER OR TO ORDER
» 1 year unconditional guarantee » 30 day money
back guarantee (less s/h) on orders from MFJ
Free catalog * Add $5.00 s/h (except as noted)

MFJ-9018 l
b e m
It matches whips, dipoles, vees, random wires,
800-647-1800
w104




QSL cards available

Dear HR

The American Amateur Radio Club
of Korea has in hand 55 pounds of
QSL cards, some as much as 10 years
old. These were recently released to
KARL by the Postal Department. If you
were {or know someone who was) a
United States Forces Korea "HL9”
during the past 10 years, a SASE to:
American Amateur Radio Club of
Korea, PO. Box 153, APO San Fran-
cisco, California 96206, will get your
cards. Don't forget to include your HL9

callsign and the dates it was valid.
Charles H. Kelley,
W5SPK/HL9CK, PSC Box 5349,
APO San Francisco, California
96366-0006.

Balance of Modes

Dear HR

Donald Sinex is right (“Comments,”
September). Morse code is no longer
an indispensable skill for ham radio
operating, and the inability to master
it should not disqualify a person from
becoming aham, Code virtuosity — like
typing speed — is not an indication of
general intelligence.

Code stands or falls as a technical
requirement. But license exams still
overemphasize code even though
other modes are predominant. This
has led hams to view code as a frater-
nity initiation. | did it, so you're going
to have to do it tool”

We don't need fraternity initiations.
CW is no longer the only mode we
have and our license exams should
reflect a fair balance of modes, instead
of being 75 percent Morse.

Care to argue? See you on 21.060.

Michael A. Covington, N4ATMI,
Athens Georgia

New FCC rules

Dear HR
I just read the new September 1989
FCC part 97 rules for ham radio. It
states on page 22 that “repeaters can
be limited to certain user stations”
when in a ancillary capacity, such as
a parade or special function.
Inchecking the 1989 ARRL repeater
directory for the 440-MHz band, |
found 293 ‘closed to the licensed pub-
lic" repeaters in the Southern California
(Los Angeles) area. | could find only
three “open to the public” repeaters.
Thatmeans 29 percent of the Southern
Californi repeaters are not available to
the licensed pubilic!
| feel we should notify the public to
use the 440 repeaters, or possibly the
440 repeater band in Southern Califor-
nia, as a “test location” for the new
“code-free” licensed public!
W. Douglass, K6BAZ,
Glendale, California

True believer

Dear HR

Congratulations on your editorial
in the September 1989 issue of Ham
Radio. You have presented a
balanced, concise viewpoint which is
also well written.

While | was not especially keen on
your magazine, you are making a
believer out of me! Recent issues have
been very informative, and | now look
forward each month to receiving my
copy.

Keep up the good work.

Marvin J. Fein,
Newport Beach, California

Celebrity info request

Dear HR

I am researching a book on the life,
times, and activities of Arthur Godfrey.
In addition to his broadcasting, he
was very active in many other areas:
Amateur Radio, aviation, military ser-
vice, stage shows, horsemanship,
ecology, etc. | understand Mr. Godfrey
had a very early, unusual callsign. Can
anyone tell me what it was?

I may be reached at (201)
386-1920. Thank you for any ideas or
reminiscences you or others may be
able to share with me.

Lee R. Munsick,
Whippany, New Jersey
Godfrey’s callsign was K4LIB. Ed.

Article stirs memories

Dear HR

It has been a long time since I've
enjoyed an article more than the one
in the November issue on the early
Hallicrafters’ receivers. It was well done
in every respect. | commend the
author for writing it and you for pub-
fishing it. It's an example of the kind of
“balance’ we're seeing in the “new”
Ham Radio.

My own affinity for Hallicrafters' prod-
ucts began in a similar fashion. |
started my ham career just after World
War Il with the much-maligned, but
eminently affordable, S-38. It surely
offered very little in electronic sophis-
tication, but because it covered 10
meters, it opened a new door on life
for me! Those first years after the war
found 10 meters wide open, often till
well after dark, with hams all over the
globe getting back on the air and sig-
nals rolling in from the far-flung
corners. | was just an SWL back then,
but what joy that little S-38 brought me.

After a year or so, | decided it was
time to “trade up.” My next receiver

(continued on page 76)
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COMPUTER AIDED

OF PRINTED CIRCUIT BOARDS

By Bryan P Bergeron, NUTN, 30 Gardner Road,
Apt. 1G, Brookline, Massachusetts 02146

onstruction has always been one of the challenges

of Amateur Radio. Before there were transistors and

integrated circuits, the basic building blocks for
most projects included a few tube sockets, a metal chassis,
a handful of insulated terminals, and some wire, along with
a few tubes, capacitors, resistors, and inductors. Today, the
printed circuit board is used universally in electronic con-
struction. The neatness and miniaturization made possible
by etched pc boards, coupled with the additional benefits
of low lead inductance, good physical stability, and repeat-
ability, make it an ideal construction medium for group
projects. With the aid of a personal computer and printer,
you can design pc board etching patterns for use with the
photographic circuit board preparation process.

Photographic reproduction

Photographic reproduction is the most efficient and etror
free means of transferring a layout from a printed page to
a circuit board. Many journal articles and reference books
feature pc board layouts. Photographic reproduction starts
with the creation of a negative from the circuit layout art-
work. A negative is usually created by copying, with a plain
paper copier, the circuit board artwork onto transparent
sheets used for overhead projections. This negative is
pressed against a specially prepared photosensitive
copper-clad board and exposed to ultraviolet (UV) light to
deactivate the etchant resist on the exposed part of the
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board. You can use inexpensive UV exposure lights! or sun-
light to expose the board. After removing the exposed cop-
per with a standard etching solution, you can drill the board
and solder the components into place.

One method of creating circuit board artwork is to trans-
fer rub-on resist patterns to a white, nonporous surface.
Once designed, the resist pattern can be used with a plain
paper copier to create the required photographic negative.
This method of circuit board design has some limitations.
First, minor changes in artwork may require that you scrap
the original design (and the press-on materials). Second,
it's difficult to determine component placement, because
you don't have a perfboard-like template to work with. Third,
once a pattern is devéloped, it can’t be used within another
circuit board design easily. A computer-based drawing tool
and a good quality dot matrix or laser printer are more effi-
cient means of creating reusable circuit board artwork.

Computer hardware

You can use any computer capable of driving a dot matrix
or laser printer (including the IBM PC and clones, Com-
modore, Amiga, and Macintosh) to generate circuit board
artwork. Although a high resolution video display and a
mouse, joystick, or other pointing device can make the task
of creating circuit board artwork more enjoyable, the equip-
ment you use is much less important than the quality of the
printer output and the software tools available.

Output devices

The quality of your pc board artwork is to a large degree
dependent on the quality of the printer or plotter used to
print the tracing. A clean, sharp original provides the basis
for a crisp circuit board tracing. A good quality laser printer,



like the LaserWriter (Apple Computer) for the Macintosh and
the LaserJet (Hewlett-Packard) for IBM PC and compatibles,
produces the best output. Even the smallest details of a
tracing design can be reproduced clearly at 300 dots per
inch (DPI). One of the advantages of using a laser printer
is that you can create the photographic negative in one step,
by loading the plain paper tray with heat-resistant trans-
parency film. Film suitable for use in a plain paper copier
will work* On the down side, laser printers are expensive;
prices fall in the $1000 to $3000 range.

The dot matrix printer is suitable for reproducing moder-
ately complex circuit board tracings. The quality and design
of your printer defines the limits of tracing density and com-
plexity. Because most dot matrix printers for home use have
resolution of near 100 DPI, the output won't be as clear,
the curves won't be as smooth, and the optical density of
the printer output won't be as great as compared with the
output available from a laser printer. Unevenness in the
optical density of dot matrix printer output, caused by
variations in the printer ribbon, can be minimized with a
new ribbon. The process of copying the artwork to trans-
parency film will also minimize variations in the optical den-
sity. Another way to reduce these variations is to prepare
an enlarged version of your circuit and shoot it down to size.
This method is popular with professionals who have access
to lithographic equipment. You can use a reducing copier
in the same way; however, there’s a tradeoff involved. There
will be someloss of quality with an office copier — especially
if it's not well maintained. You'll need to calibrate out an
“indeterminate” reproduction ratio.

Plotters can also be used to create a hard copy of circuit
board artwork. While comparable in price to low-end laser
printers, small plotters offer little if any advantage over a laser
printer. But plotters do excel in the ability they give you to
handle circuit board tracing designs larger than those that
can be accommodated by the standard paper sizes sup-
ported by most laser printers.

Software

Although programs are available that will compute auto-
matically the trace patterns required to connect a given
group of components in a multilevel board (e.g., HiWire for
the PC from Wintek Corporation), the price of these pro-
grams can equal or exceed that of a good HF or VHF trans-
ceiver. A more economical alternative is to use one of the
popular drawing programs to design the trace patterns.
Once drawn to scale, a circuit board pattern can be sent
to a printer to create the photo resist pattern.

There are two basic types of drawing programs availa-
ble for most microcomputers. The first, typified by MicroSoft
Paintbrush (MicroSoft Corp.) for the IBM PC and MacPaint
(Claris Corp.) for the Apple Macintosh, can produce free-
form graphics with great variability in shading, color, and
contour. These “bitmap” editors produce graphic documents
in a manner analogous to using wet paint on a canvas.
Onceindividual graphics have been created and combined,
there's no easy way to recover the individual elements. Free-
form bitmap editors, while great for drawing lifelike scenes
of people and places, lack many of the features needed
to support the design of pc board traces.

The second type of drawing programs, object-oriented
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A subset of a library of foill pattern objects constructed in an object-
oriented graphics editor (MacDraw). This example illustrates foil
patterns for 8 to 20 pin integrated circuits (left), component and
connector patterns (bottom), and interconnecting tracings of vari-
ous widths (right). Objects from this and other libraries are fashioned
into a circuit board by copying and pasting the patterns onto a work-
sheet (see Figure 3).
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graphics editors, produce documents composed of sepa-
rate reusable objects. Even if it's combined with a line or
other graphic object, a circle remains a circle — just as if
you were working with cardboard cutouts. Object-oriented
graphic programs — typified by MacDraw (Claris Corp.),
Cricket Graph (Cricket Software), and SuperPaint (Silicon
Beach Software) for the Apple Macintosh, and Windows
“DRAW!" (Micrografx, Inc.), Freelance Plus (Lotus Develop-
ment Corp.), and AutoCAD (AutoDesk, Inc.) for the IBM PC
— are ideally suited to creating pc board patterns.* Objects
can be grouped into other objects, and these new objects
can be moved or copied to other areas on the working
document. For example, a group of suitably arranged circles
or rectangles can be grouped into IC tracings. The ability
to save predefined objects in a library makes for quick and
easy circuit board design (see Figure 1).

An example system

The system | use to draw printed circuit board artwork
is based on the Apple Macintosh MacDraw software and
the Apple LaserWriter printer. Like the better object-oriented
drafting programs available for the Amiga, IBM PC, or Com-
modore 64, MacDraw supports the concepts of objects,
object groups, and independent layers. As discussed
earlier, objects can be grouped together to form other

*Try TEC Film, avaitable from The Meadowlake Corporation, Box 497, Northport, New York 11766.

*These programs and others are available from most computer stores and software dealers.
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FIGURE 2

8pin 14pin 16pin 18 pin
1/4w 1/2w Ceramic Electrolytic

Examples from a component fibrary constructed in an object-
oriented drawing program (MacDraw). Standard integrated circuit
(top), resistor (left, bottom), and capacitor (right, bottom) bodies
can be arranged and rearranged on a worksheet until the physical
layout of the circuit board is adequate. Component objects are not
only useful In Hlustrating circuit component layout, but they
can be used to determine the minimum distance between circuit
board tracings.
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The worksheet, manipulated as a layer by the object-oriented
graphics program. Much like the layout paper soid by the Vector
Company, the computer-based worksheet serves as a template for
the layout of a circuit board. In this illustration, the foil pattern for
a 16-pin IC has been added, as well as a few connection points to
pin 8 of the IC.

objects, which can be copied easily and moved to work-
ing documents (see Figures 1 and 2).

Figure 3 illustrates the layers concept. The background
layer, which serves as both a guide and a template, is com-
posed of a matrix of dots with a spacing and size identical
tothat of standard perfboard. Graphic objects (see Figure 1)
can be copied and placed over the simulated perfboard
layer to create a circuit board pattern. Layers can be hidden
from view and printed selectively. For example, the perf-
board guide in Figure 3 can be hidden in the final printed
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output (see Figure 4, top). Other layers can be added to
the printed output (see Figure 4, bottom) to show compo-
nent placement.

Figure 4 also illustrates some of the powerful functions
associated with object-oriented graphics programs — the
ability to scale, flip, rotate, or invert objects easily. The top
picture in Figure 4 is actual size as viewed from the foil side;
the bottom picture is viewed from the component side at
200-percent actual size.

FIGURE 4

The completed, actual size circuit hoard tracing design (top), along
with the component side design at 200 percent actual size (bottom).
Notice that the worksheet pattern does not appear in the final out-
put. This board, together with three 0.1 4F capacitors and the two
ICs indicated, provides for bi-directional TTL to RS-232 conversion.

Conclusion

I've used the system described here to develop circuit
board patterns for projects as small as the one illustrated
in Figure 4, and for boards containing more than a dozen
integrated circuits. In general, I've found that the time savings
afforded by the computerized approach is directly propor-
tional to the complexity of the project. Massive alterations
in a tracing pattern can be made in a matter of minutes
instead of hours. If your club is interested in promoting con-
struction projects, you should seriously consider borrowing
or acquiring a system like the one described above. You'll
never want to work with tape and rub-on resist patterns

again.

REFERENCES
1. L. Hala and P Hala, “UV Exposure Light," Modern Electronics, March 1989, page 28-34.



ntroducing the only
compact HT designed for
you—Heath's new 2-meter
and 450 MHz Micro-Deluxe
handheld transceivers.

Built
with a
receiver
sensitivity
of 0,158 pV
for 12 dB
SINAD, the
micro-sized
HW2P or HW4P
medasures an
unbelievable
i-3/8"H x
2-1/16"W x 1-1/4"D.
Battery-packs hinge
onto the back of the
unit so the HT retains
the same basic form,
even with the largest
capacity batteries. Slip it
into your pocket or hook
it on your belt - no more
hassles with bent clips or
tangles with car seatbelts.
Heath's new micro-HTs will
go anywhere you do.

The art of Easy Operation.
Enter frequencies directly from
the full-function keyboard or
QSY from the displayed frequency
via the rotary frequency selector.,
Scan between two frequencies,
Scan 1 Mhz or scan all
except between two
frequencies, Scan favorite
memory channels (useful

for temporarily locking out a
busy channel), scan first ten
memory channels, last ten or
all twenty. All scanning
modes supporteither Pause
Scan (stop on active channel
then resume) or Busy Scan
(stop on active channel and
hold). One button Call
channel is a quick way to get
to your lavorite repeater or
simplex frequency.

HW2P shown actual size.

11989, Heath Company

The art of Low Power
Consumption. With only 46 mA
required for RX squelched, and 1200
mA for full 5 watts TX output, these
new handhelds are the most efficient
designs available. A nine-step
battery saver defaults to 22 mA in
receive, but life can be further
extended, approaching only 10 mA
average RX current squelched.

The art of 5 Watts Power. With
the optional 12V, 600 mA/h battery-
pack, the HW2P and HW4P offer full
5 waltts out in High, 3.5 wats in
Medium and 300 mW in Low. The
7.2 V battery-packs (400 mA/h, 700
mA/h, 1200 mA/h) offer 2 watts in
High, 1 wau in Medium, and 300 mW
in Low. The 7.2V, 700 mA/h battery
is included standard with the HTs

Full Line of HT's. Also new are
the Heath 2-meter and 450 MHz
Mini-Deluxe handheld transceivers
Only slightly larger than the Micro-
Deluxe HTs, with all the same
exciting features

Discover the art of small talk, call
yvour authorized Heath dealer about
the complete line of Heath HT's and
Heathkit station accessories today.

Burghardt Am Center,
Waterstown, SD

Delaware Amateur Supply,
New Castle, DE

N. Dimsted Am Radio Depot,
N. Olmsted, OH
Portland Radio Supply,
Portland, OR

RF Enterprises,
Merrifield, MN

Ross Distributing,
Preston, 1D

R&L Electronics,
Hamilton, OH

Texas Towers,

Plano, TX

The Ham Station,
Evansville, IN

VHF Communications,
Jamestown, NY

For your free Heathkit
catalog, call
1-800-44-HEATH.

Best to start with.
Best to stay with.,

Heath Company

Benton Harbor, Michigan _51_9022




75-HZ WIDE

AUDIO FILTER

IC header-type
construction makes
this easy to build

By Albert A. Roehm, W20BJ, 22 Brookdale Road,
Cranford, New Jersey 07016

hearing impaired. The project required an evaluation

of several different kinds of audio filters. | explored
Gaussian versus Butterworth filters, envelope detection, time
delay circuits to absorb noise pulses, and carrier-activated
limiters. Eventually, | decided that simpler was better, and
used a bandpass amplifier and comparator to drive some
digital circuits. Later, | extracted and repackaged the filter
portion of the project as an effective audio filter for some
of the local hams. Why not add this filter to your receiving
setup? The parts are readily available and the IC header-
type construction makes it easy to complete the project in
an evening or two.

Circuit description

Designers of good receivers have always tried to obtain
the ultimate in selectivity. The migration from single-tuned
L-C circuits, to cascaded IF stages, to crystal and mechan-
ical filters gradually approached the desired rectangular,
or 1:1, shape factor. But it was necessary to balance the
losses of the selective circuits against the danger of instabil-
itythat resulted when too much gain was used to overcome
these losses. The designers also had to be careful to avoid
ringing in passive or active audio filters, especially where
the response curve contained a sharp peak.

Figure 1 is the circuit diagram of my 75-Hz filter. The 741
integrated circuit used in the first stage is wired as a dual
feedback bandpass amplifier with a Q of 10 and a gain of
41 Normally, you'd need a multistage filter, with each stage
limited to a Q of 4 or 5 to reduce ringing. However, the
higher value of Q is possible here because only one stage
is used. The result is a sharper, improved shape factor. R1
is a variable resistor for adjusting the center frequency of
the filter to match the offset frequency of the receiver (typi-
cally in the 700 to 800-Hz range). If you intend to use the
filter with only one receiver or transceiver, you can locate
the frequency control internally to conserve panel space.

I recently worked on developing a tactile pad for the
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The second stage is a comparator whose output is low
if the signal applied to pin 5 from the bandpass amplifier
is lower than the value of the bias set on pin 4. The output
voltage on pin 2 switches rapidly to the high state when
the positive peak of the signal voltage exceeds the bias by
a few millivolts. Figure 2 illustrates the net bandpass charac-
teristics of these two stages. The characteristics are those
of an excellent CW filter. The flat top in the passband guards
against ringing because pin 2 remains at a constant high
level, even though the output of the bandpass amplifier
varies above the bias setting. You get a shape factor of 1:1
because of the sharp change in output voltage when the
signal goes above or drops below the bias set on pin 4 of
the comparator. R2 varies the bias (threshold) level of
the comparator, which in turn determines the bandwidth
of the filter. Mount this control on the panel for operating
convenience.

Another op amp is used for adjusting the comparator’s
bias. | selected an LM-339 because it requires a single
polarity supply voltage and contains four op amps in its
14-pin IC package. This means that the second op amp
(plus two spares) is already available. Its input is connected
to the first op amp to sense the same audio signal and
threshold setting (points X and Y in Figure 1). The output
switches a light-emitting diode (LED) on and off electron-
ically to indicate the threshold setting. The LED goes off
when the background noise is biased out. It will then light
as the code elements are received. Being able to see the
received signal should be an aid when you're copying code.

The output of the comparator is connected to R3, which
acts as a volume control for the filter. You adjust this control
only once, so it can be located internally to save panel
space. The wiper arm of R3 is coupled capacitively to one
end of R4, which serves as a fader control. The other end
of R4 is coupled back to the audio signal coming from the
receiver. This arrangement lets you switch smoothly
between unfiltered and filtered audio, or a blend of both.
Locate this control on the front panel for easy access.
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If You Want the Most Advanced TNC Today...

n 26 countries around the world, tens of
thousands of amateurs know that Kantronics
is the leader in bringing tomorrow’s technology
to their stations today. They also know they will

always be among the first to incorporate just-
introduced features and modes with Kantronics
software and firmware updates.

And, they know that Kantronics is unique in its
ability to seek out, develop and incorporate the
most advanced features into each of five
different TNC models before anyone else.
Why? Because every program Kantronics
writes, and every unit Kantronics designs and
produces are born right here at the factory in
the U.S.A.

Meet Your Mailman

In this age of telco LANS, E-mail and FAX,

PBBS is just one of the firsts Kanrronfcs delivered.

you will know you have mail in your Personal
Packet Mailbox~ when your KAM "STA" LED
is blinking. New firmware level 2.85 has also
added a handy automatic mailbox user-

Packet Cluster = is the copyrighted software of Pavillion Software
KAM ™=, All-Mode ™, KA-NODE ™, and Personal Packel Mailbox ™,
are trademarks of Kantronics Company, Inc

connect. So save your computer and monitor
life by turning them off when you are away, and
never miss a beat on the airwaves.

Version 2.85 KAMs have increased Packet
Cluster” compatibility, KANNODE " path pres-
ervation, KA-NODE recognition of the “NET”
nodes and HF baud rates from 50 through 300!
And there are three new mailbox commands:
List Mine, Read Mine and Kill Mine.

and Tomorrow...

Will the Real Dual-Port
Please Stand Up?

Read our lips. The KAM " is the only true

dual- port when it comes to packet. Your
Personal Packet Mailbox ™ is accessible from
both HF and VHF! Version 2.85 has dual-port
compatibility with RLI/MBL boards and KISS
mode for both ports. You can monitor HF and
VHF packet operations at the same time.
Users can even gateway from HF to VHF (or
in reverse) through your KAM.

Kantronics All-Mode ™ (KAM) has Packet,
WEFAX, ARQ, FEC, RTTY and CW recep-
tion. But we have five models to suit your par-
ticular taste. Ask your dealer for the best
choice today...and tomorrow.

K< Kantronics

RF Data Communications Specialists

1202 E. 23rd Streel  Lawrence, Kansas 66046
(913) B42-7745
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BOOMER ANTENNAS

cushcraft

ANTENNAS

_EME - CW - SS|
FM - PACKET

VHF/UHF BOOMER ANTENNAS

Antennas so efficient, powerful and successful that they
defy comparison. They have established new VHF/UHF dis-
tance records. Boomers' computer based design has be-
come the standard of comparison.

All Cushcraft Boomers are built with stainless steel hard-
ware, ultraviolet stabilized element insulators, coaxial balun
and heavy wall boom material with stainless steel locking pins.
They are consistent winners in every antenna gain measuring
contest and they are the choice of VHF and UHF antennas for
hams around the world. Built to perform and built to last. The
best your money can buy.

SIDEBAND CW BOOMERS

The antennas VHF/UHF operators choose for EME Meteor scatter and
contesting. They all have balanced T-Match feed systems and frigon
reflectors for precise pattems and maximum performance.

4218XL  144-145 MHz 18 Element 28 BOOMER
32-19 144-146 MHz 19 Element 22" BOOMER
215WB  144-148 MHz 15 Element 15 BOOMER
2208 220-223 MHz 17 Element 19 BOOMER
4248 424-435 MHz 24 Element 17 BOOMER

6 METER BOOMER

Our 617-6B has more gain than any antenna in ifs class! Serious
operators appreciate the design durability of this long boom 6
meter antenna. The excellent gain and front to back ratio are
combined with @ new clean pattern to focus your signal where

you want it. The 617-6B is designed to survive the toughest
conditions
617-6B  50-51 MHz 6 Element 34 BOOMER
FM BOOMERS

Our FM Boomers feature the latest wideband technology fo give
the high performance required for FM and Packet or sideband
and CW. There are three high performance models for two
meters and two models for the new 220 MHz novice phone band
All are designed for quick. easy assembly and horizontal or
vertical mounting.

124WB  144-148 MHz 4 Element 4' BOOMER
215WB  144-148 MHz 15 Element 15 BOOMER
230WB 144148 MHz  2x15 Element BOOMER
224WB  220-225 MHz 4 Element 3 BOOMER
226WB  220-225 MHz 15 Element 10 BOOMER

CUSHCRAFT CORPORATION, 48 Perimeter Road, P.O. Box 4680, Manchester, NH 03108 USA
Telephone: 603-627-7877 - Telex: 4949472 - FAX: 603-627-1764
AVAILABLE THROUGH DEALERS WORLDWIDE
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FIGURE 1

BYPASS LINE

0.1 R4

250k $
$e——< avpio our
26k “X*  +5VDC FADERT T0

AA— j A,_< HEADPHONES
01

01
L 4.7k w1l NG 3] 0001
AUDIO IN ; a' K4 6 5 $+|
uA741 +
FROM XCVR BANDCENTER 3\
>_/_)7 CONTROL { RI 4 ayn 4
2220 o 8.9.10,11,12,13,14

{GROUND UNUSED COMPARATORS IN LM339

2.2k 1.0k L2k
P A AA—AR~ A
1k (10 TURN)
! BANOWIDTH CONTROL
2.2k (THRESHOLD)
b ¢——O0+5vDC
77 |
5: 220

Schematic diagram of the complete 75-Hz bandwidth audio filter.

PARTS LIST Then,

R3 = Q - 10 (5)

Recommended power supply: ~ -6
Datel AC/DC regulated power T X fc X € 314 x 750 x 01 x 10

adapter model PA-5/500.

= 42,441.3 ohms

Recommended cabinet:
Radio Shack no. 270-251.

All resistors 1/4-watt carbon composition
or fiim types. All pots use linear tapers.

All capacitors 25-volt disc ceramic types.
Use shielded cables for power supply and FIGURE 2
audio input leads to avoid RFI.

f § A
H 3 _1._ —
Design of bandpass filter? LN\ g
. . - . RESPONSE OF ENTEAN N
Figure 3 shows how an operational amplifier can be wired FIRST STAGE !
as an eftective bandpass filter. Solving three simple equa- w |
tions determines circuit values: z \ }
& I
Q=RYxrxfixC or 3= —EL () fﬁi !
TXf.XC w :
I~ |
Gain =a4=—23 o =-_R (9 N Lo
2 X RI 2 X A x ! ¢
I
K=o Ta Qz c @ |
2XQ -A4)xX2x7mXf X | fo= CENTER
where: CI = C2 = C || REQUERE
= center frequency fo
P f RELATIVE FREQUENCY
Q = —<— BW = bandwidth = <& 4) A- HIGHER BIAS LEVEL PROVIDES NARROWER BANDWIDTH
348 BW 0 B- BIAS OR THRESHOLD LEVEL OF COMPARATOR STAGE
C- COMBINED RESPONSE OF BOTH STAGES
For. £ = 750 Hz
A=4
Q=1 {llustrated response of the first two stages showing bandwidth
Try: C = 0luF adjustability and selectivity.
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R3

42,441.3

R2 =

2xA  2x4

= 5,305.2 ohms

Q

(2x Q-
10

A)X2xwxfoxC

T 2x 10— 4)x2x 314 x 750 x 0.1 x 105

3pBW = Lo = D0 _ 75 g,
0 10

FIGURE 3

= 108 3 ohms

RI
INPUT D>—r——4 (

e

gR2

—> OUTPUT

OP AMP

Basic schematic of an op amp (741) wired as an effective bandpass

filter.
FIGURE 4

Because actual capacitor and resistor values tend to be
on the high side of their tolerance ranges, select standard
value resistors below the calculated values. For example,
use 4.7 k for R1 and 36 k for R3. Variable resistor R2 can
be any convenient value — like 200 ohms, or higher. A recal-
culation for 0.15-uF capacitors yields 33 k for R1, 100 ohms
for R2, and 27 k for R3.

Construction notes

You can build the circuit in a variety of ways. There's
nothing critical about the wiring. Point-to-point or pc board
techniges are proven methods; however, this project is
ideally suited to a combination of both. All the fixed value
resistors and capacitors can be soldered to a single 16-pin
DIP header which plugs into a standard IC socket. Jum-
per wires from the socket to the panel-mounted compo-
nents and active ICs complete the job.

Figure 4 shows the suggested arrangement of a 1-3/8
x 1-5/8 inch piece of perfboard, along with the parts lay-
out on the front and rear panels. This layout is for use in
a 3-1/4 inch wide x 2-inch high X 4-inch deep metal cabi-
net, like Radio Shack’s catalog no. 270-251. The layout in
Figure 4 requires an external source of power. Take power
from existing equipment or use a small wall-mounted power
pack.

AUDIO

P

POWER
AUDIO IN

o
<
-

=
o}

2
-~

et |

339
741

®

je—13/8"x
15/8"
PERF.
BOARD

HEADER
°

d
H
[

L

rz | [0)
I

Q0@ |~

db=<

-~
m
o

BANDWIDTH
TOP VIEW

"

FADER

} 31/8" T
¢
| 58" ‘ 5/8" |e
2" _
' I ' 578"
i i
RCA 174" RCA
PHONO PHONE PHONO
JACK JACK JACK
(POWER {AUDIO (AUDIO
IN) ouT) IN)
BACK PANEL
12" Q.
fe—3/4" : 374"
_’! LED t""
Re R4
" (BANDWIDTH) (FADER)

FRONT PANEL

Mounting details and dimensions for the filter enclosure.
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Takes the fear out of full power antenna tuners,
i E and the guesswork out of PEP measurement
with these two MUST SEE PRODUCTS!!

RFM-003

POWER MONITOR
e

i

Discover this durably built, feature packed MB-V-A Antenna Get correct easy to read measurements of PEP for SSB,
tuner. You'll find operating conveniences that make antenna AM, and Pulse along with full time completely automatic
tuning a snap and value engineered to do the job over wide SWR display with this unique Power Monitor System
operating ranges. Compare quality, features and the NYE Two models to choose from: The RFM-003 for 3KW
VIKING TWO YEAR WARRANTY indication and The RFM-005 for 5KW.

CHECK THE FEATURES:
o PiNetwork. Low Pass Pi Network tuning 1.8-30 MHz. Heavy duty silver plated e (3) Modes — Peak Average and Peak and Hold with a unique non-drilt Sample &

Hold Analog memory circuit

L4

continuously variable inductor with 251 vermier dial. 7000 volt vanable
capacitor and 10.000v switch selected fixed capacitors on outpul side Tunes
40-2000 ohms loads. Good Harmonic suppression'

12) Ranges — Automatically switched power scales 1o 5 KW

Fully Automatic SWR — Full ime meter displays ratios directly without dnift

Automatic SWR. Hands free metering of SWR. No reset or calibration needed
S:-n.‘i!arﬁ power meter—300 or 3000 w fs. automatically switched. Easy 10 Built-in ALO — Protect your amplifier tube investment with this fast acting
read 2 5" recessed and back-lighted taut band meters lockout

.

» Antenna Swilch. PUSH-BUTTON antenna switching to (4} antennas (2 coax
single wire and twin lead) Coax bypassed on first coax output. We designed

Remole Couplers — Six feet remotes the interchangeable calibrated couplers
!

this switch to take the power Rated at 10KV and 20 amps » True AMS Conversion — H F_ couplers use forward hiased full wave detection
+ 3 KW Balun. Trifler wound triple core torroid gives balanced outpul to twin » Rugged Construction — Heavy gauge aluminum construction Top quality glass
feeder from 200 1o 1000 ohms and unbalanced output down to 20 ohms epoxy PCB. This meter 1s built to last

Maximum Power Transler. Match your transmitter output impedence to almost e Accuracy — Guaranteed to + 5% F §
any antenna system for maximum power transfer. Amplifiers only run at their
designed Q when properly matched

e Warranly — TWO FULL YEARS

-
.

Model Options. MB-IV-A1 includes all MB-V-A features less antenna switch and Added Features — Switchable reverse power all mode metering — Full status
balun. MB-IV-A2 is identical to MB-IV-A1 with the addition of a triple core LED Display — Adjustable ALO is switchable SWR/REFL power — Heavy
duty Nicad batteries charged by the applied RF for the field and a charger
is supplied for fast charging and backlighting of the taut band meters for the

o 18 MHz will not lune on some anlgnnas ham shack

OTHER NYE VIKING PRODUCTS

Phone Patches — Electronic and Memory Keyers — Squeeze Keys — Straight Keys — Code
Practice Sets — Antenna Switches — Low Pass Filters — All Band Antennas and more...
ASK FOR A FREE FULL LINE CATALOG.

TO ORDER, CALL YOUR FAVORITE DEALER

balun

Amateur Electronic Supply ~ C-Comm Wm. M. Nye Co. Inc.

nam Rgdio Outlet goss Distributing 1614 130th Ave. N.E.
enry Radio uement Electronics

Madison Electronics LaCue Communications Befk‘evue. WA 98005

EGE Ham Station TEL: (206) 454-4524

R&L Electronics FAX: (206) 453-5704

rf enterprises
Barry Electronics

In Europe: Kneisner & Doering,
Braunschweig, W-Germany
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Dlgltal Storage Scopes

1 VC 8025 EOMSfi

™ 2K Word Memary
—_ Capacity
om— \ $2349.00

Advanced storage functions creale new dimensions in

HITACHI SCOPES AT DISCOUNT PRICES

*DC 100MH
. V-212 . Dt.lallc'(’.:I'!f.;lnmalZ
X el bl * Del d S
l # D" "' - $435 . C:%‘I?‘;:ead::tep
aEe Eab List $595 * Sweep Time
[ T Save $160 V-1060 . ;\qtoranemi
- « Trigger Loc
DO 1o20MHz | lgt 51595 31,398 - 2mVsensitviy

scopes such as one shol observation, flicker free display,
bright display lor even high speed event, trace observation
for low speed event, hard copy by plotter and data output 1o
computer

VC-6045 100MHz 40MS/S 4K word Memory cap  (call)

All Hitachi scopes include probes, schematics, and Hitachi's
3 year worldwide warranty on parts and labor. Many acces-

sones available for all scopes

$375

6" CRT
* Built in

* TV Sync

M0-1251

component tester

LIST PRICE SAVE
V-422 40MHz  D.T., 'mV sens, DC Oftset Vert Mode Tngger, Alt Mag $940 $740 $200
V-423 40MHz D.T., 1mV sans, Delayed Sweep , DC Offset, Alt Mag $1.025 $825 $200
V-425 40MH:z D.T., 1mV sens, DC Offset, CRT Readout, Cursor Meas $1.070 $849 $221
V-660 60MHz D.T., 2mV sens, Delayed Sweep, CRT Readout $1,285 $1,145 $150
V-1065 100MHz D.T., 2mV sens, Delayed Sweep, CRT Readout, Cursor Meas $1.895 $1670 $225
V-1100A 100MHz Q.T., 1mV sens, Delayed Sweep, CRT Readout, DVM, Counter $2.450 $2,095 $355
V-1150 150MHz Q.T., 1mV sens, Delayed Sweep, Cursor Meas, DVM, Counter $3,100 $2675 $425

FREE DMM

with purchase of

35MHz Dual Trace Oscilloscope
o $495

ANY SCOPE
SCOPE PROBES

P-1 65MHz, 1x, 10x $19.95
P-2 100MHz, 1x, 10x  $23.95

M0-1252

|\ ‘.""Li_j*. * High luminance 6 "CRT
o {_ ',;ﬂ; = 1mV Sensitivity
L} 1 T * BKV Acceleration Voltage
J*. L 3 ‘!3 * 10ns Rise Time
. -I'H1|J 3 l 7 * X-Y Operation * Z Axis
8] * Delayed Triggering Sweep

PRICE BREAKTHRU |, True RMS 4% Multimeter with  |Digital Capacltanca Meter| Digital LCR Meter
i | Digit Multimet Capacitance and
on Auto Rang;tg DMMs|| W DOlo um n;; ;; St st CM-1550 | . LC-1801
0 : . ¥ -
choose $135 “ $55 CM-1500 ., 095 | . $125
n from: g Ranges
— - 05% DC Accuracy - Reads Volts, Ohms, 1p1-20,000utd Measuras
B3 MDM-1180 1% Resistance ge- ¢ Current, Capacitors, i 5% basic :ccy %:2: 11??2233;
=" $24_95 B with Freq. Counter “« # 5'# Transistors and Zero control R ¢ Res 01-20M
= MOM:1 161 and deluxe case wemmes  [jodes with case Se——— with case —
$27’_95 Bench DMMS AC Current Meter | Solderless Breadboards AC Clamp-On
%m MDM-1182 )/ ST-1010 Y 3 Current Adapter
9430
$29.95 | 5| $69.95 1,100 pins 818 ST-265
:g;::zu;g%gsplay | Eum&'?,mpi - 5‘1;5” pins $25 $25 00
+ Auto MManual s ata&Peak Ho :
i Aﬁgble%n;rsllnu:?ges M-3500 $125 PhAS00 $175 _— 5;%?82:@ il?sr?a?;n:ns!? ? G'I"\ll'g?kosAw?lch
. . ave digit 4vy digi X — -
.?iia;g?rgnméxﬂw s dighh b digit L/ 9436 SHOWN _c00ed posts most DMM

WIda Band Signal Generators

$6-9000 $129
RF Freq 100K-450MHz
AM Modulation of 1KHz
Variable RF output

TRIPLE POWER SUPPLY XP-620 Function Generator Decade Blox
Assembled $ 65 g % Blox || ome i #9610 or
bis 3 kKt pas | & &, ,0 #9600 | -9 = =€ sﬁﬁ;g

) 210 15V al 1A $28.95 #9610 Resistor Blox

Contains all the desired features tor 210 -15V at

1A Provides Sine.1fl squ wave

47 ohm to 1M & 100K pot

2 Limit Cont,, 3 Separate supplies

XP-660 with Analog Meters $175

short circuit protected

XP-575 without meters $39.95

SG-9500 with Digital Display doing experiments Fealures shor (or 4 1o 30V at 1A} from 1Hz 1o 1MHz #9620 Capacitor Blox
and 150MHz bullt-in Freq Ctr $249 | circult protection all supplies and 5V at 3A AM of FM capability 47pt to 10MFD
Digital Triple Power Supply XP-765 | Quad Power Supply XP-580 LEARN TO BUILD AND PROGRAM
$249 $59.95 COMPUTERS WITH THIS KIT!
INCLUDES ALL PARTS, ASSEMBLY AND
g-gg\\i a: 1: 2-20V at 2A LESSON MANUAL
. a 1 1A
SVatsA | and Aoty MODEL
Fully Ftngulatac Short circult protecied with ully regulaled an 5y at.5A MM.auuu

148.00

Four Functlnn Frequency Counters
.!- F-100 120MH

,- " $179
_ “.| F-1000 1.2GH
FraquanCy. Period, Toiallza, 3259

Salf Check with High Stabilized Crystal Oven
Oscillator, 8 digit LED display

WE WILL NOT BE UNDERSOLD!
UPS Shipping: 48 Stales 5%

($10 Max) IL Res., 7% Tax

GF-8016 Function Generator
with Freq. Counter

$249

Freq Counter .1-
GF-8015 without Freq. Meter $179

C & S SALES INC.

1245 Rosewood. Deerfield, IL 60015
(800) 292-7711 (708) 541-0710

Sine, Square, Triangle
Pulse, Ramp, .2 to 2MHz
10MHz

Starting from scratch you build a complete computer system Our Micro-
Master trainer leaches you 1o write into RAMS, ROMs and run a B08S
microprocessor, which uses the same machine language as |BM PC
You will write the initial instructions to tell the 8085 processor o get
started and store these instructions in permanent memory in a 2816 E*
PROM . Teaches you all aboul input and outpul ports, computer limers
Build your own keyboard and learn how 1o scan keyboard and display
No previous computer knowledge required Simple sasy 1o understand
instruction teaches you to wrilte in machine language

15 Day Money Back Guarantee
2 Year Warranty '
WRITE FOR FREE CATALOG
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FIGURE 5

TO TOP OF R1 (FREQ. ADY. ) m— mememe _———T0 LED ANODE
Vi
———}—— AUDIO OUT TO BOTTOM
DIO IN e .. ~
AUDIO IN J_, OF R4 (FADER)
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! 270 0.001(
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Diagram of parts placement and jumper connections for use with the DIP header type construction. Enlarged top view of header wiring
and active ICs is shown. Heavy lines marked ‘‘J’’" are jumpers on header.

Figure 5 shows one arrangement for mounting parts on
the IC header. The jumpers indicated by the heavy solid
lines are also part of the header wiring. R2 can be any con-
venient value over 1 k. If you use 5 k or more, the 1-k and
1.2-k resistors shown connected to R2 in Figure 1 can be
eliminated.

Adjustment and operation

Adjustment of the four variable resistors is simple and
straightforward. R1’s setting determines the center fre-
quency of the bandpass amplifier. If you plan to use the
filter with a single receiver or several pieces of equipment
with the same offset frequency (CW beat note), R1 is a “set
and forget” control. Tuck it away inside the cabinet to con-
serve panel space. The same applies to R3, which is used
to adjust the volume of the filter's output to match that of
the receiver. R2 and R4, however, should always be located
on the front panel. R2 determines the switching threshold
of the comparator stage, and its setting is influenced some-
what by the strength of the received audio. Figure 2 shows
how the setting of the threshold level in relation to the
response curve of the bandpass amplifier determines over-
all bandwidth. Note that the filter's selectivity narrows as
the threshold is set closer to the peak of the curve. | recom-
mend that you use a multiturn potentiometer, although a
conventional control with about 330 degrees of rotation
is satisfactory.

R4 acts as a fader control, but you can replace it with
an SPDT switch. Unfitered audio appears at the output of
R4 when the wiper arm is pointing toward the bypass line.
This position is handy for general tuning purposes. It's
advantageous to use a variable control, rather than the

switch arrangement, because you can move the wiper away
from the full bypass position in smaller increments. In this
mode of operation the narrower bandwidth still permits cas-
ual receiver tuning, but adds sufficient resistance to the
bypass line to force some audio to enter the filter and
activate the LED. Moving the wiper to the other end of R4
provides fully filtered audio at the output jack. In this posi-
tion, the quality of the audio note changes from the original
smooth sounding sine wave to a highly clipped note
reminiscent of the CW limiters in old vacuum tube receivers.
The resulting sound approaches that of a square wave and,
in my opinion, produces a CW note that’s easier to copy.

Adjust R1 using a steady carrier picked up by the receiver.
You can use a crystal calibrator to supply the carrier. Tune
the receiver for maximum deflection of the S-meter and
leave it undisturbed while you make the rest of the adjust-
ments. With the receiver audio level set no higher than
needed for detection by the filter, and both R1 and R2 set
fully counterclockwise (maximum bandwidth), the LED
should be on. Carefully turn R2 clockwise until the LED
goes off. Adjust R1 until the LED comes on again, and note
the knob position. Continue turning R1 in the same direc-
tion until the LED goes off; note the knob position again.
Return R1 to the setting midway between the transition
points and turn R2 clockwise slightly to extinguish the LED.
Reduce the filter bandwidth progressively using R2 and
adjust frequency control R1, while maintaining minimum
necessary excitation from the receiver. Eventually, you'll
reach an adjustment of R1 which matches the filter's center
frequency exactly to the offset frequency of the receiver.
Once optimized, R15 setting shouldn't be disturbed during
normal filter operation.
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AMATEUR TELEVISION

SMILE! YOU'REON TV

Only
$329

Designed and
built in the USA

Value + Quality
from over 25years
in ATV..WBORG
With our all in one box TC70-1, 70cm ATV Trans-
ceiver, you can easily transmit and receive live action
color and sound video just like broadcast TV. Use
any home TV camera or VCR by plugging the com-
posite video and audio into the front VHS 10 pin or
rearphono jacks. Add 70cmantenna, coax, 13.8 Vdc
and TV set and you are on the air...it's that easy!
TC70-1 has >1 watt p.e.p. with one xtal on 439.25, 434.0
or 426.25 MiHz & properly matches Mirage D15, D24,
D100 amps for 15, 50, or 70 watts. Hot GaAsfet downcon-
verter varicap tunes whole 420-450 MHz band to your TV
ch3. Shielded cabinet 7x7x2.5". Req. 13.8 VDC @ .5A
Transmitters sold only to licensed amateurs, for legal purposes,

verified in the latest Callbook or send copy of new license.
Call or write now for our complete ATV catalog

and antennas for the 70, 33, & 23cm bands.

including downconverters, transmitters, linear amps,

(818) 447-4565 m-t Bam-5:30pm pst. Visa, MC, COD
P.C. ELECTRONICS Tom (W6ORG)

2522 Paxson Ln Arcadia CA 91006 Maryann (WBGYSS)

Crystals for many
applications ?

For over 40 years, ICM has
manufactured the finest in
quartz crystals for every
conceivable purpose

A wide selection of holders
are available to fit most any
requirement. Our computer
database contains crystal
parameters for thousands of
equipment types

Need crystals for
communications, telemetry,
industrial. or scientific
applications? Let ICM's
sales department assist you
to determine which type of
crystal i1s best for you

22 Ham Radio/January 1990

This filter is very easy to use. Just plug it into your head-
phone jack and turn up the receiver’'s volume control until
the LED blinks in unison with the incoming code elements.
Keep the fader control aimed toward the bypass line for
maximum bandwidth. As | mentioned earlier, this position
is best for general tuning purposes — including listening
to phone QSOs. Moving the fader slightly away from the
broadest position reduces the bandwidth enough to filter
out background noise and cut phone QRM. Turning the
fader control to the sharpest position lets you copy CW
signals in the noise, or through heavy interference. The
filter's sharp skirts will amaze you. A signal tuned to the
edge of the passband simply disappears.
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Part of this filter's circuitry was adapted from an article
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building the first prototype. [l
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The Weekender

TV TO 2-METER

ANTENNA

CONVERSION

By Karen D. Mcintyre, N4FQO, 3711 Gayle Avenue,
Omaha, Nebraska 68123

s a very new ham, licensed for just a month, | found

the idea of building a 2-meter antenna rather

intimidating. However, my XYM (ExYoung-Man)
said that if | wanted one, it was up to me to build it. Thus
challenged, | set to work.

| had originally planned a simple three-element beam,
but because | find it impossible to keep anything simple,
the antenna grew to five elements before | was out of the
planning stage. It's an amazingly simple antenna to build
— even for a rookie. All you need is three free hours, a
scavenged TV antenna, some stainless steel hardware
(nuts, bolts, flat and lockwashers, and two solder lugs),
7 feet of RG-58IU coax, a PL-259 coax connector, and a
few strips of flat metal or wire (for the beta match).

This is also an inexpensive antenna to build, though the
actual cost will depend on your scavenging ability. In my
case, it only cost me $3.00 for some hardware | couldn't
find in my husband's junkboxes. | garnered my TV antenna
by climbing up on our shed and unbolting an unused
antenna abandoned by the previous owners. My husband
realized he had created a monster when | dragged it into
the dining room to begin work on my creation! The fruits
of my labor are shown in Photo A.

Selecting the antenna

You can use almost any TV antenna of the Yagi or log-
periodic type, provided that it's in fair-to-good condition.
Insulate the driven element from the boom. Don't use a
folded dipole without a matching transformer.

Make sure the TV antenna you choose has at least 71"
of boom. Any excess length may be either left alone or cut
off; it makes no difference in the performance of your
antenna. You'll need to salvage five elements of about 40"
each for the elements of your 2-meter antenna.

Disassembling the antenna

Once you've rounded up the TV antenna, the next step
is to take it apart. Before you start taking the elements off
the beam, look at Figure 1. It shows you the finished lengths
of the elements and their spacing on the antenna. If possible,
leave the first element (the longest one) of your TV antenna
in place. This becomes the reflector of your antenna. Simply
cut off the ends of the element to obtain the desired length
(39" tip to tip). It doesn't matter if the element is attached
to the boom with a metal bracket; all the elements except
the driven element are grounded to the boom, anyway

Now remove the remaining elements from the TV
antenna. Save all the brackets and hardware that you can
and reuse it where possible during reassembly. You may
have to drill out rivets to disassemble the TV antenna. Be
careful not to damage the brackets when you do this, as
they are hard to find and quite expensive.

PHOTO A

Completed 2-meter antenna. (Dimensions shown are for 146.50 MHz.)
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ASTRON

CORPORATION

9 Autry
Irvine, CA 82718
(714) 458B-7277

ASTRON POWER SUPPLIES

» HEAVY DUTY = HIGH QUALITY = RUGGED = RELIABLE »

SPECIAL FEATURES
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* FOLD-BACK CURRENT LIMITING Protects Power Supply
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* INPUT VOLTAGE: 105-125 VAC

* QUTPUT VOLTAGE: 13.8 VDC * 0.05 volts
(Internally Adjustable: 11-15 VDC)

* RIPPLE Less than 5mv peak to peak (full load &
low line)

* Also available with 220 VAC inpul voltage

MODEL RS-50A

—

.

MODEL RS-50M

MODEL VS-50M

RM SERIES 19” x 5% RACK MOUNT POWER SUPPLIES
Continuous IC§* Size (IN) Shipping
MODEL Duty (Amps) (Amps) HxWxD WL (Ibs.)
AM-12A 9 12 5% x 19 x B 16
AM-35A 25 35 5% x 19 x 12% 38
RM-50A 37 50 5% x 19 X 12% 50
= Separate Volt and Amp Meters
AM-12M 9 12 5% x 19 x 8% 16
AM-35M 25 35 5% x 19 x 12% 38
MODEL RM-35M RM-50M 37 50 5% x 19 X 12% 50
HS'A SEHIES Continuous ICs* Siza (IN] Shipping
MODEL Duty (Amps) (Amps) HxWxD Wt. (Ibs.)
RS-3A 25 3 3 x 4% x 5% 4
RS-4A 3 4 I x6'>x9 5
RS-5A 4 5 3% x 6% x Tl 7
RS-TA 5 7 3 x6hx9 9
RS-78B 5 7 4% 7% x 10% 10
RS-10A 15 10 4 % T = 10% 1"
RS-12A 9 12 4% x8x9 13
RS-128 9 12 4 % 7% 10% 13
RS-20A 16 20 5 x 9 x 10% 18
RS-35A 25 35 S5x 11 x1 27
MODEL RS-7A RS-50A 37 50 6 13% x 11 46
HS_M SEHIES Continuous Ics* Siza (IN) Shipping
MODEL Duty (Amps| [Amps) HxWxD WL, (Ibs.)
: : » Switchable volt and Amp meter
RS-1Z2M ] 12 4 xBx9 13
» Separate volt and Amp meters
RS-20M 16 20 5x9x10% 18
4 RS-35M 25 35 Sx 11 x 1 27
RS-50M 37 50 6 x 13% x 11 46

MODEL RS-35M

VS-M AND VRM-M SERIES

Separate Volt and Amp Meters » Output Voltage adjustable from 2-15 volts « Current limit adjustable from 1.5 amps

to Full Load
* Continuous IC§* Size [IN) Shipping
: MODEL Duty (Amps) [Amps) HxWxD WL, (lbs.)
@13.8V0C @10VDC @5VDC @13.8v

VS-12M 9 5 2 12 4% xBx9 13

VS-20M 16 9 4 20 5x9x10% 20

VS-35M 25 15 7 35 5% 11 x 11 29

VS-50M a7 22 10 50 6 x 13% x 11 46

» Variable rack mount power supplies
VRAM-35M 25 15 7 35 5% x 19 x 12% 38
MODEL VS-35M VRAM-50M kT 22 10 50 5% X 19 x 12% 50
HS'S SEMES * Built in speaker

Continuous IC8* Size [IN] Shipping
MODEL Duly (Amps] Amps HxWxD Wi, (Ibs.]

RS-TS 5 7 4 x 7% x 10% 10

RS-105 7.5 10 4 x Tl x 10% 12

RS-125 9 12 4% xBx9 13

= RS-205 16 20 5% 9 x10% 18

MODEL RS-125
» 110

*ICS— Intermittent Communication Service (50% Duty Cycle Smin. on 5 min. off)




FIGURE 1

REFLECTOR 39"

15"
DRIVEN ELEMENT 36"

Ist DIRECTOR 34.5"

2nd DIRECTOR 34"

19"

By

3rd DIRECTOR 34" l

LEGEND:
@ GROUNDED TO BOOM

9 INSULATED FROM BOOM, WITH BETA-MATCH
U SECTION

Driven element details.

Assembling the antenna

You now have a pile of salvaged elements and hardware,
and a boom with one element attached. So far, so good.
You're ready to put everything back together. If possible,
use stainless steel hardware when reassembling your
antenna; it's much more wear and corrosion resistant.

The next element, the driven element, must be insulated
from the boom as it is “hot”” The TV antenna | used had
plastic brackets attaching three of the elements, so | simply
used one of those. If your antenna doesn’t have any plastic
brackets, rummage in the junkbox or make one out of a
piece of plastic or Lucite™. Measure 15" along the boom
from the center of the reflector and drill a hole through the
boom. Attach the plastic bracket to the boom, and any two
element pieces to the bracket, with long stainless steel bolts,
nuts, and lockwashers. Include two no. 10 stainless steel
solder lugs when you affix the driven element, and tighten
this piece just a bit for now. The solder lugs are used for
connecting the coax line later. The beta match will also be
attached at this point. Now cut this element to measure 36"
total, tip to tip.

The last three elements — the first, second, and third
directors — are virtually identical. Refer to Figure 1 for
spacing and element lengths. Simply drill a hole through
the boom and mount a piece of element with stainless steel
hardware and scavenged metal brackets. Then trim the ele-
ments to the correct lengths.

| think a few words are called for here regarding the
accuracy of your measurements. Relax! Precision to the
second and third decimal points isn't necessary, though the
formulas in most antenna handbooks would seemto indicate

FIGURE 2
- .
/‘\ -
? 1}/
V ;
\ N \——ADJUST BETA-MATCH
» , 31/2° 41
SHORTED
sTUB
- //
/ RG-58/U

Two-meter antenna made from salvaged TV antenna, assembled and

ready to roll.
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otherwise. Stay as close as you can to the recommended
lengths, but remember that a slight variance of 1/8" or so
here or there isn't going to ruin your antenna. After | had
cut and attached all the elements, | discovered that my old
and frayed tape measure gave a slightly different reading
eachtime | measured the same piece of metal. My husband,
responding to the walils of distress emanating from the din-
ing room, assured this panic-stricken rookie that everything
would be okay — but I didn't really believe him at this point.

Matching network

The last order of business is the construction of the beta
match and coaxial balun shown in Figure 2. The beta match
is nothing more than a U-shaped conductor bridging the
gap across the driven element. | used some flat pieces of
metal 1/2" wide by 1/8” thick scavenged from the TV
antenna and secured in a U shape 2-1/2" wide by 3-1/2"
long. However you make the beta match, be sure that you
can adijust its length (from 2-1/2” to 4-1/2" overall) for the
best VSWR.

Now construct the coaxial balun as shown in Figure 2.
Attach a PL-259 connector to one end of a 4’ length of
RG-58/U coax. At the other end of this 4’ length of coax,
separate about 4" of shield and center conductor. Meas-
ure back 36" from the point where the shield and center
conductor divide, and expose about an inch of the shield
by removing the outer insulation all the way around the
coax. Cut another 36" piece of coax; solder one end of
this to the exposed shield of the feedline and the other end
to the center conductor (yes, center conductor!) of the feed-
line. Cover all solder joints, braid, and the center conductor
with tape or heatshrink tubing to keep moisture out and to
keep the sun from cracking the exposed center insulation.
Attach this completed feedline to the solder lugs on the
driven element, tighten the hardware, and tape the cable
securely to the boom. | know this sounds like one big short
circuit, but it works!

Adjusting the antenna

Now it's time to test your craftsmanship. Attach the feed-
line from your station to the PL-259 connector on the
antenna feedline and check the VSWR. Through some
blessed combination of skill and beginner’'s luck, my
antenna came up at 1.2:1 VSWR at 14697 MHz with very
distinct front-to-back ratio the first time | tried it. (My XYM
wanted to tinker with it, but | threatened him with bodily
harm!) If you're not as fortunate, use the following steps to
adjust the antenna:

* Adjust the driven element length for the lowest VSWR

at your preferred operating frequency.

* Adjust the length of the U-shaped beta match until the

VSWR at this frequency is minimum. You should have
no trouble bringing it below 1.5:1.

 |f you are a purist, repeat the two steps above, as there

may be some iteration.

Summary

Mount your antenna any way you prefer. Now fire up the
rig and have some fun! This antenna gives excellent per-
formance, is lightweight, rugged, and has survived three
Navy moves. It was a great confidence-building project for
a rookie ham. [
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MAKING

PRINTED CIRCUIT BOARDS

Don't give in
to perfboard
just yet!

By Dave Mascaro, WASJUF, RD 1 Box 467, Ottsville,
Pennsylvania 18942

here are many ways to produce your own printed
circuit boards. Small boards for DC switching circuits
are easy to make because neither the size nor the
shape of the copper foil traces is critical. Boards containing
many digital ICs are considerably harder to lay out and etch.
There are also some double-sided digital board designs with
plated-through holes. These types of boards aren’t repro-
ducible and you're better off buying them from the source.

Many articles have been published on the use of stencils
and rubyliths in conjunction with sensitized pc boards and
lighttables. These techniques are good for the more compli-
cated boards or for making multiple boards. The process
involves making a positive or negative artwork, exposing
and developing the light sensitive board, and then etching
the board. Most homebrewers don't have access to light
tables, developing solutions, and darkroom facilities. | use
light sensitive methods for many of my pc boards — mostly
for digital IC boards or multiple boards of the same design.
What foliows are some pc board techniques you can use
instead of these facilities.

There are ways to produce RF microstrip and small DC
pc boards in minutes without light tables, some without the
etching process. Basically, there are four methods. Each
method has its own variations, depending on the board
material.

* X-ACTO™ knife method

* X-ACTO etch method

¢ Drafting tape method

¢ Dremmel method
These methods involve the use of an X-ACTO knife and other
procedures that require safety glasses or goggles. The tip
of an X-ACTO blade can snap off when used to cut copper
foil. | purposely snap off a very small portion of each new

blade before starting. This way I'm sure that the small blade
tip will end up in the trash can and not on my workbench.

X-ACTO knife method

This type of pc board construction can be used on stan-
dard G-10 fiber glass board or Teflon™ dielectric boards.
It involves cutting away strips of copper, leaving isolated
pads to which components are soldered. This is a non-etch
process for making pc boards quickly. A working project
board can be completed in a quarter of the time it takes
to make just the pc board using light sensitive methods.
A pencil soldering iron with a pointed tip is required.

Figure 1 shows a small DC switching circuit to be made
on G-10 board. Parts placement isn't critical on a simple
non-RF board, and the parts layout can follow the schematic
directly. Islands of copper are needed at all junctions of the
individual components. Ground connections are cammon
using the main copper foil portion of the board.

Figure 2 shows the pc board layout for the circuit in
Figure 1. Using a pencil, draw small rectangular pads on
the copper foil for each component connection. Draw a
second outline slightly larger than the first. This small strip
of copper around each pad will be removed later. You can
draw symbols for each component on the board to make
layout easier and ensure correct spacing for leads.

After drawing all the pads, mark and drill component
mounting holes. Now, while wearing safety glasses, use the
X-ACTO knife to cut along the pencil lines. Use a straight
edge if you wish. Heat up the small strips of copper by drag-
ging the tip of your soldering iron back and forth along the
strip. The copper foil will pull away from the fiber glass board
easily. You can remove very narrow strips with the solder-
ing iron tip. Make the strips just wide enough to isolate the
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FIGURE 1
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Simple DC switching circuit.

FIGURE 2
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Board layout showing pads made by removing copper strips around
each square using X-ACTO knife methods. A ‘‘score knife’’ could
also be used to cut away the copper, leaving the isolated pads.

pads. Wider foil strips can be tinned with solder first, then
removed using the X-ACTO knife along with the soldering
tip. After all the pads are isolated from ground, use steel
wool to smooth the board and remove any oxidation that
would hinder soldering the components in place.

You can remove copper to make mounting pads in another
way — with a “score” knife. Roofing and siding people use
this type of knife to cut aluminum siding. The blade makes
a "V cut in the aluminum, making it easy to bend and
break. The blade will also cut a V-shaped groove in the fiber
glass pc board. Using this knife is sometimes much easier
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than using an X-ACTO knife because you need to make only
one cut. Dragging the knife along a straight edge allows
you to remove long strips of copper for long rectangular
pads. With this knife and a straight edge, you can cut pads
with 0.1-inch spacing to accomodate ICs, computer-type
connectors, or header plugs. | made a board with seven
ICs, two LED readouts, and three header plugs using the
score knife. Making pads with IC spacing using this knife,
in conjunction with some wire wrapping, is a simple way
to make an otherwise complicated pc board. After cutting
the board to the proper layout, drill component and IC holes
and use steel wool to smooth out the knife cuts.

You can use a double-sided pc board (copper foil on both
sides) on larger boards with many grounding points. On
double-sided boards, the non-etched or non-patterned side
of the board is referred to as the ground plane side. All
grounds are connected to the ground plane side of the
board by holes drilled for each ground lead. Isolate the non-
ground leads on the ground plane side of the board by
clearing the holes with an oversized drill bit. Drill and clear
all non-ground holes first to eliminate the confusion of which
holes get cleared.

The X-ACTO knife method can also be used on Teflon pc
boards for very basic microstrip designs. Figure 3 shows
a simple RF amplifier. A pc board for the amplifier with a
50-ohm microstrip is shown in Figure 4. This board can be
produced using the X-ACTO knife method because all lines
are straight. Basically, you need remove only two strips of
copper. A working amplifier of this type can be completed
in 15 minutes using X-ACTO etch.

The copper on a Teflon pc board won't peel when heated
with a soldering iron as it does on G-10 board. Peel off the
copper using the knife and good needle nose pliers. After
drawing the design on the board with a pencil, cut along
the lines with the knife. Cut just deep enough to go through
the copper foil. Now use the X-ACTO knife and needle nose
pliers to pull up the foil strips. After doing a few boards
this way, you'll learn to remove the foil without cutting
into the Teflon dielectric. Use other techniques for more
complicated boards.

An X-ACTO knife is all you need to make microstrip-type
boards on Epsitam 10-type board material (dielectric constant
of 10). You can cut the foil with the knife and peel it off with
a small pair of needie nose pliers. It's easy to remove the
copper foil from this type of board material.

X-ACTO etch method

This process is used for making microstrip-type pc boards.
The technique takes little time, doesn't require photo-type
artwork, and eliminates the exposure/developing processes.
With X-ACTO etch, you prepare your pc board for etching
by cutting "'clear tape resist” to the desired pattern with an
X-ACTO knife. You can purchase clear tape on a 4-inch wide
roll at most stationery stores. Although light sensitive
methods would normally be used for producing multiple
boards, | often use X-ACTO etch because it’s faster. It takes
less time to X-ACTO etch two or three boards than it does
to use light sensitive methods. Making the rubylith artwork
for light sensitive methods can be very time consuming.

Select a pc board of the proper size. You must use
double-sided board for all microstrip designs. Draw the
desired pattern on the board with a pencil and straight
edge. You can use a dial caliper to accurately lay out a
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RF amplifier using 50-ohm microstrip.
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Layout of RF amplifier showing two strips of copper to be removed
with an X-ACTO knife to produce a microstrip pc board. Cut away
copper to mount DC blocking chip caps C1 and C2.

design from full scale artwork in a magazine. Most micro-
strip designs have trimmer capacitors for optimization,
anyway.

Cover both sides of the board with clear tape. Cut the
tape along the penciled lines, using a straight edge as
needed. Remove the tape where the copper is to be
etched. The remaining tape will serve as the resist for etch-
ing the board. Press the resist tape firmly to the board to
reduce the “under etching” effects of the ferric chloride.
You can add any additional pads to the board later with
pieces of tape. Etch the board and remove the resist tape.
Clean the board with steel wool and trim to size if necessary.

Another variation of X-ACTO etch involves using a photo-
copy of the full-scale artwork as a pattern from which to
cut the tape resist. Attach the board to the reverse side of
the photocopy with tape. Cut the resist tape with your knife,
following the artwork copy. You may find this technique
difficult to use on some designs because, depending on
the number of cuts, the artwork copy will fall apart before
the last cuts are made. The last few cuts can usually be
made by taking measurements with a dial caliper. After the
tape pattern is cut, continue by using the procedures men-
tioned earlier.

Drafting tape method

You can make many DC switching and small IC projects
on single-sided pc boards with this technique. Drafting
supplies for making light table artworks are used as the
actual resist for etching a board. Drafting tapes are avail-
able in many different widths. “Donuts” and other pad
shapes are used to mark drill holes. Transistor and IC
patterns are also available. Use clear tape to make your own
special patterns. Then use these patterns in conjunction
with drafting tapes to create circuit resist patterns on the
copper side of the board.

Press the patterns and tape lines to the board firmly.
Some under etching will occur, but this isn't a problem on
DC-type boards. Making the lines a little wider initially will
help. Now etch the board, remove the resist tape, and clean
the board wih steel wool.

Dremmel method

A dremmel tool or small drill press can be used to cut
away the copper foil to produce small pads of copper on
G-10 fiber glass board. Instead of using the X-ACTO knife
and soldering iron, use a small dremmel bit to cut isolating
pads on the board. You can do this freehand on boards
that don't require a neat appearance.

| use small dental drills in a drill press to cut some of my
boards. The worktable is raised up close to the drill bit and
set so the bit cuts only through the copper foil. Mark the
copper side of the board with a pencil. Move the pc board
along the worktable, following the penciled lines. A straight
edge clamped to the worktable acts as a guide, letting you
make straight cuts on the pc board.

Etching boards

You can etch boards in several ways. The easiest method
is to use a spray etching tank. If you don't have access to
a tank, the method that follows can be used for basement
or garage etching. Conventional methods involving plastic
trays with agitating rmotors and heat lamps work too.

Place the board to be etched in a Tupperware® or other
sealed plastic container with sufficient etching solution.
Ferric chloride works best at higher temperatures. The
etching solution should be less than half the volume of the
container to allow for air expansion. Put the plastic container
in a bucket of hot water and agitate until the board is etched.

Another etching container that works well is the ceramic
“crock pot.” | got the idea of using the crock pot from Phil,
WA3NUF. Pour about 1 inch of ferric chloride into the pot.
Put your board in the pot and replace the cover. Set on the
low heat position. Your board will be done in 30 minutes.
You can etch several small boards at the same time, pro-
viding they aren't stacked on top of each other. The ferric
chloride fumes stay in the pot; this is an advantage over
using a plastic tray for etching. This type of etching can
be used for all resist methods. Eveninthe high heat position,
the clear tape resist works just fine.

Conclusion

| hope these methods will encourage you to build projects
requiring a pc board. A double-sided board with plated-
through holes is nice, but isn't always necessary. Next time
you think about a perfboard project, try it on a pc board
using the X-ACTO knife method. 1 think you'll find it's easier.
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Bill Orr, W6SAI

ANTENNA GAIN

Antenna gain is nice. Those who have
it are louder on the air than those who
don't. It's as simple as that. Antenna
gain costs money and takes up space.
Antenna gain, much like “"music
power” in a stereo amplifier, is a con-
cept that brought joy to the believers
in the hard sell technique. Antenna
gain advertisements touted bigger and
better gain figures that stretched the
imagination and glazed the eyes of the
innocent.

A decade or so ago, the “gain wars”
between antenna manufacturers grew
so intense that the gain figures given
in antenna advertisements were no
longer accepted in some Amateur
magazines. Things have calmed down
now, and sophisticated hams have a
pretty good idea of the gain available
from various antennas. They also know
the expressions that define the gain.

Expressing antenna gain
reference in dBi and dBd

For the record, accepted expres-
sions of antenna gain reference either
an isotropic radiator or a comparison
dipole. The isotropic radiator is a the-
oretical antenna that radiates equally
well in all directions. This concept can
be illustrated by a tiny light bulb placed
at the center of a large sphere. The
bulb illuminates the interior of the
sphere equally at all points (Figure 1).
Antenna gain in decibels referenced to
anisotropic radiator is expressed as dBi.

A real-life antenna has some degree
of directivity and, if placed inthe center
of a large sphere, illuminates certain
portions better than others. That is, the
antenna radiates energy better in cer-
tain directions. The simpie dipole has
maximum radiation at right angles to
the wire and minimum radiation off the
ends. Antenna gain in decibels refer-
enced to a dipole is expressed as dBd.

If the same amount of energy is radi-
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FIGURE 1

An Isotropic radiator is simulated by a tiny
light bulb placed at the center of a large
sphere. The bulb illuminates the interior of
the sphere equally at all points.

ated by the dipole as by the isotropic
radiator, the energy in the direction of
maximum radiation of the dipole is
about 2.14 dB greater than that of the
isotropic antenna. So it can be said
that a dipole has a power gain of 2.14
dB in the direction of the main lobes
over an isotropic radiator.

All of this supposes that the isotropic
radiator and dipole are in free space.
What happens when an antenna is
placed in proximity to the earth?

The effect of the earth
on antenna gain

The best way to visualize the
antenna near earth is to cut the sphere
of measurement in half horizontally
and substitute a conducting metal
plate for the missing portion (Figure 2).
Now, only half of the original sphere is
illuminated. The other half is
represented by the ground plate.
Assume a horizontal half-wave dipole
is placed at the center point of the
sphere. The direct and reflected waves
are in phase, or additive. Because the
same amount of power is radiated in
half the volume, the field is doubled —
or increased by 3 dB. In addition, if the
ground plane is smooth and a perfect
conductor, ground reflection adds
another 3 dB. Thus, a dipole in a “near
earth” situation can have up to 6-dB
gain over the antenna in free space’?

Note that | said "up to.” Maximum
ground reflection gain occurs in line
with the direction of maximum radia-
tion. Cancellation of gain occurs at
other angles above the horizon. Limit-
ing cases are either 6 dB greater than
the free space value, or zero. The result
is the well-known radiation pattern
shown in Figure 3.

The reflection gain figure can be less
than the theoretical value if ground
conductivity is poor. Ground conduc-
tivity studies have been made since
the early days of broadcasting, and the
values in the United States are well
known.? Conductivity is expressed in
siemens {or millisiemens) per meter.
The dielectric constant is also given
(see Table 1 in Reference 3).

There's a computer program* avail-
able that lets you examine reflection
gain as a function of ground conduc-
tivity (Figure 4). In an area of high
ground conductivity, the reflection gain
for a dipole is better than 6 dB over the
free space value. As ground conduc-
tivity and dielectric constant decrease,
the reflection gain decreases. In the

*MN Antenna Analysis, Brian Beezley, K6ST!, 507-1/2 Taylor,
Vista, California 92084.



FIGURE 2

HALF - SPHERE

GROUND PLANE

The effect of ground is simulated by placing the antenna over ground plane. Because the
same amount of power is radiated in half the sphere volume, the radiated field is doubled.
Ground reflection depends upon ground conductivity and can increase the field by up to

3 dB in line with maximum radiation.

FIGURE 3

FREE SPACE
PATTERN

\,G,’*?“,”f’ WL /,7

Ground modifies the free space pattern.
This shows a half-wave dipole 1/2
wavelength above ground. Six dB gain is
added when antenna is above perfect
ground, as compared with free space.

example shown, the dipole loses
nearly 3 dB in reflection gain when
going from an area of high ground
reflection to an area of poor reflection.

Enter the computer

The conventional dBi and dBd gain
figures are well known, but the picture
has been clouded recently by
computer-derived antenna programs
that automatically add up to 6-dB
ground reflection gain to the results —
depending on the value of ground
conductivity you enter into the pro-
gram. This is producing eye-popping
gain figures for even rather simple
antennas. A casual observer might
jump to the tantalizing conclusion that
a dipole is indeed a “gain” antenna.
After all, it has up to 6 dB of ground
reflection gain, doesn't it?

Thus, there are four valid ways of
referencing antenna gain: (1) in free
space, referenced to an isotropic radi-

FIGURE 4

TOTAL REFLECTION GAIN (dB)

DIPOLE H= A/2

HIGH «—— GROUND CONDUCTIVITY (mS/m) —wLOW

As ground conductivity decreases, ground reflection gain also decreases.

ator; (2) in free space, referenced to a
dipole; (3) in proximity to the earth,
referenced to an isotropic radiator. (4)
in proximity to the earth, referenced to
a dipole.

Comparing apples
and oranges

Everything seems simple enough,
up to this point. But the possibility
exists that some antenna manufac-
turers will claim inflated gain figures.
The opportunity to tout reflection gain
can be irresistible. All’'s well if everyone
uses the same ruler for gain compari-
son. I've noticed, however, that one
antenna manufacturer has latched
onto the ground reflection concept and
is boasting antenna gain figures based
on earth proximity, referenced to an
isotropic radiator. His data sheet
doesn't mention any definition of the
gain reference.

More and more computer-designed
antennas are being publicized, and it's
common to see antenna gain figures
based upon earth reflection.4 Once the
concept of reflection gain and ground
conductivity are well known, and
antenna gain figures are properly refer-
enced, the computer-derived gain
figuresfallintotheir proper perspective.

Halyard replacement

| have a bi-square loop antennas
supported by a halyard passing over
a pulley that hangs from a yardarm
near the top of my tower. The rope was
quite frayed and | wanted to replace
it before it broke. | knew that if it did
break, it would run through the pulley,
and | would have to climb the tower
and hang by my heels to get a replace-
ment rope through. Because fear sets
in if | go more than 10 feet above the
ground, this was an unpleasant thought!

How was | going to get a replace-
ment rope through the pulley from
ground level? That was the puzzle. |
couldn't splice the new rope to the oid
and pull it through the eye of the pulley.
There was no room for that! | had for-
gotten tong ago the tricky knots that
earned me a Scout merit badge.
Finally, | had a brainstorm! | could use
heatshrink tubing to splice the rope
ends together! | placed the end of the
old rope in one end of a foot-long sec-
tion of heatshrink tubing; the new rope
went in the other end. | used safety
matches to shrink the tubing. The two
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THE ULTIMATE IN PC FAX

( ] i
ropes were firmly connected and the
BLACK DACRON® POLYESTER splice slid easily through the pulley!
ANTENNA ROPE QED.
» UV-PROTECTED The dual quad
* HIGH ABRASION RESISTANCE loop antenna
» REQUIRES NO EXPENSIVE POTTING HEADS A single, vertical quad loop makes
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« EASY TO CUT WITH OUR HOT KNIFE tion pattern of a dipole and provides
* SIZES: 3/32" 3/16" 5/16" an additional gain of approximately 1.2
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band response and a feedpoint
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T Print on Epson, or HP Laser Jet Jeff's antenna is cut for the 12-meter

Disk Save, Zooming, Image processing
Unattended Image Capture and much more

PC GOES/WEFAX $250

band. It's suspended from a branch of
a pine tree (Figure 5). Two oak
spreaders 1-1/4 inch square and 14

% synthetic  venTura, CALIFORNIA 93003
textiles,inc. (gos) 656 7903

feet long form the diamonds. The pal-
Designed to receive images directly from =
U.S.E&nd Soviet meteorological satellites. tern is bidirectional and the gainis esti

Includes all of the above feature plus mated to be about 3.5 dBd. Polarization
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resolution of up to 256 gray levels.
FIGURE 5
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The antenna is fed at the center with
a coax line. The feedpoint impedance
is very close to 50 ohms. The line is
wound into an RF choke at the feed-
point. The choke consists of four turns
of coax 5 inches in diameter. This helps
keep RF off the outer shield. Bring the
line down the middle of the array, as
shown.

The K4COF dragonfly effect

Phil Elrod, K4COF, reports a puzzling
effect he noticed on a dipole antenna
when he was stationed in Japan. He
says that he saw dragonflies sitting on
the antenna, all facing in the same
direction. Each time the transmitter
was keyed, the dragonflies would
instantly leap off the antenna and
hover in the air. When the transmitter
was unkeyed, the insects would return
to the wire! He said the dipole was fed
directly with coax; no balun was used.
The hopping insects were mainly on
the dipole half connected to the cen-
ter conductor of the coax!

It occurs to me that dragonflies
might be good, cheap indicators of
antenna balance. They might even be
more effective than an SWR meter!
However, there aren't many dragonflies
in northern California. How about
hummingbirds or killer bees? Do you
suppose Phil is pulling my leg?

The ‘““‘Dead Band’’ Quiz

K4COF also supplies this month's
quiz. (He doesn't supply the answer
because he doesn't know it!) The ques-
tion is: At 4:00 and 8:00 oclock the
clock's minute and hour hands form a
120-degree angle. Is there a time at
which the hour, minute, and second
hands form three simultaneous 120-
degree angles? If you know the solu-
tion, and can prove it, drop me a note
at Box 7508, Menlo Park, California
94025. Phil will get his answer when he
reads this column.

Coming next month: results of the
“snowplow" quiz!

REFERENCES
1 Williarm Orr, WESAL, and St

RADIO Booksiore
3 Jerry Hall

tion, ARRL. g
store for $17

), Edlitor, ARRL Anp wa He
» 3-3 (Avalable from the HAM RADIO Book
lus $3.75 shipping and handing )

cel, AEGC, “'Buld the Versa Loop, QST August
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WESAI, The Radwo
ams Company, page 23-9 (A
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“How Does Your Remote Base Stack Up?”
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Now it's easy to add a multi-band remote
to your repeater.

Your repeater can now link to any
frequency on up to six bands with
ACC's new interface to the ICOM
1C-900/901 FM Mobile band units.

Our unique FC-900 Interface con-
nects your ACC repeater controller to
the ICOM band units (the ICOM fiber
optic controller and interface aren’t
needed). Add new bands to your
system by just adding band units.
And best of all - everything just plugs
together!

If you've built remotes before, you'll
appreciate the simplicity - and the
performance. If you haven't, now is

QCC

computer

2356 Walsh Avenue, Santa Clara, CA 95051

advanced

controls, inc.

the time to add a new remote base or
linking system to yvour repeater.

Extend the range of your repeater,
link to other repeaters for emergency
and public service activities, and
benefit from the elevation of your
repeater site for all bands. From ten
meter DX to 1200 MHz linking - and
everything in between.

ACC piloneered frequency agile
remotes and links on repeaters years
ago. Now we've made it easy. One
more reason that ACC is the right
choice for your repeater system.

So stack the deck in your favor and

write or call for more information

on the FC-900 Interface.

(408) 727-3330
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Iron Powder and Ferrite
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Shielding Beads, Shielded Coil Forms
Ferrite Rods, Pot Cores, Baluns, Etc.

Small Orders Welcome
Free ’‘Tech-Data’ Flyer
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12033 Otsego Street, North Hollywood, Calif. 91607
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OPPER PIPE
TRANSMISSION LINES

“Plumber’s delight”
antenna feed system

By Ernie Franke, WA2EWT, 10484 138th Street N.,
Largo, Fiorida 34644 and Judd Sheets, WA4BUS,
6926 10th Avenue N., St. Petersburg, Florida 33710

opper pipe offers a mysterious attraction to the

VHF/UHF enthusiast. When he comes across alarge

diameter piece of tubing in a scrap yard, he has a
compelling desire to store it away in anticipation of buiiding
a cavity.

The tablesin this article show the impedances obtainable
when using copper pipe from a plumbing store. You may find
them helpful in determining how to use these pipes to form
coaxial TEM structures. Copper pipe has been used for coax-
ial transmission lines; antenna power dividers,2 coaxialfilters,3
cavity duplexers,45 and baluns.6 By considering the best
impedance for achieving the lowest loss, you can design
these structures for the highest Q and minimum loss.

The design of a transmission line or a coaxial cavity is set
by the maximum allowable inside diameter of the outer con-
ductor (D), as shown in Figure 1. Once you have this dimen-
sion, calculate the impedance using the outer-to-inner con-
ductor D/d diameter ratio. The characteristic impedance (Z)
of a coaxial line is given by:

Z = (138/\e,)log (D/d) 1)

where ¢, is the relative dielectric constant and d is the inner
conductor outside diameter (OD), given in the same unit of
measure as the outer conductor. The relative dielectric con-
stant for air is extremely close to 1. The impedances for vari-
ous tubing diameter ratios for copper pipe are shown in Table
1. We've listed various combinations of inner and outer con-
ductorsto provide a wide impedance selection for any given
outer diameter. Impedance selection is especially useful for
impedance matching. An impedance-matching section is
used frequently in an antenna-phasing harness to match the
transmission line impedance to each antennainanarray. The

34 Ham Radio/January 1990

simplest matching section is a quarter-wave transmission line
(commonly referred to as a Q matching section), with an
impedance equal to the square root of the product of the
source and load impedances:

Z=12Zg+2Z; (2)

Copper tubing is classified in accordance with the wall
thickness, which is based on the required service — as shown
in Table 2. Household plumbing codes usually require type
L pipe. For heating systems, where the same waiter is recircu-
lated through baseboard heaters, thinner wall type M pipe is
acceptable. The outside diameter (OD) of copper tubing is
always 1/8" greater than the nominal size. For instance, the
chartin Table 1 showsthat 1/4” tubing hasan OD of 3/8" and

FIGURE 1

D= INSIDE DIAMETER OF
OUTER CONDUCTOR

d= OUTSIDE DIAMETER OF
INNER CONDUCTOR

THE IMPEDANCE OF A COAXIAL CABLE
IS A FUNCTION OF THE CONDUCTOR
DIAMETERS

P

o——

=
=

C

7

WAV

Q

Anatomy of a transmission line. D = inside diameter of outer con-
ductor; d = outside diameter of inner conductor. The impedance
of a coaxial cable is a function of the conductor diameters.
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WIN AN ICOM 1275,
OR AEA FS430!

OR ONE OF
SEVERAL OTHER PRIZES!

Your home video about any aspect
of Ham Radio could win!

Enter the WWATS/ATVQ
Ham Video Contest.

For rules and entry form send SASE to:

WWATS/ATVQ Video Contest
1545 Lee Street, #73
Des Plaines, IL 60018
Entry deadline March 1, 1990. Enter today.

Contest sponsored by Western Washington
ATV Society and Amateur Television Quarterly
Magazine. Winners announced at Dayton 1990.
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1990 HAM CALENDARS
ORDER YOUR’S NOW

Ham the year away with your awn copy
of the 1990 Amateur Radio Operator
Calendar and Operating Aid.

Looks great in your shack. Keep up-to-
date on all the important Amateur Radio
events from contests, meteor shower,
phases of the Moon, CQ and ITU zones,
prefix and zone multiplier lists, USSR
Oblast list, plus much, much more.

You also get a special four page
commemorative insert on Edward H.
Armstrong. Includes rare photos.

Calendar covers through February 1991.
$10.95 (plus $3.75 shipping and handling)

HAM RADIO’S BOOKSTORE
GREENVILLE, NH 03048 :
CALL (603) 878-1441 _ "

FAX (603) 878-1951 (@) |
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INNER CONDUCTOR (COPPER)
Size | 1/4" | 3/8" [1/2"]5/8"| 3/4" 1" [H-1/4p-1/2" 2" |2-1/2°
Size [TypelD\OD| 0.375 | 0.500[0.625/0.750/0.875]1.125[1.375]|1.625]2.125] 2.625
3/4" ] K 10.745]| 41.1 | 23.9 |10.5] - - - - - - -
L 10.785| 44.3 | 27.0 1 13.7{ 2.7 - - - - .
1" K 10.995| 58.5 | 41.2 | 27.9[16.9] 7.7 - - - - -
L |1.025] 60.3 | 43.0 | 29.7{18.7] 9.5 - -
K |1.245] 71.9 | 54.7 141.3]30.4[ 21.1] 6.1 - -
1-1/4" L [1.265] 72.9 | 55.6 |42.3|31.3] 221} 7.0
M [1.291] 74.1 | 56.8 143.5|32.6| 23.3 | 8.3 - -
DWVI1.295] 74.3 | 57.0 143.7132.7} 23.5] 8.4 - -
K |1.481) 82.3 | 65.1 | 51.7[40.8] 315 {16.5| 4.5
1-1/27 L [1.505) 83.3 | 66.0 | 52.7|41.7| 32.5|17.4| 5.4
M [1.527| 84.2 | 66.9 [53.5]42.6)| 33.4 | 18.3| 6.3 -
DWV|1.541| 84.7 | 67.5 | 54.1]43.2]1 33.9|118.9! 6.8 -
K |1.959f 99.1 [ 81.8 [68.5|57.5]48.3[33.2]21.2 },11.2 -
2" L [1.985] 99.9 | 82.6 182.6|58.3]| 49.1134.0)22.0) 12.0 -

OUTER ‘M |2.009{100.6]| 83.3 | 70.0|59.1] 49.8 | 34.8]22.7 ] 12.7 -
CONDUCTOR DWV|2.041]101.5] 84.3 170.9]|60.0] 50.8 | 35.7]23.7 ] 13.7 - -
(COPPER) K [2.435]112.1[ 94.9 |81.5[70.6| 61.3 [46.3134.3]242 | 8.2 -

2-1/2" L {2.465]112.8]| 95.6 [82.2]71.3[ 62.1 |47.0] 35.0}25.0 | 8.9 -
M [2.495[113.6] 96.3 | 83.0]72.0] 62.8 | 47.7]| 35.7 [ 25.7 ) 9.6 -
K |2.907]122.7|105.5[/92.1]|81.2| 72.0 | 56,9] 44.9 ] 34.9 118.8] 6.1
3" L [2.945[123.5[106.3]92.9|82.0f 72.7 |57.7]45.7 { 35.6 |19.6] 6.9
M |2.981[124.2[107.0[93.6|82.7| 73.5 | 58.4146.4 | 36.4 |20.3] 7.6
DWv[3.035]125.3}108.1|94.7[83.8| 74.5 | 59.5]|47.5 | 37.4 [21.4] 8.7 |
K [3.857]139.71122.41109.1/98.1( 88.9 [73.8] 61.8 | 51.8 |35.7] 23.1
4" L [3.905]140.41123.2]109.8/98.9]| 89.7 | 74.6] 62.6 | 52.6 |36.5] 23.8
M [3.935/140.9[123.6[110.3/99.3] 90.1 | 75.0] 63.0 ] 53.0 136.9] 24.3
DWV[4.009[142.0]124.8[111.4]100.5] 91.2 | 76.2]| 64.1 | 54.1 |38.0] 25.4
K 14.805[152.9 [135.6[122.2|111.3]/102.1|87.0| 75.0 | 65.0 |48.9] 36.2
5" L [4.875[153.7 [136.5[123.1[112.2[{102.9/87.9]| 75.9 | 65.8 |49.8] 37.1
M [4.907[154.1 |136.9]123.5[112.6[/103.3[88.3]1 76.3 ] 66.2 |50.2[ 37.5
K 15.741[163.5 [146.3]132.9]122.01112.7{97.7}185.7 1 75.6 [59.6| 46.9
6" L [5.845[164.6 [147.4]134.0]123.1]113.8/98.8]|86.7 | 76.7 [60.6 ]| 48.0
M |5.881[165.0 [ 147.7[134.4[123.4]/114.2]99.1[ 87.1 | 77.1 [61.0] 48.3
DWv|5.959]165.8 [148.5[135.1[124.2/115.0]100.0| 87.9 | 77.9 [61.8] 49.1

Characteristic impedance of rigid air line using large copper pipe. (Impedance values given in ohms.)

TABLE 2

Copper tubing classified by wall thickness and required
service.
Type Wall thickness ~ Service
K Heaviest wall Underground
L Medium wall General plumbing and heat-
ing
M Thin wall Sanitary drainage and heat-
ing
bowy Thinnest wall Drainage, waste, vent

2-1/2" tubing has an OD of 2-5/8". The outside diameter of
copper tubing must always be constant for any type withina
nominal pipe size (in spite of wall thickness variations), so that
solder fittings will be common to each type of tubing.

When you use copper pipe with less than 1" outside
diameter, it's desirable to use brass tubing for the inner con-
ductor. Look for itinlocathobby shops. The values of imped-
ance are shown in Table 3.

As the outside diameter of a coaxial line is increased, the
attenuation decreases. There is, however, a limit to the allow-
able pipe size that can be used for the outer conductor. The
minimum attenuation point? of a coaxial transmission line
occurs at an outer-tc-inner conductor diameter D/d ratio of
3591, which is 76.6 onms for an air line. Because the attentu-
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TABLE 3

INNER CONDUCTOR (BRASS)

Size (3/32"[5/32"17/32"1/4"19/32"]5/16"|11/32"1 3/8" }13/32"17/16"15/3271/2"117/3279/16")19/32"5/8"

Size_JType] ID\OD [ 0.094 [ 0.156J0.219[0.250] 0.281[0.313[0.344 [0.375] 0.406 }0.438]0.4690.500] 0.531[0.563]0.594 [0.625|
5/32"| B 10.125] 17.2 - - - - - - - - - - - - - - -
7/32°| B 10.189) 42.0 | 11.5 - - - - - - - - - - -
1/4" | B |0.221] 51.4 | 209 | 0.5 - - - - - - - - - -
9/32"]1 B 10.253) 59.5 | 26.0 | 8.6 |-0.7 - - - - - - - - -
5/16"] B 10.285] 66.6 | 36.1 | 158| 7.8 | 0.8 - - - - - - - - - -
11/32°1 B 10.321] 73.8 [ 43.2 [229115.0] 8.0 1.5 - - - - - - b - - -
3/8" ] B |0.347] 784 1 47.9 | 27.6]19.6] 12.6 | 6.2 0.5 - - - - - - hd - -
13/32° B ]0.377] 83.4 | 529 [32.6]24.6] 176 [ 11.1 5.5 0.3 - - - - - - - -
7/1671 B l0.408| 88.1 | 57.6 {37.3[29.4] 22311591 102] 6§61 0.3 - - - - - - -
165/32° B |0.442] 92.9 | 62.4 [42.1(34.2[ 27.1120.7 15.0 9.9 5.1 Q.5 - - - - - -
1/2" B ]0.471] 96.7 | 66.2 145.9]138.0] 31.0] 24.5 18.8 1 13.7 8.9 4.4 0.3 - - - - -
17/32" B 10.5031100.7] 702 [49.8{41.0134.9 (284228 176 128 | 83 | 42 - - . - -
OUTER 9/16"1 B 10.536]104.5] 74.0 {53.6]45.7[ 38.7 | 322 26.6_]21.4 16.6 | 12.1 8.0 4.2 0.6 - - -
CONDUCTOR[19/32"| B |0.565]107.7! 77.1 |56.8]1489)41.91354]| 297 246] 18 |153}11.2)73 ] 3.7 0.2 - -
5/8" 1 B 10.598]1110.9/80.5 60.2)152.3] 4531 38.8] 33.1 [ 280] 23.2 ]18.7)146]107)] 71 3.6 0.4 -

3/4" | K 10.7451124.1] 93.7 | 73.4165.4| 584 | 5201 46.3 1 41.1] 36.4 131.8]1 277 239|203 )168] 13.6 [10.5

L 10785112721 96.8 | 76.5168.6] 61.6 ] 551 | 49.4 | 443] 395 [35.0130.9]1270] 23412001 16.7 [13.7

1" K ]0.995]141.4[111.0100.7]82.8| 7581 69.3] 63.7 | 585] 53.7 |493.2[ 451 |[41.2] 37.6 [34.2| 309 [27.9

L |1.0251143.2]1112.8]92.5|84.6] 776 ] 71.1 | 65,4 | 603] 555 |51.0) 4691430]|39.413601)327129.6

K [1.245]154.8[124.5[104.2{96.2| 80.2182.7{ 77.1 | 71.9| 672 |62.6| 585 (547 51.1 1476 444 ]141.3

1-1/4" L 11.265/155.8]125.4]105.1197.2] 902 | 83.7 | 78.0 | 72.9) 68.1 |63.6] 59.5 [556] 52.0 | 486 ] 45.3 |42.3

M 11.291]157.0]126.7{106.3[{98.4)1 91.4184.9] 793 ]174.1] 693 [648]| 607§568]| 5321498 46.543.5

DWV|1.295]157.21126.8]106.5/98.6] 91.6 [ 85.1 ] 79.4 174.3]| 695 |65.0] 60.9}57.0| 53.4 | 50.0 46.7 [43.7

K 11.48111652)134.91114.6j106.6] 99.6 1] 93.2 | B7.5 | 823) 776 [73.0] 689 ]651]| 61,4 ]58.0] 548 ]51.7

t-1/2% L |1.5605]1166.2|135.8[115.5[107.6{100.6]| 94.1 | 88.5 | 83.3| 785 (740 639660624530/ 55.7 {527

M ]1.527]167.11136.7(116.4]108.5/101.4] 95.0189.3 1843 794 174.8]| 70.7 {66.9]| 63.3 | 59.8] 56.6 [53.5

Dwvl1.541]167.6[137.3(116.9[109.0/102.0] 955 89.9 [ 84.7] 79.9 {754] 7131675} 639|604 57.2]54.1

B =Brass K L, M DWV = Copper

Characteristic impedance of rigid line using brass center conductor tubing. (Impedance values given in ohms.)

ation function is a broad one (see Figure 2), the attenutation
goes up by a factor of only 1/2 percent at D/d ratios of 3.2
{Z=69.7 ohms) and 4.1 (Z=84.6 ohms). Thus the conductor
diameter ratios need not be exact. The relative attentuation
increases by only 5 percent at widely varying D/d ratios of 2.6
(Z=573 ohms)and 5.2 (Z=98.8 ohms). The bestimpedances
of several criteria for coaxial line are given in Table 4, where
the minimum attentuation and maximum power are shown for
copper pipe using air as a dielectric.

After consulting these impedance tables, you can quickly
sort through your junkbox for the pipe diameter closest to opti-
mum. For example, the 2-meter cavity duplexers constructed
by John Bilodeau? and duplicated by Stewart Gurskes used
4" type DWV copper drain pipe with a 1-3/8” OD copper tube
(a1-1/4" size copper pipe has an outside diameter of 1-3/8")
as the center conductor. Dave Baxter8 constructed a single
cavity filter for his 2-meter repeater receiver using the same
conductor ratio. The cavity's Q could be improved with the
identical 4" pipe by simply dropping down to a 1 nominal
diameter copper pipe for the center conductor. According to
Table 1, the characteristic impedance using a 1” copper pipe
center conductor is 76 chms. This is approximately the mini-
mum attenuation point for a coaxial structure. The impedance
of a coaxial line with a 1-1/4” center conductor is approxi-
mately 64 ohms. The relative loss for an impedance of 64
ohmsisabout 2 percent higher than that of the theoretical opti-
mum value of 76.6 ohms. The unloaded Q of a copper quarter-
wave coaxial cavity, designed for an optimum impedance of
76 ohms, is approximated as:

Q, = 7DNf (3)
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The attenuation, breakdown voltage, and power handling capabil-
ity for rigid lines is a function of the D/d ratio.

TABLE 4

Optimized air line copper transmission line parameters.

Cable parameter Conductor ratio  Characteristic

(D/d) impedance
Minimum attenuation 3591 766 ohm
Maximum voltage 2718 5399 ohm
Maximum power 1.649 30.0 ohm




TABLE 5

Relative conductivity of commonly available material

Metal Relative Conductivity
Silver 103
Copper 100
Gold 084
Aluminum 078
Brass 0.48

Commercial rigid air line copper transmission line dimen-
sions (in inches).

Nominal rigid Inner conductor  Outer conductor

cable size oD 1D oD 1D

7/8 inch (50 ohm) 0341 0.2N 0875 0785
1:5/8 inch (50 ohm) 0664 0588 1625 1527
3-1/8 inch (50 ohm) 1315 1.231 3125 3027
6-1/8 inch (50 ohm) 2600 2520 6125 5981
B6-1/8 inch (75 ohm) .71 1631 6125 5981

For further details contact your local dealer or Orion.

where D is the inside diameter of the outer conductor ininches
andfisthe operating frequency in megahertz. If you use other
materials, the unloaded Q will vary in direct proportion to the
relative resistivity of the metal, as shown in Table 5. Therefore,
abrass coaxial cavity will have about one-halfthe Q of a simi-
lar copper cavity. A silver-plated cavity will show a 3 percent
increase in unloaded Q.

Large, rigid coaxial transmission lines used for high-power
radio andtelevision stations are generally designed with 50-
ohmairline. You must pressurize the lines slightly with dry air
or nitrogen to prevent moisture condensation. This imped-
ance is acompromise value between power handling capa-
bility, voltage breakdown, and attenuation. The attenuation
is about 10 percent higher than that of a transmission line with
a minimum attenuation impedance of 76.6 ohms. Verify this
by checking radio/TV transmitter rigid air line catalogs for 6-
1/8" commercial transmission line, where the line is fabricated
for both 50 and 75 ohms. Table 6 lists the sizes of the copper
pipe used inthese installations in case you want to duplicate
a high-power, low-loss installation. The 7/8" commercial air
line uses common 3/4” type L copper tubing for the other con-
ductor; the 1-5/8" rigid line uses 1-1/2" type M copper
tubing
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SIMPLE EEPROM

PROGRAMMER

By George Swindell, Jr, WA2IHE, 538 Griscom
Drive, Deptford, New Jersey 08096
Awill. sooner or later, come up against Read Only
Memory (ROM) ICs. Nowadays, Electrically-
Erasable Programmabie Read-Only Memory (EEPROM) is
replacing the older Ultra Violet-Erasable Programable Read-
Only Memory (EPROM) and many of the new (Cs are "drop-
in compatible” with older types. For example, the 2Kx8 2816
used here matches the popular 2716 EPROM pin for pin.
Except during programming, the 2816 needs only a single
5-volt supply.
The EEPROM is a significant improvement over the ultra
violet-erasable device. First, it can be erased quickly with-
out an expensive UV source (or waiting for a long, sunny

day, hi). Second, single bytes can be erased selectively
without disturbing the rest of the ROM’s contents.

nyone who deals with computerized equipment

This EEPROM programmer lets you do both erasing and
simple, manual programming. {t's described as a “stand-
alone” device assembled on a prototyping block, but it can
just as easily be incorporated into your equipment using
the EEPROM. As shown here, the programmer can't be
computer driven or operated automatically. You can add
these features, but it will cost more in terms of both time
and money.

The electrical characteristics for programming show only
two critical parameters. The programming voltage (Vpp)
write pulse duration must be between 9 and 15 ms, and
the Vpy rise time must be between 0.45 and 0.75 ms.
Because all other timing parameters are given as minima
expressed in nanoseconds or microseconds, | timed every-
thing around the V, pulse width of 10 ms to keep things
simple,

How it works

The 4060 oscillator/puise generator (UT) in Figure 1 is
an oscillator/divider combination. The 1-meg pot adjusts the
oscillator frequency to 12.8 kHz. This is divided by 128 to

FIGURE 1
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here Is the

MARK 4CR

next generation Repeater
2 meters - 220 - 440

The only repeaters and controllers
with REAL SPEECH!

Create messages just by talking. Speak any phrases or
words in any languages or dialect and your own voice
is stored instantly in solid-state memory. Perfect for
emergency warnings, club news bulletins, and DX
alerts. Create unique ID and tail messages, and the
ultimate in a real speech user mailbox — only with a
Mark 4.

No other repeaters or controllers match
Mark 4 in capability and features. That's
why Mark 4 is the performance leader at
amateur and commercial repeater sites
around the world. Only Mark 4 gives you
Message Mastertu real speech ® voice
readout of received signal strength,
deviation, and frequency error ® 4-
channel receiver voting ® clock time
announcements and function control ® 7-
helical filter receiver ® extensive phone

- patch functions. Unlike others, Mark 4
even includes power supply and a
handsome cabinet.

NEW OPTION
RS-232 for Repeater Control
using MODEM or Packet TNC

LT PEATER

MICRO CONTROL SPECIALTIES

Division of Kendecom Inc.
23 Elm Park, Groveland, MA 01834 (508) 372-3442

FAX 508-373-7304

Call or write for specifications on the
repeater, controller, and receiver winners.

EVERY ISSUE of

DO APt DI ARGEE SUPER PERFORMANCE BATTERIES

The entire run of Ham Radio Magazine

(March, 1968 thru last year) is ready
to ship to you in one, easy to use
format.

Qur 24x microfiche is easy to read and
very compact. We offer a hand held
reader for $75, and a desk model for
$220. Libraries have these readers.

As a bonus, you will receive Ham
Radio Horizons (3/77 thru 12/80) free.

UPDATED SUPER ICOM

SUPER ICOM BP-7S. 132 volts
1200ma triple the capacity of the
Icom BP-7, 5w output

SUPER ICOM BP-BS. 96 wvolts
1200ma. 50% more capacily than
the lcom BP-8

Both are rapid base charge only, or
slide in wall charger, 4 inches high
BP-7S or BP-85 $6500

SUPER KENWOOD

SUPER KENWOOOD PB-258 /PB-26S. 8 4

SUPER YAESU
SUPER YAESU FNB-4SH. 12 volls
1000ma. double the capacity of the
Yaesu FNB-4. 5 watt output. Rapid
charge only, $71.00
SUPER YAESU FNB-3S. 96 volts
1200ma, triple the capacity of the
Yaesu FNB-3, 35 watt output
Rapid or wall charge %6500
Both are perfect for the 03, 09 and
727 series radios and are 4 inches

Exact replacement FNB-2 Nicad pack high

for Yaesu FT-404R /207R /208R/T08R

Inserts for:

i . volts, 900ma. double the capacity $22 50 Kenwood PB-25. Z5H. 26 $25.00
Everything is included, front cover to of the PB-25/PB-26 for the 2500/ Icom BP-3 $18.95
back - ads too! 2600/3500/3600 Charge with either SPEAKER/MICS Icom BP-5 (500ma) $2495

the standard wall charger or drop Icom HM-9 $35.00  Icom BP-7 (500ma) $29.50
Annual updates will be offered for $10. in charger 3 inches high $6500.  Yaesu MH12A2B $31.00 Icom BP-8 $29.50
Full line for Yaesu 411/811/470. FNB-10/11/12/14 available
Add 54 00 shupping& handling for lirst pack CT residents add 8°- tax
S_El"id $205 payment Complete line of NICAD packs for lcom, Kenwood. Yaesu, Tempo, Santec. Azden Cordless Telephones
(visa/mc accepted) to: Akaline. Nicad & Gell-Cells All NICAD packs include 1 year guarantee Commercial Radio Packs available
For all your battery needs. write or call today for a _[:n:nph’.lv catalog Dealer inguires invited
VISA 149 Palmer Road » Southbury, CT 06488 ‘,J\I,_-_-_.ui“‘ @
UCKMASTER W (800) 634-8132 In CT (203] 264-3985 FAX: (203) 262.6043 —

BUCKMASTER PUBLISHING
Route 3, Box 56
Mineral, Virginia 23117
703/894-5777 visa/mc 800/282-5628
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Timing diagram.

give a 100-Hz output at pin 6, pulsing the input of pin 14
of the CD4017 (U2), a decade counter which produces
sequential 10-ms pulses from the 100-Hz clock input. The
pulses appear in order from T0 to T9. When output T9 goes
high it activates inhibit, pin 13, stopping all activity. When
you press the START switch it resets the 4017, causing T9
to go low and the program to run from T0 to T3 again. Flip-
flop U3A is a debounce circuit.

Flip-flop U3B has already been reset when the counter
arrives at T9, causing the outputs of the 4503 analog mul-
tiplexer/demuitiplexers (U4 and U5) to float. The inputs to
the 4049 hex inverting buffers (U6 and U7) from the
EEPROM socket cause the LEDs to display the value of
data being read from the EEPROM. Refer 1o the timing
diagram in Figure 2. When you push START, TO goes high
for 10 ms and then goes low. Next, T1 goes high and sets
flip flops U3B and U8B causing the value of the data thumb-
wheel switches (shown in Figure 3) to be applied to the I/O
pins of the EEPROM. Also, OE (Figure 4) pin 20 goes to
5 volts. T2 then applies a 10-ms puise to pin 18 of the
EEPROM. T4 sets flip-flop UBA to apply a 12-valt pulse to
pin 20. This pulse is used for chip erase. Leave the 26-volt
switch S1 open for a byte erase and the pulse will remain
at 5 volts, as indicated by the solid section of the timing
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diagram in Figure 2, EEPROM OE. The LM317 voliage
regulator (U10) normally supplies 5 volts to the Vi, pin. The
1 and 4.4-k resistors are in parallel because T5 is still low,
The bottom of the 1-k resistor is effectively at ground. When
T5 goes high, LM317 voltage regulator U10 is allowed to
rise to 21 volts. The time constant of the 1-k resistor and
0.02-uF capacitor produces a rise time of about 06 ms,
which should improve device reliability. After T5 the process
reverses itself, and the circuit comes to a stop at 9. The
address pins are connected directly to the thumbwheel
switches in Figure 5 and you must enter the correct address
before any byte erase/write takes place. The resistors at the
bottom of the data and address switches terminate the
CMOS inputs of IC 4503 and the address pins A0 to A10.

Power supply

| didn't build a power supply for this project. | have several
1 to 15-volt regulated supplies with floating outputs. | con-
nected two of them in series to obtain 26 volts. The current
drain is very small, around 20 mA maximum. The 5-volt sup-
ply uses about 200 mA.
Adjustments

Temporarily disconnect pin 11 of the 4017 and ground
pin 13. This causes the counter to run constantly. Apply



Panasonic
RFB-65
SWL Receiver
with SSB

The Price $279

NEW!
PK-232 M BX

New Features

including mailbox

$349.95

Model WLA24M
5-1000 MHZ PREAMPLIFIER

For analyzers, scopes, radio/TV, ICOM
R-7000, scanners, etc. Gain 23dB,
Noise Fig. 3 'dB, Pout (1dB) 18dBm,
12-15VDC. Usable 2-1100 MHz, with
input protection, in cast aluminum
case. Pull signals from noise. Only $ 109
+ $4. Bypass switch & 430/50 MHZ
conv. available.

WILAM TECHNOLOGY

P.O. Box 5174, MASSENA, N.Y. 13662
(315) 769-8334
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NEW ENGLAND'S FACTORY-
AUTHORIZED SALES & SERVICE

FOR
ICOM

KENWOOD 2

Also displaving the popular accessories needed to complete a HAM STATION . . .

ARRL PUBLICATIONS ¢ AEA PRODUCTS « AMPHENOL
e ALPHA DELTA * ASTRON ¢ AUSTIN ANTENNAS ¢ AVANTI
e BELDEN ¢ BENCHER * B & W * DAIWA ¢ ALINCO
e HUSTLER ¢ KLM * LARSEN * MIRAGE * ROHN
¢ TELEX/HY-GAIN * TOKYO HY-POWER LABS
e TRAC KEYERS ¢ VIBROPLEX * WELZ » ETC.

OPEN SIX DAYS A WEEK & @® wEeELCOMED

Telephone 508/486-3400, 3040
675 Great Rd., (Rte. 119) Littleton, MA 01460

1. miles from Rte. 495 (Exit 31) toward Groton, Mass.

122

ATV CONVERTERS -« HF LINEAR AMPLIFIERS

HE AMPLIFIERS per MOTOROLA BULLETINS WW%

SR ek Ot '
R AR

ANTSE J00W 1160.70 EB63 14OW § 8165 et
ANTE2 140W § 91.25 EBITA J00W 113020

ANTTOL 20W § 83.79 EB104 600W 144815

ANTTOH 20W § 93.19
AR313 300W £403.00

DISCOVER THE WORLD OF
FAST SCAN TELEVISION

1210.95

ARIOS J0OW B3B152 Maodel 99 Heat Sink(6.5212:1.8) .........0 22.00
CHS—8 Copper Sprander(Bxbal (4] .8 18.00

We alsa stock Hard —to—Find parte

CHIPF CAPS —Kemet [ATC
METALCLAD MICA CAPS - Unelca/Semce
RF POWER TRANSISTORS
MINI - CIRCUIT MIXERS
00N 3

NEW!! 1K WATT 250 MHz Amplifier
POWER SPLITTERS and COMBINERS
05 Kin
1 40.95 Kit
1 50.98 Ki H

410450,
ATV 420450 (GaAS—FET
ATV 901920 |GaAS—-FET

or ATV

4 30.95 Kin 100 WA 10
E i VK200-20/4B RF Choke... ..
56500 65— 38 Ferrite Besd
Brosdband HF Transformers

Add § 350 for shipping snd handling.

§79.95 Kit KEBST—PK (Kit)
11995 Kit KEB&TPCH (PC
_rm.....n

For ‘-nl-i ml'mhn and price

Avnilable in kit or mud,flul

* Interference Location
* Stuck Microphones
* Cable TV Leaks
 ELT Search & Rescue

New Technology (patented) converts any VHF or UHF FM receiver into a sensitive Doppler
shift radio direction finder. Simply plug into receiver’s antenna and external speaker jacks.
Models available with computer interface, synthesized speech, fixed site or mobile - 108 MHz
to 1 GHz. Call or write for details.

o

PO. Box 31819 (602) 488-9755
DOPPLER SYSTEMS, INC. py onix, AZ 85046 FAX (602) 488-1295

» 125




" BATTERIES “R” US... "

You've bought our repla
NOW YOU CAN BUY DIRECT ~RI

=
LS | b -
X ' T
FOR ICOM: CONVERTIBLE JANUARY SPECIAL
BATTERY
NEW — KENWOOD PB-8
8 CELLS — ALKALINE OR
- ICOM NICAD HOLDER REPLACEMENT CUSTOM MADE BATTERY
| CM2,PB2 72v @ 500MAH COMPLETE WITH BATTERY FOR TH25AT, :’AASKS & INSERTS
o SN P v R SO0 Rl (8) ALKALINE BATTERIES 52600 [ERSRCTAUNMISTERS el felf e
| SUPE g .
T i BP-7 13.2v @ S500MAH  $61.95 NORMALLY $59.00 — KENWOOD INSEFITS
7S 13.2v @ 1200 MAH $63.95 : i g
‘ 8S 96V @ 1200 MAH $5995 e 13 NG gggm: $64.95 NOW $49.95 B o oo o [ rEo-420.00
(base charge only-1" longer) 3P-f vV @ SI’?-] 95 LOOK FOR ' ICOM INSERTS
[ ICOM CHARGERS AVAILABLE SOON 8.4v @ 1000MAH $64 SPECH AL0§$32LI\:I‘:>?:YTﬁ EE'?'E‘E E[;m BP-3-$17.45
- E : Prices subject to change without nofice. ; e ——
Mt .t
[ : l SOURCEFOHNJ.YOUHUNIQATM S MADE IN
MasterCard and Visa . 1 ) I " : THE USA
cards accepted NYS i F oo . 4 Vi
residents add 8va% : . Send for
sales tax. Add $3.50 l&ree ‘calatfotgf
for postage and 29- b price lst!
handling 29-11 Parsons Boulbwﬂ Fluiting. N.Y. 11354 _

WORLD WIDE DISTRIBUTORSHIPS AVAILABLE. PLEASE INGUIRE.
Qu .S. & Canada Call Toll Free (800) 221-0732 » IN NYS (718) 951'2103 * Telex: 51060 16796 o FAX: (7139 481-19?y
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_ : P.O. Box 1111-H

| !/ PLACENTIA, CA 92670

N E/FalB-tcl-Bad-L
IF YOU ARE INTO ELECTRONICS AND SAVING MONEY IS IM-
PORTANT TO YOU, THEN YOU OWE IT TO YOURSELF TO TRY
NUTS & VOLTS MAGAZINE. DISCOVER WHY THOUSANDS OF
SMART PEOPLE NATIONWIDE TURN TO NUTS & VOLTS EACH
MONTH TO MEET THEIR ELECTRONIC NEEDS. WHETHER
YOU’RE BUYING, SELLING, OR JUST
TRYING TO LOCATE THOSE UNIQUE

OR HARD-TO-FIND ITEMS, FIND OUT
HOW NUTS & VOLTS CAN HELP!

SUBSCRIBE TODAY!
CHECK MONEY ORDER VISA MC

Name

Subscription Rates
U 5. FUNDS REQUI!!ED

" 3rd Class Mail - USA
One Year ... $12.00
Two Years . . $21.00
Ef_etlme T $60.00

1st Class Mail

One Year - USA .. . $20.00
Canada & Mexico . $22.00

Air Mail
Foreign - 1 Year ...$55.00

Includes one FREE 40-word
Classified Ad

Address

City

State

Card No

CALL FOR ADVERTISING INFORMATION
DISTRIBUTOR INGUIRIES INVITED

[74 National Publication For The Buying And &ellfng Of Electronic Equipment
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HEXADECIMAL THUMBWHEEL SWITCHES DATA

Data setup and readout.

power to all circuits with the EEPROM removed from its
socket. Using a scope, sync on T0 (U2 pin 3) and adjust
the 1-meg pot on IC 4060 for a pulse width of 10 ms. Keep
sync on TO and adjust the scope sweep speed for 10
ms/cm. TO to TO are now each represented by centimeters
across the screen. Refer to the timing diagram and observe
CE, pin 18 of the EEPROM socket. The pulse should be
at T2. OE pin 20 should appear as a 5-volt pulse. Closing
S1 causes a 9 to 15-volt pulse to be superimposed on the
5-volt pulse as indicated by the dotted lines. The 1.4 and 1.8-k
resistors establish this voltage. V5, pin 21 should start out
at 5 volts (adjust the 1-k reS|stor |f necessary). The pulse
then goes to 21 volts. Adjust the 4.4-k resistor for 21 volts

+1 volt. Next, expand the trace speed to x10 and observe
the rise time of the 21-volt pulse; it should be between 0.45
and 0.75 ms. Adjust the 0.02-uF capacitor if necessary. The
pulse should be between 9 and 15 ms long, so go back
and tweek the 1-meg pot if necessary. Now return to nor-
mal sweep. Check the 1/O pins by observing the waveforms.
If you touch the probe tip you should see a 60-cycle hum,
indicating that the outputs of IC 4503 are floating. The solid
line from T1 to T7 should be either low or high depending on
the setting of the data switches. Next, check each address
pin to see if you're getting good highs and lows. Remove
the ground on IC 4017 pin 13 and reconnect pin 11; the
counter should stop. Push START, one cycle should pass

Ham Radio/January 1990 45



FIGURE 4
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Programming control.

and stop at T9. If two or more cycles pass, you may have
to adjust the debounce flip-flop for a longer time constant.

Using the circuit

This circuit can power up at any point from T0 to T9,
applying unwanted pulses. To prevent this, I've placed a
toggle switch to inhibit the EEPROM’s V. 5-volt and
26-volt, which inhibits V. First insert the 2816 into its
socket and turn on the main power to the rest of the ICs.
Push START once or twice to reset all flip-flops. If you're
using an SPST switch, apply 5-volt V., power first — then
apply the 26-volt power. If you have a DPST switch, both
Vee and Vg will be applied simultaneously. Power down
in the reverse order when removing the 2816 from its socket.
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The EEPROM should be in read mode after power up. A
new EEPROM should show all highs (LEDs lit) for the
erased condition. The LEDs and LED drivers can be elimi-
nated if you don't mind touching each I/0O pin with a VOM
to determine the logic level. Place the address switches at
000 or any desired address. If the data byte you're looking
at has been erased already (all highs), enter the value of
data you want at that address and push START. The LEDs
should show the same value entered on your data switches
because you're reading the 2816 at T9. If data is already
present and you want to change it, first erase that location
by writing alt “1”’s (FFy), then enter the correct data and
push START again. To erase the entire 2K of memory, close
S1 and push START. The entire chip will be erased. I've



ENSE RF POWER AMPLIFIERS
SYSTEMS NEW'-

4 O WATTS
(144-148 MHz2)

SPECIFICATIONS

TE SYSTEMS new HPA Series of high power o S ::1 ;;u:owc:;;m ;:::a:;‘:n; j&c Po:ar c::n,
amplifiers now available through select national

distributors. 5 50-54

All amplifiers are linear (all-mode), automatic 144-148

T/R switching, and incorporate optional GaAs

FET preamp. Amps are usable with a wide in- 144148

put drive level range. Thermal shutdown protec- 220-225

tion and remote control capability included. All

units are designed to ICAS ratings and meet 420-450

FCC part 97 regulations. Approx. size is 2.8 x ’

10 x 11.5" and weight is 8 Ibs. S

Consult your local dealer or send directly for Models also available without GaAs FET preamp (delete G sulfix on model #). All units
further product information. cover full amateur band - specify 10 MHz bandwidth for 420-450 MHz amplifier. Con-

tinuous duty repeater amps also available.

Amplifier capabilities: 100-200 MHz, 225-400 MHz, 1-2 GHz, Military (28V), Commercial,

TE TE SYSTEMS etc. also available - consult factory.
-y é-aa3.%1-1 PO Box25845
Los Angeles, CA 80025

(213) 478-0591
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3-24 MHz RECEIVER

e 3¢ R-1004A/GRC-109 RE-
CEIVER, Special Forces
“black box'' radio covers
3-24 MHz AM-CW in three
bands, 455 KHz IF. Audio out
VHF-UHF rower owvioers 4000 ohms; with tubes
. 4/1T4, 1U5, 1L6. Requires
1.5 VDC 300 ma & 90-108

VDC 20 ma. B.6x7. 5x5.5, 13 Ibs sh
Used-reparable .. .. PR TR PROuTa - | B
PP-2685A POWER SUPPLY for above; requires 75-260
VAC 40-400 Hz input. B.6x7.5x5.5, 16 Ibs.
Used ......... . .. 329,50
H-65 HEADSET for use with R-1004; used $9.95
MANUAL for GRC-109 radio set, partial repro $12.00

Prices F.0.8, Lima, 0. - VISA, MASTERCARD Accepled.
Allow for Shipping « Write for latest Catalog Supplement
Address Depl. HR - Phone 419/227-6573

AIR RADIO SALES

F
1016 E. EUREKA + Box 1105 + LIMA, OHIO - 45802

MODEL CONFIG
144-2P n
144-4P
220-2P
220-4P
430-2P
430-4P
802-2P
902-4P
1206-2P
1298-4P
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JDED 600 Use ferrite beads to keep RF out of your
TV, stereo, lelephone, etc. Kit includes one
STRIDSBERG ENGINEERING, CO dozen beads. one dozen toroids 2" to
= P.O.Box 7973 » Snraveport, LA 71107 ® USA = 1% " diameter, three "“split beads'” and our

e helpful RFI tip sheet. Everything needed
to fix most RF| problems. $15 + $3 ship-
v 129 ping U.S. and Canada.7% in CA.

Free catalog and RFl tip sheet on request COMMUNICATIONS

10707 E. 106th 5t. Indpls., IN 46256

S

Mo |

Toll Free 800-445-1717

ENGINEERS

Box 455, Escondido, CA 92025 v 132
Phone: (619) 747-3343

d .+ 1211



FIGURE 5
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HEXADECIMAL THUMBWHEEL SWITCHES

Address selection.

found that the address and data settings aren’t important
when you're doing a chip erase using the SEEQ device.
However, another 2816 by EXEL requires the data value
FF for a chip erase as well as a byte erase. | suggest you
obtain data sheets for any EEPROMs you buy to determine
if there are any special procedures to follow.

Conclusion

| built the programmer on a protoboard so | could change
the circuitry to accommodate other PROMs. You may want
to try using the EEPROM to decode binary values into

seven-segment readouts including the characters A to F.
Circuits with the 2716 UV EPROM can be modified using
the 2816. You can program eight outputs with varying pulse
widths to control other circuits by hooking a binary counter
up to the address pins. | used three EEPROMs with their
addresses in parallel for a total of 24 control lines. Those
24 lines let me program a single chip microcomputer with
its own UV EPROM. | have since replaced the EEPROMs
with a single chip microcomputer which programs other
PROMs. You can purchase all of the ICs used in this
project from Jameco, 1355 Shoreway Road, Belmont,
California 94007.[[&

IF YOU BUY, SELL :
OR COLLECT OLD RADIOS, YOU NEED...

* Expandable to 32 Channe Just Adding Cards
ANT UE RADIO CLASSIF]ED . 1;;-]‘-1}.. .li.!::.-. '.r-nu:;zr VARSI All 1932 questions, multiple choices and answers
Ig « LED Indicators of COR and Voled Signals f[?u{?g '{;‘I:;:‘T ham license exam, Novice through
o Builtn Cabbrator X .
FREE SAMPLE COPY! o Reihols Voted Indicators Pified O $9.95 Shipped postpaid.
Antique Radio’s Largest Monthly Magazine o 41 x 6 Double Sided Gold Plated 44 Pin Card MORSE CODE TEST PREPARATION

Classifieds - Ads for Parts & Services + Remole Disable Inpuls

Articles - Auction Prices-Flea Market Info. * MORE Code Teacher, 0-5 WPM  $9.95

Also: Early TV, Ham Equip., Books, Telegraph, Built, tested and calibrated with manual General Code, 315 WPM  §9.95

Art Deco, 40's & 50's Radios & more... $350.00 E:";ﬂscfgg- - ‘?'2;‘ WPM  $9.95
Free 20-word ad each month. Don't miss out! 1 Lo o 0 Sipping . perael.

elephone interface now available All Manuals/Code Tapes: $49.95

6-Month Trial - $11. For more information call or wrte New §Part 97 Ham Ruleé: $ 2.95

1-Year: $20 ($30 by 1st Class)
Foreign by air - Canada: $32; Mexico: $30; Other: $560.

A.R.C., P.O. Box 802-A5, Carlisle, MA 01741
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THE MULTIPLE RECEIVER SOLUTION

4 Channel! Signal-to-Noise Voter

DOUG HALL ELECTRONICS
Voter Department
815 E. Hudson Street
Columbus, Ohio 43211
(614) 261-8871

HAM LICENSE PREPARATION

WRITTEN TEST STUDY GUIDES

All word-for-word questions, multiple choices
answers, Choose Novice, Technician, General,
Advanced or Extra Class Answer explanations
supplied!

$4.95 Each version + $1.50 shipping.

All five manuals: $22.95 postpaid.

HAM RADIO Q&A MANUAL

Set contains two 2-hr. cassette tapes

Order shipped same day received!
Credit card phone orders: 10 a.m, - 2 p.m.
W5YI MARKETING
P.O. Box #565101 - Dallas, TX 75356
Tel: (817) 461-6443 - 24 hours
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April 27, 28, 29, 1990

Early Reservation Information

» Asst. General Chairman, Dave Grubb, KC8CF

« Qeneral Chairman, Ed Hillman, NS8ALN

* Giant 3 day flea market * Exhibits
* License exams * Free bus service
» CW proficiency test * Door prizes

Flea market tickets and grand banquet tickets are
limited. Place your reservations early, please.

Flea Market Tickets

A maximum of 3 spaces per person (non-transferable).

Tickets (valid all 3 days) will be sold IN ADVANCE
ONLY. No spaces sold at gate. Vendors MUST order

registration ticket when ordering flea market spaces.

Special Awards

Nominations are requested for "‘Radio Amateur of
the Year," "Special Achievement® and *Technical
Achievement' awards. Contact: Hamvention Awards
Chairman, Box 964, Dayton, OH 45401.

License Exams

Novice thru Extra exams scheduled Saturday and
Sunday by appointment only. Send FCC form 610
(Aug. 1985 or later) - with requested elements shown
at top of form, copy of present license and check for
prevailing ARRL rates (payable to ARRL/VEC) to:
Exam Registration, 8830 Windbluff Point, Dayton,
OH 45458

1990 Deadlines
Award Nominations: March 15
License Exams: March 26
Advance Registration and banquet:

USA - April 4  Canada - March 31
Flea Market Space:
Spaces will be allocated by the Hamvention
committee from all orders received prior to Februar
1. Express Mail NOT necessaryl Notification of
space assignment will be mailed by March 15, 1990
Checks will not be deposited until after the
selection process is complete.

Information
Qeneral Information: (513) 433-7720
or, Box 2205, Dayton, OH 45401
Lodging Information: (513) 2232612
(No Reservations By Phone)
Flea Market Information: (513) 845-3683

ng
Please write to Lodging, Dayton Hamvention, Chamber
Plaza, 5th & Main Streets, Dayton, OH 45402 or refer to ou
1989 Hamvention program for lodging information
which includes a listing of hotel/motels located in
the areas surrounding Dayton,

HAMVENTION is sponsored by the Dayton Amateur Radio Association Inc.

Advance Registration Form How Many
Admission - @s$1000° . T
Res na?l I?:au:llil 199334\-& ril 4, Canada-March 31 g al'p )
ervation ne - pril 4, a s
Flea Market Reservation Deadline: February 1 Shund Baiduet ©$22.00°" $____
Women's Luncheon o s
Enclose check or money order for amount indicated (Saturday) @ $8.00 R AR
and send a self addressed stamped (#10) envelope. (Sunday) — ©@%8.00 Pl
Flea Market $25/1 space
Please Type or Print your Name and Address clearly. (Max. 3 spaces) $50/2 adjacent
Admission ticket must $150/3 adjacent $_____
be ordered with flea market tickets Total $
* $12.00 at door ** $24.00 at door, if availabl«
Heme Make checks
Addiess payable to - Dayton HAMVENTION
Mail to - Dayton Hamvention
City State Zip Box 2205
Dayton, OH 45401
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Designed for the elite global
contest and DX operators.
With state-of-the-art design
including direct digital syn-
Performance. Yours and your thesis (DDS) for low noise
radio’s. They go hand in hand. and fast lock-up time. The

To be a truly world-class com- FT-1000 will blow away your
petitor, you've got to have a competition with a spec-
truly world-class rig. And it’s tacular combination of power
here, now. The versatile new and operating flexibility. This
FT-1000 from Yaesu. HF transceiver boasts a list of

© 1989 Yaesu USA, 17210 Edwards Road Cerritos, CA 90701 (800) 999-2070




Performance.

HMF TRANSCEIVER
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features and options that other

manufacturers still have on
their drawing boards: Like
200 watts RF power output;
Built-in TCXO, for superior
frequency stability; Indepen-
dent filter selection; Dual
receive with balance control
and two tuning knobs for
simultaneous reception in
tough pile-up situations
Using BPF-1 allows cross-
band dual receive.

HESEA & TUNER START M SCAN
Iﬁl;ll. J B— — [ M
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And the FT-1000 options
such as digital voice-recording
system (DVS-2) for storing
and playback “CQ Contest™
messages. On RX the DVS-2
has a 16-second running
memory for playing back
garbled calls, There’s alsoa
CW spot control, so you can

align your frequency to that of

an incoming signal without
having to transmit: Plus direct
keyboard frequency entry;
Front panel RX antenna selec-
tor; Built-in cascaded filters;

sion mixer, for hxgh dynamic
range.

This HF rig is the product of
three vears of intensive
research and design. These
efforts show in Yaesu’s scru-
pulous attention to detail with
features and options ergo-
nomically designed to allow
you to achieve a position of
competitive dominance. To
hear and be heard. .. Like
never before.

See the exciting new FT-1000
at your Yaesu dealer today. It’s
the best of the best.

YAESUO

Performance without compromise.




® Advanced Technology

-
=‘r mccon/tm ® Enduring Value
~  iow! MICROSAT PSK)

The 1st Non-Kit Satellite Modem!

Featuring high performance
at low cost!

Only 32 ' 9’5

* Completely assembled and tested - not a kit!

* Supports 1200 baud MSK transmit and PSK
receive for MICROSAT access

® Supports 1200 baud PSK transmit and receive
for terrestrial use

* Receives 400 baud satellite telemelry signals

* Doppler shift compensating radio tuning
interface

* Easily attaches to any TNC modem disconnect
header, cable provided

* Telemetry signals output via RS-232 port

AVAILABLE For complete info & specilications
IN

Call {813) 874-2980 To Order, Call
Toll Free: 1-800-223-3511
DECEMBER Majar Credit Cards Accepled’

P s S — — ——— S ——— U S W WL S S S G W — N S———————

I PacComm e 3652 West Cypress Street ® Tampa. Florida 33607 i
: 0O Please send more info on the MICROSAT PSK Modem [ FREE Catalog =
| Name Call :
: Address Ph# i
| State Zip Card# = Exp. Date :
: MONEY BACK GUARANTEE! Add $4.00 shipping handling per order. FL residents add 6% sales tax i
ekl e L Gl L N B . e
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Martin Towers And Hazer

Never climb again with this tower and elevator system MARTIN
TOWERS are made of aluminum and specitically engineered for
use with THE HAZER All bolted construction, no welds. Easy to
install hinge base, walk up arection, next plumb with levaling
bolts in base Moun! antennas and rotor on HAZER in vertical
upright pasition, then winch to tlop of tower for normal operating
position. Guy wires tasten to HAZER or above HAZER at top of
tower Safety lock system operates while raising or lowering
Never can fall. Photo above shows HAZER midway on lower

1
\
0

T
}

i
\l:l‘

Published
Bi-Monthly

: Read All About Your
SPECIAL tower package prices include everylhing but rotor and 3
antenna: 50° M-18 alum. tower kit lorm, hinged base, concrele FBUOF‘ItE Modes Df

footing section, HAZER kit, Phillystran guy wires, lurnbuckles,

sarth acrew anchors, 10° mast, thrust bearing, ool kit, rated at Dlgltal Communlcatlons!

15 sq {1 antennaload @ 70 MPH, $1925.95 FOB Boonville

50° M-13 alum tower, same pkg as above $1637.95 * Bub'crlba Tndav! *

40° M-13 alum tower, same phQ as above 146380
30° M-13 alum tower, same pkg as above 1204.25

- - -
o R gl Digital Digest
MAZER 4 for Rohn 25 - Hvy galv stl 16 5q 1t wind loac ¥
Satisisction guarantesd. Call today and charge 1o Visa, 4053 N GDIdenPOd Hoad
MasterCard or mall check or money order. Winter pal‘k, FL 32792
GLEN MARTIN ENGINEERING, INC

Rie 3. Box 322 F 5% oo
Boonville, MO 65223 - 51 6 Per Year

u.s. 2200 Elsewhere

Payable m US Funds Only + Check or MO Preterred

(816) BB2.2734 FAX B16-882.7200

L |

] n
] [
] 1
] | ]
] [ ]
] ]
H H
= Factory Authorized Dealer & Service For :
i KENWOOD
] 1
; YAESU :
; ICOM '
1 (I | 1
1 13
: Call Us For :
Great Prices & Great Service '

| ]

TOLL FREE ORDER LINE 1-800-244-2144 |

'] Conbrantal U5 & Tesas | ]
] 1
= W P =
i+ THE '
siLEs AMATEUR RADIO SERVICE :

STOTA Mobud  San Antorso, Tesas TB238 (517) 680 6110 | ]
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LOGWRITE"

Bring your station into the computer age with LOGWRITE,
the menu driven, wer (riendly logging program writien by Ed
Troy (NG3IV) LOGWRITE b the perfect accessory for the
compleie ham station. 1t simplilies your operation and gives
you 1he competitive edge in contesting and DX'ing. LOGWRITE
works with all IBM POy and compatibles

LOGWRITE's unique split screen feature allows for simul
wnneows logging and texi processing. Logging leatures include

Instant call sign or prefix search
- Print, Eddt, or View records
Plenty of room lor notes & addresses
Automatic time/date stamping

Text processor features sutomatic word wrap, backspace cor

rect, and scrolling.  Throw sway your pen and paper!

Tor order your copy of LOGWRITE, complete with instruction
manual, send 324.95 (Pa. residents add 31.50 sales tax) o

Aerospace Consulting
P Box 536, Buckingham, PA 18912

Or call (215) 345-7184 to order with Visa/Master-
card. (Please specify 3.5 or 5.25 inch floppy.)
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rHI-PEHFORMANCE DIPOLES—

e i

MPD-s" 80402015 10M mas periormancedipols BT lang $105ppd
MPD-2 80 40M man parformance dipole, BS' long 382 #5386 ppd
HPD-3* 18080 40M hi parformance dipole 111 long 170 ppe
3504° 180-80.40-20-15-10M space saver dipote 71" long 3125 ppd
S508° 80-40.20-15- 10M space saver dipole-specily L 425105 523108 ppd
5504° B0-40-20-15M space saver dipole specily L 48383 808 98 ppd

*$-bands with wide matching (angs lune:
SASE lor catalogue of 30 dipoles, slopers, and space saving, unigus antennas

9 ()
708-394-3414  gox 393 | L. PROSPECE 1L 60038
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U Ick T POWERPOLE

Interconnect =
+ Fool-Proof « Fast « Genderless + Color coded « 30A Silver « Reliable «
Switch from mobile to shack in seconds. Interchange pow-
er supplies and rigs in moments. Interconnect battery,
charger, controller, solar panel, generator, backup / con-
ventional power Instantly in any combination. Create cus-
tom multi-pole connectors In seconds w/ lego-like stacking
Easy crimp/solder, assembly. No special tools required

AR ({2716 (B130%] 7 o

Antennas West Box 50062 Prove, UT ms5 801-373-8425 |
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NEAR LINEAR

TUNING
1 DUAL

ECCENTRIC PULLEYS

Straight line variable

caps cover a large
funing range

By John Pivnichny, N2DCH, 3824 Pembrooke
Lane, Vestal, New York 13850

xtraordinarily linear tuning is possible with ordinary

variable capacitors if you use some new techniques.

Asmy earlier articles'.2 point out, all modern Amateur
transceivers have very linear frequency dials. Unless they
use a digital PLL technique, commercial products use pre-
cision, specially made, gear-driven variable capacitors not
available to the homebrewer. This article describes a dual
eccentric pulley approach, which allows common straight
line capacitance variables to be used over fairly large fre-
guency ratios. ’

Variable capacitors

Ordinary variable capacitors have semicircular rotor
plates and uniform change in capacitance as the shatt s
rotated through 180 degrees from full mesh to completely
open (see Photo A). This is known as a straight line capaci-
tance variable. When used as the main tuning element, it
produces a frequency change that compresses the scale
at the high frequency end.

Shape of rotor plates

If the capacitor rotor plates are specially shaped, this dial
compression can be spread out. In general, the radius of
the rotor plates must be reduced at the minimum capaci-
tance end so that each degree of rotation causes less
capacitance change. With correctly shaped rotor plates, an
equally spaced linear frequency scale results. The plates
are referred to as "straight line frequency variables." Capa-
citors constructed this way are usually not available or very
expensive. One exception is the WWI| surplus capacitor
described in Reference 2 and shown in Photo B.

PHOTO A

Ordinary capacitor.

FIGURE 1
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World War Il capacitor.

Worst-case dial error

Equations in the appendix of Reference 1 show how to
calculate the degree of error a linear dial will have when
a straight line capacitance variable is used. The frequency
at the dial center will be low if the end points are set exactly.
Note that the worst-case error can be reduced to one-half
by setting the frequency at both ends of the dial high by
one-half the center dial error. This error is shown in the
graph in Figure 1, plotted as a percentage of full-range error
for various frequency tuning ratios. The range is defined
as high frequency minus low frequency, and the errors have
been reduced to one-half.

The curve is very steep; the error is unsatisfactory for all
but very low tuning ratios and narrow ranges. | consider
an error of +1 kHz in a 500-kHz range satisfactory and an
error much beyond that as excessive. For example, the area
below the dotted line in Figure 1 represents the accept-
able region.

Low satisfactory tuning ratios force you to select fairly high
frequencies to cover a reasonable range. In Reference 1
| chose 11.5 to 11.75 MHz to cover a 250-kHz range with
a +2-kHz worst-case error. That let me receive 35 to 3.75
MHz with an IF of 8 MHz.

Comparison with the curve of Figure 2 for the specially
constructed WWII capacitor2 shows that very low errors are
possible for a 1.25:1 frequency ratio. Such capacitors are
usable for a single ratio. However, the technique described
here can be used for many frequency ratios.

Eccentric pulleys

One way to reduce the capacitance change at the high
frequency end is to mount an off-center (eccentric) pulley
on the shaft and drive it with dial cord. The mounting must
be made so the cord winds or unwinds with a maximum
radius when the capacitor is at the high frequency or low
capacitance end. Check the conceptual sketch in Figure 3
for details.

If this pulley were just the right shape, you'd have the
same effect you'd have if the capacitor plates were cut to
exactly the right shape for linear frequency response. Such
a pulley would be very difficult to make. On the other hand,
circular pulleys are easy to make from Plexiglas™ as
described in Reference 1. Note, however, that the shaft
mounting hole will be off center — you can't use it in the
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Eccentric pulley.

initial turning, filing, and sanding of the rough cut pulley
when it's mounted in an electric drill.

Instead, the rough cut pulley is mounted on center to a
mandrel with machine screws as shown in Photo C. The
off-center shaft hole is drilled after the pulley has been com-
pleted and removed from the electric drill. | realize that you
may wonder how far off an eccentrically mounted circular
pulley arrangement will be, and if it will be close enough
to the right shape for a linear frequency scale.

Theory

Figure 3 shows a pulley with center P and radius PS of
length R. It's mounted on a variable capacitor at point O,
which is length h off center. The capacitor and pulley rotate
around point O. A dial cord pulls horizontally on the pulley.
Note that distance r from tangent point T to center O
changes as the pulley rotates through angle 8 from
0 degrees (plates fully unmeshed) to 180 degrees (plates
fully meshed).
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Because the distance r changes, the amount of capaci-
tor rotation produced by a given increment of dial cord
movement also changes. This is the desired effect. Note
that the point of tangency T will coincide with the vertical
y axis at # = 0 degrees and # = 180 degrees. For other
angles in between it moves slightly to the right as shown.
The difference in distances OT and OV will be small and
are ignored in this analysis. Mathematically, length r is given
for any angle 6 by the following equation:

2
h [{'ﬂs 6 +\ /_fi— — sin2 a] 1)
1

This formula is derived in the article’s appendix. The
appendix begins with a formula from an old high-school
math textbook.? It's not necessary to understand the details
of these equations to use this technique in Amateur construc-
tion. I've reduced the math to graphical easy-to-use results.

Finding perimeter distance TS

As the dial cord is pulled to the right, it unwinds from the
pulley. The unwound length is perimeter distance TS.

r =

Typical calculations for h = 05, R = 1, and external capac-
itance Cyy = Crax — Chin-
0 Length TS Frequency F
(degrees) (inches) (kHz)
0 0 0.1
18 0.04711 0.09950
36 0.09419 0.09901
54 0.14121 0.09853
7.2 0.18815 0.09806
9.0 0.23498 0.09759
10.8 0.28169 0.09713
12.6 0.32825 0.09667
180 3.1416 0.07071

Assume the dial cord is pulled an equal amount for each
increment of change in the main tuning knob and dial. This
is what happens with the usual dial and tuning knob
arrangement, where the dial is driven by an on-center
pulley of approximate radius R/2. That is, the dial rotates
through 360 degrees for a 180-degree rotation of the capac-
itor pulley. If you know distance TS for each angle 6, you'll
know the capacitance change for each increment the dial
cord is pulled, or (in effect) each increment of dial rotation.

The method for finding distance TS using numerical
integration follows. | calculated the distance r from Equa-
tion 1 by taking 100 increments of # from 0 degrees to 180
degrees for a preselected offset h. The perimeter distance
traveled through a 1.8-degree increment of 8 is equal to:

§ =270 3;0 (2)

Each small increment s will be slightly shorter than the
previous one. Add these increments of length from O to @
degrees for each angle 6. | now have a table of values of
length TS for all 100 values of 6. | repeat the process for
each offset value h. One such table is shown in the first two
columns of Table 1 (for h = 0.5 R). | recommend that you
use a personal computer for these calculations.

With the arrangement shown in Figure 3, the capacitance
atf = 0is equal to the variable capacitor's minimum value
Cmin plus any fixed external capacitance. Call the total:

Co = Chin + Cext (3)
As the capacitor rotates to angle 8 degrees, its capacitance
increases to the following:

CAP = l(Cma.t = mm) X —!‘%0_ (4)
The frequency, however, is given as follows:
F = ! (5)

27 YL(C, + CAP)
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Select a value for C,, (a value of external capacitance).
Calculate CAP from Equation 4 and f from Equation 5 for
each of the 100 values of 8 in the table. Include these num-
bers as a third column in the table.

Frequency linearity

For a particular value of pulley offset h and a particular
value of external capacitance Cgy, you now have 100
values of dial position TS and 100 corresponding frequen-
cies. You may wonder about the linearity of the resulting
frequency if you're using a linear dial like one made from
a circular protractor (suggested in Reference 1). This ques-
tion is best answered by drawing a best-it straight line
through the points on a graph of frequency F versus dial
position TS. The deviations of the points calculated from
this best-fit straight line give the error. A graph of these
deviations is shown in Figure 4. | prefer to divide the error
by the frequency range covered and call this the percent
error. Then | plot percent error versus frequency ratio
fmax/min-

For each offset value h, you can try a range of fixed exter-
nal capacitance to see which gives the lowest percent error.
Note that frequency range covered, and therefore the fre-
quency ratio, will be different for each value of external
capacitance.

Frequency ratios

These data points are plotted in Figure 5 for values of
offset: h = 0.05, 0.1, 0.2, and 0.5. Note that there's a range
of values for each h value where the percentage error is
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quite low. To the left and right the error gradually increases.
For larger offsets h, the minimum occurs at larger frequency
ratios.

This is to be expected, because a larger frequency ratio
requires a larger difference in the capacitance changes at
the dial ends than a low ratio does. Larger offsets h pro-
duce larger differences in the distance r at the Cyax and
Cmin ends.

Also note that the minimum percentage error is larger
with larger values of h. This is undoubtedly because an off-
center circle isn't exactly the right shape for alinear frequency
scale. The variation from the correct shape becomes greater
at larger frequency ratios.

Nevertheless, quite acceptable percentage errors are
produced with the easy-to-build, circular, off-center mounted
pulleys. As | mentioned earlier, | consider an error of 0.2
percent, or 1 kHz, in a 500-kHz frequency range dial very
acceptable. This is about the limit at which | can set such
a dial by eye, if 'm very careful.

Figure 6 shows another plot of frequency differences from
a best-fit straight line with an external capacitance set for
an error near the minimum. ['ve included this to illustrate
the type of error you would normally experience because
you'd usually select a deviation h and external capacitance
Co for a minimum error.

Figure 5 is the key operating result of all this theory. You
can use it to optimize any off-center tuning design. You can
also see what effect small differences in mechanical dimen-
sions or external capacitances will have. in general,
because the curves are so flat near the minima, minor con-
struction differences won't have much consequence. Small
percentage errors are readily achievable as the next section
will show.

FIGURE 7

CAPACITOR DRIVE
PULLEY

OlAL

TUNING
KNOB

Impossible arrangement.

Practical verification

| built an operating mode! to verify these results. A note
on the overall dial stringing is necessary here. Any off-center
pulley like the one shown in Figure 3 requires that the dial
cord be returned to the pulley at the same (varying) rate
it is removed. Otherwise the cord will become too loose or
too tight. The simple sketch in Figure 7 won't work with this
off-center pulley.

Resolve the problem by using a second off-center pulley,
offset in the opposite direction. Figure 8 shows an offset
which has been greatly exaggerated. As the main tuning

(continued on page 60)
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When performance & price really count...

RYSTEK
RYSTALS

Ean= o 1 U T ) g 0 g s

The pulse of dependable communications

Same Day Shipment ‘

To Order, Cal (908) 882.2000
FA S 0w bEe "X

QUARTZ CRYSTALS FOR

lndustnal Equrpment! Instrumentation

o Micto-pe

For Optimum
Medical Stability and
General Commumcatlons Reliability in
0t Service (VHE/UHE Frequency
Management

FREE CATALOG
el TEST INSTRUMENTS &
s = HARD-TO-FIND TOOLS

Amateursa‘z Meten'General Coverage

; Packed with over 10,000 quality products for test
CB!HObb'e‘“"ExP“’meme' a2 - Ing, repairing, and assembling electronic equip-
ment. A full selection of test instruments, power
The Pulse of Dependable Communlcatlons protection equipment, precision hand tools, tool
- yutak otfers thes new mtl stakog of Lrytal thas Latest e t ] ! ] kits, soldering supplies, and much more. Products
flataes. Otfenng state ol thee an cry e mamiaciuned el al L e Worknnay (W - are shown in full color with detailed descriptions
and pricing. All products come with a 100% satis-
(RYSTEK CORPORATION faction guarantee. SAME-DAY shipment program
T . rive & Bt Myers, FL 1907 .
WHITERY : PO Box 06135  F1. Myers. FL 33906-6 In a hurry to receive your catalog?
TOLL FREE 1-800-237-3061
e PH 813-936-2109/TWX 510-951-7448/FAX 813-939-4226 calﬁt (800) 225-5370
M TOLL FREE IN THE U.5.A. EXCEPT FLORIDA, ALASKA, HAWAII In Massachusetts call (508) 682-2000
Contact East, Inc., Dept. R451
w0 335 Willow St., No. Andover, MA 01845
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Hi Pro Repeaters

*VHF,UHF eStandard and
*Receivers Computerized
eTransmitters Auto Patches

eAntennas *Duplexers

*Repeaters =4 e eStandard and
eLinks Computerized
*Remote Base | Controllers

HI Pro E EXPANDABLE REPEATER SYSTEM

« A NEW CONCEPT IN REPEATER DESIGN, THE Hi Pro “E" IS AN EXPANDABLE REPEATER WITH THE FOLLOWING FEATURES: A BASIC REPEATER WHICH WOULD IN

CLUDE A COMPLETE RECEIVER, TRANSMITTER, E)h FRONT PANEL CONTROLS AND INDICATORS, LOCAL SPEAKER AND MIC JACK AND CAPABLE OF FUTURE
EXPANSION ALL HOUSED IN AN EXTREMELY AUGGED, ENCLOSED., 19INCH RACK MOUNTABLE CABINET

* THIS SYSTEM CAN BE EXPANDED AT TIME OF PURCHASE OR CAN BE AN AFTER-PURCHASE ADD ON. THE ADD ONS ARE—HIGHER POWER, 110/220 VAC POWER

SUPPLY, IDENTIFIER, AUTO PATCH, OR COMPUTER CONTROLLERS. IN ADDITION TO THESE ADD ONS AN ADDITIONAL RECEIVER AND TRANSMITTER CAN BE
MOUNTED INTERNALLY FOR USE AS CONTROL LINKS, REMOTE BASE OR DUAL BAND OPERATION, ETC

» AN EXTENSION PANEL IS AVAILABLE FOR LOCAL MONITORING OF THE REPEATER AND CONTAINS ALL NECESSARY METERING, STATUS LIGHTS AND INDICATORS. ALL
ADD ONS ARE AVAILABLE FROM THE COMPANY AND ARE COMPLETE INCLUDING INSTRUCTIONS

MAGGIORE ELECTRONIC LAB. e OO reicx 499 0741 MELCO
600 Westtown Rd. West Chester, PA 19382 Phone (215) 436-6051 FAX 215-436-6268

WRITE OR CALL FOR OUR COMPLETE CATALOG
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Advanced
Electronic
Applications

<A

PK-232 Multi-mode
Data Controller
Now with PakMail function

* NEW IBM Fax Screen
Display Program Available

* Transmit/Receive on Six Modes

* CW/RTTY/ASCII/
AMTOR/Packet/FAX

* IBM and Commodore
terminal programs available

* Radio Ports for HF and VHF
In Stock for Quick Delivery
Free Shipment

Kantronics/ KAM

True dual port - X
simultaneous HF/VHF
packet operation

= Personal Bulletin Board

« ATTY/ASCII/AMTOR/CW/Weather Fax

» Programmable MARK and SPACE tones

» Terminal programs for PC compatibles
and Commodore

* WEFAX programs for PC, Commodore,
and Macintosh

One-year Warranty
CALLFORLOW,

DO D P

‘ -
LARGEST HAM OUTLET IN THE WORLD
D . P
Full MFJ line
stocked in
depth!

MA-40 ||

40' TUBULAR TOWER

-s609 SALE! $629 ||
MA-550%

55" TUBULAR TOWER

813690 SALE! $999

® Handles 10 sq 1. at 50 mph
® Pleases neighbors with "{
tubular streamlined look

aTX-455 SALE! $1389
55' FREESTANDING
CRANK-UP -
® Handles 18 sq. f1. at 50 mph

® No guying required

1
; |
® Extra-strength Construction
® Can add raising and motor

drive Accessories

i

e it
MARE roks base

TOWERS AATED TO EIA SPECIFICATIONS
OTHER MODELS AT GREAT PRICES
IN STOCK FOR QUICK DELIVERY

0FI-2300

* Reliable

Worm Gear Drive
* Stainless Steel Hardware
* Reversal Delay Circuit &

Variable Speed Control
* Fits Mosl Towers

LOWPRICE
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UHF!IJHF
SOLIDSTATE
AMPLIFIERS

Contemporary design, quality and a
5 year warranty on parts and labor.
6 months on the RF Final transistors.

All ampliliers have GaAsFET receive
pre-amps and high SWR shutdown protection

MFJ ... making quality affordable
All MFJ Tuners Stocked!

MFJ-949D 300 Watt Tuner
® Built-in dummy load
* New peak and Average Lighted 2-
color Cross-Needle SWR/Wattmeter

® Built-in antenna switch, balun
* Covers 1.8-30 MHz

All MFJ Packets Stocked!

o éil_!_ll

MFJ-1278 Multi-mode
* All 9digital modes
* Easy Mail™ Personal Mailbox
® 20 LED Precision Tuning Indicator
¢ Includes free power supply
* Includes free eprom upgrade
Call now for all MFJ products ...
wattmeters, dummy loads, coax
switches, keyers, clocks, speaker/
mics, software, books and more! One
year unconditional guarantee.

IR

GLOBAL TIME INDICATOR
* Detailed iluminated map Shows lime, lime 2one, sun posi-

tion and day ol the week at a glance lor any place in the

world,  * Continuously moving - areas of day and night
change as you waich. = Mounts sasily on a wall. Size
34 "x22%"

$1295 $§1159.95
DELIVERED IN US

AN ADDITIONAL
523 OFF DUR ALREADY
LOW LOW PRICE

RL
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WORLDWIDE

100W GENERAL COVERAGE RECEIVER
HF ALL BAND TRANSCEIVER
Maximum Operation Flexibility

SALE!ICALL FORPRICE

O
A Models 25 WATTS
1C OM H Models 100 WATTS

IC-275A/275H, 138-174 MHz
IC-375A, 220 MHz
IC-475A/475H, 430-450 MHz

LOW PRICE!

COM 1C-2400A

2m, 440 MHz

VHF/UHF DUAL BAND
FM TRANSCEIVER

-

ANAHEIM, CA 92801

DISTRIBUTION

THE ULTIMATE
150 W, ALL BAND
HF TRANSCEIVER

GREAT PRICE!

HAM RADIO OUTLET
NATIONWIDE TEAM

COAST
TO COAST4-

RAPID DELIVERIES
FROM STORE NEAREST YOU

®)

1COM 1C-228A/H

2 METER MOBILES

IC-448A

440 MHz MOBILE

FM TRANSCEIVER
20 Memories with Memory

BURLINGAME, CA 94010 PHOENIX, AZ 85015

Channel Lock-Out.

@)
ICOM 1C-901

/&

FIBER OPTIC
MULTI-BAND
TRANSCEIVER

2 METER AND 440 MHz
EXTRA-LARGE MULTI COLOR LCD
HM14 TOUCH TONE MICROPHONE

CALL FOR PRICE

HAND-HELD
VHF/UHFE

o)
ICOM

W
o
e

IC-2GAT

2 Meter HT
7 WATT

1C-2SAT, 2MTR
IC-3SAT, 220 MHz
IC-4SAT, 440 MHz

IC-32AT

Dual Band
Hand Held

1COM 16725

100W GENERAL COVERAGE RECEIVER
HF ALL BAND COMPACT TRANSCEIVER

GREAT PRICE

All'Major. Brands in Stock Now!

SAN DIEGO, CA 92123

2620 W La Palma 999 Howard 1702 W. Camelback Rd 5375 Kearny Vila Rd
= 714) 761-3033, (213) B60-2040 (415) 342-5757 gi(]?] 242-3515 ‘_619] 560-4900 WALK IN STORE HOURS
- tween Disneyland & rge, Mgr WBBDSV ary WBTSLY, Mgr om, Mgr KMBK 10 AM-5:30 PM
Knotts Berry Farm 5 miles south on 101 from SFO East of Hwy 17 Hwy. 163 & Claremont Mesa Bivd CLOSED SUNDAYS
Bob Ferrero W6RJ ATLANTA, GA 30340 OAKLAND, CA 94606  SALEM, NH 03079 WOODBRIDGE, VA 22191 VAN NUYS, CA 91411
President/Owner 6071 Buford Hwy 2210 megslon St 225 N. Broadway 14803 Build America Drive 6265 Sepulveda Bivd
Jim Rafferty N6RJ (404) 263-0700 E“&J 534-5757 1-800-444-0047 (703) 643-1063  1-B00-444.4799  (B18) 988-2212
VP-National rry, Mgr. WD4AGW ich, Mgr. WASWYB Curtis, Mgr. WB4KZL Linda, Mgr KBAZYT Al, Mgr. KEYRA

Sales Manager Dorawille, 1 mi. north of 1-285

CALL TOLL FREE

(FROM MOST AREA'S)
INSIDE CALIFORNIA CALL STORE NEAREST YOU

MovlerCard .

N o
]

1S-880 at 23rd Ave. Ramp

SOUTHEAST

ATLANTA, 9 to 5:30 EST

v 142

28 miles north of Boston exit 1 1-93 Exit 54, 195 South to US AT 1

WOODBRIDGE, 9 1o 5:30 EST

San Diego Fwy. at Victory Bivd

Call any of our B00O numbers coast to coast from most parts of the country..

MID-WEST/WEST
ANAHEIM, 9 to 5:30 PST

MID-ATLANTIC NEW ENGLAND

SALEM, 9 to 5:30 EST

1-800-854-6046 1-800-444-7927 1-800-444-4799 1-800-444-0047

Toll free including Hawaii. Local phone hours: 9:30 AM to 5:30 PM, Arizona, California, and Georgia customers call or visil nearest store.
Arizona, California, Georgia and Virginia residents please add sales tax. Prices, specifications, descriptions subject to change withoul notice.
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(continued from page 56)

FIGURE 8
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CAPACITOR DRIVE
PULLEYS

IDLER
PULLEY

Dual eccentric pulley arrangement.

FIGURE 9

Mandrel for pulley construction.

knob is rotated clockwise, the top dial cord comes off the
off-center pulley and an equal amount is picked up by the
other pulley from the bottom cord. You need a small idler
pulley to keep the bottom cord horizontal (approximately).
This is the arrangement | selected and built. It's shown in
Photos D, E, and F and operates very smoothly.

Pulley details

| completed the pulley construction using the method in
Reference 1. | also built the mandrel shown in Figure 9
and Photo C using the same techniques. This mandrel
holds the large pulleys on center when each is mounted
temporarily to the mandrel with four machine screws. After
alarge pulley is shaped and the groove is cul, it's removed
from the mandrel and its mounting hole is drilled off center.
My large pulleys have a diameter of 3-1/2 inches.
The mounting hole was drilled 0.175 inches off center for
h = 0.1.

You can do this easily by marking the off-center location
with an awl, drilling it with a small 1/16-inch or smaller drill,
and increasing the hole diameter with gradually increasing
bit sizes. The final one should be 3/8 inch. The second large
pulley has its mounting hole cut for 3/4 inch with a hole-
cutting attachment, like the one shown in Reference 1. This
larger size lets you mount the locking shaft securely. The
two pulleys are held together with machine screws. Check
the photographs for details.

Pulley sizes

| mounted an aluminum front panel and subpanel on an
aluminum bottom plate following the sketches in Reference

60 Ham Radio/January 1990

1. In this case the dimensions were as follows:
Dial pulley diameter: 2-1/4 inches.
Dial pulley centered 2-5/8 inches above base plate.

PHOTO D

Dial assembly, front view.

PHOTO E

PHOTO F

Dial assembly, top view.
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Capacitor pulley centered 2 inches above base plate.

idler pulley diameter: 3/4 inch.

ldler pulley centered 11/16 inch above base plate.
| cut the shafts to length, and once all were operating
smoothly | strung the dial cord as shown in Figure 8. You
should use a small spring at one end to keep the dial cord
under tension. The arrangement is shown in Photos D (front
view), E (back view), and F (top view).

Measured results for 5.5 to 6.0-MHz range.
Frequency Frequency

dial (kHz) dial (kHz)
0 5500 260 5760
20 5519 280 5780
40 5539 300 5801
60 5559 320 5820
80 5579 340 5839
100 5600 360 5859
120 5620 380 5880
140 5640 400 5899
160 5660 420 5920
180 5680 440 5940
200 5700 460 5961
220 5720 480 5981
240 5741 500 6000

The circuit

It's important to use a high quality capacitor. For my setup,
I used the ARCS5 oscillator capacitor! shown in Photo A.
Photo E has the details. ! also used the CA3028 circuit with
emitter follower buffer of Reference 1. | tried several values
of fixed capacitor to establish the value needed for a 1.1:1
frequency ratio. The graph in Figure 10 shows the measured
results. About 600 pF is right for the dial with its h = 0.1.

Frequency readings

With the pulley directions just given, a 250-degree rota-
tion of the circular protractor dial gives slightly less than
180 degrees of capacitor rotation. | took readings every
10 degrees from 0 to 250, then plotted and curve fit them
to a straight line. Figure 11 shows the results. The less than
0.8-kHz error for a 2 to 2.2-MHz range agrees with the cal-
culated results shown in Figure 5.

Another check with 220-pF external capacitors is shown
in Figure 12. The resulting 1-percent error also agrees with
Figure 5.

Finally, I decided to see how well this off-center appara-
tus can cover the 5.5 to 6-MHz range. This is the 500-kHz
range used in my Kenwood transceiver. | replaced the pro-
tractor labeling with a paper disc of new labels from 0 to
500, covering the O to 250 degrees on the original labels.
| left the outer degree lines visible and indicated 2-kHz
markings. Then | mounted an external 140-pF APC trim-
mer capacitor next to the oscillator coil and changed the
fixed capacitors as shown in Figure 13,

After adjusting the inductor for 5500 MHz at the low end
and the trimmer for 6000 MHz at the high end, ! took fre-
quency counter readings for every 20-kHz position of the
dial. Table 2 shows my resuits. A 1-kHz maximum error
across the dial is acceptable, in my opinion.

Conclusion

| find it practical to perform near linear tuning using dual
eccentric pulleys, and know of no other way to get this kind
of linearity out of a straight line capacitance variable. The
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technique appears to be new, probably because the math
required for analysis is quite involved. But by using the main
result of Figure 5, you can build practical tuners easily in
your home workshop.

FIGURE 13
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External capacitors for 5.5 to 6.0-MHz range.

Appendix

To derive Equation 1, start with the general equation of
a circle:

¥+yY+Ax+By+C=0 (6)
This is given in polar coordinate form by Currier® on page
291

P+ r(Acos @ + Bsinf) + C = 0 (7)
For the circle in Figure 3, the x axis is as shown and the
y axis would be perpendicular to it. Angle # and distance
r are shown. A circle centered at x = h, y = o is given
by the following equation on page 240 of Reference 3:

(x — h)P + ¥ =R (8)
Value R is the distance from P to S, the true radius of the
circle. Expanding Equation 8 you get:

X+yY -2+ -R=0 (9)
Compared to Equation 6, A = -2h, B = 0,and C =
- R,

So Equation 7 can be written for the circle of Figure 3:
rt + r(=2hcos ) + ¥ — RF =0 (10)
Solve for r using the quadratic equation:

= 1/2 [2h cos 8 + \/4K cos’0 — 4(h* — R*)] (1)

Using the well-known identity 1 - cos’ 0 = sin® 6:

2
F = h[ cos 0 + (;i )— sin? 6‘] (12)
]

Rejecting the negative value gives you Equation 1.
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INTRODUCTION TO
WAVEFORM GENERATORS

PART 3

Triangle and
sawtooth
waveform generators

By Joseph J. Carr, K4IPV, PO. Box 1099, Falls
Church, Virginia 22041-0099

riangle and sawtooth waveforms (Figure 1) are

examples of periodic ramp functions. The sawtooth

in Figure 1A is a single ramp waveform. The voltage
begins to rise linearly at time t1. At time t2 the waveform
drops abruptly back to zero, where it starts to ramp up
linearly again. The sawtooth is usually periodic, although
single sweep variants are sometimes used. The period is
defined as T (see Figure 1A), so the frequency is 1/T.

The triangle waveform in Figure 1B is a double ramp. The
waveform begins to ramp up linearly at time t1. It reverses
direction at time t2 and then ramps downward linearly until
time t3. At time 13 the waveform reverses direction again,
and begins ramping upwards. The period of the triangle
waveform (T) is T1-T3.

Ramp generators are derived from capacitor charging
circuits. | discussed the familiar RC charging curve earlier
in this series. It's reproduced in simplified formin Figure 1C.
The RC charging waveform has an exponential shape, so
it's not well suited to generating a linear ramp function.
There are two approaches to forcing the capacitor charging
waveform to be more linear. The first is to limit the charging
time to the short quasi-linear segment shown in Figure 1C.
The ramp obtained isn't very linear, is limited in amplitude
to a small fraction of V1, and has a relatively steep slope
that may or may not be useful for any given application.
A superior method is to charge the capacitor through a con-
stant current source (CCS). Using the CCS to charge the
capacitor results in the linear ramp shown in Figure 1C.

Triangle and sawtooth waveform oscillators create the
constant current form of ramp generator by means of a
Miller integrator used to charge the capacitor (see Figure 2A).
When a Miller integrator is driven by a stable reference voit-

FIGURE 1
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(A) Example of a sawtooth waveform. Time t1 to t2 represents one
cycle. (B) Example of a trlangle waveform. Time t1 to 3 represents
one cycle. (C) Graph illustrating why a CCS capacitor produces a
more linear and uniform ramp.

Ham Radio/January 1990 63



age, the output is a linearly rising ramp. The ramp voltage
(Vo) is:

Vo = Vre[
T

)

or, because T = RC:

Vre!
RC

Vo = ()

If Viet = +10 volts DC, and the RC time constant is T =
RC = 0.001 seconds, the ramp slope is:

10 volts
V = e ———————
¢ 0.00! sec )

V, = 010 volts/second 4

Triangle generators

Figure 2A shows a simplified circuit modetl of a triangle
waveform generator. This circuit consists of a Miller inte-
grator as the ramp generator, and an SPDT switch (S1) that
can select either positive (+Vgf) Or negative (—V,gy) refer-
ence voltage sources.

For purposes of discussion, switch S1 is an electronic
switch that's toggled back and forth between positions A
and B by a square wave applied to the control terminal (CT).
Assume an initial condition (see Figure 2B) at time 2, at
which point Vo, = ~V1, and the input of the integrator is
connected to —Vg. At time t2 the square wave switch
driver changes to the opposite state, so S1 toggles to con-
nect +V to the integrator input. The ramp output rises
linearly at a rate of +V,g/RC until the switch toggles again
at time t3. At this point the ramp is under the influence of
Vg1, sOitdropslinearly from +V1to —V1. The switch toggles
back and forth between -V g and +V,g continuously, so
the output (V) ramps back and forth between —V1 and +V1.

The circuit of Figure 2A isn't practical, but it serves as
an analogy for the actual circuit. Figure 3A shows the circuit
for a triangle waveform generator in which a Miller integra-
tor forms the ramp generator and a voltage comparator
serves as the switch. The comparator uses the positive feed-
back configuration, so it operates as a noninverting Schmitt
trigger. Such a circuit snaps HIGH (Vg = +Vg4) when the
input signal crosses a certain threshold voltage in the posi-
tive going direction. 1t will snap LOW again (Vg = —Vsa)
when the input signal crosses a second threshold in a nega-
tive going direction. The two thresholds aren’t always the
same potential.

Because zener diodes CR1 and CR2 are in the circuit,
the maximum allowable value of +Vg is [Vcry + 0.7] volts,
while the limit for ~Vg is —[Vcr2 + 0.7] volts. If Vcpy =
Vero, then |+Vg| = [-Vg|. These potentials represent
+V,ef discussed in the analogy, so are the potentials that
affect the ramp generator input.

Consider an initial state in which Vg is at the negative
fimit Vg. The output V, begins to ramp upwards from a
minimum voltage of:

VI = Vi(R2 + R4)

R4

VaR2
R4

(6)
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FIGURE 2
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{(A) Example of a Miller integrator used to create the constant cur-
rent ramp generator. (B) The square wave signal going to the cir-
cuit of A and its resulting triangle wave output.

The output will continue to ramp upwards towards a maxi-
mum value of:

R4 R4
causing a peak swing voltage of:
b =V-V (7)
V, = [ V4(R2 + R4) VgR2 ]
R4 R4
(8)
_ [ JuR2 +RY) _ VgR2 ,
R4 R4
VgR2 VgR2 VyR2
v, = VeR BR2 _ 2VyR2 (9)
R4 R4 R4

(See Figure 3B for details.)
Comparator switching occurs when the differential input
voltage Viq is zero. The inverting input (~IN) voltage is Va,
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which is a fixed reference potential. The noninverting input
(+IN) is at a voltage (Vf) that is the superimposition of two
voltages, V, and Vg:

V,R4 +/— VgR2

Vi = 10
F" R+ R4 R2+R3 (10)
If +Vg = —Vp, then the positive and negative thresholds
are equal.

The duration of each ramp (t, and t) can be found from:

tap = _l_/L
Vs (1)

| ————
RICI

The value of Vg is selected from —Vg or +Vg as needed.
In Equation 10 you find that V, = 2VgR2/R4, so:

R4 (12)
VB |
RICI
tap = | RICL ) 2VBR2 (13)
Va R4
tap = RICI | ——B———Z‘;fz ! (14)

i FIGURE 5
(A) A practical circuit that produces the wavetorm seenin Figure 2B.

(B) Detailed breakdown of one cycle of the triangle wave generator.
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(A) Simple design of a sawtooth wave generator. (B) Output of the
sawtooth generator; a CCS is used to charge the capacitor.
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(A) An example of a periodic sawtooth oscillator. (B) The same basic
wave output.
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or, in the less general (but more common) case of t; =
%I

2R2

T = 2RICI | 225 | (15)
R4

The frequency of the triangle wave is the reciprocal of
the period (1/T), so:

1
T (16)
P ]
4RICIR2 a7)
R4
F=—X (18)
4RICIR?

Sawtooth generators

The sawtooth wave in Figure 1A is a single slope ramp
function. The wave ramps linearly upwards (or downwards),
and then snaps back abruptly to the initial baseline condi-
tion. Figure 4A shows a simple model of a sawtooth gener-
ator circuit. A constant current source charges a capacitor
in a manner that generates the linear ramp function (see
Figure 4B). When the ramp voltage (V) reaches the max-
imum point (V) switch S1 is closed, forcing V. back to zero
by discharging the capacitor. If switch S1 remains closed,
the sawtooth is terminated; if S1 reopens, a second saw-
tooth is created as the capacitor recharges.

Figure 5A shows the circuit for a periodic sawtooth oscil-
lator. It's similar to Figure 4A except that a junction field
effect transistor (JFET), Q1, is used as the discharge switch.
When Q1 is turned off, the output voltage ramps upwards
(see Figure 5B). When the gate is pulsed hard on, the drain
source channel resistance drops from a very high value to
a very low one, forcing C1 to discharge rapidly. In the
absence of a gate pulse, however, the channel resistance
remains very high. The gate is turned off at time t1, so V¢
begins ramping upwards. At t2 the JFET gate is pulsed,
so C1 rapidly discharges back to zero. When the pulse
(t2-t3) ends, Q1 turns off again and the ramp starts over.
You can use the same circuit for single sweep operation
by replacing the pulse train applied to the gate of Q1 with
the output of a monostable multivibrator,

The circuit of Figure 6A shows a sawtooth generator that
uses a Miller integrator (A1) as a ramp generator and
replaces the discharge switch with an electronic switch
driven by a voltage comparator and one-shot circuit. The
timing diagram for this circuit is shown in Figure 6B8. Under
the initial conditions, at time t1, the output voltage (Vo)
ramps upwards at a rate of [—(=V,e)/R1C1]. The voltage
comparator {A2) is biased with the noninverting input (+IN)
set to V1 and the inverting input at V4. The comparator
differential input voltage Vig = (V1 = V). As long as V1
>V, the comparator sees a negative input and produces
a HIGH output of +Vgg4. At the point where V1 =V, the
differential input voltage is zero, so the output of A2 (volt-
age V2) drops LOW (ie., —Vqq). The negative going edge
of V2 at time 12 triggers the one-shot circuit. The output of
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FIGURE 6
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(A) A Miller integrator used as a sawtooth generator. The discharge
switch is replaced by an electronic switch driven by a voltage
comparator/one-shot circuit. (B) Timing diagram for the circuit in
Figure 6A. At time t2, the negative going edge of V2 triggers the
one shot.

the one-shot closes electronic switch S1 briefly, causing the
capacitor o discharge. The one-shot pulse ends at time
t3, so S1 reopens and allows V,, to ramp upwards again.

The staircase generator in Figure 7A is a variant of the
sawtooth generator circuit. The input amplifier (A1) provides
buffering. A square wave clock signal applied to the input
of A1 is passed through capacitor C2 to a diode-clipping
network (CR1, CR2). The clipping circuit removes the nega-
tive excursions of the square wave (see inset to Figure 7A).
The remaining positive polarity pulses are applied to the
input of the inverting Miller integrator ramp generator circuit.
Each pulse adds a slight step increase to the capacitor
charge voltage, so (unless there is significant droop
between pulses) the output will ramp up to a negative
potential in the staircase fashion shown in the inset to
Figure 7B.

The reset circuitry in this circuit is a little different. Although
the comparator method of Figure 6A would also work, this
circuit takes advantage of the input square wave to provide
the period timing of the sawtooth. The square waves are
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(A) Circuit of a staircase generator. (B) Example of the staircase
generator output.

applied to the input of an N-bit binary digital counter cir-
cuit. When 2N pulses have passed, the counter overflows
on [2N +1] and triggers a one-shol circuit. As in the previ-
ous case, the one-shot output pulse closes the electronic
reset switch shunted across capacitor C1 momentarily. [
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The 80/40-meter
Junkbox Rig Revisited

Some of you may have built the trans-
mitter | described in the December
1989 issue of Ham Radio! | hope
you've enjoyed thislittle rig, but perhaps
you wish youhad just a littie more power.

FIGURE 1

Fret no more. This may be just what the
doctor ordered — parallel 6DQ6s.
All you need to do is add another
final amplifier tube as shown in the
schematic diagram in Figure 1. If your
milliammeter covers only 0 to 150 mA,
the range should be doubled to 0 to
300 mA. In other words, if you now

load your rig to 125 mA, you should
be able to load it to 250 mA. It's possi-
ble to almost double your power, or
increase it by 3 dB.

Parts to be changed

You must change the following parts.
If you refer to the original diagram,

T

(-1 c7 L2 J
-~ A/ OANT
RFC4
R2
c4 SEE ce c9 RFC3
TEXT
OGND
RFC2
> R3

RFCI
SEE TEXT

IC 2
i
JilL

SEE TEXT

\——— CHANGED TO 2k

y ]

Lce
i)

P M
g[ 0-300mA
+

AAA
VN——

01 €6.3V

120v
60~

S2b

|

220V. 60~, DPDT RELAY. IF DESIRED. FOR MUTING
RECEIVER AND ANTENNA CHANGEOVER FROM
RECEIVE TO TRANSMIT.

6405 60Q6
AN
4 ?
CR1 /77 _Trz
Y —@
SZa L 10 $Rs
°;7 CR2 I———#

} 11 SR6

Upgraded 80/40-meter Junkbox Rig.
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you'll find that R2 is a 27-k resistor, R3
is a 4-k wire-wound resistor, and R4 is
a 15-k wire-wound resistor. These
should be halved. You can reduce R2
o about 12 to 15 k. However, | tried this
and the change seemed to make no
difference. R3 should now be 2 k; R4
could be either 500 to 1000 ohms, or
simply deleted.

| don't use a voltage-dropping resis-
tor for R4 now as | don't exceed 300
volts with this paralle! arrangement.
You should change RFC1 to 300 mA
or move the 60DQ6 cathode wire from

pin 8 of the octal socket directly to the
ungrounded side of the key jack.

New currents and voltages

The following currents and voltages
result from this change:

* 200 mA x 285 volts = 57 watts
input. (Formerly 100 mA x 305 volis
= 32 watts input.)

e 250 mA X 280 volts = 70 watts
input. (Formerly 125 mA x 300 volts
= 38 watts input.)

* 300 mA x 275 volts = 83 watts

input. (Formerly 150 mA x 295 volts
= 44 waltts input.)

Loading is the same as before. If
you follow the directions in December’s
article, you shouldn’t encounter any
difficulties.

Charlie Tiemeyer, W3RMD

REFERENCE

1. Charfie Tiemeyer, W3RMD, "The Five-Band Junkbox Trans-
milter”” Ham Radio, December 1989, page 42

Ezy tune

While tuning around the HF bands one
night with my Heath HW-5400, | dis-
covered that | needed an easier way
to change frequency than the conven-
tional tuning knob. | came up with a
littte circuit | call the “Ezy Tune” (see
Figure 1). It's easy to build and doesn't
affect the manual tuning capabilities of
the HW-5400.

The master oscillator, U1, is a 555
astable multivibrator free running at
eight times the tuning rate in steps

FIGURE 1

per second, as desired. The frequency
of U1 is adjustable by R1, a 1-meg pot.
U2 produces two pulse trains 180
degrees out of phase which, when
divided by the two binary counters
U3 and U4, deliver two pulse trains
90 degrees out of phase. This is what
the optical encoder controlled by the
tuning knob on the HW-5400 does.
These two signals are switched
through S1, a DPDT center-off toggle
switch, to the 61 and 62 inputs on the
controller board.

| built the Ezy Tune circuit on a piece
of perfboard small enough to mount
near the controller board. Power can
be supplied by P703 on the controller
board; pin 1 is 5 volts and pin 3 is com-
mon. S1 can be panel mounted to the
lower left or right of the tuning knob.
By the way, this circuit would pro-
bably work with other transceivers with
optically encoded tuning systems

using TTL-level inputs.
Dexter King, AB4DP

UP

S1A
OFF ot—0-——» Y/

DOwN

W 7493
‘l Ri — 0 I 10
> IM
4 4 la 1 1e ie
S 2 13
3 3 5
s 4 vz
555 7474
6 2 [
0.0IuF == 7 ’ > B
T J 8
» U4
77 777 7493
/ 10

518
OFF O#—0————— Q 2

DOwWN

The schematic of the ‘‘Ezy Tune’’ circuit.
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The Weekender

THE QRP

TLC-

By Rick Littlefield, K1BQT, Box 114, Barrington,
New Hampshire 03825

ing to travel light. Unfortunately, adding even a few

basic accessories can overload the radio bag in a
hurry. Take electronic keyers, for example. Mine is larger
than my QRP transceiver, and loaded with features | rarely
use. To make life on the road less awkward, | decided to
build a miniature keyer — one designed specifically for port-
able use. Not wanting to spend a (ot of money, | settled on
a single-paddle type employing inexpensive ICs available
from Radio Shack.

The circuit

The design | chose is a popular one using NE5S55 timers!!
The circuit performed well on the breadboard, but required
over 20 mA at 9 volts to operate. This was too much current
for sustained operation with a small 9-volt battery. To solve
this problem, | substituted TLC555s — a CMOS direct
replacement for the NE555 (hence the name TLC-Keyer).
This change reduced continuous current drain 1o a scant
1.4 mA, making battery operation practical and allowing
me to include a reed relay output circuit. | prefer using reed
switching because it interfaces with virtually any rig.

The circuit consists of three simple timer stages. U1
generates the space interval between characters, while U2
and U3 generate dot and dash outputs, respectively. A 10-k
linear pot varies sending speed by raising or lowering the
timing interval of all three chips simultaneously. Spacing and
character timing may be altered by substituting new values
for the 33 and 82-k series resistors in this portion of the circuit.
For example, changing the 82-k resistor to 100 Kk results in
longer dashes.

A 2N2222 DC switch actuates relay K1 whenever the
output of U2 or U3 goes high. For self-powered operation
from a 9-volt battery, a 470-ohm current limiting resistor is
connected in series with the 5-volt relay coil. For 12-voit
operation, use 1.2 k or install a jumper and a 12-volt relay.

P reparing for a QRP DXpedition usually means pack-
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EYER

Construction

Board construction is straightforward — simply follow the
parts placement diagram shown in Figures 1A through 1C.
Remember to observe CMOS handling precautions when
installing the TLC555s. Also, install jumpers and inter-
connecting leads.

Details for constructing and mounting the paddle assem-
bly are shown in Figure 2. ! fabricated the paddle arm from
scrap G-10 board (all copper removed). The key contact
is a 1/4-inch no. 4-40 screw and no. 4 nut. | filed the screw
tip flush with the nut, and polished itto make a better contact
surface. Lexan™ or Styrene™ sheet stock makes a good
paddle, and is readily tapped to accept no. 2-56 or no. 4-40
mounting screws. Standard 3/8-inch no. 6 spacers and
90-degree L brackets support the paddle assembly above
the pc board components. Two 3/4-inch no. 4 spacers serve
as dot and dash contacts. Contacts should be roughly
aligned and screws tightened before the pc board is
installed in a cabinet or on a base.

Final packaging depends on how you intend to power
the keyer. One option is to mount the board, paddle, and
battery in a small project box. This lets you operate on inter-
nal power and use the keyer with any rig. The second option
is to borrow power from your transceiver — replacing the
key jack with a stereo jack, and using the tip connection
to supply 12 volts. Obviously, eliminating the battery will
reduce the size and weight of the keyer package.

I don't recommend mounting the keyer electronics inside
your rig. For one thing, the “common” key line of this cir-
cuit is the output of U1, and this must remain isolated from
ground. Also, the pc board fits neatly on the keyer base
without contributing to its size. No real space saving is
gained from putting it inside the radio. Whether you pack-
age the keyer in a project box or on a weighted base plate,
cementarubber pad tothe bottom. This will reduce skidding
on smooth surfaces.
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The circuit schematic.

FIGURE 1B

The foil side of the pc board.
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FIGURE 1C
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The component placement guide.

FIGURE 2 PARTS LIST
Capacitors
2 0.1 xF Mono
KEYER PADDLE ARM ]
(1/16" G-10 EPOXY PC BOARD. COPPER REMOVED 3" x 1/2") o 1 uF Mono or equivalent
» " L Resistors
i s [ 3 100
Y + (5 L 1—1/8" DIA. (4)— | 1 2.2k
172" 178" | o = j‘o 1 10 k
i ¥ 0 | A" [ 2 33 k
' R i 3 a7k
» 1 82 k
— = :l 1 10-k linear pot
e 3‘_ -
Semiconductors
3 TLC555
PADDLE 2 2N2222
q 1N914

(1/16" OR 3/32" LEXAN OR STYRENE)

r -1 3/8——

Miscellaneous
N0 4:40 TALFER 1 pc board (Available from Far Circuits, 18N640 Field Court,
4 2 HOLES Dundee, IL 60118, for $4.00. Price includes shipping and handling.)

The paddle assembly.

FIGURE 3
PADDLE —NO.4-40 x 1/8 OR 3/16 SCREWS
— F i
HANDLE /  — PAODLE ARM
4 / /—NO.4 SOLDER LUG
/ \_—1/8" HOLE
2/ N
o b-— 90° CHASSIS BRACKET
L\ fe— TAPPED NO.6
- "~—STAR LOCKWASHER
3/4" NO.4 SPACER —//[_ 3/8" NO.6 SPACER
P 3 g NO.6 X 1/2" SCREW
PC BOARD— 7

=
NOS MOUNTING GOREW £ NO.6 STAR LOCKWASHER

Dimensions of the completed paddle assembly.
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SA TELLIT

Operation

Keyer setup is purely mechanical. To make fine centering
adjustments on the arm, place the tip of a flat-blade screw-

ESSENTIALS

driver between the two support spacers and torque the arm : , .
gently in the desired direction. When you've completed this Sate”'?e TVisstill fl.!ll ofthe wonderment that
operation, you may want to readjust the dot/dash posts for made it so popular in the early '80s. The

the desired contact spacing. Finally, connect the keyer out- tinkerers are there, the programming is

put to an oscillator or rig, set the speed control midway, there, and never has the cost of becoming a

and start sending. If the keyer fails to operate, confirm that

you have power and that diodes, chips, and transistors are dish owner been so low.

positioned Cormecty. So, how do you find out about this exciting
Conclusion entertainment?

The finished key, shown in Figure 3, measures 2.6 by 1.5 i A o5
by 15 inches, and weighs only a few ounces. This Through pubhcahops devoted specifically
represents a vast improvement in portability over my old to satellite TV, that's how!

one! The keyer works well — with one minor reservation
| had used the Curtis 8044s for years, and the TLC's

unbuffered input threw me on my first sending attempts : v,
With no buffer, the keyer can't accept a dot while a dash % AT A
is completing. Consequently, | rapped out a few “"CQO DE
M1BOTs" before | brought my thumb under control. How- America’s Weekly Guide To Satellite TV

ever, | adapted quickly and can now switch from one keyer y
to the other without difficulty. OnSat is unsurpassed for the most up-to-

The TLC-keyer is now a permanent part of my QRP station, date listings of satellite programming. Dr.
and | travel several pounds lighter for my effort. If you face Dish, Mailbag, and the Transponder Service
a similar dilemma at packing time, give it a try. The price : )
is right, and so is the size! (I Watch are all geared l_o help you make the
e best use of your satellite TV system. A
| Wes Hayward, W7201. and Doug DeMaw, WIFB. ol State Design For The Raco Amaleu sample issue can be obtained for only $1.

ARRAL. 1985 pages 177178

500,000 Radio Amateur IINE
Call Signs at Your Fingertips STMU”]E ) _
Introducing Buckmaster’ From Here The Complete Monthly Guide To Satellite TV

HamCall on CD-ROM

Over 500,000 call signs in the U.S
and possessions are avallable,
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address, city, state, Zip code or
license class. Using CD-ROM optical
disc technology and your micro-
computer, you have instantaneous
access 1o the Buckmaster HamCall
data base.

$499.95 per Package
plus Shipping (Quantities Limited)

STV Guide contains over 300 pages of
programming information, product reviews,
home troubleshooting, and information
about satellite TV. A sample issue can be
obtained for only $2.

Both OnSat and STV Guide contain listings
for over 120 channels and Prime Time Grids
for over 50 channels. Subscribe to either the
weekly OnSat or the monthly STV Guide for

HamCall on CD-ROM is a package
that includes the CD-ROM data disc,
a Sony CDU-6100 external CD-ROM

drive with interface card for IBM On[y $48 pel’ year,
PC/AT type computers,* and MS-DOS
i ooy Instantly! To start receiving the best in satellite TV

ublishers Data Service v i . .
Corporation's new Questar ™ retrieval software package is also supplied gUIdeS and mformat[on, call tO"-free

| ::L’s;m;ﬁ:ﬁ:::‘yslem enables the user to search the CD-ROM data quickly (800) 234_0021 : V[SA i and MaSterCard "
Order by calling 1-800: 282-5628 accepted.
BUCKMASTER
= “Whitehall” Rte. 3, Box 56 :
Mineral, Virginia 23117 STV Guide/OnSat
===/} e PO Box 2384 ® Shelby, NC 28151-2384
o ‘.ﬁ'; > * *Requires 640k RAM, hard disk drive and

MS-DOS 3.1 or later version e —
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(continued from page 9)

was also done in the familiar "bruns-
wick green,” but it boasted more selec-
tivity and punch. It was the old S-40A.
| saved my money for it a long time and
finally, when it seemed | could scrape
together no more, my parents matched
my funds so that | could have it for a
birthday gift.

The order was placed with Bob
Henry out in Butler, Missouri and the
radio was promised for delivery in time
for my October birthday. In those days
there was no UPS, and a radio the size
_of the S-40A had to be shipped by Rail-
way Express. Fate intervened in the
form of a nationwide railroad strike, and
it appeared my gift would arrive long
after the birthday had passed.

During those weeks of waiting, my
father called Bob Henry several times.
When he learned the special occasion
for which the radio had been ordered,
Bob went the second mile. He put a
tracer out with Railway Express and
located the radio. It was well over
two-thirds of its journey to my South
Carolina home, and Bob assured my
father that it should reach our town
only a day or two after the strike was
settled. About that time President
Truman intervened, the strike was
halted, the trains rolled again, and the
radio arrived in Sumter, South Carolina
on the evening train from Atlanta at
9:05 p.m. on the evening of my 16th
birthday!

That radio served me well, even after
| acquired my ham ticket several years
later. | eventually used it as trade-in
towards a better model, the SX-42, but
it always held a special place in my
heart — even though it was not my first
receiver.

The products Bill Halligan's Chicago
factory turned out will, | expect, always
be held in special esteem by those of
us old enough to remember them. |
later owned a couple of Hammarlund
receivers, which were also very fine
radios. But somehow, there was a spe-
cial mystique about the Hallicrafters
that even the National HRO couldn't
touch.

Even though Bill's gear no longer
graces our shacks, Bob Henry has
joined the ranks of the Silent Keys, and
the Butler store is gone, there is one
ham who will never forget the touch
both of them had on his life.

Drayton Cooper, N4LBJ,
Bowling Green, South Carolina
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short circuits

Missing Parenthesis

In WA3EKL's October 1989 article “The
PV-4 On Your Commodore,” there was
a small error in the proof program on
page 64. Line 170 should be corrected
to read:

F1=(1-((10.7575*(LOG(KA)/LOG
(10)))-8) A -1)/2"A()))

Program Correction

In NTAYW's article, "Computerizing
Smith Chart Network Analysis" (Octo-
ber 1989, page 10), Menu item 6 in the
resonant circuit calculations of the
Smith Chart programis not functional as
it was originally listed; however, the error
wascorrectedin version 2.46. For those
readers with versions earlier than 2.46,
please insert the following two lines
and modify line 3400 as shown below.
2915 FR=10 A 6/(2*PI"CR*RR*QR)
‘RETURN:REM SERIES, C KNOWN
2925 FR=QR"10 A 6/(2*PI"RR*CR)
:RETURN:REM PARALLEL,

C KNOWN

3400 GOSUB 2830:GOSUB
2850:GOSUB 2790:0N PC GOSUB
2915,2925:GOSUB 2930:PRINT"F
="FR" and L ="LR:GOSUB
3010:GOTO 2870

Short circuit for
Tseng Liao

In the Ham Note, “Two in one: Trace
doubler for CRO, and square wave
and pulse generator" published in the
December 1988 issue, there are two
misprints:

(a) In Figure 3A, C4 should be Cj, and
Ry3 should be Ry,

(b) In the “Practical examples” section,
Ry should be R;.

DOWN EAST MICROWAVE

/

=
.——"-.-“-‘-'F".

MICROWAVE ANTENNAS AND EQUIPMENT
* Loop Yagis * Power Dividers * Linear Amplifiers * Complete
Arrays * Mi T ters * FETP P

* TROPO = EME *Weak Signal * OSCAR = 902 = 1260 « 1296
= 2304 = 2400 * 3456 MHz

2345LY  45el  loopYagl 1296 MHz 20481 $109
1345LY 450l loop Yagl 2304 MHz 20081 $89
3333LY 33l  loopYegi  S02MHz 185481  §109

Above antennas assembied and tested Kits available
Add $8 UPS S/H, $11 West of the Mississippi
MICROWAVE LINEAR AMPLIFIERS SSB,
ATV, REPEATER, OSCAR

2316 PA IwiniBwoul  1240-1300MHz 138V 5265
2335PA  10windSwoul  1240-1300MHz  13.8V  $315
3318 PA 1w in 20w out 900-930 MHz  13.8Y  $265
32I5PA 10w in 40w out 900-930 MMz  13.8V  $320
23LNA preamp 0.7dB N.F. 1296 MMz 5 90
A3LNA preamp 0.9dB N.F, 902 MHz s 90
Add 55 shipping UPS/48
SHF Systems kits bl
Weite fov e CatROg -
DOWN EAST MICROWAVE [—E‘—j
Bill Olson, WIHOT
Box 2310, AR 1, Troy, ME 04987
(207) 948-3741
» 152
SYNTHESIZED
SIGNAL GENERATOR
| MODEL
$G-100F
MADE IN $429.95
USA delivered

* Covers 100 MHz to 199.999 MHz in
1 kHz steps with thumbwheel dial =
Accuracy + /- 1 part per 10 million at all
frequencies e Internal FM adjustable from
0to 100 kHz at a 1 kHz rate = External FM
input accepts tones or voice * Spurs and
noise at least 60 dB below carrier » Out-
put adjustable from 5-500 mV at 50 Ohms
e QOperates on 12 Vdc @ '2 Amp »
Available for immediate delivery  $429.95
delivered = Add-on accessories available
to extend freq range, add infinite resolu-
tion, AM, and a precision 120 dB attenuator
» Call or write for details » Phone in your
order for fast COD shipment.

VANGUARD LABS
196-23 Jamaica Ave., Hollis, NY 11423
Phone: (718) 468-2720 Mon. thru Thu.

» 153

Foreign Subscription Agents
for Ham Radio Magazine

Ham Radio France

SM Electronic

20 bis, Ave des Clarions
F-89000 Auxerre

France

Ham Radio Canada
ARF

P.O. Box 356

Kingston, ON

Canada K7L 4W2

Prices in Canadian funds
1 yr. $38.00, 2 yrs. $67.00
3 yrs. $9000

Ham Radio Japan

Katsumi Electronic Co., Lid
27-5 lkegami

4 Chome, Ota-Ku

Tokyo 146, Japan
Telephone (03) 753-2405

Ham Radio England

clo RS.GB
Lambda House

Cranborne Road

Potters Bar

Herts ENB 3JwW

England




Joseph J. Carr, K4IPV

GETTING TO KNOW
THE LOGIC
FAMILIES —

PART 2: CMOS

Complementary metal oxide semicon-
ductor (CMOS) digital ICs are well
known and readily available. Desig-
nated by “4xxx" series-type numbers,
CMOS devices offer extremely low
current drain, moderate operating
speeds, and low cost. The low current
requirements (on the order of a few
microamperes) of CMOS technology
have made possible a wide range of
portable products — from digital
watches to calculators to laptop
microcomputers. Because of their
properties, CMOS devices also make
very useful sensing circuits for a variety
of applications not always associated
with digital electronics. But before get-
ting into the various circuits, let's review
the basics of CMQOS digital IC devices.

CMOS digital devices

The MOSFET transistor is the basis
of the CMQOS line of digital ICs. This
device offers an extremely high input
impedance because the control gate
input is isolated from the “channel” by
a layer of insulation (see Figure 1A).

FIGURE 1A

Practically
Speaking

of a CMQOS inverter. This circuit consists
of an N-type MOSFET and a P-type
MOSFET connected with their respec-
tive gates in parallel and their channels
in series. The input of the inverter is the
gate; the output is the junction
between the P-channel drain (Q2) and
the N-channel source (Q1).

Two DC power supplies are shown:
V+ and V-. These voltages are typi-
cally +4.5 to +15 volts DC. In some
cases, the V- supply is set to zero, so
the V— terminal of the device will be
There are two polarities of MOSFET  simply grounded.
transistor, determined by the type of Because Pand N-channel MOSFETs
semiconductor material used in the are of opposite polarity, one will have
channel structure. If N-type materiatis a high channel resistance while the
used, the MOSFET is an N-channel; if other has a low resistance. The two
P-type semiconductor material is used, channels are connected in series, so
it's a P-channel MOSFET. The respec- the overall channel resistance (as
tive circuit symbols for these two measured from (V+) terminal to (V-)
devices are shown in Figure 1B. terminal) is very high. This resistance

In digital circuits, the MOSFET will be is why the CMOS device draws such
in one of two conditions. When a bias low current — the power supply sees
is applied to the gate, the channel aresistance in the megohm range. The
resistance is very high (megohms). On only time the CMOS devices draw
the other hand, the absence of bias appreciable current is during output
causes the channel resistance to be transition from high-to-low or low-to-
very low (200 to 300 k). Although this high. At that brief instant, both chan-
explanation doesn't include all possi- nel resistances are in a transition
ble types and is somewhat simplified, region between high and low resis-
it will do for our purposes. tance values.

When examining any digital logic  Figure 3isagraphical representation
element it's useful to consider the case  of the channel resistance relationship.
of the inverter as representative of the

whole class. Figure 2 shows the circuit

DRAIN

SOURCE

P-CHANNEL
[— SUBSTRATE

-« — CHANNEL

INSULATOR

DEPLETION ZONE

____‘

N-CHANNEL

Physical makeup of a MOSFET transistor. These transistors comprise most CMOS devices.

P-channet and N-channel MOSFET transis-
tor designators.
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FIGURE 2

INPUT o———M————¢

QUTPUT

Schematic of a typical CMOS inverter.
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INPUT = HIGH ‘l
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FIGURE 3A
v+

OQUTPUT = LOW

Situation where the input of the CMOS inverter is HIGH.

Rl
200482

INPUT = LOW J

R2
1,000,0008

FIGURE 3B
v+

OUTPUT = HIGH

Situation where the input of the CMOS inverter is LOW.
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In the cases shown in Figures 3A and
3B, the total resistance (R1 + R2) isthe
same even though the relationship of
R1 and R2 changes. In Figure 3A the
input of the CMOS inverter (Figure 2)
is high. The resistance of Q1 (i.e., R1)
is high and that of Q2 is low. Thus, the
output line is connected through a low
resistance to V—. In Figure 3B the
input is tow. Here, the relationship of R1
and R2 is reversed. R2 is high, while
R1 is low. This means that the output
terminal is connected to the V+ supply
through a low resistance.

The definitions of logical high and
logical low states are determined by
the voltages used. If two potentials are
used, V- is low and V+ is high. But
if the V- is set to zero, logical low is
zero (grounded), while the logical high
remains at V+. The transition point
between high and low (or vice versa)
occurs when the input is at a potential
halfway between V+ and V—, or when
V- is zero volts (one-half V+).

Electrostatic discharge
(ESD) damage

The insulated gate of a MOSFET
transistor is very thin. The ability to
withstand high voltages is directly
proportional to the thickness (for any
given material). This thin layer means
MQSFETs can handle only 50 to 150
volts (80 volts is common). Greater
potentials will pop through the gate
insulation, destroying the device. Ordi-
nary handling of tools and other imple-
ments can create potentials up to
several kilovolts. These potentials can
build up in the human body, too. If you
don't believe me, walk across a carpet
on a dry winter day and then touch a
grounded object!

Unfortunately, the damage from ESD
doesn't always happen immediately. It
can show up as an unexplained “spon-
taneous” failure sometime later. The
usual procedure to minimize ESD
damage is to make sure that all pins
are at the same potential all of the time.
This usually means working on a metal
or carbonized foam surface, and storing
the devices in a conductive:container
or on carbonized foam pads. it's also
recommended that you discharge the
potentials on your body by touching
something grounded (but not in the
presence of high voltage or AC) just
before you touch the MOSFET or
CMOS device. Actually, it's a good idea
to avoid handling the device at all
unless absolutely necessary.
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Transition time differences between A-series and B-series CMOS devices.

A-series versus
B-series CMOS

There are two different types of
CMOS devices on the market: A-series
and B-series chips. The A-series is the
older of the two. These devices are
designated either with an “A” suffix on
the type number, or no suffix on the
type number. For example, both
“4013” and "“4013A” are designators
for an A-series type 4013 device. The
B-series is newer; some believe it's an
improvement over the A-series. B-series
devices are always marked with a “B"
suffix on the type number (eg., 4013B).

There are several notable differ-
ences between A-series and B-series
devices. Perhaps the most well known
is that B-series devices are protected
from ESD damage somewhat by inter-
nal zener diodes which clamp or
bypass the high voltage electrostatic
potentials. You can get away with han-
dling B-series devices more often than
A-series. Note that the amount of ESD
damage on B-series does not drop to
zero, but it's very low compared with
A-series.

Another difference is the output tran-
sition time. Figure 4 shows the transfer
function of the two types of CMOS
devices. The B-series makes the tran-
sition more quickly, creating a sharper,
faster rise time pulse. A final difference

FIGURE 5
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Several methods of ‘‘making’’ an inverter
from CMOS NOR and NAND gates.



FIGURE 6A
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An elementary biasing scheme for using a CMOS device in the linear mode.

FIGURE 6B
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A 4017 CMOS device used as an audio amplifier.

is that most B-series CMOS devices
will drive alargerioad thantheir A-series
cousins. In one case, for example, the
B-series will drive a load three times
heavier than the equivalent A-series
device.

CMOS inverters

Most of the circuits in this article are
based on the inverter. There are several
inverters in the CMOS line. You can
also make an inverter from available
NOR or NAND gates. Figure 5 shows
how to make an inverter from other
logic elements. For both the NOR and
NAND gates, connecting the inputs
together will cause the element to
work. You could also make an inverter
by grounding one input of a NOR gate,
or connecting one input of a NAND
gate high. Another alternative is to
use a CMQS transistor array like the
CD-3600 or the 4017 device.

Linear operation of
CMOS devices

You can make the CMOS digital IC
into a linear device using appropriate
biasing methods. Figure 6 shows twa
examples of linear operation of a
CMOS inverter.

The elementary bias method is
shown in Figure 6A. This circuit is quite
simple. It consists of a pair of coupling
capacitors (one on the input and one
on the output) and a feedback resistor
between output and input. It's possi-
ble to exert a small degree of control
over linearity by varying the 10-meg
value.

The circuit of Figure 6B is an audio
amplifier based on the CMOS transistor
array, type 4017. The 4017 array con-
sists of three independent N-channnel/
P-channe! complementary pairs. In this
project, I'm using one of the 4017 tran-

sistors. The bias is derived in a similar
manner from the output, and also from
the V+ power supply.

The values of input and output
capacitance for both circuits depend
on the lower -3 dB frequency
response desired. This capacitance is
set according to Equation 1 if you use
10 megs for the resistance seen by the
input signal (as in Figure 6):

01

CuF =
" 27 F

M

Where:

CuF is the capacitance in micro-
farads

F is the —3 dB point in the desired
frequency response curve, in hertz

Conclusion

Although CMOS devices are nor-
mally thought of as ‘digital,” their
unique properties make them useful in
a lot of other applications. Understand-
ing the properties of the CMOS device
will help you make them work in other
than normal circuits.
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By Garth Stonehocker, KDRYW

THE DX
BEACON GAME

Some radio stations can be used as
beacons for DX propagation and
research studies. There are three
criteria for a radio station to be a
beacon: its location, its identification
(including frequency and modulator),
and a useful schedule — in that order
of importance. Most frequency ranges
(VLF, LF, MF, HF, and VHF) contain
radio stations which are used as bea-
cons. In the LF range, the frequency
band from 200 to 400 kHz is set aside
for beacon stations used by marine
and aeronautical radio direction-finding
receivers for determining position
location. The MF/AM broadcast stations
form a secondary group of beacons
also for this purpose. Other frequency
ranges are generally used for other
purposes and meet enough of the
criteria to be useful as beacons only
by coincidence. Of course, Amateur
Radio, research, and government
communities have set up specific radio
stations as beacons in many locations
on many frequencies with usable
schedules.

The frequency ranges useful for
ionospheric propagation are generaily
MF HF, and the lower VHF. The beacons
in these frequency ranges are mostly
individual radio stations run by
Amateurs, broadcasters, researchers,
and governments. Of note is an Amateur
network, PROPNET, with several loca-
tions using one frequency — 14.1
MHz. Each of ten stations transmits an
identification in CW on a 1-minute time
schedule with three power levels. The
stations are located in New York, San
Francisco, Hawaii, Japan, Israel, Fin-
land, Madeira Island, South Africa,
Buenos Aires, and Columbia. Not all
of these stations are on the air consis-
tently, so their minute time slot is not
always in use.

The radio stations of world time and
frequency standards offer other oppor-
tunities which can be used in the same
way. The frequencies set aside for this
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DX Forecaster

purpose are generally 5, 10, and 15
MHz; 2.5 and 20 MHz are available in
one or two locations. Because there
are several stations transmitting simuil-
taneously on each frequency, you
need to know the criteria for identifica-
tion (modulation and schedule) in
order to ascertain the usable propaga-
tion information from each location.
Although these frequencies aren't near
most Amateur frequencies, they are
near enough to be translatable to the
ham bands by interpolating between
the several widely spaced frequencies
available.

Canada and Russia have trans-
missions useful for the evaluation of
propagation on several frequencies
which span some of the ham bands,
butthey aren't the standard frequencies
of worldwide coordination, For example,
Canada’s CHU (Ottawa) frequencies
are 3330, 7335, and 14670 kHz and
Australia’s VNG frequencies are 4500,
7500, and 12000 kHz. These frequen-
cies are sufficiently close to the 80, 40,
and 20-meterham bands. Russia's fre-
quenciesfor RID (Tashkent) and RWM
(Moskva) are 4 kHz higher and 4 kHz
lower, respectively, than the standard
frequencies. These systems give the
DXer some propagation beacon
options to enhance his operation. Next
month I'll discuss some low cost and
high tech monitoring equipment and
its use.

Last-minute forecast

The best time for long skip openings
on the higher frequency bands (10 to
30 meters) is the first few days of the
first week and the fourth and last weeks
of the month. Solar flux is expected to
be high and, consequently, raise the
MUF at this time. If the flux peaks very
high (greater than 250 units), signal
levels may be below normal on the

lower frequencies. Transequatorial
openings should be good some even-
ings, particularly on days of geomag-
netic disturbance. Geomagnetically
disturbed days are expected around
the 1st, 10th, 20th, and 28th. The lat-
ter two dates are disturbances most
likely associated with the starting of the
winter absorption anomaly (STRAT-
WARM). The lower bands are also
affected, but should be best the sec-
ond week. Expect low thunderstorm
noise and good signal levels then.
Lunar perigee occurs on the 8th; a
full moon appears on the 11th. The
Quadrantids — a short, but intense,
meteor shower — will occur between
January 2 and 4, and last a few hours.

Band-by-band summary

Ten and 12 meters, the highest day-
time DX bands, are nearest the MUF
for paths to the Southern Hemisphere.
They will be open most days during the
five hours before and seven hours after
local noon for solar flux levels above
220, with shorter hours for lower flux.
These bands open on paths toward
the east in the morning and close
toward the west in the evening. The
paths are up to 3500 km (2100 miles)
in a single hop and multiple hops are
usually available. On occasion, trans-
equatorial openings (multiple hops with-
out ground reflection) produce high
strength signals during late evenings.

Fifteen and 17 meters are open most
days to the south. They are the transi-
tion bands available to the east, or the
highest to the west and occasionally to
the north when the solar flux is up
abave 220. When used to the south,
these bands have more signal distor-
tion (multipath) than 10 and 12. The
exception occurs when the bands are
just opening or closing into the night,
particularly on 17 meters. They are
best used in other directions when the
MUF is just above them.

Twenty and 30 meters are now both
daytime and nighttime DX bands.
Twenty is the lowest band available to



WESTERN USA MID USA EASTERN USA

ul| W FZAAN 28] bl [ B2 G C [N 2
oo | 140l 30130 {12 {10 00 00 |10]12] | 5|l 30/30 (15|12 {10 10 [10 |15 e»| | 7| 3030 |15 | 12[10{10[10 |20
%) 15117 430 {15 10 10 o 10{12] | **|{ 3030 {1515 {10 (10 10 {17 ™| | #3030 17 |12]12{15}15 20
o1 {1730 15 15 0 o [10]15] | ™°}{17{30]17 {15 |10 [10 po | 20| **| | *=|i30 {30 {17 |15{12{15(15 {30
S0 L™120130 117 115 10 0 [10]17] | **{{17{30 (17 {15 |12 10 05 |20 *®} | *®}30 {3017 |15/15}15]15 |30
o0 14130130017 [15 12 po j15]|20] J**{20]| 30l17 {15 {12 {10 05 | 30]irese| {rwfi30 {3017 [15{15[17(17 |30
®o  1*li30(30(17 17 g2 po [15}20] {™*|{30] 3017 {17 |15 12 05 | 30]l"™®]| J2=|i30 {30}17 | 17]{15]17]17]30
o) w30 130(17 17 15 po [15{30f ["™*|{30] 30[27(17 (15 {12 7 [30]{w=ef | 0|30 |30{17 ]| 174 17{17{17 30
™30 30l27 17 15 p0 117130]) p**f130] 301717 [15 15 07 |30l ] L 2®|l30{30{17 | 17 17/17{17 (30
ool 2@ l30l30lz7127 5 2 {17130 YON30(30[17(17 (27115 47 {300 %} 30]l30}20] 17 17} 17] 17130
o) ' l30130 27017 Ja7 12 117130 12 30| 30lz20{17127 17 {27 [ 300 3| | *®il30{30120 | 17 17| 17| 17{ 30
0 1L2®030130 120027 21715 {17130] {**)| 30| 302027 a7 )17 17 ] 30)l *®| } *®|l30 20 12 | 17 17] 20| 20| 30
1 L*®ll30] 302020017 15 127 [30) L *®ll 30 30] 202017117 |20 | 30l ™| | *®{|30 {17 {10 { 12| 17| 20| 20| 30
0 430l 3002020 |20 |15 | 17130] 5% 30l20112 12001717 120 | 30l ®®) 7|17 [15 [10 | 10| 17| 20| 20] 30
O L)l 30l 300112 112 117117 | 20] 300 §#®|1 3011711012 {17 {20 |20 | 30l ™| | ®*{l20 |15 10 {10]12}15]12]30
ol zel17 10 10 17 | 20} 30 § ™ 120115110110 112 115 {15 | 30) *®| | *®{j20 {15 {10 }10]12[15]12]30
2N sol15 110 o 2 J27 | 200 30l | **)l20]15 (1010 iz p5 s {300 %) |30 115 {10 | 10]10{15]15]30
130015110110 10 {15 |15} 30f }**4l30]15]10{10}10 12 [15 | 30f ™| {™™|i30 {15 |10 |10]10]15/15}30
TP 301501010 1o 12 |15] 3¢ |°*)l30]15]10]10 410 12 15 | 30§"™®) [*®|{30 15 [10 | 10]10]12]|20] 30
= E2s0li5 oo ho 2 [18) 30 |30l 15(10 {10 {10 f10 {12 | 30f®i{ **li30 h7 j10 |10/10{10]15] 30
) Ns0l1s5 1010 1o 1o [12] 39 p2*li30l17)10l10 {10 1o iz | 39| 1 *i30 {17 ho {10{10{10]12] 30
200 22113041710 {10 j10 {10 12]17{ | ™™} 30{17]10]10 {10 {10 ho | 39 % | **|l30 130 1o |10} 10]10l10] 3
T2 1N 30130110110 j10 010 |10/ 18] §**)i 30/ 30]10]10}10 10 1o 15 **®| | *|[30 {3010 { 10 10/ 10]10]17
200 122 L3030{10(10{10 110 |10/ 1 %01 3030110110110 110110 J 12JL**°} } *°130)30 |15 | 10/ 10} 10110]15
ssY "l 3013011211010 /10 | 10/ 12| | **J| 30 30}12]10]10}10 {10 | 120t**] | **{l39]3015 | 10 10/ 10/ 10]17
< 1ol lslalg] 138 « =5l 3| %] &

> gl w | S| = |5| 3|33 9| w | 3| 8|5 |3 |52 A REREHE RN REE]
- ™ w « &% < z O« - < u w o @ < F4 o« = o w w L o v <« z O« =

Ham Radio/January 1990 83




the south at night and generally to the
north in the daytime. Thirty is the main
band to the north both day and night,
and is the highest band open much of
the time at night to the northeast and
northwest. These paths may be
affected occasionally by 10 to 20 dB
of extra absorption from the winter
absorption anomaly.

Forty, 80, and 160 meters (the night
only DX bands) exhibit short skip
propagation during daylight hours,
then lengthen skip at dusk. These
bands follow the darkness path, open-
ing to the east just before local sunset,
swinging more to the north-south near
midnight, and ending up in the Pacific
areas for a few hours before dawn.
These bands can be used to the south,
but will exhibit increased signal distor-

Receive Range N.F Gain Comp. Device i i B
only v (a8 o) ooy Type o t!on from multipath. The winter absorp
P2BVD 2830 <11 15 0 DGFET $29.95 tion anomaly also affects these bands
P50VD 50-54 <1.3 15 0 DGFET $20.95 :
PSOVDG 5054 <05 2 +12  GaAsFET  $79.95 greatly.
P144VD 144148 <15 15 0 DGFET $20.95
P144VDA 144148  <1.0 15 0 DGFET $37.95
Paove> oo <1 s oo arer e A R
vV <18 1 : - -
P220VDA 220225 <12 15 0 DGFET $37.95 m l{ﬁ r
P220VDG 220225 <05 20 +12 GaAsSFET $79.95 p € ep awr
PIVBA  ames 11 B TR Brom  sees Iph i
<1. 1 - ipolar A - - T »
P432VDG 420-450 <05 16 +12 GaAsFET $79.95 [';\ pria Ar:lcnlrm"l AMP - Henry
e & ol entron - Heathkit - TenTec - Etc.
gave  omg o o op ) pEm
<1. $5 | — ware Ar1eNCe - —
o S o e
1 144-1 <1. 15 ET 5 TR
321::333 m_ﬂg <;_;5 i 02 GDGFEII—r ,‘3;-% Service Manager with a
144-14 <. 24 +1 aAs 109. e . o "
SP220VD 220225 <19 15 0 DGFET $59.95 major manufacturer
SP220VDA 220225 <13 15 0 DGFET $67.95 ;
SP220VDG 220225 <055 20 +12 GaAsFET  $109.95 Authorized K4 \
SP432VD 3 <19 15 220 Bipolar $62.95 TenTec BWC
SP432VDA 420450 <12 17 -20 Bipolar $79.95 Dealer iy
SP432VDG 420450 <055 16 +12 GaAsFET $109.95 = J"\B
(L7 )8
OMEGA Visa & Master Card
Every preamplifier is precision aligned on ARR's Hewlett Packard HPB970A/HP346A state-of-the-art noise figure v
mater. RX only pmm‘rllmn are for recelve aprllcllionn only. Inline preamplifiers are rl switched (for use
with i ) and handle 25 watts transmitter power. Mount inline preamplifiers between transcelver
and power amplifier for high power spplications. Other amateur, commercial and ial mpiifiers available L E N 1 C S
B anere. Camaeciiont residents 8087 150 4209 Live O
5. an anada. nnecticutl res! 8 8 Y2 .
Advanced sales tax, C.0.D. orders add 2. Air mail to foreign coun- Live Oak Road
& tries add 10%. Order your ARR Rx only or inline Ral(:lgh NC 27604
n e c e l v c r preamplitier today and start hearing like never before! 2
919-832-1025 . 1
Rescarch
=] -N
Box 1242 « Burlington, CT 06013 203 582-9409 1990 U.S. CALL DIRECTORY W
(on microfiche)
» 159 Call Directory - by callsign ................510
Name Index - by last name .................510
Geographic Index - by state/city .........$10
All three - $25

| em— @ $3 shipping per order
A, I BUCKMASTER PUBLISHING
: Route 3, Box 56
Mineral, Virginia 23117
\?03;‘394-5??? visa/mc 8001282-5825j

9:00 am - 5:30 pm
k weekdays —
V H F e
-. Repeater Solar Power

COMMUNICATIONS

=i
280 Tl"a"v A"enue 4o . : g The $249 95 Buller-T : J QR 1. Sopply keeps \

€ 3N . allet-lested o YT DUPpIV Keeps Vol

Jamestown, New York 14701 PH.(716)664-6345 e s o o i
== ii 60 hrs 3 month, Control circuit speeds charge. profects gel cells &

sealed battenes. Fully assembled, QRV, pormable, Eauly g\pmdr:
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NEW PRODUCTS

High Power Absorption
Wattmeters From Bird

Bird Electronic Corporation has a complete
line of high power TERMALINE® absorption
wattmeters with power ratings from 15 to
10 kW and calibrated frequency ranges of 54
to 890 MHz.

The new Bird high power models feature full
capacity loads with built-in wattmeters that use
temperature-compensated elements for
accuracy. The units are available with 3 1/8" EIA
flanged and unflanged connectors requiring no
extra wattmeter line sections. All power levels
(except the 10-kW models) are available with
both convection and blower forced air cooling,
the 10-kW versions have forced air cooling only.

All models include a temperature sensitive
thermoswitch for air overheating interlock pro-
tection. Forced air units include a thermoswitch
that turns on the blower automatically when
needed. A manual control is provided as well.
All models have an accuracy of +8 percent
full scale.

For complete details contact Bird Electronic
Corporation, 30303 Aurora Road, Solon, Ohio
44139. Phone: (216)248-1200.

Circle #311 on Reader Service Card.

Custom Call Signs

SIGN ON of Merrick, New York adds a new
look to their product line of transferable Custom
Call Signs. The flexible plastic 2-1/4" x 8" signs
now feature the words “Amateur Radio" and
your call in white lettering. They may be ordered
in your choice of black, blue, or red background
colors.

AMATEUR RADIO

W1iAW

SIGN ON products are designed for all types
of automotive vehicles. A suction cup version
allows for inside window mounting; the magnetic
mount design attaches to exterior metal vehicle
panels.

The price is $8.50 per sign, postpaid, or two
for $15. Volume discounts are available. For more
information contact SIGN ON, 1923H Edward
Lane, Merrick, New York 11566.

Circle #312 on Reader Service Card.

New Hamtronics® Catalog

Hamtronics, Inc. has a new 40-page catalog.
New products include a computerized repeater,
900-MHz transmitter, and subaudible tone
decoder (CTCSS) module. A large selection of
VHF/UHF transmitter autopatches, converters,
preamps, and accessories are also featured

For your copy write to Hamtronics, Inc., 65-F
Moul Road, Hilton, New York 14468-9535
Phone: (716)392-9430. FAX: (716)392-9420.

Circle #310 on Reader Service Card.

New Dual Bander
from Kenwood

The new Kerwood TM-701A 2 meter/70cm FM
dual bander has 20 memory channels, 25 walls
on 2 meters and 70 cm, selectable full duplex
operation, bright amber LCD display. and more

Features include
Extended frequency coverage on 2 meters
New DTMF/control function microphone

Dual digital VFOs

Adjustable frequency step selection

« CTCSS tone encoder built in (optional TSU-6
enables tone decode)

* Mulimode scanning with carrier or time-

operaled stop

See your authorized Kenwood Amateur Radio
dealer for detaills or write: Kenwood USA Cor-
poration, PO Box 22745, 2201 E. Dominguez
Street, Long Beach. California 90801-5745
Suggested retail price: $599.95

AEA PakMail
Mailbox/Upgrade,
New PK-232MBX

Advanced Electronics Applications
announces an upgrade for the PK-232 multi-
mode data controller which includes PakMail
mailbox with third-party traffic. This upgrade, the
PK-232MBX (MailBox), includes firmware and
a daughter board. Customers who purchased
the PK-232 on or after September 15, 1989 can
obtain the update free for a $5 shipping and
handling fee.

Available to current PK-232 owners, the firm-
ware upgrade with PakMail and daughter board
is $65; the firmware only, without PakMail and
TDM, is $30.

The price of the PK-232MBX will remain al the
current Amateur net of $34995. To keep the
price at this level, AEA will include an RS-232
interface cable with each unit instead of the more
expensive "Y" cable The "Y" cable can be pur-
chased as an option for a suggested retall price
of $40.

For details contact Advanced Electronic Appli-
cations, Inc., PO Box C-2160, Lynnwood,
Washington 98036. To order the upgrade call
AEA at (206)775-7373

Circle #308 on Reader Service Card.

SWR And Power Meter

Palomar Engineers has announced a new
deluxe SWR and power meter Model M-835
uses Palomar's patented system that gives
readings continuously even when you're oper-
ating CW or SSB. It has four power ranges: 2,
20, 200 and 2000 watts. Both power and SWR

(continued on page 90)
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30th ANNUAL

TROPICAL HAMBOREE

AMATEUR RADIO & COMPUTER SHOW
FEBRUARY 3-4, 1990

YOUTH FAIR EXPO CENTER

® 200 + EXHIBIT BOOTHS * 1,000 INDOOR SWAP TABLES
* 300 CAMPSITES WITH HOOK-UPS * FREE PARKING 15,000 VEHICLES
e PROGRAMS & ACTIVITIES FOR EVERYONE

FRIDAY SPECIAL!!!

ATTORNEY C.L.E. SEMINAR

Conducted by ARRL Legal Strategy Committee

Registration: $5.00 Advance — $6.00 Door. Valid Both Days (Advance deadline Jan. 26)
Swap Tables: $20.00 each + Registration. Power: $10.00 per User
Campsites: 3 Days (Fri., Sat., Sun.) $40.00 (Thurs. by Special Arrangement)
Headquarters Hotel: Miami Airport Hilton — $78.00 Single, Double
Alternate Hotel: Airport Lakes Holiday Inn — $55.00 Single, Double

WRITE TODAY
FOR DETAILED BROCHURE

& RESERVATION FORMS

Send to: Chairman, Evelyn Gauzens, W4WYR

2780 N.W. 3rd St., Miami, FL 33125
Tel.: (305) 642-4139

HLAIM BOOKSTORE
RADIO

GREENVILLE, NH 03048 m
(603) 878-1441

FAX (603) 878-1951

Please enclose $3.75 shipping & handling

LOW BAND DX'ING COMPUTER PROGRAMS

by John Devoldere, ONAUN

Just about every interest or need is covered—from antenna design and optimization 1o general
operating p:o?rams Antenna programs include; shunt and series input L network design,
feediine transformer, shunt network design, SWR calculation, plus 11 more! General Ham
programs include. sunrise/sunsel - circle d . grayline, vertical design
program, sunrise calendar plus 9+ hest value in computer software available today

1966
UN-Apple llellic ' $39.95 ea.
ﬁ:-ur; (MS-DOS) $95 e
UN-C-128 (COMMODORE) $39.95 ea.
[ 1UN-MAC (MACINTOSH) $40.95
LOW BAND DX'ING
by John Devoldere, ONAUN

Now Available! The new, 2nd edition of the definitive book on Low Band DX'ing. Based
upon years of practical on-the-air experience, lear the secrets of how ON4UN has been
50 successful on the low bands. Extensive coverage is given to transmit and receive
antennas with clear concise explanations and plenty of illustrations—dipoles, inverted
\'s, slopers, phased arrays and Beverages—they're all in this book. Also covered: propa-
gation, transmitters, receivers, operating, software and an extensive Low Band bib-
liography. Going to be a best seller! Get yours today. © 1987 2nd Edition. 200 pages

1M Softbound $9.95

ON4UN PRACTICAL YAGI DESIGN (ms-pos)
by John Devoldere, ONAUN
This comprehensive Yagi design program is based upon tested antennas, not theo-
retical un-proven models. Contains 100 different HF antennas, designed, tested and
optimized by ON4UN. Also contains a number of classic designs by noted antenna
experls W2PV, WESAI and others. Includes mechanical design of elements and of the
rotating mast. You can also add to the database your own desi?ns Fully detailed
"Read.me" file is designed to help the user get maximum results from the program
1989

|ON-YAGI (MS-DOS) $69.95

NEW BOOKS
1990 EDITIONS———

1990 RADIO AMATEUR CALLBOOKS
NORTH AMERICAN EDITION

Fully updated and edvted 10 include all the latest FCC and forsign government calisigns and addresses i Hams
North America. Includes ity of handy operating aids such as time chans. Q50 bureau addresses. census mfor
mation and much more. 5 froam snowy Canada 1o lropical Panama. Now is the ime 10 buy 2 new Calfbook when

youl Tl get the mast use oul of your investment. 1989
C8-Us90 Softbound 527.95
INTERNATIONAL EDITION

OSLs are a very important part of our hobby AN sorts of awands, including the coveted DXCE, requare confirmabion
of contact belore the seard can be issued OF special ivlenest, sodresses are beang added daily ke Hams in the USSR
and pther countries. Whale in no means comgplete. i1's 2 starl snd will be of remendous help in getting 0503 Handy
operating aads mund oul this super book value 1989

CB-F90 Saftbound 529.95.
BUY'EM BOTH SPECIAL

Reg. $57.90 Only $52.95 SAVE $4.95
Callbooks available early December.

THE 1990 ARRL HANDBOOK

Revised and updated with the latest in Amateur lechnology. now is the lime Lo orded your very own cogy of the workd
tamous ARRL HANDBOOK. inaddition to being the definitrve relerence volume ke your Ham shack, there are plenty
of progects for every mferest in Amatew Radio — hiom antennas for gwery apphcation 10 the lates! state-of-the-an
propects — you'll tind it all in the 1990 HANDBOOK Over 1100 pages 1589

AR-HB9O Hardbound $22 95
Available Early November

MORE NEW BOOKS
1990 EQUIPMENT BUYER'S GUIDE edited by Peter 0'Dell, WB2D, CO Magazine

Here's the lilest listng of equpment avadabie trom all of the deerem manutacturers. Full of hand-1o-have wionma;
tion, facts and tidtuts. Great reference 10 have when you are shopping around for & new g - 1886

1CO-EQP Softbound $4
PACKET RADIO is MADE EASY by Buck Rogers, K4ABT
[Noted [0 Maganne colurmmest, KAABT leads you siep-by i 10 581 LD First defines and 1

all the nsu\mwsm packe! commuynications. Grves you snterconngchion snstruchons for most radios, compulers and
MFJTNCs Alsoincludes a glossary of packe! terms and definitions that are very usetul 1o all levels of packed interest
1989

MFJ-PRME Softbound $9.95
SPACE ALMANAC by Tony Curtis, K3RXK

Complete database aimanac i an unbebevable value! 855 pages jammed full of just about every bit ol inkormaton
you could wani - including. space stabons. shutties unmannod satelites, iockets snd ASUONIULS 10 NaMe just 4 few
areas covered. Also includes plenty of relerence tables, chans, maps. diagrams, drawsngs. photos and much maone
35 + pages on Ham Radio in space © 1989

AS-SA Please enclose $3.75 shipping & handling $19.95

HAM RADIO’S BOOKSTORE
Greenville, NH 03048
603-878-1441  FAX (603) 878-1951 o _d




HAM
RADIO BOOKSTORE

GREENVILLE, N.H. 03048
(603) 878-1441

NEW BOOKS

UHF COMPENDIUM Part Il and IV
Edi!ed by K Wemer OJIHO

15 one of the mos! long awailded books in Amaleur r*|r1|l I

ook 15 i g ang | vary due to shipping

:!'-I-. a , 1989 151 Eoor )

KW-UHF3 Softhound $29 95 the ObViO us:

1989-1990 ARRL REPEATER DIRECTORY Five models fol antennawind
il el g it loads of up to 25 square feet.

And with up to 9000 in. Ibs.

19H9

AR-RD Softbound $4 95 braking power. Enough to

handle stacked HF *‘Long Johns"
or a full sized 40 meter or VHF

ARRL CODE TAPES y
Four new sets of code practice tapes from ihe ARRL _Eacn set monster. With controller HDR300
et e s cosmbs w0 vy o S| | ‘scoumy uph 1071, Al wth

neae TR stainless steel hardware and Now

::; f:;fs‘*\::'m :::g rugged, weather protected bell 1

AR-3 15-22WPM $9.95 housings. the Hidden Extras:

A4, ARISIR o Amateur rotator tests are as

i - conservatively rated as our
commercial products. It's your
assurance that rotator performance
actually meets the published
specifications. Hy-Gain rotators carry a
full year limited warranty. And we
make them right here in the U.S A. so
parts and service are always readily
available.

THE FABULOUS RADIO NBD
by Brannon wentunnn KELIJ

BH-NIﬁD i Softbound $4 95

NEWNES Radio Amateur

and Listener's Pockel Book
n\r Sleuun Mnney I33FII

f i\
oll i use

CRC-RA Hardbound 519 95

WIRELESS ANTENNA HISTORY

A vertical design primer
n'.- waner Schulz. K3DOF

sfl whitten fusfory of raco s ¢

GL Udf I Softbound §16 .95
All backed by the best Customer Service
HINTS AND KINKS for the Radio Amateur in the industry. For free information and
edited by KBCH & AKTM advice before you buy or for helpful

Dk 5 e PRTVIUEING i pa ke bom R a miow information about installation or trouble
: | shooting call toll free

=Remoe | 180013283771

AR-HK RERREY In Minnesota call 612-887-5528.

NB6RJ'S SECOND OP MANUAL VERSION
S s v TELEX hy-gain
C8-20P $9.95 . P =
K TELEX COMMUNICATIONS, INC.
9600 Aldnch Ave. So., Minneapalis, MN 55420 US A )

w169

Please enclose $3.75 for shipping and handling




HAM MART

Ham Radios guide to help you
find your local Amateur Radio
Dealer

CALIFORNIA

ATECH ELECTRONICS

1033 Hollywod Way

Burbank, CA 91505

(818) 845-9203

New Ham Store and Ready to Make a
Deal!

JUN'S ELECTRONICS
3919 Sepulveda Blvd.
Culver City, CA 90230
(213) 390-8003
(800) 882-1343 Trades
Habla Espanol

COLORADO

ALLIED APPLIANCE & RADIO

4253 South Broadway

Englewood, CO 80110

(303) 761-7305

1 (800) 321-7305 (Orders only)

Rocky Mts Amateur/Shortwave Specialists,
TenJec, Yaesu, JRC-NRD, Sony , MFJ,
KLM, and other fine gear. New and used.
Visa/MC. Antennas, books, discount prices
too!

COLORADO COMM CENTER
525 East 70th Ave.

Suite One West

Denver, CO 80229

(303) 288-7373

(800) 2277373

Stocking all major lines

Kenwood Yaesu, Encomm, ICOM

CONNECTICUT

HATRY ELECTRONICS

500 tedyard St. (South)

Hartford, CT 06114

(203) 527-188t

Call today. Friendly one-stop shopping
at prices you can afford.

DELAWARE

AMATEUR & ADVANCED
COMMUNICATIONS

3208 Concord Pike

Wilmington, DE 19803

(302) 478-2757

Delaware's Friendliest Ham Store.

DELAWARE AMATEUR SUPPLY

71 Meadow Road

New Castle, DE 19720

(302) 328-7728

(800) 441-7008

lcom, Ten-Tec, Microlog, Yaesu, Kenwood,
Santec, KDK, and more. One mile off |-95,
no sales tax.

FLORIDA

AMATEUR ELECTRONIC SUPPLY
1898 Drew Street

Clearwater, FLL 33575

(813) 461-4267

Clearwater Branch

West Coast's only full service
Amateur Radio Store.

Hours Mon -Fri. 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 Mon.-Fri, 9-5:30, Sat. 9-3

HAWAII

HONOLULU ELECTRONICS

819 Keeaumoku Street

Honolulu, HI 96814

(808) 949-5564

Kenwood, ICOM, Yaesu, Hy-Gain, Cush-
craft, AEA, KLM, Tri-Ex Towers, Fluke,
Belden, Astron, etc.

IDAHO

ROSS DISTRIBUTING COMPANY

78 South State Street

PO. Box 234

Preston, 1D 83263

(208) 852-0830

Mon. 9-2; Tues.-Fri. 9-6; Sat. 9-2

Stock All Major Brands

Qver 7000 Ham Related Items on Hand

ILLINOIS

ERICKSON COMMUNICATIONS, INC.
5456 N. Milwaukee Avenue

Chicago, IL 60630

(312) 631-5181

Hours: Mon. - Fri. 9-5:30, Sat. 9-3

INDIANA

THE HAM STATION

220 N. Fulton Avenue

Evansville, IN 47710

(800) 523-7731

(812) 422-0231

ICOM, Yeasu, Ten-Tec, Cushcraft, Hy-Gain,
AEA & others.

MARYLAND

MARYLAND RADIO CENTER

8576 Laureldale Drive

Laurel, MD 20707

(301) 725-1212

(800) 447-7489

Kenwood, ICOM, Ten-Tec, Kantronics. Full
service dealer.

Mon.-Fri. 10-8, Sat. 9-5

MASSACHUSETTS

TEL-COM, INC.

675 Great Road, Rte. 119
Littleton, MA 01460

(508) 486-3400

(508) 486-3040

The Ham Store of New England
You Can Rely On.

MISSOURI

MISSOURI RADIO CENTER
102 NW Business Park Lane
Kansas City, MO 64150

(800) 821-7323

Missouri: (816) 741-8118
ICOM, Kenwood, Yaesu
Same day service, low prices.

NEVADA

AMATEUR ELECTRONIC SUPPLY
1072 N. Rancho Drive

Las Vegas, NV 89106

(702) 647-3114

Dale Porray "Squeak,” AD7K
QOutside Nev: 1 (800) 634-6227
Hours M-F 9-5:30, Sat. 9-3

NEW HAMPSHIRE

RIVENDELL ELECTRONICS

8 Londonderry Road

Derry, N. H. 03038

(603) 434-5371

Hours Mon.-Sat. 10-5; Thurs. 10-7
Closed Sun/Holidays

NEW JERSEY

ABARIS SYSTEMS

276 Qriental Place

Lyndhurst, NJ 07071

(201) 939-0015

Don WB2GPU

ARRL, Astatic, Astron, B&W, Beiden,
Bencher, Hustler, Kenwood, Larsen, RF
Concepts, Tonna and much, much more!
Tues.-Fri. 10AM-7:30PM

Thurs. 10AM-9:00PM

Sat. 10AM-4.00PM

Visa/MC

KJI ELECTRONICS

66 Skytop Road

Cedar Grove, NJ 07009

(201) 239-4389

Gene K2KJI

Maryann K2RVH

Distributor of: KLM, Mirage, ICOM, Larsen,
Lunar, Astron. Wholesale - retail.
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HAM MART

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
280 Tiffany Avenue
Jamestown, NY 14701
(716) 664-6345

Open 8:00 AM till 5:30 PM

Evenings, Saturday and Sunday by appoint-

ment*Western New York's finest Amateur

dealer. Featuring ICOM "The World System.”

OHIO

AMATEUR ELECTRONIC SUPPLY
28940 Eucld Avenue

Wickclitfe, OH 44092 (Cleveland Area)
(216) 5857388

Ohio Wats: 1 (800) 362-0290

Qutside Ohio: 1 (B0O) 321-3594
Hours Mon -Fri. 9-5.30, Sal. 9-3

DEBCO ELECTRONICS., INC

3931 Edwards Road

Cincinnati, OHIO 45209

(513) 531-4499

Mon-Sat. 10AM-9PM, Sun.12Noon-6PM
We buy and sell all types of electronic parts

UNIVERSAL AMATEUR RADIO, INC.

1280 Aida Drive

Reynoldsburg (Columbus), OH
43068

(614) B6G-4267

Featuring Kenwood, Yaesu, lcom,

and other fine gear. Factory author-

ized sales and service. Shortwave

specialists. Near |-270 and airport

PENNSYLVANIA

HAMTRONICS,

Div. of Trevose Electronics

4033 Brownsville Road

Trevose, PA 19047

(215) 357-1400

Same Location for over 30 Years

TEXAS

K COMM dba THE HAM STORE

5707A Mobud

San Antonio, TX 78238

(512) 680-6110

(B00) 344-3144

Stocking all major lines. San Antonio's Ham
Store. Great Prices — Great Service. Faclory
authorized sales and service

Hours: Mon -Fri. 10-6, Sat. 9-3

MADISON ELECTRONICS SUPPLY
3621 Fannin

Houston, TX 77004

(713) 520-7300

Christmas?? Now??

MISSION COMMUNICATIONS

11903 Aleif Clodine

Suite 500 (Corner Harwin & Kirkwood)
Houston, Texas 77082

(713) 879-7764

Now in Southwest Houston—full line of
equipment. All the essentials and extras for
the “"ham.”

WISCONSIN

AMATEUR ELECTRONIC SUPPLY
4828 W. Fond du Lac Avenue
Milwaukee, WI 53216

(414) 442-4200

Wisc. Wats: 1 (800) 242-5195
Outside Wisc: 1(800) 558-0411
Mon.-Fri. 9-5:30, Sat. 9-3

Dealers:

YOU SHOULD BE HERE TOO!
Contact Ham Radio now for
complete details.

ANTENNA SOFTWARE

New Releases

MN 2.00 analyzes free-space antennas 2-3 times faster
than before, with twice as many analysis segments avail-
able. New plotting leatures enhance pattern shape and
detail. Better plot printouts. Analyze almost any antenna
made of wire or lubing, in free space or overr ly-

G5RV
MultiBand Antenna

10 thru 160 Meter
Factory Wired & Tested

modeled earth. Compute forward gain, F/B, beamwidth,
sidelobes, current, impedance, SWR, take-off angle, and
patterns. Compute the interaction among several nearby
antennas. MN includes libraries of antenna and plot files,
a file editor. and extensive documentation. $75.

YO 2.00 features a powerful new gain-F/B-SWR tradeof!
mechanism, optimization across a Irequency band, con-
trol of all sidelobes, and full EGA color  Better designs,
nicer plots. YO optimizes Yagi designs by automatically
adjusting element lengths & spacings for maximum for-
ward gain, maximum F/B, and minimum SWR. YOis ex-
tremely fast, and can compute several trial designs per
second. YO includes models for gamma, T, hairpin, and
beta matches, element tapering, mounting plates, and
frequency scaling. A Yagi library, file editor, and exten-
sive documentation are included. $90.

Upgrade from previous versions for $50 & $60. Add 6%
for California & foreign orders. For IBM-PC

Send check or international money order to:
Brian Beezley, KESTI, 507-1/2 Taylor, Vista, CA 92084

=—— Introductory Pricc ==
; $39.95 plus S?(Shipping ;
— —
Metee. KABWC
Dealer

\3

Visa & Mall: Card

OMEGA
ELECTRONICS

| OPTO lambic Keyer

* Ultra compact 5" x 5%" x 1%2" « OPTO
isolated output * Battery or DC powered * Full
function lambic Keyer » Adjustable speed and

weight » One Year Ace Systems Warranty

wems . CALL TO ORDER -

(814) 965-5937

A Acc Sqetema

RD # 1 Box 83, Wilcox, PA 15870
- We Stock Bencher Paddles -

Authorized Ace Dealers:

4209 Live Oak Road Electronics « KJI Electronics
Raleigh, NC 27604 e o ALE W s vomter
91 9_832—1025 *Continental U.S. Only. PA Residents Add 6% Sales Tax.
w 163
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New Products

(continued from page 85)

are displayed on 6" light bars with 3 percent
resolution. It operates from 1.8 to 30 MHz and
requires 12 volts DC power.

The meter sells for $189.95. An AC adapter
is $15. A free catalog is available from Palomar
Engineers, PO Box 455, Escondido, California
92025. Phone: (619)747-3343.

Circle #309 on Reader Service Card.

ICOM Announces New
IC-2SAT, IC-3SAT, and
IC-4SAT

ICOM introduces its new IC-2SAT 2-meter
mini-handheld transceiver, IC-3SAT 220-MHz FM
transceiver, and iC-4SAT 440-MHz mini-
handheld transceiver.

The IC-2SAT has an easy access keyboard
and built-in rechargeable batteries. Features
include:

e 5 watt power output at 13.8 volts DC

® Built-in NiCd batteries

* 48 memory channels

¢ Quick tuning control

¢ DTMF code memory

¢ Built-in clock

s External DC power jack

The IC-2SAT also has auto power off timer
function, power saver function, and set modes
for numerous settings. Other features include:
ICOM scan functions, priority watch, memory
masking, memory transfer, and tone squelch.
Battery packs and a battery case, chargers,
headsets, and other options are also available.
The suggested retail price is $439.

The IC-3SAT 220-MHz FM transceiver features:

¢ Built-in NiCd batteries

¢ Tuning control and keyboard

* 48 memory channels and one call channel

* DTMF code memory for auto dialing

* Scan functions

e Built-in clock

* External DC power jack with charging

capability

* 5 watt output power at 13.7 volts DC.

IC-3SAT options include: the UT-49 DTMF
decoder unit, UT-50 tone squelch unit, and
the UT-51 programmable tone encoder unit.
Suggested retail price is $449.

The IC-4SAT is a multifunctional handheld
featuring:

e 5 watt power output at 13.8 volts DC

e Built-in clock

e Built-in batteries

* Keyboard and tuning control

* 48 memory channels

» DTMF code memory
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Other features include: an external DC power
jack, handy repeater functions, priority watch,
and a variety of scan functions. Additional
options include the UT-50 tone squelch unit,
UT49 DTMF decoder unit, and the UT-51
programmable tone encoder unit. Suggested
retail price is $449.

For more information contact ICOM America,
Inc., 2380 116th Avenue N.E., PO Box C-90029,
Bellevue, Washington 98009-9029.

Circle #306 on Reader Service Card.

Picture Perfect
Video Digitizer

MFJ Enterprises, Inc. announces the new
MFJ-1292 “Picture Perfect” Video Digitizer for
IBM compatible computers.

The MFJ-1292 is an expansion card for IBM
or compatible computers that lets you plug a
camcorder or video camera into your computer
and use it to capture digitized video snapshots
on floppy or hard disks. Display these digitized
video snapshots on your computer screen and
use your drawing or paint program to add let-
tering, color, graphics, or other enhancements.

MFJ-1292 “Picture Perfect” comes with a
complete software package plus utilities. One
program lets you capture digitized snapshots in
VGA, EGA, CGA, Hercules or Raw Data formats.
You also get programs that let you view your pic-
tures, capture graphics from your screen into the
MFJ-1292 format, convert graphics files to MFJ-
1292 format, and transmit your digitized snapshot
files using your MFJ-1278, MFJ-12708, MFJ-1274,
or other packet radio controller. A contrast and
brightness control unit is included for fine tuning.

The MFJ-1292 sells for $199.99. For more infor-
mation contact MFJ Enterprises, Inc., PO Box
494, Mississippi State, Mississippi 39762. Phone:
(601)323-5869, FAX: (601)323-6551, or order tolf
free by calling (800)647-1800.

Circle #305 on Reader Service Card.

Cushcraft R5 No-ground
Radial Vertical

Cushcraft introduces its new R5 No-ground
Radial Vertical for 10, 12, 15, 17, and 20 meters.
The new RS is the third generation of Cushcraft's
half-wavelength no-ground radial vertical
antenna.

The R5 has optimum current distribution for
low angle radiation and DXing. The antenna is
only 17 feet high. It can be used for portable or
fixed operation and weighs just 9 pounds.

Automatic frequency selection of all five bands
is accomplished with high Q traps and a broad-
band solid-state impedance matching network
that accepts 50-ohm input through a PL259
connector.

The R3S is available through Amateur dealers
worldwide. For details contact Cushcraft Corpor-
ation, PO Box 4680, 48 Perimeter Road,
Manchester, New Hampshire 03108. Phone:
(603)627-7877.

Circle #304 on Reader Service Card.

Update to Russian Phrases
for Amateur Radio

W6HJK has compiled a new 20-page syllabus
for Russian Phrases for Amateur Radio. A 90-
minute audio cassette has also been added to
help with pronunciation.

The booklet provides English words and
phrases for QSOs, accompanied by the Russian
translation and the English transliteration. Sec-
tions on the Russian alphabet, phonetics, CW
characters, numerals, and given names are
included, along with suggestions for address-
ing mail to the Soviet Union.

For more information write to: Russian Phrases
For Amateur Radio, Len Traubman, WBHJK,
1448 Cedarwood Drive, San Mateo, California
94403.

Circle #303 on Reader Service Card.

ICOM Announces New
IC-726 HF/50-MHz
All Mode Transceiver

ICOM introduces the new IC-726. This small,
lightweight HF transceiver allows band opera-
tion from 500 kHz to 30 MHz and 50 to 54 MHz.
Features include:

¢ 100 watts power output

* Wide dynamic range

¢ 26 memory channels

* Ali mode operation

¢ Band stacking registers

The IC-726 also includes 10-Hz digit readout,
a variety of scan functions, and CI-V system for
computer control. Options include an HF auto-
matic antenna tuner and CW narrow filter. The
suggested retail price is $1299.

For more information contact ICOM America,
Inc., 2380 116th Avenue N.E., PO Box C-90029,
Bellevue, Washington 98009-8029.

- Circle #307 on Reader Service Card.



Orlando

March 23, 24, 25, 1990

Orange County Convention & Civic Center

Orlando, Florida
P Free Parking P> Exhibits P> Swap Tables
P> Seminars P FCC Exams P> Meetings

Advance registration before February 23rd $7.00 — $9.00 at Door
Swap-Tables....1 or 2 $37.00 each...3 or more $45.00 each.

1 admission included with each table.
Commercial Exhibits (407) 898-1027 « Tables (407) 645-0132 « Tickets (407) 671-6194

e [ [T IS N I S DR i) i
Sponsored by The Orlando Amateur Radio Club

P.O. Box 547811 -+ Orlando, Fl. 32854-7811 -« (407) 657-9052

PC Slow Scan $149.95 NEMAL ELECTRONICS

*Complete Cable Assembly facilities MIL-STD-45208

A complete siow 2:an television station for your *Commercial Accounts welcome- Quantity pricing * Same day shippu* most orders
18M PC or compatible. Send and receive images *Factory authorized distributor for Alpha, Amphenol, Belden, Kings, Times Fiber
inup to 10 shades of gray depending upon your
graphics card and printer Call NEMAL for computer cable, CATV cable, Flat cable, semi-rigid cable, telephone cable,
Includes: crimping tools, D-sub connectors, heat shrink, cable ties, high voltage connectors.
Demodulator ~ Modulator 75 Page Manual HARDLINE 50 OHM CONNECTORS-MADE IN USA
Software Tutorial Cassette FXA12 1/2° Aluminum Black Jackel..................... 89/ | NE720 Type N plug for Beiden 9913
: FLC12 1/2° Cablewave cor. copper bik [kt ... 1 69/t | NE723 Type N jack for Belden 9913..
Ham transceiver PC with 640K Parallel Pon FLC78 7/8" Cabiewave com.copper bik jkt ... 4 25M | oy aegass Amphencl PL25G .....................
Graphics Card Tape Recorder Serial NM12CC N conn 1/2° com copper m/T ... 2500 | py2sgTs PL25@ teflon ins/siiver plated
S F ts 812, 1?23 34,3648, SBG NM78CC N conn 7/8 com copper m/ ... 5400 | p 2584M Amphencl female-female (barrel).
# COAXIAL CABLES UGT75/UG176 reducer for RG58/58 (specify)..........
X (per ) . |UG210S N plug for RGB 213,214 Silver........ - £ -
1180 BELDEN 9913 very low loss ... v 99 N )GRIA N jack to PL256 sdapler, teflon .. ... 850

1102 RGB/U 95% shield low loss foam ttga o -'"" UG 1484 S0239 fo N plug sdapler, teflon ...

1110 RGAX 05% shield (mind 8) . _’: UG255 50239 to BNC plug sdapter, Amphenoi........4 29
1130 RG213/U 95% shield mil spec NCV ;u < 39 160234M UHF chassis mt receptacie, Amphendi........... B9
1740 AG214/ dbi siver shid mil spec... w185 1 yc88C BNC plug AGSS. 223. 142 145
1705 RG1428/U dbi silver shid, teflon ins ....150
1310 AG217/U 50 ohm 5000 watt dbd shvd ....... 96 | GROUND STRAP-GROUND WIRE (per 1
1450 RG174/U 50 ohm 100" od mil spec ... !9 |GS38 3/8 tinned copper braid ...
GS12 1/2° tinned copper beadd ...
ROTOR CABLE-8 CONDUCTOH GS200 1-1/2° heavy tinned copper braid
BC1822 2-18ga and 6-22ga ............ i 25 | HWOS Bga insulated stranded wire ..........
BC1820 2-18ga and 6-20ga 39 |AW14 14ga stranded Anterna wire CCS .
SOﬂwa[e SYStemS Consuulng Prices do not include shipping, $3 minimum, Visa/Mastercard $30 min, COD add $3.00
1303 S. Ola Vista Call or write for completa price list Nemal's new 40 page CABLE AND CONNECTOR SELECTION GUIDE is available

al no charge with orders of $50 or more, or at a cosl of $4 with credit against next qualifying

San Clemente, CA 92672 . T
it NEMAL ELECTRONICS, INC. 12240 NE 14th Ave. N. Miami . A3161
(?14) 498 5784 (305) 893.3924 Telex 6975377 24hr I-'.-\Xv:JIlS)B‘JS';T;B
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By Tom McMullen, W1SL

ELEMENTARY
ELECTRONICS —
EXPLORING
RESISTANCE

Resistance in an electrical circuit
decreases the flow of electrons. To be
more specific, resistance regulates
electron flow. Resistance is one of the
most useful tools available for controlling
how many electrons flow and where
they go. Also, voltage can be developed
across a resistance, and a series of
resistances can serve as a voltage
divider. The list of resistance applica-
tions is long; I'll examine a few of them.

Electron movement

In order to appreciate what's hap-
pening in a resistor, you need to take
a look at some basic electron theory.
You've been told that: (a) electrons
orbit around a nucleus in an atom,
(o) electrons are very difficult to
dislodge from an orbit, and (c) when
dislodged, electrons move at nearly
the speed of light. Experience with a
multitude of electronic devices tends
to confirm this theory.

Some materials — like lead, copper,
silver, and gold — conduct electricity
very well. This indicates that their elec-
trons are easily dislodged from orbit.
Other substances — like carbon, steel,
nickel, and chromium — conduct
poorly. Still other materials — like glass,
porcelain, and most plastics — don't
allow any current flow to speak of. This
means it's a pretty good general
assumption that the softer metals (cop-
per, silver) have cooperative electrons,
the harder metals (steel, chromium,
carbon) have electrons that tend to stay
in orbit, and the really hard materials
(glass, porcelain) have electrons that
are almost impossible to dislodge.
Plastics, although not physically hard,
have a specialized molecular structure
that makes them good insulators.

Moving the electrons

When you connect a source of
power (like a battery) to a conductive
circuit (a wire), the excess electrons
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available at the negative (=) terminal
try to get to the other, or positive (+),
terminal — which has a scarcity of
electrons. Imagine that you can see the
first atom in a piece of wire, with all its
electrons spinning about the nucleus.
Along comes an electron from the bat-
tery, pushing its way into the crowd.
There's only room for a specific number
of electrons in each atom (described
in the atomic tables found in physics
reference books), so in order to let this
new electron in, one must be bumped
out of place. Because the electrons in
the outer orbit have less physical
attraction to the nucleus than those in
the inner orbits, one of the electrons in
the outer orbit is dislodged. I's interest-
ing to note that the good conductors
(copper, silver, gold) all have just one
electron in their outermost orbit (or
shell). This electron is called a “free”
electron because it's more easily dis-
lodged from orbit than the electrons in
the inner shells. The electrons of the
inner shells are called “bound” elec-
trons and are extremely difficult to
dislodge.

Because an electron without a home
won't survive very long, the bumped

electron immediately dashes over to
the atom next door and joins it. This
dislodges an electron from that atom,
which moves to another atom, and so
on, down the length of the wire (see
Figure 1). Eventually the last atom in
the wire gets bumped, and the most
recently dislodged electron finds a
home in the (+) terminal of the battery.

This process continues until the
imbalance of electrons in the battery
is neutralized and no more current
(electrons) will flow. At this point, the
battery is ‘‘dead.” (Other power
sources, like rectifiers, also provide
excess electrons and accept electrons
from the circuit, but it’'s easier to work
with a simple cell or battery when
exploring basic theory.)

Even though this representation
deals with one atom at atime, remember
that there are millions of atoms in a
piece of wire, and that this action is
taking place in all of them at the same
time — causing a great number of
electrons to move at once. In fact, the
description of a Coulomb (C) involves
the number of electrons that pass a
given point in one second:

1C = 6.28 x 1018 electrons per
second
This also is a current of one ampere.

Controlling the flow

To put the electron flow to use, you
must be able to control the amount of
current flowing in a circuit. If all the
electrons available at the negative ter-
minal of the supply were to rush

FIGURE 1

ELECTRON FROM
POWER SUPPLY —

COPPER ATOM @

OUTER SHELL
{1 ELECTRON)

:"FREE " ELECTRONS]

NUCLEUS
SECOND SHELL
(18 ELECTRONS)

INNER SHELL
(8 ELECTRONS)

In this simplified representation of copper atoms, an electron from an external power source
joins the outer orbit (shell) of an atom, dislodging its ‘‘free’’ electron. That electron migrates
to the next atom, and so on. This action Iis repeated for the length of the wire as long
as the power source povides extra electrons.



RATES Noncommercial ads 10¢ per word;
commercial ads 60¢ per word both payable
in advance. No cash discounts or agency com-
missions 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 should be typewritten or
clearly printed (not all capitals) and must in-
clude full name and address. We reserve the
right to reject unsuitable copy. Ham Radio can-
not check each advertiser and thus cannot be
held responsible for claims made. Liability for
correctness of material limited to corrected ad
in next available issue.

DEADLINE 15th of second preceding
month.

SEND MATERIAL TO: Flea Market, Ham
Radio, Greenville, N. H. 03048.

BEGINNER'S RADIO CLEARINGHOUSE. On a space avail-
able basis, we are going to offer you, OUR SUBSCRIBER,
free of charge, a chance to find a home for your used equip-
ment with a new Ham. Please send us a short description of
what you want to sell along with price, name, address and
phone number, We'll run it once in a special section of the
classified ads under the heading of BEGINNER'S RADIO
CLEARINGHOUSE. Please limit your ad to 20 words or less.

SWAN 500 CX/117XC TRANSCEIVER/PS $250. Kenwood
TS-820S Transceiver $450. David Gater, WD4MWR, 1000 Tar-
pon Ct, Nokomis, FL 34275, (813) 485-8937.

10 Mtr FM Hy-Gain CB Board with instructions $9.95. FM DET
Kit $7.00. 40 channel switch $5.00. Crystal $5.00. SQ/VOL
gots $2.00/pair. All for $24.95 plus $2.00 s/h. MORNING DIS-

RIBUTORS, PO Box 717, Hialeah, FL 33011. (305) 884-8686.

FOR SALE: DX100, NC300. Both excellent condition and
operational. W3SAA. (215) 332-8998.

VHF/UHF MODULES for 6M to 23cm. Catalog. TEC, PO Box
1743, Melbourne, FL 32902, (407) 676-6907.

WANTED: Pre-1942 TRANSMITTER. Any condition or part
considered. Also Hammarlund SuperPro SP-10 thru SP-220.
Bob Mattson, KC2LK, 10 Janewood, Highland, NY 12528.
{914) 691-6247.

STOP BEING STARTLED by those high volume transmissions!
The REGEN-I module automatically maintains the voluma level
oa amateur, business {police, fire, power companies, flest
operators, eic.), CB, marine radios and scanners. The
REGEN-! will amplify low signals as well as attenuate a stron

audio signal to keep volume at a nearly constant level regard-
less of incoming signal strength. The REGEN-| amplifies the
{ow level signals up to 100 times and reduces un-squeiched
FM hiss. The REGEN-I eliminates the need to constantly
manipulate the volume control to compensate for changing
signal strength and modulation levels. Quietly, instan-
taneously, with no turn on delay, amplifies and attenuates!
Ideal choice for Base and Mobile Transceivers and Scanners
where a constant receiver audio level is important for safet:

and convenience. Compatible with sets using AUDI

ATTENUATOR type volume controls (Most transceivers in
usel). Operates from the radio’s power source. 8 to 35 VDC
9 10 ma. Simple instruction included for installation; attaches
with adhesive foam backing. PRICE: $49.95, includes ship-
ping. $10.00 off for prepaid orders received in the mail or by
FAX (Credit card orders)l Must refer to this ad! Master
Card/VISA, MO, Checks OK. No cash or COD's please.
EMULATION ASSOCIATES, 520 Glenbrook Road, Suite 203-
3(') %amtord. CT 06906. SALES: 203-356-1632. FAX: 203-323-

HAM SOFTWARE IBM/Compatibles 10 disks $26.95.
MC/VISA/Discover. NSABV EAPCO/H, Keller, TX 76248-0014.
(817) 498-4242. 1-800-869-7208.

CHASSIS AND CABINET KITS. SASE. K3IWK, 5220 Har-
mony Grove Rd, Dover, PA 17315.

PK232 QUICK REFERENCE. All commands through the
Qctober 1989 firmware revision functionally grouped. Send
%ﬁ)ssto Bryan R. Leipper, KICD, 714 Terra Court, Reno, NV

POLICE/FIREFIGHTER HAMS, Please send your call, name,
address, rank, department name for inclusion in special ros-
ter, available early 1990. Capt. Bob Blakeslee, N2IHQ, 1-1/2
Macomber Avenue, Binghamton, NY 13901.

WANTED: Technical information on Rubidium Frequency
Standards made by Collins/GenRad (0-1622/AFS-81€ Also
interested in spares and parts for two units. Kirk Bailey,
N7CCB, PO Box 1702, Corvallis, OR 97339. (503) 753-9051.

RTTY JOURNAL published 10 times per year for those

interested in digital communications. Read about RTTY,

AMTOR, MSO’S, PACKET, RTTY DX and Contesting. Plus

technical articles concerning the digital mades. $12.50 per

éear (foreign higher). RTTY JOURNAL, 9085 La Casita Ave,
ountain Valley, CA 92708.

CUSTOM MADE EMBROIDERED PATCHES. Any size,
shape, colors, Five patch minimum. Free sample, prices and
ordering information. HEIN SPECIALTIES, Inc., 796G SW
Manitou Trail, Glen Arbor, M) 49636. (616) 334-4385.

IBM-PC RTTY/CW. New CompRtty 1l is the complete
RTTY/CW program for IBM-PC’s and compatibies. Now with
larger buffers, better support for packet units, pictures, much
more. Virtually any speed ASCII, BAUDOT, CW. Text entry
via built-in screen editor! Adjustable split screen display.
Instand mode/speed change. Hardcopy, diskcopy, break-in
buffer, select calling, text file transfer, customizable full screen
Iogg/ilngi:i 24 programmabie 1000 character messages. ideal
for MARS and traffic handling. Requires 256k PC or AT com-
patible, serial port, RS-232C TU. $65. Send call letters (includ-
ing MARS) with order. David A. Rice, KC2HO, 144 N. Putt
Corners Rd, New Paltz, NY 12561.

LET THE GOVERNMENT FINANCE your small business.
Grants/loans to $500,000. Free recorded message: 707-448-
0270. (KHS).

SLEP SPECIALS: Plate transformers for amplifier builders or
replacement, Gonset P/N 271-107 for Models 903, 913 linear
amplitiers, 115VAC/1850V at 500MA, size 5-1/4L x 4-1/4W x
4-1/2H, Wt 18 Ibs, new $37.00, Military USM-207 frequency
counter, late model solid state, eight digit readout, 0-500 MHz,
high stability crystal oven oscillator, size 19"W x 5"H x 17"'D,
Lab quality tested $185.00, Military URM-25H portable sig-
nal generator, 10 kHz thru 50 MHz, calibrated output, ideal
for radio repair $145.00, have quantity, satisfaction guaran-
teed, VISA/MC or check, add shipping, writeg)hone Bill Step,
704-524-7519, SLEP ELECTRONICS COMPANY, Highway
441, Otto, NC 28763.

BEAT THE COLD! Melbourne, FL QTH: 4:2:2 (3100 sq/ft)
house, 1.6+ acres, 220V wired shack with coax races built
in, RHON/25 pad, workshop, pool, sprinkler system, in the
country no restrictions, many tall pines and oaks, easy com-
mute to Cape Canaveral, close to fishing/beaches/shopping,
SAE for details and photos, $209,000. NODH/4.

DIGITAL AUTOMATIC DISPLAYS. Any Radio. Be specific.
Large 453cent SASE. GRAND SYSTEMS, POB 2171, Biaine,
WA 98230.

AVANTEK ATF10135, $12.00, MMIC's, P.C. board, SASE:
WASIAC, 7148 Montague St, Philadelphia, PA 19135.

“HAMLOG" COMPUTER PROGRAM, Full features, 17 mod-
ules. Auto—logs, 7-band WAS/DXCC. Apple $19.95. IBM,
CP/M, KAYPRO, Tandy, C128 $24.95. HR-KA1AWH, POB
2015, Peabody, MA 01960. .

TEST EQUIPMENT—reconditioned (guaranteed), terrific
prices, NBS Calibration available. VISA, M/C, Amex, COD.
ELECTRONIC SURPLUS, INC, 4350 Town Plaza, Suite 203,
Houston, TX 77045. (713) 728-9718.

WANTED: Dentron CM-U. NOBUC, 118 Elizabeth Drive, Aber-
deen, SD 57401.

YAGI BUILDERS. 6061-T6 tube traps. Good for 1500 PEP.
SASE for details. No collect calls. BROWN ENGINEERING
INC, 5501 SW 25th Court, Hollywood, FL 33023. (305) 989-4658.

FREE Ham Gospel Tracts, SASE, Steve Forst, N3FTT, 5133
Gramercy, Clifton Heights, PA 19018.

WANTED: Ham equipment and other property. The Radio
Club of Junior High School 22 NYC, Inc. is a nonprofit organi-
zation, granted 501(C) (3) status by the IRS, incorporated with
the goal of using the theme of Ham Radio to further and
enhance the education of young people nationwide. Your prop-
erty donation or financial support would be greatly appreciated
and acknowiedged with a receipt for your tax deductible con-
tribution. If you call or write today it's not too late to get a 1989
tax deduction. It's easier, faster, and usually more profitable
to donate than to sell. Most important, you're helping. Write
us at: PO Box 1052, New York, NY 10002, Round the clock
hotline: (516) 674-4072.

450 MHz SPECTRUM ANALYZER. Adapted from Nov 85 QST
article by Al Helfrick, K2BLA. Features: Three digit LED cen-
ter frequency digital readout. 12 position calibrated Scan
Width, 1 kHz to 50 MHz, switchable bandwidth; Wide 5 300
kHz, Narrow & 10 kHz. Use your low frequency scope for the
display portion. Switchable 10 kHz video filter. Variable IF

attenuator, LOG output calibrated in 10 db steps. For com-
glete kit, order #450-KIT $459.95 plus $4.50 sth. For assem-

led and tested unit, order 450-AST, $799.95 plus $6.50 sth.
Calif residents add 6% sales tax. Foreign orders add 15% for
shipping. A & A Engineering, 2521 W. LaPalma, #K, Anaheim,
CA 92801, (714) 952-2114.

IMRA International Mission Radio Assaociation helps mission-
aries. Equipment loaned. Weekday net, 14.280 MHz, 1-3 PM
Eastern. Nine hundred Amateurs in 40 countries. Rev. Thomas
Sable, S.J., University of Scranton, Scranton, PA 18510.

FOR SALE: Kenwood R-2000 SW receiver, $400. Ranger
AR-3500 10 meter, 100W mabile XCVR, $300. Both excellent
condition and appearance. Matt, WA1HRE, (203) 693-
0468/693-6596. Leave message.

1989 CALLBOOK - US $14, foreign $17. Only have one copy
each, include SASE in case already sold. Nate Williams,
WOGXR, 6915 Prairie Drive, Middleton, W} 53562.

INTERESTED IN PUBLIC SERVICE? Join your Local Radio
Emergency Associated Communications Team. In Pennsyl-
vania calt (717) 938-6943 or write REACT, 1160 Old Trail Rd,
Etters, PA 17319. .

ANALOG AND RF CONSULTING for the San Francisco Bay
area. Commercial and military circuits and systems. James
Long, Ph.D., N6YB (408) 733-8329.

RUBBER STAMPS: 3 lines $5.00 PPD. Send check or MO
to G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117.
SASE brings information.

ELECTRON TUBES: Receiving, transmitting, microwave... all
types available. Large stock. Next day dslivery, most cases.

AILY ELECTRONICS, PO Box 5029, Compton, CA 90224.
(213) 774-1255.

RECONDITIONED TEST EQUIPMENT $1.25 for catalog.
Walter, 2697 Nickel, San Pablo, CA 94806.

COMING EVENTS

Activities — ““Places to go . . .”’

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICITY
COORDINATORS: PLEASE INDICATE IN YOUR
ANNOUNCEMENTS WHETHER OR NOT YOUR HAMFEST
LOCATION, CLASSES, EXAMS, MEETINGS, FLEA
MARKETS, ETC, ARE WHEELCHAIR ACCESSIBLE. THIS
INFORMATION WOULD BE GREATLY APPRECIATED BY
gg,ﬁ.,B_lYROTHERISISTER HAMS WITH LIMITED PHYSICAL

INDIANA: December 31. South Bend. Hamfest Swap & Shop,
December 31, last day of 1989 BEFORE New Year's Day at
CENTURY CENTER downtown on U.S. 33 ONEWAY North
between Trustcorp Bank Building and river. Four lane high-
ways to door from all directions. Tables: $5/5 ft. Round;
$15/8x2.5 rectangular; $20/8 ft. Wall locations. Qver half acre
on carpeted floor. Electric NO charge— Bring long cord. Talk
in 52, 39, 09, 94, 145.29. Call 219-233-5307, write Wayne
Werts, K91XU, 1889 Riverside Drive, South Bend, IN 46616.

FLORIDA: January 20. The 10th annual Citrus County Ham-
fest sponsored by the Sky High ARC, National Guard Armory,
Crystal River. Open to public 9 AM. Exhibitors 7 AM. Tickets
$4/advance by Dec. 20 and $5 at door. XYL's free with OM.
Contact Del Siocum (904) 726-0725 or write SHARC Hamfest,
3101 E. Oakton, Hernando, FL 32642 for tickets, tables, flea
market space or info.

NEW YORK: January 21. Electronics Fair and Giant Flea Mar-
ket sponsored by the Metro 70cm Network, Lincoln High
School, Kneeland Avenue off Yonkers Avenue, Yonkers.
Setup 8 AM. Public 9 AM. Rain or shine. Admission $3. Tables
$12. Contact Otto Supliski, WB2SLQ, 53 Hayward St, Yon-
kers, NY 10704. (914) 969-1053.

MISSOQURI: January 27. The St. Louis Repeater Club’s "‘Win-
terfest”’, Stratford House, |-44 just west of 1-270. 9 AM to
3 PM. Sellers admitted 7 AM. Features VE exams, indoor flea
market and refreshments. Admission $1.00 per person.
$56/selling space. For reservations and information call
WAOFQK. (314) 351-7732.

YOUTH LINK NET, Open to all Hams under age 18. Satur-
days at 2000 UTC, 28.425 MHz. For more information con-
tact Net Control, George Manning, WB5NMH, 602 Glendale
St, Burkburnett, TX 76354.

FREE 1989-90 Florida two meter repeater directories are cur-
rently being distributed by the Herando County Amateur
Radio Assn. of Brooksville, FL. Ask for one at any official
Florida Welcome Center or SASE to Repeater Directory, Her-
nando County ARA, POB 1721, Brooksville, FL 34605-1721.

LAUREL ARC monthly {(except December) Amateur exam ses-
sions for all license classes. No fee is charged. Pre-registration
is required. Call (301) 725-1212, Maryland Radio Center, 8576
Laureldale Drive, Laurel, MD 20707,

AMATEUR RADIO CLASSES: For those people interested
in obtaining a Novice (basic level) Ham license or upgrading
to Tach/General, the Chelsea Civil Defense, in cooperation
with QRA Radio Club, will sponsor Amateur Radio Commu-
nications classes evenings at Cheisea High School starting
MARCH 7, 1989. For more information write Frank Masuccl,
K1BPN, 136 Grove Street, Chelsea, MA 02150. Please
enclose your telephone number.



through the circuit immediately, you
would quickly have a dead battery,
and the wire would probably vaporize
in a bright flash (more on this later).

Reducing the size of the wire is one
method of controlling current flow, but
this really isn't practical. A piece of wire
the size of a hair still contains several
million atoms in a cross section. By
selecting your materials carefully, you
can build a current-restricting device.
Interestingly enough, it's called a
resistor because it resists the flow of
electrons.

One of the most common resistor
materials is carbon — a very hard sub-
stance. By carefully controiling the
mixture of carbon with other materials,
and the size and shape of these
materials as they are combined in the
resistor, you can tailor resistance to
suita particular need. Smaller numbers
of electrons moving through a circuit
will be admitted into a carbon-
composition structure, allowing fewer
electrons to flow at any given time.

Early resistors were simple rods
made of carbon and some type of
cementing material. Some were 1/4 inch
in diameter and 1 or 2 inches long;
some were the size of the lead in a
pencil and 1/2 inch or less in length.
These carbon rods had wires wrapped
around their ends and were glued in
place with conductive paste. Later
models had a similar rod structure, but
used a crimped brass or copper cap
on the end; wires were either welded
or soldered to the caps. Modern day
resistors come in a variety of sizes —
some are still 1/4 inch or more in
diameter, while others are tiny chips
less than 0.1 inch square. There are
also variations in the materials used.
Carbon-composition resistors are still
the most widely used type (see Figure
2). There are also metal film resistors
made of a very thin metallic fiim
deposited on a ceramic or glass base
with attached leads. Some resistors are
made out of ceramic tube covered
completely with resistive material, with
portions of the material etched away
in a spiral path to obtain the desired
resistance.

Using resistance

Resistance has so many uses that
| can’t begin to discuss them all here.
Let’s look at some of the most common
ones.

Current limiting. A resistor placed in
an electrical path limits the number of
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FIGURE 2
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A cut-away view of a carbon-composition
resistor. The composition determines the
resistance and the physical size determines
the heat (power) dissipation capability of
the resistor.

FIGURE 3

N
+o——w >t
100-2000  LED
5v
-o

A resistor in series with an LED serves to
limit the current flow through the LED, thus
preventing the diode from burning out.

FIGURE 4 '

A resistor in series with the collector of a
transistor limits current flow. At the same
time, it provides a voltage change that varies
with the drive signal applied to the transis-
tor base.

electrons (current) that can flow, thus
protecting the device in the circuit from
being overheated by excess current.
A good example of this situation is
the resistor that's almost always used
in series with an LED indicator (Figure
3). The LED, being a diode, will con-
duct at approximately 0.45 volts. But
most of the circuits using LEDS have
a 5-volt supply. The series resistor limits
the current that can flow in the diode,
and also drops the supply voltage to
the level the diode needs to conduct
and illuminate. Transistors and vacuum
tubes require a similar protection
scheme to prevent the burnout that
results from too much current flow.

Current-restricting resistors can be
used in another way. As shown in Fig-
ure 4, the resistor between the supply
voltage and the transistor collector will
fimit the current flow and, in doing so,
will cause a voltage difference between
one end and the other. Because voltage
is related to current flow and resistance
(Voltage = Current x Resistance), you
can change the voltage across the
resistor by changing the current flow.
This is how a “signal” is developed.
Changing the driving signal to the base
causes the transistor to conduct more
or less, changing the current flow and,
in turn, creating more or less voltage
across the resistor. This voltage change
is thus a larger (amplified) replica of the
input signal to the transistor.

Voltage divider. Sometimes you
need a voltage less than that available
from the supply. Conveniently, several
resistors can be placed in series to pro-
vide a selection of voltages at each
junction (see Figure 5). Note that the
total current flow is determined by the
total resistance in the circuit (R1 + R2
+ R3 + R4, and so on), while the
voltage across each resistor is deter-
mined by the current flow and the
resistance of that individual resistor (I
x R). Also note that the sum of all the
voltages must equal the supply voltage
— nothing is lost or unaccounted for.

Current divider. What can you do
when the available resistors can't han-
dle the current flow? Place two or more
resistors in parallel so the current flow
is divided among them (Figure 6). For
instance, say you have a circuit that
must dissipate 2 watts of power (Watts
= Current x Voltage), but you have

FIGURE 5
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Several resistors in series provide a voltage
divider. Note that the voltages shown are for
the resistor only. Any load connected to a
voltage point will use extra current, which
will decrease the voltage at that point.
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ICOM

IC-781

HF Equipment List  Jun's

IC-781 Super Deluxe HF Rig $500500 Calls
IC-765 New, Loaded with Fealures 314900 Call$
IC-735 Gen. Cvg Xcvr 09900 Call$
IC-751A Gen. Cvg. Xcvr 169900 Call$
IC-725 New Ultra-Compact Xcvr 94900 Cals
IC-575A 10mBm Xcvr 139900 Call$
IC-726 HFIS0 MHz All Mode 129900 Call$
Recelvers

1C-R9000 100 kHz to 1999.8 MHz 545900 Call§
IC-R7000 25-1300 + MHz Rcvr 119900 Calls
IC-R71A 100 kHz-30 MHz Rcvr 99900 Call$
VHF

1C-22BA/H New 25/45w Mobiles
IC-275A/H 50/100w All Mode Base 12691399 Call$
IC-28A/H 25/45w, FM Mobiles 469/499. Call §
IC-2GAT, New Tw HT 42095 Call$
IC-2SAT Micro Sized HT 43900 Call$
IC-801 New Remote Mount Mobile 1199.00 Call$
UHF

IC-47T5A/H 25/T5w All Modes 1390.1599. Call§
IC-48A FM Mobile 25w Call s
IC-4ASAT Micro Sized HT Call §
IC4GAT, New Bw HT Call'§
ICO4AT FM HT Calls
IC-32AT Dual Band Handheld Call §
1C-3210 Dual Band Mobile Call
1C-2500A FM, 440/1.2 GHz Mobile i Call§
IC-2400 144/440 FM Call
220 MHZ

IC-3SAT Micro Sized HT . Call §
IC-375A All-Mode, 25w, Base Sta Call$
IC-38A 25w FM Xcvr Call s
1.2 GHz

IC-12GAT Super HT Call§

509/539. Call$

KENWOOD YAESU

TS-940S8

HF Equipment List

TS-9505D New Digital Processor HF $4399.95
TS-9408/AT Gen. Cvg Xcvr $2499.95
TS-4405/AT Gen, Cvg Xcvr 144995
T5-1405 Compact, Gen, Cvg Xcvr 949 95
TS-680S HF Plus 6m Xcvr 1149.95
TL-822A HF Amp 1749.95

Recelvers

R-5000 100 kHz-30 MHz 1049.95
R.2000 150 kHz-30 MHz 790.95
RZ-1 Compac! Scanning Recv 599.95

VHF

TS-7T11A All Mode Base 25w 1059.95
TR-751A All Mode Mobile 25w 660.95
TM:231A Mobile 50w FM 459.95
TH-215A, 2m HT Has It All 399.95
TH-25AT 5w Pocket HT NEW 369.95
TM-TI1A 2miTOcm, FM, Mobile 74995
TM-621 2mi220, FM, Mobile 729.95
TM-TO1A 25w, 2m/440 Mobile 599.95
TH-T5A 2miTOcm HT TBA

UHF

TS-811A All Mode Base 25w .265.95
TR-851A 25w SSBIFM 771.95
TM-431A Compact FM 35w Mobile 469.95
TH-45AT 5w Pockat HT NEW 389.95
TH-55 AT 1.2 GHz HT 524.95
TM-531A Compact 1.2 GHz Mobile 569.95

220 MHZ

TM-3530A FM 220 MHz 25w 519.95
TM-321A Compact 25w Mobile 469 .95
TH-315A Full Featured 2 5w HT 419.95

FT-767GX

HF Equipment List  Jun's
FT.747 GX New Economical
Perlormer

FT-757 GX Il Gen, Cvg Xcvr

FT-767 4 Band New

FL-7000 15m-160m Solid State Amp
Recelvers

FRG-8800 150 kHz - 30 MHz 78400 Call$
FRG-9600 60-905 MH 2 B08.00 Call$
VHF

FT-411 New 2m “Loaded” HT 40600 Call$
FT-212AH New 2m, 45w Mobile 49900 Calls
FT-290R All Mode Portable 61000 Call§
FT-23 RITT Mini HT 35100 Call$s
FT-33RTT 220 MHz HT 37300 Cals
FT-73RAMT T0cm HT 35500 Calls
UHF

FT-712RH, 70cm, 35w Mobile 53600 Cals
FT-811 70cm built-in DTMF HT 41000 Calls
FT-790 ANl 70cmi25w Mobile 68100 Calls
VHFIUHF Full Duplex

FT-736R, New All Mode, 2miT0cm 2025.00 Call$
FEX-736-50 6m, 10w Module 20400 Calls
FEX-736-220 220 MHz, 25w Modulz 32200 Calls
FEX-736-1.2 1.2 GHz, 10w Module 58900 Call$
FT-890R MKII, 6m, All Mode, port 75200 Call$
Dual Bander

FT-47T00RH, 2m/440 Mobile 99600 Call$
FT-470 Compact 2m/70cm Mobile 57600 Calls
FT-690 R/l 6m/10w Mobile 49700 Call$
Repeaters

FTR.2410 2m Repeaters
FTR-5410 7T0cm Repeaters
Rotators

G-400RC light/med. duty 11 sq 1t 24200 Cahs
G-BDOSDX med./hvy, duty 20 sg It 39000 Calls
G-B005 same/G-B0OOSDX wio presels 32200 Cals

$889.00 Call§
128000 Call$
229900 Call§
227900 Call$

115400 Call$
1154.00 Call$

A0 ALINCO ﬂ"‘s""’":-"“ K2 Kantronics MF) lkDr\ce-'pU MIRAGE/KLM +e systems

JUN’S BARGAIN BOX
HAPPY NEW YEAR SPECIALS!!!

INSTANT CREDIT WITH ICOM PREFERRED

CUSTOMER CARD

JUN'

FAX 213-390-4393

U.S. AMATEUR RADIO MAIL LISTS

Labels, floppy disks, CD-ROM, mag tape
* Newly licensed hams
* All upgrades
* Updated each week

BUCKMASTER PUBLISHING
Route 3, Box 56
Mineral, Virginia 23117
k?D:ﬁBQ‘-SW? visa/mc 8001232—5528)

w166

(@)

ICOM
IC-28H, 2M Mobile
Sale $409.95
List $499.00

IC-2AT, 2M H/H
Sale $249.95
List $319.00

KENWOOD YAESU

Overstock Sale

TM-3530A, 220 MHz Mobile
Sale $349.95
List $519.95

TM-231A, 2M Mobile
CALL List $459.95

FT-4700RH 2M/440 Mobile
CALL
List $996.00

FT-470 Compact
Dualband Mobile
CALL List $576.00

((213)390-8003 2},

ﬁ“\$ %‘“&\“ NO TUNERS!

NO RADIALS!
NO RESISTORS!
NO COMPROMISE!

FOUR EXCELLENT REVIEWS JUST
DON'T HAPPEN BY CHANCE.
CALL US FOR A FREE CATALOGUE.
*See review in Oct. 73, 1984 *Sept. 73, 1985
*March 73, 1986 *Dec. 88, CQ
BILAL COMPANY
137 Manchester Dr.
Florissant, Colo. 80816
(719) 687-0650

w167

NEW!
The classic “Antenna Bible”
now In a thoroughly-revised, much-enlarged
edition

ANTENNAS

2nd edition
by John Kraus, W8JK
Ohlo State University
Covers both theory and its applications 1o practical
systems. With design formulas, tables and refer-
ences. Over 1000 illusranons
*Modern, complete, a classic®, Microwave Journal
917 pages, hardcover. $51.95
Add $2.50 per book for shipping and handling U.S.,
$5.00 elsewhera
CYGNUS-QUASAR BOOKS
P.O. Box 85, Powell, Ohlo 43065
Tel. 614-548-7895
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only 1-watt resistors. Use two resistors
of equal value in parallel. Because half
the current is flowing in each resistor,
each is now dissipating (passing current
without overheating) 1 watt. However,
in order to have the same voltage
across the pair, you must use resis-
tance values that are twice that of one
resistor. This is because resistors in
parallel decrease the effective resis-
tance according to the formula:
R(total) = 1/((1/R1)+(1/R2)+(1/R...)).
There are a couple of interesting
rules involved here. First, the voltage
isthe same across all resistors. Second,
if the resistors aren't the same value,
the resistor with the lowest value will
carry the most current (see Figure 7).
It's also interesting to note that the total
current in the circuit is the sum of all
the currents in the branches: I(total) =
I(R1) + I(R2) + R...). ‘
The current-divider principle can
provide a very accurate means of find-
ing an unknown resistance. This is
called a “bridge” circuit or sometimes
a “Wheatstone” bridge (see Figure 8).
The circuit is made up of four resis-
tors: R1 and R2, which are of the same
value; R3, which is variable with a
calibrated dial, and Rx, which is an
unknown value. If the resistance values
are the same on both sides of the cir-
cuit (R1 + R3 = R2 + Rx), then the
current flow is equal for both sides. A
very sensitive meter (usually a
microammeter) is connected across
the bridge; it won't show any reading
when the two sides are balanced. If Rx
is not equal to R3, then the current flow
is not equal in both sides of the bridge,
and the meter will deflect toward either
R3 or Rx — whichever has the lowest
resistance. Determine the value of Rx
by changing the value of R3 until the
meter shows a zero (center) reading,
then reading the value of R3 from the
meter’'s dial. This principle is used in
electronic circuits from detectors to
mixers to SSB generators, along with
S-meter circuits, and many more.
Variations of this circuit work with
measuring inductance, capacitance,
and impedance, and with AC or DC
currents.

Hidden resistance

Sometimes resistance isn't obvious.
This hidden resistance may be either
a help or a hindrance. Another name
for hidden resistance is internal resis-
tance. An example of "good” internal
resistance is illustrated in the battery
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FIGURE 6
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Resistors in parallel allow the current flow to be divided between them.

FIGURE 7
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Unequal resistors in parallel carry unequal currents, but the total current is the sum of
all the currents. Add the totals of R1, R2, and R3 to find the I{total).
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A “‘bridge’’ circuit is useful for many things,
including finding the precise value of an
unknown resistor (Rx). See text for a
description of how the circuit works.

and wire experiment in last month's
column. Fortunately, the battery has an
internal resistance that's large enough
to keep infinite current from flowing.
Otherwise, the wire would have vapo-
rized — along with the compass, your
fingers, and perhaps a good chunk of

the workbench. This battery internal
resistance results because the chemi-
cal (electrolyte) in the battery is able to
“liberate’” only a limited number of free
electrons and make them available to
external circuitry. The down side is that
this same resistance limits the available
current. This means that when your cir-
cuit needs more current, you have to
use a physically larger battery.
Internal resistance makes things
complex in ordinary meters — like volt-
meters, ammeters, and ohmmeters.
These are all basically current-
measuring devices, with resistance
networks and calibrated scales that
allow you to interpret their reading in
volts, amperes, or ohms. The most
common type of meter uses a very
small coil of fine wire placed between
the poles of a magnet. When current
flows, a magnetic field is generated
which reacts with the magnet. The
resulting "push” between the two mag-
netic fields causes the coil and its
attached pointer to move to the loca-
tion where the force of the field is
balanced with that of a small spring
attached to the pointer. This small wire



has resistance which limits the current
flow. This is good because it helps pre-
vent the meter's coil from burning out.
However, this resistance must be taken
into account when the meter is
manufactured and calibrated, and
adjustments must be made in the resis-
tor network to obtain accuracy. You,
too, will have to account for this inter-
nal resistance if you ever try to
recalibrate the scale of a meter by plac-
ing it in series with another well-
calibrated meter. All electronic devices
have internal resistance, which often
provides protection against excess cur-
rent flow. In most cases, this resistance
is also necessary to make the device
work. Just remember that it exists and
allow for it in your circuitry whenever
precision is vital.

In summary, resistors play an essen-
tial part in the world of electronics and
can provide material for some fascinat-
ing experiments in how electrons
behave. Pick up a grab bag of resis-
tors at your next hamfest and try some
circuits — series, parallel, series and
parallel, and bridge — to see what
happens when you use various values
and combinations.[[l§

FREE CATALOG!

Features Hard-to-Find Tools
and Test Equipment

Jensen's new catalog features hard-to-
find precision tools, tool kits, tool cases
and test equipment used by ham radio
operators, hobbyists, scientists, en-
gineers, laboratories and government
agencies. Call or write for your free copy

L-------

today.
JENSEN" Eé’f’é Eig; Stoet
s 5044
TOOLS INC. | (602 5666231
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» M

WE SHIP WORLOWIDE

For the best buys in town calr:l
212-925-7000
Los Precios Mas Bajos en Nueva York

>/ WE SHIP WORLDWIDE!

WIDE AMATEUR RADIO SINCE 1950
Your one source for all Radio Equipment!

“ Barry Electronics Corp. |
\

KITTY SﬁY'SI WE ARENOWOPEN 7 DAYS AWEEK

Saturday & Sunday 10 to 5 P.M.
Monday-Friday 9 to 6:30 PM Thurs. to 8 PM

Come to Barry's for the best buys in town

.- ONV Safety

belts-in stock IC-ATIA, TS1A TR, 28AM, 38A. 48A, Micro2ia

R.7000. IC-765, IC-3THA, 2TSAIH, 3210A
ATSAM. TXS G901, IC-228M, ICT2S, IC-24004 |
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FRG-8800, FT-736R, FRG-9600, FT-1020,
FT-4700RH, FT 212/7T12RH, FT-470
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LARGEST STOCKING HAM DEALER
COMPLETE REPAIR LAB ON PREMISES

New York City’s

‘““Aqul Se Habla Espanol”’
BARAY INTERNATIONAL TELEX 12.7670
| MERCHANDISE TAKEN ON CONSIGNMENT

Astatic, Astron, BAK. BAW, Bencher, Bird, Butternut, CDE, CES, Cushcrafl,
Daiwa. Eimac, Honry, Hml, Hustier, Hy-Gain, lcom, KLM, Kantronics, Larsen,
MUIF, JW. Miller, Mirage, Nye, Palomar, AF Products, Saxton, Shure,
Tempo, Ten-Tec, TUBES, Yaesu, Vibroples, Duplexers, Repeaters, Scan-
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1500 + WATT TRANSMATCH KIT $169.95
$ OTHERKITS
G3RUH, PSK Packet Modem............. $111.00
G3RUH, OSCAR 13 Telemetry Demod. . . ... $144.95
QRP 20, 5w, 20 meter Transceiver (HR 1/89).$124.95
QRP 15, 5w, 15 meter Transceiver.........$129.95
W1FB 160/80 Pre Amp (QST 8/88). .......... $22.95
K9CW Memory Contest Keyer............$109.00
Yaesu FRG-9600, .1 to 60 MHz Converter. . ..$84.95
20m CW, 15w Transceiver (H.R.6/87)....... $159.95
S50W 75M SSBSCVR......ciaivnenes ...$179.95
BASIC KIT—INDIVIDUALITEMS  Factory Wired
1-rotary inductor 28uh............ $59.00 Ccomplete Ameritron/Ten-Tec Line........ .CALL
261 balldrives. .............. $13.00ea. BAW PT-2500A AMD. .. ...ooveeeenennn. $1.670.00
1-0-100 turns counter............$65.75 B&W VS 1500A Tuner................... $388.00
1-turns counter, economy (Groth)...$19.95 Neal.Tech DVK-100A (Free Repeat Option). . . $269.00
2-variable capacitors Visit Our New Store At
25-245p14500v............. $44.00ea. 15 Londonderry Rd. Unit 8 Catalog s:.cnow
, New Hampshire VISA/MasterCal
OPTIONS — Londonderry P
enclosure (pictured in Sept. 86 CQ)..$78.00 RADIOKIT ¢ P.O. Box 973 Shipping Extra
41balunkit.....................32250 Pelham, NH 03076 = (603) 437-2722
dials, terminals, chassis, ceramic standoffs, hardware, loroids, amp components, B&W coil stock, etc.
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2x4Z BASE
REPEATER
ANTENNA

THE HIGHEST GAIN
DUAL BAND
BASE/REPEATER ANTENNA

HIGH POWER 200 WATTS

CENTER FREQUENCY
146.500 MHz
446.500 MHz

GAIN:

VHF - 8.2dB

UHF - 11.5dB

VSWR - 1.-1.2 or less

CONNECTOR:
N TYPE FEMALE

LIGHTNING PROTECTION
GROUNDED DIRECT

LENGTH: 16 FT.
WEIGHT: 5LBS. 30Z
WIND LOAD: 90 MPH
MOUNTING: UP TO 2 IN.
MAST

CAN SIMULCAST ON
BOTH BANDS

WATERPROOF
CONNECTING
JOINTS

UPS SHIPPABLE

AMATEUR SPECIAL

1275 NORTH GROVE ST.
ANAHEIM, CALIF. 92806
(714) 630-4541

CABLE: NATCOLGLZ
FAX (714) 630-7024
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ADVERTISER’S INDEX AND READER SERVICE NUMBERS

Listed below are the page and reader service number for each advertiser in this issue. For more information on their
products, select the appropriate reader service number make a check mark in the space provided. Mail this form to
ham radio Reader Service, |.C.A., P.O. Box 2558, Woburn, MA 01801.

Name

Call

Address

State Zip

City

*Please contact this advertiser directly.

Please use before February 28, 1990.

We’'d like to see your company listed here too. Contact Martin Durham at 603-878-1441 or
FAX 603-878-1951 to work out an advertising program tailored to suit your needs.

READER SERVICE # PAGE #
132 - Ace Communications, Monitor Div................... 47
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_____164 - Ace Systems
___111 - Advanced Computer Controls ..

159 - Advanced Receiver Research.......................... 84
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* - Barker E WIllIAmSON ............cooueverevrrreriinnere 26
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____167 - Bilal Company
* - Brian Beezley, KESTI ..
* . Buckmaster Publishing
___149 - Buckmaster Publishing
____150 - Buckmaster Publishing
162 - Buckmaster Publishing..
___ 166 - Buckmaster Publishing..
___.108 -C&S Sales
____124 - Communication Concepts, Inc ... 43

____118 -Communications Specialists .................cc.... 35
141 - CONAC BASL......oeoeoeeeeeeicrisenesecerieraenmseceons
___140 - Crystek Crystals
_.__106 - Cushcraft Corporation ...
168 - Cygnus-Quasar BOOKS ..........cccvierencninciiinc 95
* . Dayton Hamvention
_____156 - Didah Publishing ....
* _ Digital Digest

____125 - Doppler Systems .
____134 - Doug Hall Electronics ...........coconininiinins 48
152 - Down East MiCrowave.................ocvneimnininininn

*. Engineering Consulting ...
____130 - Fair Radio Sales.........
____146 - Franklin-Belle Publishers ..
142 -Ham Radio Outlet..............ccoeiiviiniiinn,

* . Ham Radio’s BOOKSIOre.....................

___144 -Hamtronics, NY ...
* . Hamtronics, PA ...

* . Heath Company ..

*

102 - ICOM AMerica, INC........ccoooiiviiriiiieee Cil
____147 -Jan Crystals
171 - Jensen Tools Inc..

175 -Jun's Electronics ...
305 - KANONICS. ... 15
135 -KComm, The Ham Center......................os 52
* . Kenwood USA Corporation
____117 - Madison Electronics Supply ...
*. Maggiore Electronic Laboratory ..

READER SERVICE #

138 - Glen Martin Engineering, InC............................ 52
___104 - MFJ Enterprises
_....120 - Micro Control Specialties

__._173 - Missouri Radio Center .
143 -Mobile Mark INC ... 62
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__ 172 -NCG

* - Nemal Electronics
127 - Nuts & Volts. .
_ 107 -Wm. M. Nye Co.INC......ccccoooiiciiiiiniaininn. 19

161 -Omega Electronics .............c..cccereercreeririnnnns 84
__ 163 -Omega EIeCtronics ..........c.c.ccovriceciaeareannnns 89

_ 174 - OPTOelectronics
> . N .
- Orion Business International, Inc..

* - Orlando Hamcation
—.— 109 - P.C. Electronics...............ccocvecriiuriiniiciic e
139 - Pac-Comm Packet Radio Systems, Inc. ..

___131 - Palomar Engineers ..

_...121 - Periphex Inc
e 170 = RAIOKIL. ... 97
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__...157 - The RF Connection
___158 - Rutland Arrays
116 - Software Systems
165 - Software Systems
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___ 122 -Tel-Com
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—_303 -Len Traubman, WEBHUK. ... 90

___305 - MFJ Enterprises
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TS-950SD
TRANSMIT THE ULTIMATE SIGNAL
* Digital Signal Processing
» Dual Frequency Receive
= Digital AF Filter + 100 Memories
CALL FOR DETAILS AND
ORDER TODAY!

KENWOOD

TS-140S AFFORDABLE DX ing!

* HF Transceiver With
General Coverage Receiver

= All HF Amateur Bands

* 100 W Qutput

= Compac!, Lots of Features

KENWOOD

KENWOOD
SPECIALS

TS-440, Compact HF
TS-140, Affordable HF
TS-680, HF Plus 6'Meter
TM-231, 2 Meter Mobile
TM-731, Dualband, FM
TM-701, 25W, 2M/440 MHz
TH-75, 2M/70cm HT

s0Z2 rr»0

uniden

HOT WINTER SPECIAL

HR-2600 10 Meter Mobile

5229.95 Delivered

Great Deals On Scanners Too!

DEPENDABLE SERVICE

AT THE RIGHT PRICE. .. EVERYTIME

FT-1000
THE BEST OF THE BEST

* 200 Watts Output

* All Amateur Bands

» Dual Receive

* DDS-Direct Digital Synthesis

CALL FORALL THE DETAILS!

YAESU

m

FT-736R vHr.UHF BASE STATION |

* SS5B, CW, FM on 2 Meters
and 70 cm

* Optional 50 MHz, 220 MHz or
1.2GHz

= 25 Watts Oulpul on 2 Meters,
220 and 70cm

* 10 Walts Output on 6 Meters
and 1.2 GHz = 100 Memories

YAESU

# FT-470

COMPACT DUAL BAND
FM HANDHELD
(ZMITOCM)

21 Memories for Each Band
Dual VFO's for Each Band
Up to 5 Watts Power
Builtin CTCSS

Bullt-in 10-Memory DTMF
Autodialer

PK-232
MULTI-MODE TNC
» AMTOR, ASCII, Baudot, CW,
FAX, NAVTEX, Packet
« PAKMAIL™ Mailbox With
Third Party Traftic
* Two Radio Ports

THE ORIGINAL MULTI-MODE TNC

IC-765 NEW HF TRANSCEIVER

* Built-in Automatic Antenna
Tuner and Power Supply

* 99 Memories * 100 W Output

* 160-10M/General Coverage
Receiver

* Band Stacking Registers

IC-725

|COM NEW ULTRA COMPACT
HF TRANSCFVER

* USBILSBICW, AM Receive
Optional Module for AM
Transmit and FM TX/RX
= 160-10M Operation = 100 W Output
* Receive 30 kHz to 33 MHz
= 26 Memories with Band
Stacking Registers

o]
ICOM |c.2aarw

COMPACT DUAL BAND, FM

* 140-150 MHz;
440-450 MHz

* 5W Qutput

* Crossband Full
Duplex

* 40 Double-Spaced
Memories

* 4 DTMF Code Memories

CHECK OUT ALL THE FEATURES!

MIRAGE/KILM

AMPLIFIERS

» High Gain, Low Noise
GaAsFET Pre-Amps

* High VSWR Protection

* Over Power Shutdown

* High Speed RF
Switching Relays

* Made In USA

WANTED: QUALITY USED GEAR, CASH OR TRADE

DR-570T
VHFIUHF TWIN BANDER
= 45W on 2MI35W on 70cm
* Receive on both
Bands at Same Time
* Extended Receiver Range
* More Features for the Money
Than Anyone Else
CALL TODAY!

AL-80A AMPLIFIER
* Full Kilowatt Output
* 160-15 Meters
» 3.500 Z Tube tor Maximum Life
» Precise and Easy Tuning
» Step-Start Inrush Protection™

SPECIAL SALE!

$49 = RS35M
$70 = VS35M
= AS20A $89 = RS50A
* AS20M  $109 + RS 50M
* VS20M  $124 = AM50M
» AS35A  $139 = VS50M

saLe \iF)

LARGEST STOCK OF ALL
YOUR MFJ FAVORITE
ACCESSORIES
CALLTODAY FOR
BEST PRICE

MFJ-1278
Multi-Mode Data Controller
CALL FOR EXTRA SAVINGS
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You Have Counted on Us for 15 Yea

You have counted on OPTOELECTRONICS
Hand Held Frequency Counters to be the
best quality, to be affordable and reliable.
We have been there for you with Frequency
Counters that are compact and ultra sensitive.

ey

And more and more of you are counting on

us, technicians, engineers, law enforcement
officers, private investigators, two-way radio
operators, scanner hobbyists, and amateur

radio operators, just to name a few.

Hand Held Series Frequency Counters and Instruments

MODEL 2210 1300H/A 2400H CCA cCCB |
RANGE: FROM 10 Hz 1 MHz 10 MHz 10 MHz 10 MHz

TO 2.2 GHz 1.3 GHz 2.4 GHz 550 MHz 1.8 GHz
APPLICATIONS General Purpose RF Microwave | Security Security

Audio-Microwave -

PRICE $219 $169 $189 $299 $99
SENSITIVITY
1 KHz < 5mv NA NA NA NA
100 MHz < 3mv < 1mv < 3mv < .5mv < 5mv
450 MHz < 3mv < 5mv < 3mv < 1mv < 5 mv
850 MHz < 3mv < 20 mv < 5mv NA < 5myv
1.3 GHz < 7myv < 100mv| < 7mv NA < 10 mv
2.2 GHz < 30 mv NA | <30mv_ | NA | < 30mv
ACCURACY ALL HAVE +/-1 PPM TCXO TIME BASE.

All counters have 8B digit red .28" LED displays. Aluminum cabinet is 3.9” H x 3.5" x 1". Internal Ni-Cad batteries
provide 2-5 hour portable operation with continuous operation from AC line charger/power supply supplied. Model
CCB uses a 9 volt alkaline battery. One year parts and labor guarantee. A full line of probes, antennas, and accessories
is available, Orders to U.S. and Canada add 5% to total ($2 min, $10 max). Florida residents, add 6% sales tax.
COD fee $3. Foreign orders add 15%. MasterCard and VISA accepted

Orders to U.S. and Canada add 5% to total ($2 min, $10 max). Florida residents, add 6% sales lax. COD fee $3
Foreign orders add 15%. MasterCard and VISA accepted.

1-800-327-5912

OPTOELECTRONICS INC.
5821 N.E. 14th Avenue * Fort Lauderdale, Florida 33334
FAX (305) 771-2052

FL (305) 771-2050
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ompare...0urs & Theirs

Choosing the radio that’s right for you can be
pretty confusing. That's why we decided to make
it as simple as possible for you to see how these
Yaesu hand-helds stack up against the competi-
tion. No boasts, no sales pitches, just a factual
side-by-side comparison of “ours” versus “theirs.”
Because Yaesu quality speaks for itself.

5508

4

YAESU

17210 Edwards Road Cerritos, CA 90701 (B00) 999-2070

habas andd prices obtained Trom Latest available manufscturers’ brochunes &
printed material. October, 1859
*VIF Headiom only

RN Yot | SA

2 METER HANDHELD YAEST 1COM KENWOOD
SPECIFICATIONS FT411/811 IC-25AT/IC4SAT TH-215/TH415
Memory Channels 19 15 10
VFOs 2 I 1
Memory Channels Store 19 ] 10

Any Offset

Wide Receiver Frequency Range 140-173 138174 141163
(MHz)—VHF

Wiie Receiver Frequency Range 130-450 $40-450 18450
(MHz)—UHF

Built-in CTCSS Encode / Decode Included Option Encode Only
Memory DTMF Autodialer 10 None None
CTCSS Paging Option

Programmable Battery Saver

= ~

Backlit LCD Display

v v’

Backlit DTMF Keypad

APO, Automatie Power O

v -

1 MHz Up/ Down Stepping

v’ v

Vinyl Case

Option (ption

Sean For CTCSS Tone

Built In VOX

AN

Clisvck

v’

Odd Split, Any Tx Or Rx Frequeney
In Any Memory Channel

19 1] I

Supgested Retail Price $406.00* $439.95° $749.95°
DUAL-BAND HANDHELD YAESI 1COM KENWOOD
SPECIFICATIONS F1470 1C-32AT TH-75A
Memory Channels 2 20 20
VFOs Per Band 2 1 |
Wide Receiver Frequency Range 130180 138-174 140-164
(MHz)—VHF

Wide Receiver Frequeney Range 130450 140-450 18450
(MHz)—UHF

Built-in CTCSS Encode /Decode Included Option Encode Only
Memory DTMF Autodialer 1] None None

Dl Heeeive With Balance Control

CTOSS Paging

Cross Band Full Duplex

Programmable Battery Saver

Backlit LCD Display

Backlit DTMF Keypad

Alternating Band Scan

Cross Band Repeater

CUYCONER

Power Output on 2 Meter and 440

S0W LaW

APO, Automatic Power OfT

v’

| MHz Up/Down Stepping

N

A

Any Offset

Vinyl Case

Memory Channels Store i2 20 20
v Option Option

Odd Split, Tx Or Bx, Any Frequency 12 20 2

In Any Memory Channel

Suggested Hetail Price $576.00 S6H:20.00 540,00




TM-731A/631A

144/450 and 144/220 MHz
FM Dual Banders

» Extended receiver range
(136.000 - 173.995 MHz)on 2 m; 70
cm coverage is 438.000 - 449.995
MHz; 1-1/4 m coverage is 215 -
229,995 MHz. (Specifications guar-
anteed on Amateur bands only. Two
meter transmit range is 144 — 148
MHz. Modifiable for MARS/CAP.
Permits required.)

= Separate frequency display for
“main” and “sub-band’

, = Versatile scanning functions.
Dual scan, and carrier and time
operated scan stop.

= 30 memory channels.
Stores everything you need to make
operating easier. Two channels for
“odd splits®

e 50 Watts on 2 m, 35 watts on 70 cm,

25 watts on 1-1/4 m.
Approx. § watts low power.

= Automatic offset selection.

* Dual antenna ports.

# Automatic Band Change (A.B.C.)
Automatically changes between
main and sub-band when a signal
is present.

¢ Dual watch function allows VHF
and UHF receive simultaneously.

= CTCSS encode/decode selectable
from front panel'or UP/DWN keys
on microphone.

(Encode built-in, optional
TSU-6 needed for decode.)

e Balance control and separate

squelch controls for each band.

94

Rl
CoOmin reiE maAnuls are Svailihie for §

specilication s lealutes 4ng prices gre subject 1o Chang e e

® Full duplex operation.

¢ Dimmer switch.

* 16 key DTMF/control mic.
included.

= Frequency (dial) lock. '

Optional Accessories:
» PG-4H Extra interface cable
for IF-20 (for three to four radios)
+ PG-4J Extension cabie kit for
IF-20 DC and atidio » PS-430
pply » TSU-6 CTCSS
de unit = SWT-1 2 m antenna
tuner = SWT-2 70 cm antenna tuner
» SP-41 Compact mobile speaker
» SP-50B Deluxe mobile speaker
+ PG-2N DC cable « PG-3B DC line
noise filter - MC-60A, MC-80, MC-85
Base station mics. » MA-700 Dual
band 2 m/70 cm mobile antenna
(mount not supplied) » MB-11 Mobile
bracket + MC-43S UP/DWN hand mic.
« MC-48B 18-key DTMF hand mic.

KENWOOD U.S.A. CORPORATION
COMMUNICATIONS & TEST EQUIPMENT GROUP
PO. BOX 22745, 2201 E. Dominguez Street
Long Beach, CA 90801-5745

KENWOOD ELECTRONICS CANADA INC.

PO. BOX 1075, 859 Gana Court
Mississauga, Ontanio, Canada L4T 4C2

KENWOQOD

... pacesetter in Amateur Radio

By most areessones
Mg Or obligation
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