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ICOM is proud to announce the
latest in 440MHz handheld transceiver
technology. The IC-04AT esenls the
best in a multifunction,
handheld for 440 — 450 MHz.

Fectures. Fecatures, Fectures. The
IC-04A and IC-04AT cover from 440 —
449995 MHz. Frequency enfry, control
functions and the 32 PL tones are
controlled by the 1&6-button pad on the
face of the radio. Also included are
priority, scanning (both of memories and
programmable band scan) and DIMF

04AT only). For scanning. 5. 10. 15, 20, or

KHz increments are front panel
salectable. Ten memones with intemal
lithium battery backup give the ullimate
in flexibility for channeiizing operation of
this sophisticated handheld for easy
access to most used channels. Thus, the
IC-04A(T) may be used to individually
bring up any frequency between 440
and 449.995MHz with 5KHz spacing, or
favorite frequencies may be stored in the
memory and recalied at the fouch of a
button. The IC-04A(T) has all the features
you could want in a handheid.

Compatible Accessories. The IC-
04A(T) has the same styling, conitrol
features and functions of the IC-02A(T).
The IC-04A(T) utilizes the exisiting
accessory line available for the IC-2A
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and IC-2A1, plus new accessories such as
Eﬁ-lﬁa.w high-power battery packs

ind a boom headset. Multiple battery
packs aliow the widest fiexbility in
charging: either from a wall charger.
cigarette lighter plug. stond-up desk
charger, or through the top of the radio.
Twelve volfs applied through the fop of
the radio not only provides operation of
the radio at high power, but provides
charging of the battery packs at the
same time — a feature not commaonly
found In handheld unifs

Built to Last. The IC-04A(T) comes
with G sedled case, providing resistance
o moisture, aust, and ofher elements
agetnmental o the operation of the radio
An aluminum back provides a massive
heatsink for the power module allowing
the IC-04A(T) to run at a standard 3 or 5
watts (optional battery required) A
pattery lock Is provided fo ensure the
battery will remain secure, and the unit
will confinue to operate even if
mishandled. A custom LCD readout with
Smeter is unique to the ham industry

Expanding on our line of available
accessores, the IC-04A and IC-D4AT
Decome tThe most versatile hanahelds In
their class. See the IC-04A(T) at your
nearast (COM dealer

£ 81IcoM|

The World System

ICOM Amevica, Inc.. 21 12-116th Ave NE, Bellevue, WA 98004 (206 )454-8155 / 3331 Towerwood Drive, Suite 307, Dallas, TX 75234 (214)620-2780
Al sored spedcificanons are opproximaie ond subjec ro change withour nofice or cbiliganion.  All ICOM rodios significonty exceed FCC regulanons limining spuriows emissions.  (4AT1083-1




6 STORE BUYING POWER
s mi T’“ KE NWOO D Plus 4 BONUS

a single package.
ITEMS

1) Antenna tuner
(FACTORY INSTALLED)

2) MC-60A microphone
3) YK-BBC-1 filter

CALL 4) SP-930 speaker

REG. $2029 VALUE

FOR | $1799 s,

-

f'.l

BUY A TW-4000A |
For $599.95

and select two of the following
items absolutely free!

1) VS-1 Voice Synthesizer
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SALE!

KT-34A KT-34XA

B-3016 REG. $239.95
SALE $199.95

B-1016 REG. $279.55
SALE $249.95

B-108 REG. $179.95

and
ALL ANTENNAS, B-;iLEHi :3595::95
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PRICES ON ALL YAESU ITEMS S feoion

HAND-HELDS GENERAL
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EEE B FOR
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IC 751 SALE| Superior grade receiver provides gen-

CALL FOR SALE PRICE eral coverage 100kHz to 30MHz.

704 ¢

2MTRS 220MHz 70CM
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VS-1500A PT-2500A MODEL 43
‘gs-gg ANT.TUNER | CHECK | LINEAR AMP. | & ELEMENTS |
: Call _ :
SALE o o, | B | v
$2799 PRICES | price =
PERSONALIZED

SERVICE FFIEE SHIPMENT

\BOB FERRERO. W6RJ UPS SURFACE (Continental U.S.) (MOST ITEMS)

Fresidant

JIM RAFFERTY, N6RJ TOLL-FREE PHONE

VP Sn Calif Div. Anghaim

Managers
J GEORGE WB6DSV Buriingame -
GREG NG6PO Oakiand

BOB, K7RDH Phoenix (Caiif and Arizona customers please phone or visit isted stores)

GLENN KENA San Diego . Bhe .
A REVRA Wi PHONE HOURS: 9:30 AM to 5:30 PM PACIFIC TIME.

and other active amateurs STORE HOURS: 10 AM to 5:30 PM Mon, ﬂll'ﬂl.l'ﬂh Sat.
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ANAHEIM, CA 92801 OAKLAND, CA 954609 SAN DIEGO, CA 92123
2620 W. LaPalma, 2811 Telegraph Ave., 5375 Kearny Villa Rd.,
(714) 761-3033, (213) B60-2040, (415) 451-5757, (619) 560-4900,
Betwean Disneyland & Knotts Barry Farm. Hwy 24 Downtown, Left 27th off-ramp. Hwy 163 & Clairemont Mesa Blvd. ] —
@ BURLINGAME, CA 94010 PHOENIX, AZ 85015 VAN NUYS, CA 91401
999 Howard Ave., 1702 W. Camelback Rd., 6265 Sepulveda Bivd.,
(415) 342-5757, (602) 242-3515, (818) 988-2212
5 miles south on 101 from S.F. Airport. East of Highway 17, San Dwego Fwy at Victory Bivd
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HUSTLER /

DELIVERS
RELIABLE -‘
ALL BAND HF
PERFORMANCE

Hustler's new 6-BTV six-

band trap vertical fixed

station antenna offers

all band operation

with unmatched con-

venience. The 4&-BTV

offers 10, 15, 20, 30,

40, and 75/80 meter /

coverage with ex-

cellent bandwidth

and low VSWR, Its

durable heavy

gauge aluminum

construction with

fiberglass frap

forms and stain-

lass steel hard-

ware ensures

long reliability.
Thirty

meter kits

(30-MTK)

for 4-BTV

and 5-BTV

are qlso

available.

Don't miss our 30 meter excitement.

HUSTLER -

STILL THE STANDARD OF PERFORMANCE.

HUS{LER

3275 North “B” Avenue
Kissimmese, Florida 32744

-~ 123
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TELEVISION MASTER ANTENNA
SERVICE TECHNICIAN

Candidate must have thorough knowledge
of the operation RF Transmission Lines, RF
Amplifier and Television Reception Equipment.

Work will involve trouble shooting and repair of
MATV Systems in multifamily buildings in the
greater Boston, Southern New Hampshire area.

A background in CCTVand intercoms while not
necessary would be an advantage.

The person applying for this position must have
a minimum of 3-5 years experience in this field.

Salary for this position will range from $18,225
to $25.,500 depending on experience and pre-
vious related work background

Call for an appointment or send resume with
salary history.

GMB SYSTEMS
110 Middiesex Street
N. Chelmsford, Mass. 01863
(617) 256-3000

CW Communications/inc. group is the world's
largest publisher of computer-related informa-
tion. The group publishes 52 computer publica-
tions in 18 major countries. Nine million people
read one or more of the group's publications
each month. Members of the group include:
Argentina’s Computerworid/Argentina; Austra-
lia's Australia Computerworld, Australian Micro
Computer Magazine, Australian PC Worid, and
Directories; Brazil's DataNews and MicroMun-
do; China's China Computerworid, Denmark's
Computerworld/Danmark and MicroVerden; Fin
land's Mikro; France's Le Monde Informatigue,
Golden (Apple), and OPC (IBM); Germany's Com-
puterwoche, Microcomputerwelt, PC Welt, Soft-
ware Marki, CW Edition/Seminar, Computer
Business, and Commodore Magazine; Italy's
Computerworid italia; Japan's Computerworid
Japan and Perso ComWorid, Mexico's Com-
puterworidMexico and CompuMundo; Nether-
land's CW Benelux and Microfinfo; Norway's
Computerworld Norge and MikroData; Saudi
Arabla's Saudl Computerworld, Singapore's
The Aslan Computerworid; Spain's Computer-
world/Espana and MicroSistemas: Sweden's
ComputerSweden, MikroDatorn, and Min Hem-
dator, the UK's Computer Management and
Computer Business Europe; the US's Comput-
erworld, HOT CoCo, inCider, InfoWorid, jr, Mac
World, MICRO MARKETWORLD, Microcomput-
ing, PC World, PC Jr. World, RUN, 73: Amateur Ra-
dio’s Technical Journal, and 80 Micro.

INFO

Manuscripts

Contributions in the form of manu-
scripts with drawings andior photo
graphs are welcome and will be con-
siderad for possible publication. We
can assume no responsibility for loss
or damage to any material. Please en-
close a stamped, sell-addressed envel-
ope with esach submission. Payment
for the use of any unsolicited material
will be made upon acceplance. All con-
tributions should be directed to the 73
editorial offices. “How to Write for 737
puidelines are available upon request.
US citizens must include their social
securlty number with submitted manu-
scripts,

Editorial Offices:

Pine Street

Peterborough NH 03458
Phone: 603-024.9471

Advertising Offices:

Elm Strest
Peterborough NH 03458
Phone: 603-824-7138

Circulation Offices:

Elm Street

Peterborough NH 03458
Phone: 6030249471

Subscription Rates

in the United States and Possessions:
One Year (12 |ssues) $25.00
Two Years (24 |ssues) $38.00
Threa Years (36 issues) $53.00

Elsewhere:

Canada and Mexico—$279711 year
only, US. funds. Foreign surface
mall—$44 9711 year only, US. funds
drawn on US. bank. Foreign air
mall—please inquire.

To subscribe,
renew or change
an address:

Write lo 73, Subscription Department,
PO Box 931, Farmingdale NY 11737.
For renewals and changes of address,
inciude the address labe! from your
most recent issue ol 73. For gift sub-
scriptions, include your name and ad-
dress as well as those of gift re-
ciplents.

Subscription

problem or
question:

Write to 73, Subscription Department,
PO Box 831, Farmingdaie NY 11737.
Please Include an address label,

73: Amateur Radio's Technical Jourmnal
(ISSN 0745080X) is published monthly
by CW Communications/Peterborough,
inc., 80 Fine Street, Peterborough NH
03458. Second class postage paid at
Peterborough NH 03458 and at addition-
al mailing offices. Entire contents copy-
rigt© 1984, CW Communicationss
Peterborough, Inc. All rights reserved.
No part of this publication may be re-
printed or otherwise reproduced without
written permission from the publisher,
Microfilm Edition—University Microfiim,
Ann Arbor MI 48106, Postmaster: Send
address changes to 73, Subscription
Services, PO Box 931, Farmingdale NY
11737. Nationally distributed by Intema-
tional Clrculation Distributors.



At Last.

A microthin, synthesized,
programmable, sub-audible
tone encoder that fits inside
the ICOM IC-2AT.

A

ol COMMUNICATIONS
S8 SPECIALISTS ..

426 West Taft Avenue, Orange, CA 92667
800/854-0547 California: 714/998-3021
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NEVER 5AY DIE

editorial by Wayne Green

STAFF

EDITORPUBLISHER
Wayne Green WZNSDN

STAR WARS

Zaaap, goes the laser beam!
But if that was my ship doing the
fighting, you can bet I'd spend
the extra money for a radar sys-
tem to aim the lasers and not
send a Wookie to do a radar's
job.

Lasers and fiber optics are
the way things are going for
communications. It's the only
system which provides the
bandwidth needed to get enough
information through in a short
time. Just look at the way we've
had to screw up television,
which is lousy enough, in order
to send even a fuzzy slow-scan
picture over amateur-radio
channels!

It's information and band-
width. If you want to send more
information per unit time, it
takes more bandwidth. A normal
television picture takes about
four MHz of bandwidth. With
slow scan, we cut the lines to
one-third and the pictures per
minute from 3,600 to seven...
and presto! We can get the in-
formation through a 2,500-Hz

bandwidth window. It's fuzzy
and there are eight seconds for
the voices from the adjacent
channels to tear up the picture,
but those hardy SSTV folk keep
at it, getting very nice pictures
occasionally.

The information for TV pic-
tures is analog, so it suffers
from noise. If you record a TV
program with your VTR and then
re-record it on a second VTR,
you'll see the degradation of the
analog signal. Each copy is
called a generation, and it
doesn’t take many to lose most
of the information. It's the same
with audio tape recorders. With
digital communications, the
hundredth generation is iden-
tical to the first—quite a benefit.
There's no gradual signal loss to
noise.

It was this aspect of digital
communications which got me
involved with RTTY 35 years
ago. We had a ball in those days.
Under the guidance of John
Williams W2BFD, we had a won-
derful two-meter network run-
ning, complete with a RTTY re-

QSL OF THE MONTH
To enter your QSL, mail it in an envelope to 73, B0 Pine Street, Peterborough NH 03458,

Attn: QSL of the Month. Winners receive a one-year subscription (or extension) to 73. Entries
not in envelopes cannot be accepted.
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peater atop the New York City
Municipal Building. RTTY
wasn't permitted on the other
bands then. Oh, | experimented
with it on BOm and made con-
tacts as far as California
(WENRM), but | had to use on-off
keying instead of frequency
shift, so it wasn't nearly as ef-
fective.

On two meters we had auto-
call and auto-answer going fine.
We could set our systems to
print everything sent on the
channel or to be selective and
only look for messages ad-
dressed to our station. Paper
was cheap, so | let my machine
copy it all, wading through a
floor full of copy when I'd get
back from a weekend away.

Now, of course, you don’t
need paper unless you want a
permanent copy for some
reason. And instead of those
big, noisy clunker Model 12
Teletype® machines, we use an
inexpensive computer such as
the Commodore 64. Even an old
used $50 TI-99/4A will do it just
fine. And you use a disk to save
the weekend of information in-
stead of a hundred yards of
paper. You really should try
RTTY now.

It's getting time to get the
paper out of communications—
even with magazines. |I've been
thinking about that. The old
bandwidth problem again. If you
are going to get 73 electronical-
ly, it is going to take either a
whole lot of bandwidth or a lot of
time. The halftone pictures we
use in printing are darned near
digital. Look at 'em with a good
magnifying glass. By making a
few more lines per inch, we
could go digital. Or we can send
four bits for each halftone dot
and have 16 levels of dot. We

Continued on page 72
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Digital Code Squelch...

Kenwood's TR-2600A introduces
DCS (Digital Code Squelch) cir-
cultry, a signaling concepl devel-
oped by Kenwood, DCS allows
each station to have its own
"private call® code or to respond
to a "group call” or “"common call”
code. There are 100,000 different
S-digit ASCH code combinations
possible. You can program in call
signs up to 6 digits in the ASCII
code. When operating in the DCS
mode, this information can then
be automatically transmitted
each time the transmil key is
depressed. This revolutionary
feature is only the beginning! The
TR-2600A also sports a high
impact plastic case, that is extra
rugged and scuff-resistant. The
molded-in color adds to the attract-
ive appearance. The large L.C.D.
display is easy to read in direct

KENWOOD

MHEe FM TRANSCEIVER

“*- 4

sunlight or In the dark with a
convenient lamp switch. It dis- wﬁcﬂﬂ"
plays transmit/receive frequen-
cies, memory channels, and five 85/05 T0/C0O

arrow indicators for "F LOCK" ---
frequency lock, "REV" repeater
reverse, *PROG.S™ programmed
scan, "MS" memory scan,
"ALERT.S" alert scan. A star indi-
cates "MEMORY LOCK-QUT" is
activated, and repeater offset
indicated by "+, —; S and M” The
TR-2600A has 10 memories, nine
for simplex or transmit with fre-
quency offset =600 kHz and one
(memaory Q) for non-standard split
requencies, Memory scan and
programmasie band scan have
the added convenience of “lime
operated Resume” that stops on
busy channel and holds for
approximately 5 seconds, then
resumes scanning, or “Carrier
Operated Resume” that stops on
busy cnannel and resumes

when signal ceases.

Memory scan, scans only those
memories in which data is stored,
and memaory lock-out allows you
to skip selected memory channels

[TR-26C0CA | w8

without loss of data previously
stored! Manual Scanning UP/
DOWN In 5-kHz steps and pro-
grammable automatic band scan
are also useful features. The TR-
2600A has a built-in “S" meter on
the top panel which alsao indicates
battery level when in transmit
mode. Extended freguency cover-
age, 142.000-148 885 MHE allows
transmit capabiiity in 5-kHz steps
for simplex or repeater operation
on most MARS and CAP frequen-
cies. Receive frequency coverage
includes 140.000-159,995 MHz,

These features only tell part of
the story. The TR-2600A also has
keyboard frequency selection,
oullt-in 16-key autopalch encoder,
“TX STOP" switch, H! (2.5)/LOW
(300 mw) power switch, REV
switch, “SLIDE-LOC™ battery
pack, high efficiency speaker,
BNC antenna terminal, and all of
this in an extremely compact and
lightweight package!

Kenwood's TR-2600A, with
D.CIS., leads the way in high
technology handheld transceivers!
Optional accessories:

e TU-356B built-in programmable

Sub-tone encoder
» ST-2 Base Stand
* MS-1 Mobile Stand
e PB-26 Ni-Cd Battery
o DC-26 DC-DC Converter
¢ HMC-1 Headset with VOX
¢ SMC-30 Speaker Microphone
e | H-3 Deluxe Leather Case
e 5C-9 Soft Case
e B1-3 AA Manganese/Alkaline

Battery Case
e £EB-3 External C Manganese/

Alkaline Battery Case
® HA-3, 5. Telescoping Antenna
® CD-10 Call Sign Display
Mare information on the
TR-2600A 1s availlable from
authonzed dealers of
Tno-Kenwood Communications,
1111 West Walnut Street,
Compton, CA 90220.

TR-26800A Suybiect ta ECC gogrovil
apeciicarons and pnces are subject 1o change
withoul nohce o olilkgaton




Counter-Productive Basics:
Part Il

How hard can counting be? K4IPV tells us
where the errors occur and how to fix them.

Joseph J. Carr K41PV
5440 So. 8th Road

Arlington VA 22204

In the first installment of
this series, we discussed
the basics of digital frequen-
cy counters (DFC). We
started with a discussion of
the basic J-K flipflop and
then proceeded to develop
its role in binary- and de-
cade-counter circuits. In this
installment, we will discuss
applications of the DFC and
some user problems.

DFC Input Circuits

The input stages of the
DFC amplify and wave-
shape the input signal to
make it compatible with the
digital logic circuits of the
counter. Most of the time,
the input signal will not be a

il AVAY; m /\/\/
q

square wave or fast-risetime
pulse as required by the digi-
tal circuits, but rather it will
be an ac signal.

Fig. 1 shows a counter-in-
put stage. The input ampli-
fier builds up the signal and
feeds it to the trigger circuit
(often a Schmitt trigger). At
frequencies below UHF,
most counter-input ampli-
fiers have an input imped-
ance of 1 megohm shunted
by some capacitance (often
20 pF). At VHF frequencies,
however, this can lead to
false counts or lowered sen-
sitivity because of standing
waves on the line. At those
frequencies, the input cable
acts like a transmission line.
If this problem is experi
enced, it is possible to over-
come the limitation by plac-
ing a 50- or 75-Ohm barrel
attenuator in the line at the
counter input. Provided that

JUL

TRIGGER

AMPLIFIER

SENSITIVITY
CONTROL

CIRCUIT

TRIGGER
CONTROL

Fig. 1. Counter-input stage.
8 73 Magazine = September, 1984

only 1 to 6 dB of attennua-
tion is used, the loss of sig-
nal is balanced by achieving
a matched input impedance,

The input signal very rare-
ly will be the nice, clean
square waves required for
proper operation of the dig-
ital logic-circuit elements
used to make a counter. The
signals also may be too low
in amplitude to operate the
digital logic circuits or may
be too noisy. Remember, a
TTL flipflop needs to see
fast rise and fall times

Vkssgfana

(i.e., good square waves) and
amplitudes greater than 2.4
volts or they will not operate
properly.

The input signal, then, is
passed through two process-
ing stages: an amplifier and
a trigger. The amplifier is a
wideband voltage amplifier
with enough gain to build up
the minimum allowable sig-
nal (usually 25 to 100 mV) to
a level great enough to drive
the trigger stage (i.e., 500-
1000 mV).

The trigger stage is a

— e W R e - G — —

INPUT SIGNAL

TRIGGER OUTPUT
0 i

—

Fig. 2. Normal operation of a trigger circuit.



Schmitt-trigger circuit with a
built-in hysteresis. This type
of circuit is used to clean up
irregularly shaped signals by
making them into square
waves. Fig. 2 shows the nor-
mal operation of a trigger
circuit The output snaps
high when the input signal
crosses the lower hysteresis
limit and remains high until
the signal crosses the upper
limit in a negative-going di
rection. The hysteresis win-
dow is the quantity (V,— V).
Note that the trigger output
possesses the shape and am-
plitude required by the digi-
tal circuits that it drives.

It is a fundamental rule
that input signals must cross
both hysteresis limits or no
count will be entered by the
DCA. In Fig. 3, (a) shows the
required situation; the input
sine wave crosses both lim-
its, but in (b) the sine wave
crosses only one of the win-
dow limits, so no count is
registered on the DCA.

Some counters have a
trigger-level control that al-
lows the user to adjust the
position of the window over
a wide range. Other models
use a three-position switch
labeled +, preset, and —.
The switch allows the win-
dow to be placed in any of
three locations (see Fig. 4). A
continuously-variable trig-
ger-level control allows po-
sitioning of the window any-
where within the range.
Note that neither the contin-
uously-variable nor the three-
position-switch type of con-
trols varies the width of the
window (V,—V\), but only
the position. However, some
counters are equipped with
a trigger-amplitude control
which does allow the oper-
ator to vary the width of the
hysteresis window.

There are several factors
that tend to reduce the ac-
curacy of an electronic
counter, and these can be
grouped as inherent errors or
signal-related errors. The in-
herent errors are a function
of the quality, age, and his-
tory of the individual count-
er. Little can be done about
these unless their source is a

serious need for recalibra-
tion of the timebase. Signal-
related errors, on the other
hand, often are correctable
by proper manipulation of
sensitivity, trigger-level, and
trigger-amplitude controls.

Inherent Errors

There are two sources of
inherent error in all frequen-
cy and period counters:
timebase error and a +1
count ambiguity.

The timebase error is
expressed in terms of a per-
centage or in parts per mil-
lion. The error from time-
base inaccuracies is directly
reflected in all measure-
ments of frequency or peri-
od. For example, suppose a
1-Hz timebase is off by 30
Hz (e.g., it is actually
1,000,030 Hz instead of
1,000,000 Hz). This is an er-
ror of 30 parts per million (30
ppm), which is [(1,000,030 —
1,000,000)/1,000,000] X 100,
or 0.003%.

The measurement error
due to timebase inaccuracy
is constant regardless of the
frequency being measured.
That is to say, there will be a
0.003% error at 1 kHz and
the same 0.003% error at
the maximum frequency
that the device will mea-
sure. For example, a 27-MHz
signal would be measured
with an error of (27 MHz X
30 Hz)/MHz = 810 Hz. This
means that a counter read-
ing 27,000,000 indicated
that the actual frequency is
27 MHz +810 Hz. In other
words, the actual frequency
lies between 26,999,190 Hz
and 27,000,810 Hz.

If the timebase frequency
s low, then the counter
reading will be high.

Total timebase inaccura-
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Fig. 5. Lack of synch be-
tween input signal and
timebase.
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Fig. 3. The sine wave crosses
both hysteresis limits in (a)
but not in (b).

cy is the sum of several indi-
vidual errors: initial error,
short-term stability, long-
term stability, temperature
change, and line-voltage
change.

The initial error is the calk
bration error at the time the
timebase is intially adjusted
at the factory, or at recali-
bration in a metrology lab-
oratory. Different methods
are used to measure the
timebase frequency, but in
most cases the timebase-
oscillator frequency is com-
pared with standard-fre-
quency broadcasts of the
National Bureau of Stan-
dards radio stations WWYV,
WWVB, or WWVH. Alterna-
tively, it might be compared
with the output of a cesium-
or rubidium-beam atomic
clock.

The short-term stability is
the timebase-oscillator fre-
quency drift per day. Long-

Fig. 6{a). Spurious counts

created by extra crossings.

Y

—- 1 —1 TRIGGER +
e e
1
TRIGGER
CONTROL
RANGE
- — - - —— — == “
. | "PRESET"OR
o - ' *"NORMAL
l J TRIGGER
|
___,____________ﬁ|
l TRIGGER —

=W

Fig. 4. Three-position trigger-
level control.

term stability is the frequen-
cy drift per month, and is of-
ten designated the aging
rate.

The temperature- and line-
voltage-stability specifica-
tions refer to the frequency
change over the 0-50° C
temperature range, and
+10 percent line-voltage
change, respectively.

There are four different
classes of counter timebase:
ac line, room-temperature
crystal oscillator, tempera-
ture-compensated crystal os-
cillator (TCXO), and oven-
controlled crystal oscillator.

The use of the 60-Hertz-ac
line as a counter timebase is
limited to the very cheapest
models and a few low-grade
older units. Even low-cost
units today have a crystal

Fig. 6(b). Trigger-level control
avoids spurious counts.

73 Magazine * September, 1984 9




= — — e —

— —

— i A - L e =

NEW POSITION

ERRONEOUS OUTPUT

CORRECT QUTPUT

Fig. 7. Harmonic distortion of sine-wave-input waveforms.

oscillator for the timebase,
and even though the crystal
is operated at room temper-
ature, it provides better ac-
curacy than the 60-Hz pow-
er mains. Note that power
companies typically will
quote very high accuracy
figures for their power
plant’s operating frequency,
but these are frequency av-
erages over a very long time.
The short-term accuracy,
which is what concerns
counter users, is terrible,

The TCXO is an encapsu-
lated oscillator that is specif-
ically compensated against
temperature changes. The
TCXO provides at least an
order of magnitude better
stability than room-temper-
ature oscillators. The TCXO
is less expensive now than in
the past, so even moderate-
ly-priced counters now offer
TCXO stability.

The oven-controlled crys-

|
|
I

SIGNAL

tal oscillator places the crys-
tal (and in some cases the
rest of the oscillator circuit-
ry) inside an oven, or ther-
mal chamber. Thermostat
ovens are considered an or-
der of magnitude better
than TCXO designs, while
the proportional-control
type of oven is from one to
two orders of magnitude
better than TCXO.

Table 1 lists typical stabil-
ity specifications for several
models of counters by sever-
al different manufacturers.
Note that the short-term sta-
bility is given only for the
oven type of timebase. The
TCXO and crystal oscillator
must be operated for a full
24 hours before the stability
reaches the specified level.
At operating times less than
24 hours, the stability is
poorer. Some models use a
separate regulated power
supply for the TCXO that is

HYSTERESIS
[wmum
L= R e T i B T i

(CLEAN PULSE)

Fig 8. Impulse noises cross the hysteresis window.
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TCXO  OVEN

aging (per mo)— 5x10-7 2x10-7 5x10-1¢

XTAL
Long term
Short term
aging (per day)— —
+ 10% line
voltage— 10-7
Temp. 0-50°C
(ambient)— 10-8
* After 24-hour warmup.

< - 1Q0-10
10-8 10-9
10-7 10-9

Table 1. Typical stability specifications.

not turned off by the main
power switch. Rechargeable
batteries are used in porta-
ble models for the same pur-
pose, so the TCXO is not
turned off while the counter
is being transported be-
tween job sites.

The + count ambiguity is
caused by the lack of syn-
chronization between the
input signal and timebase.
This is illustrated in Fig. 5:
During period Tq seven
pulses are gated into the
DCA while during T5 only six
pulses reach the DCA. On
some subsequent count, it
may be that eight pulses are
gated into the DCA. One
fundamental rule for all dig-
ital-counter instruments is
that there is an error of %
count of the least significant
digit. In other words, a
counter that reads, say,
10,000 Hz is measuring a fre-
quency that lies between
9999 Hz and 10,001 Hz, ie,
10 kHz £1 Hz.

The + count ambiguity
produces an error that is in-
versely proportional to the
frequency being measured
and the gate time:

Error (%) = + 100/fT
where f=the frequency be-
ing measured, in Hertz, and
T=the time the gate is
open, in seconds.

For example, let’s find the
percentage error due to *1
count ambiguity at (a) 2
MHz, and (b) 27 MHz, for a
gate time of 1 second.
Solution:

(a)
Error= +100/T

Error= +100/(2 X106 Hz)
(1 sec)

Error= £0.00005 percent

(b)
Error= 100/fT

Error= =100/(2.7 X107 Hz)
(1 sec)

Error= #0.000004 percent

The error is =1 count re-
gardless of the frequency
being measured, so the per-
centage of error decreases
for higher frequencies: Com-
pare (a) and (b) above.

Signal-Related Errors
Poor signal quality can in-
troduce errors that add to or

subtract from the true
count. Most of these errors

TRIGGER

Fig 9. Correct and incorrect window positioning.



[Looking tfor The Intertace for Your

Home Computer & Transceiver?

_E2Kantronics UTU

UNIVERSAL TERMINAL UNIT

YOU FOUND IT!

Put your computer on-the-air | ® RS-232 or TTL level compatible. allows the operator to taylor
with either Interface Il or the new No modification kit required. his terminal program with
Kantronics Universal Terminal Unit. desired features.
Interface II is designed for Universal Terminal Unit The UTU package includes:
use with the Apple, Atari. TI-99/4A, . | , ® g la ¢ o RN
TRS-80C, VIC-20, or Commodore 64 | UTU is Kantronics newest IEL:T(F ¢ Ern}‘ﬁ; gﬂrl;ﬁgrdnil
computers. Suggested Retail 269.95 interfacing development. s ALY PO, ; St
Now any computer with an RS-232 [II and IV.
The Universal Terminal Unit is port and a terminal program can R . .
compatible with IBM, Kaypro, interface with your transceiver. TUNIng bar graphiciap Sying
both Mark and Space tones.
TRS Model I1I] and IV, and many ek : g
other computer systems. UTU requires no additional | Additional L.l?f.‘.D s tc_r indicate
Suggested Retail 199.95 | decoding software as an internal . Lock and Valid during Amtor.
microcomputer gives UTU data ® RS-232 and TTL level compatible.
Interface 11 processing capabilities to send
and receive in four coded amateur ® Send and Receive CW(6-99 WPM),
Interface II is the unit for formats. A short terminal program or RTTY (60, 67, 75, 100,132 WPM),
the serious amateur. When used with | ¢ommunications program is used to |  ASCII(110, 150, 200, 300 baud), and
Kantronics software, Interface 11 link the computer and UTU. This | Amtor modes A, B, and L.

gives the sensitivity and
versatility asked for by our
users. Interface 1l gives you

the fnlllnwing features: KEII] tIOI]ICS SOftW AI'C

® Six pole switched capacitance
prelimiter filters for optimum

performance on shift selected;
CWor RTTY 170, 425, 850.
Appl

® Limiter or limiterless PP e e e ® |
operation means only 2-7 Atari =] o &
millivolts of audio are I
necessary to drive the unit. - VIC-20 e = I d & e e
® Two channel operation allows Comm-64 o ® @ @
simultaneous hook-up of both TRS-80C - 3
HF and VHF transceivers. TI-99/4A P

A

® Our unigue tuning system
displays both Mark and Space
tones. Scope outputs are

also available. 'or more mfc:ri_'nnl-ti_t'ﬁr!l {:::ml.elu_‘rl ‘c Kantronlcs

® Stable quartz generated tones an : 311 Cantr G

an authorized Kantronics o :
give clean AFSK output on PO Aol oy S 202 E. 23rd Street (913) 842-7745
all standard shifts. | e ) S L ywrence Kansas 66044




The Best Active Antenna
COSTS LESS!

The new ARCOMM AP4 aclive
tuned antenna/preselector is the
most versatile, best performing
unit available. Ideal for use where
outside antennas are not possible.

7995

including FREE AC adapter

FEATURES:
o Junes 540 KHz thru 32 MHz in four bands
o Improves RF selectivity and image response of any receiver

» Accepts up to four external antennas

e Internal telescoping antenna provides excellent results
» Switched output jacks provided for up to three receivers
» Operates on internal 9 volt battery (not included) or AC adapter

o AC adapter included at no extra cost
s Full twelve month limited warranty

» Ten day return privilege if not completely satisfied

To order, send check or money order plus $3.00 shipping
PA residents add 6% sales tax. Dealer inquires invited

ARCOMM

result from hysteresis-cross-
ing or noise on the signal.

Trigger errors occur be-
cause the input signal cross-
es the hysteresis window
limits too many or too few
times. We saw in Fig. 3(b)
that a signal will fail to in-
crement the DCA if it does
not cross both limits of the
hysteresis window, causing
too low a count.

Fig. 6(a) shows how severe
ringing on a signal can cre-
ate extra, spurious counts of
the DCA if the trigger-level
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Fig. 10. Noise band along a
shallow-slope waveform.

24 Valley Street
Lewistown, PA 17044
(717) 248-7739
293

control is adjusted so that
the ringing portions of the
signal cross the limits, creat-
ing additional “input” puls-
es, a two-count error. The
cure is to adjust the trigger-
level control so that the ring-
ing portions of the wave-
form fall outside the win-
dow limits—see Fig. 6(b).
The same problem exists
on sine-wave-input wave-
forms (Fig. 7) that have a
large amount of harmonic
distortion. The cure is the
same, however. Readjust
the trigger-level control so

DOES NOT CROSS
THRESHOLDS
#
L
R e S e

INFUT SIGNAL
-
r
T

TRIGGER
ouUTPUT

Fig. 11(a). Successive cycles
with varying amplitudes.
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that it is operating over a
lower portion of the wave-
form.

Similarly, impulse noise
riding on the signal can have
an amplitude sufficient to
cross both limits of the hys-
teresis window. An example
of this phenomenon is
shown in Fig. 8, in which a
pulse in a symmetrical wave
train is carrying impulse-
noise artifacts. In the case
shown, the noise bursts
cross the window limits and
thereby force the trigger
output to create extra pulses
instead of just one.

Once again, the correc-
tion requires readjustment
of the trigger-level control
to a point further down the
waveform. In the case of a
non-square wave, the noise
may appear on the leading
or trailing edges and still
cause the problem. Fig. 9
shows the proper and improp-
er positions for the hyster-
esis window on such a wave-
form.

Note that filtering of the
noise is not usually feasible
because of the bandwidth
requirements of the input
amplifier.

Fig. 10 shows a type of
noise error that is particular-
ly troublesome on period
measurements. In this ex-
ample, noise rides on a sig-
nal that has a shallow slope,
and so creates a band of un-
certainty around the signal.
The trigger circuit should
produce a high output when
the signal crosses the upper

+V

e e e A T . T S, S =

TIME

Fig. 11(b). Other cycles with
varying amplitudes.

limit and drop low again
when the signal crosses the
lower limit, but noise im-
pulses adding to or subtract-
ing from the signal ampli
tude could provide prema-
ture or delayed trigger tran-
sitions. The correct duration
of the trigger output pulse in
Fig. 10 is (t; — t,), but under
worst-case conditions the
actual duration may be as
much as (t; — t,), and that
amount represents a consid-
erable error.

The solution for this prob-
lem is to cause the signal to
slew through the hysteresis
band as rapidly as possible.
Two methods can be used to
implement this solution.
One is to narrow the window
by adjusting the trigger-am-
plitude control, and the
other is to increase the
waveform’s slope by pream-
plification.

On some types of signal
waveform it is sufficient to
adjust the trigger-level con-
trol so that the counter trig-
gers on the steepest portion
of the waveform. On sine
waves, for example, this
point occurs at zero cross-
ings, but on other wave-
forms it may occur else-
where on the signal.

One final type of signal-
related problem involves
the case where successive
cycles have varying ampli-
tudes. You can position the
trigger so that it satisfies
some of the cycles—see
Figs. 11(a) and 11(b)—but
others fall outside of the
hysteresis window. Again,
the solution may be reset-
ting the trigger control.

How Much Sensitivity?

It is possible that a system
can have too much sensitivi-
ty. While that statement
may seem heretical, there
comes a point where the sen-
sitivity is too great because
it permits noise or distortion
artifacts to cross the win-
dow limits. In some cases,
therefore, our “fix” for cer-
tain problems is to reduce
the sensitivity or insert an at-
tenuator into the line.
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The RC-850 provides the most advanced
technology available in repeater control. With
“designed for the future” architecture that allows
upgrade through software so that it will never be
nbsulete Complete remote programmability with
E°‘PROM via Touch-Tone™ or your personal com-
puter. Offering unique features including the

highest quality synthesized speech and fully
automatic scheduled operation. Plus voice

The RC-85

Repeater Controller

The RC-850's “little brother”! |
Remotely programmable |ID’s, f'
command codes, auto-dial '-
numbers, timers, and more.
The RC-85 controller includes
many of the features pio-
neered by ACC such as syn- -

Advanced Computer Control

. for your repeater
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response metering, synthesized remote base
operation, pagln% mailbox, and the most ad-
vanced autopatch available — anywhere! De-
signed for reliable, consistent, enjoyable operation
in any system. Field proven in hundreds of
commercial and amateur repeater installations.
The RC-850 will always be the leader in high
performance repeater control.

Available from $§1195**
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thesized speech, remote base, paging, and more. Now any repeater budget can afford the benefits of
an ACC controller! All just $895 (board) or $995 (rack mount).*

The ITC-32 Intelligent Touch-Tone
Control Board
Remote control at your finger-
tips with 28 commandable
outputs, plus alarms, re-
peater and remote base
control functions, re-
sponse messages,
and more. An
ideal building
block for your
repeater.
An easy
way to add
i a remote
\ base to your
system. Or
even to re-
motely control
your home.
Only $389

commercial repeater control products.

«~ See List of Advertisers on page 98

Call us for more information on our complete line of amateur and

10816 Northridge Square, Cupertino, CA 95014 (408) 749-8330 Qcc CGI'IITDIS inc:

NEW PRODUCTS

DVR 128 e Digital Voice Recorder — Solid state
voice storage and playback for remote recording
of ID's and announcements, voice mail, and user
diagnostics.

IVS 6/12 e Intelligent Voting System — Six or
twelve channel voting with DTMF remote control.
In-band signal quality evaluation, audio equaliza-
tion, and activity logging.

ShackMaster™ — Remotely control your home
station using Touch-Tone commands over the air
or over the telephone. Patch yourself
through your home equipment onto
the HF bands, and to VHF and
UHF frequencies.

*Includes a one year limited warranty
**Includes a two year limited warranty
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Peter H. Putman KT2B
84 Burnham Road
Morris Plains NJ 07950

Elementary, My Dear:

Watts 'n’ Swr

Stop guessing. Build this no-nonsense VHF/UHF wattmeter
and save your hard-earned cash.

ere’s a project every-

body can use —a cheap,
reliable wattmeter that can
be used anywhere from 50 to
500 MHz. It uses an etched-
line circuit for coupling and
has two power ranges. Addi-
tionally, it can be calibrated
to measure swr as well!

The idea for this project
grew out of discussions the
Split Rock ARA had back in
1980 conceming a possible
club project. Among the

many ideas kicked around
was one for such a wattme-
ter, although at the time an
unrealistic figure of $15.00
for the total cost was antici
pated. As expected, the proj-
ect never got off the ground.

| stuck with the concept
and over the years tinkered
with various designs. Some-
where in the past | had stum-
bled upon a circuit that used
an etched transmission line
and coupler, so a trip to the

Front view of wattmeter.
14 73 Magazine = September, 1984

technical archives in the at-
tic revealed what | needed.
The big problem was that
the etched line was nowhere
near 50 Ohms! This wouldn’t
do at all. After all, what
good is a 500-0hm watt-

meter?

Additional research re-
vealed that the dimensions
of a 50-Ohm stripline etched
on G-10 epoxy board were
close to 1/10 inch in width,
with any length usable. After
confirming this with Steve
Katz WB2WIK, | began care-
fully etching test boards in
the darkroom using precision
rulers and masking material
cut with an X-acto® knife.

After about four proto-
types, a board was pro-
duced which, when con-
nected between two type
BNC connectors (using the
unetched side of the board
as a ground plane), exhibited
no reflected power on a Bird
Model 43 wattmeter con-
nected in series and termi
nated at 50 Ohms. Voila! |
had done it. Now to the nuts
and bolts of the circuit!

| should clarify any addi
tional comments by saying

that this unit is really a bi-di-
rectional coupler. As such, it
can be used to measure swr
or power—whichever you
prefer. It samples a small
amount of rf on the trans-
mission line through a cou-
pling line which is termi-
nated in the middle. At
either end, type 1N60 diodes
are used to rectify this small
sampled voltage. Add a few
switches, pots, and a meter
and that’s it! Period.

As | just mentioned, rf en-
ergy traveling on the 50-Ohm
section from input to output
is sampled by the —30-dB
coupler—sort of like wind-
ing a link coupling at HF fre-
quencies. D1 and D2 can be
almost any kind of point-
contact diode, but the best
choice would be a 1N60 due
to the better performance
characteristics at VHF/UHF.

The sampled, rectified dc
voltage is then routed to R2
or R3 via SPDT switch S1.
These two potentiometers
set power ranges or can be
used to set frequency ranges.
Note that as with most watt-
meters that use coupling
lines, the degree of coupling
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vhf wattmeter
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rises with the frequency cho-
sen and decreases with a
lower frequency, so that dif-
ferent readings will be evi
dent on different bands for
the same power level mea-
sured.

Also note that while the
actual power measurement
and its relation to the meter
scale is a function of a loga-
rithm, the relation between
decades of measurement is
a linear function. This allows
the use of one meter scale
on any band. Power levels
up to 500 Watts can be mea-
sured accurately with this
unit—typically within 10%
of a Bird 43—but | haven't
tried anything higher. Tef-
lon™ board would be a bet-
ter choice for higher power
levels.

R1 on the sampling line
functions as a termination,
and you may have to tinker
with it a bit to determine
coupling characteristics. |
found a value of 27-33
Ohms to be fine. C1 and C2
function as rf bypass capaci
tors. The best way to mount
the PC board is to suspend it
between two connectors—

l D2
c2 . .

- -

THESE HOLES SOLDER
THROUGH TO GROUNDPLANE

Fig. 1. PC-board overlay for parts.

KT2B

either type SO-239 or BNC
female. Use finger stock or
braid to make a good con-
nection from the ground lug
to the backside of the PC
board.

| would suggest installing
the meter in the case first be-
fore doing anything else. A
recommended unit would be
the Radio Shack #270-1751,
50-uA movement. It's inex-
pensive and has a big scale
that is easy to modify. Next,
mount the two switches, S1
and S2, on either side of the
meter face. Prepare the PC
board with all components

1 2
‘-'3\ 2 4 6‘?
n.nlunmufmw &
q\m\\ Iy, )
G\\wﬂ'\\ﬁ“ f"'«{?’; 7 17;0
R.F.WATTS
FS =50 ua

Fig. 3. Meter scale for Radio Shack 50-uA meter.

vhf wattmeter

Fig. 2. Master art for PC board.

as shown in Fig. 1, along with
appropriate lengths of wire
to connect to each switch.
Install the side connectors
of your choice along with
about 1” of braid or finger
stock for the ground connec-
tion. Finally, install the com-
pleted PC board by suspend-
ing it between the center
pins on the connectors and
then soldering the center
pins to the 50-Ohm etched

\“—Tﬂ SiB

©1983

line. Solder the braid to the
back of the double-sided
board.

Calibration can be
achieved with use of a
known, accurate bridge or
wattmeter, such as a Bird
Model 43 or similar unit. Set
the unit up to the ranges you
desire by adjusting the ten-
turn pots, R2 and R3. For ex-
ample, you may wish to
measure the output of two

SCHEMATIC OF WATTMETER

RF INPUT

RF OUTPUT

IN34A

I Ralol]

52

| soox

L,I,J ' 0-50m4

Fig. 4. Schematic.
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Parts List

D1,D2 1NB0-type diode or similar  Radio Shack 10 @ 99
R1 33-Ohm, 4-Watt resistor Radio Shack 5@ .39
R2, R3  15+turn, %-Watt, 500k pot Jameco #43P $1.19

718 "-5092

135/ Foot

ENTERPRISES

ROUTE 206-RD 10
VINCETOWN N.J.

08088

DISCOVER THE ULTIMATE

POTENTIAL OF YOUR STATION

609-268-8166

S$1,52 SPDT Miniswitch
C1,C2 .001 disc, 50 volts
J1, J2 S0-239 connectors
M1 50-uA movement
Case LMB TF-780 case

mobile rigs; one with 25
Watts at 146 MHz and one
with 10 Watts at 440 MHz.
Or, if you wish, you can add
additional trimpots for addi
tional ranges.

| have included in Fig. 3 a
template for a wattmeter
scale that can be used in-
stead of the 50-uA scale on
the meter. Remove the me-
ter face carefully, using a
screwdriver to pry it off.
Next, using extreme care not
to bend the meter move-
ment, work a small knife or
screwdriver under the metal
scale on the unit. Pry gently
around the corners until it
pops free, then slide it out.
Use this metal scale as a

Jameco #JMT121 $1.49
Radio Shack 2@ .39
Nemal Elect. $ .79
Radio Shack $8.95
(distributon) $3.80

$21.46

template to cut the supplied
scale to size. Reinstalling
the new scale is easy since
Radio Shack uses double-
sided tape on the face to
hold the factory-supplied
scales. Snap the cover back
on and you’re in business.

As was stated before, ac-
curacy has been measured
to within 10% or better of a
Bird 43 on the desired fre-
quency. If you want, you
can remove the meter and
remote it, leaving the cou-
pling unit in its own box.
This could be handy for mo-
bile installations! If there is
interest, | can supply etched,
drilled, and plated PC boards
for $10.00 each. B

here IS the next generation Repeater

MARK 4CR

¢ Unlimited vocabulary speech messages in your own voice
e Hundreds of tone access functions, many with time-of-day setting
e All vital parameters can be set remotely by tone access

e [wo phone lines and dozens of input/output control lines
In 1978 we created the first micro-
processor based repeater and here is its
successor the incomparable MARK 4CR.
Of course it has autodial and tail mes-
sages, after all, we invented those
features. Sure it has autopatch, reverse
patch and built-in ID. But hold on -- it
also has Message Master ™ real speech
and receiver voting. Its all new receiver
puts 7 large helical resonators up front
for extremely high dynamic range. Yes,
MARK 4CR is the next generation!

e 4 channel receiver voting plus full linking capability
e Bus structured design for easy hardware/software expansion
e ""Overload proof'’ receiver with 7 large helical resonators

e Our famous MCS squelch, often called the best in the business, is
now even better with automatic fast/slow switching

MARK | B H?{A]Fi
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MICRO CONTROL SPECIALTIES
23 Elm Park, Groveland, MA 01834  (617) 372-3442
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AUTOMATIC

ANTENNA MATCHER

HiIGH SPEED AUTOMATIC
ANTENMA MATCHER

200 warrs pue.
.3 te TO MNZ.

T IS
E‘E:-L:?EE_‘I\.-

ONE ANTENNA .3 TO 70 MHZ.
VSWR 1.5:1 OR LESS

UNEXCELLED FOR “FREQUENCY HOPPING”

* NO MOVING PARTS ! * 100% SOLID STATE !

* 5 YEAR WARRANTY ! * NO CONTROL LEADS !
* INSTANT MATCHING ! * LIGHT WEIGHT !

* 50 OHM INPUT ! * HIGH EFFICIENCY !

* LOW NOISE ! * 200 TO 2KW. P.E.P. !

* DIPOLE ! * LONG WIRE !

* MARINE ! * MILITARY !

* AMATEUR ! * AVIONICS !

* NOW IN USE ON THE FOLLOWING NAVY VESSELS *

* USS ENTERPRISE * USS HECTOR * USS SARATOGA * USS PHOENIX * USS PRAIRIE *
* USS LEXINGTON, AND US NAVY M.ARS. *

“NEW R.F. GROUNDLESS LONGWIRE MODELS
NOW AVAILABLE”

CONTACT
MAGNUM DISTRIBUTORS INC.

1831 South Dixie Highway, Pompano Beach, Florida 33060
- 284 305-785-2002 » Telex 514365 (English FTL) p
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FIRST WITH Us, [l Ees. ==
THEN THE WORLD! —

Better communications start with your subscription
to 7 Amateur Radio’s fechnical Journal

—— S — — — — — — ]

— ———— — — — — — — — . — — — — — — — — — — S — — — —

Start my no-risk subscription today and send me 12 issues of 73 for $19.97. | understand

YES 'that with payment enclosed or credit card order I will receive a FREE issue making a
*total of 13 issues for $19.97.

L1 CHECK/MO LIMC L1 VISA L1 AE L1 Bill Me $19.97 for 12 issues
Card # Exp. Date
Signature
Name
Address
City State Zip
Canada & Mexico $22.97, 1 year only, US funds drawn on US bank Amatﬂur Hﬂdin's TBGI‘II'IIGHI Jm.ll'l'lﬂl g

Foreign Sueface $25.00, | year only, US funds drawn on US bank.

Foreign airmail plense inguire. Please allow 6-8 weeks for delivery. PO Box 931 : FH"“IMIH, NY 1 1?3? E
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2300 MHZ MICROWAVE DOWNCONV!

* Complete Downconverter
One year Warranty
* Surge voltage protected
Choice of two RF Preamps
Model RP. . . $65 (15 miles)
Model RP + . . $75 ({5 miles) Send check or money order to:
Ké&S ENTERPRISES
Box 741 ~ 165
Mansfield, MA 02048
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Equipment,
Accessories

& Antennas.
Export Anywhere

2317 Vance Jackson Rd.
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Hours: 8:30 a.m. to Efﬂg:.mrhf:nnggr thru Friday (51 2) 733-0334
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Zooncts.

P.0. BOX 11535
TAMPA, FL 33680

Ph. 813/677-7144

WRITE

or
PHONE

FOR
THE WESTERN
HEMISPHERE'S
4 BEST ENGINEERED

TOWERS

l HIGH STRENGTH STEEL
-hot dip galvanized
inside & out
after fabrication-

L]

**10 MODELS**

40 ft. to 85 ft.

ORDER DIRECT FROM
THE FACTORY AT
*DISCOUNTED PRICES*

Let us send you
our catalogue,
price sheet and
Order Form.
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Scanner

Communications Electronics,
the world's largest distributor of radio
scanners, introduces new models
with special savings on all radio
scanners. Chances are the police,
fire and weather emergencies you'll
read about in tomorrow's paper are
coming through on a scanner today.

We give you excellent service be-
cause CE distributes more scanners
worldwide than anyone else. Our ware-
house facilities are equipped to pro-
cess thousands of scanner orders
every week. We also export scanners
to over 300 countries and military
installations. Almost all items are in
stock for quick shipment, so if you're
a person who prefers fact to fantasy
and who needs to know what's really
happening around you, order your
radio today from CE.

NEW! Regency? MX5000-E

List price $599.95/CE price $359.00
Multi-Band, 20 Channel ® No-crystal scanner
Search ® Lockout ® Priority ® AC/DC
Selectable AM-FM modes ® LCD display
World's first continuous coverage scanner
Frequency range: 25-550 MHZ conlinuous coverage
Never before have so many features come in
such a small package. The Regency MX5000
mobile or home scanner has continuous cover-
age from 25 to 550 MHz. That means you can
hear CB, Television audio, FM broadcast sta-
tions, all aircraft bands including military and
the normal scanner bands, all on your choice of
20 programmable channels.

Regency® MX3000-E

List price $318.95/CE price $179.00
6-Band, 30 Channel ® No-crystal scanner
Search ¢ Lockout ® Priority # AC/DC
Bands: 30-50, 144-174, 440-512 MHz

The Regency Touch MX3000 provides the ease
of computer controlled, touch-entry program-
ming in a compact-sized scanner for use at home
or on the road. Enter your favorite public service
frequencies by simply touching the numbered
pressure pads. You'll even hear a “beep” tone
that lets you know you've made contact.

In addition to scanning the programmed
channels, the MX3000 has the ability to search
through as much as an entire band for an active
frequency. The MX3000 includes channel 1
priority, dual scan speeds, scan or search delay
and a brightness switch for day or night operation.

Regency® Z30-E

List price $279.95/CE price $169.00
6-Band, 30 Channel ® scanner
Bands: 30-50, 144-174, 440-512 MHz~

Cover your choice of over 15,000 frequencies
on 30 channels at the touch of your finger.

Regency® C403-E

List price $99.95/CE price $59.00

5-Band, 4 Channel ® Crystal scanner
Channel indicator LED ® AC only ® Low cost
Bands: 30-50, 148-174, 450-470 MHz
Regency’'s basic scanner, the C403 gives you
the excitement of police, fire and emergency
calls at a budget price. It can tune in to any of
five public service bands and brings the signal
in loud and clear...on any of four possible
channeis. It comes with detachable telescope
antenna and AC power cord. Order one crystal
certificate for each channel youwant to receive.

Regency® HX1000-E

List price $329.95/CE price $209.00
6-Band, 30 Channel ® No scanner
Search » Lockout ® Priority » Scan delay
Sidelit liguid crystal display ® Digital Clock
Frequency range: 30-50, 144-174, 440-512 MHz,
The new handheld Regency HX1000 scanneris fully
keyboard programmable for the ultimate in versatil
ity. You can scan up to 30 channels at the same time.
When you activate the priority control, you automat-
ically override all other calls to listen to your favorite
frequency. The LCD display is even sidelit for night
use. A die-cast aluminum chasis makes this the
most rugged and durable hand-held scanner avail-
able. There is even a backup lithium battery to main-
tain memory for two years. Includes wall charger,
carrying case, belt clip, flexible antenna and nicad
battery. Order your Regency HX1000 now.

Regency® R106-E

List price $159.95/CE price $92.00

5-Band, 10 Channel ® Crystalscanner ® AC/DC
Frequency range: 30-50, 146-174, 450-512 MHZ
A versatile scanner, The Regency R-106 is built
to provide maximum reception at home or on
the road. Rugged cabinet protects the advanced
design circuitry allowing you years of depend-
able listening.

NEW! Regency® R1050-E

List price $179.95/CE price $109.00
6-Band, 10 Channel ® Crystalless ® AC only
Frequency range: 30-50, 144-174, 440-512 MHz
Now you can enjoy computerized scanner ver-
satility at a price that's less than some crystal
units. The Regency R1050 lets you inon all the
action of police, fire, weather, and emergency
calls. You'll even hear mobile telephones.
Programming the R1050 is easy. Merely touch
the keyboard and enter any of over 15,000
frequencies on your choice of 10 channels.

Regency® HX650-E

List price $129.95/CE price $79.00

5-Band, 6 Channel ® Handheld crystal scanner
Bands: 30-50, 146-174, 450-612 MHz

Now you can tune in any emergency around
town, from wherever you are, the second it
happens. Advanced circuitry gives you the
world's smallest scanner. Our low CE price in-
cludes battery charger/A.C. adapter.

NEW! Regency® HX-650P-E

List Price $189.95/CE price $104.00
Now, Communications Electronics offers a
special packaged price on the Regency HX-650
scanner and the followingitemsfor only$104.00.
Yougetthe Regency HX-650 scanner, asetof4
AAA ni-cad batteries, the MA-506 carrying case,
six crystal certificates, AC adapter/chargerand
flexible rubber antenna for only $104.00 per
package plus $10.00 shipping/handling. To
order this special package, use CE special
order number HX-650P-E.

QUANTITY DISCOUNTS AVAILABLE

Order two scanners at the same time and deduct
19, for three scanners deduct 2%, four scanners
deduct 3%, five scanners deduct 4% and six or
more scanners purchased at the same time
earns you a 5% discount off our super low
single unit price.

Regency

NEW! Regency® MX7000-E

List price $699.95/CE price $449.00
10-Band, 20 Channel ® Crystalless ® AC/DC
Frequencyrange: 25-550 MHz continuous coverage
and 800 MHz to 1.2 GHz continuous coverage
In addition to normal scanner listening, the
MX7000 offers CB, VHF, and UHF TV audio, FM
Broadcast, all aircraft bands (civil and military),
800 MHz communications, cellular telephone,
and when connected to a printer or CRT, satellite
weather pictures.

The Regency Touch MX7000 provides the
ease of computer controlled, touch-entry pro-
gramming in a compact-sized scanner for use
at home or on the road. Enter your favorite fre-
guencies by simply touching the numbered
pressure pads. You'll even hear a “beep” tone
that lets you know you've made contact.

In addition to scanning the programmed chan-
nels, the MX7000 has the ability to search through
as much as an entire bandforan active frequency.
When a call is received, the frequency will
appear on the digital display.

Regency® Z10-E

List price $239.95/CE price $138.00
6-Band, 10 Channel ® No-crystal scanner

Priority control ® Search/Scan ® AC/DC
Bands: 30-50, 140-174, 440-512 MHz

Cover your choice of over 15,000 frequencies
on 10 channels at the touch of your finger.

OTHER RADIO ACCESSORIES

B-4-E 1.2 V AAA Ni-Cad batteries (set of four) . ....... $8.00
A135C-E Crystalcertificate .. ..........ocvvrirnnnns £3.00
ABOD-E Magnet mounl mobile antenna . . .. $35.00
ATO-E Base stationantenna. ... ............00nn. $35.00

Add §3.00 shipping for all '
Add $3.00 shipping per scanner antenna

BUY WITH CONFIDENCE

To get the fastest delivery from CE of any
scanner, send or phone your order directly to
our Scanner Distribution Center” Be sure to
calculate your price using the CE prices in this
ad. Michigan residents please add 4% sales tax
or supply your tax LD. number. Written pur-
chase orders are accepted from approved gov-
ernment agencies and most well rated firms at a
10% surcharge for net 10 billing. All sales are
subject to availability, acceptance and verifica-
tion. All sales on accessories are final. Prices,
terms and specifications are subject to change
without notice. All prices are in U.S. dollars. Out
of stock items will be placed on backorder
automatically unless CE is instructed differ-
ently. A $5.00 additional handling fee will be
charged for all orders with a merchandise total
under $50.00. Shipments are F.Q.B. Ann Arbor,
Michigan. No COD's, Most products that we sell
have a manufacturer's warranty. Free copies of
warranties on these products are available
prior to purchase by writing to CE. International
orders are invited with a $20.00 surcharge for
special handling in addition to shipping charges.
Non-certified checks require bank clearance.

Mail orders to: Communications Electron-
ics, Box 1002, Ann Arbor, Michigan 48106
U.S.A Add $7.00 per scanner for U.P.S. ground
shipping and handling in the continental U.S.A
For Canada, Puerto Rico, Hawaii, Alaska, or
APO/FPO delivery, shipping charges are three
times continental U.S. rates. If you have a Visa
or Master Card, you may call and place a credit
card order. Order tolfree in the U.S. Dial
B00-521-4414. In Canada, order toll-free by
calling 800-221-3475. WUI Telex CE anytime,
dial 671-0155. If you are outside the U.S. or in
Michigan dial 313-973-8888. Order today.
Scanner Distribution Center™ and CE logos are trade-
marks of Communications Electronics Inc.

$ Regency is a federally registered trademark of Regency
Electronics Inc. AD =080384-E

Copyright € 1984 Communications Electronics

Order Toll Free...call

1-800-521-4414

A COMMUNICATIONS
ELECTRONICS" .

Consumer Products Division

B18 Phoenix O Box 1002 O Ann Arbor, Michigan 48106 LUS A
Call TOLL-FREE BOO-521-4414 or outside U.S A 313-973-B888
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Communications Electronics,
the world's largest distributor of radio
scanners, is pleased to announce
that Bearcat brand scanner radios
have been acquired by Uniden Corp-
oration of America. Because of this
acquisition, Communications Elec-
tronics will now carry the complete
line of Uniden Bearcat scanners, CB
radios and Uniden Bandit™ radar
detectors. To celebrate this acqui-
sition, we have special pricing on the
Uniden line of electronic products.

Bearcat?300-E

List price $549.95/CE price $339.00
7-Band, 50 Channel ® Service Search ® No-
crystal scanner ® AM Aircraft and Public
Service bands. ® Priority Channel ® AC/DC
Bands: 32-50, 118-136 AM, 144-174,421-512 MHz
The Bearcat 300 is the most advanced automatic
scanning radio that has ever been offered to the
public. The Bearcat 300 uses a bright green fluo-
rescent digital display, so it's ideal for mobile
applications. The Bearcat 300 now has these added
features: Service Search, Display intensity Control,
Hold Search and Resume Search keys, Separate
Band keys to permit lock-in/lock-out of any band for
more efficient service search.

Bearcat® 20/20-E

List price $449.95/CE price $269.00
7-Band, 40 Channel » Crystalless ® Searches
AM Aircraft and Public Service bands » AC/DC
Priority Channel ® Direct Channel Access ® Delay
Frequency range 32-50, 118-136 AM, 144-174, 420-512 MHzZ
Find an easy chair. Turn on your Bearcat 20/20
and you're in an airplane cockpit. Listening to all
the air-to-ground conversations. Maybe you'll pick
up an exciting search and rescue mission on the
Coast Guard channel. In a flash, you're back on the
ground listening as news crews report a fast
breaking story. Or hearing police and fire calls in
your own neighborhood, in plenty of time so you
can take precautions, You can even hear ham radio
transmission, business phone calls and govern-
ment intelligence agencies. Without leaving your
easy chair. Because you've got a Bearcat 20/20
right beside it.

The Bearcat 20/20 monitors 40 frequencies from
7 bands, including aircraft. A two-position switch,
located on the front panel, allows monitoring of 20
channels at a time.

Bearcat® 210XL-E

List price $349.95/CE price $209.00
&8-Band, 18 Channel » c.;yruﬂm e AC/DC
Frequency range 32-50, 144-174, 421-512 MHZ
The Bearcat 210XL scanning radiois the secondgener-
ation scanner that replaces the popular Bearcat 210
and 211. It has almost twice the scanning capacity of
the Bearcat 210 with 18 channels plus dual scanning
speeds and a bright green fluorescent display. Auto-
matic search finds new frequencies. Features scan
delay, single antenna, patented track tuning and more.

Bearcat® 260-E

List price $399.95/CE price $249.00
8-Band, 16 Channel ® ® AC/DC
Frequency range 30-50, 138-174, 406-512 MHz
Keep up with police and fire calls, ham radio operators
and other transmission while you're on the road with a
Bearcat 260 scanner. Designed with police and fire
department cooperation, its unique, practical shape
and special two-position mounting bracket makes hump
mounted or under dash installation possible in any
vehicle. The Bearcart 260 is so ruggedly built for mobile
use that it meets military standard 810c¢, curve y for
vibration rating. Incorporated in its rugged, all metal
case is a specially positioned speaker delivering 3 watts
of crisp, clear audio.

NEW!

NEW! Bearcat® 201-E

List price $279.95/CE price $179.00
8-Band, 16 Channel ® Crystalless # AC oniy
Priority » Scan Delay ® One Key Weather
Frequency range 30-50, 118-136 AM, 146-174, 420-512 MHL
The Bearcat 201 performs any scanning function you
could possibly want. With push button ease, you can
program up to 16 channels for automatic monitoring.
Push another button and search for new frequencies.
There are no crystals to limit what you want to hear.

NEW! Bearcat® 180-E

List price $249.95/CE price $149.00

8-Band, 168 Channel ® Priority ® AC only
Frequency range: 30-50, 138-174, 406-512 MHZ
Police andfire calls. Ham radio transmissions. Business
and government undercover operations. Youcan hear it
all on a Bearcal 180 scanner radio. Imagine the thrill of
hearing a major news event unfold even before the
news organizations can report it. And the security of
knowing what's happening in your neighborhood by
hearing police and fire calls in time to take precautions.
There's nothing like scanning to keep you in-the-know,
and no better way to get scanner radio performance ata
value price than with the Bearcat 180.

Bearcat® 100-E

The first no-crysial programmabile handheld scanner.
List price $449.95/CE price $234.00/$PECIAL!
8-Band, 16 Channel ¢ Liquid Crystal

Search # Limit » Hold » Lockout » AC/
Frequency range: 30-50, 138-174, 406-512 MHz

The world's first no-crystal handheld scanner has
compressed into a 3" x 7" x 1%" case more scanning
power than is found in many base or mobile scanners.
The Bearcat 100 has a full 16 channels with frequency
coverage that includes all public service bands (Low,
High, UHF and “T" bands), the 2-Meter and 70 cm.
Amateur bands, plus Military and Federal Government
frequencies. It has chrome-plated keys for functions
that are user controlled, such as lockout, manual and
automatic scan. Even search is provided, both manual
and automatic. Wow...what a scanner!

The Bearcat 100 produces audio power output of 300
milliwatts, is track-tuned and has selectivity of better
than 50 dB down and sensitivity of 0.6 microvelts on
VHF and 1.0 microvolts on UHF. Power consumption is
kept extremely low by using a liquid crystal display and
exclusive low power integrated circuits.

Included in our low CE price is a sturdy carrying case,
earphone, battery charger/AC adapter, six AA ni-cad
battenes and flexible antenna. The Bearcaf 100 is in
stock for quick shipment, so order your scanner oday.

Bearcat® DX1000-E

List price $649.95/CE price $488.00
Frequency range 10 kHz to 30 MHZ
The Bearcat DX1000 shortwave radio makes tuning in
London as easy as dialing a phone. It features PLL
synthesized accuracy, two time zone 24-hour digital
quartz clock and a built-in timer to wake you to your
favorite shortwave station. It can be programmed to
activate peripheral equipment like a tape recorder to
record up to five different broadcasts, any frequancy,
any mode, while you are asleep or at work. It will receive
AM, LSB, USB, CW and FM broadcasts.

There's never been an easier way to hear what the
world has to say. With the Bearcat DX1000 shortwave
receiver, you now have direct access to the world.

Uniden® PC22-E

List price $159.95/CE price $99.00

The Uniden PC22 is a 40 channel AM remote mobile CB
radio. It'sthe answer fortoday’s smaller cars which don't
always provide adequate space for mounting. Since all
the controls are on the microphone, you can stash the
“guts” in the trunk. The microphone has up/down
channel selector, digital display, TX/RX indicator and
external speaker jack. Dimensions: 5%" Wx7W" D x
1%" H. 13.8 VDC, positive or negative ground.

QUANTITY DISCOUNTS AVAILABLE
Order two scanners at the same time and deduct
1%, for three scanners deduct 2%, four scanners
deduct 3%, five scanners deduct 4% and six or
more scanners purchased at the same time
earns you a 5% discount off our super low
single unit price.

Extraneous Signals \
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Both Bandu™ radar detectors featnoe ED LT ™ the
Electroruc Data Interference Termunator that edigs-out

false alarm signals

Uniden® PC33-E

List price $59.95/CE price $44.00

The Uniden PC33 boasts a super-compact case and
front-panel mike connector to fit comfortably in today's
smaller cars. Controls: Power & Volume, Squeich;
Switches: ANL. Other features of the PC33 include
Graduated LED "S"/RF Meter, Digital channel indicator.
Dimensions: 6" Wx 6" D x 1%"” H. £13.8 VDC.

Uniden® PC55-E

List price $89.95/CE FP”“ $59.00

The full featured Uniden PC55 front-panel mike con-

nector makes installation easier when space is a factor.
it has ANL, PA-CB, Channel 2@ and RF Gain switches.
LED “S"/RF meter, TX lite, PA & external speaker jacks.
Dimensions: 6" Wx 6" D x1%" H. £13.8 VDC.

Bandit™ Radar Detectors

Now that everyone else has taken their best shot at
radar detection, the Uniden Bandit™ hasdone them
one better...with E.D.I.T.,” the Electronic Data
Interference Terminator that actually edits-out
false alarm signals.

The Bandit 55, features a convenient brightness/
dimmer control for comfortable day or night driving,
plus a handy highway/city control for maximum
flexibility wherever you drive. The Bandit 95 Remote,
is a two-piece modular unit that lets you mount the
long-range radar antenna behind the grill, out of
view. The ultra-compact control unit can then be
inconspicuously tucked under the dash or clipped
to the visor.Order Bandit55-E for$119.00 each or
the Bandit 95-E Remote for $139.00 each.

OTHER RADIOS AND ACCESSORIES
FB-E-E Frequency Directory for Eastern US.A.....$12.00
FB-W-E Frequency Directory for Western USA..._ $12.00

BC-WA-E Bearcat Weather Alert™. . ................ $35.00
ABO-E Magnet mount mobile antenna ............. $35.00
ATO-E Base stationantenna...........covcevivnens $35.00

Add $3.00 shipping for all accessones ordered al the same time.
Add $3.00 shipping per scanner antenna.

BUY WITH CONFIDENCE

To get the fastest delivery from CE of any
product in this ad, send or phone your order
directly to our Scanner Distribution Center”
Michigan residents please add 4% sales tax or
supply your tax |.D. number. Written purchase
orders are accepted from approved govern-
ment agencies and most well rated firms at a
10% surcharge for net 10 billing. All sales are
subject to availability, acceptance and verifica-
tion. All sales on accessories are final. Prices,
terms and specifications are subject to change
without notice. All prices are in U.S. dollars. Out
of stock items will be placed on backorder
automatically unless CE is instructed differ-
ently. A $5.00 additional handling fee will be
charged for all orders with a merchandise total
under $50.00. Shipments are F.O.B. Ann Arbor,
Michigan. No COD’'s, Most products that we sell
have a manufacturer's warranty. Free copies of
warranties on these products are available
prior to purchase by writing to CE. International
orders are invited with a $20.00 surcharge for
special handling in addition to shipping charges.
Non-certified checks require bank clearance.

Malil orders to: Communications Electron-
ics,” Box 1002, Ann Arbor, Michigan 48106
U.S.A Add $7.00 per scanner, radardetectoror
CB or $12.00 per shortwave receiver for U.P.S.
ground shipping and handling in the continental
U.S.A. For Canada, Puerto Rico, Hawaii, Alaska,
or APOQ/FPQO delivery, shipping charges are
three times continental U.S. rates. If you have a
Visa or Master Card, you may call and place a
credit card order. Order toll-free in the U.S. Dial
800-521-4414. In Canada, order toll-free by
calling 800-221-3475. WUI Telex CE anytime,
dial 67 1-0155. If you are outside the U.S. orin
Michigan dial 313-973-8888. Order today.
Scanner Distribution Center” and CE logos are trade-

marks of Communications Electronics” Ad# 070184-E
t Bearcat is a registered trademark of Uniden Corporation.

Copyright® 1984 Communications Electronics

OrderToll Free...call

1-800-521-4414

Al COMMUNICATIONS
ELECTRONICS" ..
Consumer Products Division

818 Phoenix O Box 1002 O Ann Arbor, Michigan 48108 US A
Call TOLL-FREE 800-521-4414 or outside U.S A 313-973-8888




Don Jarvis VE2DWG

30 Summerhill Avenue

Pointe Claire, Quebec HIR 2K4
Canada

Bob Pepper VEZAO

Apt. 201, 455 32nd Avenue
Lachine, Quebec H8T 1Y2
Canada

Perfect Timing

Proud of your repeater? Construct this multi-talented identifier
and tell the world your who, what, and where.

oes the world really
need a new repeater-
identifier circuit or, for that
matter, a new timer circuit?
Why a new one when so
many good designs abound?

Well, it was a combination
of circumstances and specif-
ic needs which don’t seem
to be satisfied with the exist-
ing designs.

Bob’s 2-meter repeater,
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Identifier-timer board.
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VE2BG, shares a site with a
commercial machine, one
of several run by the opera-
tor. Said gentleman was ad-
vised by the DOC (Canada’s
version of the FCC) that all
his transmitters (20 plus)
must henceforth incorpo-
rate identifiers. Knowing
that the commercial models
would cost him a minimum
of $500 each, he appealed
to Bob for an amateur (read
“low-cost”) solution to his
problem.

At about this point in
time, VE2DWC developed a
need for an identifier-timer
for a proposed 10-CHz
beacon. This would, every
few minutes, send the
beacon callsign plus a mes-
sage giving the location and
a QSL address for reception
reports. This message would
require about 200 diodes
to program a conventional
scanning identifier, requir-
ing enough board acreage to
grow corn as a sideline. This,
plus the thought of install-
ing a smaller number of
diodes in 20 or more boards,
was enough to convince us
that programmable read-
only memory (PROM) was

the answer to both require-
ments.

The complication of build-
ing a PROM programmer
seemed justified by the
benefits to be gained.
VE2DWG rashly volun-
teered to undertake this part
of the project while VE2AO
did the identifier-timer de-
sign. Enough said about this
aspect of the project, except
to note that as a conse-
quence of this we are now
able and willing to burn
PROMs for those who like
the design but don’t want to
go to the bother of haywir-
ing together their own pro-
grammer.

The finished identifier-
timer (the term seems to cry
for shortening to something
like Identi-Timer) uses six
CMOS chips, a 256 X4 (1K)
bipolar PROM, a monolithic
voltage regulator, and four
transistors on a board three
inches square to generate
CW messages up to 256 bits
in length. The addition of
one more chip can increase
this to 512 bits. Strapping
options allow a choice of
various timing options or



use as an identifier only. If
your junk box is as bare as
ours (at least when it comes
to the particular parts that
are necessary) and you end
up having to buy all the
components, the total cost
should not exceed 25
dollars.

Construction

Parts placement is shown
in Fig. 4. All resistors are 4
Watt and are mounted flat
to the board except for the
two 470-Ohm resistors on
the base of Q1; these are
mounted on end, transistor-
radio style. The 20k tone-
level potentiometer is a
Helitrim Model 91; anything
of the same approximate
size and lead placement will
work. The lead on the volt-
age regulator should be
bent at right angles before
mounting, allowing you to
secure it with a #4 screw and
nut through a hole in the
board for this purpose.

All 1Cs except the PROM
were soldered in place on
the 20 or so boards manu-
factured; no failure oc-
curred which would have
made the messy job of re-
moval necessary. It hardly
seems right to have to use IC
sockets costing more than
the chips that go in them,
but this does necessitate
buying good quality chips
with minimal failure rates;
the choice is up to the build-
er. A 16-pin DIP socket was
provided for the PROM

since callsigns do change.
Circuit Description

The unit is divided into
two functional blocks: the
identifier and the timer cir-
cuit. The identifier will be
described first, since it is the
less complicated of the two.
All integrated circuits (ex-
cept the PROM itself and
the on-board voltage regu-

lator) are CD4XXXB series
CMOS.

The Identifier Circuit

The basic idea of the iden-
tifier is centered around a
256 X 4-bit programmable
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Fig. 1. Identifier-timer schematic diagram.

read-only memory contain-
ing the previously-entered
bit sequence, in 1s and Os,
that represents the message
to be sent in Morse. The ad-
dress lines of the PROM are
scanned in sequence by a
binary counter at the de-
sired rate, outputting the
stored bits which are used to
key an audio oscillator
which is fed to the repeater
audio line.

The counter is driven by
an astable multivibrator
clock which runs at a rate
which is 16 times faster than
the shortest element bit
length, equivalent to a dot.
For a speed of 10 words per
minute, the element length
is about 120 milliseconds;
this means that the clock
bits are about 75 milli-
seconds, an operating fre-
quency of 133 Hz. The value
of R1 can be varied to pro-
duce the desired speed;
halving the value will dou-

ble the speed.

A word about the feed-
back resistor used on this
clock and the timer clock:
Normally it should have a
value of at least two times
the R1 value. However, the
very fast rise time of the B
series CMOS (on the order of
nanoseconds) caused erratic
clocking of the CD4020
counters, with strange-
sounding results in the CW
output or inexact time inter-
vals. Reducing the value of
this resistor to 5600 Ohms
cured the problem when
nothing else availed. The
problem was not encoun-
tered on the U2A/U2C tone
oscillator, so the conven-
tional value was used here.

The clock drives U3, a
14-stage CD4020 binary rip-
ple counter. The Q4 to Q11
outputs of the counter
(divide by 16 to divide by
2048) are connected to the
address lines of the PROM,
addressing memory loca-
tions 000 to 255 (00 to FF
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Fig. 2. Optional-message
switch.

hex) in sequence. At each
step, the PROM outputs
four bits on its 9101112
pins. Only one of these bits
is used in a memory cycle,
normally bit 1, but any one
of the four can be selected
by strapping on the board.
Alternative messages can be
programmed in bits 2 to 4 lo-
cations, or a continuation of
the message in the 256 bit 1
locations, using the optional
memory switch.

A tone oscillator, U2A/
U2C, identical to the count-
er clock except for the op-
erating frequency (and the
use of NANDs in place of
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Fig. 3. Circuit board, foil side.

NORs), feeds one input of
the U2B two-input NAND
gate. The bit output of the
PROM feeds the other input,
keying the tone on and off at
the output of U2B. The tone
level control is used to ad-
just the level of the signal in-
to the 10k series resistor
which is bridged on 