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Sabtronics gives you DMM and Frequency
Counter kits with more features, better
performance and incredibly lower prices

Model 2010A Bench/Portable DMM:
$79.95 kit

Features: 32 digit LED display 31 measurement
ranges 6-Functions ¢ 0.1% Basic DCV accuracy
Touch-and-hold capability « Hi-Lo Ohms ¢ 40 Hz
to 40 kHz frequency response  Auto Zero, Auto
Polarity  Overload protected ¢ Overrange indi-
cation « Single chip LSI logic » Laser-trimmer re-
sistor network and ultra-stable band-gap reference
for better long term accuracy o Built-in NiCd bat-
tery charging circuit.

Brief Specifications: DC Volts 100uV to 1000V
in 5 ranges; AC Volts 100V to 1000V in 5 ranges;
DC Current 0.1pA to 10A in 6 ranges; AC Cur-
rent 0.1 pA to 10A in 6 ranges; Resistance 0.19 to
20MQ in 6 ranges; Diode Test Current 0.1pA to
ImA in 3 ranges; Input impedance, 10M§ on AC
and DC volts; Power requirement, 4.5 to 6.5
VDC (4 “C” cells) or optional AC adapter/
charger.

sabtroni =
WOREL 2o -m..mc..

Model 2015A Bench/Portable DMM:
$89.95 kit

Same features and specifications as Model 2C1CA
except with large, 0.5” LCD 3% digit display.

Optional Accessories:

#AC-115, AC adapter/charger $7.95
#THP-20, Touch and Hold Probe $19.95
#NB-120 NiCd Battery Set $18.75

$89.95

Model 8610A Frequency Counter:

$99.95 kit

Features: 8-digit LED display « 10 Hz to 600 MHz
guaranteed frequency range (5 Hz to 750 MHz
typical) « 3 Garte times ¢ 10 MHz TCXO Time
base ¢ Auto decimal point » Overflow indicator ¢
Leading zero blanking ¢ Resolution to 0.1 Hz e
Built-in charging circuit for NiCd batteries.

Brief Specifications: Freauency Range, switch
selectable, 10 MHz, [00MHz, 600 MHz  Sensitiv-
ity, £ 10mV RMS to 100 MHz, +50mV RMS,
100 MHz to 450 MHz; 90mV RMS 450 MHz to
600 MHz ¢ Impedance, 1 M, 10 MHz and 100
MHz ranges; 502, 600 MHz range ¢ Gate time
(switch selectable) 0.1 sec, 1 sec, 10 sec » Temper-
ature stability, 0.1 ppn1/°C ¢ Ageing rate < +5
ppm/yr ¢ Accuracy, 1| ppm or 0.0001%  Input
protection, 150V RMS to 10 kHz (declining with
frequency) » Power Requirement, 4.5 to 6.5V DC
@ 300mA (4 “C" cells) or optional AC adapter/
charger (7.5 to 9V DC @ 300mA).

Ordering information
USA—Add $6.00 per kit for shipping & han-
dling. Personal checks have to clear beforé
oo§s are shipped (allow 2-3 weeks). For faster
elivery semf cashiers check or money order.
10% deposit for C.O.D. orders. Florida resi-
dents add sales tax. OVERSEAS—Add $25.00
per kit for airmail delivery. Payment by bank
draft in U.S. funds.

Also available Model 8110A, same
as 8610A except maximum
frequency is 100MHz and without
battery charging circuit: $69.95 kit

$99.95

(813) 623-2631

sabtronics 5
INTERNATIONAL INC.

5709 N. 50th Street, M/S 35, Tampa, FL 33610

In Canada contact: Kumar & Co.
Mississauga, Ont. Canada L5L 1H2
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Something New

Welcome to the premier issue of
Special Projects! |

Special Projects is a magazine dedicated to the electronics constructor, activist and
experimenter. It is chock full of never-before-published construction projects. Each
article has been carefully selected and screened by the editorial staff.

Whether you’re a newcomer or oldtimer to the exciting world of electronics; whether you’re
a shirt sleeve tinkerer or a blue-sky experimenter; you will find many of the articles in this
issue of major interest. But be careful, it’s likely that you’ll find several that will force you
to heat up your soldering iron.

The projects have been selected to cover a broad spectrum of subject areas, including com-
puter accessories, test equipment, communications, electronic music, hobby cir-
cuits and more. For example, if you would like to learn more about digital circuuits, there’s
a digital logic trainer on page 32. Or how about an adapter that will convert your
present oscilloscope into a 4-trace logic scope. Own a personal computer? There’s a
programmable sound generator on page 92 that will fit three popular computer busses,
including the TRS-80. There’s even a digital do-nothing box on page 10.

By the time you finish this issue, you’ll be ready for the Spring 1981 issue of Special
Projects. That’s because Special Projects is a quarterly publication. And the second issue
is going to be filled with more of the same kind of never-before-published projects that
you see here.

If I seem enthusiastic, it’s because I feel that we’ve put together the kind of electronics
magazine that’s missing from the electronics scene. If you’d like to express your opinion,
please drop me a postcard or letter with your comments to the Editor, Special Projects,
200 Park Avenue South, New York, NY 10003.

Art Kleiman
Managing Editor

e

inc., 200 Park Avenue South New York, NY 10003. Phone 212-777-6400. No subscrip-
tlons. Singie-copy price $1.95. © Copyright 1980, Gernsback Publications Inc. All rights

reserved. Printed in US.A. session or otherwise.

published quarterly by Gernsback Publications A stamped seif-addressed envelope must accompany all submitted manuscripts and/
or artwork or photographs, if their return is desired. We disclalm any responsibility for
any loss or damage to manuscripts and/or artwork or photogrphs while in our pos-

As a service toamdor deloElocironlcs Special Projects publishes avallable plans or information
responsibillty for the safe and proper functioning of reader-buiit projects based upon or from plans or lished In this

relating to newsworthy
var in the qual and condition of materials and workmamhlp used by readers. Radio-Ele:

products, hehnlquu and ‘clomlﬂc hchnolgkal
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DIGITAL PANEL
COUNTER

A digital frequency counter

so small, that you can build

it into almost any piece of
equipment. it has a 7-digit LED
display and reads frequencies
from DC to more than 135-MHz.
Two separate inputs too—
one for low-frequency inputs;

MIKE COUPLER

Coupling the speaker of one
piece of equipment to the
microphone of another is
easier/harder than you think.
But this article presents a
one-evening project that will
solve the problem once and
for all. Try it out for yourself.
It's well worth the effort.

30
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SCOPE
MULTIPLEXER

It's a simple device that let's
you turn a single-trace scope
into a four-channel digital
scope. With the optional CMOS
head, also detailed, the unit
can be used with almost

all logic families.

il
e

the other for high-frequency

inputs.

CIRCUIT
DESIGNER

CAR TEST PROBE  An affordable device that sup-

Carry it around in your car

for on-the-spot electrical sys-
tem troubleshooting. Your
| choice of perf-board or printed-
| circuit card construction. The
| convenient and available
probe case speeds assembly
| and leaves you with a very
professional-looking piece

of test gear.

CASSETTE
. JUNCTION BOX

A handy interface between

plies and monitors the func-
tions necessary to explore the
theories and operation of
digital and microprocessor
IC’s. It can also be used as an
aid in teaching digital and
microprocessor techniques.
You should have one for your-
self.

your microcomputer and its
cassette recorder memory.
LED’s indicate the states of
the signal and the control
lines. A two-evening project for
hobby computer buffs.

DIGITAL
DO-NOTHING

Eye-catching electronic

gadget is an exercise in
numeric displays. it takes out-
put pulses from an oscillator
and displays 0 to 9, endlessly, in
three different modes. It

is one of those gadgets that is
both easy to build and fun to
use.

DIGITAL IC
TESTER

| Provides a permanent setup,
SO you can test all kinds of
digital IC’s without having
to spend a lot of time on wiring
breadboards first. If you use
IC’s in your projects you'll
approve of the amount of time
that this not-so-simple project

| can save you.

CHORD EGG
| That's EGG as in Encephalo-
Gratification Generator.
Produces one musical
chord after another.

AUDIO-VISUAL
CONTROL

Eliminates plug handling;
allows you to listen to tape
signals; provides a signal-
lever meter; and visually alerts
you when the recorder
operates. Makes your tape-fed
TRS-80 easier to use and at
the same time helps you keep

| tabs on what you are trying

to do.

——_

SAFETY COOKER

It's a fast, easily adjustable
circuit-breaker that lets you
“cook” equipment on your
bench without a need for ycu to
be there. It protects against
damage that might be other-
wise caused due to unexpected |
faults that cause sudden, ex- |
cessive current drain.

BARGRAPH
BATTERY
TESTER

Two major components is all
it takes to assemble this novel
battery tester. Great for check-
ing out single cellis, it gives
quick evidence of a battery's
condition.
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BATTERY BOX

A handful of components

and a single evening of as-
sembly time builds this useful
battery switching box. It is
equipped with its own recharge-
able batteries and has a
thousand and one more uses
that you can possibly think up
for it.

76

How to give an electromech-
anical chord organ a new

| lease on its musical life by

adding a few IC's and related

78
MIKE
SUBSTITUTE

| Foot switch give you an extra

hand tor making transmitter
tests while a silent signal gives

| your ears a rest. There's no

worry about critical lead
length or parts placement

to make this more than a simple |

project with oodles of applica-
tions.

LINE REGULATOR
Don’t let voltage dips put your
TV out of business. Here's an
automatic stepping device

that will boost line voitage

by 6.3VAC and does it auto-
matically whenever the line
voltage drops below a level
you preset. A simple readily-
available transformer does the

92

el

components. The result can be
as satisfying as the purchase
of a complex ali-electronic
organ and a lot less expensive.

81

FUDGE-FACTOR

BOX

dB measurements can be

easy to make. Here's a team

of instruments—a simple

dB meter and a Fudge-Factor

box that combine to solve

this persistent problem faced by

many experimenters. You'll
wonder why you haven't
thought of it yourself.

job when it is coupled in this

circuit.

SOUND
GENERATOR

A programmable souna genera-

tor on a circuit card that is

designed to immediately inter-
: face with your choice of com-
puter systems—S100, TRS-80,
or SWTPC 6800. Take a careful
look at this one, it's much more
interesting than the title would

have you believe. And the

sounds that it creates.... WOW!

65

DIGITAL DISPLAY

A I asesns off
Add it to your communica-

' | tions receiver or even to your

older FM receiver and you'll
have the latest equipment.
Three circuit boards house
all of the parts and simplify
construction. Once you read
the article, we’re sure you are
going to want to build one

for yourself—so don't blame us.

WORDS AND MUSIC

| COSMOS counters coupled

to displays and tone-generating
circuits form simple audio-
visual devices with hundreds
of applications. They include
programmable doorbells,
warning and security annuncia-
tors, novelty displays of all

kinds, and much much more.

NEW PRODUCTS
A selection of products and
literature that should be of
particular interest to the readers
of this new magazine. We think
you'll find them interesting. The
Free Information Card at the
rear of this book makes it easy
for you to get more data direct
from the manufacturer.
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NOW AVAILABLE!

WATT WIZARD

POWER FACTOR CONTROLLER CUTS
THE COST OF RUNNING ELECTRIC
APPLIANCES BY AS MUCH AS

50% - AND YOU CAN EVEN SEE THE

SAVINGS!

For over a year now, in magazines
and newspapers the world over, there
have been enthusiastic write-ups on a
remarkable new device that can cut
your electric bill while helping the U.S.
save huge quantities of fuel.

‘“The NASA/Nola power saver,’’
wrote a Popular Science senior editor,
‘‘was developed by Frank Nola at
NASA’s Flight Center in a program
to reduce power consumption in space-
craft motors. Nola calls it a PFC —
power-factor controller. | prefer to call
it a power saver, however, because
that's what it does."’

NASA TESTED IT

According to NASA documents, ‘‘The
device has been tested at Marshall
Center on over 40 types of motors,
with power savings ranging up to 60%,
depending on the loading. The motors
tested were both single-phase and
three-phase, ranging from %2 H.P. to 5
H.P. Most motors will show up to 40 —
50% savings when running lightly load-
ed or unloaded, and some will show
5-t0-7% savings at rated load.”’

NASA's Technical Support Package
showed that ‘‘The Power Factor Con-
troller applies to induction type electric
motors — the most commonly used
type in all major home appliances and
the most commonly used by industry.”

HOW IT SAVES POWER

Popular Electronics explained it this
way: ‘“‘AC induction motors character-
istically run at a nearly constant speed
that's fixed by power-line frequency
and independent of load and supply
voltage. When heavily loaded, the
motor draws line current that is
nearly in phase with the applied volt-
age...Under light load conditions, the
motor develops less torque by allowing
more lag between the voitage and the
current. This reduces the power factor
while leaving the current essentially
the same in magnitude.

*To minimize this waste, Nola’s
device monitors the motor's power fac-
tor and when it detects light load condi-
tions, it reduces the supply voltage......
The current, now more nearly in phase
with the voltage, therefore does as
much useful work as before, but it and
the voltage are smalier, resulting in a
net savings of electric power.”

THE SAVINGS CAN ADD UP

The cost of electric power keeps
going up. In 1980-81 and beyond you’H
pay more and more for the privilege of
running your electric appliances.

Right now, the typical consumer pays
about $8 per month to operate a 16.5
cu. ft. frost-free freezer...$10 to run a
17.5 cu ft. frost-free refrigerator...and

National Aeronautics
and Space Administration
Patent No. 4,052,648

about $60 for an air conditioner used
during summer months. That's what
you’re paying to run just one of these
appliances per year.

Nola's power saver can soon pay for
itself, then start reducing your electric
bilis. Until now, the device has not
been available — except for industrial
modeis priced at $80 or more.

INTRODUCING THE WATT WIZARD

Cynex, an American manufacturer of
electrical and electronic products and a
prime contractor for the U.S. Army,
has been licensed by NASA to manu-
facture Frank Nola's power saver. Cy-
nex calls it the Watt Wizard.

The ‘‘Watt Wizard’’ says Ray
Beauchea, the firm's Marketing
Director, regulates the voltage fed

into an induction motor making the
motors run more efficiently and quieter,
while lengthening motor life

The Watt Wizard features a unique, constant
power saving readout. So you can constantly
monitor you're energy savings.

SIMPLE TO USE

Cynex makes several models of the
Watt Wizard (all with solid state de-
sign), including the 110 v. AC plug-in
model we're offering. It's for single
phase fractional H.P. motors (less than
1 H.P.) used in most freezers, refriger-
ators, fans, swimming pool pumps,
vacuum cleaners, sewing machines, etc.

Simply plug the Watt Wizard into
any electrical outlet, then plug the ap-
pliance into the Watt Wizard. There’s
no wiring required. Unlike some com-
petitor’s models (if and when available),
the appliance does not have to be
turned on before being plugged into
the power saver. You can leave the
appliance — whether on or off — plug-
ged into the Watt Wizard all the time.
Or you can move the Watt Wizard to
various tocations.

OTHER MODELS AVAILABLE
Air conditioners, washers and dryers
require wire-in model. If you lack
mechanical skill, you probably need an
electrician to instail it. We also offer it
in 220 VAC single or three-phase.

CIRCLE 301 ON FREE INFORMATION CARD

90864 ABNIHANW

EXCLUSIVE ADVANCE FEATURES

The Watt Wizard also inciudes two
more unique features which no cempet-
itor has. It's fused so if you accidently
overload the device, it won't bum out.
Just change the fuse, which is available
at any auto supply store.

And Watt Wizard features a unique
LED readout, so you can actually tell,
at any moment, exactly how much
power you're saving — 10%, 20%,
30%, 40% or 50%. This feature is
available only on the Watt Wizard.

There's a ‘‘power-on’’ light, toc. And
the Watt Wizard comes with the manu-
facturers 1 year limited warranty.

LOW COST — AND A TAX CREDIT

We're offering the Watt Wizard for
only $39.95, with immediate delivery.
Want two? Then its just $37.95 each.
Or splurge and get three at $34.95
each. Wire-in models for heavy duty
motors are $6 more for each unit. Add
just $2.50 postage/handling for each
order (not each unit).

And next year, when you fill out your
tax return, you can deduct a full 15%
energy tax credit-for additional savings.

L)

30-DAY MONEY-BACK GUARANTEE

Try the Watt Wizard for up to 30
days. If not completely satisfied, r2tum
it (insured) for a full refund.

The sooner you send for the Watt
Wizard, the more you can save on your
electric bills. To order, send your check
or money order to the address below.
Or charge it to your Visa, MasterCharge,
American Express, or Carte Bianchs
credit card. if using your charge card,
you can also order via our tolkfree
phone number:

800-257-7850

(in New Jersey, Call: 800-322-8650)
N.J. residents, add 5% sales tax.

Or mail your order to:
INTERNATIONAL SALES GROUP

Me3lCcUIY

THE IMAGINATION PEOPLE®

Dept. RE9, Lakewood Plaza
Lakewood, New Jersey 08701



4-TRACE

COPE MULTIPLEXER

Turns almost any scope into a
4-channel instrument

CARLO A. FACCA

TROUBLESHOOTING DIGITAL CIRCUITS IS GENERALLY
quite simple. Low-frequency circuits can be monitored
using conventional logic probes. Higher frequency cir-
cuils require, at minimum, an oscilloscope. Even the
scope has its shortcomings. For most hobbyists, de-
signing and troubleshooting digital circuits requires
monitoring several signals simultaneously. Most ex-
perimenteis’ scopes are single-trace units (at best
some are dual trace).

The multiplexer described in this article will make it
possible for your single-channel oscilloscope to display
four digital signals, greatly expanding its flexibility.

The basic multiplexer is a TTL compatible device.
The optional CMOS head described in this article
allows the multiplexer to be used with CMOS, TTL,

and other logic families. The head increases the sensi-
tivity of the multiplexer, reducing its loading effect on
the circuits being monitored: and it also provides input
overvoltage protection.

How it’s built

The multiplexer is built using a modified bricklaying
method. (see “IC Bricklaving’’, Radio-Electronics,
December 1977). The IC leads are bent so they point
straight out of the package. The IC’s are stacked on
top of each other and fastened together using two-
sided adhesive tape, as shown in Fig. 1. All connec-
tions are made using standard wire-wrap wire. Con-
nections are point to point and in most cases can be

o 0861 HILINIM
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FIG. 1—DETAILS OF IC BRICKLAYING arrangement. The CMOS
head is not shown here.

wire-wrapped directly onto the IC pins. Resistors and
capacitors are soldered onto the pins. No PC board is
used. The prototype was builtina 2 x 2 X l-inch (50 X
50 x 25 mm) plexiglass box. The box was fitted with
terminations to plug into the author’s oscilloscope;
however. you can modify the physical arrangement of’
the plugs and jacks to suit your particular scope.

How it works

The multiplexer is shown in schematic form in Fig. 2.
A block diagram is shown in Fig. 3. Refer to Fig. 4 for
details on the CMOS head. IC1 1s the system clock. In
the ALTERNATE mode the clock operates at 200 Hz,
while in the CHOP mode the frequency 1s 250 kHz. IC2
divides the clock pulses by four. producing a binary
coded decimal (BCD) output. IC3 decodes the BCD.
generating individual low states on its four output lines

Vg B4 A4 Y4 B3 A3 Y3
Ic5 74C00
ATB1Y1A2B2 Y2 GND

Vec B4 A4 Y4B3 A3 Y3
1C6 74C00
A1B1Y1A2B2Y2GND

FIG. 2—COMPLETE SCOPE MULTIPLEXER SCHEMATIC in-
cludes the optional CMOS head.

FIQ. 3—SIMPLIFIED BLOCK DIAGRAM aids understanding how
this 4-channel multiplexer works.

corresponding to the BCD input. The four sections of
IC4. a tri-state buffer, are turned on individually by
IC3. In so doing the four digital signals being monitored
are sampled sequentially.

Resistors R3, R4, RS and R6 form a simple D/A con-
verter. R3 and R4 position the beam in the correct
vertical location corresponding to input being sampled.
R6 modulates this location depending on the state of

=)

3
1 A
2 B
35¢C
4,0
529
6 8
GND 7




FIG. 4—DETAILED SCHEMATIC OF CMOS HEAD. Only 2 IC’s
are needed to couple digital inputs to the multiplexer.

the input. The oscilloscope is triggered directly from
input 4. Diode D1 provides reverse supply-voltage pro-
tection. Capacitors C3 and C4 act as power-supply by-
pass devices.

Since many hobbyist scopes do not have provisions
for external blanking. the multiplexer does not use a
blanking circuit.

The CMOS head acts as a high-input impedance
buffer. In each of the four input channels, two NAND
gates are connected as inverters and in series so that
the net effect is to produce no signal inversion.

The inputs can exceed +5 volts without damaging
the CMOS IC's—their internal protection will take
care of that. The 100K resistors act as current-limiting
devices. With the specified components the input
threshold is about 1.8 volts.

Constructing the case

The case design is shown in Fig. 5. Using 3mm (1/8")
plexiglass. cut two pieces of the followmg sizes: 2-1/4"
X 17,27 x 17, 1-7/8" x 3/4” and 1-15/16" X 2",

Drill the top. bottom and front panels as shown. File
a notch into the front panel to accommodate a 6-wire

e NPT e
R ng_ﬁﬂﬂ'ﬂﬁ& el
..U C1—1-uF 6:VOC {or greater) e
s _.-__122—«5&-1&on (see text)
. G3—4.7-uF 6-VDC {or greater)
¥ C4—1300 pF :
© o D1—1Ng14
SEMICONDUCTORS

. [C1—555 Timer

= IC2—7490 TTL Decimal Counter

- IC3—7442 TTL BCD to one of ten decoder
© 0 1C4—74125 TTL Quad Tristate Butfer
. iC5. |C6—T74C00 CMOS Quad NAND gates
R HESHTGFIE
AR Trew 5%,
s RE—-~1ﬂHﬂohms -
R3—18.000 chms ;
 R4—39.000 ohms
: RS—5600 ohms
RE—150,000 ohms
R7. RB. R2, A10— 100,000 ohms
51—3P5T Subminiature Switch

e

s e

3/32" x 118"
NOTCH

TOP AND BOTTOM

NOTE: ALL MATERIAL
IS 3mm PLEXIGLASS
GLUED USING
CYANDACRYLATE
GLUE.

TOPISNOT GLUED
IN, BUT IS HELD

IN PLACE USING
4-40 HARDWARE.

FIG. 5—DETAILS OF PLEXIGLASS MODULE. This housing is for
the multiplexer and does not include the CMOS head.

ribbon cable. Fig. S shows this notch on the left side of
the front panel. Glue the bottom, sides. front, and back
together using cyanoacrylate glue. Don’t get any glue
on your fingers as they will bond instantly. Glue both
side blocks in place but make sure the ribbon cable will
pass through the notch and by the side block. If not.
file the side block to suit. Carefully glue two 4-40 nuts
over the holes on the bottom panel. Secure the top
with 4-40 screws.

Mount banana plugs, BNC connectors or whatever
hardware required to mate the case to your oscillo-
scope’s input. ground and external trigger connectors.

If you are making the CMOS head. cut four pieces of
3 mm (1/8") plexiglass 1-1/2" X 3/4" and two pieces 1" X
3/4”. Glue the four larger pieces together as in Fig. 6.
Do not glue on the end caps yet.

Wiring the multiplexer

Stack the IC's as shown in Fig. | and wire the de-
vice as shown in Fig. 2. Do not install C1, DI, or SI
yet. Prepare a 4-foot (1.2 m) length of 6-conductor rib-
bon cable. Connect one end of the cable to IC4. Install
switch S! on the front panel. Solder capacitor C1 di-
rectly to SI and connect to IC1. Temporarily apply
power (+35V) to the circuit. Monitor pin 3 on IC1 using
an oscilloscope. With S1 in the ALT mode, a pulse train

~ 0861 H3LNIM
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This eye-catching electronic gadget is an
exercise in numerical displays. It takes output
pulses from an oscillator and displays 0 to 9
in three modes.

MARK C. WORLEY

THE DIGITAL DO-NOTHING IS A .OT MORE THAN THE
name implies. It's a fascinating, almost hypnotizing
gadget to amuse yourself and friends, and a sure con-
versation piece to have flashing and rythmically
changing on a shelf or coffee table.

For those of us having less frivolous and more
studious natures. it's a learning and training device in
BCD (Binary Coded Decimal) code and simple TTL
digital circuitry. Whatever your nature, it's an easy-to-
build project that won't dent your budget too heavily.

About the circuit

Figure 1 i1s a schematic diagram of the Digital-Do-
Nothing. A full-wave bridge rectifier and 5-volt regula-
tor (IC6) power the circuit.

A variable clock generator. [CS. sequences the 7490
decade counter through its ten BCD-coded steps. Pins
12.9. 8 and 11 are outputs A, B, C and D, or BCD code
1. 2. 4 and 8. respectively. These BCD outputs are
connected to the three decoder/display IC’s 2. 3 and 4.
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INTERIOR VIEW of the Digital Do-Nothing. Off-the-board components can be positioned
and mounted as you see fit. In this version, the power transformer is bolited to the bot-
tom of the enclosure.
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FIG. 1—SCHEMATIC DIAGRAM OF THE DIGITAL DO-NOTHING. Timer IC5 is used as a
variable clock generator that drives the decade counter. The BOD-coded output is fed
to IC’s 2, 3 and 4 to display the count in BCD, 7-segment and 0-9 formats.

0861 HILNIM

-
-



SPECIAL PROJECTS

—
[

- B INCHES |

h

I aim=

g 3

FIG. 2—FOIL PATTERN FOR THE PRINTED-CIRCUIT BOARD is shown full-size. You can
copy it photographically or use any one of several transfer methods that can be used to
either copy’ of “lift” the pattern directly from this page.
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FIG. 3—WHERE PARTS ARE LOCATED on the top or component side of the PC board.
Although IC’s are wired directly to the foil, we recommend using IC sockets so you can
experiment and replace components when necessary. Don’t omit the Jumpers.



[C2, a 7447, decodes the BCD input to display the
familiar digits 0 through 9 using a seven-segment LED.
IC3, a 74145, decodes its inputs to drive one of ten
discrete LED’s corresponding to the input code. Only
one LED will be lit at a time, thus the need for only
one current-limiting resistor, R1S.

IC4, a 7404, is a hex inverter that is used to turn on
LED’s 1-4 to display each count in a BCD format. As
many as three LED s will be lit at one time (for the
digit 7) and they will all be dark for the count of 0.
The inputs of the two unused inverters are tied low
(grounded) via pins 11 and 13.

Canstruction procedures

Most projects go to some length to pretty-up the dis-
plays and hide all the IC’s and internal parts inside a
case. The Digital Do-Nothing, however, has a definite
appeal by baring it all, so to speak. Except for the
power transformer and its attendant dangerous 117
VAC primary voltage, all the parts are vistble for ex-
amination, explanation and testing.

A PC board (Fig. 2) is recommended due to the nu-
merous connections involved and will result in a bet-
ter completed unit. Additionally, IC sockets are sug-
gested, particularly if the Digital Do-Nothing will be
used for classroom study or built with doubtful quality,
surplus parts, which may have to be replaced.

Assemble the PC board while carefully noting the
orientation of pin | of the IC’s and the positive ends of
the electrolytics (see Fig. 3). These are identified by a
dot on the foil side of the board. Use care when solder-
ing the LED s—they re very sensitive to overheating.

PARTS LIST

RESISTORS: Ya W 5% unless noted.
R1—100.000 ohms, trimmer, vertical mount
R2—10,000 chms

R3I—1000 ohms 4
F4-R15—150 ohms

CAPACITORS

1. C3—10 pF. 10 volts. electrolytic
£2—2300 uF, 16 volts, slectrolyhic
C4, C5—01 uF, ceramic disk

SEMICONDUCTORS

LED1-LED14—Red LED, XC526R or equivalent, 200 in:
diameter or smaller

01-D4—1N4001, 1-amp S0-volt diode

IC1—7430 decade counter

IC2—7447 BCD-seven-segment decoder/driver

IC3—74145 BCD-decimal decoder/driver

[C4—7404 hex inverter

ICH—MNESESY timar

|C6—7805 ar LM340-T S-volt, 1-amp regulator

LED15--0.3-in . common-anode 7-segmeant display.
DLYOT ar equivalent

T1—f.3-volt, 1-amp transtormer, Calectro D1-745
or eguivalent

S1-—Normally-closed. momentary pushbutton switch

MISCELLANEQUS: Case. line cord, IC sockats, terminal
strip, hardware

By vy
Y §z$§

Far

ekl E

25 §\@ S

FIG. 4—TOP-VIEW PHOTO shows the locations of all the on-
board components. The trimmer resistor (approximately top
center) controls the clock speed and, thus, the counting rate.

The negative, or cathode, end of most LED’s is identi-
fied by a slightly longer lead and/or a notch or flat spot
on the plastic near the lead. If any of them will not light
during check-out, it’s reasonable to assume that the
LED., and not the IC. is at fault. After installing the
above identify the location of each jumper and install
it. If you used IC sockets, insert the IC’s as shown in
Fig. 3

Use heatsink compound on IC6 to help conduct heat
away from it. Secure the IC to the board as shown in
Fig. 4 with a 6 x 32 screw and nut.

Mount the transformer inside the box and use a
terminal strip for tie points. Make sure the transformer
is small enough to fit within the box without shorting
to the PC board. It must be less than 1-5/8 inches tall.

After assembly is complete, carefully recheck all
connections and polarities. If you've used IC sockets,
leave IC’s 1-4 out of the circuit and plug in the AC
cord. Check the output of the regulator and make sure
that the V¢ pin of each IC is receiving five volts.
Then unplug the cord and insert the IC’s.

The circuit draws as much as 500 mA. depending
upon what number is being displayed. This can result
in 1C6 becoming warm to the touch. That shouldn't
cause any concern since the IC internally limits its cur-
rent and will automatically shut down if it becomes too
hot but it is best to allow plently of free-air circulation
around the IC.

Let’s put it to work

Plug in the AC cord and adjust trimmer R1 for a com-
fortable clock rate. The momentary switch, S1., will
reset all displays to zero any time it is pressed. No
harm will result from pressing the button as often as
you like.

There are exposed voltages of 6.3 VAC and 5 VDC,
which are not normally dangerous. Nonetheless, care
should be exercised in handling the board to prevent
injury.

You can use the Digital-Do-Nothing as an attention-
getter or teaching device. It also makes a great ““first
project”” for anyone wanting to build his first printed-
circuit board or digital project. SP
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TRS-80 AUDIO-VISUAL

FRED BLECHMAN, K6UGT

ALTHOUGH THE RADIO SHACK TRS-80 MICROCOMPUTER
System has many features for a low price, various de-
sign compromises were made to keep the price down.
The recording and playback of cassettes 1s clumsy at
best. requiring that you pull plugs from the recorder to
move the tape when it's not under computer control,
or to monitor the signals. Also, the loading signal volt-
age is critical, especially in Level II.

The Audio-Visual Control Box described here does
the following:

1. Eliminates plug handling by providing a manual

switch to control the recorder motor.

2. Allows you to hear the tape signals during both
record and playback *CSAVE and CLOAD).

3. Provides a “‘signal level meter”’ for reliably loading
programs from tape, especially for Level Il ma-
chines.

4. Visually alerts you when any recorder buttons are
depressed and the computer has stopped the
recorder motor.

No modification whatever is required to the TRS-80
system, since the Control Box is simply inserted
between the existing TRS-80 cable plugs and the
recorder jacks. Also, the total cost, using all new parts,
is under $15!

How it works

The schematic (Fig. 1) shows the basic no-frills de-
sign. No batteries or active circuits are involved. To

describe how it works, assume that the Control Box is
installed between the computer plugs and the recorder
jacks. and that you’'re playing a tape into the computer
(CLOAD or INPUT#). The tape signal comes out of the
recorder earphone jack into P1. The earphone makes
the signal audible. and output transformer T1, operating
“*backwards’’, steps up the cutput voltage. Diode DI
rectifies the signal to pulsating DC for indication on
meter M 1. Potentiometer R1 is a calibration control.
Nothing at all is happening at J2 at this time. Switch
S1 would be in the *‘AUTOMATIC’’ (open) position, since

METEA

-~ V4 S
“~|7 // -~ |~ EARPHONE HOLE
P 70 P1

| EARPHONE

, TOP2
LED

AUTOMATIC

FIG. 1—DRAWING OF THE FRONT PANEL shows the
locations of most of the components and how they are
mounted on the panel and sides of the case.



CONTROL BOX

you are letting the computer control tape movement.
The TRS-80 internal relay is closed. to run the recorder
motor, and the relay contacts act as a direct short cir-
cuit across J3. No voltage appears across the series
combination of resistor R2 and the LED, so the LED
is dark.

When the tape reaches the end of its ‘‘message’’ to
the computer, the TRS-80 relay contacts open, so J3 is
an open circuit. Since the recorder ‘‘PLAY’’ key is de-
pressed, voltage appears across R2-LED and the LED
glows. This reminds you to press the recorder’s STOP
key. Leaving the recorder set for PLAY or RECORD
without the motor running is harmful.

Now, suppose you want to rewind the tape. Just
place S1 in the MANUAL (closed) position and press the
recorder REWIND button. By just putting the switch
into the MANUAL position you can exercise full recorder
keyboard control, bypassing the computer relay.

How about recording on tape? The signal comes
from the computer gray mini-plug through J2 to P2 and
into the recorder auxiliary jack. As the signal is being
recorded a monitor signal appears at the earphone
jack. This is heard from the earphone, and also reads
on the meter. In that case volume adjustment is not
required since the recorder has automatic volume con-
trol, and the meter reading is not critical. The switch
should be in the AUTOMATIC position.

Construction techniques

Any small box will do for a cabinet. Cut and file a
rectangular hole in the top face of the cabinet and

mount the meter into position (see Fig. 1 and the
photos for suggested layout). I used glue to hold the
meter, but mounting ears on some small meters allow
the use of small screws.

Mount the three input jacks (they may be either
open-circuit or closed-circuit types) on the left side of
the box, with the LED and switch on the top. Also,
make a 4" diameter hole in the top of the box for the
earphone to ‘‘play’’ through. Prepare the earphone by
cutting off the projecting part that normally goes in
your ear, and glue the earphone into the case directly
below the earphone hole. That will allow the sound
from the earphone to be loud enough to be useful, but
not loud enough to be annoying.

The transformer, diode, and potentiometer can be
mounted on a piece of perforated board and wired to
the meter and J1. Position the potentiometer so it can
be set during calibration. Wire according to Fig. 2,
being careful to observe polarity for DI, LED and
Mi—and don’t forget the LED dropping-resistor R2.

Assembly is completed by bringing wires through
small holes in the right side of the box and soldering
the wires to the plugs as shown in Fig. 2, being careful
to connect the correct wire to the tip and sleeve of
each plut. No shielded wire is required, and J2-P2
are connected with only a single wire to avoid a ground
loop.

Calibration and use

If you have a calibrated oscilloscope connect it
across the earphone, J1 or P1 and play a known-good
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FIG. 2—SCHEMATIC DIAGRAM OF THE AUDIO—VISUAL
CONTROL BOX. This device is an interface between the
TRS-80 microcomputer and the cassette recorder. It
provides instantaneous control of the recorder and lets
you hear the signals.

computer tape into the computer. Adjust the recorder
volume control for 2 volts peak-to-peak on the oscillo-
scope, then adjust potentiometer R1 for the meter to
read about 34 scale. Note this meter reading, since that
will be your desired recorder-to-computer setting,
regardless of whether you're in Level I or Level II.

If you don’t have an oscilloscope you simply find
the proper loading level by trial and error, and set R1
for the desired meter reading at that signal level. From
then on, any good tape fed into the computer at that
meter reading should load properly. Since the output
level of tapes can vary, all you do is adjust the recorder
playback volume until the meter reading is where you
know it should be and the computer is receiving the
proper signal voltage. )

You’ll very quickly find that this Control Box is
worth ten times its cost in eliminating the frustration
and unreliability of tape operation, especially in Level
II. You’ll be able to do other things while you listen to
the tape playing into the computer during loading—
and a bad tape is very obvious from the abnormal
sound. The meter will allow you to load with confi-
dence. During CSAVE you’ll also hear the computer
“‘talking’’ to the recorder, putting the signal on tape.
No more watching the display for a READY. The switch
give you positive recorder controi without constantly
pulling (and wrecking!) plugs and jacks. SP




New from NRI! 25”color TV that
tunes by compuier, programs an
entire evening's entertainment.

Just part of NRI's
training in servicing TV,
stereo systems, video tape
and disc players, car
and portable radios.

Only NRI home training prepares you
so thoroughly for the next great leap forward
in TV and audio. .. digital systems. Already,
top-of-the-line TV's feature digital tuning,
computer programming is appearing, and new
digital audio recording equipment is about to
go on the market.

NRI is the only home study school to
give you the actual “hands-on” training you
need to handle servicing problems on tomor-
row’s electronic equipment. Because only NRI
includes this designed-for-learning, 25"
diagonal color TV with electronic tuning,
built-in digital clock, and computer pro-
gramumer as part of your training. With this
advanced feature, you can pre-program an
entire evening’s entertainment. ..even key lock
it in to control children's viewing.

Exclusive
Designed-for-learning Concept
The color TV you build as part of NRI's

Master Course looks, operates, and performs
like the very finest commercial sets. But behind
that pretty picture is a unique designed-for-
learning chassis. As you assemble it, you per-
forin meaningful experiments. You even intro-
duce defects, troubleshoot and correct them as
you would in actual practice. And you end up
with 2 magpnificent, big-picture TV with ad-
vanced features.

Also Build Stereo,
Test Instruments
That's just a start. You demonstrate

basic principles on the unique NRI Discovery
Lab® then apply them as you assemble a fine
AM/FM stereo, complete with speakers. You
also learn as you build your own test instru-
ments, including a 5" triggered sweep oscillo-
scope, CMOS digita! frequency counter, color
par generator, and transistorized volt-ohm me-
ter. Use them for learning, use them for earn-
ing as a full- or part-time TV, audio, and video
systems technician.

Complete, Effective Training
Includes Video Systems
You need no previous experience of any

kind. Starting with the basics, exclusive “bite-
size” lessons cover subjects thoroughly, clearly,
and concisely. *'Hands-on” experiments rein-
force theory for better comprehension and
retention. And your personal NRI instructor is
always available for advice and help. You'll be
prepared to work with stereo systems, car
radios, record and tape players, transistor

radios, short-wave receivers, PA systems, musi-
cal instrument amplifiers, electronic TV
games, even video tape recorders and tape or
disc video playbacks.

Send for Free Detailed Catalog...
No Salesman Will Call
Mail the postage-paid card today for our

free 100-page catalog with color photos of all
kits and equipment, complete lesson plans,
convenient time payment plans, and informa-
tion on other electronics courses. You'll also
find out about NRI's new Computer Technol-
ogy Course that includes your personal mi-
crocomputer. Or Complete Communications
with 2-meter transceiver. If card has been
removed, write to:

NRI Schools
N RI McGraw-Hill Contintuing
W' Education Center
1 | H 3939 Wisconsin Ave.
Washington, D.C. 20016
I il
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DELUXE PANEL COUNTER

Easy to construct using readily available
components, this simple frequency counter will be
a valued accessory for small signal generators,
function generators and radio transmitters.

GARY McCLELLAN

IN CASE YOU HAVEN'T NOTICED. A QUIET REVOLUTION
has taken place in the lowly frequency counter. Until
now, counters required rows and rows of TTL IC’s,
and that meant accuracy-robbing heat, and high com-
plexity. Then there was the cost of assembly and of all
those parts. Thanks to a new development from Inter-
sil, all those parts have all been combined into a single
IC! At last you can buy all the counter logic-circuitry
in a single package—from time-base oscillator to dis-
play drivers. That means lower cost and easier con-
struction for a high-quality counter. And, since the
chip is CMOS, power drain is slashed, the chip runs
cooler, and there is less heat to affect accuracy.

To go with this new IC we are offering a revolution-
ary idea in frequency counters. We call our project a
Deluxe Panel Counter, or DPC, for short. The counter
1s unique in that it is small enough to be mounted in
many types of existing equipment, such as your signal
generator or radio transmitter. And its construction,
with separate display and electronics board, makes the
installation easy. If you prefer, the project can fit very
nicely in its own small box. Add a battery power sup-
ply and voila'...you have a nice portable frequency
counter. You can probably find many other places for
this counter; it is just palm-size. And, there is plenty of

equipment that can benefit from a ‘‘dedicated’ fre-
quency counter. Where could you use something like
this?

Besides all IC construction and small size. our
DPC offers a wide range of delightful exira features.

XTAL1 ‘
IC1 0 10 MHz
ECL/TTL “‘ : 1
3 BIVIDER I
RF SIGNALS L +100 &
: =
WIDE BAND 235 e
AMP SCHMITY Sal S
TRIGGEF iy TR
= oo
32 > =
LF SIGNALS©—] 1C2 iC3 P -] l 1
X10 AMP = .
+5V<—| 4
'\{) T0 S2

POWER RANGE

__o .
ek ST SWITCH
INPUT.
SELECT 7033

RESET
FIG. 1—BLOCK DIAGRAM of the basic frequency counter. There
are separate inputs for audio-and radio-frequency signals.
Selectable gate speeds set measurement speed and accuracy.



For one thing. you can measure frequency over a very
wide range—from DC tc over 135 MHZ! The counter
features two separate inputs to permit maximum per-
formance over its entire operating range. At the low-
frequency end, there’s a DC-coupled input with in-

dustry standard 1-megohm input impedance. There's
an external adjustable trigger-level control for sensitivity
control on either positive-or negative-going signals
Plus, there's an overvoltage protection circuit to pre-
vent damage in the event of overload. This input cir-

PARTS LIST (DPM)

RESISTORS

All resistors aW 5% unless noted

R1—100 ohms

R2. R5, R19, R20—10.000 ochms

R3, R8—1 megohm

R4, R9, R21, R22—1000 ohms

R6—47,000 ohms

R7—100,000 ohms

R10-R17—180 ohms

R18—22 megohms

R23—15,000 ohms, potentiometer, linear taper
CAPACITORS

C1-C5—.01 pF, 50 volts, ceramic disc

C6—0.1 pF, 25 volts, ceramic disc

C7—56 pF, 1 kV, ceramic disc

C8—10 uF, 16 valts, tantalum

C9—100 pF, 6.3 volts, tantalum

C10—39 pF, 500 volts, mica

C11—27 pF, 500 volts, mica

C12—8-15 pF trimmer {Erie 650-8-15 or equivalent)
SEMICONDUCTORS

D1-D13—1N4148 or 1N914
LED1-LED7—FND-508 or FND-510, common anode

SEGMENTS
A

IC1—DS8629N VHF prescaler (National)”
1C2—CA3130AE op amp (RCA)
|C3—CD4050 CMOS hex buffer
1C4—ICM7216C LSI counter (Intersil)
J1—PC-mount RCA jack
S1—DPCT mini-toggle switch
&2—four-position, three-pole rotary switch
S3—SPST N.O. momentary puskbutton switch
XTAL1—10.000 MHz crystal, HC-18/U case, parallel-
resonant, 25 pF loading capacitance
MISCELLANEOQOUS: PC boards, 22-pin edge connector,
two 8-pin IC sockets, one 16-pin IC socket, one 28-pin
IC socket, aluminum for brackets, wire, solder, etc.
NOTE: A set of industrial-quality, fully-platec and drilled
PC boards for the DPC is available from Technico Ser-
vices, P.O. Box 20 HC, Orangehurst Station, Fullerton,
CA 92633 for $12.00 postpaid. CA residents please add
6% tax. No COD’s. Foreign orders add $3.00 for special
handling and postage.
*IC1 is available from, amcng others, Tri-Tek, Inc., 7808
N. 27th Ave., Phoenix, AZ 85021 and Circuit Specialists,
1344 N. Scottsdale Rd., Tempe, AZ 85281.

DIGITS
A

COMPLETE SCHEMATIC DIAGRAM of the digital counter. This
is a handy add-on accessory for signal generators and trans-
mitters. Range-switching, not shown, is a selectable option.

IC4  ICM7216C

2
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cuit is good to over | MHz, and the sensitivity is ad-
justable from 20 mV and up. Such performance and
capability have not been available in any published
counter until now! And that is just the beginning!

At about 100 kHz there is another input circuit that
takes over. With this input, you can measure signals
from 100 kHz to over 135 MHz. with sensitivity to
spare—typically 20 mV at 135 MHz and only 5 mV at
27 MHz. This counter works very well with just a
short whip near radio transmitters; if that is your area
of interest. you'll be pleased. Of course there's input
overvoltage protection, and a low input-impedance for
maximum performance at VHF frequencies.

The display’s something special. too. There is a seven-
digit, half-inch LED display for easy reading, for
starters, and leading-zero blanking of unused digits. so
they are turned off to save battery or line power. A
very important bonus is a feature hardly ever found on
low-cost counters like this one—a timebase selecter
switch. Most counters leave you with a I-second gate
time, which is too short for audio frequencies. and too
long for radio frequencies. Our DPC offers a 10-second
gate time for audio so you can read frequencies like 60
Hz as "'60.0 Hz’" for better accuracy. In addition, you
get selectable settings of | second, 0.1 second, and 0.01
second for optimum speed in measurement with de-
sired accuracy. Why not join the revolution and build
our high-performance counter today? If you do, you'll
have something to be proud of!

Construction of the DPC 1s easy and straightforward.
In fact, thanks to two PC boards. it is almost kitlike.
There are four IC's that make up the bulk of the cir-
cuitry. plus a few other parts. To simplify this project
even further. careful layout of the PC boards has re-
sulted in only a few jumpers. In fact there are no
jumpers directly on the display board! So this project
should be easy for you to build.

-
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The DPC was designed specifically to use only readily
available components. True, a new-type IC is used.
but the parts list gives suppliers’ names and addresses
for this and several other items that could be hard to
find. That makes things a whole lot easier

A look at the circuitry

As mentioned before. the DPC is based on a sin
IC that contains the essential electronics for a coin-
plete frequency counter. To this, we add three more
IC’s to give VHF counting and low-frequency count-
ing ability. Other than a few extra diodes. there are na
other semiconductors in this counter.

Figure | shows a diagram of the basic DPC corfig-
uration. As mentioned before, the counter has two
separate inputs—one for low frequencies up to 100
kHz. and one for frequencies of 100 kHz to over 13§
MHz. The reason for two separate inputs 1s that it is
difficult and expensive to design a single wide-range
mput circuit. With two inputs, we can optimize each
for maximum performance, and, at the same time, re-
duce the cost. If you wish to measure RF signals from
100 kHz up. you connect them to jack J1. The signal
enters IC I, a combination preamp and ECL/TTL pre-
scaler chip. There, the signal is amplified and divided
by 100. The result appears at switch S1, which selects
VHF or low-frequency input signals.

On the other hand, if you have a signal that lies in
the DC to 100 kHz range. you would connect it to the
LF input, J2. From this point, the input signal is ampli-
fied by op amp IC2, and converted into a logic signal
by Schmitt trigger IC3. The output of IC3 appears
at switch SI, providing the low frequency source.
After the desired signal range is selected by switch S1,
the input drives a one-chip counter. [C4. This chip
contains the complete frequency-counter circuitry:

COUNTER

FIG. 2—FOIL PATTERN to be used when etching the circuit lines for the main counter board.
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FIG. 3—USE THIS FULL-SIZE PATTERN to etch the display board of the deluxe panel counter.

That includes a crystal oscillator, time-base divider,
control logic, 8 decade counter, 8 latches, and display-
multiplexing circuitry. Care to build that up with TTL?
Ycu would need a boardful of IC’s!

The counter accepts the signal from S1 and deter-

-mines its frequency. That frequency is displayed on a
7-digit LED readout. The internal timing and accuracy
of the counter IC are determined by a 10-MHz crystal,
XTALI. The IC also provides several control func-
tions, such as an external reset, decimal, point drive in
the display and timebase select. The reset function is
controlled by an external switch, S3, and, when acti-
vated, resets all counters to zero. This feature is es-
pecially valuable when you use the 10-second gate time,
where your measurements require ten seconds. Thus,
you reset the counter and display to zero after con-
necting your signal, clearing the counter, and your first
reading, in ten seconds, is accurate. There is an input
on the chip for the decimal-point drive, and when used
in conjunction with the range switch, S2, it properly
positions the decimal point on the display. This func-
tion eliminates a few extra parts, reducing cost. The
timebase function on the chip selects the counter gate-
time (how long the counter counts signals before dis-
playing them). This unit provides gate times of 10 se-
cends, | second, 0.1 second and 0.01 second. all
selected by range-switch S2. That takes care of the
DPC circuitry basics.

Let’s dig deeper into the counter circuitry, and look
at the schematic and some of its key components. Like
all other professional-quality counters, this one has input
overload protection. In the DPC, resistor R1, capacitor
C1. and diodes D1/D2 protect the prescaler IC from dam-
age. Similarly, resistor R2 and diodes D3/D4 protect
the op-amp from overloads. These protection networks
work on the principle of V-I limiting, meaning that the
diodes limit the voltage, while the resistors limit the
current. This provides good protection against over-
strong signals. Prescaler ICI is a unique product. It
was originally designed for frequency-synthesized FM
tuners, but it well-suited to this application. It has an
internal preamp and a divide-by-100 prescaler. Thus,
100 MHz in becomes 1 MHz out, allowing the counter
tc measure VHF frequencies, while using a slower
CMOS counter IC. At the low-frequency end, op-amp
IC2 serves as an X 10 amplifier. Resistors R4 and RS
set the gain. The frequency bandwidth is determined
by capacitor C7, and is optimized for best bandwidth.
IC3 is in a circuit you may not have seen before—a
CMOS Schmitt trigger. This circuit takes advantage of

the fact that a CMOS output will change state when
you apply to its input a signal in the range of 45% of the
IC’s supply voltage. All that is needed are resistors to

set the hysteresis level. or trip point. and they are R6.

R7 and R8. An external trigger-level control permits
changing the hysteresis point to allow for different
types of signals.

There are a few external connections to the main IC
that you should be aware of. First, a jumper between
pins | and 21 programs the IC to activate the decimal-
point circuitry. Then, a simple crystal oscillator cir-
cuit, consisting of C10-C11-C12 plus crystal XTALI,
generates the 10-MHz signal that provides the gate-
time signal, display multiplexing, and other internal
functions. Resistor R18 provides the required biasing
for the CMOS oscillator. The control function inputs
are next, with the RANGE function first. This input
allows you to select the gate time of your counter. By
connecting' this pin to different digit lines on the dis-
play, you control the length of time the gate is open.
The same is true with decimal-point positioning on the
DECIMAL POINT input; any decimal point in the dis-
play can be selected by connecting this input to the
appropriate digit line. The RESET line is simply shorted
to ground via a normally-open switch to activate that
function. The SIGNAL INPUT requires a logic-level
signal. With this IC, you can go as high as 10 MHz.

The rest of the counter-chip input circuitry is a sim-
ple V-I limiter consisting of diodes D6 thru D13, and
resistors R19 thru R22. These extra parts are desirable.
since the CMOS IC is static-sensitive, and can be
damaged either by static charge if its pins are left
floating or by excessive voltage.

Construction techniques

Thanks to that one LSI IC, this counter will as-
semble quickly. For best results, you should use PC
boards to speed construction. For your convenience,
foil patterns have been supplied (Figs. 2 and 3).

Your first step in construction should be to duplicate
the two PC boards. After exposure, development, and
etching, cut the board to size and drill all holes. Use a
No. 64 drill on all holes except the two display-mount-
ing holes, where you can use a Y-inch drill. Finish by
trimming the board to fit the PC edge connector, and
solder-plating the connecting fingers (if you wish).

One of the nice things about this project is that you
can customize the DPC to suit your needs. Want only
a VHF counter? Leave out the IC2-IC3 circuitry. Need
only a low-frequency counter? Leave out the IC1 cir-
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FIG. 4—PARTS PLACEMENT GUIDE for the seven-digit display
board. The top edges of the seven-segment display devices are
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FIG. 5—HOW PARTS ARE POSITIONED on the main counter
board. Double-check the polarities of diodes and electrolytic

cuitry. And so on. By determining exactly what you
need, you can save money; so determine what your
requirements are before starting construction. We are
going to assume that you want the deluxe version, so
just skip over the sections not applicable to you during
the construction phase.

Start by wiring the display board. Position this board
as in Fig. 4, with the **Up"”’ printed on the foil side to
your right, but work from the ‘‘component side’’ of the
board at this time. Insert display, LEDL1, in the farthest
right set of holes. Note that the ribbed side of each

identified by a series of ridges or notches. A bezel and plastic
filter improve appearance and readability.

DISPLAY
MTG HOLE

DISPLAY DIGITS

DISPLAY SEGMENTS
(VIA R10-R17)

[
.*."cs— s _ %ll
&

A

5
y

-

PIN # IDENTIFICATION — 1

capacitors before soldering. Areas marked “display digits” and
“display segments” indicate pads for external connections.

display is at the top. This is important! Solder the dis-
play in place. Continue with the six other displays.
making sure to keep the ribbed edges pointing up as
you install them and that all displays are aligned. When
you are done, check over your solder connection and
set the board aside.

Next, do the main-board wiring. (Refer to Fig. 5 for
details.) Position the board, component side up to
match the illustration, and then install the two jumpers
as shown. Be sure to install both, as an IC socket
mounts over one of them. Install the IC sockets next,

4
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FIG. 6—JUMPERS ARE HEEDED to complete the connections
between several points on the foil side of the counter board.
Use thin insulated wires for making the jumpers from pins 19—-23
on IC4 to fingers 1-5 on the PC board edge.

FIG. 7—PHOTO OF THE FOIL SIDE OF THE MAIN CIRCUIT
BOARD with the five jumpers and resistor R5 in place.
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FIG. 8—PHOTO OF TOP OF MAIN BOARD also shows the rear of
the display board and the angle brackets used to join the two
boards.

starting with the 8-pin units. Mount one at the ICI lo-
cation, and then another at the IC2 location. Solder
both. Install a 16-pin socket in the IC3 position and
sclder all pins. Finally, install a 28-pin socket at 1C4
and solder. Visually check all connections.

Continue with RCA-type jack, J1. Mount it in the
corner of the board, enlarging the mounting holes if
necessary. Solder it in place.

The next big step is to install all capacitors. Start in
the corner near J1. Mount Cl, C2, C3, C4 and CS first.
Solder the leads and then clip them short. Move below

the IC sockets and install C6 and C7. Solder and clip
the leads. Jump up to the 16-pin IC socket and mount
C8. Be sure to note polarity: if you don’t you'll have to
install another one soon! Then move down slightly and
install trimmer C12. Note that quite a few trimmers
will fit this space. including many imports, if you
weren’t able to find the unit specified in the parts list.
Move over from the trimmer and install C11 and C10.
Solder the leads and clip off the excess. Finish up the
capacitors by installing C9. As always with tantalums,
watch the polarity before soldering and trimming the
leads. When you are through with capacitor installa-
tion, check to see that the units are in their proper
places and that the polarities are correct on the tanta-
lums. If there are any errors, correct them now and
then continue with construction.

Next come the diodes. Note that all units on the
board are the same type (1N4148); a bonus in that you
won't have to dig up different types to suit the cir-
cuitry. Start at jack J1, as you did with the capacitors.
Mount diodes D1 and D2 first. Note the position of the
cathode bands. They point in opposite directions.
Then move over to the IC 2 socket. Mount D3 and D4
as shown. Be sure not to mount D3 in resistor R3’s
place! When you have the four diodes in place, solder
and clip the leads. Continue with DS, which mounts
next to the 16-pin IC socket. Solder and clip the excess
leads when it is installed. Jump over to the area between
the 28-pin IC socket and the bottom of the board and
install diodes D12, D6 and D8 with the bands pointing
down. Solder and clip the leads. Then move over to
the right and install D10 in the bottom set of holes.
Note that the banded end of only rhis diode (in this
section of the board) points to the right. When this
diode is installed, continue with D13, D7, D9 and D11.
Note that the bands on these four diodes point toward
the left of the board. Solder and clip off the excess
leads. Finish up by checking the diodes for proper in-
stallation and correct any errors.

The resistors come next. Move back to J1 and start
with R1. Install it, then clip and solder. Move to the
IC2 socket. Install R4, R2, and R3 next to it. Solder
and clip off the excess leads. Move up over the two
diodes and then install R6, R7, R8 and R9. Preform the
leads of R7 and R9 with pliers before installation—they
have to stretch over the board during installation.
Solder and clip the leads. Move next to trimmer C12
for R18. which is installed next. Then do resistors R22,
R19, R20 and R21. Note that R22 and R21 are /K units
while R19 and R20 are /0K values. Solder and clip off
the excess leads. Finish up by double-checking the re-
sistor placement. The display resistors, R10 thru R17,
will be mounted shortly between the two boards you
wired, so don’t be concerned about them yet.

The last part to mount on the main board is crystal
XTALI. This goes in the space indicated in Fig. S.
Bend the body over so that it is flush with the surface
of the board. Then solder the leads and clip off the
excess. If desired, secure the crystal to the board with
a drop of silicone rubber sealant.

Turn the main board over and refer to Fig. 6. First,
mount resistor RS across pins 2 and 6 on the IC2
socket. Cut the leads to about Y-inch, and bend them be-
fore soldering this resistor in place. Next, five insulated
wires must be attached between pins 19 through 23 on
the 28-pin IC socket and PC-board fingers 1 through S.
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Ribbon cable is ideal for these interconnections. Refer
to Figs. 6 and 7 as you make the connections. Cut each
wire short so it lies against the bottom of the board.
Then solder a wire end to the inboard end of each
finger. Do not use too much solder as you will be
putting an edge connector on these fingers later!
Now, the two boards can be mated together. Make
two Ya-inch wide L brackets out of scrap aluminum
to secure the boards. Then fasten them together as
shown in Figs. 8 and 9. Complete the wiring by in-
stalling the 180-ohm resistors, R10 thru RI7. Start
with the "*F"’-segment resistor. Pass one end through
the hole marked *"F’" on the main board. Then pass the
other end of this resistor through the **F’" terminal on
the display board. Leave some slack in the resistor
leads, as illustrated in Fig. 9, and solder in both places.
Trim the excess leads at both ends. Repeat these steps
for the other 7 resistors, working from “*E’" to **DP”’
and matching holes each time. The digit leads to the
display board are next to be installed. Refer again to
Fig. 9. If desired, a piece of ribbon cable can be cut for
this job: the result makes for a neat assembly. Start
with digit 1. Cut a wire slightly longer than necessary
to run between the 1" printed on each board. Strip
and tin the ends. Then solder one end at the **1™" hole
in the main board and then the other end at the "1

FIG. 9—ANOTHER PHOTO OF THE ASSEMBLED BOARDS.
Leads of resistors R10 through R17 are left with some slack to
relieve strain and facilitate handling.

hole in the display board. Continue in this manner until
all seven wires are in place. Finish up assembly of
your DPC by bending the segment resistors so their
leads don’t touch, and by checking the balance of the
circuitry for errors.

If desired, a power supply may be built for the DPC
as shown in Fig. 10. It may be constructed on a 3- by 4-
inch piece of perforated board if desired or mounted
on the inside of the equipment you are installing the
counter in. Component placement is not crucial. Use a
heatsink for IC3, as it does dissipate some power. A piece
of aluminum 1 inch wide by 4 inches high can be bent into
a ""U’" shape and used for this purpose. The transformer
suggested in the parts list has secondary voltages ideal
for this power supply, and may be ordered directly
from Signal. However, you may substitute a 24-volt,
center-tapped, V2-amp-or-greater unit if you wish. If
you do, be sure to raise the working voltages of capaci-
tors C13 and Cl14 to 25 volts each to allow for the
higher output of the 24-volt transformer. It might be

wise to increase the size of the heatsink on ICS at the
same time. The rest of the power supply circuitry is
straightforward and needs no comment.

Checkout steps

Before hooking power up to your DPC, take a
moment to study Fig. 11. As mentioned before, this
counter has many options for signal inputs. The input
you use is determined by the signals you measure.
Decide which hookup you want, or if you like, spend a
little extra time and hook up the deluxe ‘‘everything’”
circuit shown in the first part of Fig. 11. Later, if you
need your counter tailored to a more specific frequency
range, you can use jumpers on the edge connector to get
what you want without all those switches. In any case,
make all the connections, including the decimal-point
switching, to switch S2. Some of the early ICM-7216C
chips (IC4) wouldn’t light the display without decimal-
point switching, and that can be disturbing during
checkout! Probably by now this feature has been
changed; but nevertheless. include all the connections
to S2. After wiring the switches, connect the DPC to
its power supply.

Before plugging in or turning on the power supply,
take a moment to check the supply voltages at the IC
sockets. If everything is OK, then you may install the
IC’s. To refresh your memory, refer back to Fig. S for
proper location and orientation. Be careful with IC’s 3
and 4, as they are CMOS. [t might be wise to unplug
the board from the edge connector before installing
these IC’s, as they are static-sensitive. Make double
sure that [C4 is positioned correctly; the notch in the
case points directly at the fingers at the edge of the
board. It’s no fun to blow an 18-dollar IC like this one
due to misposition! Then reinsert the board into the
edge connector.

Continue the checkout by powering-up the counter.
The display should show a decimal point followed by a
string of zeros to its right. The length of this string will
change as switch S2 is rotated. If switch S! is set to the
VHF position, you will prabably get a jumpy reading.
This is caused by noise triggering IC1. If switch S2 is
set to the 10 SEC position, it will take a while to get a
reading, so be patient. However, you won’t use the 10
SEC position in VHF measurements because the mea-
surement time is too long. The decimal point is not
connected to the 10 SEC setting; that blanks the display
and tells us not to use this position. Set switch S1 to
the VHF mode, and then switch S2 to the | SEC position.
(All of the proceeding assumes you wired your counter
for VHF operation, of course! If you chose not to do so,
skip over this section.) Connect a 10-MHz signal to
jack J1 and you should get a 10 MHz reading when you
apply about 10 mV or so of signal. Note that the
decimal point denotes "MHz'" on the display. Then
flip SI to the LF position and connect a signal of 10
kHz or so to the input cable coming from the connec-
tor. You should get a reading of 10 kHz when you
apply about 20 mV or more of signal. Rotating R19.
TRIGGER LEVEL. will allow you to adjust the sensitivity,
and thus the difference between no reading and a 10-
kHz display. Note that the decimal point in this case
denotes Hz. That takes care of the basic checkout of
the DPC. If you have any problems. check your wiring,
the power supply voltages, and substitute IC’s.
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PARTS LIST (Power supply)

CAPACITORS

C13—1000 uF, 16 volts, electrolytic

C14—220 uF, 16 volts, electrolytic

C15, C16—0.1 yF ceramic disc

SEMICONDUCTORS

IC5—7805 five-volt positive voltage reqgulator

IC6—7905 five-volt negative voltage regulator

BR1-—one-amp, 50-volt PIV, silicon bridge rectifier

T1—16-volt CT. 640 mA or greater, power transformer
(Signal PC 16-640)

F1—"a-amp, 3AG fuse (with holder)

S5—SPST mini-toggle switch

MISCELLANEQUS:

Perforated construction board, heatsink, wire. solder, etc.

FIG. 10—POWER SUPPLY SCHEMATIC DIAGRAM. Circuit is
simple; just a transformer, full-wave bridge rectifier, two voltage
regulators and a few filter capacitors.

Calibration is easy

Calibrating the DPC is a snap if you have a frequency
standard available. Ideally. that standard should be
better than T 0.0005% accurate at room temperature
to get maximum accuracy out of the DPC. Also, a 10
MHz output would be ideal. A 1-MHz output is fine
if just the LF input is used. Set switch S1 to VHF. S2 to
the 1 SEC. position. Connect the frequency standard to
jack J1, and turn on the counter. For best results you
should calibrate at room temperature and allow at least
five minutes for the counter to stabilize before starting.
Y ou should get a reading very close to 10 MHz. Adjust
trimmer C12 for a reading of exact/y 10 MHz. Discon-
nect the standard and you are all set. If you don’t have
a frequency standard, use a counter of known accuracy
and a signal generator. Allow the equipment to warm
up fully, and connect the generator and counters in
parallel. Adjust C12 so the readings match and you are
all set.

Put it to work

The counter may be installed in either its own cabinet
or together with another piece of equipment. The
switches and pot are mounted near the display. You
may also customize your counter. possibly by
eliminating the external controls. This flexibility is one
of the delights of the project.

Using the counter is straightforward and needs little
comment. Remember that the decimal point denotes
MH:z in the VHF mode and Hz/KH: in the LF mode.
With the switch S2 set at 10 SEC. or | SEC.. you get read-
ings in Hz. while at the 0.1 SEC and 0.01 SEC. settings
you get AHz readings. If desired, LED’s denoting HZ.
KH/. and MHz can be installed next to the display and be
operated by switches S1 and S2. The reset switch. S3.
is used only to reset or “"hurry up’’ the counter on the
10-second.range. SP
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Coupling the speaker of one piece of equipment
to the microphone of another is easier/harder than
you think.

ELMER C. CARLSON

GETTING AN AUDIO SIGNAL OF CONSTANT LEVEL INTO
a microphone input for a recorder, PA system, or CB
transceiver can be a problem. Although whistling,
humming, and puffing into the microphone can be used
to create an audio input signal lasting, maybe, as long
as 15 seconds, that can hardly be considered a sus-
tained—or consistent—signal for making a series of
amplifier voltage tests. So you are going to have to find
a better way to solve this problem.

While you can disconnect the microphone and make
a direct connection to the microphone jack, that won't
help diagnose problems that lie within the microphone
circuitry.

Connecting a small speaker to the output of an audio
generator (through an appropriate matching trans-
former, of course) and holding the microphone in front

of the speaker is one way of getting a sustained audio
signal into the microphone. But if you don’t center the
microphone in exactly the same way, or if you hold it
at a slight angle. the sound waves will not strike the
microphone diaphram in exactly the same way every
time and test results will be inconsistent.

The problem

Two separate troubleshooting jobs brought out the
need for a simple and direct method of feeding a con-
stant audio tone into a microphone to make audio-
amplifier tests.

In the first case the problem was finally found to be
a microphone with a corroded coil pole-piece that pre-
vented coil movement. Signal still got into the amplifier




through the microphone because of the inductive
coupling between the microphone coil and the speaker
voice coil. The input signal was weaker than normal
but it still gave the false indication that the microphone
was operative. This temporarily sent troubleshooting
on a wild goose chase through the amplifier.

The symptons in the second case were even more
subtle and misleading. Distortion showed in the scope
pattern while checking for low output. Only an unin-
tentional movement of the microphone away from the
speaker showed a reduction in distortion in the output
signal of the tape recorder being tested—at the same
ttme the signal amplitude was reduced. Keeping the
microphone several inches away from the speaker, and
increasing the audio output from the speaker did not
reintroduce the distortion in the sine wave that occurred
‘at lower audio levels and less separation.

Apparently, in this second case, the induced signal
voltage was not in phase with the audio signal generated
by the speaker cone and, as a result of phase shift and
possibly hysterisis effects in the magnetic circuit. the
peaks of the audio sine wave were distorted.

The solution

Since it took only about four inches of separation to
reduce the induced audio signal to about zero. it seemed
that putting a few more inches between the speaker
and microphone could do the job completely.

With a three-inch speaker already mounted in a
carboard box baftle (Fig. 1) all that was needed was a
non-inductive means of coupling and a wayv of con-
fining the sound for a distance of four or more inches
between the speaker and the microphone.

An 8Y2-inch. heavy-duty mailing tube (Fig. 2) turned
up in the search for parts. Its inside diameter was 3
inches and the wall was about Yi-inch thick. To cut
down on sound-path resonances and possible distor-
tion, the inside of the tube was lined with Y-inch
pelvurethane foam cut from a discarded mattress pad
as seen in Fig. 3.

Next. the mailing tube was attached to the reinforced
cardboard-carton speaker baffle using the smallest
angle brackets that could be found in a hardware store
blister package.

The results

Construction with cardboard made it easy to work
out construction details. and design problems were
easy to correct. The finished unit is shown in Fig. 4.

During the trial period everything worked out fine—
except that it was discovered that pressing the micro-
phone too hard against the coupler tube caused a
change in tonal quality from the speaker. That was
easy to correct—just don’t press the microphone so
hard against the acoustic-coupler tube.

Using the microphone acoustic coupler was so con-
venient that plans were made to contruct a sturdier
bench-top unit. But it worked as it was. so it became a
very-low-priority project—very, very low priority. In
fact, after more than three years the original cardboard
acoustic coupler is still working fine, doing the job it
had been intended to do for just a trial period.

And, unless someone spills coffee all over it, or
knocks it on the floor and steps on it, it might just last
another three years.

A simple solution to a difficult problem. SP

FIG. 3—LINE THE INSID= OF THE TUBE WITH polyurethane
foam. A piece of foam from a discarded mattress or sofa cush-
ion will work just fine.

FiG. 4—THE FINISHED COQUPLER MAY NOT look very profes-
sional, but it will do the job. It’s so inexpensive that you won’t
hesitate to make more than one.
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CAR TEST PROBE

Simple instrument for on-the-spot electrical
system troubleshooting.

G.J. BEARMAN

THIS USEFUL PROJECT WAS DESIGNED AS A PIECE OF
simple test gear to be carried around in the car for on-
the-spot electrical system troubleshooting. It can be
built in various forms to suit the individual require-
ments of the user.

The first part of the probe consists of two LED's
that indicate the condition at any electrical connection
in the car. With the probe unattached, both LED"s
light. indicating a voltage level that is neither positive
nor negative. When the probe is applied to a connection
with a definite voltage condition on it, the appropriate
LED will light and the other will go out.

Voltage sensing
The second part of the probe consists of a voltage-
sensing circuit, using a 741 operational amplifier to

C Practical Wireless. May 1979. Dorset, England

detect when the voltage across the car battery rises
above 12.5 volts. This provides a simple way to check
that the battery is being charged.
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IT TAKES ONLY A FEW INEXPENSIVE components to assemble
your probe.
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HOW TO MOUNT THE COMPONENTS ON THE printed circuit
board. Polarities are indicated where needed.

Y.
Quun

©IPC MAGAZINES LTD
WRO042 1979 @ I

FULL SIZE FOIL PATTERN. Use it if you want to make a circuit
board. You can also use the pert board that comes with the

probe case.

It is obvious how [LED 2 and LLED 3 detect the volt-
age levels. They are connected in series with R4 and
RS as current-limiting resistors. When the probe is
connected to either a positive or a negative voltage one
or the other LLED is effectively shorted, leaving just
the other one on.

Comparator circuit

In the second part of the circuit, a 741 operational-
amplifier IC is used as a comparator. Its output state
changes when the voltage on one input rises above the
cther input. A reference voltage is seen across Zener
diode DI, by the input on pin 3, and pot R6 is used
to set the required voltage on pin 2. When the battery
voltage drops, the voltage on pin 2 will drop below that
on pin 3, causing the output to go high and lighting
LLED 1. marked CHARGING.

Construction steps
The probe is constructed onto a small printed-circuit
board that fits into a plastic probe case made by Global

: PARTS LIST -
RESISTORS
All VaW 5% unfess noted
A1—4700 chms

R2-1.8 megohms
R3--2700 ohms

R4, R5—560 ohms
F§5—1I!]D 000 ohms. mumtum Gelrmat pat&rrfmmeter

CﬁFﬂmTﬂﬁs e

Cl—1uF 35V Tantalum

C2—01uF ceramic disc
SEMICONDUCTORS

D1—6.2V Zener diode

IC1—741 op amp

LEDL.I__E_EI LEna—mmiatum rad L.EI:J:

MISCELLANEOUS -

Printed ircuit board {make your own arusﬂ peri board)
Probe case [(Global Spamallties C‘.arp }

Alligator clips (3)

Wire, 2-conductor lamp cord {3 fest)

Wire, single-conductor, flexible {3 feat)

IC socket, B-pin DIP

Specialties Corporation.

This printed-circuit board houses all the components
including the three LED’s that fit into holes in the
case. During assembly you must be certain that the
LED’s and the 741 operational amplifier are positioned
correctly. The small front panel can be cut out of the
magazine or reproduced. Then it is carefully cemented
onto the recessed portion of the case to give easy iden-
tification of the state being sensed by the probe.

CHASSIS
—] FLOATING

LIVE e

3

CHARGING

FULL SIZE PATTERN for labelling probe case. A neat final
touch.

PC board description

The printed-circuit board foil pattern is reproduced
full size as is the component placement drawing. The
photograph shows the probe case kit. If you use the
circuit board you will not need the perf board. How-
ever, you can use the perf board and skip the printed
circuit. Make sure that the LED’s are correctly ori-
ented. The **bridge’” can be glued to the PCB using
one of the rapid bonding adhesives. Align it carefully,
so that the LED’s fit into their holes in the case top.

Testing the unit

After the circuit has been completely assembled
1tis tested by first setting R6 to the center of its range.
and connecting a variable-voltage supply and a volt-
meter across C2. Now, with the unit turned on, when
you reach a voltage somewhere between 6 and 12 volts
LEDI comes on (or goes off). The preset is now ad-
Jjusted so that the LED just goes out when the supply
exceeds 12.5 volts.

Ignition timing

Keep the test probe in your car’s glove compart-
ment or trunk. You will always have it ready for use in
case of electrical problems. It can also be used to detect
the instant at which the contact breakers open. enabling
accurate static ignition timing to be carried out. SP
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DIGITAL

LOGIC TRAINER

Delivers all of the functions you need to explore the
theory and operation of digital and microprocessor IC’s.

THERE HAS BEEN AN INCREASING NUMBER OF DIGITAL
cookbooks and books related to the training of digital
and microprocessor techniques appearing on the mar-
ket. With this increase in literature it becomes desirable
to find an affordable device to supply and monitor the
functions necessary to explore the theories and opera-
tions of digital and microprocessor IC’s. The Circuit
Designer-1 is such a device. It can be used as an aid in
training digital and microprocessor techniques but will
also double as a prototyping aid in circuit design and
IC investigation and testing.

Circuit Designer-1 1s configured in two separate PC
boards: a digital techniques board and a microproces-
sor techniques board. They can be used independently
or combined to complement one another. Since the two
boards can be used as stand-alone units I will explain
their functions and their use independently.

Circuit description

In this article I will focus on the digital techniques
board that consists of 8 logic-level switches. 8 (input-
latchable) logic-level indicators, a variable-frequency
square-wave generator, 2 (input-latchable) decoded
seven-segment displays. and 2 debounced-pulsers with
complementary ouiputs.

The total circuit is basically 5 separate circuits on a

NEIL J. BUNGARD

single printed-circuit board. Also provided on the
power input is a diode to protect against applying re-
verse voltage to the board, and a LED to indicate a
“‘power on’" condition. The logic-level switches (Fig
1) consist of a pullup resistor to a logic-1 state. When
the switch is closed it grounds the output pin and
establishes a logic-0 state. There are 8 such switches
on a single DIP.

The logic-level indicators (Fig. 2) consist of an octal
tristate latch which has its outputs tied to light-emitting
diodes through current-limiting resistors to ground. In
the normal condition (that is with no input control
signals connected) the output disable pin is tied to
V. through R3, holding the output enabled. The latch-
enabled pin is tied to ground through R2, maintaining
the latch disabled, which means that the 74L.S373 is
transparent and the outputs will follow the inputs.

The vanable frequency clock is a basic 555 oscillator-
circuit (Fig. 3). The oscillator is variable via R, but
since the frequency is dependent upon R, and C,
(FREQ = 1.44 / (R, C))) the dynamic range can be
varied by your choice of C,. With the values provided
on my board the limits you can expect are between

S Hz and 20 Hz.

The decoded seven-segment displays (Fig. 4) consist
of an octal tristate latch (each display using half of the



741.5373) whose outputs are tied to a set of BCD-to-
seven-segment decoders (7447's). The decoders are
tied through current-limiting resistors to common-

FIG. 1—LOGIC-LEVEL SWITCHES. When any one is closed, it
grounds the output pin and establishes a logic 0 state.

FIG. 2—LOGIC-LEVEL INDICATORS use LED’s. They are driven
by an octal tristate latch.

anode seven-segment displays. The normal condition
of the seven-segment octal latch is exactly the same as
the logic-indicator octal latch. The inputs are enabled
and the latches disabled. which means that the 74LS-
373 appears transparent.

The debounced pulsers (Fig. 5) consist of a SPDT
momentary switch and the NAND gates for debouncing.
the circuit utilizes the fact that a TTL gate has a def-
inite signal propagation time tabout 10ns for a NAND
gate) to filter out the contact hounces.

Using Circuit Designer-1

On the digital techniques board all the inputs and
outputs are obtained via two DIP header sockets (see
Fig. 6) on the lower edge of the board (with the excep-
tion of the power and oscillator outputs. which are
taken from individual wire-insert sockets).

Operation of the state-switches. oscillator. and
pulsers are straightforward. Just run the outputs from

FIG. 3—BASIC 555 OSCILLATCR is used to form the variable-
frequency clock. Change the value of C, to adjust frequency.

OCTAL TRISTATE LATCH
7418373

FIG. 4—DECODED 7-SEGMENT DISPLAYS are driven by ¥z of an
octal tristate latch and are fed by the BCD decoders that sit be-

1C3

tween the latches and the displays themseives. D1 and LED1
are located in the power imput.
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FIG. 5—DEBOUNCED PULSERS consist of a SPDT switch and
two NAND gates for debouncing. Circuit is repeated for S2.

the Circuit Designer-1to wherever they are needed on
the breadboard. Switching the DIP switches changes
the states at the pins assigned to them. The states
related to the switch positions are marked on the board.
If you need a clock pulse just run a jumper from the
oscillator output pin to your circuit. The frequency is
variable via variable resistor on the board.

The pulsers are treated in the same manner. Run
Jjumpers from the pulser outputs to your circuit. When
you depress the pulser the pins will change states with-
out bouncing. Using the LED’s or seven-segment dis-
plays is equally as simple except that the inputs are
controllable. There are two input-control signals for
the LED’s and two identical signals for the displays.
These signals are OE and LE, which represent output
enable and latch enable respectively.

As I mentioned earlier, with no control signals con-
nected the output of the octal tristate latch buffer is
enabled and the latch is disabled. If you want to dis-
connect the LED’s or seven-segment displays from
the octal latch’s output place a logic 1 on OE. If you

"HEADER 2

careful when inserting components that the IC's and LED’s are
positioned correctly.

DISP 1 Dise 2
L1LZ LI LALS LELTLA TR G i o e e
HEADER 1 HEADER 2
Sy 89 815y 8; 555, 5 OELEQELET O 10
eI s ol
ey
b 5
F-

This isa diagram of the pin assignmerts for the output headers
L1 through LE.LED inputs
51 through SB-DIP switch outputs

a.bood of DISP 1-BE0 input for seven-segment display 1.
|ab is the low order b, (bl is the high
a.be,d of ISP 2-BED input for sever-gegment display 2.
&) & the low order bat, (bl s the high order b,

OE and LE for the LEDS-0E s the output anatde. Apply a bogic 1
here to disable the latcheés outputs fraem the LED's,.
LE i the latch enakde. Apply a logic O here to lateh
the LEDs inputs,.

OE and LE for the seven-ssgment drplays-0E is the output enabie,
Apply 8 loghz 1 nera todisable the latches sutputs
from the seven-geament displays.  LE is the latch
enatsle.  Apply a logic O here to latch the displays
T,

1 and Bof PY- The output and its compliment for pulser 1
T ared I of P2-The cutput and its comaliment for pulser 2

FIG. 6—ALL INPUTS AND OUTPUTS are obtained via the two
DIP sockets located at the lower edge of the board.

want to latch the information on the inputs apply a
logic 0 on LE. This is very useful when using the LED’s
or displays as output ports from a microprocessor.

Miscellaneous information

Circuit Designer-1 is best used by running DIP
header cables from the board sockets to the breadboard
text continues on page 38
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The chances are excellent that...

You have a talent other people
are willing to pay for!

You’re “handy” around your
house, have the ability to fix
things, and “make them work
right”. .. that’s why there
may be a rewarding career
for you in Electronics.

A career in Electronics?

Absolutely. Because you’re interested
in things. How they work. Why they
work. How to take them apart and
put them back together. Plus . . .
you’ve got a head for detail work.

Your chances are excellent

With the right kind of specialized
technical training, you can have a
challenging, financially rewarding future waiting for
you in Electronics. Think of the career opportunities
. .. computers, aerospace, 2-way radio communica-
tions, radio/TV broadcasting, medical electronics, to
name just a few,

And, surprisingly, you don’t need a college degree!

All you need to do to qualify for one of these excit-
ing career fields is to build upon the technical aptitude
you already have . . . just put your hands and your
head to work with a CIE Electronics career course.

You learn by doing

The CIE method of instruction is the refinement of
over 40 years of Electronics, independent home-study
experience. It works. And you don’t need any prior
electronics experience. A CIE career course can take
you from ground zero right up to training in Lasers,
Microminiaturization, Radar, Analog Computers,
and various applications in Communications.

In some CIE courses, you’ll perform ‘‘hands-on’’
experiments and tests with your own Personal Train-
ing Laboratory. In other courses, a Digital Learning
Laboratory lets you apply the digital theory that’s
assential today for anyone who wants to keep pace

with state-of-the-art electronics
technology. This ‘‘heads and hands”’
learning locks in understanding of the
important principles you’ll use on the
job. If you're going to learn elec-
tronics, you might as well learn it
right. But don’t kid yourself. ..

Electronics is not an “easy” science
and CIE courses are not “snaps.”
Subject matter is technical, thorough,
and challenging. It has to be. We’re
training you for a career. So the pre-
sentation of ideas is logical, written in
easy-to-understand language . . . you
progress step by step, at your own
pace.

CIE Education by mail

There is no need to “go back to the
classroom”™ with CIE. Because you
learn at home or wherever else is convenient. You
keep your present job and income. No cross-town
commutes. You decide when and where you study best.

Your eventual success . . . at CIE and in your elec-
tronics career . . . will be determined by your own
motivation and self-discipline. You can do it. And CIE
can show you how.

Pattern shown on oscilloscope screen is simulated.

Put your talent to full use

We believe that you may be a “natural” for Electronics,
and we’'d like to tell you more about potential career
fields and our school. We'll be glad to send you our
complete package of FREE career information if you'll
send in the card or write mentioning the name and date
of this magazine. For your convenience, we'll try to
have a school representative contact you to review vari-

ous educational programs and assist in course selection.
As soon as we receive your request, we’ll mail you our
school catalog, complete G.I. Bill details. and special
information on government FCC License preparation.
There's no obligation.

Let’s discuss your new career in Electronics. NOW!

Send for your FREE school catalog and career infor-
mation TODAY.

Cleveland Institute of Electronics, Inc.

Cl

1776 East 17th Street, Cleveland, Ohio 44114

Accredited Member National Home Study Council
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CIRCUIT DESIGNER

continued from page 34

and running shorter wires from the header on the
breadboard to the circuits under examination. The
power supplies that I have been using in my classes are
6-volt lantern batteries which deliver months of reliable
service. Also the books that I have found that best
complement Circuit Designer-1 as a trainer are the

eand 4+

FULL-SIZE FOIL PATTERN of the reverse side of the double-
sided circuit card.

“Bugbook’’ series by Rony, Larsen, and Titus.

In a future article I will introduce Circuir Designer-
I’s microprocessor techniques board. This board is
also powered by a lantern battery and connects di-
rectly to the digital techniques board. With this device
we will be able to investigate microprocessor address
and data bus concepts, memory allocation, /O con-
trol, interrupts. machine language programming, and
other microprocessor-related concepts. SP

FULL-SIZE FOIL PATTERN OF THE COMPONENT SIDE of the
circuit board.

[ |
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PARTS LIST FOR DIGITAL LOGIC TRAINER

RESISTORS: DISP1, DISP2—DL707 common anode, seven-segment
R1, R14 though R21—330 ohms displays
R2 through R13—1,000 ohms IC1—555 timer IC
R22 through R35—220 ohms IC2, IC3—74LS373 octal tristate latch
R36 through R39—1,000 ohms IC4—7400 quad NAND gate
R4C—4,700 ohms IC5, IC6—7447 BCD to seven-sgement display/driver
Rt—500,000 ohm PC mount variable resistor SWITCHES

S1, S2—SPDT momentary switch
%’talum S3 through S$10—16-pin DIP switch
C2—0.01—uF 5% polystyrene MISCELLANEOUS

(3) 16-pin low-profile IC sockets, (2) 16-pin regular IC
SOLID-STATE DEVICES sockets, (3) 14-pin low-profile IC sockets, (2) 20-pin
D1—1N4000 silicon diode low-profile IC sockets, (1) 8-pin low-profile IC socket,
LED1 through LED9—0.200" diameter diffused red printed circuit board, wire, alligator clips, rubber feet,

light emitting diodes hardware, 6-volt battery, solder, etc.

TO MAGAZINE RETAILERS:

Radio-Electronics Special Projects Magazine is pleased to
announce its “‘Retail Display Allowance Plan'" available to
retailers interested in earning a display allowance on Radio-
Electronics Special Projects Magazine. To obtain details
and a copy of the formal contract. please write to the Mar-
keting Department. Kable News Company. Inc.. 777 Third
Avenue, New York, New York 10017, our national dis-
tributor. who will act as administrator of our plan. Under our
Retail Display Allowance Plan. in consideration for fulfilling
conditions of the agreement. you will be entitled to receive a
display allowance. This plan will become effective for all
issues you receive subsequent to written acceptance on our
behalf of your application.
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FRONT VIEW OF
THE DIGITAL IC TESTER.
Sixteen 4-way slide switches allow
each individual pin to be programmed. The Tex-
tool test socket provides easy access to the test pins.

DIGITAL IC TESTER

This unit tells you if the trouble is in the IC or
in your circuit design

JOHN W. RASMUSSEN

IF YOU ARE INVOLVED WITH DESIGNING AND OR BUILD-
ing digital circuit projects, you have undoubtedly, at
one time or another, encountered a situation in which
the project doesn’t work and in which you are left with
the task of deciding if it is one of the IC’s that doesn't
work or if it is a faulty design that is the cause of the
failure of the project.

In such situations it would be handy to have a per-
manent setup, where you can test all kinds of digital
IC’s without having to spend a lot of time on wiring.
etc. Such a setup would also be helpful in checking
out IC's bought surplus, but of unknown quality.

The article presented here, describes the construc-
tion of a manual digital [C tester, that will fill this need.
With this tester you will be able to check the operation

of any 14- or 16-pin digital IC with ease and speed.
Both CMOS and TTL circuits can be tested with this
unit.

The basic principle of the tester is to have an array
of 16 slide switches that allow each individual pin cn
the IC to be tested. The switches connect each pin 1o
either GND, V¢, CLOCK or may be left open. The
pins of the test socket are also connected to the cor-
responding pins on another 16-pin IC socket. This one
serves as an output socket. It makes it possible for the
user to connect components to the IC under test. This
makes it possible to test astable and nonostable multi-
vibrators in operation. It also allows external feedback
paths in testing of counters and applying loads to dr-
vers, LED drivers, etc.
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Circuit description

Figure | shows how the slide switches are connected
to the test socket, as described in the introduction.
Switch S17 is a rotary switch that connects the test
output terminals to any one of the 16-pins on the test
socket. The output test terminals can be connected to
a scope, a DVM or other test instrument to check out
the operation of the IC under test.

Although only 16 positions are needed on S17, a 23-
position switch is used because it allows a smaller angle
of rotation, which makes the front panel legend easier
to read. Adjustable stops on the switch limit the rota-
tion to 16 positions.

Figure 2 shows the circuit diagram of the internal
clock generator. IC2, a 4047, forms the basic oscillator
circuit. Its mode of operation is controlled by S20.
When S20 is in SINGLE PULSE, pin 5 of IC2 is grounded.
This makes IC2 operate in the monostable mode. In
this mode IC2 is triggered on the rising edge of a posi-
tive pulse on pin 8. Two sections of IC1 form a de-
bouncing circuit for S19, which acts as a manual trig-
ger for IC2.

When S20 is in CLOCK. IC2 operates in the astable
mode. In this mode pin 10 of IC2 is held high. This, in
turn, inhibits the operation of the trigger input. The
clock frequency is controlled by R5 and C2 through C6
and covers the range of 100 Hz to 1 Mhz. At the |-Mhz
setting, however, the operating frequency will to a
substantial degree be dependent on operating voltage
Vee. At Ve = 5V the operating frequency will be
only about 600 Khz, rising to | MHz when V- = 10V.
This is due to limitations in the 4047.

IC 3 acts as a buffer, using six paralleled sections of
the 4049, yielding a fan-out of 12 TTL loads. Diode DI
protects the clock generator against damage in case of
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FRONT PANEL LABELLING can be seen from this photo. Use
rub-on lettering as detailed in the text.

polarity reversal of V. Clis a filter capacitor. LEDI
is a green LED indicator. It shows correct polarity of
Vee. Diode D2 protects LEDI against reverse break-
down damage. It may or may not be required, depend-
ing on the specifications of the LED that you use. One
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FIG. 5—DRILLING AND CUTTING GUIDE for the top shell of
cabinet.

section of S18 switches capacitors C2 through C6. The
other section of SI8 selects the internal or external
clock for clocking the IC under test.

Assembling your tester

The first thing to do is to get all the parts together.
You'll find a complete parts list and a list of suppliers
in this article. The circuit board you may etch yourself
using the layouts in Fig. 3 and Fig. 4. A guide to drilling
and cutting the cabinet is in Fig. 5. The printing on the
cabinet may be done using dry transfer letters. avail-
able in most artist-supply stores. The lines are done
with thin adhesive drafting tape.

Before lettering the cabinet, drill and cut all of the
holes. Then spray the top shell of the cabinet with an
antique white flat enamel.

The original paint of the cabinet is semigloss, which
is not very receptive to the dry transfer lettering. By
sprayving first with a flat enamel. any problem with the
lettering is virtually eliminated.

After the lettering, spray the top shell of the cabinet
with two or more coats of a clear matte finish. These
coats should be thin to prevent any possible loosening
of the lettering.

The assembled PC board can be seen in the photos.
If you etch your own PC board, all of the pads around
the feed-through holes will have to be connected by a
wire. This is simple. Just take four holes at a time and
put a short 22-gage wire through the holes. Then bend
the wires on one side of the board, lay the board flat
against a table and solder the top pads. Next, turn the
board over and solder the tottom pads. Continue until
all the feed-through holes are soldered.

Under the slide switches is a feed-through hole. It
was located there to avoid having to solder the top
pads on these switches. These pads are inaccessible
after the switches are mounted on the PC board. sc if
you etch your own PC board. the feed-through holes

text continues on page 45
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FIG. 4—PRINTED CIRCUIT BOARD ETCHING GUIDE. Circuit
side of the double-sided board.



: ﬁﬁ“ ﬂ H ﬁﬁHF
BARAAAR AN

ASSEMBLED FRINTED CIRCUIT BCARD. Note that the test
socket and the /0 socket are elevated from the PC board. J1
and J2 are located on the ciicuit side of the board.
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PRINTED C'RCUIT BOARD MOUNTED IN CABINET. Note the fiat
cable assemblies connecting the switches to the PC board
through J1 and J2.

g
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TERMINALS ON REAR OF CABINET are detailed in this photo.

under the switches must be soldered before mounting
the switches. J1 and J2 are 16-pin IC sockets mounted
on the reverse side of the PC board and provide con-
na2ctions to the rotary switches. Note in the internal
view the flat cable assemblies, connecting the switches
to the PC boards through J1 and J2.

All of the GND terminals on the rear of the cabinet
are tied together and then tied to the cabinet and the
T1 terminal on the PC board.

To avoid screw holes in the front panel. the PC board
1s mounted on stand-offs bonded to the inside of the

cabinet with clear Silicone Rubber sealant.

First six 0.5-inch hex spacers are mounted to the PC
board with screws. The assembled PC board with the
spacers mounted are then held in place with tape., while
the positions of the spacers are marked with pencil on
the inside of the cabinet.

A portion of the sealant is then placed at the mark-
ings of the spacers after first removing the PC board
with the spacers. After the sealant has been deposited,
the PC board with spacers is again positioned inside
the cabinet and temporarily held in place by tape. The
sealant is worked in around the body of the spacers to
provide maximum support and adhesive. After allow-
ing 12 hours for drying, the tape may be removed.

The test socket and the I/O socket is elevated from
the PC board. These sockets are soldered to the PC
board after being positioned correctly, with the PC
board mounted inside the cabinet.

Put the tester to work

The majority of IC"s—gates, counters. decoders and
multiplexers—do not require any external components
for performance testing. One-shots. line drivers and 7-
segment LED drivers do require external components
for testing. The 1/O socket makes this possible. [t gives
direct access to all of the pins of the IC.

As an example. if you want to check out a one-shot.
you may use a DIP plug-in module to hold the timing
components for the one-shot. The trigger can be either
CILOCK or a SINGLE PULSE.

Another example would be the check-out of a 7-seg-
ment LED driver. In such a case you would need a 7-
segment LED. some resistors and possibly a counter
to drive the 7-segment LED driver. These components
could be mounted on a solderless breadboard and con-
nected to my Digital IC Tester by a DIP cable.

The clock for driving the counter may be taken from
the CLLOCK OUT terminals on the back of the cabinet. A
test sheet could be made. listing the pin connections
for various IC's. That would eliminate the need for
reference to the data sheets and speed up the testing.

As you can see, this versatile tester will allow you to
check out the operation of a wide variety of IC's with
minimum efforts. SP
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“No matter what the project he's working on is sup-
posed to be—it ends up being a light dimmer.”’
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A handy interface between your microcomputer
and its cassette recorder. LED’s indjcate the
states of the signal and control lines.

MILTON D. CHEPKO

WHILE WORKING WITH SEVERAL HOBBY-TYPE MICRO—
computer systems during the past two years, I’ve dis-
covered that they all share one problem—inadequate
interfacing with tape storage facilities. This shouldn’t
come as a surprise, since the cassette recorder wasn’t
designed for use as a digital data device. Unfortunately,
the alternative in bulk storage—floppy disc—is too ex-
pensive for most of us, so we use $30-40 cassette re-
corders in spite of the inconvenience. By using fairly
good quality tape, and keeping the heads clean and
demagnetized, a reasonable level of performance and
reliability is available at an acceptably low cost. The
main problems are the cables and plugs that must
occasionally be disconnected to regain control of the
tape drive; also, level control settings can be critical.

For only a few dollars and a short evening’s work,
you can build a junction box to eliminate these short-
comings. Below are several suggestions to serve as a
starting point for your plans. You may not need all of
them, so they are presented separately and can be
used in almost any combination. Figure | shows a
typical junction-box configuration

Motor override switch

This is probably the easiest modification, yet the
most essential. Rather than pulling out the REMOTE
plug each time you want to rewind a tape, simply wire
a switch (pushbutton or toggle) across the control lines.
Since the voltage and current are low, any small
switch should work.

Ground-loop hum

Most recorders generate hum when connected to
microcomputers, presumably because of the multiple
grounds that occur. You can prevent this by pulling
out the unused plug while making or playing recordings,
but it is easier to permanently interrupt the ground
connection in one of the lines carrying data to and
from the recorder. I've had better luck making this
modification in the AUX or MIC line than in the EAR or
AUDIO OUT line, although you may want to try both
and select the one that works best in your system.

Signal level

Most cassette recorders use ALC (Automatic Level
Control) during recording, and it’s only on playback
that the volume control is effective. A glance at the
cassette interface specifications for Radio Shack’s
TRS-80 shows that a two volt of input-signal level is
needed for reliable data transfer. Interestingly, LEDs
begin to glow at 1.7 volts, and connecting one across
the EAR line provides a cheap, easy-to-read, signal-
level indicator. In addition. the LED seems to “‘ab-
sorb’” some of the excess signal if the volume is set
too -high, so adjustment becomes less critical.

If you plan to use the junction box with several cas-
sette recorders, use two LED’s, with the cathode of
one, and the anode of the other, going to ground. This
will give good results regardless of the polarity of the
output jack.

FIG. 1—INTERFACE CIRCUITRY for use between the TRS-80
and cassette recorder. Top circuit feeds recorder output to com-
puter, midele circuit is from computer to recorder and bottom is
for control. '
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FIG. 2—MICROCOMPUTER CONTROLS RECORDER through
a simple relay.
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oscillator, pulses the LED to signal when computer has finished
using the recorder.

Some cassette recorders have only a MIC jack for
audio input. The addition of a 100K, Y4-watt, resistor
to the ‘‘gray line’" part of the junction box attenuates
the signal from the computer to a level which will not
overload this type of circuitry. The resistor does not
affect matters if it is left in the line when using re-
corders with an AUX input—the ALC circuit com-
pensates for the lower signal strength.

Below are three more additions you might find useful
in certain applications.

Recorder ‘‘ready” signal

Sometimes, in our hurry to get to work on a program
we've just loaded in, we forget to hit the recorder’s
STOP button. Most microcomputers use a smail reed-
relay to control the recorder drive by interrupting the
DC power to the motor, as shown in Fig. 2. At the start

PARTS LIST

RESISTORS 4 walt, 5% unless otherwise noted
R1, A2, R7—220 ohms

R2—100,000 ohms

R3-—-330-1000 ahms [see text)

R4—5& ohms, Y2 watt

AR5, RG—27,000 ohms

CAPACITORS

C1—3 yF, electrolytic

SEMICONDUCTORS

IC1—LM55RE timer X

BR1—silicon bridge rectifier, 50-volts or better
LED1-LED4—XCH58R or equivalent

31—5PST switch

J1, J2—miniature phono jack
J3—subminiature phong jack

PL1, PL2—miniature phona plug
PL3—subminiature phono plug

MISCELLANEOUS: Shielded cable, case sarphone. eic.

of data transfer the relay is actuated by the computer,
starting up the recorder. When data transfer is com-
pleted. the relay opens, and the recorder stops. Until
you hit STOP, there are still 6 volts DC at the recorder’s
motor-control jack, and that voltage can be detected
and used to signal the computer operator. The bottom
part of Fig. | shows a simple circuit using only a LED
and resistor. Again, the polarity of the LED should
match the polarity of the REMOTE circuit and the value
of the resistor should be chosen to limit the current
through the LED to about 10 mA.

Alternatively, a simple flasher circuit (Fig. 3) can be
used to catch attention, or the LED can be replaced by
a small audio oscillator to provide a **beep’’ when the
computer is finished using the recorder. Just adjust the
current to about 10 mA.

Audible data

Sometimes it’s reassuring to know that your com-
puter is ‘‘hearing’’ digital data rather than Aunt
Martha's latest taped letter from home. You can
always pull the EAR plug and listen to the tape, but you
may forget to replace the plug later. Instead, wire a
small earphone and resistor in series and connect them
across the EAR line as shown in Fig. 1, in parallel with
the LED level indicator. The low-level audio won't be
objectionable, and the resistor prevents loading down
the amplifier. I found that a 330-ohm resistor gave
acceptdble audio and barely dimmed the LED, but you
might need anything from 220- to 470-ohms for ac-
ceptable operation.

Preserve the control relay

The reed-relay chosen by Radio Shack for use in the
TRS-80 appears to have a high failure rate, with the
contacts sticking together. The ultimate cure is to re-
place it with a heavier-duty relay, but this means
opening the sealed case and voiding the warranty. By
placing a millilammeter in the motor-control line, |
found that the relay draws over 250 mA at start-up,
dropping to 130 mA while running. With a 5.6 ohm, Y-
watt resistor wired in series with the motor-control
cable, the peak current is cut to 150 mA but the running
current is essentially unchanged. Operation of the
recorder seems unaffected, and the life of the reed-
relay may be extended.

In summary, I'm sure there are many other modifica-
tions that could be made, but few will be as cheap or
useful as those described above. Actually, I'm sur-
prised that manufacturers don’t add such things as the
LED level indicator to their computers, considering
that it looks impressive, performs a useful function,
and would only cost a few cents! SP
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SAFETY COOKER

In its basic form, it’s a ultra-fast circuit-breaker
to be used when “cooking” TV sets. Add a few
more parts and it’s an electronic
fire extinguisher

JACK DARR

YOU START OUT TO BUILD A THING THAT WILL DO
something. Then. when you finish. you find out that it
will do something else. and something a lot more use-
ful! That's what I did. I'll tell you what the original
1dea was. at the end of this article, and you can use it if
vou want to. Now. let's see what this More Useful
Thing is.

The heart of the original idea was a very fast. easily
adjustable circuit-breaker. So I scrabbled up a circutt,
made a lashup and found that it worked. beautifully. In
fact. it worked the first time I hooked 1t up. This wiped
me out completely. Nothing I build ever works right
the first time—at least I've never had such good for-
tune before. It turned out to be so sensitive that I could
adjust it to hold a given load, and adding only 5 watrts

more would trip it!

This was fine. for the original idea. So. I built a
prototype. The More Useful Thing was discovered by
accident! Let’s say that you've just finished overhaul-
ing a TV set. and you want to cook it for a while. to sez
if there are any more troubles. (Great call-back-avoiderl!)
But you have to go out of the shop and run some ser-
vice-calls. You don’t like to leave with the set on. So
plug it into this fast-acting circuit-breaker. adjust the
sensitivity control to just barely hold the normal load-
circuit. and get on with your rat-killin’. If anything
serious happens to the set, it will be turned off so fast
that no further damage will be done! It will cook ir
perfect safety. (Very useful for those intermittent-
short sets. 100.)




Design and circuits

I needed a very fast-acting. adjustable circuit breaker.
Fuses hold for a short time before they go and conven-
tional circuit breakers have a long time-lag, being
thermally operated. What [ wanted was something
**Fast, fast FAST!"" as the commercial says. So solid-
state. The fastest switch is an SCR: turn-on time less
than 1.0 us. However, that is a “‘turn-on’’ reaction,
and | needed a turn-off reaction. So I made the SCR
close a relay, opening the normally closed (NC) con-
tacts. Total time, at a guess, something like 2 ms.

Also, I needed a latching action, and an SCR won't
do that on AC. So I made up a small DC power supply,
12-volt filament transformer (T1), diode, and filter cap-
acitor. By using a big input capacitor, I helped the relay
closing-time, too. The capacitor “*dumps’’ its charge
through the relay as a surge of current, when the de-
vice is tripped.

Now [ had to get the SCR to let go, when I wanted it
to. This was easy. | added a normally-closed pushbut-
ton switch (S1) to the primary of the filament trans-
former. That interrupts the DC supply and the SCR
resets again.

Now I had to find a way to sense the normal load-
current through the device. which would also signal a
sudden increase of current to gate the SCR on and
close the relay. For this. I connected a stock audio
output transformer, 2000 ohms to 3.2-ohm voice coil.
with the low-Z secondary winding in series with the
AC line going through the unit.

I connected a SK wirewound pot across the secondary
(2K winding) with one end grounded. and the slider
going to the gate of the SCR. The AC line goes through
the sensor winding. then through the normally-closed
contacts of the relay and on to the outlet receptacle.

As long as the relay is “*open’” (not energized) every-
thing goes along nicely. When an overload occurs. the
resulting surge of current through the sensor raises the
secondary voltage, above the level needed to fire the
SCR. When it fires. the relay closes and breaks the AC
circuit to the load.

When I got through with all of that high-powered en-
Gl-neering. I had the circuit of Fig. 1. That’s all there
is to it. I made a lashup of this on the bench, connect-
ing everything up with clip-leads. To my utter astonish-
ment, it worked! (You should have seen it: looked like
a nest of snakes!) I killed the snakes and built the
prototype into a 4x5x6-inch utility box.

Notes on how it does it

I'm feeding raw AC to the SCR gate. You may ques-
tion this: I did, until I tried it. Later, [ added a series
diode in the gate circuit, and that made no perceptible
difference at all. However. after the Mark I was done
and checked out. I had doubts. It would work. and trip
very rapidly on very small added loads. In fact, I could
set it up to hold on loads from 100 to 250 watts. adjust
the SENSITIVITY control to the point where it was barely
holding, and then plug in only one 7-watt Christmas-
tree lamp and it would trip!

This was all very well and just what [ wanted. How-
ever! The added surge current was pretty small. What
would happen on a real. dead short? Would the high

QUTPUT
NC
|
NCY |
~ +15VDC :
l
I
mnuF .
50V
S1 O A RELAY
RESET SENSITIVITY
CONTROL
5K
== SENSDR XFMR
«o BLK TLLLD
A'g AvAv‘v
= R2
20,
WHITE W

FIG. 1—THE CIRCUIT-BREAKER or Mark | section. It's easy to
build your own.

XS AL e l?.‘ ;
et ?fuh:e;":ﬁlr'-';‘. ""‘:"— A :
transient blow the gate right out of the SCR? There
was only one way to find out; try it.

So I picked up my fool-killer. connected the clip to-
gether. crossed my fingers and plugged it in. with the
unit running on a 100-watt load and set up. What hap-
pened? 'Click’": that’s all. I pulled the fool-killer,
opened the clips. reset the SCR and plugged the fool-
killer in with clips open. Then I touched them together.
**Click!"”" and the circuit opened so quickly that there
wasn’t even a spark! (A fool-killer, for those who do
not have one, is an AC cord with alligator clips on one
end, for hooking up assorted equipment when you
don’t have the right line-cord. The derivation of the
name is obvious.)

Later I connected the scope across the SENSITIVITY
control, then shorted the output. From what I could

}. '\:l"t"".x
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FIG. 2—THE SCR FIRES AS SOON AS PEAK VOLTAGE of first
half-cycle reaches gating level of 4.0 volts.

see, the transient is not very large. It looks as if it is
about twice the normal “*hold’" voltage on the SCR
gate.

This is about 4 volts. The reason for the fast tripping
is that the SCR is firing, as [ hoped it would, on the
first half-cycle of the transient; as soon as the voltage
goes above the 4-volt gating level, pow! If the sensi-
tivity control is set just below the trip point, the sensor
voltage will run just below 4 volts peak. When a short
occurs, the voltage goes up. Figure two shows this.

How to make your own

You can build this thing in any way you want. The
photos shows how I did it. (Differences between the
photo and text will be explained later! This shows the
Mark 11} 1 used terminal strips and point-to-point
wiring. Be sure to run all AC wires with at least No. 18
stranded wire with very good insulation.

The SCR(s) are mounted by their ears on a small
terminal strip. Gate and cathode leads are tacked on
and spaghetti slipped over the pins, just for luck. No
heat-sinking will be needed since the SCR is normally
off. Even when it’s left on for long periods of time, it
won't even get warm. The 12-volt relay takes only
about 100 mA. The negative side of the DC voltage
supply is connected to the metal box. but it doesn’t
have to be. You can run a floating negative as I did,
just for luck.

Resistor R2 in Figure one is an addition. It’s a 2-
ohm, 5-watt wirewound shunted across the primary of
the sensor transformer. This carries part of the load
current. I added it in the Mark I because the audio trans-
former [ had was rather small and got a little warm in
operation. The older type (3 to 5 watts) with more iron,
won’t heat up. and then R2 can be left out.

All parts are stock. and can be found at any radio-

EXd A »
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FIG. 3—UNDERSIDE VIEW OF COMPLETE UNIT. This is the
MARK I, inciuding the fire-extinguisher trip.

TV supply house. As a matter of fact, you can get a
small 12-volt *“trickle-charger’’ from most auto supply
stores for less than the cost of the filament transformer
and diode! Add a 100-yF 50-volt electrolytic and ycur
DC power supply is done! The junkbox will supply a
lot of the parts, saving quite a lot of money.

The circuit could be built on a small panel to get rid
of the box. (Before someone asks, the relays shown in
Figure 3 are not the Potter-Brumfield type given in the
parts list! They’re a couple I had lying around; electri-
cally identical though. Any suitable relay can be used,
but be sure that the contacts have at least a SA rating.)

Y ou can vary parts-values if you have to. As long as
it works, the heck with it. For example, bargain SCRs
could be used, since they have to carry only the 100-
mA current of the relays. Most of them gate on at
about the same voltage and this makes no difference,
since the gating is adjustable.

In normal operation, the device itself takes no cus-
rent at all. The SCR is turned off, so the relay is not
energized. It’s ready, but nothing is turned on until
there is a short. Only the green READY pilot lamp is
taking any current.

Setup and operation

It’s very simple to set up. After the wiring is com-
pleted and all of the bad solder joints cleaned up. plug
it in and check the DC power supply. With the 12-volt
filament transformer, you should read about +15 voits
DC on the SCR anode and relay coil.

To adjust, turn the sensitvity control full counter-
clockwise and plug in some kind of test load. A lamp is
the best, since you can sce it turn on and off. The
green pilot light should be on, indicating **Ready,
Boss!”” Now, turn the SENSITIVITY control slowly
clockwise until you hear a click. The lamp will go off
and the “"Tripped™’ (red) pilot will turn on.

This shows that it’s working. Now, back the SENSI-
TIVITY control off just a little (about 5 to 10 degrees)
and push the RESET button. The red light should go
out, the green one and the test-lamp come on. If it re-
trips instantly. turn the SENSITIVITY control back just a
bit farther and try again. At this point. you can make
the single-Christmas-tree lamp test [ mentioned before.

wm————
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If you have the sensitivity control set right on the
threshold, that much extra load will make it trip.

If you plug this unit in, then plug the load into it and
turn it on, you may get tripping due to the transient.
Turn the SENSITIVITY control full counterclockwise:
reset, then turn it up until you find a setting just beiow
the trip threshold.

If you want further verification, plug a TV set into it
and set it up. Now. pul the horizontal oscillator tube!
It should trip. In fact, that is how [ discovered this
application. I'd just finished some extensive repairs to
a large color set and wanted to run down the street for
something. (OK, I wanted a cuppa cawfee!) However,
I didn’t have too much faith in the set and I started to
turn it off. Instead I plugged it into the Mark I, set it
up. and went happily off. When I came back, the red
light was glowing brightly, and the set’s horizontal
oscillator tube was quite dead! However. my new
6L.Q6 and the flyback. were still in very good shape!

If you want to. and if you used a DPDT relay as |
did, you can add a bell, buzzer, or any other kind of
alarm to the thing, to signal when it trips. (However,
don’t use too big a bell. I tried it, and the thing went off
and almost scared the pants off me!)

The original idea

Now comes the part I told you about, and the idea
that started the whole thing. At first, this Thing was
supposed to be a fast-acting combination circuit-

RESET 'O
i

SENSITIVITY

breaker and fire-extinguisher for preventing Christmas-
tree fires! The other function turned out to be so fas-
cinating, and so much more useful in everyday work,
that we turned it around!

If you do want to use it for protecting a Christmas-
tree, or anything equally flammable, it's easy. Just
build the Mark I as in Fig. 1, and then add the few
extra parts shown in Figure 4. The relay and SCR are
the same types used the the first section. We'll get to
the rest in a moment.

The idea is to trigger a fire-extinguisher rigged to
spray the tree, but only if there is flame. Most Christ-
mas-tree fires are caused by defective lights. So the
first thing to do is kill the AC supply to the lights to get
rid of the arcing that starts the fire. This is done by the
Mark I section.

Of course. we do not want to soak down the tree and
the gifts unless it is absolutely necessary. (Although
some of those gift neckties might be improved by a
drenching!) So the extra circuit i1s designed to “‘arm™
the fire-extinguisher actuating solenoid. but to hold it
off unless there is flame. The normally-open contacts
on the first relay close when the device trips. This sup-
plies AC to the contacts of RY2. But RY2 does not
close tripping the fire-extinguisher. At least not yet.

Another SCR is used to operate this relay. Its gate is
controlled by a voltage divider across the DC voltage
supply from the Mark I. A Zener diode is connected to
the tap. As long as the DC voltage here 1s below the
Zener voltage, the Zener won’t conduct. This voltage

pap—>1

EXTINGUISHER

SAFE - TREE

TEST

ARMED @;&Q TEST

SENSOR
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FIG. 4—ADD THIS CIRCUIT TO MARK | and you have the whole
thing.

PARTS LIST
Add this circuit to Mark | and you have the whole thing!

RY2—Same as RY1.
SCR2—Same as SCR1.
D2—Zener diode 7.5 volts 1 W,
RCA SK-3059 or equal
R3—680 ohms, 1 watt
R4, R5—3900 ohms, 1 watt
AC outlet—Amphenol 160-2-N, for fire extinguisher
S2—SPDT toggle switch (test-armed)

is held low by a “*flame-sensor loop™” connected across
RS. That loop is made up of some kind of flexible, cur-
rent-carrying material, that will burn in two if there is
tlame in the tree.

There are several kinds of ornamental foil ribbon
which will do that. Use enough of it to make a loop
long enough to be strung throughout the whole tree. so
that it will be broken by flame at any point. The
resistance of this should be as low as possible;
anything from about 250 ohms on down is fine.

For testing the flame-sensor loop. hook a 270-ohm
resitor across the terminals and make whatever adjust-
ment is needed. Figure 5 shows the whole circuit, in-
cluding the flame-sensor, extra SCR. and so on. Re-
move the 270-ohm resistor when adjustments are
compileted.

Note that Fig. 5 shows a TEST ARMED switch and
pilot light. It is included so that the flame-sensor loop
and its continuity can be checked and you can be sure
that the fire-extinguisher won’t go off accidentally. (It
will, if the flame-sensor loop is accidentally broken
and the breaker is tripped?!)

To check that, hook up the flame-sensor loop. set
the TEST-ARMED switch (S2) to TEST. and deliberately
trip the breaker. If everything is in order, the TrIP light on
the breaker will light. The TEST lght should NOT go
on! (For added safety, unplug the cord to the ex-
tinguisher solenoid!) Opening the flame-sensor loop by

FIG. 5—COMPLETE CIRCUIT of Mark | and Mark |l combined.

unhooking one terminal should make the TEST light go
on. Pushing the RESET button resets both SCR’s at
once since it breaks the DC supply.

If you run into trouble getting a trip on the flame-
sensor, check the DC voltage at the Zener. You may
not have enough voltage at this point to make it operate.
If so, either use a lower-voltage Zener, or change the
ratios of R3/RS. 1 used a 7.5-volt Zener diode, RCA
SK-3059, and it worked very well with the resistance
values shown.

Any kind of extinguisher can be used that has a 117-
volt electrically operated solenoid valve. There are
quite a few of these available.

Merry Christmas! SP



Ohio Scientific Superboard Il

The “irst complete computer system on a board! Includes
keyboard, video interface and audio cassette interface. 8K
BASIC-in-ROM, 4K RAM.

Requires power supply of + 5V @ 3 amps

'*We heartily recommend Superhboard Il for the
beginner who wants to get into microcomputers
with a minimum cost. A real computer with full
expandability.”’

—POPULAR ELECTRONICS, MARCH, 1978

**'The Superboard Il is an excellent choice for the
personal computer enthusiast on a budget.’’
—BYTE, MAY, 1878

Buy OHIO SCIENTIFIC’s 610 Expander Board and
et $99 off reg. $299 price of mini-floppy disk drive
?including connector cable). ONLY $200!
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4KP 4K RAM chip set $
PS003 Mini-floppy power supply

each $
PS005 5V 4.5 amp open frame
power supply
SAMS manual C1P/Superboard Il $
SAMS manual C4P $
0S-65D V3.2 Disk Operating System
with 9-digit extended BASIC, random
access from sequential files $
C4P computer 8K RAM expandable
to 32K RAM $
C4P MF computer Mini-floppy,
24K RAM
C8P computer 8K RAM expandable
to 32K and dual B-inch floppies $ 950
C8P DF computer 32K RAM
expandable to 48K, dual B-inch
floppies

$1795

$2895

NEW! SAMS manual for the
Challenger Iil Series $ 40

P.O. Box 46627

Cleveland, Ohio 44146

CLEVELAND CONSUMER
&= COMPUTERS & COMPONENTS

610 Expander Board

For use with Superboard Il and Challenger 1P. 8K static RAM
expandable to 24K or 32K system total. Accepts up to two
mini-floppy disk drives.

Requires + 5V @ 4.5amps

iVtini-Floppy Disk Drive

Includes Ohio Scientific’'s PICO DOS software and connector
cable. Compatible with 610 Expander Board.

Requires +12V @ 1.5 amps and +5V @ 0.7 amps.

Reg.$299 ~_ SALE! $200
TOTALS 797

Attention Superboard Il and C1P owners:

You can still take advantage of our summer sale. Purchase the 610
Expander Board for the regular price and get $99 off on the mini-floppy
and cable.

Step up to mini-floppy operation for only $498.

COMING SOON! Color Video Adaptor for Superboard Il and C1P!

To Order:

Or to get our free catalog

CALL 1-800-321-5805 TOLL FREE.
Charge your order to your

VISA or MASTER CHARGE ACCOUNT
Ohio Residents Call: (216) 464-8047.

Or write, including your check or money
order, to the address hsted beiow.

Hours:
M Call Monday thru Friday
8:00 AM to 5:00 PM E.D.T.

Freight Policies

Al orders of $100 or more are shipped
fraight prepaid. Orders of less than $100
pl2ase add $4.00 to cover shipping costs.
Onio Residents add 5.5% Sales Tax.

Guaranteed Shipment Cieveland
Consumer Computers & Components
gJarantees shipment of computer systems
within 48 hours upon receipt of your order.
Our failure to ship within 48 hours
entitles you to $35 of software, FREE.

TO ORDER: CALL

1-800-321-5805
TOLL FREE

CIRCLE 311 ON FREE INFORMATION CARD
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CHORD EGG

That’'s EGG as in Encephalo-Gratification
Generator. Produces one musical chord
after another.

JOHN S. SIMONTON, JR.
and CRAIG ANDERTON

QUESTION: WHAT DO YOU GET IF YOU COMBINE THE LSI
heart of a modern electronic organ using synthesizer-
type processing elements with digital logic and ran-
domizing circuits for control, and stereo for spatial
effects?

Answer: A mind-boggling piece of technology called
the Chord EGG (FEncephalo-Gratification Generator).

Here's what it does: The Chord EGG randomly
selects one of four pre-programmed major triads (C. F,
the first inversion of G and the second inversion of C,
in the version described) and just as randomly selects

and accentuates single notes or intervals from the triad.
Simultaneously, other random circuitry is independentlv
sweeping a pair of subtle bandpass filters back and
forth over the entire output. Each filter's output drives
a stereo channel.

This all sounds incredibly busy. and describing it in
words may leave the impression of frenetic electronic
and musical activity. In reality. just the reverse is true.
The result is an exceptionally pleasing background tc
conversation, meditation or work, or just nice listening
too. It's not organ-like. and it’s not the typical synthe-




sizer sound. It's something entirely different.

And when experienced through a set of headphones.
the effect is unique to the point of being unearthly and
potentially illegal. The tones and chords have body
and exist, and gently flow and sweep and pan their
way through your mind: never repeating. never pre-
dictable.

Circuit description

A first glance at the schematic of the Chord EGG
(Fig. 1) may be a little intimidating. But, like most

complex things. it's only a collection of simple ones.
To illustrate this we'll divide the EGG into seven
simple parts and analyze each individually. These will
be: 1) Tone generator, 2) Chord randomizer, 3) Chord
decoder. 4) Note randomizer, 5) Control-voltage
summing matrix, 6) Voltage-controlled attenuators
and 7) Voltage-controlled filters.

Tone generator: The tone-generator portion of the
EGG uses two gates trom a CMOS quad NOR package
(IC2-a & -b) configured as an astable multivibrator
with a frequency of approximately 250 kHz. This clock
frequency is applied to the input of ICI. a MK50240

FILTER o) +
ORIVE ™ %Y 1 ’
R88 ya I’
82K i€ K ReG
R59 c18 c19 10K
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>
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FIG. 1—COMPLETE CIRCUIT OF THE CHORD EGG. It is far from a simple device, but
thanks to the circuit board, it is not difficult to assemble. If you look at it as several
separate circuits wired together, its operation is easier to understand.
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top-octave generator, which in turn produces at its 13
outputs a complete octave (plus one note) of equally
tempered musical tones. The frequency of the multi-
vibrator is determined by the R2/C! time constant,
while C4 and C2 provide high-frequency bypassing on
the supply lines of IC’s | and 2. Electrolytic capacitor
C3 provides low-frequency bypassing for the power
supply to the top-octave generator.

Chord randomizer: Essential to the operation of the
chord randomizer is the long-period astable multi-
vibrator, a circuit used extensively in this project. The
one built around 1C4-a is typical of all of them. Resistor
R6 is a biasing resistor, R5 provides positive feedback
for hysterisis, R4 converts the voltage appearing across
the timing capacitor, CS5. to a current that the amplifier
can work with and R3 sets the time required for C5 to
charge to the threshold voltages established by the rest
of the components. Two of these circuits are built
around two of the four amplifier stages in a single
L.M3900 quad current-differencing amplifier package
(IC4-a and IC4-b). Their periods are about 15 and 25
seconds respectively, and naturally (since their periods
are different), they run asynchronously. We can think
of the outputs of these two circuits as representing a
two-bit, ever changing binary number which drives the
2-to-4 decoder consisting of the six NOR gates—IC2-c
& -d and 1C3-a—d.

When the two asynchronous astable multivibrators
are combined with the 2-to-4 decoder, we have a cir-
cuit that selects one of four lines in a pseudo-random
manner and raises that line to a high state while leaving
the other three output lines low. All four lines go to
the...

Chord decoder, where they select one of four possible
chord structures. Each tone from output-line from the
top-octave divider is connected to a diode (D5—D12).
The diodes are used as switches that allow the notes
needed for a particular chord to pass while blocking
the unused notes. If, for example, the F chord is
selected. diodes DS. D7 and D9 are forward-biased by
the voltage applied to resistors R64—R66 and the posi-
tive portions of the square waves generated by the top-
octave chip on the F, A and C lines can pass. Because
the remainder of the resistors in the chord-decoder
matrix are grounded (either directly or through the 2-
to-4 decoder). they are reverse-biased and block the
unwanted outputs of IC 1. Resistors R81—R87 are pro-
vided to compensate for the fact that, while some lines
in the chord decoder have a single selecting resistor
attached to them, others have two or three. Without
these compensating resistors, lines that connect to a
single selecting resistor would carry a signficantly
higher signal-level than the rest.

Resistors R73-—R80 mix the selected notes onto
three of the four audio busses which are in turn con-
nected to the...

Voltage-controlled attenuators. We need a separate
line for each tone because we don’t want all the notes
in a chord to rise and fall in volume simultaneously,
but, rather. we want the individual notes that make up
the chord to rise and fall independently. The voltage-
controlled attenuators work in essentially the same
manner as did the switching diodes in the chord de-
coder with one important exception. Instead of being
biased on with a constant voltage and mixed to a single

output, they are controlled by a voltage which varies
at (pseudo-)random, and whose source we will investi-
gate shortly. As the time-varying control voltages
applied to R45—R48& increase, the point at which the
diodes clamp also increases, thereby increasing the
amplitude of the square wave on that line.

Control voltages for the attentuators begin their
existence in the:

Note randomizer, which is in all important aspects
identical to the chord randomizer. The differences are
that, instead of two astable multivibrators, we have
four (all sections of IC5) and these have shorter periods
(in the 5-to-10 second range) than the others. The con-
version of the binary numbers generated here tc a
smoothly varying control voltage is-handled by the:

Control-voltage summing matrix, resistors R27—R44,
and integrating capacitors Cl11—C1i6. A total of six
control voltages. four for VCA's (Voltage-Controlled
Attenuators) and two for VCF's (Voltage-Controlled

T




6-13/16 INCHES ¢{

FIG. 2—ACTUAL SIZE DIAGRAM OF THE FOIL PATTERN Chord EGG. Single-sided
board makes it an easy one to duplicate.

" RT7
|
— R f -
R73 j RE3 I - -ca —Ri— o
I Rg2 | ~—R59— @— RBO—=— AW "
==RA5 | re1 i : .
| c24 l _l_ \czs |
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FIG. 3—PARTS PLACEMENT DIAGRAM shows exactly where every component is
mounted on the circuit board.
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Filters). are produced by this matrix and all six are the
result of charging and discharging a capacitor through
one of three resistors which may be either at the posi-
tive supply-voltage or ground depending on the states
of the multivibrators; for example, C11 charges and
discharges through resistors R27, R28 and R29. The
important thing to note here is that each of the four
voltages produced for the VCA’s is unique because the
outputs of the 4 multivibrators are combined three-at-a-
time in the matrix. The two voltages that will be applied
to the filter are not unique because of the combinations
of astable outputs that produce them, but are unique
because of the resistor values used in the matrix.

R-2R ladders could have been used as the basis of
these matrixes but that would have been significantly
more complicated and would not have yielded signifi-
cantly better results.

The circuitry, as described so far, is interesting;
chords are randomly produced and individual notes
randomly emphasized. But, if we stop here, we have a
device with a definite ‘*‘Gardens of Eternal Peace™
quality to it. Morticians would love it, but those of us
who are interested in more lively applications would
be less than enchanted.

There are still two sections of current-differencing
amp left over (IC’s 4-c and 4-d) and we can make the
transition from dirge to delight by turning them into:

Voltage-controlled filters of the bridged-T, bandpass
type. These filters are tuned by putting diodes D13 and
D14 into the circuit at positions which would ordinarily
be occupied by a frequency-determining resistor. By
changing the DC current flow through these diodes we
can change their AC impedance and, consequently,
the tuning of the filter. Note that these diodes terminate
at a point (the junction of R96 and R97) that is above
ground potential. The tuning voltage applied to the
filters must exceed this voltage level before the tuning
will change.

The outputs of these two filters are the stereo out-
puts of the EGG and the subtle differences in the cen-
ter frequency and attenuation of the filters provide the
apparent motion of the sound in the stereo field. It is
interesting to note that, while listening to the EGG, the
apparent motion of the sound source is not constrained
to the horizontal plane.

Construction procedures

If you are going to build the EGG on a circuit board
such as that shown in Fig. 2, construction is a snap.
You only have to make sure that the parts are in the
proper locations as indicated in the parts-placement
diagram (Fig. 3) and that the electrolytic capacitors,
diodes and IC’s are properly oriented.

If you've worked with it before, perforated proto-
typing board would be an excellent construction
medium (if you haven’t, build something simpler first).
There are no extremely high frequencies wandering
around, so wiring lengths are not critical in that re-
spect. but for the sake of your sanity keep the wire
runs short—particularly those going to the audio con-
trol-voltage inputs of the filters, otherwise the CB’ers
will drive you buggy (it's most difficult to meditate
with **Breaker, breaker'' running through your mind—
unless. of course. that’s your mantra). If you're going

to run the EGG from a power supply other than bat-
teries, make sure that it has as little ripple as possibte—
some of the audio paths are dividers directly across the
supply lines and the ripple can really get into them.
The EGGQG. as illustrated here, has a total current drain
of about 30 mA so batteries are not out of the question.

Use it well

The EGG is easier to use than a radio—you don’t
have to waste a lot of time deciding what station to
listen to. Make the connections between the EGG and
your amplifier using shielded cable terminated in plugs
that are appropriate for the input of your amplifier.
The ubiquitous ‘‘auxiliary’” amplifier inputs should be
your first choice but just about any input will do.

To use the EGG in mono, you can either use just one
of the outputs or tie both outputs directly together—
whichever is most pleasing to you. You won't really
get the full benefit of the EGG, though, until you hear
it in stereo—especially through headphones.

If you wish, there are a number of points at which
the EGG may be customized. For instance, you may
for some reason want to tune the EGG exactly to the
key of C. This is just a matter of changing the frequency
of the clock and is most appropriately handled by ad-
justing the value of R2. (Don’t go any lower than about
2200 ohms. For higher frequencies, lower the value of
Cl1.) Resistors R53—RS56 determine the ‘‘on’" time of
the notes and chords. By lowering these values slightly
(not more than 33%) the EGG will be producing sound
a great percentage of the time. Raising the values of
these resistors will make the EGG ‘‘quiet’" a greater
percentage of the time.

Changing the value of R97 changes the point at
which the voltage-controlled filters come into play.
Lowering the value makes the action of the filters
more evident and, conversely, increasing it makes the
action less noticeable.

You can even change the chord structures if you
wish. Just make sure that only one note from a chord
terminates on any one audio line at a time or the notes
will not be free to change independently. SP

“Don’t beat around the bush, Agﬁes. If you don’t
want to help with my antenna again today, why don’t
you just come right out and say so?”’




WIRED ON A BREADBOARD, the complete unit is easy to
assemble. It is shown here checking out a penlight ceil.

Two major components is all it takes to
assemble this novel battery tester. Great
for checking out single cells, it gives quick evidence

of a battery’s condition.

MARTIN BRADLEY WEINSTEIN

BAR GRAPHS AND MOVING-DOT DISPLAYS CAN PROVIDE
smarter answers than D’ Arsonval meters and multiple-
digit readouts in a number of applications. They're
immune to static and magnetic fields. unlike plastic-
faced magnetic-movement meters. They require only
minimal front panel space. They're easily interpreted
for trend and magnitude. if not precise value. And now.
they’re inexpensive.

The schematic diagram demonstrates how easy it
is to implement a practical instrument with only a few
components. Officially. the bargraph display (which
could just as casily have been a moving-dot display),
is serving as an expanded scale voltmeter. operating
in approximately 1/10th-volt increments from 0.7 to
1.7 VDC. The turn-on values for each segment shown
adjacent to the schematic are measured. not calculated.
for the particular unit we breadboarded.

The National Semiconductor LM3914N. in fact, can
emulate a 0 to 1.2-VDC meter with just a 3 to 15
VDC supply, 10 LED’s and one resistor—in either
moving-dot or bargraph mode! If the 10 LED's are
those of the ITAC display. the total parts count (less
power supply) is three.

The secret of the LM3914’s external simplicity is a
bit of internal ingenuity. In addition to the resistor/
comparator chain that characterizes bargraph-type
A-D circuits. there’s an input buffer amplitier (high
impedance. to minimize loading on the signal under
test). an internal voltage reference (1.25-V nominal.
but adjustable with an external resistor or two). a mode
control. and LED brightness current programming.

National's data sheet/application note offers a more
thorough treatment of the full capabilities of the 3914,
of course. If you can’t get one through National. you'll
find the Radio Shack LM3914 has information attached
to its skin card. At this writing. the Radio Shack ver-
sion is priced under three dollars.

ITAC (ITAC Corporation. 2045 Martin Avenue.
Santa Clara. CA 95050) introduced their IBG-1000
series of 10-segment LED DIP bargraph displays in
July. 1978. This. we believe. makes them the forerun-
ners in this specific field—though many other com-
panies are now making similar displays.

Key to the utility of this display is that its standard
dual-inline package (0.3” center spacing. 0.1” lead
spacing) packs all 10 segments in a compact. 0.990 x
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HEATHKIT

400 clectronic kits:

Stereo components, color TS, com-
puters, test instruments, electronics
educational programs, amateur radio
gear —things you've always wanted,
noow at low kit prices,

Discover the fun of kit
.“"‘Iﬂ’t It's a great way to

rélax In your spare time, resulting in
beautiful things you'll be proud to
have in your home. And its easy The
famaous Heathkit [lustrated manuals
make it easy for anyone to bulld
reliable craftsman-like kits.

Send today!

It costs nathing to discover the com-
plete line of Heath electronic kits.
Pon't miss it, Clip and mail the coupon

Heathk_it

Heath Company, Dept. 021-882
Benton Harbor, Ml 49022

r - Heath Company,
I Heathk|( Dept. 021-692

Benton Harbor, M| 49022

l Send my free Heathkit Catalog now. I
I | am not currently receiving your catalog. I
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1.691 VOLTS
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SCHEMATIC DIAGRAM shows just how simple the tester can be. Test AA, C and D cells.
When testing, load the cell with 2.4 ohms for heavy-duty or 10 ohms for light-duty appli-

0.360 inch component. All 20 leads are brought out
separately. making both leads on each LED individ-
ually accessible. permitting anode multiplexing. cath-
ode multiplexing, or discrete element drive.

Each LED in the array is encapsulated with a reflec-
tor. greatly enhancing legibility. The orange IBG-1060
used in our breadboard, typically offers 0.6 millican-
delas per segment, at a 10-mA forward current.

This display is available in four colors: green (IBG-
1050). orange (IBG-1060). red (IBG-1070) and yellow
(IBG-1080). These displays are end-stackable for appli-
cations where more than 10 segments are needed. In
addition, under normal lighting conditions, their low-
drive current requirements (typically 5-mA per ele-
ment) permit direct drive by CMOS circuits. SP



BOX

Ridiculously simple, this gadget has applications
for the experimenter and service technician.
Here are a few; you’ll think of others.

ELMER C. CARLSON

THIS SIMPLE AND INEXPENSIVE DEVICE HAS FOUND A
number of uses. It has been particularly valuable in
science fair projects and has also proven its worth in
electronics testing and experimentation.

It uses only a few components: a DPDT. center-off
switch. three pairs of 3-way binding posts. a battery
holder. and an aluminum box. That. together with
some solder and wire—and whatever batteries you
choose to provide the voltage you need—makes up
the entire parts list. The battery/switching box has
paid for itself many times over.

Here are just several uses to which it can be put.

Even with the switch in the center-off position. the
BAT terminals are still connected to the battery. That
allows connection of a voltmeter to monitor the bat-
tery voltage or voltage of a charger. if nickel-cadmium
cells are used (Fig. ). In fact. both the meter and
charger may be used if one of them is connected to
terminals A or B. and the switch thrown to the appro-
priate position.

Two circuits may be powered from the same DC
cells are used (Figure two) by connecting one of ter-
minals A and the other to B. using the switch to select
the circuit to which current will be supplied. Voltage
can still be monitored at the BAT terminals.

ol
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FIG. 1—HANDY BATTERY BOX can be used to power transistor
radios while under test on the service bench.
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FIG. 2—TWO DEVICES can be powered by the battery box. Sim-
ply throw the switch to feed power to the selected device.
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FIG. 3—WITHOUT BATTERIES, use the gadget as a switching
box to feed the radio output to either one of two speakers.
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FIG. 4—A SINGLE VOLTMETER can be used to monitor two
separate voltage test points withoug moving test leads from
one point to the other.
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FIG. 5—CHECKING CURRENT DRAIN is simple when the switch
box is connected this way.

FIG. 6—THE BATTERY BOX. Batteries, as needed, are in one
part of the box; switch and terminals in the other.

The box can be used without batteries. too. Figure
3 shows an application where two sets of speakers, fed
from the same audio source. can be compared at the
flip of a switch. Of course. comparisons of other things
besides speakers can be made the same way.

Similarly. a single voltmeter—as shown in Figure
four—can be used. by means of the switching box, to
monitor voltages at two different test points without
having to switch leads constantly. The box can also be
used as a combination on/off switch and ammeter in/
out selector (Figure 3).

The switching box can also be used to insert two or
three components (or component networks) into a cir-
cutt. It can alleviate the hazards of loose clip-leads and
eliminate the frustrations of pocr contacts and broken
connections.

As is obvious from Fig. 6. there is nothing critical
about parts or component placement. [t would be
advisable. though. to space the 3-wav binding posts
exactly 3/4 of an inch apart. to accommodate the dual
banana-plugs that are often found in laboratory envi-
ronments.

There is very little to this project in the way of con-
struction. but the applications that have been given
here are only a few of the possibilities that will occur
to vou as vou begin to uie this simple—but versatile
—device. SP



Our heat gun is light, tough
and very easy to control. You get
easier handling with precise
hot air direction and built-in
durability.

Weighing only 13 ounces,
including its 3-wire cord, the heat
gun sits comfortably in your hand.
Its handle stays cool even during
long hours on the job.

You can put the hot air stream
exactly where you want it because
the nozzle is smaller. And the four
baffles that are included with the
gun adapt it for a wide variety
of uses.

There's a 3-way trigger switch
with hot and cool positions. The
nozzle temperature reaches 750°
800°F in seconds. And you can
get our optional stand to hold
the heat gun securely in several
work positions.

In its high impact, heat resis-

=

'Ihe Gun.

tant molded case, the heat gun can
withstand the rigors of industrial,
service shop or laboratory use.

Try our versatile, economical
heat gun for everything from shrink
tubing, to reflow soldering, to
repairing plastics. You'll see why
half of our heat guns are bought
by or on the recommendation of
a satisfied user.

For our new catalog, write to
Ungar, Division of Eldon Industries,
Inc., PO. Box 6005,

Compton, w

CA 90220.

For Precise Control

Of Hot Air.
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INTERNATIONAL ELECTRONICS

UNLIMITED

i
POWER SUPPLY KIT DISCRETE LED’S
250, 120, sy 1 TRANSTSTORS JUMBO RED LED 10/$1.00
A regulated power supply usu_\q _20" diffused
BV o ST e 2N3904 NPN T0-92 10/$1.50 25/%2.00
to supply the sbove voltages. . 2N3906 PNP T0-92 25/$3.00 SUBMIN RED LEO
eat sink provided for + SN
PARTS tNCLUDED 100/%11.00 .125" diffused | 100/%7.50
Transformer
6 regulators DIODES JUMBO GREEN LED 7/$1.00
Ao $14.95 .20" diffused
Capacitor 1000 uf 4.95ea ING148  400mw 15/$1.00 100/$5.00 | 25/%2.85
Capacaror %00 f 10-24 13.50ea 1N400Y rectifier 12/$1.00 100/$7.00 SUBMIN GREEN LED
25- 12.50ea 1N4007 rectifier 10/$1.00 100/$9.00 125" diffused | 100/$9.75
LED DISPLAYS LINEAR CIRCUITS 1/2 PRICE SALE
.4" ORANGE LED DISPLAY $1.19%ea REG SALE REG 3
5 5 SALE
7 segment RHO 10/$7.95 LM300H $.59 $.30 LM376CN $.50 $.25
MAN4610 - common anode 25/$17.50 LM301CN 2
MANA64O - common o 07 M N .3 .16 LM380-8 .89 .45
mmon cathode 100/$65.00 LM302H .59 .30 LM565N 1.15 .58
4" ORANGE overflow +1 $.89ea LM307CN .22 .16 LM709H .39 .20
e e T i LM308H .79 .40 LM73I3H .89 .45
; LM308CN .79 .40 LM739N .89 .45
D ) Y $ 99 LM309H  1.05 .53  LMT48CN .35 .18
7 segment RHD 10787 95 LM310CN  1.07 .54  LM1al4N  1.25 .63
XAN72 (MAN72 equiv) 25/817 50 LM311H .89 .45  LMI8JON  2.40  1.20
common anode 100/$65.90 LM311CN -89 .45 75453CN
LM311N .89 .45 (351¢N) .35 .18
.3" RED LED DISPLAY $.7%a LM322N .89 .45 75491N 75 .38
7 segment RHD 10/$6.95 LM340T-6V 75492N .89 .45
NSN74R common cathode 25/$16.25 (7806) 1.19 .60
100/$59.00
.6" RED LED DISPLAY $1.25ea
7 segment LHD 10787150 IMMEDIATE DELIYERY OF QUALITY RESISTORS
XAN6940 - common cathode 25/%6.50 CARBON FILM RESISTORS  1/4 & 1/2 watt
100/$98.00 CARBON FILM #5% i _ . _
e ol gt g5 910 10 o100
CERAMIC CAPACITORS ”209?(42; éh-zggdﬂng (body) 1000~ 0 .40 1.80 15.00
wa . m -
\pf  22pf S6pf 120pf 270pf 820pf  .0047uf .030uf Ta67dia X 354" ong (badv) VALUES STOCKED (onns) temon. ‘19 ‘a9 120 14-%¢
Spf  27pf 68pf 150pf 390pf .001uf .0luf  .050uf 15 3.9 16 68 300 1.2k 5.1k 22k S1K 390K 1.6M “6.oM '
7pf  33pf 82pf 180pf 470pf .0015uf .015uf  .luf 1.6 4.3 18 75 330 1.3K 5.6k 24K 100K 430K 1.8M *6.8M
10pf 47pf 100pf 220pf 600pf .003uf  .022uf 1.1 4.7 20 82 360 1.5k 6.2K 27K 110K 470K 2.0M +7.5M
1pf - .050uf uf 1.2 5.1 22 91 390 1.6k 6.8 30K 120K 510K 2.2M *8.2M
Total EA. PK-10 PK-100 EA. PK-10 PK-100 l.g 5.6 g; 100 4;3 ;.BK 7.5k ggk ]38!( 560K 2.4 *9.1H
N 1.5 6.2 10 4 0K 8.2K 36K 130K 620K 2.7M  *10M
}o(])gt-)o 5.;8 -?3% ggg gg :fg g'gg 16 6.8 30 120 510 2.2k 9.1k 39K 160K 630K 3.OM *T1M
- . . . - - 1.8 7.5 33 130 560 2.4K 10K 43K 180K 750K 3.3M *12M R"l""
2.0 8.2 36 150 620 2.7K 11K 47K 260K 820K 3.6M *13M iiert
CERAMIC CAPACITOR KIT 2.2 8.1 1 0 R0 3.0K 12K 51K 220K 910K 3.9M *15M guany meueniir
CK-c2 5ea. of the above values $11.50 2.4 10 43 /50 3.3K 13K 56K 240K 1.0M 4.3M (* 1/2w
CK-c3 10ea. of the above values 20.50 2.7 11 47 200 820 3.6K 15K 62K 270K 1.1 4.7M  only)
3.0 12 51 220 910 3.9k 16K 68K 300K 1.2M 5.1M
1313 s 0 ].?K 4.3K 18K 75K 330K 1.3M 5.6M
3.6 15 62 270 1.K 4.7 .
POLYESTER FILM CAPACITORS - 100v ¥ 10% L 20K 82K IOk 1.5
EA. PK-10 PK-100 EA. PK-10 PK-100 METAL FILM RESISTORS 1/4 & 1/8 watt
.001uf $.15 .95 6.50 .033uf $.20 1.00 10.00 METAL FILM fig total quantity ea pk-10 pk-25 pk-100 pk-250
.0015uf .15 .95  7.50 .047uf .20 1.15 10.50 RUGO. (R-0hm CREGOFY) 1/uate 17999 825 100 2.00 750 17.50
. ow temp coef - ppm/0D | - . .9 1.8 7. 16.25
.gggguf s .95 7.50  .068uf .25 1.30 12.00 .138"dia X .355"7ong (body) 5000- .20 .85 1.70 6.50 15.00
.0033uf .15 .95 7.50 .luf -30 1.75 13.50 color banded 10000- 20 180 1.55 .00 13.75
.0047uf .15 .95 7.50 .15uf .35 2.25 14.00 VALUES STOCKED (ohms) . ) ) . )
.g(])éi?uf 1]2 gg ;55’8 gg“: -zg ggg gggg Standard decade values from 100hn to 475Kohm
u . . . . U} . . . .
S 10.0 12.1 14.7 17.8 22.6 27.4 33.2 40.2 48.7 59.0 71.5 88.7
-015uf .16 .95 7.50 .47uf .50 3.50 30.00 10.2 12.4 15.0 18.2 23.2 28.0 33.0 41.2 49.9 60.4 73.2 90.9
.022uf .15 .95  7.50 10.5 12.7 15.4 18.7 23.7 28.7 36.8 42.2 51.1 61.9 75.0 93.
TOTAL QTY. 1000 pcs. -10%, 5000 pcs. -15% 10.7 13.0 15.8 19.1 24.3 29.4 135.7 43.2 52.3 63.4 76.8 95.3
11.0 13.3 16.2 19.6 24.9 30.1 36.5 44-2 53.6 64.9 80.6 97.6
POLYESTER CAPACITOR KIT 1.3 137 16.5 zg.o 25.5 30.9 374 45.3 5.9 66.5 gz.g
N.5 14.0 16.9 20.5 26.1 31.6 38.3 46. . 1 osa.
5 ea of the above values $14.95 1.8 14.3 17.4 220 26.7 32.4 39.2 47.5 57.6 69.8 86.6
and multilples of 10 of the :=nse values to 475K I rta
i.e. 10. 0K 10,0 .J0€ et: (total 448
TANTALUM CAPACITORS METAL FILM ) e ]tut K] QUan(tietty — apk 10 : k-50 pk-100 pk-500
i i M I a ea -10 pk-50 pk-100 pk-
solid dipped I 203 RN55 (R.Ohm CRBT4FY) 1/8watt :6339 s.gg 1.00 4.00 7.50 35.00
- 50ppm/0C E . .90 3.60 7.00 32.50
Juf/35V .30 .25 A.7uf/16V .38 .30 22uf/16V .50 .40 S (LS . 5000~ Sl e
22uf/35V .30 .25 A4.7uf/25V .45 .35 22uf/35V .60 .55 | ;094ndia X .225"Ieng (body) 10000- 20 s 390 elos 2vs0
.33uf/35v .30 .25 6.8uf/6V .35 .28 33uf/6V .55 .45 VALUES STOCKED (uhms&
e o T oo e e o 102 37 W7 A vaT S6K 13K 2106wk rek lok e
: . . . . . . . . K 57.6K 147K 33K
1.5uf/20V .30 .25 }Ouifgev ‘zg 'gg :;:;??gv gg :g 1.0 30.1 84.5 475  1.96K 5.49K 11.5K 21.5K 33.2K 60.4K 150K 348K
2.2uf/20v .35 .25 15u -42 . add g 11.5 31.6 90.9 487  2.05K 5.76K 12.1K 22.1K 34.8¢ 64.9K 158K 374K
2.2uf/35v .38 .28 15uf/20v .50 .40 56uf/6V .85 .75 121 33,2 100 499 2.21K 6.04K 12.4K 22.6K 36.5K 68.1K 165K 402K
3.3uf/35v .40 .30 13.0 35.7 107 604 2.43K 6.49K 12.7K 23.2k 37.4K 69.8K 174K 432K
14.0 37.4 121 643  2.49K 6.81K 13.0k 23.7K 39.2K 75.0K 182K 453K
V4.7 a0.2 127 715 2.7k 7.15K 13.3K 24.3K 40.2K 76.8K 191K 464K
15.0 43.2 137 750  2.87K 7.50Kk 14.0K 24.9K 41.2K 82.5k 200K 475K
CAPACITOR KIT  ck-t2 16,2 45.3 150 909  3.01K 8.25k 14.7K 255K 43.2K 90.9K 205K 1M
17.4 47.5 165 1.00K 3.16K B8.66K 15.0K 26.1K 45.3K 95.3K 210K
tantalum soli dipped $20¢ 18.2 49.9 191 1.02K 3.32k 9.09K 15.8K 26.7K 46.4K 100K 221K
19.1 54.9 200 1.10K 3.57K 9.53K 16.2K 27.4K 47.5K 105K 232K
'§§“Z§§5 §'§:Z§25 ﬁbg:;gégv gg:;ﬂg{ 20.0 57.6 210 1.21K 4.22K 9676K 16.9K 28.0K 48.7K 110K 249k
33 g 221 60.4 232 1.27K 4.53K 10.0K 17.4K 28.7k 49.9K 115K 255K
I — 1sut/zov dutrzon 23.2 64.9 249 1.30K 4.75K 10.2K 18.2K 29.4K 51.1K 121K 287K
Gea 0F ADOVE VATUBS . ..o vvuen i $17.75 24.9 68.1 30 1.47K 4.87K 10.5K 19.1K 30.1K 32.3K 130K 294K
Supplied in clear styrene utility bOX..........ooeivuicns $21.95 26.1 71.5 316 1.50K 4.99k 10.7K 20.0k 30.9K 53.6K 137k 301K
payment by check, M.0., UPS/COD, M/C or VISA. Add $1.00 for S . 80 (e ohrAre 1o S
shipping/handling in U S, Canada and Mexico. Additional charge INTERNATIONAL ELECTRONICS UNLIMITED
for UPS COD or BLUE LABLE. Other Countries $1.00 + 5% of order
total. California residents add sales tax. Minimum order $10.00 225 Broadway Jackson Ca 95642

SCHOOLS AND GOVERNMENT ORDERS ACCEPTED ON OFFICIAL

PURCHASE ORDERS.

phone 209 223 3870
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DIGITAL

FREQUENCY

'DISPLA

Add-on digital display for your communications
receiver

GARY McCLELLAN

IN CASE YOU HAVEN'T NOTICED THERE HAS BEEN A BIG
change in the general-coverage shortwave receiver in
the past few years. Gone are the hard-to-read analog
tuning dials. In their place most receivers sport a digital
display of frequency. And thanks to this new feature,
the latest shortwave receivers are easier to use than
ever, with plenty of owners delighted over the ease of
tuning. Another advantage of the digital display is that
no crystal calibrator is required. as there’s no dial to
calibrate! Then too. one of the nicest features of a

digital frequency display is the ability to choose a sta-
tion to listen to. look up the frequency, then dial in this
frequency and listen for the station. Still another ad-
vantage 1s that you don’t have to squint at a tiny scale
packed with numbers, as found on most shortwave re-
ceivers: the frequency can be read at arm’s length.
Needless to say. these features will guarantee that
digital displays in shortwave receivers are here to stay!

If you are one of the countless people who own one of
those older shortwave receivers you probably wish that
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SPECIAL PROJECTS
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There are three major elements to this display. The display
itself, the prescaler and the basic DC power supply.

you had a digital display. Thanks to our project your wish
can come true! You build this simple project and connect
it to your shortwave receiver. The result is that you get a
display of frequency with resolution to the nearest
1kHz! In fact, this project isn't limited to just short-
wave receiver. but can be used on standard AM or FM
receivers as well! Thus. you may want to build several
for other receivers you have. Construction of this
project is easy for what it does. and the parts cost is
probably lower than you expect. This is due to several
low cost LSI IC’s in the design. Unlike most frequency
displays (even commercial ones) this project has the
bulk of the circuitry inside two CMOS LSI IC’s. They
replace several rows of traditional TTL IC’s. At the
same time. three PC boards simplify the wiring, and
make this project highly adaptable to different re-
ceivers.

We've paid special attention to circuit details like
jumpers. They have been reduced to the bare minimum.
That simplifies an annoying assembly task! Generally.
construction time will run about 2 or 3 evenings, in-
cluding receiver installation. The latter will probably
take the most time, but I'll show you how to connect
the project to your receiver later, simplifying the job.
As far as cost is concerned, this project can be built for
about $50 even if your shopping skills are limited. By
using state-of-the-art parts selection and design, you
can build a digital display very cheaply: to appreciate
the difference check the price tags of the latest digital
tuning receivers! Also, a set of boards and plans are
available to help you start off on the right foot.

If you are concerned about connections to your re-
ceiver, they're simple t0o. Just two wires are connected
to the circuitry, and a matchbox sized module is in-

stalled inside the receiver. In most cases the job is
simple and easy to do. If possible. dig out the schematic
to your set for reference later on or buy one. For older
receivers try Supreme Publications, Rider manuals, or
Howard W. Sams (Photofacts®). Armed with a sche-
matic, the hookups become simpler. so be sure to get a
schematic if you can!

Avoid these pitfalls

You should know that this project was designed to
work with the single-conversion superhet receiver. This
is the all time best seller. so most receivers are likely
to meet this requirement. There are a few sets, how-
ever, that should be avoided. Don’t try to adapt this
project to a double-conversion receiver. The reason is
that double-conversion superhets contain two local
oscillators. both of which must be measured to
determine the received frequency. This project can
measure just one local oscillator. so it wouldn't work.
Also, don’t try to adapt this project to receivers with
transformerless chassis, like the Hallicrafters S-38
series. If vou do, the result will be a potential shock
hazard. And finally, avoid CB radios. This is necessary
because most modern ones have double-conversion
receivers. And remember, this project will only display
frequency. Most CB enthusiasts want digital display of
channel numbers. which this project won't do.

How it works

This project is basically nothing more than a fre-
quency counter that can be programmed to a preset
count. In fact, by disconnecting the preset circuitry,



1 MHz

RF STAGE IF STAGES

1455 Mtiz /1'\\

LOCAL OSC.

FIG. 1—BASIC SUPERHET GENERAL-COVERAGE RECEIVER.
Cauntless numbers of units with this. design have be=n sold
and many are stilt being made today

vou get an excellent 100-MHz counter that has superior
sensitivity. Let's start with the basics of a typical re-
ceiver to see why swch a fancy frequency counter is
necessary.

The general-coverage receivers recommended for use
with this unit are basically alike even if made by dif-
farent manufacturers. Fig. | is a block diagram of a
typical set. In operation, suppose you want to receive
a 1-MHz signal. The tuning dial 1s set ta this frequency.
This peaks up the coils in the RF stage. and sets the
focal oscillater frequency to 1.455 MHz. Why the
higher frequency? Let's back up and see. The 1-MHz
signal at the antenna i1s amplifiec by the RF stage and
passed on to the muxer. The mixer combines the I-
MHz signal with the 1.4535-MHz outpur from the local
oscillator. As a result. a 455-xHz difference signal is
generated. [t's amplified by the IF stage. detected.
amplified as audio, and passed on to the speaker. In

AF STAGES

DIGITAL DISPLAY
CONNECTS HERE!

short, this receiver is known as a simple superhet.

At this point. let’s add the frequency display to our
simple superhet. The only place you can measure fre-
quernky in a superhet accurately is in the local oscillator
section, and that’s where the digital display is con-
nectad. But the moment you connect a counter. you'll
discover the local osciilator frequency i1s always 455-
kHz higher than the frequency you are tuned to. So
what’s necessary is tc automatically subtract the IF
from the display. By programming the counter to start
from a certain value, the IF subtracts out mathemati-
cally. leaving the frequency you are tuned to. Thanks
to modern LSI circuitry, making such a programmable
(or presettable) frequency counter is very easy.

Now let’s look at the circuitry of the shortwave fre-
quency display. If you'll turn to Fig. 2 for the block
diagram you’ll get a quick idea of how it works. To
simplify construction. and make the receiver connec-

+3V

——— +5V

SW RECEIVER
|
|
|
|
| S -
| PRESCALER
1 o BUARD
10 |
SW |
RECEIVER |
LOCAL Ici O
OSC. ‘f
RN " = COAX CABLE | |

FIG. 2—BLOCK DIAGRAM of the digital frequency cisplay
described in this article.
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MC-7805CP

0 1
1C2 TO
Lc2 I( = —— i
c1 T0.01uF 1 8 =

47pF = . o1 2’
'—“M—‘ ————WA——0
[E 0_) R1 DS-8629N R2
i 1K o _LB 3 s _E o 27002 i
U.UIuFI T 0.014F -
- = == =

SHIELDED
BOX

FIG. 3—PRESCALER INPUT CIRCUITRY. Two ICs make it un-
complicated and reasonably easy to build.

tions easier. the project is built in sections. The first
section is the prescaler assembly. It mounts inside the
receiver, near the local oscillator. There’s also a voltage
regulator on this board for the circuitry, allowing it to
run on a wide range of voltages. A short length of
coaxial cable links this assembly to the display section
which can sit on top of your receiver. The second
section, or counter ussembly. displays the output of
the prescaler. after correcting for the IF. This assembly
contains a CMOS programmable counter, an oscillator/
controller IC, and some miscellaneous logic de-
vices. The counter IC is simply programmed with a
plug-in module and a DIP switch. If desired. the project
can be used as a frequency counter by unplugging the
module and setting the switch to zero.

Now let’s dig deeper into the circuitry, starting with
the prescaler board. Refer to the schematic in Fig. 3
for details. In operation. IC| serves as a combination
input amp/squaring circuit/divide-by-100. This busy
little chip was originally designed for synthesized FM
radios. but works nicely with the lower frequencies
found in this project. Input signals from the shortwave
receiver's local oscillator enter the board via C! and
R1. They act as isolation elements and separate the
noisy IC frequency divider from the local oscillator.
IC I then processes the signal. producing a squarewave
(TTL levels) output of exactly 1/100th the input fre-
quency. This signal drives the logic circuitry on the
counter assembly. The other IC on this board is a
standard 5-volt regulator. It insures that the prescaler
receives a stable. low-impedance voltage source.

Closeup of the counter

The bulk of the project is on the counter assembly
(see Fig. 4). It is really two PC boards. Let's discuss
the larger board only. as the other one has just the dis-
plays. The heart of the counter board is a crystal-con-
trolled counter-timebase, or IC7. This chip accepts a
5.24-Mhz crystal. XTAL. and generates a complete set
of control signals for a frequency counter. In opera-
tion. it generates a 100-mS gate signal that drives I1C3.
plus reset and transfer pulses for the other IC’s. As a
result. this counter makes 5 readings a second, which
is optimum for this application. The last two signals
drive fhip-flop IC8. It generates a “"load preset count™
pulse between the times these lines become active.

This pulse tells the counter circuitry when to load
numbers programmed by the switch and plug-in
module so that the display can be corrected for the IF.

IC3 is a quad NOR gate and it simply acts as a gate
between the prescaler board signal and the counters.
The first counter is IC4. It counts the signal and drives
[C5. a display decoder/driver chip. The output from
IC4 goes to a four-decade counter. This chip is pro-
grammed to a preset number. then counts the fre-
quency. The result is displayed on the LED’s on the
display board. Note that the four displays going to IC6
are multiplexed. while the fifth is not. Diodes connected
to J1 perform the programming by steering the muliti-
plex signals back into the chip. That takes care of the
counter board: now on to the construction!

How to build your own

There are several ways vou can build this project,
but the best way is to build the display section as an
external unit. That way it can be connected to other
receivers, or used as a frequency counter, if desired.
You can simply build low-cost prescaler boards for
each receiver, and build only one counter assembly,
saving money. Conceivably, this project could take
the place of the dial in a typical communications re-

PARTS LIST

CAPACITORS

C1—47-pf mica

C2, C3, C4—0.01-uF 25-V disc

C5, Ce6, C10, C11—0.1-y4F 25-V disc

C7—100-uF 6.3-V electrolytic

C8, C9—22-pF 25-V disc

C12—100-pF 25-V disc

C13—0.001-uF 25-V disc

DISPLAYS

DIS1-DIS5 Fairchild FND-503, ¥2" LED displays,
common cathode

D1, D2—1N4148 diodes

SEMICONDUCTORS

IC1—National DS-8629N prescaler (Tri-Tek)

IC2—Motorola MC-7805CP 5-voit regulator

IC3—CD-4001 CMOS quad NoOR gate

IC4—National MM74C192 CMOS programmable counter

IC5—CD-4511 or MC-14511

IC6—Intersit ICM-7217A/PD CMOS programmable
counter (Circuit Spec)

IC7—Intersil ICM-7207A/PD CMOS counter controlier
(Circuit Spec)

IC8—CD-4013 CMOS dual-D flip flop

RESISTORS

All resistors Va watt, 5%

R1, R3—1000 ohms

R2—270 ohms

R4, R5, R6, R7, R9—10,000 ohms

R8—22 megohms

R10 through R16—470 ohms (7)

R17—330 ohms

R18 through R24—180 ohms (7)

R25—100K resistor

S1—4 position DIP switch (Radio Shack 275-1301 or equal)

XTAL—5.24288-MHz crystal, HC18 hoider, 30-pF toad

MISCELLANEOUS: Set of model-83 PC boards (See offer),
“L" brackets (2}, a” standoffs (3). hardware, your choice
of aluminum cabinets, bezel (Radio Shack 270-301), 16-
pin IC socket, 16-pin DIP header, wire, solder, etc.




NOTES:
J1 SHOWN BOTTOM VIEW

IC1=DS -8629N L
1C2 = MC-7805CP = DISPLAY BOARD
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FIG. 4—COMPLETE CIRCUIT OF THE COUNTER BOARD. The
display-board circuitry is also shown, but since this board con-
tains only the five displays, it needs no special attention.

FIG. 5—EXACT-SIZE FOIL PATTERN FOR THE PRESCALER
BOARD along with the appropriate parts-replacement diagram.

ceiver. but this would affect the resale value of your
set. So don’t build the complete project inside of your
receiver unless you aren't concerned about its value!

As far as the construction goes. you'll be simply

“stuffing’” three PC boards with parts. The first step is
to obtain the PC boards from the supplier listed. along
with illustrated plans, installation, and troubleshooting.
Or if you prefer, you can make your own boards from
the artwork shown in this article.

Prescaler board

A good place to start is with the prescaler board.
First install an 8-pin IC socket at IC1, and then plug a
DS-8629 in to it. Refer to Fig. 5 for details. Then install
a 7805 on the board at IC2. securing the tab with 4-40
hardware. NOTE: It will be necessary to enlarge the
hole to 18" on the board for the hardware. Next. refer
to the illustration and install the capacitors. starting
with C1. Once they are installed. continue with the re-
sistors. After that. check over your wiring for errors.
correcting any that you find. Cut two 3-foot lengths of
stranded hookup wire (No. 24 is ideal), and one 3-foot
length of RG-174 coax cable. Connect the wires to the
DC connections on the board, and the coax to the RF
pads. Finish up the wiring by cutting two short lengths
of hookup wire and connecting them to the /N pads. If
desired. this board can be installed in a receiver and
tried out at this point. If so. turn to the Installation
section for details on hookup. and use a conventional
frequency counter to display the output. Otherwise.
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FIG. 6—FOIL PATTERN FOR THE DISPLAY BOARD SHOWN
FULL-SIZE along with the appropriate parts-placement diagram.

mount the completed board in the box using short
spacers and you’'re all set.

Display board

The next step is to build the display board. This job
will be easy as you know there are only five LEDs on
it. Refer to Fig. 6 for details and then start construc-
tion. First. position the board so that the **83" is in the
upper right hand side as you face the component side.
This step positions the board properly so that the LEDs
are installed properly. Mount each of the displays on
the board with the ribbed edge facing up as shown.
After you are done, be sure to check for errors and
correct any that you find. Then place the completed
board aside for a while.

Counter board

The counter board is the “*busiest’ board you'll
have to stuff, but the job should go quickly. Take your
time and do a good job. Start by referring to Fig. 7, and
the photograph for details, then begin construction. In-
stall the resistors first, beginning with R3 (1K) in the
lower corner. Work across the board, installing the
other resistors as you go. Note that resistors R19
through R16 and R17 through R24 are not mounted on
the board yet. They will be installed later between the
counter and display boards, eliminating wire jumpers.

Continue with diodes D1 and D2 (1N4148), being
sure to position the banded ends as shown. After that.
install the capacitors, starting with C7 (100 ¢ F). Be
sure to watch the polarity on this one! Then continue
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; _mcli-mb N e T - o Ay __- BISPLAY BOARD MOUNTS HERE
fé MID Y9200 CIQA8 W2 €8 3 P
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FIG. 7—COUNTER BOARD IS TWO SIDED. Aiso shown is parts-
placement diagram. Don’t forget the four wire jumpers—A B C D.
Note that it might be easier to mount jumper C on the reverse

side of the board. The hole is close to the side of ICS5. Only the
foils on the reverse side of the board i$ shown. But remember,
this board is a 2-sided circuit board. Full-sized patterns are on
the right.




across the board with the other capacitors. Don't forget
CI12 (100 uF). It goes between IC6 and IC7. You'll have
to bend the leads on this one to match the widely
separated holes in the board.

Continue by installing the jumpers. There are four of
them and insulated wire should be used to prevent
shorts with the printed circuit foil. Start with the “*A™
jumper. This is a long wire that runs between the A"’
pad below IC4 and the A" pad below the 16 pin

MODEL 83 SW RADIO DISPLAY

socket. Cut a piece of insulated wire and install it here.
Then turn to the rest of the jumpers as shown on Fig. 7
and install them as shown. You might want to mount
jumper “C’" on the reverse side of the board because
the pad is so close to ICS. Finish up with the jumpers
and you can go on with the next step.

Take a breather for a moment and survey your work.
Double check to be sure that parts are in the proper
places, and that they are of correct value. Then make
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sure all connections are properly soldered. Since this
board doesn’t have plated through holes, you must solder
on both sides of the board. But this should be obvious
anyhow. Be sure to correct any errors NOW before
going further,

Resume construction by installing XTAL (5.24-MHz
crystal), and switch S1. After the crystal is installed. it
would be a good idea to quickly solder a ground wire to
the case. That's why a ground pad is provided on the
board. Be sure to use heat sparingly on the case when
vou solder to it. Next. install a 16-pin [C socket in the
J1 position. Then finish up with the IC’s.

Start the IC installation with IC7 (7207A). Note the
pin | identification mark on the board. Insert the chip
carefully. and doublecheck to be sure it is in the right
spot. Then solder all the pins carefully on both sides of
the board. Continue with the other ICs in the same
manner, installing them as shown in Fig. 7.

Finish up the counter board wiring by cutting two
pteces of hookup wire about a foot long, and soldering
them to the 5V input on the board. Now the construc-
tion 1s in the home stretch!

Now marry the boards

The last phase of the construction is to attach the
display board to the counter board. then wire them to-
gether. Let’s do the attaching part first. As you can see
from the illustration and photo, the display board
mounts at a right angle to the counter board. It is held
in place by alumimum L. brackets. You can make
the two brackets out of scrap metal. or buy them from
Calectro or Keystone dealers. Enlarge the holes on the
boards to ¥8” for the mounting hardware. Then mount
the brackets on the counter board with 4-40 hardware.
And finally, secure the display board to the "L
brackets with more 4-40 hardware.

Now for the final wiring. You'll be installing those
resistors you left off the board earlier. Install resistors
R10 through R16 (470 ohms) first. They connect IC5
(4511) to DISI. Simply pass the leads of the resistors
through the holes in the counter board, soldering them
to the pads on the rear of the display board. Connect
the A" pads of both boards via a resistor, then the
“B'" pads. and so on. The job’s easy and no illustration
iS necessary.

After these resistors have been installed, move to
the other end of the display board and install R17
through R24 (180 ohms). Wire them as you did the
others. linking the A" pads between IC6 (7217) and
displays, "B’ pads. and so on. Be sure to leave some
slack in the resistor leads. When you are done with the
resistors, move them around so the leads don't touch.

Then turn your attention to wiring the display digits.
Use short pieces of hookup wire for this job. Start by

POWER SUPPLY PARTS LIST (Fig. 8)

C101, C102—0.01-uF 25-V disc

C103—470-uF 16-V electrolytic

C104—0.1-uF 25-V disc

IC101—National LM 340-5 voitage regulator or equal
RECT101—50-PIV 1-A bridge rectifier

S101—SPST toggle switch

T101—8-V 300-mA transformer-"Charger Plug" type

g j = &
COUNTER AND DISPLAY BOARDS are mounted in a single

cabinet. Here’s a look inside the display unit showing how they
are interconnected.

connecting a wire between the "1 on the display
board to the like numbered pad on the counter board.
Then use more pieces of wire to connect the 2™, **3"",
4" and **5"" pads on both boards together. That takes
care of the wiring on the counter assembly. Be sure to
check it over for mistakes carefully, and correct them
before going any farther.

The next part is to machine a case for the counter
assembly. You can make a good. inexpensive one
from an aluminum chassis, as was done for the proto-
type. Otherwise, select an aluminum box more suited
to your taste. Be sure to enclose this project in a metal
box for shielding. If you don’t, the circuitry will radiate
noise back into your receiver! As far as the prototype
goes, the construction was simple. The counter as-
sembly mounts to the bottom plate of the chassis using
metal spacers. Then a hole was cut in the chassis for
the bezel. A Radio Shack bezel was used with excellent
results. Then the rear panel of the chassis was drilled
for connectors to attach to the prescaler board and the
power source. You can follow these construction
guidelines if you wish. or try out your own.

Chances are that you will need a source of power for
this project. Generally, you'll need 8-12 volts at 100
mA for the prescaler board, and 5V at 50 mA for the
counter assembly. The latter voltage should be regu-
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FIG. 8—OPTIONAL POWER SUPPLY may be needed. It delivers
both positive voltages needed.



lated, and a simple 7805 voitage regulator will suffice.
If vou can get these voltages from the receiver, fine.
Otherwise. build the circuit shown in Fig. 8. In the
prototype, this extra circuitry mounts behind the
counter assembly and can be seen in the photograph.
That takes care of the construction.

Hook up to your receiver

To install this project in your receiver quickly and
with the least amount of strain, you should have the
schematic to it. Also. it would be helpful if you could
poke around the circuiiry inside it to find where to in-
stall the prescaler assembly. Remember, this project
connects to the local oscillator of your receiver. With
that, you are ready to make the installation!

The first thing toe do is to locate the local oscillator
section of your receiver. Often this will be marked on
your receiver schematic. Then compare the circuitry
to that of Fig. 9, noting how the prescaler is connected
to the lecal oscillator circuit. Generally. the circuitry
shown i1s similar enough (or identical to) the local oscil-
lators found in most receivers. If you have a receiver
that is the exception. vou can ¢ither write the supplier
for assistance. or determine the lowest-impedance
signal point in the circuit. Generally, this will be the
cathode of a tube, or emitter of a transistor. This is
important, because tapping a low-impedance pcint for
the prescaler will reduce circuit loading that can cause
errors in dial calibration and frequency drift.

Once you have identified the correct place to con-
nect the prescaler in the receiver, it’s time to mount
the prescaler assembly and wire it up. Since there are
so many different receivers available, and with dif-
ferent mechanical layouts, yvou’ll have to exercise your

FIG. 9—LOCAL-OSCILLATOR HOOKUPS. Either tube or transis-
tor circuitry can be used here. Be sure to mount the prescaler

own ingenuity in finding the best spot for the prescaler.
Generally, it should be as close to the local oscillator
section as possible to keep the leads short. You can
mount the assembly on a nearby coil shield, on top of
the chassis, or perhaps on the outside of the receiver.

For example. we mounted one prescaler assembly in
a military surplus receiver. There wasn’t room to
mount the little box inside the RF deck. so it was
mounted outside the deck, and the wires were run
through a hole in the box and the deck. In another
case. the project was installed inside a Panasonic
portable radio. In this case, the box was strapped to
two bandswitches on the receiver PC board, which
straddled the local oscillater. Some further tips to help
with the installation include reminders to scrape the
paint off the box before mounting it; to mount the box
in a strudy spot; and to keep the wires to the local
oscillator short. By doing so you'll minimize drift,
microphonics, and noise pickup. After the box is in-
stalled, run the long wires out of the rear of the re-
ceiver, connecting the plugs to them if desired. That
takes care of the most challenging phase of this project.

The next job is to connect up the counter assembly.
Simply connect the coax cable from the receiver to the
wires coming from the RF pads. Use a mating connec-
tor if necessary. Then scrounge up a source of power,
if you haven’t done so yet. After the prescaler power
and signal connections are made, you’re all set! On to
the programming step.

Programming your display unit
If you power the receiver and the counter assembly

you should be rewarded with a display of frequency. It
won't be exact yet. because the counter hasn’t been

module as close to the oscillator circuitry as possible to keep
wiring short.
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FIG. 10—TOP VIEW OF THE 455-KHZ PROGRAMMING PLUG.
Table at right is programming truth table for setting up pro-
gramming plug for other [Fs.

programmed yet. That's your next step. It's easily
done by setting S1 and wiring a DIP header that plugs
into J1.

Since the most common IF frequency in shortwave
receivers is 455 kHz, the programming is shown in
Fig. 10. As you can see. this is nothing more than a
series of diodes wired in a DIP header available from
Radio Shack. In addition, the switch on the board is
set for the BCD value of "*5™". The result is that when
the counter assembly is turned on. with the prescaler
unplugged. the display is 99545. When you reconnect
the prescaler. you're finished and are all set to enjoy
the advantages of digital readout of frequency.

On the other hand, if your receiver has a different IF
than that of the example we just gave, you'll have to
do your own programming. Generally. you can get the
IF from your receiver schematic, but if you aren't
sure, or want the best accuracy from this project,
measure the IF with a signal generator/frequency
counter combination. Then use this simple procedure
to program your shortwave display:

1. Determine the IF. Use either the schematic
value, or better yet, measure it with a signal
generator/frequency counter.

SOCKET PINOUTS

DIGIT5=PINS 18 2 NO. A B C O
T 100 0 NOTES:
DIGIT4=PINS38&4 2 01 0 0 vrn
3 01 100 !
DIGIT3=PINS5& 6 4 00 1 0 OPEN SWITCH ON S1 3
5 1.0 1 0 A DIODE TO DIGIT CN 41
DIGIT2=PINS7 &8 6 0 1t 1 0 g
; ['] :1 ['] ? CLOSED SWITCH ON §1
BCD “A" =PIN ¢ g 1.0 0 1 NO DIDDEON T
0 ALL DPEN
BCD “B”=PIN 11 )
BCD TRUTH TABLE FOR PROGRAMMING.
BCD “C"=PIN 14
BCD “D" = PIN 18
i

Determine the programming number by sub-
tracting the IF frequency from 100.000 as in
these examples:

100 000 100 000
— 455 (IF) OR -1 550 (IF)
99 545 98 450

(Program number)* (Program number)*
*Note that without the prescaler connected.
your counter assembly shows these numbers.

. Set the DIP switch (S1), and wire the DIP header.

See Fig. 10 for details.

A. Enter the farthest righthand digit of the pro-
gramming number (e.g.) **5’" or **0"" as in the
examples) into the DIP switch. Use the BCD
code of Fig. 10-b to do it. "A™ "B »C*’

D" are weightee 1’7 **2"" **4™" and 8"

B. Wire the DIP header for the next four digits
in order of increasing significance. Wire the
second right-hand digit from pins 5/6 of the
socket to pins 9, 11, 14, 16 as required for

text continues on page 98

INSIDE THE PRESCALER. There’s plenty of room for everything
in this small case.
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GET BIG SOUNDS
FROM REED CHORD ORGANS

With a little mechanical ingenuity and the
addition of a few simple electronic circuits,
you can convert your reed-type chord organ

into an all-electronic model.

FREDERICK W. CHESSON

YOUR TYPICAL SMALL NON-ELECTRONIC CHORD ORGAN
can be given a new lease on its musical life with but
a few integrated circuits and related components. The
result can be as satisfying as the purchase of a com-
plex all-electronic organ and much less costly.

Such expediencies as placing microphones or guitar-
type pickups in or around the average chord organ are
iffy at best and such add-ons are always prone to pick-
ing up the sounds of the blower motor and key actions.
The tonal range, in addition, is virtually limited to the
original organ sounds, subject to the amplifier’s tone
control manipulation.

The average home-entertainment-type chord organ
has one keyboard with two or three octaves and from
six or eight up to two dozen or more chord keys.
A typical small Hohner organ has 18 chord but-
tons and 37 keys in three octaves, extending from
F, at about 175 Hz to Fy at nearly 1400 Hz. It is
powered by a motor-driven rotary blower, the sound
of which is amplified by the instrument case to a point
where live tapings are barely feasible. The tones are
generated via metal reeds, very much like an accordion
or harmonica. Some smaller models are of almost total
plastic construction. Clearly, the *‘big pipe sound™’ is
not available for an aspiring E. Power Biggs of the
livingroom. However, electronics—and relatively sim-
ple electronics at that—stands ready to ‘‘pull out the
stops.”’

The organ chosen for potential conversion need not
necessarily be in ““full voice,’” as the keyboard alone is
the criterion for possible modifications. Even an old
piano has potential for producing sounds undreamed
of by artists of the past. Where metal rods or fingers
are used to lift the valve covers, a common ground
could probably be used, as the electronic tone gen-
erator to be described is not too fussy as to switching-
circuit impedance. Make certain that the keying
mechanism is totally isolated from any line voltages
powering the blower motor. In the absence of metal
elements, contact fingers may be fabricated from wires
or spring brass. A quantity of surplus miniature key

switches were available to me, and the advantage of
their double-throw action is examined later.

Oscillator circuits

A vast variety of audio-frequency oscillator circuits,
utilizing tubes, transistors, and integrated circuits,
have been developed over the years. Almost any gate-
type or flip-flop IC can be persuaded to produce stable
oscillations in the audio range. Their waveforms, how-
ever, are largely square waves, not exactly traditional
tones for pipe organs, but perhaps suitable for rock
groups and others favoring *‘far-out sounds.™

I used a Twin-T oscillator (see schematic) that
produces a sinusoidal waveform over a wide audio
range and in which decay and attack features can be
included with little difficulty. (When, in a Twin-T fre-
quency selective network, R1=R2=2R3 and C2=C3=
14C1, frequency equals 1/24C2R1 or 12uCIR3.—
Editor)

Within the limits of the feedback loop, varying R3 in
the stem of the T can produce about an octave fre-
quency shift. Merely connecting a series of indivi-
dualized tuned resistors and keys would produce an
instrument of sorts, but it would be extremely basic
and limited. This is because closing two or more keys
simultaneously would place two or more frequency-
determining resistors in parallel. Hence, A and C to-
gether with say 1000 and 750 ohms respectively, would
give 430 ohms, producing a much higher tone!

I felt that limiting each oscillator to three adjacent
notes, such as B, C, and C#, would effectively prevent
this problem, as few conventional compositions would
require two of these or all three tones to be produced
simultaneously. If double-throw key switches are
available, one note of the trio, say C, may be made
dominant, locking out the other two.

Attack and decay variations were effected by use of
the resistance in parallel with the tuning resistors and
key switches. This eliminates keying clicks and pro-
duces a more realistic pipe-organ sound. Very long
decays can simulate a bell-like effect, and this re-

=~ ===y _




NOTE:

THE BASIC OSCILLATOR CIRCUIT is designed around a Twin-
T filter. Oscillator frequency is determined by the values of R1-
R2-C1 and C2-C3 and R4.

DOMINANT-NOTE KEYING uses dcuble-throw keying switches
to give one note prictity—locking out the ather two.

>

HOW THE CUTPUTS OF TWELVE TONE GENERATORS CAN BE
COMBINED in an op-amp mixer and fec to a note-shaper or to
additional amplifiers.

sistance may be varied from the console.

The outputs of the twelve oscillators used in the
Hohner were combined in a mixer circuit using an
L.M3900 or MC3401 quad op-amp. The additional sec-
tions are available for tone-shaping and the driving of
multiple outputs for stereo operations. In the way of
variation. the nearly sinusoidal tones could be routed
through one sound system. while more complex wave-
forms from the chord keys could be fed through a
separately positioned speaker system.

Building your organ

Construction is so much a matter of organ layout
and number of keys and chords, that no one definitive
plan can be presented outright. However. the follow-
ing suggestions, based upon my experience, will be
useful.

If the electronics board or boards are to be located
within or on the bottom of the organ, keep them well
removed from the blower motor (if 1t is to be operated
in conjunction with the transistorized sounds) and
shielded as well. The power supply should be on a
separate chassis and should be designed so it does not
generate enough heat to damage the basic organ. Since
the oscillators are modest in their power requirements.
it 1s entirely possible that operating voltage could be
obtained from the audio amplifier itself.

A 57 x 10" perf-board, with 0.1” holes is probably the
best construction medium. though [ was able to fit the
six 558 IC packages and their associated components
on a 3.5 x 9" surplus PC plug-in board. I placed the
fixed and variable tuning resistors in a corner of the
wind-chest. where the organ’s reed valves and the
added key switches were positioned.

Tuning up

I purposely pitched the electronic tones one octave
lower than the existing keyboard reed tones. This
sounded more ‘“‘powerful’” when played over the hi-fi
system and was very pleasing when played in com-
bination with the normal organ notes.

Tuning was done by simply listening tor harmonic
beats. though a counter and oscilloscope were also
used. If the electronic tones are to match their reed
counterparts. quite close adjustment via “zero-beat-
ing"’ may be done. It is best to match the new notes to
the reeds. as major adjustment of the mechanical reeds
1s a tricky process at best. if not a potential for being
left “*speechless’ with a broken reed. Naturally, some
drift in both reed and electronic tones must be ex-
pected. due to the combined eftects of temperature.
humidity, and component aging. This is why separation
by an octave may be an additional benefit.

Variation on the theme

The constructor will probably find individual varia-
tions on the above theme suggesting themselves.
especially in the way of waveform modification to
create diverse instrument sounds. including **Square
Wuaves in the Sunset” . Stereo and quadriphonic sound
systems can also be used to bring out both keyboard
and chord sounds with striking etfect. Let the New
Sound begin! Sp
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Black-Box Microphone
Substitute

Foot switch gives you an extra hand for making
transmitter tests while a silent signal
gives your ears a rest.

ELMER C. CARLSON

HOW MANY TIMES HAVE YOU TRIED TO KEY A CB TRANS-
ceiver, modulate the transmitter, flip the pages of a
service manual and manipulate a pair of test leads?
How did you make out?

Since you can’'t grow another hand the next best
thing is to put one of your feet to work. That was a
good idea, but since I couldn’t successfully squeeze
the microphone between my toes to key the transmit-
ter I decided there had to be a better way. Holding the
microphone between my knees wasn’t much more
successful either. You just can’t talk into a micro-
phone that way.

But manipulating the Transmit-Receive. switch on
the microphone was the easy problem to solve. Obtain-

ing a good, reliable audio signal for transmitter modu-
lation proved to be a bigger problem.

It proved impractical to construct a jig to mechan-
ically actuate the microphone T-R switch with a foot
pedal because of the different shapes of microphone
cases and styles of T-R switch levers. As time went
on it became more and more apparent that the micro-
phone would have to go.

Besides, as technology progressed, it becomes
more evident that there would be other benefits
eliminating the microphone completely and replacing
it and its functions with electronic circuits that would
improve upon the microphone as a source of modula-
tion and transmitter control.




Benefits

Besides freeing a hand for holding test prods, the
test bench substitute for the microphone has a few
other benefits too. For example, modulation for the
transceiver is silenced. Also the modulating signal can
be easily adjusted in level and accurately set for view-
ing modulation distortion and for measuring the per-
centage of modulation on an oscilloscope. With a few
other accessories. audio frequency response tests of
modulation can be made—easily and much faster.

Also. a substitute for the existing microphone helps
to eliminate a good many audio trouble spots—Iike
broken wires, loose connections and defective switches
and microphone cartridges.

T0
s S AUDIO
o © VOLTMETER
-~
5009 o0
AUDIO g| T T-PAD
INPUT 4 AUDIO OUTPUT
Q!
% MICROPHONE
5 CONNECTOR
7
D-D
— P
FOOT )
-D-D
SWITCH T-R SWITCH
T0
MICROPHONE
/__? CONNECTOR
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BLACK-BOX CIRCUIT IS UNCOMPLICATED. Everything plugs
into or attaches to terminals so there are no locse leads.

Design problems

A major problem is the many and varied microphone
connectors that have been used by the different manu-
facturers. Even when the same plug is used by two
manufacturers the connections might not be the same—
the connections might not be the same for two models
by the same manufacturer. That problem means there
must be a multitude of plugs to match all the different
combinations that have been used. And that can be-
come expensive.

A much less expensive method is to eliminate the
body of the plug and just retain the pins that can
then be inserted into the receptacle contacts of the
microphone connector. The other ends of these inter-
connecting leads can then be terminated in lugs which
are slipped under the screw terminals of a terminal
strip. With this method you can substitute low-cost
hardware items for the more expensive connector

plug.

Audio matching

The other problem is in connecting an audio gen-
erator to the black-box microphone substitute. It proved
to be a three-fold problem—impedance matching. DC
isolation and signal attenuation.

Audio generator impedance matching and DC iso-
lation can be easily taken care of with an audio trans-

#E
&

THIS PANEL IS ACTUALLY THE TOP of the microphone sub-
stitute. Obviously terminal arrangements can be rearranged to
suit individual needs.

former. And if you don’t plan on using the microphone
substitute for audio frequency response measurements
(even 300 to 5000 Hz) a low-cost audio transformer
can be used.

For development of the microphone substitute a
multi-impedance, good quality audio transformer was
used. Once the problems caused by direct coupling the
audio generator to the transceiver input were solved
the loading problems on the solid-state generator were
eliminated. The impedance match did not have to be
changed for the many makes and models tested after-
ward.

Construction considerations

With the transformer and the level control being the
major components in the microphone substitute, their
size have a lot to do with determining the size of the
box needed for the microphone substitute. Very small
transformers can be used along with miniature con-
trols, but if the box is too small it won’t have enough
weight to stay in place on the test bench.

The foot-switch connection and audio input connec-
tion were put on the end of the box that would be clos-
est to the audio generator. Wiring to the foot switch
runs down the back of the bench to keep it out of the
way, reducing the possibility tripping over the wires
and pulling everything off the top of the test bench.

While the lead from the audio generator to the mi-
crophone substitute does not have to be shielded, the
audio lead from the microphone substitute must be
shielded to prevent hum pickup at the microphone pre-
amplifier input.

Transceiver control (T-R) leads from the foot switch
do not have to be shielded.

During wiring of the box a ground **strap’" is thread-
ed through both grommets before the spade lugs are
attached. This prevents this short lead from being mis-
placed when it is disconnected from the terminal strip
when testing transceivers that do not have a common
ground for the audio input and the control circuit.

Leads between the microphone substitute and the
transceiver can be two or three feet long. If necessary,
they can be as long as the stretched out microphone
cord. But it is best to keep the leads as short as possi-
ble. A light weight, very flexible cable is best. Lapel
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microphone cord can be used for the shielded audio
lead and light-weight speaker wire will serve for the
control leads. If such a cable is made the leads should
be tied. taped or otherwise held together—just for
neatness and to prevent tangled wires. Short lengths
of heat-shrink tubing can be slipped over the wires
before the plug pins or lugs are soldered on. Spaced
every three or four inches and shrunk in place, they
will make a very neat job.

Lengths of tubing added to both the plug pins and
the lugs will give strain relief and reduce bead break-
age that always occurs—a result of the twisting and
bending right at the solder joint.

Input jacks are two-circuit non-shorting phone jacks.
This makes it possible to +isolate the audio and foot
switch leads from each other without insulating the
jacks from the metal box. It also makes it possible to
shield the from the audio generator, if necessary. No
ground loops either.

Combination binding posts and a selector switch
make it possible to connect any type of audio volt-
meter to the audio signal leads. Audio signal levels at
the output of the 500-ohm T-pad attenuator are ex-
tremely low and must be measured with an amplifier-
type audio voltmeter (vacuum-tube or transistor).

None of the wiring is critical and components may
be substituted. Even the transformer isn't critical. In
fact an audio output transformer from a tube-type
radio or TV set should work just as well—if you are
not going to make audio frequency response measure-
ments. Audio input and foot switch jacks can be elim-

inated if those leads are just soldered to the internal
circuitry.

Of course some common sense will have to be used
when making substitutions. For example, if an audio
output transformer is used then the impedance of the
T-pad attenuator will have to be selected to match that
of the transformer. Also a larger box may be needed
if the transformer is larger and the control size remains
about the same.

INTERNAL VIEWS SHOW SIMPLICITY of wiring and parts place-
ment. Cover of audio attenuator is removable for cleaning con-
tacts inside.

Unlike many RF circuits, the microphone substi-
tute does not have critical lead lengths or parts place-
ment—or even critical parts selection. A knowledge-
able technician should be able to put one together in
a short time from parts that are on hand. SP
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FUDG

-FACTOR BOX

PLUS A BASIC dB METER

Use a variable dB indicator at the output of the
amplifier under test to make life easier.

ELMER C. CARLSON

DO YOU GET A COLD CHILL IN THE PIT OF YOUR STOMACH
everytime you have to make dB measurements for a
frequency response test? Well you can take some of
the worry out of making those graphs by using a vari-
able dB indicator at the output of the amplifier under
test instead of the conventional fixed range dB meter.

Decibel (dB) measurements for frequency response
tests are usually passed over because such measure-
ments require algebraic addition to determine the
amount of gain in the signal level. When it happened
that there was no way in getting around making dB
measurements for frequency response graphs that
were required for an extensive series of gain tests it
became apparent that there must be a better way—a
faster and less complicated way to obtain dB output
indications for both frequency response and amplitude
distortion tests. A way without juggling all those plus
and minus dB calculations that took most of the time.

The first attempt at speeding things up resulted in a
Fudge Factor Box wired up from standard parts. It
uses a dual section potentiometer and a single potentio-
meter. two pair of combination binding posts and a
suitable aluminum box. If a three-section potentio-
meter with concentric shafts could have been made up

by the local parts supplier a much smaller box would
have been used.

The schematic for the Fudge Factor Box shows that
it is only a potentiometer circuit with all resistance

P
1 MEG
-
< | FINE COARSE
| 100K
| e ‘
[ :»
|
|
b: l
< IMEG
O—_—

FUDGE-FACTOR BOX is a simple potentiometer circuit where
all the resistance elements are connected in series.

elements connected in series. When the COARSE adjust-
ment knob is turned one resistance element of the dual
potentiometer increases in resistance while the other
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element decreases in resistance. The FINE resistance
element is connected to the wipers (the center ter-
minal) of the dual potentiometers. The main advan-
tage with this setup is that the input impedance (resis-
tance mostly) remains approximately the same at all
settings of the potentiometer.

With the input of an audio voltmeter connected to
the OUT binding posts of the Fudge Factor Box. leads
from the IN binding posts are connected across the
audio level under test. The impedance (resistance) of
the Fudge Factor Box is high enough that connecting
it across a speaker circuit or even a 600-ohm audio
line has little effect.

Making dB tests

With a 0-dB signal input level applied to the input of
an amplifier and the Fudge Factor Box inserted be-
tween the amplifier output and the audio VTVM it is
easy to adjust the audio VTVM to indicate 0 dB too.

Once set, this 0-dB setting (accomplished with the
Fudge Factor Box) is not changed during the frequency
response run—only the input signal level to the ampli-
fier is reset to 0 dB with the audio generator controls.

With a 0-dB input and output indication (set at 1
kHz) any change in the output indication above or
below the 0-dB level can be plotted directly on a graph
without any manipulation of plus and minus dB indi-
cations of the input and output meters.

A complete dB meter
Switching one dB meter between input and output
while changing ranges was the remaining bottleneck

(FRONT)
R1-a p——
100K

- A =

10dB X1 T
R1-b |
13.172K| 10K T
10dB X2 1 3

39.98K

10dB X3
S2

123.44K (12 POS SP)
10dB X4 5
357.4K 10dB X 6

10dB X 5

1.046 MEG

FYY s
Yy

in the speed up of frequency response measurements.

Since the dB meter is basically a voltmeter, the
Fudge Factor control can be included in the dB meter
circuitry as a variable multiplier resistor. This is shown
in the more complex schematic diagram.

The push-pull switch on the dual potentiometer
permits 3 modes of Fudge Factor control operation.
A push-pull switch must be used.

With the push-pull switch in its open (in) position
the portion of the dual potentiometer controlled by the
inner knob and shaft acts like an additional variable
multiplier resistor in series with the dB meter move-
ment.

When the knob is pulled out (switch closed) that
section of the control becomes a potentiometer or
voltage divider—greatly reducing the sensitivity of the
meter.

This portion of the Fudge-Factor circuitry is in the
circuitr at all times. While it could have been wired so
that it was completely in the X-position circuitry, the
dB meter would have lost some of it’s Fudge-Factor
versatility.

When the dB X 10 selector is in the X position only
the two sections of the Fudge-Factor control deter-
mines the dB meter range. The high-resistance ele-
ment of the outer control shaft acts like a coarse ad-
justment while the inner control shaft permits finer
adjustment to 0 dB.

dB X 10 switch
In the other positions of the dB X 10 switch the fixed
multiplier resistors give exact dB levels, that can be

S1(PUSH-PULL)

O

= M (SEE TEXT)

INCLUDE THE FUDGE-FACTOR BOX CIRCUIT in your dB meter.
S1 must be a push-pull switch or a toggle switch.




used to measure exact output levels, but the Fudge
Factor control must be set to the extreme counter-
clockwise end of its rotation.

Once 0 dB has been set with the Fudge-Factor con-
trol the range can be changed in 10-dB steps if neces-

INTERNAL VIEW OF THE dB METER. The original connections
were made with a cable having screw-on shell.

sary for frequency response measurements that excede
the easily read indications on the meter scale.

Range selection for the dB meter is limited only by
the number of ranges you are capable of calibrating—
which is set by the maximum output level of your audio
generator, the total number of positions cn the range
switch and the practical limits for dB level indications.
Overall range of the dB meter can be doubled if the
selector switch is calibrated in dB X 20, providing, of
course, that the —20-dB marking on the meter scale
can be read easily—and to an accuracy suitable for the
measurement.

It was only luck that made the Weston model 955
meter part of this instrument—it was found in a sur-
plus electronics store that was going out of business.
Several other 270° rotation meters were bought at the
same time. The length of the scale is about three times
that of the usual panel meter which means that three
times as many scale calibrations can be accomodated
than is possible on the more common panel meter.
Any other type of dB (or even VU) meter can be sub-
stituted for the 270° type used here.

If a 100-uA full-scale meter movement is used all
the resistance values given will remain just about the
same (magnets in the meters can weaken with age and
rough handling). Meters with other sensitivities, such

r—=="

1 |
l R1~a4

= 100K

SIMPLE CIRCUIT IS A dB LEVEL-CHANGE INDICATOR. It is
built into the dB meter shown earlier.

(TO S2)
INPUT

l 2uF ‘
v ©
T 2uF =

EXTRA SENSITIVITY CIRCUIT can be added to the dB meter if
desired. It connects to switch S2.

as 50-uA or 200-x A full-scale can be used but the multi-
plier resistors will be about double the resistance for
a 50-x A meter and about half the resistance value for
a 200-uA meter.

Calibration

A common way to calibrate the dB meter, or any
meter, is to use a variable sinewave source and a sec-
ond meter that has known accuracy. (A tone or sine-
wave frequency of about 1 kHz is preferred for audio
work but even 60 Hz can be used for calibration.) Of
course you will also need a variable resistance and
a means of measuring that resistance accurately. A
decade resistance box can be a lot of help.

With the meter connected across the audio signal,
just add enough total resistance to bring the dB meter
pointer to the 0-dB mark. Total up the decade box
switch position indications or measure the resistance
added with a digital multimeter.

Once the resistance needed to obtain 0 dB when
the dB X 10 switch is set to the 1 position has been

T

LOOKING INSIDE THE FUDGE-FACTOR BOX you can see just
how easy it is to build.

determined a fixed resistance of the same amount must
be made up—using series. parallel or series-parallel
resistor combinations to obtain the exact resistance.
That resistance is then wired into the dB X 10 selector
switch. and the meter indication is rechecked. to make
sure it iS accurate.

Now additional resistance is added until a dB meter
indication of —10 dB is obtained then the signal level
is increased until a 0 dB indication is reached once
again. This indication is compared to that of the second
meter.

This procedure is repeated for each position of the
dB range switch.

Range is limited on the low ranges because of the
sensitivity of the meter. Some increase in sensitivity
can be obtained if the bridge rectifier is replaced with
a voltage-doubler rectifier. SP
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PROGRAMMABLE SOUND

continued from page 97

make your own, remember that all interconnections
between sides must be soldered using a wire through
all holes. Also make sure that you solder all compo-
nents on both sides of the board.

The point that we will begin is by assuming you have
a PC card. Any components that are not commonly
available—AY-3-8910 and the printed circuit board—
can be obtained from Quest-Star Engineering Com-
pany, see the parts list.

Refer to the parts list to identify all of the components
you need for your system. Use all of the components in
the top section plus the components listed for just your
system. Lay all electronics components out on a work-
bench, desk, or table. Keep the AY-3-8910 and the
40001/4011 in their protective packaging. Verify that
you have all the required components. Install the IC
sockets in the locations shown in the parts placement
guide, Fig. 3. Make sure that pin 1 of the socket and the
PC card pin 1 are at the same corner. Turn the printed
circuit board upside down, using a piece of cardboard
on top side to keep the sockets in place. Now solder the
socket pins.

Install all the resistors and capacitors. Doublecheck
the location and orientation before soldering. Install the
XTAL and transistor if needed for your system. Solder
the 5-volt regulator to the card and install its hardware.
Connect power and check output for 5 volts. If the card
is not for the S-100 bus, install the connector. Next
install all ICs in there proper locations.

For I/O operation, first latch the address of register
seven. Next set the direction of the ports by a data
transfer. Now latch the address of port register R, or
R,s. Finally input or output the data. Data enters or
exits the card by I/O socket #2. Port B on pins 1 tc 8,
where pin 1 is bit 7 and pin 8 is bit 0. Pins 9 to 16 are for
port A. Starting from pin 9 and progressing to pin 16 the
data bits are 0, 4, 3, 2, 1, 5, 6, and 7. If you want a pro-
gram for an S-100 based Z-80 circle 342 on the Free In-
formation Card.

A second example, one that produces sound, also
uses a Z-80 S-100 bus computer. This program. will
generate the eight octave B (790 Hz) tone we said earlier
would require processor attention once every 63 us.
Our program will take 27 bytes of code and require
execution only once! First we will assume our Z-80 has
a2-MHz clock. Then we will solve the tone equation for
channel A. We find that register 1 should contain a OFy
and register 2 should contain 00y. Next we need to
enable tone channel A, register 7. Then we set a con-
stant amplitude for channel A, register 8. For a copy of
this program circle No. 345 on the Free Information
Card.

I could proceed forever giving examples, but the best
solution is for you to play with the card a bit and
develop your own sounds. A manual does exist for the
AY-3-8910. It has some sixty-four pages. Quest-Star will
acquire some of these and proved them to those who
feel they need one. At this time the price of the manual
is uncertain (Quest-Star will sell it for General Instru-
ments price plus something for shipping and han-
dling). SP
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LINE-VOLTAGE
REGULATOR

If fluctuating line voltage is a problem,
here’s a handy littie device that keeps AC line
voltage where it belongs.

HERBERT ELKIN

ARE YOU LIVING IN AN AREA WHERE YOU HAVE LOW
AC line voltage? Does your line voltage dip in the eve-
ning, or vary with weather cenditions? Does your tele-
vision picture shrink on all sides, flutter, or lose bril-
liance at varied times, or completely cut out especially
during a power ‘‘brown-out’’?

The schematic in Fig. 1 is a completely automatic
voltage controller for TV or any other appliarce or in-
strument (not recommended for airconditioners).
Simply plug the unit into your wall outlet and your TV
set into the unit’s AC receptacle. From then on, the
unit will automatically boost the AC voltage to your
TV set by an additional 6.3 VAC whenever the line
voltage drops to 110 VAC (or to another preadjusted

switchover level). Therefore, if your TV performs well
when the line voltage is at 117 VAC (where it should
be). it will still be operating satisfactorily when your
line voltage drops to 110 volts as an additional 6.3
VAC will be added to the 110 volts of the line, thus
returning the voltage applied to your TV to 116.3 volts.

You can leave your TV (or instrument) permanently
plugged into the regulator, as the unit is automatically
shut off when your TV is turned off. When your TV is
turned off, the regulator consumes only one watt of
power. Therefore, you can leave your set connected
to the regulator for one year at an additional cost of
less than 50¢ for electricity.

How it works
Filament transformer T! is wired as an autotrans-
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former. When the secondary winding of the trans-
former is wired with the proper phasing, it adds its out-
put voltage in series with the wall outlet voltage thus
increasing the voltage appearing at the unit’s outlet
receptacle.

When the line voltage exceeds 110 volts (or another
set trip point),relay RY 1 is activated removing the 6.3-
volt boost from the unit’s receptacle.

The voltage across capacitor C1 follows the AC 60-
Hz waveform but is divided down by the variable volt-
age divider consisting of R1 and trimpot R2. R2 is set
so when the AC line voltage out of your wall recep-
tacle is just above 110 volts (or 108 or 112 volts if
vou desire, etc.) the voltage on capacitor C1 at the
AC waveform’s peak is just at the firing point voltage
of the NE-51H neon lamp. See Fig. 2 (a through d).
When the neon lamp fires, a positive pulse is applied
to the gate of the SCR. The SCR conducts for the re-
maining positive portion of the AC cycle until the AC
waveform passes through zero volts. Then the SCR is
back-biased and conduction ceases. Therefore, the
SCR conducts for only one-quarter of the AC cycle
(or 90 degrees). Diode DI keeps the voltage across Cl
low during the negative half of the AC cycle and apply-
ing a pulse to the SCR. The SCR additionally performs
the function of rectification. When the SCR conducts,
relay RY | is energized but would drop out periodically
(chatter) without capacitor C4 across the relay coil.
C4 charges when the SCR fires and provides filtering
and relay holding current while the SCR is off. At any
time thereafter. should the line voltage fall below 110

PARTS LIST

RESISTORS

All resistors V2W 10% unless noted

R1—51,000 ohms

R2—100,000 ohms, multi-turn potentiometer
(Bourns trimpot type 3006P-1-104 or equal)

R3, R4—56 ohms

R5—47 ohms

CAPACITORS
C1, C2, C3--0.015uF 20% 400V ceramic
C4—4uF 250V electrolytic

OTHER COMPONENTS

D1—1N2069 or equal (1A 200PIV)

SCR—1R106B1 silicon controlled rectifier (4A 200PI\)

RY1—DPDT 48V 2.5K relay (Sigma type 62R2-48DC-SCO
or equal) (4A contacts @ 115VAC)

LM—NE-51H neon famp

F—Fuse, 3A 125V slo-blow

S1—SPDT slide switch

PL—AC line cord with plug

MISCELLANEOUS

AC socket

5 X 4 X 3-inch chassis box

Fuse holder

Lamp socket with red lens

Perfboard for chassis

Mounting spacers

3-lug terminal trip (non-grounded lugs)
Flea clips for perf board
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FIG. 1—FULL SCHEMATIC OF THE LINE-VOLTAGE REGULATOR.
Note that it automatically steps line voltage up or down by 6.3-
volts.
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FIG. 2—LOOKING AT THE WAVEFORMS we can see exactly what
happens as the automatic regulator does its thing.

volts. the neon lamp will not fire, thereby leaving the
SCR in the non-conducting state after the first positive
portion of the AC sinewave passes through zero volts.
With the SCR in the non-conducting state, RYI is
not energized and the autotransformer voltage is picked
up through the normally closed relay contacts S and 6.

The NE-51H neon lamp is also used as an indicator
light. When the line voltage is high (112-117 volts), the
firing neon lamp will glow indicating that the regulator
1s not boosting the line voltage. When the line boost
is not needed or wanted. switch S1 can be placed in the
off position to completely turn off and bypass the regu-
lator circuitry. R3 and C2, and R4 and C3 are arc sup-
pression networks added to minimize pitting of the
relay contacts thus prolonging the relay’s useful life.
R5 limits the SCR surge current through C4 to the
SCR’s maximum current rating. Fuse F1 is a 3 ampere
slow-blow type that protects the transformer from ex-
ceeding its rating should more than a 350-watt device
be plugged into the regulator. A slow-blow fuse is used
in order to accommodate turn on surge currents.

Construction is easy

The regulator is housed in a 5x4x3-inch aluminum
mini-box which was covered with wood-grain plastic
‘“‘contact’” material in order to make it unobtrusive.
The components were mounted on a phenolic perfor-
ated board which was fastened to the mini-box using
spacer legs to allow for clearance of the bottom mount-
ed components (see the head photo.) Be sure not to
make any electrical contact with the aluminum mini-box
or you will have a ‘‘hot’’ regulator in vour hands!

Transformer T1 has a secondary winding (6.3VAC)
rated at 3 amperes maximum. Therefore. the regulator
can be used to power devices requiring up to 350 watts.

Relay RY| has a 110 VAC contact current rating of 4
amperes. Therefore, you can supply up to 465 watts
using the Sigma type 62 relay if you select a 6.3-volt
filament transformer rated at 4 amperes. Don’t forget
to change fuse FI accordingly if you use a 4 ampere
transformer.

To check for the proper transformer wiring connec-
tion refer to Fig. 3. First, measure your wall outlet
AC voltage. Twist one transformer secondary (6.3
volt) lead to one primary (110 volt) lead. Connect the

T 60~
waLL 7Y
OUTLET =

AC
METER READING SHOULD BE VOLTMETER
GREATER THAN WALL OUTLET
VOLTAGEBY 6.3 VAC FOR
CORRECT TRANSFORMER

CONNECTION

FIG. 3—YOU MUST BE SURE THAT THE TWO WINDINGS are
connected properly. Here’s the right way to check it out.

open primary lead to a line cord (with plug) lead and
the primary and secondary joined leads to the other
line cord lead. Cover the exposed wires with electrical
tape for safety. Connect an AC voltmeter between the
primary lead which is NOT connected to the secondary
lead and the open secondary wire. Plug the line cord
into your wall outlet. If you tied the right secondary
lead to the primary, the AC voltmeter will read approx-
imately 6.3 VAC above the reading you took of your
wall outlet voltage. If the reading is 6.3 VAC lower.
reverse the secondary connection to the primary lead.

Calibration and use

Adjusting the trip point of the regulator is easy if
you have a “"Variac™ (an AC variable voltage control)
that can adjust the voltage from 10% below to 10%
above your wall outlet line voltage. If you do have a
Variac, plug the regulator into the Variac and do not
plug a load into the regulator. Adjust the variac output
for 110 VAC (or any slightly higher or lower voltage
that you want the regulator to trip at). Connect the AC
voltmeter to the regulator output. Adjust R2 so that
the neon lamp is lit and relay RY'1 is activated (voltage
NOT boosted). The meter will read 110 volts. Then.
turn R2 so that the neon lamp just extinguishes and
the relay is deenergized (voltage boosted). The volt-
meter will read approximately 116.3 volts. Now slowly
Increase the Variac's output voltage until the neon
lamp just lights and the relay is pulled in: the Variac's
output voltage should be approximately 112 volts at
this point. Note that now whenever your line voltage
decreases to 110 volts the regulator will boost its out-
put to 116.3 volts and then when the line voltage in-
creases to 112 volts or above. the regulator will cut

text continues on page 98
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COSMOS counters coupled to displays and tone-
generating circuits form simple audio-visual devices
with a hundred-and-one applications.

FREDERICK W. CHESSON

THIS ARTICLE DESCRIBES AN EDUCATIONAL CONSTRUC-
tion project involving CMOS counters in conjunction
with various displays and tone generating circuits.
Applications include programmable doorbells and
annunciators, warning and security signalers, adver-
tising and novelty displays. and a variety of instruc-
tional options, including teaching aids for children
learning to count and spell.

The basic system is shown in Fig. 1. in block diagram
form. Included are the clock. common to all sub-units,
and counter, display, and audio sub-systems. Figure 2
shows two forms of pulse clock, one using a CMOS
chip. the other a type 555 timer. Note that both cir-
cuits provide for varying both the frequency and duty-
cycle of their outputs, a feature that will be found use-
ful in this and other projects.

The clock pulses are counted by a type 4017 decimal-
decoded-output counter, and as each output is se-
quentially made high, it drives one or more LED seg-
ments of a common-cathode display. In the music sub-
system, these outputs drive a 555 tone oscillator
through selected tuning resistors.

To simplify the demonstration of the words sub-
section, letters were selected having common seg-
ments, these elements being the a. e, and f LEDS.
They comprise such lettersas A, B, C. D. E, F, G, O,
and P. From this selection, the sequence P-E-A-C-E
was chosen.

To demonstrate the versatility of the 4017 chip. |
used the CARRY OUTPUT (pin 12). which is high for
counts 0, 1. 2. 3. and 4: while low for counts 5, 6, 7. 8.
and 9. Thus. with segments a. e. and f constantly illu-
minated for counts O through 4. it is only necessary to
decode segments b-g, d-g. b-c-g. d. and d-g to form the
PEACE sequence. Note that segment g is common to all
but letter C. hence it would be possible to decode by
turning off this lamp at count 4. The basic circuit is
shown in Fig. 3. Note that driver transistors and cur-
rent-limiting resistors may be necessary for differing
supply voltages and display units.

An alternate circuit uses a sequence of readouts that
are “‘dedicated’ to a particular letter or number. Each
readout is turned on and stays on until the last letter of
the sequence (up to 9 for a single 4017 counter) is
lighted, whereupon a reset signal turns all off and starts
the sequence anew.

Music from a 555

A 555 timer is the heart of the music sub-system. It
has enough power capacity on its own to drive a small
loudspeaker. Its frequency is determined by both fixed
R-C components and the value of the output resistors
from the 4017 counter(s). For demonstration purposes.
resistors ranging from about 100 to 10,000 ohms were
chosen at random. yielding an *‘outer space”’ sound.




FIG. 1—BASIC SYSTEM IN BLOCK DIAGRAM FORM. Clock, dis-
play and audic (tone generator) elements are illustrated.

FIG. 2—TWO PULSE CLCGCKS. a—built with CMOS 4001 or 4011
gates. b—Built with z §55 timer clock.
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C1 CAUSES RESET PULSE
WHEN POWER S APPLIED

5.9V c1
1 6+ A
2 15 1€
e 3 14 _CLOCKIN
P . "“‘013 13 Hz 22K
wpr <Y
4017 L L
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ne—8 1 ne
e ] 10
I —
= D1
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»l Py Ll

Lg] g
I ALL DIODES 1N914 OR
“E” 1N4148
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1 FOR TYPE DL-750 COMMON
CATHODE DISPLAY *

2 A D4
come ] pr
s
1l
LIS
OPTIONAL 0T i
GROUND 3,5,9,14 ¢ “c”
NOTE. BETWEEN POINTS “A”, “C, “E”, “P”, AND OPTIONAL DECIMAL
POINT ON DISPLAY, A'DRIVER TRANSISTOR AND CURRENT
LIMITING RESISTOR MAY BE INSERTED.
EXAMPLE
PIN 22— g +
PIN 10 —Pp}——4—0
R
-
0= NPN 2N2222, 2N4401, ETC DIODES

FIG. 3—CIRCUIT FOR AUDIO-VISUAL DEVICE THAT spells out
the word PEACE.

I 4043 I 15V
ouTPUTS 'PINS

ai

2017 F s a 2N2222-2N4401 »
3 R1
2 6 2
S a 2N2222-2N4401
7 DIS 2
*—{R
: 2 a gzzzzz 2:4401
1 ) DIS3
—{R
4 LT el e M3
e 2N2222-2N4401 DIS 4
[
R4
as + -
2N2222
5709 2N4401
RESET
SRS
$ 150002

FIG. 4—CIRCUIT FOR SEQUENTIALLY TURNING ON four num-
bers or letters sequentially, with reset after last one turned on;
or interval up to count 9.

For more exact compositions, as assembly of miniature
trim-pots would be useful.

To extend the repertoire of the circuit, two 4017’s
were used. They are aiternately switched in by a 4013
flip-flop, that is triggered by alternate pulses from
Count-0 signals from the 4017's. With this circuit
modification. up to I8 separate tones may be generated.
Note that this may be doubled to 36 by driving the
modulation input of the 555 via the variable duty-cycle
of the clock. By adjusting this. a plucked-string two-
part tone effect is produced for each step.

When only a single tone is desired. such as for a
Morse Code letter or code group. multiple resistors are
unnecessary. A single resistor or potentiometer with
suitable isolation diodes from the counter outputs is all
that is required.
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FIG. 5—COMPLETE CIRCUIT FOR WORDS & MUSIC DEVICE.
It’s fun to use and the potential applications are a real challenge.

Construction uses plug-in breadboards

For demonstration and experimental purposes, set
up the components on one of the several plug-in boards
now available. For more permanent installations, perf-
board with 0.1-inch hole spacing is very useful. A 9-
volt transistor radio battery can be used to make the
demonstrator portable. it LED display current can be
kept moderate. Otherwise, use a positive power
supply from 5 to 12 volts. taking due care with chip and
display dissipation. A conservative approach is to use
NPN driver transistors with current-limiting resistors
to the displays. If numbers alone are to be displayed.
note that the 4026 CMOS chip has built-in decoding
and can directly drive certain displays. making separate
diode matrixes unncessary.

Now put it to work
Both light and sound sub-systems can be combined

COMMON CATHOOE DISPLAY
DIRECT ORIVE LIKE DL-750

so that a single tone or tone pair can represent a par-
ticular letter or number. This feature would be useful
in teaching children to count and spell. or in identifying
a product. With a little ingenuity. almost all of the
letters of the alphabet can be represented with a seven
segment display. although the more expensive MAN-2
5 X 7 dot matrix provides the greatest clarity. For
dedicated displays turned on in sequence. M and W,
for example. the unit on its side.

A handicapped adult or child could easily learn to
operate a combined words-music portable display
board, calling for H-E-L-P in flashing light and sound.
A pet could even be trained to make its wants known
by nosing a switch that would initiate an unmistake-
able audio-visual request to go O-U-T. And finally. for
company calling. there is always the robot butler who
responds to a push of the doorbell button by a tuneful
and cheerful H-E-L-L-0O. SP
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Programmable Sound Generator

Plug in the right parts and it will work with your choice
of a TRS-80, S-100 Bus, or SWTPC 6800.

L. STEVEN CHEAIRS

CURRENTLY THE HOBBYIST HAS A HOST OF MICRO—
computer systems to choose from. Though this one
has many positive features, it does present some prob-
lems. When you build a memory card, 1/O board or a
peripheral interface it generally means that those cards
are only useful for one system. The programmable
sound generator presented in this article follows a dif-
ferent course: through careful attention to circuit
design and board layout a card was developed that can
interface to three major micro-computer systems.
These three basis systems are the TRS-80 Radio Shack
Z-80, the S-100 bus, and the SWTPC 6800.

A number of microcomputer systems are used in
situations where an audio signal is required. For ex-

ample; video games, keyboard feedback, and music
instruments all require audio signals and each one can
be computer controlled. Most any microprocessor can
generate these sounds with a minimum of external
components. If the CPU (central processing unit) had
only this task to perform, no problem would exist. Ina
real computer system the CPU is kept busy with other
tasks. For example. to produce an eighth-octave-B
(7902 Hz) signal, the processor would be required to
provide attention every 63 microseconds. As you can
imagine, the software to generate a single eight-octave-
B. plus other computer tasks would be complex. other
audio signals that are not as predictable as a simple
tone would be impossible to produce. Using a new LSI
integrated circuit from General Instruments it is now

S S BDIR DATA/ADDRESS CLOCK
@
8/
7 (5B|Ts
% 1REG.) ,
e L o
y | NOISE
¢ GENERATOR
cs CONTROL @
i3 @ DATA BUFFER 3-12BiT
(6REG.} /|
7
v TONE
As > GENERATOR | :
rrl Yy
' ®
A MIXERS
@ RAM
\\ .
16 AMPLITUDE
ADDRESS LATCH 16 BITS / CONTROL Ve )
168 BIT BRER)T 7 12
REGISTERS . y 4
BITS
/A
L4 @ I A
8 BITS BBITS |/
(1 REG.) {1 REG.) /] ENVELOPE 8
GENERATOR
® ® ]
PORT A PORT B
] ]
L %
/|8 /8
y
1/0 PORT A 1/0 PORT B

FIG. 1—BLOCK DIAGRAM GIVES YOU A PICTURE of the entire
operating system for the programmable sound generator.



possible to softwave produce complex sounds with
only infrequent attention of the host processor.

Description of the AY-3-8910

The AY-3-8910 was designed to produce a wide
variety of complex sounds under processor control for
GI's programmable game series. This Large Scale
Integrated Circuit (LSI) is fabricated by GI's N-channel
Jon Implant process; it requires a single 5-volt power
supply, has a TTL compatible clock, and is easy to
interface to a microprocessor.

Since realistic sounds often require more than one
audio effect, three independent channels are available.
To minimize the amount of interaction between the
processor and the PSG, programmable sound generator,
the PSG can continue to produce sound after an initial
set of commands are given. The IC’s internal design
makes it useful for applications such as music syn-
thesis, sound effects generation, audible alarms, tone
signals, and FSK modems. Each channel has an analog
output, 4 bits of logarithmic digital to analog conversion.
Since all sounds are created digitally, the PSG can pro-
duce a variety of sounds without any external cir-
cuit changes. The frequency range covers sub-audible
to post-audible frequencies. There are few sounds that
are beyond reproduction.

How it works

Figure 1 is a functional block diagram of the PSG.
Block one is the address latch decoder, its outputs will
select one of the 16 resisters. Block two is the control
decoder. It determines if a data read or write is desired
or if an address is to be latched. Block three includes
the bidirectional data buffers required for data trans-
fer. Block four is a 128-bit RAM, it is used to form the
16, 8-bit registers. Blocks five and six are each an 8-bit
bi-directional parallel data port. Though these have
nothing to do with sound generation, any computer
can always stand an extra couple of I/O ports. Block
seven is a-5-bit programmable noise generator, used
for making sounds such as gunshots or bombs blowing
up. Block eight contains three 12-bit tone generators.
Block nine contains three mixers. Block ten controls
the amplitude of each of the three outputs. The cir-
cuits of block eleven create a variety of envelopes for
complex sounds. The last one, block twelve, consists
three programmable gain D/A converters.

The microprocessor interface

Since the PSG was intended to interface with GI's
8900/8910 microprocessors, it has control character-
istics for those processors; the controls are somewhat
non-standard. Three control lines are used; BC,, BC,,
and BDIR. The S-100 bus uses WR, SOUT, SINP, and
DBIN to do the same job. The Radio Shacks’ TRS-80
uses WR, SOUT, SINP, and DBIN; while SWTPC'’s
6800 uses VMA, and &>, and R/W. As you can see, a
logic array was needed that could take these three sets
of inputs and develop the B, B,, and BDIR signals for
the PSG. There are eight possible states for the PSG’s
three control lines. When all three are low; when BDIR
and BC, is low and BC, is high; or when BDIR and BC,
is high and BC, is low—the PSG’s data bus is inactive.
If BDIR and BC, are low and BC; is high; BDIR is high
and BC, and BC, are low; or all controls are high—the
register address active on the databus is latched. A read

from the PSG is decoded when BDIR is low and BC,
and BC, are high and B is low.

The S-100 bus and the TRS-80 I/O controls are simi-
lar. I/O mapping was chosen since the high address byte
does not require busing around the card. For these two
configurations the WR is inverted and ‘*‘ANDed"’ to the
SOUT signal, the TRS-80’s OUT is also inverted to
form a WRIGHT puise. DBIN for the S-100 IRD for the

TRS-80) is ‘““ANDed’’ with the SOUT (again for the .

TRS-80 IN is inverted) to form a READ pulse. For the
SWTPC’s 6800; jumpers J,, J,, and J; are installed to
separate the R/W control into a READ and WRITE
pulse. For all three computers IC12 is used for this
decoding. Board select is combined with the READ and
WRITE pulses to prevent false data transfers.

Integrated circuit IC8 used the READ and WRITE
pulse along with address line A, to form three signals.
These signals are READ DATA, WRITE DATA, and
LATCH ADDRESS. When address bit A is a logic
zero, then address latch is enabled. Likewise, when
address bit A, is a logic one, then data transfer is
enabled. Note: The above statements are only true if
the appropriate READ or WRITE pulse is present. The
last IC in the chain, IC9, uses the three signals formed
by IC8 to form the required code for the PSG. A
LATCH ADDRESS command will cause BDIR, B,
and B, to all be logic one levels—as stated earlier this is
a latch address command. A WRITE DATA command
will cause BDIR and BC, to be a logic one and BC; will
be a logic zero—this is a write data code. A READ
DATA command will cause BC;| and BC, to be a one,
but let BDIR to be a zero; this is a read data code. If
none of the three signals are received BDIR, BC, and
BC; are all zero, or inactive.

PHOTOGRAPH OF ASSEMBLED BOARD. it contains the com-
plete programmable sound generator.

Audio amplifier IC4 is not actively connected to the
PSG. Its input is available on pin 8 of 1/O socket #1.
The speaker output is available on pin 1 of the same
socket. If you wish to use the amplifier then connect the
channel out, pin 3 of I/O #1, to pin 8 of I/O #1. Also, if
your system may use this amplifier at times or an ex-
ternal amplifier, use a switching audio jack for this
connection.

Integrated circuit ICS5 acts as a clock buffer, for the
TRS-80 is a form oscillator. When interfacing to the
S-100 bus or to SWTPC 6800 do not install XTAL, R22,
R23, CS or C6. The reset line is also buffered for all
three systems. IC13, 14 and one gate from IC15, along
with DIP switch S2 and resistors R1, R2, R3, RS, R,
R7, R8, R17, R18, and R28 form the I/O port decode for
the S-100 bus and TRS-80 systems. These components
form the low-order address decode for the SWTPC 6800
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system. Also common to all systems is the 5-velt reg-
ulator and its associated filter capacitors.

For the $-100 bus, in addition to the above circuit
elements, you need IC16 and IC17. Integrated circuit
IC 16 forms the S-100 bus input data buffer; [C17 forms
the output buffer. The S-100 bus uses two data buses—
one for each directions. The PSG though has a bidirec-
tional bus—IC’s IC16 and IC17 develop this interface.

For the Radio Shack TRS-80 IC16 and ICI17, of
course, are not needed, instead IC11 is used to interface
ta the TRS-80. The gate, from IC15 is used to make the
bi-directional buffer look like the S—100 bus buffers.
Also required are two inverters for the RD and OUT
controls. For this computer, since Radio Shack did not
make the clock available externally, add the XTAL,
R22, R23, CS, and C6 to form a 2-MHz oscillator. In the

FIG. 2—COMPLETE SCHEMATIC OF THE PSG. You will not need all of the components
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shown. For clarity, parts valves are not shown here. Refer to the parts list for details.
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FIG. 3—PARTS LAYOUT DIAGRAM shows where you should
position the components on the printed-circuit board.

PARTS LIST
COMPONENTS COMMON TO ALL SYSTEMS

RESISTORS

All resistors Va-W 5%

R1 through R8, R25, R28, R29—2,200 ohms
R19—510ohms

R20—5100 ohms

R21—10 ohms

R24—1000 ohms

CAPACITORS
C1—100pF ceramic

C2, C8, C9—2uF Tantalum
C3, C7—250uF electrolytic
C4—0.05uF ceramic

C10 through C23—use a ceramic with values in the 0.01 to 0.1uF

range

INTEGRATED CIRCUITS

IC4—LM 386 audio amplifier

IC5—4001 or 4011 CMOS quad gates
IC6—7805 5-volt regulator

IC7—74LS04 hex inverter

IC8—74LS32 quad OR gate

IC9, IC12—74L.S10 triple NAND gate
IC10—AY-3-8910 PSG

IC13, IC14—74L.S85 4-bit logic comparator
IC15—74L.S08 quad AND gate

OTHER COMPONENTS
S2-DIP switch, 8 SPST switches
SK8—8-pin socket (1)

schematic diagram of Fig. 2, the address labels for IC13
and IC14 are only valid for the S-100 bus or the SWTPC
6800. For the TRS-80 Aj should be As; A| should be Ag;
A, should be Az; A3 should be A,; Ay should be A|; A
should be Ay; and Ag A5 are as labeled. Jumpers J6 and
J7 should be installed.

If the SWTPC 6800 is to be used with this circuit, add
IC1, IC2 and IC3. ICI is the data bus buffer. 1C2 and
IC3, along with two inverters from IC7 and DIP-switch
S1 and resistors R9 through R16 form the high byte of

¢+ S100BUSEDGE® :
Y 3

SK14—14-pin sockets (6)
SK16—16-pin sockets (5)
SK40—40-pin socket (1)

SWTPC 6800 ADDITIONAL COMPONENTS
R9 through R1, R26, R27—2200 ohms
IC1—74L.S245 octal bus transceivers
1C2, IC3—74L.585 4-bit logic comparator
S1—DIP switch, 8 SPST switches
SK16—16-pin sockets (3)
SK20—20-pin socket (1)
Molex edge connectors

TRS-80 ADDITIONAL COMPONENTS
R22—220 ohms
R23—12 megohms
XTAL—2 MHz
C5, C6—30pF ceramic
1C11—74L.S245 octal bus transceivers
SK20—20-pin socket (1)
Four board spacers and hardware
Ribbon Connector (Ansleu 40-pin)

S$-100 BUSS ADDITIONAL COMPONENTS
IC16, 1C17—74L.S244 octal buffers
SK20—20-pin socket

The following are available from Quest-Star Electronics,
5412 Burntwood Way, Las Vegas, NV 89108:

Complete S-100 kit (No. MC2000), $112.00

Complete RS-80 kit (No. MC2001), $125.00

Complete $S-50 kit (No. MC2002), $120.00

PC board only, $35.00

AY-3-8910, $18.95

Nevada residents please add 3'2% tax. No credit cards.

the memory address. Jumpers J1 through IS need to be

installed. ) )
As with most construction projects assembly can

proceed by many routes—such as point-to-point wir-
ing, wirewrap, or printed circuit board. By following
the schematic, any one of these technologies may be
used. In this article only printed-circuit fabrication will
be assumed. You can buy the plated-hole circuit board,
or make one from the artwork on pages 94 & 95. If you

text continues on page 84
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DIGITAL FREQUENCY DISPLAY

continued from page 74

BCD values “A” B>’ “C” “D” respec-
tively. Use diodes for ‘‘1’° values, leave
open for zeros.

Repeat the above for the third from the right
digit. Diodes go from pins 7/8 of the socket to
9. 11. 14. 16 as before.

Repeat the first step for the fourth digit, with
diodes running from pins 3/4 of the socket to
pins 9, 11, 14, 16.

Finish up the programming by wiring diodes
as required for the fifth digit from pins 1/2 of
the socket to pins 9, 11, 14, 16 as before.

NOTE: It is possible that there will be no
connections for a particular digit.

C. Insert the completed header, connect the
counter assembly and check programming. If
vou get what you set. connect the prescaler,
turn on the receiver and enjoy the results’

Troubleshooting procedures

Generally, you should have no real problem pro-
gramming this project. If you do, study the example
we gave for a 455-kHz IF. On the other hand, if you
discover the shortwave display is off by twice the IF,
the local oscillator is running at a frequency below the
value you are tuned to. This is a rare situation, but
possible. The cure is to simply add the IF to 10 000, as
outlined in the Programming section and redo the
switch and DIP header.

If there is any question about accuracy, dial up sta-
tion WWYV on 10.000 or 15.000 MHz. Slight corrections
may be needed in the programming if you didn’t use a
signal generator/frequency counter to determine the
exact IF.

Operation is a snap
Operating this project is a snap; turn it on with your

receiver, then simply read the frequency off the dis-
play. Now it’s possible to look up a station you want to

listen to, dial the frequency, and (if receivable) hear it!

If you would like to use this project as a high-per-
formance frequency counter, build another prescaler
board for this application. Then whenever you want to
measure frequency, unplug the DIP header, set S1 to
0000, and connect the prescaler. Sensitivity runs from
100 mV with a 100-kHz signal to about 20 mV at 100
MHz. Maximum performance is at 27 MHz, where the
sensitivity in under 10 mV. SP

List of Parts Suppliers

1. LED’s, resistors, caps, etc.

Digi-Key, Inc.

PO Box 677

Hiway 32 South

Thief River Falls, MI 56701

Telephone: 1-800-346-5144

2. Intersil IC’s, crystal, etc.

Circuit Specialists
1344 N. Scottsdale Rd.
Tempe, AZ 85281

Telephone: 1-800-528-1417

3. National IC’s, etc.

Tri-Tek, Inc.
7808 N. 27th Ave.
Phoenix, AZ 85021

Telephone: (602) 995-9352

As a special offer to Radic-Electronics Special
Projects readers, Technico Services can provide a
set of PC boards, plus assembly plans. The plans
include assembly data, troubieshaoting info, and
how-to-install procedure for most shortwave re-
ceivers. The set is $14.00 postpaid in the USA.
(Foreign residents add $3.00 foe postage & handling).
California residents include sales tax. No. CODs.
To order: 1. Ask for Model 83 SW Display set at

$14 each.

2. Send check or money order to:

Technico Services

PO Box 20HC

Orangehurst Station

Fullerton, Ca. 92634

STEPPED VOLTAGE REGULATOR

continued from page 87

out its boost. You can set the trip point to another
voltage if you wish so that the range of the output volt-
age of the regulator is within the range of voltage re-
quired by your TV or instrument for satisfactory oper-
ation.

If you do not have access to a Variac, wait until you
just start to experience low power line voltage troubles
with your TV or instrument. Then connect your set
to the regulator and adjust R2 so that the neon lamp
just extinguishes and relay RY | is deenergized. What-
ever the line voltage was when you experienced diffi-
culties will now be the trip point at which the regulator

will boost your low line voltage by 6.3 volts.

If you do not wish to keep the regulator on when
your line voltage is high (possibly during the daytime).
switch S1 can be set to off completely bypassing the
regulator and automatic operation, except for fuse
F1 which will provide added safety protection for the
device connected to the regulator. spP
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ELECTRONIC KITS, Catalog 849. Con-
tains descriptions of nearly 400 different
electronic kits for home or business in its
104 pages. Included are computers, a
projection TV system, energy-saving de-
vices for home and car, test instruments,
marine gear, radio-control modeling de-
vices, amateur radio equipment, stereos,
color TV's and education self-instruction
programs.—Heath Company, Benton Har-
bor, Ml 49022. Phone 616-982-3411.

FOR MORE INFO CIRCLE 338 ON
FREE INFORMATION CARD

50MHz OSCILLOSCOPE, Mode! V-5508.
Dual-trace delayed-sweep unit has 6-inch
square CRT with an internal graticule.
Features trigger view, (external and in-
ternal triggering signals can be displayed
as a third trace): variable trigger hold-off;
full TV triggering and single-sweep capa-
bility. An additional feature is automatic
focus correction that restores correct
focus whenever intensity or sweep range-
control settings are altered. Vertical sen-
sitivity is 5mV/DIV over the full bandwidth
and 1TmV/DIV to 10MHz. Display modes
are CH1, CH2 (normal or invert) alternate,
chopped and added. Time Base A has 22
calibrated sweep positions from 50ns/DIV
to 0.5s/DIV. Time Base B has 19 calibrated
steps from 50ns/DIV to 50ms/DIV. 10X
magnification extends fastest sweep rate
of both time bases to 5ns/DIV. Unit weighs
20.5LBS: measures 12.2(W) x 7.7(H) x
16.1(D)-inches. Price $1745 with two
probes.—Hitachi-Denshi Ltd., 175 Cross-
ways Park West, Woodbury, NY 11797.
Phone 516-921-7200.

FOR MORE INFO CIRCLE 324 ON
FREE INFORMATION CARD

MAXI-GRABBER, Mode/ 4724, has a stan-
dard 4.22mm (0.166-inch) diameter ba-
nana jack built into the plunger. Designed
for attaching the grabber directly to the
end of a banana plug patch cord. Gold-
flashed beryllium copper hook for attach-
ment to the test point. Banana jack is
brass, nickel plated, with glass filled nylon
insulation. Available in 10 colors. $3.95.—
Pomona Electronics, Division of ITT,
1500 E. Ninth Street, P.O. Box 2767. Po-
mona, CA 91766. Phone 714-623-3463.

FOR MORE INFO CIRCLE 333 ON
FREE INFORMATION CARD

DUAL-TRACE MINI SCOPE, Mode! 1420.
Portable unit measures 11 x 22 x 30 cm
(4.5 x 8.5 x 12 inches). Bandwidth is con-
servatively rated at 15MHz with 10mV/
DIV vertical sensitivity. Usable response
extends beyond 20MHz. With optional bat-
tery pack (it mounts inside the case) unit
can be used away from AC power lines.
Scope can also be powered from 117VAC.
234 VAC or 10-16 VDC. Eighteen calibrated
sweep ranges cover luS/DIV to 0.5s/DIV
with £5% linearity. 10X magnifier extends
sweep range to 100ns/DIV. Automatically
selects chopped or alternade mode of dis-
play and provides automatic selection of
video line and frame sync. $825 with two
probes, AC power pack and instruction
manuai. Options include rechargeable
battery, 235VAC power pack, carrying
case. DC power cable and demodulator
probes.—B&K Precision, 6460 W. Cort-
land St.. Chicago, IL 60635. Phone 312-
889-9087.

FOR MORE INFO CIRCLE 326 ON
FREE INFORMATION CARD

THE BIG ONE
Create the sound

which inspires awe

YOU can build the "Rolls Royce™
of organ kits and save 60% of
retail cost.. Five models to chose
from—specializing in 3 and 4
manual Wurlitzer Reproductions.
Multiple tone sources used for the
ultimate in true organ sound.

Devtronix can assist with all phases
of design, electronics, and con-
struction of the organ that you
have always dreamed of owning.
Our engineering expertise, years of
experience, new larger headquar-
ters, manufacturing, and research
facilities attest to the fact that
Devtronix is the leader in electronic
kit and custom organs.

Send $2.00 for our 24 page
booklet today.

AND, FOR YOUR
LISTENING
PLEASURE. ..

Tom Hazleton
on the
Devtronix
Paramount
Organ

Available
only by mail
Albums @ $5.95 + tax
Cassettes @ $6.95 + tax

For US postage & handling add $1.00

To order your album or receive com-
plete details about the exciting prod-
ucts and services of Devtronix, please
call or write:

ORGANS, INC.

Dept. 40
6101 Warehouse Way

Sacramento, CA 95826
(916) 381-6203
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DIGITAL MULTIMETERS, MX Series;
models MX 331 and MX 333. Both provide
0.1% basic accuracy, 10-megohm input
impedance, plus overload protection.

Premium version, MX 333, contains
built-in audible signal that changes fre-
quency in proportion to digital readings,
called VARI-PITCH®™: Also features self-
contained logic testing capability that
combines features of high-performance
logic probe and voltmeter in one function.
VARI-PITCH® operates on all voltage,
currerd, resistance and diode test ranges.
With practice, operator can troubleshoot
by ear without taking his eyes off the
probe or waiting for digital readings to
settle. Ranges include DC volts to 1000
in 4 scales; AC volts to 1000 in four scales;
Resistance to 20 megohms in 7 scales;
diode test; AC/DC current to 10A in 5
scales.—Hickok Electrical Instrument
Company, 10514 Dupont Ave., Cleveland,
OH 44108. Phone 216-541-8080.

FOR MORE INFO CIRCLE 323 ON
FREE INFORMATION CARD

SPECIAL PROJECTS

ADVERTISING INDEX

SPECIAL PROJECTS does not assume
any responsibility for errors that may
appear in the index below.
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INSTRUMENTS CATALOG, 7980/19871.
Oscilloscopes, Function Generators, and
professional Video Generators are among
the products features in this 40-page full-
line catalog. Features, specifications and
applications for more than 50 test instru-
ments are included, as is a large selection
of probes and other test accessories.—
Leader Instruments Corp., 380 Oser Ave-
nue. Hauppauge, L!, NY 11787. Phone
516-231-6900.

FOR MORE INFO CIRCLE 329 ON
FREE INFORMATION CARD
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LCD MULTIMETER, Mode!/ ME-524. A 3-1/2
digit unit that has a built-in buzzer for
making continuity checks. Features four
function modes (DCV, ACV, DCA, and
Ohmes). Also offers automatic polarity in-
dications and automatic zero adjustment.
All modes appear on the LCD display. Bat-
tery-operated unit for use by lab techni-
cians, field service technicians or habby-
ist who needs accurate measurement
with a maximum indication of 1999 or
-1999. Unit measures DCV from 200mV
to 600V, ACV from 200 to 1000. DC cur-
rent from 200uA to 10A and resistance
from 2000 ohms to 2 megohms. Price
$90.00.—Soar Electronics Corp., 200 13th
Ave., Ronkonkoma, NY 11779. Phone 516-
981-6444.

FOR MORE INFO CIRCLE 332 ON
FREE INFORMATION CARD

AMATEUR CATALDG, No. AM2504 in-
cludes more than 130 products in this 24
page booklet. More than 100 base and
mobile antennas, towers, rotators, micro-
phones, headphones, boom mike head-
sets and accessories for the amateur radio
operator are included. Full line of desk
and hand mikes, new antenna rotator and
a series of seven crank-up antenna towers
are included along with full specifications
including SWR curves on all base anten-
nas.—Hy-Gain, Division of Telex Commu-
nications Inc., 8601 Northeast Highway
Six, Lincoin, NE 68505. Phone 402-467-
5321.

FOR MORE INFO CIRCLE 330 ON
FREE INFORMATION CARD

in the World :}TC‘-wmutats &

COMPUTER BOOK CATALOG. 16 pages
crammed with descriptions of more than
50 books about computers. Includes
detaled descriptions of book contents
and there is a section that tells you about
the authors.—Howard W. Sams & Co. Inc.,
4300 West 62 Street, P.O. Box 7092, India-
napolis, IN 46206. Phone 317-298-5400.

FOR MORE INFO CIRCLE 339 ON
FREE INFORMATICN CARD



Share your body and soul
with us for 6 days and nights.
Time that you will cherish forever.

Take our hand and come with us

to tomorrow. Place your body on a
beautiful schooner built for
millionaires. Set it afloat on

an azure Caribbean sea that reaches
to the edge of the world.

Nudge your body with our sunrise

that whispers of good things to come.

Fill it with rum, wine, champagne
and good foods.

Expose your body to our tropic sun
and coat it with a golden glow.
And to pink beaches, pink fish, pink
coral reefs and pink lamingoes.

Caress your body in warm waters

so crystal clear. Lay it on the
forgotten beaches of Saba, Anegada
and Grenada.

Then bewitch your soul with the
Magical Caribbean moon. Set it afire
with boogie and reggae tempos of
native steel drums, under a thousand
stars with each for a wish come true.

Tease your soul with good vibrations
from intimate moments with a special
someone. And turn it loose to soar
free as the tradewinds.

Windjammer...adventure for your
body and soul...with love.

Windjammer
‘B el

PO.Box 120. Miami Beach, Florida 33139.
Calt toll free. 1-800-327-2600 or 1-800-327-2601.

Cap'n Mike, Windjammer ‘Barefoot’ Cruises.
Post Office Box 120, Dept. 1642.

| Miami Beach, Florida 33139,
Oh yes! Send me the ‘Great Adventure’
bookiet and show me the way of life, love
and paradise for as little as $400.
Name

Address —_—

City/State/Zip




/@B s )

NEW WIRR-WRAPPING TOOL DOES ALL 'W
The new WSTU-30M “Hobby Wrap” tool pepfarms the complete wire-wrapping SU. 30M
function. First,the tool wraps 30 AWG(0,26mm) wire onto standard .025 inch

(0.6mm) square DIP Socket Posts. In addition, the tocl also unwraps and,
; " finally, it strips 30 AWQ@ wire nick-free.
WEU-30M makes a “modified” style of wrap, in which agbroximately 1} turns.
of insulated wireare wrapped in addition to the bare wire for purposes ofadded
mechanical stability. Designed for the serious amateu=, the W8 U-30M featurés
compact,all metal construction for years of dependable service.
This unique tool is remarkable value performing the work of three separate
¥ tools at a Traction of the cost.-. y

- WIRE WRAPPING-STRIPPING-UNWRAPFING TOOL
The corpact, inexpenisive WSU-30 “Hobby Wrap” Tool does che job of three

'WSU_ 30 tools ata fraction of their comparable prices. The tool whaps, 1nw-aps, and,
even strips wire thanks to a unique built-in stripping blade. De3sign=ad for use

$ * with 30 AWG(0,28mm)wire on standard .025 inch(B,Smm) DIP 3ocket Posts.
6 .9 5 Takes minutes to learn to use; gnakes perfect connections in seccnds without

solder.

OK Machine & Tool Corporation
3455 Conner St., Brorix,N.Y. 10475 U.S.A.
Tel.(212) 994-6600 Telex 1235091

*Minimum billings $25.00, add shipping charge $2.00
New York State residentsadd applicable tax
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