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$100 Price Reduction

10 V-212

I/~ 4 TE &%

e~ NOW $379
was $475
List $560

Plus ‘Free’ 9600 Function Generator

All Hitachi scopes include two 50 MHzprobes
and have a 3 year guaranty on parts and labor

$349

HITACHI SCOPES AT DISCOUNT PRICES!

40MHz v 425 List 995

60MHz V-66
CRT readout $835

Delayed sweep

List 1,195

$949

List 1,595

0 $1,285

100MHz Y-1060

Delayed sweep

List Qur Price  Save
v-223 20MHz D.T. 2mV Sens. Delayed Sweep 770 695 5
V-422 40MHz D.T. 1mV Sens. DC offset 875 695
V-423 40MHz D. T. 1mV Sens. Delayed Sweep DC offset 955 795
V-1065 100MHz D.T. 2mV Sens. Delayed Sweep 1,895 1,575
V-1100  100MHz Q.T. 1mV Sens. Curser meas. DVM counter 2 295 1,995

V-1150  150MHz Q.T. 1mV Sens.

Scope Probes

M0-1251 P-1 65MHz,1x,10x  $19.85 . M0'1, 252
«6” CRT P-2 100MHz, 1x,10x $23.95 % * High Luminance 6” CRT
b with 5 accessories g ‘e 1mV Sensitivity
 Built in component >
X 10 Meg ohms input impedence S e . 6KV Acceleration Voltage
tester Fits all scopes with s — e o - " e 10ns Rise Time
e TV Sync BNC connector &< '(‘-]w -t = g * X-YOperation e Z Axis
» Much More TL-3 BNC to Minigrabber $3.49 ' * Delayed Triggering Sweep
20MHz Dual Trace Oscilloscope 35MHz Dual Trace Oscllioscope o ps,ch More

Top quality scopes at a very reasonable price. Contains all desired features. Two 1x, 10x probes, diagrams and manual.

Curser meas. DVM counter

3,100 2565

1 3498

True AMS 4'2 | 10MHz Oscllloscope Decade Blox Low Cost Digital LCR Meter
Digit Multimeter _“_". e n:w M'ungnggt(;ar rEaT) LC-1800
$135 M-7000 * $14.95 - - $138
.05% DC Accuracy 6 1 0 R Bl $25 Measures
.1% Resistance - #9 esistor Blox 3% Digit LCD Coils  (1uH-200H)
with Freq. Counter 1OMHZDCIOLAG 47 ohm to 1M & 100K pot ¥ S 19 DC Accuracy Caps (. 1pf-200uf)
Triggered Sweep #9620 Capacitor Blox ~~ {DA Scale Resist
& Deluxe Case Calibrated Vert & Hor 1701 to 10MFD ca ) 0 asistors
Reads Volts & Freq pf 1o 10 Auto zero/polarity | s (.1 0hm-20M ohms){
Breadboard ... Multimeter with [Digital Capacitance Meter | Analog Multimeter 3% Digit Meter
-m § Capacitance and m CM-1550 M-1100 Auto and
Manual Ranging
9436 } - Transistor Tester | === $58.95 T $19.95 28 Functions
Shown - $55 CM-1500A £ 9 Ranges 19 ranges Fully Protected
| Reads Volts, Ohms .1pf-20,000ufd High Accuracy
9430 1.100 pins $15 “5&  Current, Capacitors, .5% basic accuracy 10A reading ot $M-1180 .7% Ac $36.95
9434 2,170 pins $25 'y 8 1@/ Transistors and Zero control Mirrored scale A1-1181 1% Ac $42.95
9436 2,860 pins $35 s Diodes w/case e Ww/case Kit 17.50 M-1182 .25%Ac $39.95
Function Generator Blox | Solderless Breadblox IC Test Clips Temperature Probe 50MHz Logic Probe
L 16 pin $5.95 M-110CF | LP-700
#9600 ) 20 pin $8.25 - $29.95
$2495 i " 24 pin $10.75 Semiconductor
v S 4 - 28 pin $11.75 type $23
Provides sine, tri, squ wave 550 tie pts #9550 S 40 pin $18.50 Range
From 1Hz to 1MHz including 2 power 0 All are gold plated to i ~ -58F-302F
AM or FM capability bus lines $7.5 assure trouble free contact Fits most digital multimeters | Logic Pulser LP-600 $23

Digital 3 Amp Power Supply

XP-750
= gy $175
“ WE Q 0-40V @ 1.5A
ol ;"" s s 0-2V @ 3A

-
-’

XP-650 with Analog Meters $129.50

Breadboard
$99.95 XxK-400

e Fully regulated

¢ Short circuit protection
® 3550 test points

3 power supplies

Regulated P.S.

*5V@2A 12V @ 3A-12V @ 3A

GF-8016 Function Generator
with Freqa. Counter

$239

* Sine, Square, Triangle
* Pulse, Ramp, .2 to 2MHz
® Frequency .1 thru 10MHz

GF-8015 without Freq. Meter $179

Digital Triple Power Supply XP-T65

$239

0-20v @ 1A
0-20v @ 1A
5V @ 5A

Fully Regulated, Short Circuit Protected with
2 Limit Cont. 3 Separate Supplies

XP-660 with Analog Meters $169.50

Quad Power Supply

XP-580
$59.95

2-20V @ 2A
12V@ 1A
5V @ 3A

-5V @ 4A

Fully regulated and
short circuit protected

XP-575 without meters $44.95

Four-Function Frequency Counters

TR

T, F1000 §259
— ]
— = 1233& $179

Frequency, Period, Totalize, Self Check with High-
Stabilized Crystal Oven Oscillator, 8 Digit LED Display

WE WILL NOT
BE UNDERSOLD!

C &S SALES INC.
1245 Rosewood, Deerfield, IL 60015
Add 5% for Postage ($10 Max) IL Res.

(312)
, 1% Tax  ASK

(800) 292-7711

15 Day Money Back Guarantee
541-0710 2 Year Warranty
FOR FREE CATALOG
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EDITORIAL

1989ELECTRONICS
EXPERIMENTER’S
handbook

Diversity’s the word!

Selecting the features that go into an annual like the 1989
Experimenter’s Handbook is no easy task. The editors must
carefully examine the contents of a year's worth of magazines
and make some tough decisions as to the relative “worth” of
each article. Because an article’s value depends to a large
extent on who's doing the reading, we spend quite a bit of time
thinking about you, the reader, and what you would most want
to see.

Among our readers, two general characteristics are univer-
sal: You love to tinker, build, and experiment; and you are
curious—not just about how things work, but also about why
things work, and how you can make them work even better.
That's where the similarities end: Among you are experienced

.engineers .and students who are just starting out; computer

whizzes and computer-phobics; audiophiles and automobile
buffs; teenagers and retirees; and thousands of electronics
technicians, servicemen, and hobbyists—all with their own
tastes and preferences.

This years Experimenter’s Handbook truly has some-
thing for everyone! Projects for the home—ranging from the
simple Phony Burglar Alarm to Phonlink, a computerized
home-control system. For your car, we have a digital
dashboard, including a speedometer and tachometer to build
and install. For video systems, there’s our Stereo-TV De-
coder, and a special SAP-decoder attachment for it. For im-
proved signal reception, we present the Miniature Wideband
Amplifier and for improved audio, a commercial zapper for
your FM radio. For your test bench, build the In-Circuit Digital
IC Tester. For holiday cheer, decorate the timely Efectronic X-
Mas Tree.

To satisfy your curiosity, we have articles on the latest in
cellular-telephone technology and high-definition television.
To stir your imagination we present a new theory about gravity
and a glimpse of the automobile of the future. There's even a
special section on Surface Mount Technology—including
several SMT projects you can build yourself.

We've assembled a magazine brimming with information

and challenges. Now it's your turn—to learn, to build on that
knowledge, and to have a great time doing it!

—The Editors

Hugo Gemsback (1884-1967) founder

M. Harvey Gernsback,
editor-in-chief, emeritus

Larry Steckler, EHF, CET,
editor-in-chief and publisher
EDITORIAL DEPARTMENT
Art Kleiman, editorial director
Brian C. Fenton, editor

Carl Laron, WB2SLR,
editorial associate

Marc Spiwak, associate editor

Jonathan A. Gordon,
assistant technical editor

Teri Scaduto, assistant editor

Jeffrey K. Holtzman,
computer editor

Robert A. Young, assistant editor
Byron G. Wels, editorial associate

Herb Friedman,
communications editor

Kathy Campbell, editorial assistant
Andre Duzant, technical illustrator
Injae Lee, assistant illustrator

PRODUCTION DEPARTMENT
Ruby M. Yee, production director

Robert A. W. Lowndes,
editorial production

Karen Tucker, advertising production
Marcella Amoroso, production traffic

CIRCULATION DEPARTMENT
Jacqueline P. Ch boro,
circulation director
Wendy Alanko,
circulation analyst

Theresa Lombardo,
circulation assistant

Typography by Mates Graphics
Cover photo by Herb Friedman
Gernsback Publi inc., 500-B Bi-

County Blvd., Farmingdale, NY 11735.
516-293-3000

As a service to readers, Radio-Electronics Electronics
Experimenter’s Handbook publishes available plans or
information relating to newsworthy products, techniques
and scientific and technological developments. Be-
cause of possible variances in the quality and condition
of materials and workmanshiﬁ used by readers, we
disclaim any responsibility for the safe and proper func-
tioning of reader-built projects based upon or from plans
or information published in this magazine

Since some of the equipment and circuitry described in
Radio-Electronics Electronics Experimenter’s Hand-
book may relate to or be covered by U.S. patents, we
disclaim any liability for the infringement of such patents
by the making, using, or selling of any such equipment
or circuitry, and suggest that anyone interested in such
projects consult a patent attorney.

1989 Radio-Electronics Electronics Experimenter’s
Handbook is published annuallg by Gernsback Publica-
tions Inc. All rights reserved. Printed in U.S.A. Single
copy price $2.95, Canada $3.75. “Copyright Gernsback
Publications Inc., 1988.
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I built the TV myself from a kit.

a o Jo

35

&
=

S
It started as a TV, then a computer. I thought, like wow, W

why not a stereo-satellite system too!

You answer it! You couldn’t wait to build a
musical doorbell!

©i%86 shmes DRHIO Diton)

Yeah, veah. . .it works! Now disconnect
the battery!

I'm not surprised that you're having
problems. The plan says “solder” —not

“weld" ! My husband’s latest invention. . .a revolving bowl for lazy fish.
weld” |

w@ MOO9AdNVH SHILN3IWIHIdX3 3-H
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PERSONAL SCANNING RECEIVER.
AOR, Ltd’s model AR900100-chan-
nel hand-held receiver offers com-
plete public-service band
coverage. Frequency ranges of
25-54 MHz, 108-174 MHz, and
830-950 MHz allow coverage of all
the police, fire, and emergency
bands, as well as the new services
now available above 800 MHz in
12.5-, 25-, and 30-KHz increments.
With the 25 front-panel keys, the
user can program five banks of 20
channels, for a total of 100 chan-
nels. Pairs of upper and lower lim-
its for bands to be searched can be
stored in five separate search-
memory locations. All information
is stored in three state-of-the-art
permanent memories. Unlike
other units, the AR900 never loses
program information when the
batteries are disconnected.

Other standard features on the
model AR9000 include first-chan-
nel priority, keyboard lockout,
BNC-antenna connector, and a
blue-green display that is back-
lighted for night use. The LCD dis-
play offers 22 separate prompting
annunciators to help the owner
use the unit. .

The scanning receiver weighs
only 12 ounces, and measures 5%
x 2% X 1% inches: It can easily be
carried in a pocket, with its stan-
dard belt clip, or in an optional
leather case.

The AR900, including a 450 MAH
rechargeable battery, an AC
charger/adaptor, two antennas,
and the belt clip, costs $299.00.—
Ace Communications, A Subsidiary
of AOR, Ltd., Monitor Division,
10707 East 106th St., Indianapolis,
IN 46256.

INFLATABLE STEREO SPEAKERS.
Hyman Products’ line of Airwaves
speakers inflate anywhere, are

easily portable, and require no
batteries. They simply plug into
personal stereos, boom boxes,

and home stereos like con-
ventional speakers.

Airwaves come in a variety of
styles, including juke boxes, palm
trees, a concert-style speaker, and
cones and cubes decorated in col-
orful graphics. Three different size
groups are available—Micro, Max,
and Ultra Max.

Ultra Max Airwaves, the largest
of the line, are offered in two
styles. The Concert Speaker inf-
lates to a 4 x 3-foot replica of a
loudspeaker, and the 3%-foot Juke
Box resembles a Wurlitzer. Both
use a 2-way speaker system rated
for 25-watts per channel (8 ohms).

e
e
s
g
=
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Max Airwaves include a five-foot
tall palm tree and the colorful geo-
metric shapes. All ten models in
the medium-size group use a 1-
way, 25-watt speaker (8 ohms).

The eleven models of Micro
Airwaves are specifically designed
for use with personal stereos, al-
though they can be connected to
headphone jacks in home-stereo
systems. Styles include miniature
palm trees, juke boxes, and
guitars, as well as cones, spheres,
and cubes. The spheres measure
16 inches in diameter; all other Mi-
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[

cros are 12 inches or less in their
longest dimensions.

Ultra Max and Max Airwaves are
sold individually, for the sug-
gested retail prices of $80.00 and
$30.00, respectively. Micro
Airwaves are sold in pairs fora sug-
gested retail price of $30.00.—
Hyman Products, Inc., 2392
Grissom Dr., St. Louis, MO 63146;
800-235-1542.

HIGH-RESOLUTION DIGITAL-
STORAGE OSCILLOSCOPE. The
Philips PM 3320A digital-storage
oscilloscope, with 200-MHz band-
width, real-time sampling rate of
250 MS/s, and 10-bit resolution, is
ideally suited to capture single
events. Using random repetitive
sampling, its full 200 MHz can be
used for waveform digitizing and
storage. The dual-channel scope
also offers an on-board Fast
Fourier Transform option that
gives the user an overview of the
frequency spectrum of the incom-
ing signal.

Two powerful acquisition modes
are available to capture signal de-
tails exceeding preset limits: Save-
on-Difference and Stop-on-Dif-
ference. Those features compare
the incoming waveform with one
in memory, and record the new
waveform. The time of capture is
noted as soon as a difference ap-
pears between the two signals due
to jitter, spikes, or amplitude varia-
tions. The Absolute Min/Max func-
tion creates an historical record of
a large number of traces, and can
be used to set the Save/Stop-on
Difference parameters.

Extensive cursor-measurement
capabilities indicate the absolute
level of the input signal to ground,
the voltage difference between
two channels at any given pointsin
time (the PM 3320A automatically
accounts for the attenuator set-
tings), and the time difference be-
tween any points—even between
two channels.

CIRCLE 12 ON FREE INFORMATION CARD

Other automatic-measurement
functions are RMS voltage, per-
centage overshoot and preshoot
for step functions, and continu-
ously variable rise and fall times—
including the two preset options
of 10-90 percent and 20-80 percent
for ECL applications. The PM

~ 3320A also provides automatic

pulse width, duty-cycle and phase
measurements, division for ratio
measurements, integration, and
differentiation.

For ease of operation, the Auto-
set function automatically selects
amplitude, timebase, and trigger-
ing for instant display of any input
signal at the touch of a button. As
many as 250 front-panel setups can
be stored and instantly recalled—
individually or in sequence—
when needed. Other features in-
clude menu-driven softkey opera-
tion for direct access to over 200
subsidiary functions, an oversized
CRT for enhanced on-screen dis-
play, and iEEE-488 or RS-232 com-
patibility for systems use and for
hard-copy output to plotters and
printers.

The Philips PM 3320A digital
storage oscilloscope has a sug-
gested list price starting at
$8,990.00.—John Fluke Mfg. Co.,
Inc., P. O. Box C9090, Everett, WA
98206; 800-443-5353, ext. 77.

REMOTE ENGINE STARTER.
Clifford Electronics’ Smart Remote
Starter lets the owner start his car’s
engine and accessories from as far
as 400 feet away, with a miniature
remote control. He then has up to
ten minutes to get to the car,
which will have a warmed-up en-
gine, defrosted windows, a com-
fortable interior temperature, and
preset selections on the stereo.

The system—whose artificial-in-
telligence algorithm uses parallel
processing with dual high-speed
microprocessors—starts, super-
vises, and controls the starter, en-
gine, brakes, transmission, and
accessories. As soon as the remote
control’s digital-code signal is re-
ceived (which the system acknowl-
edges by flashing the car’s parking
lights), several safety checks are
automatically performed. Once all
safety checks pass, the engine is
started, and any preset accessories
are activated.

CIRCLE 13 ON FREE INFORMATION CARD

if the engine doesn’t start, or
starts and then stalls, the Auto-
Restart feature will automatically
try to restart the engine three
times. While the engine is idling,
the Smart Remote Sensor protects
it from excessive RPM’s and over-
heating. if anyone other than the
driver tries to open the hood or
drive the vehicle, the system im-
mediately shuts down the engine.
it will even prevent grinding of the
starter if the driver inadvertently
tries to start the engine when it's
already running.

For safety reasons, the system is
designed to work only on vehicles
with automatic transmissions and
electronic fuel injection. The sys-
tem can recognize if anyone tries
to use it on another type of vehi-
cle, and will turn itself off.

The Smart Remote Starter can
easily be programmed to respond
to as many as three additional
Clifford remote controls, even if
each one uses a different digital
code or is of a different type.

The suggested retail price for
the Smart Remote Sensor, includ-
ing installation, is $550.00.—
Clifford Electronics, Customer Ser-
vice Department, 20750 Lassen St.,
Chatsworth, CA 91311

MATHEMATICAL-TYPESETTING.
Technical Support Software’s
EXACT 3.1 mathematical-typeset-
ting program allows users to add
complex mathematical expres-
sions to documents produced in
WordPerfect 5.0 or Microsoft
Word 4.0.

EXACT is a RAM-resident pro-
gram that cooperates with the
user’s word processor to allow
creation of complex mathematical
expressions. Because it automat-
ically shares the screen and the




printing function with the word
processor, the manufacturer pro-
vides options to ensure word-pro-
cessor compatibility. EXACT 3.7 is
also compatible with the latest re-
leases of WordStar, Multimate,
Displaywrite, Samna, and most
other PC-based word processors.
A free demo disk is provided, al-
lowing users to test compatibility
with their own word processors.

The program loads into RAM be-
fore the word processor. At any
time during the creation of a docu-
ment, the user can call a pop-up
split-screen Edit Session. As the
user types EXACT commands in
the bottom screen, the mathe-
matical expression is instantly cre-
ated in the top screen. The act of
editing the commands results in
immediate update and redisplay of
the mathematics.

=vee EHCT ot ssgign o

T R
S/su/RnG SN, st RIS - &=
Slf;lls.n&, 5/;/5!91'3“&!3,“1:".dzmmm.&:
ld, $+04) S
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A mathematical expression can
be edited easily on screen by
changing the command lines. Rad-
icals, fractions, brackets, and ta-
bles automatically rescale when
the material they contain is edited,
so that the user immediately sees
the effect of each change on the
entire expression.

Once the expression looks
right, the user exits the edit ses-
sion and returns to the word pro-
cessor. By positioning the cursor
at the appropriate place in the text,
the command lines created in the
edit session are injected directly
into the text. When printing,
EXACT intercepts the print stream,
scans it for EXACT commands, and
sends a graphic image to the
printer to construct the mathe-
matical expressions.

Mathematical features include
complete Greek-character sets in
upper and lower case; unlimited
levels of superscripts and sub-
scripts; automatic equation cen-
tering, automatic positioning of

fonts such as Russian or Hebrew.

Drivers are available for all com-
mon dot-matrix and laser printers.
EXACT requires 64K to 128K of
RAM, depending on the number
of fonts loaded at one time. The
program runs on IBM PC, AT, XT,
and compatibles, with any graph-
ics card. It is also available in the
Hercules high-resolution format.

The suggested retail price for
EXACT 3.7is $475.00.—Technical
Support Software Inc., 72 Kent St.,
Brookline, MA 02146.

equation numbers; and automatic
creation of boxes, borders, script,
and italic alphabets.

The software package includes
20 fonts with over one thousand
symbols and characters. Any
character can be rescaled up to 81
times its size. The package also
contains a font editor that allows
users to create their own charac-
ters and use them as easily as the
standard fonts. EXACT can be used
to remap the keyboard to allow
typing in user-developed foreign
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NEW BOOKS

DIRECTORY OF AMERICAN RE-
SEARCH AND TECHNOLOGY
1988; R.R. Bowker Company, Cus-
tomer Service, P. O. Box 766, New
York, NY 10011; 763 pages, includ-
ing indexes; 8% X 11% inches;
hardcover; $199.95.

Over 11,500 organizations at the
forefront of scientific research—
including almost 1,000 new re-
search and development firms—
are profiled in the 1988 edition of
Directory of American Research
and Technology. Detailed informa-
tion is provided on corporate and
university facilities, including par-
ent organizations and their sub-
sidiaries, in over 1,500 fields of sci-
entific research. Listed alpha-
betically by company name, each
entry provides address and phone
number, research-staff size, and
descriptions of all research and
development activities. Facilities
are identified as commercial, non-
profit, or privately financed. Three
indexes are organized by person-
nel, geography, and classification.

Aimed at working scientists,
R&D administrators, corporate re-
cruiters, and business or research
libraries, the directory also reflects
the ever-changing world of indus-
trial research by documenting
emerging technologies and new
research functions. Among this
year’'s new entries are firms inves-
tigating internal hearing aids, ho-
lography, machine vision, satel-
lite-TV systems, radar-warning
devices, and electron sterilization
systems.

SHORTWAVE DIRECTORY, by Bob
Grove; Grove Enterprises, P. O. Box
98, Brasstown, NC 28902; approxi-
mately 500 pages, including glossary
and cross-reference table; 82 x 11
inches; softcover; $17.95 + $2.00
shipping in U.S.; + $7.50 shipping
in Canada; other foreign countries
add $7.50 (surface) or $25.00 (air).

The fourth edition of Shortwave
Directory has been revised and ex-

panded to include international
broadcasting and Very Low
Frequency (VLF). The book con-
tains accurate, up-to-date fre-
quency listings from 10 kHz to 30
MHz, and includes U.S. and for-
eign Air Force, Navy, Coast Guard,
Army, Energy and State Depart-
ments, FBI networks, aircraft and
ships, scientific installations, pi-
rates and clandestines, space sup-
port, RTTY and FAX, INTERPOL,
and English-language broad-
casters worldwide.

Most stations are cross-refer-
enced by agency and frequency
for rapid identification of un-
knowns. The 1988 edition contains
an exhaustive glossary of terms,
acronyms, and abbreviations com-
monly encountered on the short-
wave-radio bands.

HOW TO TEST ALMOST EVERY-
THING ELECTRONIC, 2nd Edition,
by Jack Darr and Delton T. Horn;
TAB Books Inc., Blue Ridge Summit,
PA 17294-0850; 175 pages, includ-
ing index; 7% X 9V inches; soft-
cover; $8.95.

Radio-Electronics’ service editor,
Jack Darr, teams with professional
technician Delton T. Horn to pro-
duce this updated version of their
20-year-old How to Test Almost
Anything Electronic. Some things
remain the same: the basic princi-
ples of troubleshooting and inter-
preting test results; easy-to-follow
instructions for using electronic
test equipment; examples of typ-
ical circuit types. The descriptive
overview of electronic test equip-

" ment, which includes ammeters,

voltmeters, oscilloscopes, logic
probes, analyzers, and more, has
been updated to reflect the latest
equipment. The book has been
expanded to include new circuitry
developments and the basics of
digital electronics.

Most of the book details actual
test procedures—including
power-supply and DC-voltage

tests, VOM and VTVM tests, signal
tracing and alignment, os-
cilloscope and component tests,
and TV tests. Those basic trou-
bleshooting techniques are pre-
sented with the same emphasis on
practical experience and common
sense that has made Jack Darr’s ad-
vice invaluable to technicians and
servicemen for decades.

ENGINEERING EXCELLENCE, edi-
ted by Donald Christiansen; IEEE
Publications Sales Office, 445 Hoes
Lane, Piscataway, NJ 08855-1331;
263 pages, including index; 6 x 9%
inches; hardcover; $24.55 for IEEE
members, $32.75 for nonmembers;
be sure to use code number
PC02188 when ordering.

At an international convocation
in 1986, more than 20 eminent en-
gineers, engineering managers,
and sociologists met to consider
how the varying cultural traditions
in different countries might affect
the quality of engineering and the
way that engineers are managed
and rewarded. The participants
represented Japan, Germany, Hol-
land, and the United States; the
substance of their presentations
forms the major part of
Engineering Exceilence.

The book provides engineering
practitioners and entrepreneurs
with interesting insights into the
forces at work in the global high-
technology marketplace.
Engineering Excellence is divided
into four sections. The first three
cover the importance of the indi-
vidual engineer, a comparison of
engineering cultures, and institu-
tional and organizational struc-
tures. The final section is a'selec-
tion of writings comprising first-
hand observations by engineering
leaders who describe how they
built successful technical organi-
zations, and how they deal with
pressures stemming from today’s
highly competitive global business
climate.




RADIO WAVE PROPAGATION, by
Lucien Boithias; McGraw-Hill, 11
West 19th St., New York, NY 10011;
330 pages, including appendixes, in-
dex, and bibliography; 6 x 9inches;
hardcover; $49.95.

Understanding propagation
phenomena is crucial when plan-
ning communications links and
designing systems to minimize in-
terference. Aimed primarily at
electrical and electronics engi-
neers, Radio Wave Propagation
provides a complete, practical
overview of the field.

The first six chapters deal with
line-of-sight propagation, begin-
ning with open-space propagation
and a discussion of major physical
phenomena such as reflection, re-
fraction, and scattering. Effects of
the ground and the troposphere
are also covered here.

The remainder of the text deals
with propagation that is not line-
of-sight, addressing the three
main mechanisms allowing links
to be established between two
points which are not visible to
each other: diffraction by hills,
scatter by Earth’s curvature and the
troposphere, and reflection by the
ionosphere. There is also a discus-
sion of how to solve the problems
of electromagnetic disturbance
and interference from other trans-
missions and radiation.

MODERN RELAY TECHNOLOGY,
by Hans Sauer; Aromat Corporation,
Marketing Dept., 629 Central Ave-
nue, New Providence, N) 07974;
357 pages, including tables, refer-
ences and indexes; 6 X 8V2 inches;
hardcover; $8.95, including ship-
ping and handling.

This comprehensive reference
book, translated from the original
German by ).G. Naples, covers 240
relay types and 6,000 relay charac-
teristics. It examines the history of
relay technology, and looks at its
future. Terms, definitions, and for-
mulas are presented, followed by
applications of electromechanical
and solid-state relays. Those in-
clude measuring applications,
time-delay relays, simple timing
circuits; automatic control sys-
tems, and stepper relays. There
are 50 illustrated tables, and trans-
lations of terminology into Ger-
man, French, and Italian.

CABLE-TV
a—— |

ITEM

UNIT

ANZA!

HAMLIN MCC 3000 36 CORDED REMOTE CONVERTER (Ch 3 only)

2900

PANASONIC WIRELESS CONVERTER (our best buy)

98 00

MOVIETIME VR7200A {(manual fine tune)

88 00

*JERROLD 400 COMBO

JERROLD 400 HAND REMOTE CONTROL

2900

*JERROLD 450 COMBO

"JERROLD 450 HAND REMOTE CONTROL

2900

JERROLD SB-ADD-ON

99 00

*JERROLD SB-ADD-ON WITH TRIMODE

“M-35 B COMBO UNIT {Ch. 3 output only)

9900

‘M-35 B COMBO UNIT WITH VARISYNC

‘MINICODE (N-12)

99 00

"MINICODE (N-12) WITH VARISYNC

“MINICODE VARISYNC WITH AUTO ON-OFF

ECONOCODE {minicode substitute)

ECONOCODE WITH VARISYNC

“MLD-1200-3 (Ch. 3 output)

"MLD-1200-2 {Ch. 2 output)

*ZENITH SSAVI CABLE READY

INTERFERENCE FILTERS (Ch. 3 only)

“EAGLE PD-3 DESCRAMBLER (Ch 3 output only)

“SCIENTIFIC ATLANTA ADD-ON REPLACEMENT DESCRAMBLER

‘CALL FOR AVAILABILITY

Output

Quantity Channel

California Penal Code #593-D forbids us

SUBTOTAL

from shipping any cable descrambling unit

Shipping Add
$3.00 per unit

to anyone residing in the state of California.
Prices subject to change without notice.

COD & Credit

Cards — Add 5%

TOTAL

PLEASE PRINT

Name

Address City

State 2ip
O Cashier's Check O Money Order
Acct #

Signature

Exp. Date

Phone Number ( )
gcob

O Visa

0O Mastercard

FOR OUR RECORDS:
DECLARATION OF AUTHORIZED USE — |, the undersigned, do hereby declare under penalty of perjury
that all products purchased, now and in the future, will only be used on cable TV systems with proper
authorization from local officials or cable company officials in accordance with all applicable federal and
state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL

PENALTIES FOR UNAUTHORIZED USE.

Dated: Signed:

© Copyright 1987 PACIFIC CABLE CO., INC.

Pacific Cable Company, Inc.

7325, RESEDA BLVD., DEPT. #EH-8* RESEDA, CA 91335

(818) 716-5914 « No Collect Calls + (818) 716-5140
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Prints and '

Seattle FilmWorks has adapted Kodak’s
professional Motion Picture film for use
in your 35mm camera. Now you can
use the same film — with the same fine
grain and rich color saturation —
Hollywood’s top studios demand. Its
wide exposure latitude is perfect for
everyday shots. You can capture special
effects, too. Shoot it in bright or low
light—at up to 1200 ASA. All for a
surprisingly low processing cost. And
Seattle FilmWorks lets you choose prints
or slides, or both, from the same roll —
without the high cost of slide film.

Try this remarkable film today!

“As a reporter, | have tried
just about every kind of
film on the market. I have
to say yours is the BEST
film I’ve ever used. Its
versatility is incredible. And

I like your prices.”
Edward N. Conner; Emporia, Virginia

Slides from the same roll

Minolta, Konica, Olympus, Pentax

N BN BN B B BN . .

\S“\‘}(‘.N*“.\"a Mnewg

A

Ideal for use in Canon, Nikon,

... any 35mm camera including
the new autofocus cameras.

HE BN BN BN BN BN BN B .y
SEND ME 2 ROLLS FREE! i

O RUSH me two 20-exposure rolls of Kodak MP film,
Eastman 5247® (200 ASA) and 5294® (640 ASA). l
Enclosed is $2 for shipping and handling,

100% Satisfaction Guaranteed 5239

NAME

ADDRESS

CITY STATE ZIP

Mail to: Seattle FilmWorks MEMBER l

500 Third Ave. W.
P.O. Box 34056
Seattle, WA 98124-1056

DIRECT
MARKETING ASSOCIATION

Look for this symbol
when you shop by mail.

Kodak, 5247 and 5294 are trademarks of Eastman Kodak Co. Seattle FilmWorks is wholly separate from

the manufacturer. Process at Seattle FilmWorks with limited availability from other labs.
©1987 SFW
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STEREO TV DECODER

Build your own high-fidelity MTS decoder for the finest in TV enjoyment.

A RECENT SURVEY OF TELEVISION STA-
tions across the U. S. and Canada reveals
that more than 250 stations are now trans-
mitting MTS stereo TV sound. So
chances are good that at least one station
in your area is transmitting stereo audio
right now. You might think that you need a
‘stereo TV or VCR to enjoy MTS, but
consider this: For about $50 (for all new
parts), you can build our add-on converter,
which will work with virtually any TV or
VCR. All components are readily avail-
able, and we’ve designed a PC board,
which simplifies construction greatly. The
circuit may be aligned by ear, although
using an oscilloscope will give more pre-
cise results

Background

To understand how we can enjoy MTS
sound, let’s look back to when color-TV
standards were formed. In 1953 the NTSC
(National Television Systems Committee)
defined the standards for color-TV broad-
casting that are now used in the U. S.,
Canada, Mexico, and Japan.

In the NTSC system, 6 MHz is allo-
cated for each television channel, as
shown in Fig. 1. Video information is
transmitted on an amplitude-modulated
carrier that extends about 4.2 MHz above
the visual carrier. Mono audio is transmit-
ted on a frequency-modulated carrier 4.5
MHz above the video carrier, with 100%
modulation causing a 25-kHz deviation of
that carrier. So a fully modulated mono
signal causes the carrier to vary between
4.475 and 4.525 MHz around the carrier.

By subtracting 4.2 MHz (top of video)
from 4.475 MHz (bottom of audio), we
find that there is 275 kHz of unused spec-
trum. That space was originally allocated
as a guard band by the NTSC. The reason
the guard band was necessary was that the
tube-based circuits of that era were less

VIDED
CARRIER

4.5MHz >

AUDID
CARRIER

% MODULATION

275kHz GUARD BAND —-l t‘-——
|
|
|
|

N . i

1
4.2MHz & 50k Hz ?

MDND
120kHz
MTS STERED

6MHz

FIG. 1—STEREO-TV AUDIO requires about twice the bandwidth of a mono signal.

capable of keeping the audio and the vid-
eo portions of the signal separate than
modern solid-state circuits. It is that 275-
kHz gap that allows us to have MTS sound
today.

On March 29, 1984, the BTSC (the
Broadcast Television Sandards Commit-
tee, which is the present-day equivalent of
the NTSC), proposed guidelines to the
FCC (in BCdocket 21323) for TV stations
using the BTSC system of multichannel
sound transmission. That docket contains
general technical rules governing the use
of the television audio baseband for use in
the transmission of stereo television
sound, as well as a second-language chan-
nel (SAP, for Second Audio Program),
and a professional channel. (The alternate
services were discussed in “Stereo Audio
for TV,” Radio-Electronics, February
and March 1985, and in “Stereo TV De-
coder,” in the March 1986 issue of Radio-
Electronics.—FEditor)

As in the NTSC system, the baseband
mono audio signal (which is the equiv-
alent of the L+R stereo signal) has a
bandwidth of about 15 kHz. It is transmit-
ted with 75 ps of pre-emphasis, and has a
maximum deviation of 25 kHz.

At 15.734 kHz is the BTSC pilot tone.
The pilot is locked to horizontal sync, and
it is used to identify the signal as a BTSC
transmission, thus informing the televi-
sion receiver to switch from mono to ster-
eo reception. The pilot has a 5-kHz

_ deviation.

Then comes the stereo difference signal
(L—R). It is amplitude modulated on a
31.468 kHz subcarrier, producing a dou-
ble-sideband suppressed-carrier signal
that spans about 30 kHz. That subcarrier
frequency was chosen because it is exactly
twice'the NTSC horizontal sweep fre-
quency, and is, therefore, easily syn-
chronized during both transmission and
reception.
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NOISE REDUCTION

THE STEREO DECODER DESCRIBED N THIS
article doesn’t use a true dbx decoder.
When we first decided to build an MTS
decoder, we contacted the engineers at
dbx Corporation in an attempt to obtain
engineering samples of their decoder
IC’s. As you may know, however, dbx Cor-
poration does not sell those IC’s to un-
licensed persons or companies, and that
includes hobbyists. We were dis-
couraged, but decided to go ahead and
build a converter without the dbx IC’s, and
see just how well it could be done.

The decoder presented here is the re-
sult of that effort, and we believe that it
performs as well as many commercial
units. In addition, none of the electronic
components used are difficult to obtain.
Also, due to a very flexible design, you can
interface the decoder to aimost any TV or
VCR and obtain very good results. R-E

The L — R signal is also compressed by
a complex noise-reduction technique
known as dbx television noise reduction.
(See the sidebar for more on dbx.) The
level of the L —R signal is adjusted to
produce 50 kHz of deviation.

At 78.67 kHz (five times the horizontal
sweep rate) is the SAP subcarrier. It is
limited to 10-kHz of deviation and is also
dbx compressed.

Last, at 102.3 kHz (6.5 times the hori-
zontal sweep), is the subcarrier for the
professional channel. It is not compressed
and is limited to about 3-kHz of deviation.

If the deviations of all sub-channels are
added together, the total is 98 kHz
(25+5+50+ 15+ 3). However, the total
deviation is not allowed to exceed 73 kHz
(50 + 15 + 3), because the sum of the de-
viations of the L + R and L — R signals is
limited to 50 kHz. Although that total is
greater than the deviation of a plain mono
transmission, it fits into the guard band
with room to spare.

If you're familiar with the stereo sys-
tem used for FM radio transmissions,
you'll notice that the stereo portion of the
BTSC system is essentially the same as
that used in FM radio, disregarding the
SAP and professional channels. In fact,
the main differences are the slightly dif
ferent frequencies of the pilot and the
L —R subcarriers. We can take advantage
of those similarities by using an IC that is
normally used to decode FM radio sig-
nals. Doing so simplifies our design and
reduces costs considerably.

The circuit

A block diagram of the stereo-TV de-
coder is shown in Fig. 2. It shows the
overall relationships between the separate
sections of the circuit; Figures 3—6 show
the details of each subsection.

Let’s start with the decoder section
(shown in Fig. 3). It centers around IC], a

J

RF INPUT Ici 13 e
45MHz —| STEREQ EXPANDER/ |
= DEMODULATOR DECODER | DE— EMPHASIS
IC4—b
ch4_-Ra 12 - kHz
REGENERATOR LOWPASS
FILTER 5 a
iC5-b
IC2—a 75— Hz 75 —Hz
RF BUFFER HIGHPASS
HIGHPASS B iR
AF FILTER
° S1
J2 B J3
mumipLex | SCURCE RIGHT
AF INPUT ' CHANNEL
% X LINE
g C1-b OUTPUT
IC2—b MATRIX C8-a
12 —kHz DECODER BUFFER Js
LOWPASS HEADPHONES
FILTER —C—
IC7-a IC8—b =
MATRIX BUFFER
DER
DECO L
LEFT
CHANNEL
Y LUNE
= QUTPUT

FIG. 2—EIGHT INEXPENSIVE IC’S are all it takes to provide a high-quality MTS decoder.

PARTS LIST

All resistors are Vs-watt, 5% unless oth-
erwise noted.

R1—120 ohms

R2, R7, R35, R37—10,000 ohms

R3, R23, R49, R53, R54—10,000 ohms,
trimmer potentiometer

R4, R6, R11, R12, R42, R43, R44, R46,
R48, R50, R51, R59, R60—100,000
ohms

R5—2200 ohms

R8—10 ohms

R9, R24, R31, R57, R58, R63—1000
ohms

R10, R16, R17, R28—3300 ohms

R13—330,000 ohms

R14, R15, R21, R62—4700 ohms

R18—12,000 ohms

R19—25,000 ohms, trimmer potentiome-
ter

R20—4300 ohms

R22, R27—5100 ohms

R25—5,000 ohms, trimmer potentiome-
ter

R26—1500 ohms

R29—30,000 ohms

R30—18,000 ohms

R32, R33, R39, R40—20,000 ohms

R34, R41, R55, R56—39,000 ohms

R36, R38—22,000 ohms

R45—68,000 ohms

R47—470,000 ohms

R52—100,000 ohms, dual-gang potenti-
ometer

R61—330 chms

Capacitors

C1, C4, C13, C32—0.01 uF, ceramic disk
C2, C9, C19—470 pF, ceramic disk

C3, C14—0.05 wF, ceramic disk
C5—5-60, pF, timmer

C6—10 pF, ceramic disk

C7, C8, C10, C11, C27, C38, C47—1 uF,
50 volts, electrolytic

C12, C23, C25—0.0022 uF, ceramic disk

C15, C30, C34-C37—0.22 pF, ceramic
disk

C16, C17—0.47 uF, ceramic disk

C18—0.0047 wF, ceramic disk

C20, C21—0.0015 pF, ceramic disk

C22, C24—0.0039 u.F, ceramic disk

C26, C29—0.015 pF, ceramic disk

C28, C31, C39-C46—10 pF, 50 volts,
electrolytic

C33, C50-C53—2.2 uF, 50 volts, eiec-
trolytic

C48—2200 pF, 50 volts, electrolytic

C49—470 pF, 50 volts, electrolytic

Semiconductors

1C1—MC1358 stereo demodulator

IC2, IC4, IC5, IC7, IC8—L.M358 dual op-
amp

1C3—L.M1800 stereo decoder

IC6—NE570 compander

D1, D1—1N4002 rectifier diode

LED1, LED2—standard

Q1, Q3—2N3904 NPN transistor

Q2—2N3906 PNP transistor

Q4—2N2222 NPN transistor

Other components

F1—Vs-amp, 250-volt fuse
J1-J4—RCA phono jack
J5—stereo headphone jack

L1—33 pH S1—SPDT toggle switch
S2—SPST toggle switch

T1—10.7 MHz {F transformer
T2—25-volt CT power transformer

Note: A drilled, etched, and plated PC
board is available from T3 Research
Inc., 5329 N. Navajo Ave., Giendale, Wi
53217 for $10 plus $0.75 postge and
handling. WI residents add 5% sales
tax.



JUMPER "~ 7 "oy T (0 sk
SEE TEXT .107 MHz IF 0l 5l_wo o
c1 ~1— i
01 IC1
470p|: MC1358
|NPUT DECODER
,.t t_4] K i 10 STAGE
= 33uH
R2 €
s
LG f LEDT
05 == PILOT
= 5—60pF | C6 o
W X 10pF +15V T el —@—> +15V
sV - RE S <RI RI0
F e K 3.3K
J2 Ry ) l
MPX 6] 71 13 L
AUDIO 1 C15 c41;s
INPUT = o 1 RS
9 330K
"_q’cn AAAS
10T 47 RN
1C3 E 100K +15V
LM1800 3 WU
C18 IC4~a !
0047 % LM358 7
4 v VV" 5 +
TFF T i R4
= 47K
] L A
> o1 | 22
415V e 24 00354 3
25K g IC4—b !
0039 IC2—b AMA PLL A7 &
\AAZ =t c20 < Ri5 ¥ LM358
51K AN + 4
A'A'Av * AA'A 5. é l ——
R0 R2I L+R = =
43K 47K ouTpUT 23 L-R
Lo MATRIX 0022 10
025 C26 DECODER o NOISE
0022 015 (FIG.7) = REDUCTION
STAGE
=+ (FIGS)

FIG. 3—THE DECODER STAGE converts the multiplexed audio signal into L +R and L —R signals.

standard 4.5-MHz audio demodulator
that is used in many television receivers.
The circuit is more or less what you find in
the databook. The major exception is that
the standard de-emphasis capacitor has
been eliminated in order to ensure that the
L —Rsignal is presented to the decoder. If
present, the capacitor would roll off the
high-frequency L —R signal.

The output of IC1 is routed to S1, which
allows you to choose between the inter-
nally demodulated signal and an exter-
nally demodulated one. Buffer amplifier
IC2-a then provides a low-impedance
source for driving IC3, an LM1800 stereo
demodulator. As with IC1, IC3 is usedin a
conventional manner. Our circuit differs
from the cookbook circuit, however, in
that the component values associated with
the phase-locked loop have been altered
so that the loop will lock on the 15.734-
kHz MTS pilot rather than on the 19-kHz
FM-radio pilot.

When IC3 is locked on a stereo signal,

the outputs presented at pins 4 and 5 are
the discrete left- and right-channel sig-
nals, respectively. In order to provide
noise reduction to the L —R signal, we
must re-combine the discrete outputs into
sum and difference signals. Op-amp IC4-
a is used to regenerate the L — R signal. It
is wired as a difference amplifier, wherein
the inputs are summed together
(+L —R). Capacitor C18 bridges the left-
and right-channel outputs of the demod-
ulator. Although it decreases high-fre-
quency separation slightly, it also reduces
high-frequency distortion. After building
the circuit, you may want to compare
sound output with and without CI8.

The L+R signal is taken from the
LM1800 at pin 2, where it appears conve-
niently at the output of an internal buffer
amplifier.

The raw L — R signal is applied to IC4-
b, a 12-kHz lowpass filter. The L +R sig-
nal is also fed through a 12-kHz lowpass
filter in order to keep the phase shift un-

dergone by both signals equal. If only one
were filtered, there would be a loss of
high-frequency separation when the left
and right channel signals were recovered.

Next, as shown in Fig. 4, the L—R
signal is fed to Q2. That transistor has
three functions. It allows us to add a level
control to the L—R signal path; it
provides a low source impedance for driv-
ing the following circuits; and it inverts
the signal 180°. (Think of the signal at the
collector of Q2 as — (L —R)). Inversion is
necessary to compensate for the 180° in-
version in the compander.

Next comes the expander stage; this is
where we would use a dbx decoder if we
could get one (see sidebar). At the collec-
tor of Q2 is a 75-p.s de-emphasis network
(R27 and C29) that functions just like the
network associated with QI (in Fig. 3).
Note that Q2 feeds both Q3 and IC5-a, a
—12 db per octave highpass filter. The
output of that filter drives the rectifier in-
put of IC6, an NE570.
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The NE570 is a versatile compander.
We’ll use it as a simple 2:1 expander. The
75-Hz highpass filter at the rectifier input z * AN
helps to prevent hum, 60-Hz sync buzz, L L A 032 R3o

and other low-frequency noise in the R25 0K

L—R signal from causing pumping or
breathing.

The NES570 contains an on-board op-
amp; its inverting input is available di-

6 |5

IC6
Y2 NE570

NOISE
REDUCTION
STAGE
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rectly at pin 5, and via a 20K series re-
sistor at pin 6. That’s a convenient place to
implement the 390-ps fixed de-emphasis
network. The 18K resistor (R30) com-
bines with the internal resistor and C32
(0.01 wF) to form a first-order filter with a L-R 50V
390-ws time constant. Because the inter- INPUT  R28
nal op-amp operates in the inverting (s} B
mode, the — (L —R) signal is restored to
the proper (L —R) form.

The output of the expander drives an-
other 75-Hz highpass filter, but this one is |
a third-order type providing — 18 db per
octave rolloff. It too is used to keep low-
frequency noise from showing up at the
output of the decoder. Keep in mind the
fact that television audio does not extend
much below 50 Hz, so the filter removes
no significant part of the audio signal. At
this point the (L — R) signal has been re-
stored, more or less, to the condition it
was in before it was dbx companded at the
transmitter.

*|c38 cas{ 1’[‘" 22K 10K
Ik 22 AAA
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The L +R signal

Referring back to Fig. 3, the L +R sig-
nal from IC3 is fed to a 12-kHz lowpass -
filter, IC2-b, with a —12 dB per octave
slope. That cutoff frequency was chosen

FIG. 4—THE NOISE-REDUCTION STAGE de-compands the L—R signal, and emulates dl;x-style
processing. As described elsewhere in this article (see box), true dbx procesing is not currently
possible in a home-buiit circuit due to the inavailability of the dbx IC's.

in a somewhat arbitrary manner. We want- '1\_‘ : RT m-'—m— mé:; ! I&AJ!;I{):F:\E:D

ed to remove as much of the 15.734-kHz INFU +15Y

pilot signal from the output of the decoder Q(HG' i 6 oy 1?)10; Cﬂﬁ:gﬂ i

as possible, while preserving as much of ‘R;‘z 50V QUTPUT

the desired high-frequency audio as possi- 100K '—°K—1’—@

ble. So we settled on 12 kHz as a good AMY i =

compromise. ) ) 1’;;5.3( MyORSI S

The output of the highpass filter is ap- 470K 100K RiZa |

plied to a 75-ps de-emphasis network Wy Vahe P3am e

(R22 and C26). The L + R audio signal is Sl

now restored properly. We feed it through R4 3 R4B = | v

Ql, which is wired as an emitter follower L-R | l00K¢ 100K Eso

to provide a high load impedance for the INPUT W 5 a

de-emphasis network and a low source (B O Ra5 | J5

impedance for level control R23. Next the 88K o] | .Eﬁmﬁfs

L +R signal is fed to the matrix decoder, car IC7-a 1 : ——o—

shown in Fig. 5. +T 1uF [v2LM3s8 i =
:E« 0V 3, g

Left and right recovery L L

Op-amps IC7-a and IC7-b are used to MATRIX

recover the individual channels. First, ILNf'\,/%I .

IC7-b is configured as unity-gain dif- == BRow S 16

ference amplifier. The (L +R) is applied 10uF 100K ‘S'"’F

to its inverting input, and the (L —R) sig- 5L 5OV

nal is applied to the non-inverting input. =

Therefore the output of IC7-b may be ex-
pressed as —(L+R) + (L—R) = —L
+ L —R —R = —2R. Similarly, IC7-a
is configured as a mixing inverting ampli-
fier. Here, however, both sum and dif-
ference signals are applied to the inverting
input. So the output of IC7-ais — (L +R)

FIG. 5—THE MATRIX STAGE separates the L + R and L — R signals into the left- and right-channel
components. Op-amp'IC8 and associated components provide an optional headphone output. If you
do not wish to drive a pair of headphones, or plan to use your amplifier's headphone jack for that
purpose, all components to the right of jacks J3 and J4 can be deleted.
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FIG. 6—THE UNREGUALTED POWER SUPPLY shown here provides extremely low ripple for the MTS

decoder.

FiG. 7—THE COMPLETED STEREO DECODER BOARD. Next time, we’ll show you how to build the

circuit shown here.

AN OUTBOARD TUNER lets you use the circuit
with a TV that lacks audio outputs. Next time,
we’ll see many other ways of using the circuit.

-(L-R)=-L-R-L+R=-2L.
Because both channels have been inver-
ted, the stereo relationship is preserved.

The two op-amps in IC8 provide an
additional stage of amplification to drive a
pair of stereo headphones. If you don’t
plan to use headphones, or if you are
content to use only your stereo’s head-
phone jack, all components to the right of
line-output jacks J3 and J4 may be de-
leted.

The schematic of the decoder’s power
supply is shown in Fig. 6. It provides an
unregulated 15-volt DC output. Transistor
Q4 is used as a capacitance multiplier, to

COMPENSATION

THE MARCH 1985 ISSUE OF RADIO-ELEC-
tronics has a good description of the dbx
system, but we’'ll summarize the salient
features here. Keep in mind the fact that
dbx operates only on the stereo difference
signal (L—R).
e The signal is compressed at transmis-
sion by a fixed ratio of 2 to 1.
® The signal is pre-emphasized by a
combination of 75-ps and 390 ps net-
works. ,

~ @ The signal is spectrally companded by
a variable ratio that depends on broad-
band frequency balance and signal level.

Of those three functions, spectral com-
panding is the most difficult to compen-
sate for. We include de-compression
circuits and the proper de-emphasis net-
works, but we decided not o include spec-
tral de-companding in our decoder, based
on the following rationale.

Spectral companding’s primary func-
tion is to mask high-frequency noise when
the signal is composed primarily of low
frequencies at relatively low levels. It does
so by adding a variable amount of high-
frequency pre-emphasis at the proper
times. If the signal contains relatively high
signal levels across the entire audio spec-
trum, little spectral companding is per-
formed. Fortunately, in the real world of
television broadcasting, high-level signals
that extend across the entire audio spec-
trum are fairly common, so little dbx com-
panding actually is performed.

All television stations use sophisticated
audio processing devices to boost the au-
dio level during quiet program material,
and to limit the level during loud material
(like commercials). Those devices gener-
ally divide the spectrum into three bands,
and each band is independently
monitored by the processor to ensure that
the levels in each band remain relatively
high.

The end resultis that overall modulation
remains high across the entire audio
spectrum for most types of program mate-
rial. Therefore, the dbx circuitry would do:
little spectral companding, so we made no
attempt to compensate. R-E

provide high ripple reduction. The four
2.2-pF capacitors (C50-C53) are dis-
tributed on the PC board (which we’ll
show next time) to keep the impedance of
the power-supply rails low. That’s impor-
tant to minimize crosstalk between dif-
ferent sections of the unit.

As shown in Fig. 7, most of the circuit-
ry we’ve described mounts on a single PC
board. Unfortunately, we’ve run out of
space for this month. When we continue
we will show you how to build the circuit,
as well as several methods of connecting
the unit to a TV or VCR. At that time, the
PC pattern will be provided. If you wish to
get a head start, and are planning to pur-
chase a pre-etched board, you can order
one from the source provided in the Parts
List. R-E
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TOD. T. TEMPLIN

STEREO TV DECODER

Now that we know the theory behind MTS transmission and decoding, let’s build a decoder!

P t 2 IN THE FIRST PART OF
ar this article we showed
the complete set of schematic diagrams
(in Fig. 3-Fig. 6) while we discussed the
decoder’s theory of operation. However,
due to a printing error, a line connecting
R13, R14, and pin 7 of IC4 was deleted
from Fig. 3, the decoder stage schematic.
After you go back to your January issue
and draw the line in, you’ll be ready to
start building. But before purchasing any
parts, read the section on interfacing be-
low; you may not need the board-mounted
demodulator and its associated compo-
nents, depending on how you interface the
decoder with your TV or VCR.

To build the decoder, it’s best to use a
PC board. If you wish to etch your own,
the foil pattern is shown in PC Service.
Otherwise you can buy a board from the
source mentioned in the Parts List.

However you obtain a board, before
beginning construction, inspect it care-
fully for shorted and open traces, and
make sure that the copper is clean. If
necessary, rub it with steel wool and then
clean it with soap and water.

When the board is in good shape, start
stuffing it, as shown in Fig. 7 (which
shows all board-mounted components)
and Fig. 8 (which shows all off-board
components and the three jumpers). First
insert the low-profile components, and
. then work up to the larger components.
Be sure to observe the polarity of all semi-
conductors and electrolytic capacitors—
one mistake could be deadly!

When the board is stuffed, clean flux
from the foil side and check your work
once more. Then mount the board in a
case, as shown in Fig. 9.

Interfacing
Before building the decoder, you
should determine how you’ll interface it

with your TV or VCR. If your TV or VCR
has a MPX audio-output jack, then you
can simply connect the decoder’s MPX
input to that jack. In that case, you won’t
need to buy parts for, or build the 4.5-
MHz demodulator. However, few late-
model sets include such a jack, so you’ll
probably have to build and connect a spe-
cial interface circuit. Doing so may void
any warranty that is in effect, so don’t
undertake any modifications to your set
unless you’re quite sure you know what
you’re doing—or are willing to accept the
consequences.

We'll present several ideas for interfac-
ing the demodulator; whichever you
chose, be sure you never work on any
device while it is plugged into a 117-volt
AC power outlet. Many TV chassis are
extremely dangerous because they do not
have power transformers to isolate them
from the AC power line. Sets that lack
such a transformer are said to be hot-
chassis types, because there may be a 117
volts between the chassis and ground.

Converted VCR output

This is probably the most difficult op-
tion physically, because you must remove
the case of your VCR and drill a hole in
the rear panel to mount a small SPST
switch. You must also locate the 75-us
audio de-emphasis capacitor in the tuner
section, and lift the leg that goes to
ground. To find that capacitor, you’ll
probably need a copy of the schematic
diagram for the tuner section of your
VCR. Your dealer’s service department
may have that information, and you may
be able to ask 4 technician there for help in
locating the capacitor.

The de-emphasis capacitor is always
located close to the audio-demodulator
IC. The capacitor forms part of a series
RC network; one leg goes to ground, and

the other is connected to a resistor that’s in
series with the audio path through the
circuit. In some sets one IC may perform
both audio and video demodulation.

.After locating the proper capacitor, re-
move the grounded leg. Then prepare a
piece of shielded cable that is long enough
to reach from the capacitor to the rear
panel switch. As shown in Fig. 10-a, sol-
der the shield to the hole from which the
capacitor’s leg was removed, and the cen-
ter conductor to the free leg. Connect the
other end to the switch.

Now, when the switch is in the STEREO
position, the capacitor is disconnected
from the circuit. That allows the high-
frequency portion of the audio signal that
contains the pilot and the L — R signals to
pass through the remainder of the circuit-
ry and appear at the VCR’s regular audio
output jack. Closing the switch returns
the recorder to normal MONO operation.

Because we tapped the demodulated
audio directly, IC1 and associated compo-
nents can be eliminated from the de-
coder’s PC board. In addition, you can
use that technique with a TV or a
monitor, but only if it is not a hot-chas-
sis type.

IF output jack

Conversely, the following technique
may be used on a TV with a hot chassis.
You’ll have to build the 4.5-MHz section
of the decoder. Before beginning con-
version, obtain a copy of the schematic
diagram of your set. What you’re looking
for is a place to pick up the 4.5-MHz
audio IF signal before it is demodulated.

Locate the audio-demodulator section
of the TV set; it should look something
li}(e Fig. 10-b. In many cases, the circuit
will look similar to the demodulator cir-
cuit in the decoder. Older sets will proba-
bly use a 4.5-MHz IF transformer
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All resistors are Y4-watt, 5% unless oth-
erwise noted.

R1—120 ohms

R2, B7, R35, R37—10,000 ohms

R3, R23, R49, R53, R54—10,000 ohms,
trimmer potentiometer

R4, R6, R11, R12, R42, R43, R44, R46,
R48, R50, R51, R59, R60—100,000
ohms

R5—2200 ohms

R8--10 ohms

RY9, R24, R31, R57, R58, R63—1000
ohms

Rt0, R16, R17, R28—3300 ohms

R13—330,000 ohms

R14, R15, R21, R62—4700 ohms

R18—12,000 ohms

R19—25,000 ohms, trimmer potentiome-
ter

R20—4300 ohms

R22, R27—5100 ohms

R25—5,000 ohms, trimmer potentiome-
ter

R26—1500 ohms

R29—30,000 ohms

R30—18.000 ohms

R32, R33, R39, R40~-20,000 ohms

FiG. 7—MOUNT ALL ON-BOARD COMPONENTS on the MTS decoder’s PC board as shown here.

PARTS LIST

‘R34, R41, R55, R56—39,000 ohms

R36, R38-—22,000 ohms

R45—68,000 ohms

R47—470,000 ohms

R52--100,000 ohms. duai-gang potenti-
ometer

R61--330 ohms

Capacitors

C1, C4, C13, C32—0.01 uF, ceramic disk

C2, C9, C19—470 pF, ceramic disk

C3, C14—0.05 uF, cerami¢ disk

C5--5-60 pF, trimmer

C6—10 pF, ceramic disk

C7, C8, C10, C11, C27, C38, C47—1 puF,
50 volts, electrolytic

C12, C23, C25—0.0022 uF, ceramic disk

C15, C30, C34-C37—0.22 uF, ceramic
disk

C16, C17—0.47 uF, ceramic disk

C18—0.0047 uF, ceramic disk

C20, C21—0.0015 uF; ceramic disk

C22, C24—0.0039 uF, ceramic disk

C26, C29—0.015 pF, ceramic disk

C28, C31, C39-C46—10 uF, 50 voits,
electrolytic

C33, C50-C53—2.2 uF, 50 volts, elec-
trolytic

C48—2200 nF, 50 voits, electroiytic
C49—470 uF, 50 volts, electrolytic

Semiconductors

1IC1—MC1358 stereo demodulator

IC2, IC4, IC5, IC7, IC8—L.M358 dual op-
amp

1C3—1.M1800 stereo decoder

IC6—NES570 compander

D1, D1—1N4002 rectifier diode

LED1, LED2—standard

Q1, Q3—2N3904 NPN transistor

Q2-—2N3906 PNP transistor

Q4—2N2222 NPN transistor

Other components

Fi1-—Ys-amp, 250-volt fuse

J1—u4—RCA phono jack

J5—stereo headphone jack

L1-—33 pH S1--SPDT toggle switch
S2—S8PST toggle switch

T1-10.7 MHz (F transformer
T2—25-volt CT power transformer

Note: A drilled, etched, and plated PC
board is available from T3 Research
Inc., 5329 N. Navajo Ave., Glendale, Wi
53217 for $10 plus $0.75 postge and
handling. Wl residents add 5% sales
tax.
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FiG. 9—THE COMPLETED DECODER appears as shown here. The board shown was an early pro-
totype, so it doesn't match the parts-placement diagrams (shown in Fig. 7 and Fig. 8) exactly.

between the video and the audio demod-
ulator sections; newer sets may use a ce-
ramic filter.

In either case, solder one lead of a 100-
pF capacitor to the output side of the
transformer or filter. Cut a length of
shielded cable that is long enough to reach
from the capacitor to the rear of the set.
Prepare one end by completely removing
about one inch of the braid. Cover the part
of the cable where the shield ends with
tape or heat-shrink tubing. There must
be no possibility of the shield wire’s
touching any part in the TV.

Now solder the center lead to the free
end of the 100 pf capacitor. Dress the
capacitor and the cable so that they don’t
touch any other parts. Locate a conve-
nient, non-conductive place on the rear
cover of the set and mount the RCA jack.
Do not mount the jack on any metal
part of the set. Finish the installation by
soldering the 1-megohm resistor and the
shielded cable to the jack.

RF probe

The RF probe is probably the best inter-
face to use if you're not familiar with the
inner workings of TV’s and VCR’s. Your
set needn’t be modified in any way, and
you don’t have to deal with high voltages.
However, you’ll almost certainly have to
remove the cabinet in order to pick up the
RF signal. In addition, you’ll have to
build the 4.5-MHz demodulator section
of the decoder, but in that case, replace
0.01-pFinput capacitor C1 on the decoder
board with a wire jumper.

The basic idea is to build a small anten-
na that is tuned to 4.5 MHz and is placed
as close as possible to the TV’s audio
demodulator. The antenna will pick up the
RF signals that are naturally radiated in
the set.

The circuit is very simple, as shown in
Fig. 10-c. Use several drops of quick-set
glue to hold the coil to a stick. Then solder
the capacitor close to the body of the coil.
Cover the assembly with heat-shrink tub-
ing to help hold it together and to provide
insulation. Cut a small hole in the tubing
so you can adjust the trimmer capacitor.
Then attach a length of shielded cable
about six feet long, and terminate it with
an RCA plug.

Finding the optimal location for the
probe requires that the decoder be opera-
tional. On the other hand, you can’t make
the decoder operational without an input
signal from the probe. That leaves you in a
bit of a dilemma.

The best solution is to locate the audio
demodulator in the television. Then use a
rubber band or a piece of tape to secure
the probe close to that portion of the cir-
cuit. Temporarily remove any shielding,
if necessary. Now you should be able to
get enough signal to align the decoder,
after which you can go back and reposi-
tion the probe and adjust the setting of the
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trimmer capacitor for maximum signal
strength.

In practice we have found that many
sets, particularly older models and tube
types, radiate so much RF that, after the
probe is tuned, it can pick up enough
signal to work as far as two feet from the
set.

Alignment

The decoder was designed to be easy to
align. The values of all components were
selected so that by setting each adjustable
part to the center of its range, it will be
near its optimal setting.

Begin alignment by setting all potenti-
ometers and trimmer capacitors to their
center positions. Supply an input signal to
the decoder by one of the circuits above.
Be sure that you are tuned to a station that
is transmitting a stereo signal. Most TV
stations leave the pilot on all the time and
transmit a synthesized stereo signal dur-
ing shows that are not true stereo. You’ll
need to monitor the decoder’s outputs via
headphones or a stereo amplifier. If every-
thing is working, you should hear some
audio from the decoder, although it may
be low in volume or highly distorted.

If you’re using the on-board 4.5-MHz
demodulator, you must adjust it first. In-
put transformer TI is broadly tuned, so
any adjustment to it will have little effect.
Leave it centered, and adjust trimmer ca-
pacitor C5 for maximum audio output
from the decoder.

If you’re using the RF probe for input,
you must adjust it while the television is
operating, so be extremely careful not to
touch anything inside the TV set. While
carefully holding the probe in a position
where you can hear some signal, adjust
the probe’s trimmer capacitor for max-
imum output. Then move the probe
around to find the point where the signal

AUDID VIDED

level is strongest. Unplug the TV set and
attach the probe as close as possible to that
point.

Now adjust R3 for maximum signal.
Then adjust R19, the stereo PLL adjust-
ment, rotating it through its entire range.
At some point the stereo piLor LED
should come on. Set R19 to the point
midway between where the LED goes on
and off. Re-adjust R3 until the LED goes
off, then increase R3 to just beyond the
point where it comes back on. Set R19
again. You may need to increase the resis-
tance of potentiometer R3 a little to ensure
reliable PLL lock up.

Now you should be hearing a fairly
good stereo signal. While listening close-
ly to the program material, adjust R25 to
where the sound becomes distorted or
noisy. Then reduce it until the sound be-
comes muffled or dull. Then set it midway
between the extremes.

The matrix-input-level controls, R23
and R49, affect overall left/right separa-
tion. If everything is working normally,
each control should be set to approx-
imately the same position near the center
of its range. You may, however, wish to
experiment with their settings. While lis-
tening to stereo program material, alter-
nately adjust each to obtain the greatest
apparent separation.

Another method of adjusting R23,
R25, and R49 requires an oscilloscope
capable of X-Y display. Connect the
right-channel output of the decoder to the
X input of the oscilloscope and the left-
channel output to the Y input of the os-
cilloscope. Depending on the signal
you’re receiving, as separation decreases,
the display becomes more of a straight
line that tilts one way or the other.

For example, as shown in Fig. 11-a, a
mono signal will appear as a straight line
ata45-degreeangle. A good stereo signal
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FIG. 10—INTERFACING THE DECODER to a TV or VCR can be accomplished in various ways: via the
audio demodulator (a), at the output of the video demodulator (b), or indirectly via an RF probe (c).

¢

FIG. 11—OSCILLOSCOPE DISPLAYS of the
decoder’s left and right outputs. Shown in a
is a mono signal (L + R); in b is a signal with
proper left/right separation; in ¢ is a signal
with too much L —R.

fills all four quadrants of the oscilloscope
display about equally, as shown in Hg.
11-b. A mostly L—R signal appears as
shown in Fig. 11-c.

To adjust the decoder with a scope,
observe the pattern and listen to the sig-
nal. Adjust R25 to the point where the
sound is cleanest. Now alternately adjust
R23 and R49 for the most circular display.
With patience and experience with dif-
ferent types of program material, you’ll
quickly learn how the controls affect the
sound, and thus find the best setting for
each.

When you’re satisfied with your adjust-
ments, assemble the decoder and your TV
set, sit back, and enjoy the new stereo-TV
shows. R-E
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Add a second-audio-program adapter to your MTS stereo decoder!

IN THE PREVIOUS ARTICLE WE SHOWED YOU
how to build an MTS stereo decoder. An-
other TV-audio signal that’s also worth de-
coding is called the Second Audio Program
or SAP channel.

Besides its primary use as a second-lan-
guage audio channel, the SAP channel is
also being used in some interesting and
novel ways. Some TV stations are transmit-
ting continuous weather and news (unre-
lated to the main visual program), public
service information, and station self-promo-
tional activities. Also, as an aid to the visu-
ally impaired, some programs use the SAP
channe! for a narration that describes the
actions, scenery, clothing, and other items
related to the visual aspects of the program.

Although the SAP channel is not being
used by every station in every part of the
country, its use is spreading quickly. That’s
because more and more television broad-
casters are beginning to realize the competi-
tive advantage and the commercial potential
of having a second audio program piped into
viewer’s homes.

The SAP channel is a 78.670-kHz fre-
quency-modulated subcarrier on the main-
audio carrier. The subcarrier frequency is
phase-locked to exactly five times the hori-
zontal-sync rate. That eliminates beating of
the SAP subcarrier with those of the stereo-
pilot signal, the L — R stereo subcarrier, and
the professional channel (which is used by
the broadcaster for private communication),
all of which are multiples of, and phase
locked to the horizontal sync. SAP modula-
tion is limited to 10 kHz of total deviation
and uses the dbx noise reduction system to
improve weak signal reception.

The SAP decoder is designed to plug di-
rectly into the circuit board of our stereo-TV

decoder. It shares the baseband signal
source, the 15-volt power supply, and half of
the NES70 compander IC with the original
circuit. (The stereo decoder used only half
of that IC, where it was labeled IC6. The
SAP decoder makes use of the other half of
that IC, which is labeled IC3-b in the SAP
decoder circuit.)

Circuit description

The schematic for the SAP decoder is
shown in Fig. 1. The baseband-audio input
comes from the pole of switch Sl in the
stereo decoder, and is coupled to ICl (a
CA3089) via a 78.6 kHz bandpass filter that
consists of capacitors Cl and C2, and induc-
tor L1. IC1 is a combination IF amplifier and
quadrature detector normally used for FM-
radio systems operating with an IF of 10.7
MHz. However, the device works equally
well at 78.6 KHz, and was chosen over a
PLL device because its three internal stages
of IF limiting amplifiers allow it to operate
over a wide range of input-signal levels
without any need for adjustment. Capacitors
C6 and C7, and inductor L2 tune the detec-
tor section to 78.6 KHz, while C5 provides
the necessary 90-degree phase shift for
proper quadrature detector operation. Re-
sistor R1 serves to slightly lower the Q of the
detector circuit to ensure adequate band-
width of the recovered audio. The output
voltage at pin 13 of IC1 is proportional to the
level of the incoming signal. When the volt-
age at the wiper of potentiometer R3 reaches
a predetermined threshold level, QI con-
ducts, grounding pin 5 of ICl1, enabling
IC1’s mute function.

Detected audio output from pin 6 of ICI
goes to IC2-a which is configured as a 12
kHz, —12-dB-per-octave, low-pass filter.

It’s the same circuit that is used in the MTS
stereo decoder design and serves to reduce
noise above 10 kHz. The output of IC2-a
appears across potentiometer R10, which
provides a means of adjusting the drive level
into IC3-b, the 2:1 compander. Again, as in
the main stereo decoder circuit, no attempt
has been made to compensate for the spec-
tral-companding component of the dbx-en-
coded signal. Rather, a straight 2:1
expansion with fixed 390-microsecond de-
emphasis is used.

Audio from the wiper of RlO is split into
two paths: a high-pass filter (C14 and R8)
provides a path to the rectifier input of the
compander, and a bandpass filter (R9, Cl6,
and C15) that feeds the audio input of the
compander. The time constant of the com-
pander circuit is controtled by C17; lowering
its value increases the speed of the circuit’s
attack and decay times. A fixed 390-micro-
second de-emphasis network is formed by
C18 and RIl in conjunction with IC3-b.
Corrected audio appears at pin 10 of IC3-b
and is coupled to IC2-b, an output buffer
amplifier.

Audio from pin 6 of IC1 is also coupled to
an audio high-pass filter (RS and C10) and
fed to an audio rectifier (D1, D2, and Cl1).
When a SAP signal is detected by ICL, it is
rectified by DI and D2; the resultant DC
charges Cl1. An increasing positive voltage
at the base of Q2 causes its current flow to
decrease, so the voltage at Q2’s collector
also decreases. That in turn causes the base
voltage of Q3 to drop, which causes Q3 to
conduct, thereby lighting the LED.

Construction
The SAP adaptor is built using a 16-pin
wire-wrap IC socket for IC3. To add the
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FIG. 1—THE SAP ADAPTER SCHEMATIC. Easily added to your stereo decoder, it will

allow you to hear the SAP channel.
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FIG. 2—FOLLOW THIS DIAGRAM for correct placement of the SAP board’s components.

SAP adaptor to the original circuit board,
IC6 (the NE570) is removed from its socket
on the stereo board and placed in the wire-
wrap socket on the SAP circuit board
(where it is now labeled 1C3-b). Then the

wire-wrap socket is plugged back into the
IC6 socket on the main board. Now the
power supply and the compander IC is
shared by both circuits. That type of con-
struction method simplifies the interconnec-

tions and greatly reduces the cost of the SAP
adaptor.

With the exception of using a wire-wrap
IC socket for IC3, building the SAP adaptor
is straightforward. Install the components
on the circuit board as shown in Fig. 2. Be
careful to check the polarity of all diodes,
transistors, IC’s, and especially the elec-
trolytic capacitors.

Figure 3 shows a completed SAP board.
A DPDT switch (§2) must be added to the
chassis of the stereo decoder to allow
switching the output jacks of the decoder
between STEREO and SAP reception. Wiring
details for S2 are shown in Fig. 4. Allow
appropriate lengths of wire for connecting
the SAP board to the input to S, the output
of S2, and the LED, which are all on the
front panel as shown in the photograph.

In-order for the SAP board to be installed
“‘piggy back” on the main board, none of
the components on the main board should be
taller than % inches. That should be no
problem, with the exception of C49. If C49
is too tall, you may need to either use a



FIG. 3—THE COMPLETED SAP BOARD. Notice that only two wires have to be connected

to the stereo decoder.
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FIG. 4—THIS IS HOW S2 is connected into the system to allow for switching between SAP

and stereo decoding.

FIG.5—THE SAP BOARD MOUNTS direct-
ly onto the BTSC board. Notice the modi-
fications (extra switch, wiring, LED, etc.)
that have been made to the chassis in
order to accommodate the SAP decoder.

smaller capacitor, or turn C49 on its side.

Transfer 1C6 (NE570) from the main
board to the IC3 socket on the SAP board.
Line up the pins of the wire wrap socket on
the SAP board with the holes of IC6’s socket
on the main board. Then install the entire
assembly as if it were just one large IC.
Figure 5 shows how the completed decoder
looks with the SAP board in place. The
wire-wrap socket will serve to support the
entire SAP board. Be sure that there aren’t
any components from the main board touch-

ing the foil patterns on the SAP board. Con-
necting the input, output, and LED finishes
the conversion.

Setup

Install the completed stereo decoder in
your system as described in the stereo-de-
coder article. If your decoder was working
properly before you installed the SAP adapt-
or, it should still be working the same with
the adaptor installed. If not, recheck your
work to locate the problem. Tune to a station
that you know is transmitting a SAP signal.
Set R10, the compander-input-level adjust-
ment, to mid position. Set R3, the mute-
detector-level adjustment fully clockwise as
viewed from the front. If a SAP signal is
present you should now hear it and LEDI
should light.

Adjust trimmer C7 for the cleanest sound-
ing signal. Then adjust R3 counter-clock-
wise until the signal just disappears, and
then slowly turn it clockwise until the signal
just re-appears. Switch between a station
with SAP and one without SAP. The adaptor
should mute when no SAP signal is re-
ceived. If it doesn’t, it may be necessary to
slightly readjust R3 for consistent muting.

With the addition of the SAP adaptor to

All resistors are Vs-watt, 5% unless
noted

R1, R20—47,000 ohms

R2—470 ohms

R3—10,000 ohms, vertical trimmer
potentiometer

R4, R12, R13, R19—100,000 ohms

R5-R8—4700 ohms

R9, R15—10,000 ohms

R10—1000 ohms, vertical trimmer
potentiometer

R11—18,000 ohms

R14, R21—1000 ohms

R16—6800 ohms

R17—100 ohms

R18—330,000 ohms

All capacitors 5% tolerance uniess
otherwise noted

C1—390 pF, disc or mica

C2—0.0047 pF, metal film

C3, C4—0.1 puF, metal film or disc

C5—120 pF, disc or mica

C6—270 pF, disc or mica

C7—12—120 pF, trimmer capacitor
(7mm, 3 pin)

C8, C9—10 uF, 16 volts, radial efec-
trolytic

C10, C11, C16—0.001 pF, metal film
or Mylar

C12—0.0039 pF, metal film or Mylar

C13—0.0022 pF, metal film or Mylar

C14—0.047 wF, metal film or Mylar

C15—0.022 pF, metal film or Mylar

C17—4.7 uF, 16 volts, radial elec-
trolytic

C18—0.01 pF, metal film or Mylar

C19-C21—2.2 pF, 16 volts, radial
electrolytic

Semiconductors

IC1—LM3089 IF amplifier

IC2—L M358 low-power dual op-amp

IC3—NES570 or NE571 compander
IC

Q1—2N2222 NPN transistor

Q2, Q3—2N3906 PNP transistor

D1, D2—1N4148 switching diode

LED1—Red LED

Other components

L1—1 mH inductor

L2—10 mH inductor

Miscellaneous:1. 8-pin IC socket, 1
16-pin IC socket, 1 16-pin wire-wrap
IC socket (see text), wire, etc.

Note: A kit containing a printed cir-:
cuit board for the SAP adaptor
and L1, L2, and C7 is available
for $7.75 from T3 Research, Inc.,
5329 N. Navajo Ave., Glendale,
Wisconsin 53217-5036. Wiscon-;
sin residents mustadd appropri-
ate sales tax.

your stereo TV decoder, you are now ready
to enjoy the complete range of audio ser-
vices that are -currently available on broad-
cast television. R-E
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BURGLAR ALARM

Scare off burglars without emptying your wallet with this
simple, inexpensive electronic “scarecrow.”

IT'S A SAD COMMENTARY THAT THESE
days a burglar alarm is becoming as com-
mon a household “‘appliance™ as a fe-
frigerator or a dishwasher. But burglar
alarms are not inexpensive. Most will cost
a few hundred dollars, and some elaborate
systems could cost a thousand dollars or
more.

If your household possessions are sim-
ply not worth that kind of outlay. there is a
very inexpensive alternative. Most bur-
glars are burglars because it's the easiest
way they know of to make a fast buck.
When they look for a house to ransack.
they try to find the easiest target. The
trick. then. is to make your house /ook
like it is protected by a sophisticated
alarm system. That can be done for less
than $20 with the circuit described here.

DISARM
o.—‘—
ARM
2l ~
LED 1 AN/ LED 2 2
RED GREEN (A&
T
[
LM3309
2 4
e .
47uF B
16V

FIG. 1—IT'S NOT A REAL BURGLAR ALARM,
but this “electronic scarecrow” can do almost
as good a job as a real one when it comes to
scaring away a burglar.

5 ODISARM

LED 2
GREEN RED

FIG. 2—THE CIRCUIT CAN BE BUILT on a tiny

PC board. The pattern is provided in our PC

Service section.

FIG. 3—THE CIRCUIT SHOULD be assembled on a piece of anodized aluminum.

An electronic scarecrow

No burglar alarm will make your home
absolutely burglar proof. If you have
something a burglar wants badly, and the
burglar is a professional. he’ll find a way
to defeat the alarm. Otherwise, an alarm’s
principal value is as an “electronic scare-
crow.  Seeing that the house is protected.
a burglar will move on to easier pickings.

How does a burglar know that there is
an alarm? Most alarm systems have their
sensors hidden from view. so frequently
the only sign of an ularm systemis a status
display located near the entrance. That
display usually consists of a red and a
green LED that show whether or not the
system is armed.

By now you may have guessed where
we arc headed: Since the presence of an
alarm-status display alone is enough
sometimes to scare off a burglar, why not
set up a duinmy display and do away with
the rest of the system? That’s preciscly
what our circuit does. Of course it won’t
give you the degree of security that a real
alarm-system would. but its cost is much.
much lower.

The schematic diagram of the circuit is

PARTS LIST

C1—47 uF, 16 volts, electrolytic
IC1-—LM3909 LED flasher IC
LED1-—green jumbo LED

LED2—red jumbo LED

S1—SPST, key switch

B1-—1.5 volts, “C" cell

Miscellaneous: PC or perforated-con-
struction board, anodized aluminum pan-
el, battery holder, wire, solder, etc.

shown in Fig. 1. The circuit is extremely
simple and is built around an LM3909
LED flasher IC. With the value of Cl
shown. the circuit will flash an LED at a
rate of 5.5 times-per-second. It is powered
by an alkaline “C™-size cell: estimated
battery life is 1S months.

Switch S1 should be a key type as is
typically found in burglar-alarm instaltla-
tions. The switch should be mounted on
the dummy status-display’s front panel to
give the set up a more realistic look.

Building the circuit

The circuit is simple enough to be built
on a piece of perforated construction
board. If you wish to use a PC board. an
appropriate pattern is shown in our PC
Service section. The parts-placement di-
agram for the board is shown in Fig. 2.

Two construction details bear special
mention. One is the lead length of the
LED’s. They should be Yi-inch long to
allow for flexibility when mounting the
board (more on that in a moment). Sec-
ondly. the lead length of Ci should be kept
to an absolute minimum. Be sure that the
bottom of that electrolytic capacitor is
flush with the board.

The circuit is mounted on a piece of
anodized aluminum. Size is not critical .
as long as it is appropriate for the task. The
author’s prototype was 12 X 4 inches.
The other side of the aluminum picece will
serve as the dummy status-panel.

Begin by drilling holes for the two
LED’s and the key switch; also drill two
mounting holes. Be careful, as a neat,
“professional” looking job will help en-
hance the effect. Next, secure a “‘C"-cell

continued on page 150
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This pocket-size electronic
Christmas tree will give your
holiday lighting a new and
festive look.

FOR ABOUT $10 YOU CAN BUILD A UNIQUE
high-tech Christmas tree that will add a
ncw and festive look to both your home
and office holiday decorations. And be-

you can’t be home for the holidays you
can pack one along in a suitcase to remind
you of your loved ones.

The electronic Christmas tree is really a
6Y%-inch high tree-shaped printed-circuit
board that’s outlined by what appears to
be randomly-blinking red. green. and
yellow LED’s. The tree’s trimming is the
components for the electronic circuit that
makes the LED's wink and blink. The
Christmas tree's base consists of two AA-
size battery holdeis cemented together
with the tree’s PC board sandwiched be-
tween the two. A little imaginative spray
painting before the components are in-
stalled puts a realistic finishing touch to
the Christmas-tree project.

Because the LED’s arc continuously
cycled on and off. two alkaline batteries
provide more than 300 hours of continu-
ous operation: that’s enough to provide
almost two full weeks of window display
or entertainment before the batteries need
to be replaced.

cause it"s powered by two AA batteries, if
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FIG. i—THREE INDIVIDUAL FLASHER CIRCUITS having unrelated flash rates create a pseudo-
randown blinking of the LED’s because the LED’s from each individual circuit are intermixed around
the edges of the tree.
How it works tolerance range (—20% to +80%) of
As shown in Fig. I, three individual standard electrolytic capacitors add to the
flashing circuits that use an LM3909 LED  irregularity of the blink cycles. The con- PARTS LIST
flasher/oscillator IC create the appearance tinuous current drain is about 10 mA; 4 : .
of a pseudo-random firing order. The however, if you decrease the values of a:l '3;‘_5“2"(;'03 a;le Va-watt, 5%.
combination of CI/R4, C2/R5, and C3/R6 R4-6 or CI-3 in order to to increase the R 4:_3000 ohrzsms
control the blink rate, which is between .3 blink rate, the current will then increase R5—2200 ohms
and .8 second, while the inherent wide proportionately. R6—2700 ohms
R7-R18—39 ohms
Capacitors
i 1~-C3—500 wF, 6 volts, electrolytic
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FIG. 2-TAKE EXTRA CARE THAT THE LED’S are installed with the correct polarities. If you want to
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decorate the “tree”, do it before drilling the mounting holes for the components.

IC1-IC3—LM3909, LED flasher

LED1, LED4, LED7, LED13, LED 16, LED
19—Red, diffused 5-mm LED

LED2, LED5, LED6, LED11, LED14,
LED17—Yellow, diffused 5-mm LED

LED3. LEDS6, LEDS, LED12, LED15,
LED18—Green, diffused 5-mm LED

LED10—Red flasher LED (Radio Shack
270-401 or equivalent)

Other Components

B1, B2—1.5-volt AA alkaline battery

Miscellaneous: battery holders, PC
board, wire, solder, etc.

Note: An etched and drilled PC board is
available for $11 postpaid from Fen-Tek
P.O. Box 5012, Babylon, NY 11707-0012. NY
residents must add appropriate sales
tax.

Note in partcular that external current-
limiting resistors aren’t needed for LED13
through LEDIS; the resistors are built into
the IC’s. LEDIO, which serves as the
tree’s “‘star,” is a special kind of flashing
LED that blinks continuously at a fixed
rate,

Power can be turned off by simply re-
moving either battery, or by slipping a
small piece of paper between any battery
and either of its battery-holder terminals.
Of course, a switch can also be added.

continued on page 162



DU

THE

BLUE

BOX anpo
MA BELL

When blue and red meant the trashing of Ma Bell

HERB FRIEDMAN, COMMUNICATIONS EDITOR

BEFORE THE BREAKUP OF AT& T, MA BELL
was everyone’s favorite enemy. So it was
not surprising that so many people
worked so hard and so successfully at
perfecting various means of making frec
and untraceable telephone calls. Whether
it was a Red Box usced by Joe and Janc
College to call home. or a Blie Box used
by organized crime to lay off untraccable
bets. the technology that provided the
finest telephone system in the world con-
tained the sceds of its own destruction.
The fact of the matter is that the Blue
Box was so effective at making untracca-
ble calls that there is no estimate as to how

a

FIG. 1—THE BOOKLET THAT NEVER EXISTED. Although its existence was denied, the front (a) has a

many calls were made or who made them.
No one knows for certain whether Ma Bell
lost revenues of $100, $100-million. or $1-
billion on the Blue Box. Blue Boxes were
so effective at making {ree. untraceable
calls that Ma Bell didn’t want anyone to
know about them, and for many years
denied their existence. They even went as
far as strong-arming a major consumer-
science magazine into killing an article
that had already been prepared on the
Blue and Red boxes. Further. the police
records of 4 major city contain a report

concerning a break-in at the residence of

the author of that article. The only item

b

photograph of an AMA tape, while the back (b) has the Bell System logo.

missing following the break-in was the
folder containing copics of one ol the car-
liest Blue-Box designs and a Bell-System
booklet that described how subscriber
billing was done by the AMA machine—a
booklet that Ma Bell denied ever existed.:
Fig. | proves otherwise. Since the AMA
(Automatic Message Accounting) ma-
chine was the means whereby Ma Bell
eventually tracked down both the Blue
and Red Boxes. we'll take time out to
explain it. Besides. knowing how the
AMA machine works will help you to
better understand Blue and Red Box
“phone phreaking.™

Who made the call?

Back in the early days of the telephone.
a customer’s billing originated in a me-
chanical counting device, which was usu-
ally called a “‘register”™ or a “meter.”
Each subscriber’s line was connected to a
meter that was part of a wall of meters.
The meter clicked off the message units.
and once a month someone simply wrote
down the meter’s reading, which was later
interpolated into message-unit billing for
those subscriber’s who were charged by
the message unit. (Flat-rate subscriber’s
could make unlimited calls only within a
designated geographic area. The meter
clicked off message units for calls outside
that area.) Because eventually there were
too many meters to read individually, and
because more subscribers started ques-
tioning their monthly bills. the local tele-
phone companics turned to photography.
A photograph of a large number of meters
served as an incontestable record of their
rcading at a given date and time. and was
much easier to convert to customer billing
by the accounting department.
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As you might imagine, even with pho-
tographs billing was cumbersome and did
not reflect the latest technical develop-
ments. A meter didn’t provide any indica-
tion of what the subscriber was doing with
the telephone. nor did it indicate how the
average subscriber made calls or the effi-
ciency of the information service (how
fast the operators could handle requests).
So the meters were replaced by the AMA
machine. One machine handled up to
20,000 subscribers. It produced a
punched tape for a 24-hour period that
showed, among other things, the time a
phone was picked up (went off-hook). the
number dialed. the time the called party
answered, and the time the originating
phone was hung up (placed on-hook).

One other point. which will answer
some’ questions that you're certain to
think of as we discuss the Red and Blue
boxes: Ma Bell did not want persons out-
side their system to know about the AMA
machine. The reason? Almost everyone
had complaints—usually unjustified—
about their billing. Had the public been
aware of the AMA machine they would
have asked for a monthly list of their tele-
phone calls. It wasn’t that Ma Bell feared
errors in billing; rather, they were fearful
of being buried under an avalanche of
paperwork and customer complaints.
Also, the public believed their telephone
calls were personal and untraceable, and
Ma Bell didn’t want to admit that they
knew about the who, when. and where of
every call. And so Ma Bell always insisted
that billing was based on a meter that
simply *“clicked” for each message unit;
that there was no record, other than for
long-distance calls, as to who called
whom. Long distance was handled by,
and the billing information was done by
an operator, so there was a written record
Ma Bell could not deny.

The secrecy surrounding the AMA ma-
chine was so pervasive that local, state,
and even federal police were told that lo-
cal calls made by criminals were un-
traceable, and that people who made
obscene telephone calls could not be
tracked down unless the person receiving
the call could keep the caller on the line
for some 30 to 50 minutes so the connec-
tions could be physically traced by techni-
cians. Imagine asking a woman or child to
put up with almost an hour’s worth of the
most horrendous obscenities in the hope
someone could trace the line. Yet in areas
where the AMA machine had replaced the
meters, it would have been a simple,
though perhaps time-consuming task, to
track down the numbers called by any
telephone during a 24-hour period. But
Ma Bell wanted the AMA machine kept as
secret as possible, and so many a criminal
was not caught, and many a woman was
harried by the obscene calls of a potential
rapist, because existence of the AMA ma-
chine was denied.

As a sidelight as to the secrecy sur-
rounding the AMA machine, someone at
Ma Bell or the local operating company
decided to put the squeeze on the author
of the article on Blue Boxes, and reported
to the Treasury Department that he was. in
fact, manufacturing them for organized
crime—the going rate in the mid 1960’
was supposedly $20,000 a box. (Perhaps
Ma Bell figured the author would get the
obvious message: Forget about the Blue
Box and the AMA machine or you’ll
spend lots of time, and much money on
lawyer’s fees to get out of the hassles it
will cause.) The author was suddenly vis-
ited at his place of employment by a Trea-
sury agent.

Fortunately, it took just a few minutes to
convince the agent that the author was
really just that, and not a technical wizard
working for the mob. But one con-
versation led to another, and the Treasury

TABLE 1—CCITT NUMERICAL CODE

Digit  Frequencies
(hz)

700 + 900
700 + 1100
900 + 1100
700 + 1300
900 + 1300
1100 + 1300
700 + 1500
900 + 1500
1100 + 1500
1300 + 1500
Code 11 700 + 1700}FOR INWARD

QWONDU A WN -

Code 12 900 + 1700JOPERATORS

KP 1100 + 1700 PRIME
(START OF
PULSING)

KP2 1300 + 1700 TRANSIT
TRAFFIC

ST 1500 + 1700 START
(END OF
PULSING)

agent was astounded to learn about the
AMA machine. (Wow! Can an author
whose story is squelched spill his guts.)
According to the Treasury agent, his de-
partment had been told that it was impos-
sible to get a record of local calls made by
gangsters: The Treasury department had
never been informed of the existence of
automatic message accounting. Needless
to say, the agent left with his own copy of
the Bell System publication about the
AMA machine, and the author had an
appointment with the local Treasury-Bu-
reau director to fill him in on the AMA
machine. That information eventually
ended up with Senator Dodd, who was
conducting a congressional investigation
into, among other things, telephone com-
pany surveillance of subscriber lines—
which was a common practice for which
there was detailed instructions, Ma Bell’s
own switching equipment (*‘crossbar’)
manual.

The Blue Box

The Blue Box permitted free telephone
calls because it used Ma Bell’s own inter-
nal frequency-sensitive circuits. When di-
rect long-distance dialing was introduced,
the crossbar equipment knew a long-dis-
tance call was being dialed by the three-
digit area code. The crossbar then con-
verted the dial pulses to the CCITT tone

. groups, shown in Table |, that are used for

international and trunkline signaling.
(Note that those do not correspond to
Touch-Tone frequencies.) As you can see
in that table, the tone groups represent
more than just numbers; among other
things there are tone groups identified as
KP (prime) and ST (starf)—keep them in
mind.

When a subscriber dialed an area code
and a telephone number on a rotary-dial
telephone, the crossbar automatically
connected the subscriber’s telephone to a
long-distance trunk, converted the dial
pulses to CCITT tones, set up electronic
cross-country signaling equipment, and
recorded the originating number and the
called number on the AMA machine. The
CCITT tones sent out on the long-dis-
tance trunk lines activated special equip-
ment that set up or selected the routing,
and caused electro-mechanical equip-
ment in the target city to dial the called
telephone.

Operator-assisted long-distance calls
worked the same way. The operator sim-
ply logged into a long-distance trunk and
pushed the appropriate buttons, which
generated the same tones as direct-dial
equipment. The button sequence was KP
(which activated the long-distance equip-
ment), then the complete area code and
telephone number. At the target city, the
connection was made to the called
number but ringing did not occur until the
operator there pressed the ST button.

The sequence of events of early Blue
Boxes went like this: The caller dialed
information in a distant city, which caused
his AMA machine to record a free call to
information. When the information oper-
ator disconnected, he pressed the KP key
on the Blue Box, which disconnected the
operator and gave him access to a long-
distance trunk. He then dialed the desired
number and ended with an ST, which
caused the target phone to ring. For as
long as the conversation took place, the
AMA machine indicated a free call to an
information operator. The technique re-
quired a long-distance information oper-
ator because the local operator, not being
on a long distance trunk, was accessed
through local wire switching, not the
CCITT tones.

Call anywhere

Now imagine the possibilities. Assume
the Blue Box user was in Philadelphia. He
would call Chicago information, discon-




nect from the operator with a KP tone,
and then dial anywhere that was on direct-
dial service: Los Angeles, Dallas, or any-
where in the world if the Blue Boxer could
get the international codes.

The legend is often told of one Blue
Boxer who, in the 1960’s, lived in New
York and had a girl friend at a college near
Boston. Now back in the 1960°s, making a
telephone call to a college town on the
weekend was even more difficult than it is
today to make a call from New York to
Florida on a reduced-rate holiday using
one of the cut-rate long-distance carriers.
So our Blue Boxer got on an international
operator’s circuit to Rome, Blue Boxed
through to a Hamburg operator, and asked
Hamburg to patch through to Boston. The
Hamburg operator thought the call ori-
ginated in Rome and inquired as to the
“operator’s” good English, to which the
Blue Boxer replied that he was an expatri-
ate hired to handle calls by American tour-
ists back to their homeland. Every
weekend, while the Northeast was stran-
gled by reduced-rate long-distance calls,
our Blue Boxer had no trouble sending his
voice almost 7,000 miles for free.

Vacuum tubes

Assembly plans for Blue Boxes were
sold through classified advertisements in
the electronic-hobbyist magazines. One
of the earliest designs was a two-tube por-
table model that used a 1.5-volt “*A”" bat-
tery for the filaments and a 125-volt *“B”
battery for the high-voltage (B +) power
supply. The portable Blue Box’s func-
tional circuit is shown in Fig. 2. It con-
sisted of two phase-shift oscillators
sharing a common speaker that mixed the
tones from both oscillators. Switches Sl
and S2 each represent 12 switching cir-
cuits used to generate the tones. (No, we
will not supply a working circuit, so
please don't write in and ask—Editor.)
The user placed the speaker over the tele-
phone handset’s transmitter and simply
pressed the buttons that corresponded to
the desired CCITT tones. It was just that
simple.

Actually, it was even easier than it reads
because Blue Boxers discovered they did
not need the operator. If they dialed an
active telephone located in certain nearby,
but different, area codes, they could Biue
Box just as if they had Blue Boxed
through an information operator’s circuit.

The subscriber whose line was Blue

Boxed simply found his phone was dead
when it was picked up. But if the Blue Box
conversation was short, the ““dead”” phone
suddenly came to life the next time it was
picked up. Using a list of *distant” num-
bers, a Blue Boxer would never hassle
anyone enough time to make them com-
plain to the telephone company.

The difference between Blue Boxing
off of a subscriber rather than an informa-
tion operator was that the Blue Boxer’s

AMA tape indicated a real long-distance
telephone call—perhaps costing 15 or 25
cents—instead of a freebie. Of course,
that is the reason why when Ma Bell fi-
nally decided to go public with *“assisted”™
newspaper articles about the Blue Box
users they had apprehended, it was usu-
ally about some college kid or *‘phone
phreak.” One never read of a mobster
being caught. Greed and stupidity were
the reasons why the kid’s were caught.

It was the transistor that led to Ma Bell
going public with the Blue Box. By using
transistors and RC phase-shift networks
for the oscillators, a portable Blue Box
could be made inexpensively, and smail
enough to be to be used unobtrusively
from a public telephone. The college
crowd in many technical schools went
crazy with the portable Blue Box; they
could call the folks back home, their
friends, or get on a free network (the Al-
berta and Carolina connections—which
could be a topic for a whole separate arti-
cle) and never pay a dime to Ma Bell.

simply monitored the booth. Ma Bell
might not have known who originated the
call, but she did know who got the call,
and getting that party to spill their guts
was no problem.

The mob and a few Blue Box hobbyists
(maybe even thousands) knew of the
AMA machine, and so they used a real
telephone number for the KP skip. Their
AMA tapes looked perfectly legitimate.
Even if Ma Bell had told the authorities
they could provide a list of direct-dialed
calls made by local mobsters, the AMA
tapes would never show who was called
through a Blue Box. For example, if a
bookmaker in New York wanted to lay off
some action in Chicago, he could make a
legitimate call to a phone in New Jersey
and then Blue Box to Chicago. His AMA
tape would show a call to New Jersey.
Nowhere would there be a record of the
call to Chicago. Of course. automatic
tone monitoring, computerized billing,
and ESS (Electronic Switching Systems)
now makes that all virtually impossible,

FIG. 2—A POPULAR BLUE BOX DESIGN used two phase-shift oscillators, vacuum tubes, and a simple
speaker connection that mixed both oscillators into a single two-tone output.

Unlike the mobsters who were willing to
pay a small long-distance charge when
Blue Boxing, the kids wanted it, wanted it
all free, and so they used the information
operator routing, and would often talk
*“free-ot-charge™ for hours on end.

Ma Bell finally realized that Blue Box-
ing was costing them Big Bucks, and de-
cided a few articles on the criminal
penalties might scare the Blue Boxers
enough to cease and desist. But who did
Ma Bell catch? The college kids and the
greedies. When Ma Bell decided to catch
the Blue Boxers she simply examined the
AMA tapes for calls to an information
operator that were excessively long. No
one talked to an operator for 5, 10, 30
minutes, or several hours. Once a long
call to an operator appeared several times
on an AMA tape, Ma Bell simply
monitored the line and the Blue Boxer
was caught. (Now do you understand why
we opened with an explanation of the
AMA machine?) If the Blue Boxer
worked from a telephone booth, Ma Bell

but that’s the way it was.

You might wonder how Ma Bell dis-
covered the tricks of the Blue Boxers.
Simple, they hired the perpetrators as
consultants. While the initial newspaper
articles detailed the potential jail penalties
for apprehended Blue Boxers. except for
Ma Bell employees who assisted a Blue
Boxer, it is almost impossible to find an
article on the resolution of the cases be-
cause most hobbyist Blue Boxers got sus-
pended sentences and/or probation if they
assisted Ma Bell in developing anti-Blue
Box techniques. It is asserted, although it
can’t be easily proven, that cooperating
ex-Blue Boxers were paid as consultants.
(If you can’t beat them. hire them to work
for you.)

Should you get any ideas about Blue
Boxing, keep in mind that modern
switching equipment has the capacity to
recognize unauthorized tones. It’s the rea-
son why a local office can leave their
subscriber Touch-Tone circuits active. al-
most inviting you to use the Touch-Tone
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service. A few days after you use an un-
authorized Touch-Tone service, the busi-
ness oftice will call and inquire whether
you'd like to pay for the service or have it
disconnected. The very same central-of-
fice equipment that knows you’re using
Touch-Tone frequencies knows if your line
is originating CCITT signals.

The Red Box

The Red Box, later to be called a Black
Box, was primarily used by the college
crowd to avoid charges when frequent
calls were made between two particular
locations. Unlike the somewhat complex
circuitry of a Blue Box, a Red Box was
nothing more than a modified telephone;
in some instances nothing more than a
capacitor, a momentary switch, and a
battery.

As you recall from our discussion of the
Blue Box, a telephone circuit is really
established before the target phone ever
rings, and the circuit is capable of carry-
ing an AC signal in either direction. When
the caller hears the ringing in his or her
handset, nothing is happening at the re-
ceiving end because the ringing signal he
hears is really a tone generator at his local
telephone office. The target (called) tele-
phone actually gets its 20 pulses-per-sec-
ond ringing voltage when the person who
dialed hears nothing—in the “‘dead™
spaces between hearing the ringing tone.
When the called phone is answered and
taken off hook, the telephone completes a
local-office DC loop that is the signal to
stop the ringing voltage. About three sec-
onds later the DC loop results in a signal
being sent all the way back to the caller’s
AMA machine that the called telephone
was answered. Keep that three-second
AMA delay in mind. (By now you should
have a pretty good idea of what’s coming!)

Figure 3 shows the simplified func-
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FIG. 3—A SIMPLIFIED TELEPHONE circuit. The
handset is connected across the line when hook
switch St is closed. The handset closes the DC
loop with the telephone company’s switching
equipment.

tional schematic of a telephone. Switch
S1 is the hook switch. When S| is open
(on-hook) only the ringer circuit consist-
ing of Cl and BELL is connected across
the line. Capacitor Cl really has no pur-
pose in the ringing circuit; it only serves to
keep DC from flowing through BELLI.
When the local telephone office feeds a
20-pps ringing signal into the line it flows
through CI and a ringer coil in BELLI. A
vibrating device attached to BELLI
strikes a small bell—the ringing device.
When the phone is answered by lifting the
handset {rom its cradle, switch SI closes
(goes off-hook) and connects the handset
across the telephone line. Since the hand-
set’s receiver and transmitter (micro-
phone) are connected in series, a DC path
is established from one side of the line to
the other—what is called completing a
DC loop with the central office. The DC
current flowing in the loop causes the cen-
tral office to instantly stop the ringing
signal. When the handset is replaced in its
cradle, SI is opened, the DC loop is
broken, the circuit is cleared, and a signal
is sent to the originating telephone’s
AMA machine that the called party has
disconnected.

Now as we said earlier, the circuit can
actually carry AC before the DC loop is
closed. The Red Box is simply a device
that provides a telephone with a local bat-
tery so that the phone can generate an AC
signal without having a DC connection to
the telephone line. The earliest of the Red
Boxes was the surplus military field tele-
phone, of which there were thousands
upon thousands in the marketplace during
the 1950°s and 1960’s, The field telephone
was a portable telephone unit having a
manual ringer worked by a crank—just
like the telephone Grandpa used ~n the
farm—and two D-cells. A selecto, .witch
set up the unit so that it functioned as a
standard telephone that could be con-
nected to a combat switchboard, with the
DC power supplied by the switchboard.
But if a combat unit wasn’t connected to a
switchboard, and the Lieutenant yelled
“Take a wire,” the signalman threw a
switch on his field telephone that switch-
ed in the local batteries. To prevent the
possibility of having both ends of the cir-
cuit feeding battery current into the line in
opposite polarity—thereby resulting in si-
lence—the output from the field tele-
phone when running from its internal
batteries was only the AC representing the
voice input, not modulated DC.

Figure 4 is the functional simplified
schematic for a field telephone (do not
attempt to build that circuit). Momen-
tary switch S4 is not part of the field
telephone, it is added when the phone is
converted to a Red Box; so for now, con-
sider that S4 does not exist. Once again,
Sl is the hook switch. When S2 is set to N
(NnormAL) and Si is closed. DC flows
from line A through T1's secondary (S),

st]> Lo
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FIG. 4—A SIMPLIFIED RED BOX. Switch S2 lifts
the handset from the telephone line and con-
nects two D-cells as a local power supply. The
circuit is DC-isolated from the telephone line
even when hook switch St is closed.

through S2-a to S2-b. through T1’s pri-
mary (P), through the handset, through
S2-c, to line B. There is a complete DC
path across the line, and if the unit is
connected across a conventional subscrib-
er telephone line it will close the DC loop
from the local oftice.

To use the field telephone as a Red Box,
switch S2 is set to L (Locar.). Switches
S2-b and S2-c connect batteries Bl and
B2 in series with the handset and the
transformer’s primary, which constitute
an active, working telephone circuit.
Switch S2-a connects T2’s secondary to
one side of the telephone line through a
non-polarized capacitor (Cl1), so that
when hook-switch Sl is closed. T1s sec-
ondary cannot close the DC loop.

Press once to talk
The Red Box was used at the receiving
end; let’s assume it'’s the old homestead.
The call was originated by Junior (or Sis)
at their college 1000 miles from home. Joe
gave the family one ring and then hung up,
which told them that he’s calling. Pop set
up the Red Box by setting S2 to LOCAL.
Then Junior redialed the old homestead.
Pop lifted the handset when the phone
rang, which closed SI. Then Pop closed
momentary-switch S4 for about a half-
second, which caused the local telephone
continued on page 129
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Miniature

Wideband
Amplifier

JOHN CLAWSON

From DC to 450 MHz, 20-dB gain

in the palm of your hand.

FROM DC THROUGH TO THE MOBILE RADIO
and TV frequencies, there’s always need
for some amount of additional amplifica-
tion. In particular, when it comes to TV
reception just a smidgen extra gain can
make the difference between looking at a
snowstorm or a decent picture having
rock-stable color.

Often, obtaining enough of a signal for
a good TV picturc means using some kind
of deep-fringe antenna and a preamplifier.
The problem is, however, that stable pre-
amplifiers don’t come cheap unless you
build them yourself, and even then you
might spend countless days, nights, and
weekends getting one to work without
producing more spuri (spurious signals)
than it does TV signal.

But spurious signals are nonexistent in
the wideband high-frequency amplifier
shown in the photographs; yet it rivals
commercial units in both performance
and reliability—but without their for-
midable price tags. While a commercial
counterpart might easily sell for $100 or
more, our version, shownin Fig. 1, canbe
built for about $12. How can a commer-
cial-quality amplifier be built so inexpen-
sively? The answer to that question is
found in a new breed of integrated circuit,
the Signetics NE5205, a UHF amplifier
with a fixed gain of 20 dB.

FIG1—EXCEPT FOR THE COUPLING and de-
coupling capacitors, IC1is a complete wideband
amplifier having a fixed gain of 20 dB to 450
MHz. No external compensation is required.

Signetics offers the NE5205 in two
kinds of housings: the TO-46 metal can
shown in Fig. 2-a, and the SO-8 DIP
shown in Fig. 2-b. Unlike earlier mono-
lithic amplifiers, the NE5205 does its job
without external compensation networks
and matching transformers. What’s left is
an experimenter’s dream: an inexpensive
black-box amplifier that can be plugged
into practically any circuit. Put into other
words, a gain-block.

BOTTOM VIEW NES205EC
NOTE: TABISPIN 4
8

——'_—\__f_——"\'/'
cc

TOP VIEW NE5205D

b

FIG. 2—THE NE5205 IS AVAILABLE in two con-
figurations: a pinout for a conventional TO-46
metal can whose tab provides the ground con-
nection is shown in a. An SO-8 DIP pinout is
shown in b. The grounded metal case of the
TO-46 version extends the response from 450
MHz to 650 MHz.

Before going into construction details,
let’s go over some of the NES205’s speci-
fications, because they will give you a
better feeling for the IC and its perfor-
mance.

Let’s start with amplification, because
how well the NE5205 does that job will
greatly influence how it is used. To begin
with, there’s 20 dB of fixed insertion gain
that is essentially ruler-flat to 450 MHz.
The grounded case of the TO-46 version
extends the response to —3 dB at 650
MHz. Unlike some theoretical or op-
timized values, 20 dB is a real-world fig-
ure that is not swamped in a sca of noise.
For example, the NE5205 can be used as a
50- or 75-ohm line amplifier; yet even
with such a low impedance it preserves a
remarkably low +4.8 dB NF (Noise Fig-
ure) at 75 ohms, +6.0 dB at 50 ohms.
Input and output VSWR (Voltage Stand-
ing Wave Ratio) for both impedances re-
mains below 1.5:1.to 450 MHz.

Twenty decibels is a hefty boost, but as
Murphy’s Law would have it, with 20 dB
of gain available you will undoubtedly
need 21 dB. How, then, do you provide the
extra gain? As shown in Fig. 3, simply
cascade two NES205s for a total gain of
40 dB. Notice the conspicuous absence of
compensation. Although providing a total
of 40 dB gain, the amplifier is still our
basic wideband amplifier circuit; only an
extra IC, a choke, and two capacitors have
been added.

Also notice that again we are saved
from circuit complexitics by using only
AC coupling capacitors rather than reac-
tive networks. That is amazing, consider-
ing that chaining even the most docile
conventional high-frequency amplifier
can often severely strain stability.

Circuit operation

Referring back to Fig. 1, the wideband
amplifier uses only five components. Ex-
ternal signals enter pin 3 of ICI via AC
coupling capacitor Cl. Following ampli-
fication, the boosted signals from ICl pin |
are coupled to the output by capacitor C2.
Capacitor C3 decouples the DC power
supply, while RF current is isolated from
the power supply by RF choke L1.
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FIG. 3—SINCE THE NE5205 FUNCTIONS as a gain block, two or more can be easily cascaded to
provide additional amplification. In this circuit, which uses two NE5205s, the overall gain is 40 dB.
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FIG. 4—USE THIS CHART to determined micro-
strip trace width for various impedances and
thicknesses of G-10 epoxy board.
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FIG. 5—THIS IS THE COMPONENT LAYOUT for
the basic amplifier. All components are on the
soldering side of the board.

The NE5205's low current consump-
tion of 25 mA at 6 volts DC makes battery-
powered operation a reality. (Although the
device is rated for a 6- to 8-volt power
supply, 6 volts is recommended for nor-
mal operation.) Six volts provides an in-
" ternal bias of 3.3 volts, which permits a
1.4-volt peak-to-peak output swing for
video applications.

Construction

Below 150 MHz, just about any kind of
point-to-point wiring assembly can be
used if the leads are made as short as
possible, if you don’t run the output and
input wires close together, and if you re-
member to ground the metal case.

strip are given in PC Service. The recom-
mended printed-circuit board material is
double-clad 0.060-inch G-10 epoxy
board. The pattern shown is intended for
75-ohm operation. For alternate imped-
ances (Zg) or different thicknesses of
G-10 board, you will need to change both
the input and the output trace widths; refer
to the chart shown in Fig. 4, which shows
the characteristic impedance vs. signal-
trace width required for various G-10
thicknesses. For example, a 50-ohm Zg
(characteristic impedance) and a 0.031-
inch G-10 board requires a signal trace
width of approximately 0.050-inch.

e
6Y =

Lz
2200uH

c4
A

gL

TELEVISION

FIG. 6—IF THE POWER SUPPLY is fed through the signal-carrying coaxial cable, the amplifier can be
mounted in a weatherproof enclosure directly at the antenna.

But the amplifier will perform better at
frequencies above 30 MHz, and most cer-
tainly with fewer problems above 150
MHz, if built on a microstrip. A micro-
strip is a microwave low-loss transmission
line. It consists of a conductor above a
groundplane, analogous to a two-wire
line in which one of the lines is repre-
sented by the groundplane. Obviously,
printed-circuit board that is copper-clad
on both surfaces will make an ideal medi-
um for a homebrew microstrip.

Full-scale PC patterns for the micro-

PARTS LIST

IC1—NE5205EC wideband high frequen-
cy amplifier (Signetics)

C1, C2, C3—0.1 pF, multilayer ceramic

chip capacitor, 10%, 100-WVDC (Stetner

Electronics KEFQ1210

L1—RF choke, 2200,.F, 10%, Ferrite core
(Digi-Key M8153 or equivalent)

Note. The following are available from
John Clawson, P.O. Box 225,
Tillamook, OR 97141: NE5205EC,
$8.50; NE5205D, $6; set of three 0.1-uF
chip capacitors, $3; Printed circuit
board, $3.25. Shipping and handling
$3.25 per total order. Foreign orders
add $4.75. U.S. funds only. Oregon res-
idents add appropriate sales tax.
Check or M.O. only.

Since ICI’'s TO-46 case is grounded,
don’t be concerned about providing an
insulated hole through the groundplane.
You can leave the underside copper com-
plete and simply drill a ¥e-inch hole
through from the top side of the board.

If you want to expand the foil pattern to
include another NES205, keep all new
signal paths short and as straight as possi-
ble. The groundplane should be extended
beyond each edge of any added traces by
no less than the trace width.

The parts-placement pattern is shown
in Fig. 5. Prior to assembling the etched
and drilled PC board, be sure that all cir-
cuit traces are free from residue, burrs,
and obstructions. .

Except for one lead of RF choke LI, all
components are mounted directly on the
soldering side of the board. L1 is attached
by soldering one lead to the Vc plane
and the other lead to the power source.
The ¥%e-inch diameter hole is intended to
hold the NE5205 very snugly. If you expe-
rience a great deal of difficulty installing
ICl, slightly enlarge the hole using a small
round file or a slightly larger drill bit. Be
sure that the the metal flange on the TO-46
case doesn’t touch the V. plane, and
that IC1 is properly oriented. After you
have correctly positioned the IC, solder its
leads to their. appropriate traces, keeping
length to an absolute minimum. Then
make a good electrical connection be-

continued on page 129
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COMMERCIAL ZAPPER

YOUR
RADIO

MARK RUMREICH

Bothered by commercial interruptions on FM? Kill ‘em with this zapper.

MANY SMALL OFFICES USE FM EASY-LIS-
tening stations to supply background mu-
sic. Often, the commercials broadcast by
those stations are unobjectionably loud. If
you’d like to restore peace and quiet to
your office;, just connect our commercial
killer in your receiver’s tape-monitor
loop. The circuit automatically senses
large chianges in volume and reduces out-
put accordingly. In addition, it’s easy to
build, and inexpensive.

How it works

The commercial killer monitors the in-
coming signal and reduces output accord-
ing to how much the input resembles a
commercial (we’ll discuss how it makes
its decision in a moment). In reducing
output, the commercial killer takes ac-
count of the past few seconds of signal in
determining how much to reduce output.
Doing soreduces the number of errors and
creates a smoother overall effect as it fades
out of commercials and fades into music.
Itis less objectionable to miss the first few
seconds of music than to hear the first few
seconds of a commercial, so the commer-
cial killer has different attack and decay
times.

Whether a signal is “commercial-like”
is determined by the rate of large volume
transitions. Because music (especially
that on “light” stations) is typically com-
posed of a number of instruments playing
more or less continuously, the volume (or
envelope) stays fairly constant over a short
period of time. In a typical commercial,
however, the instantaneous volume
changes rapidly over time as the an-
nouncer gauses between words, and as
various additional sound sources are
mixed in and out.

Music with much dynamic range (rock
and roll, for example) has a high rate of
large volume transitions, so the commer-
cial killer probably will trigger er-
roneously with that type of music.

Figure 1 shows a block diagram of the
commercial killer. A summing amplifier
adds the left- and right-channel inputs.
The summing amp has adjustable gain so
that you can find the optimum signal level
for the station you use the commercial
killer with.

Next comes an envelope detector,
which produces a waveform that repre-
sents the instantaneous volume of the sig-
nal. A comparator (with hysteresis)
produces a transition whenever the output
of the envelope detector goes either above
or below pre-set thresholds. The output of
the comparator is conditioned via the
transition converter, which produces a
pulse of fixed width and amplitude for
each transition of the comparator. Those
pulses feed a “leaky integrator,” whose
output determines the gain of the left and
right VCA’s (Voltage Controlled, Ampli-
fiers). The output of the leaky integrator is
a DC voltage whose value depends on the

AAA
Y¥y

pulse rate from the transition converter.

The VCA’s are what actually reduce the
output signals during commercials. An
LED connected to the VCA’s provides a
visible indication of the amount of vol-
ume reduction taking place.

Figure 2 shows the schematic of the
circuit. Diodes D5-D8 form a bridge rec-
tifier that feeds Zener diode D9, which
provides a regulated single-ended 16-volt
supply for the circuit. Because a single-
ended supply is used, a reference voltage
(Vgger) is generated via the voltage divid-
er composed of R36 and R37 and tran-
sistor Q3. That reference voltage is used
to bias the op-amps precisely.

Op-amps ICl-a and ICI-b function as
buffers that drive both the summing amp
(IC2-a) and the VCA'’s (ICi-c and ICI-d).
The outputs of ICl-a and ICl-b are, of
course, biased to the reference voltage. To
achieve maximum dynamic range, a
positive envelope detector follows the

R8
GAIN
RIGHT
INPUT © avrees L] enveore || comparator
LET o v DETECTOR (1C2-b)
TRANSITION
RIGHT
CONVERTER
(1c2-c) LEAKY DUAL - ouTPuT
L —~| INTEGRATOR |—|  veA's  |o LEFT
LI-N (Ic2-d) (Ict-c, IC1-d) | OUTPUT
$ LED 1
FADE

FIG. 1—BLOCK DIAGRAM OF THE COMMERCIAL KILLER: The envelope of the signal is used to vary
the pulse rate from IC2-c. The pulses are integrated; the resulting signal controls the gains of a pair of

VCA’s.
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FIG. 2—THE COMMERCIAL KILLER’S SCHEMATIC: Q3 provides a reference voltage for the op-amps;

Q1 and Q2 control the gain of IC1-c and IC1-d.

FIG. 3—THE SPIKES represent L + R audio, and
the smooth trace, the output of the envelope
detector.

summing amp (IC2-a); that allows the
summer to be referenced to ground (not
Vwer) The envelope detector has a sec-

ond-order network optimized for normal
audio material.

Figure 3 shows typical waveforms at the
output of the summing amplifier (TPI),
and the corresponding waveform at the
output of the envelope dectector (TP2).
The spiked traces represent the audio sig-
nal, and the smooth trace riding above
them, the envelope. The summer’s chan-
nel is set for 1 volt/division, and the enve-
lope detector for 0.5 volt/division. The
timebase is 20 ms/division.

Referring back to the schematic (Fig.
2), IC2-b is used as a comparator. As
mentioned earlier, the comparator has two
thresholds; the signal must cross both be-
fore the output changes from positive to
negative (or vice-versa). The equations
describing the lower and upper threshold

voltages (V| g and V;, respectively) as
functions of the supply voltage and bias
resistors are as follows:

A = (R12 x R13)/(R12 + R13)
Vio = (A-Vcgo) /(A + R1Y)
B = (R11 x.R12)/(R11 + R12)
Vi = (R13 - Vo) / (R13 + B)

In this case, Vo= 0.5 volts and V=~
2.48 volts.

Figure 4 shows the envelope-detector’s
output (TP2) at 0.5 volts/division and the
comparator’s output (TP3) at 2 volts/divi-
sion (both at 20 ms/division). The square
waveform in the center of the photo is the
comparator’s output; the other waveform
is the envelope detector’s output. Notice
that the comparator does not respond to
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FIG. 4—THE SQUARE WAVEFORM represents
the output of the comparator; the other wave-
form is the output of the envelope detector.

shown in the upper trace; the output of the tran-
sition converter is shown in the lower trace.
Every time the comparator changes state, an-
other pulse is generated.

the minor transitions in the early part of
the waveform; the comparator’s output
changes state only after both thresholds
have been crossed.

Because the inverting input of the com-
parator is used for threshold detection, the
output is inverted with respect to the in-
put. The comparator responds to specifi-
cally designed threshold levels, so it is
important that the output of the summing
amp provide that level. We’ll show how to
make the adjustment later.

FIG. 6—THE AUTHOR'’S PROTOTYPE was built on a piece of perfboard using point-to-point wiring.

Figure 5 shows a typical output of the
transition converter (TP4) along with the
corresponding input from the hysteresis
comparator, in the upper and lower traces,
respectively. The transition-converter
waveform is shown at 5 volts/division,
with the bottom graticule at O volts; the
timebase is 100 ms/division. Notice that
the baseline is approximately eight volts
(Vc/2); that is due to the bias at the non-
inverting input of IC2-c.

The leaky integrator (IC2-d) produces a
DC voltage that depends on the pulse rate
from the transition converter. When no
pulses are present, diode D4 is reverse-
biased, and the output of IC2-d will be
equal to the voltage present at its non-
inverting input, Vg When pulses ar-
rive, diode D4 is forward-biased, so the
voltage across capacitor C8 increases.
The output of IC2-d then decreases by a
factor of about 60 (R21/R20). When the
pulse rate is high, the output voltage will
be between six and nine volts, thereby
providing minimum gain from the
VCA’s. But when the pulse rate is low,
capacitor C8 will discharge through re-
sistor R20 to Vg, thereby restoring the
gain op-amp to maximum.

The trick about the VCA circuits is that
a matched pair of N-channel JFET’s act as
voltage-controlled input resistors. When
gate-to-source voltage (V) is near 0
volts, the FET acts as a small resistor, and
gain is maximum—about 5 dB with re-
spect to the output of the buffer stages
(IC1-a and ICI1-b).

However, when Vg is less than —3
volts, the FET acts as a large resistor, so
the gain of the op-amp is minimized—it
provides about 20 dB of attenuation. In
order to provide good left/right matching,
the two FET’s should have similar voltage
and current characteristics, especially at
drain-to-source voltages of 0.6 volts.

Keep.your lead lengths short, and be careful with the 117-volt primary circuit.

PARTS LIST

All resistors are Y:-watt, 5% unless oth-
erwise noted.

R1—R6—47,000 ohms

R7, R9, R14-R17, R22—100,000 ohms

R8, R10—1 megohm

R11—270,000 ohms

R12—68,000 ohms

R13, R27-R30, R37—10,000 ohms

R18, R19—22,000 ohms

R20—33,000 chms

R21—2 megohms

R23, R24—5600 ohms

R25, R26—560 ohms

R31, R33, R34, R38—1000 ohms

R35—470 ohms

R36, R40—2400 ohms

R39—100 ohms

R41—250,000 ohms, trimmer potentio-
meter

Capacitors

C1-C5, C7, C10, C11—0.1 pF, ceramic
disc

C6, C9—0.047 uF, ceramic disc

C8—470 pF, 25 volts, electrolytic

C12—15 pF, 25 volts, electrolytic

C13—220 pF, 25 volts, electrolytic

C14—100 pF, 25 volts, electrolytic

C15—1 pF, 25 volits, tantalum

Semiconductors

IC1, 1IC2—L.M324 quad op-amp

D1-D4—1N4148 signal diode

D5-D8—1N4001 rectifier diode

D9—Zener diode, 16 volt, 1 watt (IN4745
or similar)

LED1, LED2—standard

1, Q2—2N3819 N-channel JFET

Q3—2N3906 (or similar)

Other components

J1-J4--Chassis-mount RCA connectors

F1—Fuse, 0.5 amp, 125 volts AC

S1—SPST, 1 amp, 125 volts AC

T1—Transformer, 12.6 volts, 300 mA (Ra-
dio Shack 273-1385 or similar)

NOTE: The following are available until
April 1989 from MFR Engineering, 5333
N. Guilford, Indianapolis, IN 46220:
Etched and drilled circuit board, $15;
matched set (Q1 and Q2) $3. All prices
postpaid. Indiana residents must add
applicable sales tax.

Construction hints
Figure 6 shows the author’s prototype,
which was built on a piece of prototype
board. The author used two LM324 quad
op-amps, because they’re inexpensive
and easy to obtain. However, slightly bet-
ter frequency response and signal-to-
noise ratio may be obtained by replacing
the buffer op-amps (ICl-a—ICl-d) with
low-noise JFET op-amps (TLO074’s, for
example). Do not replace 1C2-a—I1C2-d
with “high-performance” op-amps. The
LM324 has the unique property of output
swing to ground required in this applica-
tion. Whichever op-amps you use, make
continued on page 130



Concerned about acid rain?
This inexpensive monitor

will keep you informed.

WALTER D. SCOTT

AGID RAIN MONITOR

THE EFFECTS OF ACID RAIN HAVE BEEN
widely debated, often with little hard evi-
dence to back up either side’s point of
view. Actually, it’s not difficult to provide
hard evidence. A simple one-transistor
circuit can be used to sense the acidity of
local rainfall (and other liquids). Ac-
curacy is as.good as the source used to
calibrate the meter. The project can be
built for about $30 using all new parts;
many of the parts are of the junkbox vari-
ety, so with just a little bit of luck the cost
could be even less.

The sensor can be mounted in a remote
location; it has a built-in solenoid-oper-
ated drain valve. The meter indicates acid-
ity in terms of pH, which refers to the
concentration of hydrogen ions in a solu-
tion. The meter’s range is from 7 (neutral)
to 2.5 (highly acidic).

How it works

The schematic diagram of the circuit is
shown in Fig. 1. A simple bridge rectifier
and 12-volt regulator powers the
MOSEFET sensing circuit. The unregu-
lated output of the bridge rectifier oper-
ates the drain solenoid via switch S1. The
sensor itself is built from two electrodes,
one made of copper, the other of lead. In
combination with the liquid trapped by
the sensor, they form a miniature lead-
acid cell whose output is amplified by
MOSFET QIl. The maximum output pro-
duced by our prototype cell was about 50
pA.
MOSFET QI serves as the fourth leg of
a Wheatstone bridge. When sensed acid-
ity causes the sensor to generate a voltage,
QI turns on slightly, so its drain-to-source
resistance decreases. That resistance vari-
ation causes an imbalance in the bridge,
and that imbalance is indicated by meter
MI1.

Construction

The circuit is simple, but the sensor
must be built exactly as shown for calibra-
tion to be accurate. As shown in Fig. 2 and
Fig. 3, the electrodes must have a diame-
ter of Y4 inch, and they must be spaced 4
inch apart in a plastic funnel with a handle
to ensure accurate calibration. The
positive electrode is a 1%2" length of 4"
copper tubing. The negative electrode is a
strip of lead that is formed to the same size
and shape as the copper electrode. You
should be able to get lead strip from a
sporting-goods store; it’s used to make
fishing sinkers. Otherwise, try a
Jjunkyard.

Use flux-less solid-core solder to make
connections to the electrodes, and water-
proof all exposed joints and wiring. Seal
the electrodes in the bottom of the funnel
by melting the plastic with a soldering

iron, or plug the funnel with epoxy putty.
Use a good-quality waterproof cable to
connect the electrodes and solenoid to the
control box.

The solenoid assembly must be water-
proof, otherwise, water may leak into the
solenoid housing and cause a short. But
first, remove the valve and coat the plun-
ger with grease, preferably silicone, for
temperature resistance. Also, coat all
metal solenoid parts with acrylic spray or
clear lacquer. Then epoxy the solenoid’s
valve to the funnel stem through a 1" wash-
er with a drain hole. Mount the solenoid
in a 35mm film canister or other water-
proof container. It may be necessary to
trim off some of the valve’s exit tube in
order to fit it inside the 35mm film can-
ister.

The method of fitting the solenoid to
the cap of the film canister and the mount-

T SOLt
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FIG. 1—THE DRAIN-TO-SOURCE RESISTANCE of Q1 varies depending on the acidity of the sample
presented to Q1’s gate circuit. That variable resistance varies the current flowing through the bridge;

that current is proportional to pH.
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TABLE 1—CALIBRATION

FIG. 4—A 35mm FILM CANISTER provides a
water-tight enclosure for the solenoid valve,

also coat the filter with lacquer to prevent
aluminum-oxide contamination. Plastic
screening is also available and may be

FIG. 2—TWO %-INCH ELECTRODES, made of copper and lead, are mounted inside the funnel, spaced
%-inch apart. A solenoid valve attached to the mouth of the funnel is used to drain it as necessary.

used.

All parts were mounted and wired
point-to-point on a piece of perfboard; the
perfboard was then mounted in a case, as
shown in Fig. 5.

prevents false pH readings that might be
caused by pine needles, oak leaves, or
other acidic contaminants. You should
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FIG. 3—CLOSE-UP OF THE FUNNEL assembly:
the screen keeps foreign matter, which could
affect pH, out of the funnel.

ing bracket will depend on the type of
solenoid you have. Use epoxy, screws, or
both.

As shown in Fig. 4, a swing-away filter
cut from perforated sheet aluminum is
bolted to the funnel’s handle. In addition
to preventing drain-clogging or electrode-
shorting by air-borne particles, the screen

PARTS LIST

All resistors are Ya-watt, 5% unless oth-
erwise noted.

R1—50,000 ohms, pc-mount, linear po-
tentiometer

R2, R3—470 ohms

R4—5000 ohms, PC-mount, linear poten-
tiometer

R5—220,000 ohms

Capacitors

C1—470 wF, 35 volts, electrolytic

Semiconductors

1C1—7812, 12-volt regulator

Q1--3N187 MOSFET transistor

BR1—50-volt 1-amp bridge rectifier

Other components

M1-—100-pA panel meter

NE1—Neon lamp

S1—DPDT, 117-volt, toggie, center off

S0OL1—12-volt DC solenoid valve

T1--12-volt 450-mA power transformer

Calibration

Our prototype was calibrated against a
professional pH meter using precisely-di-
luted sulphuric acid (which is, by the way,
a major ingredient of industrial pollu-
tion.) After setting the zero and full-scale
points, you can calibrate the meter using
Table 1. Otherwise, you can, as we did,
measure known solutions with your meter
and a professional meter, and mark your
meter’s scale accordingly.

The first step is to null the meter; 0 wA
represents neutrality, a pH of 7. With the
sensor connected through the same cable
that will be used for the final instaliation,
set RI for lowest resistance and fill the
receptor funnel with distilled water. Ad-
Jjust R4 until the meter reads exactly zero.

You’ll need to connect a 1.5-volt bat-
tery in series with a 5,000-ohm linear
potentiometer to calibrate the remaining

continued on page 153
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UNTIL RECENTLY, THE DIGITAL

dashboard has been seen only in movies

and custom show cars. Automobile man-

ufacturers now incorporate digital dis- M

plays in selected models. but only as an

extra-cost option. But that leaves the rest

of us in the dark—literally! So here’s an

inexpensive. easy-to-build tachometer

that displays engine speed in both analog

and digital form. The circuit is versatile
_enough to be adapted for use as a speed- . . . -

ometer; we'll show how to do so in a  Monitor your cars engine speed with digital accuracy and

future 1ssue. Th
.i ‘Why did we provide both analog and ana/og readab/llty.

igital displays? Mainly because a digital
adoutcan be harder to read and interpret
!:ier[ra dly C'bemc’lr@ ‘-.ﬂ

alog c}xal. ey
- ]!b}c’fﬁ‘ you .qa )

Tﬂéory of operation
The tachometer works by counting.
pulses from the dlstrlbufb\t points for a
period of timre  and then ualmg and dis-
- |- playing that number. The digital display -
""r-h’t thiee si 1;,!&,\ th&: farth tand
least signifi m) Ways dmpldys -
0.7 s0 ﬂﬂt RPM's ﬁe :ad from the
display dirccaly T} Ll
Breaker-point (requenfy xs‘&taxmmed
by this formula:

f—RPM x (Number of cy!inders / _120)

& i

For example. with a speed of 600 RPM on J : " "E'- RLE N 'Y
an eight cylinder engine. breaker-point )2
frequency is 600 - (8/120) = 40 Hz. At 1
3000 RPM. it is 200 Hz E

Now lef's use the 600-RPM value to
establish how to display the correct value
on the tachometer. With an input frequen- g ,
cy of 40 Hz, the display must read 600. 1
Because the least-significant digit is zero :
and the counter section controls only the
three active digits, we need to end up with “
a value of 60 in our counter. With a time- . t
base of 0.5 second (2 Hz), 60 pulses must
be read within 0.5 seumd Dlvldm y O"i

—'-
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FIG. 1—BLOCK DIAGRAM OF THE TACHOMETER: The PLL scales the breaker-points signal for

display directly in RPM.

Circuit overview

A block diagram of the circuit is shown
in Fig. 1. After conditioning the noisy
input signal, a PLL (Phase-Locked Loop)
is used to multiply the incoming frequen-
cy by the value set by the cylinder-select
switch (S1). The output of the PLL drives
both the analog and digital sections that
follow.

The BCD counter is the heart of the
digital circuit; it counts the multiplied in-
put signal. After a predetermined sam-
pling interval, a latch pulse latches the
number present in the counter at that in-
stant. Immediately following the latch
pulse, a clear pulse resets the counter so
that counting may start from zero for the
next sampling period. The readout is up-
dated every 0.5 second. Figure 2 shows
the circuit’s timing diagram.

The latch and clear pulses that control
the counter are derived from a crystal-
controlled oscillator. The oscillator uses a
3.58-MHz TV color-burst crystal to gen-
erate a 0.5-second gate time that is stable
over a wide range of temperatures.

To produce the analog display, the out-
put of the PLL section is converted to a
voltage by a frequency-to-voltage con-
verter. That relative voltage is then dis-
played on a row of twenty LED’s that are
driven by a pair of bar/graph display-driv-
er IC’s.

CONDITIONED
INPUT

Circuit description

The input-conditioning circuit, PLL,
and timebase are shown in Fig. 3. Pulses
from the points (or tachometer hookup on
an electronic ignition system), are fed
through a coaxial cable to the input cir-
cuit. Waveshaping is accomplished by
rectifying the pulses, filtering out spikes,
and squaring the signal up by using a
comparator with hysteresis. The input cir-
cuit limits the amplitude of the 200-300-
volt pulses from the points to about nine
volts in order to avoid damaging the PLL.
Negative pulses are clipped by DI, and
positive pulses are filtered by Cl and C2.

Pulses are next squared by ICIl, an
LM741 op-amp that functions as a com-
parator. The comparator uses positive
feedback via resistor R6 to produce hys-
teresis, which helps square up the signal.

The PLL section is made up of IC5 (a
4046), its associated circuitry, and IC6, a
4018 presettable divide-by-n counter. The
setting of IC6 is what determines the
PLL’s multiplication factor. If IC6 is set to
divide by 3, the output frequency of the
PLL section will be locked at 3 times the
input frequency. Switch S1 determines the
number by which IC6 will divide the
PLL’s output frequency.

The clock is built around an MM5369
17-stage programmable oscillator/divider
(IC2); it uses a 3.58 MHz crystal to pro-

[T T L T T TT

INPUT

LATCH
PULSE i BB
CLEAR IL 1
PULSE

FIG. 2—THE SIGNAL FROM THE POINTS is multiplied by the PLL and counted until a latch pulse is

received. The counter is then reset.

duce an output of 60 Hz. The 60-Hz out-
put is then divided down to 2 Hz by IC3.
The 50-millisecond latch pulse is pro-
duced by IC7-a; a delayed version of that
pulse is generated by Cl11, C12, R14, R15,
IC7-b, and IC7-c. The delayed pulse
functions as the clear signal that was de-
scribed earlier.

Now let’s examine the digital display
section (shown in Fig. 4). Counting,
latching, and display multiplexing is done
by IC9, an MC14553 three-digit BCD
counter. The common-cathode LED seg-
ments are driven by IC8 (a 74C48); the
LED’s common cathodes are driven by
the three PNP transistors (Q1-Q3).

The analog display (shown in Fig. 5) is
based on a frequency-to-voltage converter
IC12, an LM2917. It produces a voltage
that is proportional to the frequency of the
signal fed to its pin-1 input. That voltage is
fed to the two bar/graph display drivers,
IC10 and ICII, through potentiometer
R34, which allows the display to be cali-
brated. The display drivers are cascaded
to drive the 20 discrete LED’s. Cascading
is accomplished by referencing IC11’s in-
ternal comparator reference voltage to the
final reference voltage of ICI10. Resistor
R29 limits the amount of current the driv-
ers must dissipate.

Construction

The tachometer is built on two PC
boards, a display board, and a main
board. The display board (Fig. 6) contains
four seven-segment LED displays, twenty
discrete LED’s, and several current-limit-
ing resistors. The main board (Fig. 7)
contains the remainder of the circuitry.
The PC boards can be made using the foil
patterns shown in PC Service, or a set of
boards with plated-through holes can be
bought from the supplier mentioned in the
Parts List. If you etch your own boards, be
sure to solder both sides of the board
wherever necessary. If possible, use ma-
chined-type IC sockets that don’t have
plastic bodies, as they can be soldered on
both sides of the board easily.




PARTS LIST

All resistors are ¥a-watt, 5% unless
otherwise noted.

R1—4700 ohms

R2, R3, R5, R12, R14, R15, R30, R33—
10,000 ohms

R4, R7, R8, R10—100,000 ohms

R6-—470,000 ohms

R9—22 megohms

R11—2.2 megohms

R13—1 megohm

R16, R17, R18, R27—1000 ohms

R19—-R25—220 ohms

R26, R31—470 ohms

R28, R36—22,000 ohms

R29—50 ohms, 5 watts, wire-wound

R32—33,000 ohms

R34—10,000 ohms vertical trimmer pot

R35--2200 ohms

Capacitors

C1—0.22 pF disc

C2—0.022 pF disc

C3—0.01 pF disc

C4—10 pF, 16 volts, electrolytic
C5—33 pF disc

C6—22 pF disc

C7, C8, C15—1 uF, 16 volts electrolytic
C9—0.1 pF disc

C10—0.05 pF disc

C11, C12, C13—0.uF 001 disc
C14—0.022 pF mylar

Semiconductors

IC1—LM741 op-amp

IC2—MM5369 17-stage oscillator/divider

IC3—CD4518 dual synchronous
up counter

IC4—CD4081 quad AND gate

IC5—CD4046 micropower
phase-locked loop

1IC6—CD4018 presettable divide-by-n
counter

IC7—CD4001 quad NOR gate

IC8-—74C48 BCD to 7-segment decoder/
driver

IC3—MC14553 three-digit BCD counter

IC10, IC11—LM3914 bar/graph display
driver

1IC12—LM2917N frequency-to-voltage
converter

D1-D3—1N4004 rectifier

D4—1N4739A, 9.1 volis, 1 watt Zener

D5—1N4148 switching diode

D6—1N4001 rectifier

Q1-Q4—2N3906 PNP transistor

LED1-LED10—0.125" green diffused
LED

LED11-LED16—0.125" yellow diffused
LED

LED17-LED20—0.125" red diffused LED

DISP1-DiSP4—7-segment common-
cathode display (Panasonic LN516RK,
Digi-Key P351. P352, P353, & P354
may also be used.)

Other components

S1—DP3T slide switch (CW Industries
GPI154-3013, Digi-Key SW115-ND)

XTAL1—3.58 MHz color-burst crystal

F1—1 amp slo-blow automotive fuse

P1, P2—0.1" 2-pin Molex connector

See page 150 for ordering information.
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FIG. 3—~THE TIMEBASE, INPUT CONDITIONING, and PLL circuits are shown here. Op-amp IC1
functions as a comparator that squares up the input signal for processing by the PLL.

When stuffing the display board, begin
with the eight resistors and the three jum-
pers: then install the four seven-segment
displays. Next, insert the twenty LEDs
into their respective holes. Pay close at-
tention to the polarity of the LED’s. The
cathode (or flat side) goes toward the row
of holes at the lower edge of the board.
After the LEDs have been set in place,
carefully turn the board over and lay it
down on a flat sturdy surface. Now posi-
tion the LED’s and the displays so they are
the samc height above the board. If
they're not, the LED’s must be inserted
into their mounting holes further. After
the LED’s and displays are at the same
approximate height. solder one lead of
each LED to the board. Then turn the

board over and align the LED’s so they
stand up straight and follow a smooth
curve. Now, finish soldering the LED's
and set the display board aside.

The next step is to stuff the main board.
Begin with the smaller parts: resistors and
diodes. Next install the IC’s. Because
they're mainly CMOS IC’s. the usc of
sockets is recommended. but not essen-
tial. If you don’t use sockets. insert the
IC’s caretully, and solder only a few legs
at a time to keep heat to a minimum. If
sockets are used. install them now and
insert the IC’s later. Doing so will lessen
any chances of static damage. Remember,
if you don’t use boards with plated-
through holes. you’ll have to solder most
components on both sides of the board.

MOOGANVH SHILNIWIHIAX3 3-H
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Install the remiining components (ca-
. pacitors, connectors, and transistors).
DISPLAY BOARD The base or center leg of" each 2N3906 is
bent toward the flat side of the package;
the transistor should rest about ¥4 inch off
the board. Install the remaining parts on
the board and double-check both boards
for errors.

Mechanically, the boards are mounted
back to back, separated by Y-inch stand-
offs. Note that each PC board has a row of
35 holes along the lower edge. The boards
were designed so that corresponding
holes in each should be connected elec-
trically using short pieces of bare wire.
o Trimmed resistor legs work admirably. If
S 22007) troubleshooting should prove necesssary,
you can separate the boards by bending
those wires carefully.

Ve 150 4] 93] 12| nfof 9 Before soldering the wires, connect the
f 9 a bocde boards together using stand-offs and #6
Ics hardware. Assemble the boards with the
3 74048 foil side of each facing that of the other.
a b c d a Then lay the assembly down and insert a
| 1] 2] 6 lﬂ_ 5 IN3906 bare wire through each hole in the top
= board and into the corresponding hole in
1 the bottom board. Insert and solder sever-
ﬁ}? N al wires at a time; continue until all wires
c 15 y have been inserted and soldered.
9 1 6 Wy
-’ ) i N335 Testing
2 After the two boards .are stuffed and

Wy connected together, apply 12 volts to P2
10 3LK_|4 18 n |8 i using a power supply or battery. The three
13 = right-hand digits” should display zero’s,
! and the left hand digit should show
T e nothing. Also, no LED’s should be lit.
(ol Now, using an audio-frequency function
generator, apply a 9-volt peak-to-peak 40-
Hz squarewave to the junction of D4 (the
FIG. 4—THE TACHOMETER'’S DIGITAL DISPLAY is a conventional decoder/driver circuit. 9.1-volt Zener diode) and R2. If your gen-
erator cannot supply a squarewave with a
DC offset, you may have to feed the test
point through a 1K resistor and use a high-
er-amplitude signal.
55Wii Set the cylinder-select switch to 8. The
readout should now display something
close to 600. Change the cylinder-select
DPOOD® | D switch to 6; the display should read 800.
[ Last, set the switch to 4; the display
$ 22K should read 1200.
) 2 Vol S il e g = Now we’ll calibrate the analog display.
' — Set the cylinder-select switch to the set-
‘ J~| ting you plan to use. Next, set the gener-
T E R EFEF T FF W] T F FRFETPEFFEFRE R ator to the frequency that will produce the
— "l‘-" L L ’ 4 " - “redline” RPM reading for your engine
(i. e., the speed above which the manufac-
turer recommends you not run the en-
gine.) For an eight-cylinder engine, that
+ speed is typically 5000 RPM. When the
gl Al redline reading is obtained on the digital
- I w1 readout, adjust R34 so the first red LED
LMz31IN = lights up. The tachometer is now cali-

! | brated and ready for installation.
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FIG. 5—THE TACHOMETER'S ANALOG DISPLAY is built around a frequency-to-voltage converter PfOVld?S a good view, that doesn’t inter-
(IC12) that drives two bar/graph drivers (IC10 and IC11). fere with pre-existing components, and
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FIG.6—STUFF THE TACHOMETER’S MAIN BOARD as shown here. Use clipped resistor leads to make

the connections to the display board.
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‘f/
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]

AN

T0 MAIN BOARD

FIG. 7—STUFF THE DISPLAY BOARD as shown here. The flat side of each LED should point toward the
bottom of the board. The two boards are sandwiched together, and corresponding pads on the boards

are connected with short pieces of stiff wire.

one that you can get to without being a
Chinese contortionist!

When a suitable mounting site has been
chosen, run a wire from your ignition sys-
tem to the PC-board assembly. Three pos-
sible wiring schemes for different types of
ignition systems are shown in Fig. 8-«,
Fig. 8-h, and Fig. 8-c. Whatever type of
ignition system you have, run a piece of
coaxial cable from the distributor points
or tachometer hookup to the mounting
location. An easy and reliable way to
make the connection is to attach the center
conductor of the coax to the terminal la-
beled pisT or - on the ignition coil. Many
electronic ignition systems also use a con-
ventional coil, and the connection is made
in the same manner as to a distributor/
points system. Some electronic ignition
systems do not use a conventional coil, so
the connection must be made by fastening
the center conductor of the coax to the
terminal marked TACH.

After putting a connector on the op-
posite end of the signal coax, connect the
power wires. Connect the black wire to
chassis ground and the red one to a source

that is on only when the ignition key is in
the oN position.

Now you're ready to install the ta-
chometer. A case can be built from just
about any type of material, but an attrac-
tive. durable front panel is important. The
use of bronze-colored Plexiglass for the
front panel will not only protect the dis-
plays, but also make them more visible.
Don’t use red filter plastic because it will
wash out the green and yellow LED’s of
the bar/graph display. To enhance ap-
pearance further, the front panel can be
masked on the inside to allow only the
LED’s and displays to show, thus hiding
the rest of the display board. Masking can
be done by taping over the area through
which the displays will show, and painting
the uncovered area black. You may also
want to label the front panel using using
white dry-transfer lettering.

After building your enclosure, mount
the PC-board assembly in it, and then
install the enclosure in your vehicle. Be
sure to install it and the connecting wires
so they will not present a safety hazard.
Now plug in the power and signal con-
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FIG. 8—TO INTERFACE THE TACHOMETER, fol-
low one of these circuits. A conventional (Ket-
tering) ignition system is shown in (a), a
capacitor-discharge system in (b), and a Gener-
al Motors hook-up in (c).

nectors. The installed digital tachometer
is now ready to display your engine’s
speed with both digital accuracy and ana-
log readibility.

Conclusions

The circuit can be used in a car, truck,
boat, or wherever an accurate and reliable
tachometer is needed. If you're interested
in adding other digital display equipment
to your car, see the July, August, and
September 1983 issues of Radio-Elec-
tronics. Those issues contain circuits for
displaying voltage, water temperature,
and oil pressure in digital form. In addi-
tion. the circuit shown here can also be
adapted for use as a speedometer.

See page 150 for an important up-
date! R-E
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for your Car

Dual display delivers both an accurate digital readout and a

YOU PROBABLY SPEND MORE TIME WATCH-
ing your speedometer than any other part
of your dashboard. However, because
most speedometers are mechanical de-
vices and analog in nature, they are prone
to error. And just as other parts of your car
wear out and must be replaced, so must
your speedometer. Besides, the most
common speedometer is simply a pointer
with a background scale; so exact speed is
hard to determine accurately.

. Our digital speedometer will accurately
" display vehicle speed both on a three-digit
seven-segiment display for precise speed

rapid-read analog display.
ROSS ORTMAN

readings, and on a quick easy-to-read ana-
log bar-graph display. The speedometer
can be calibrated to read in miles per hour
or in kilometers per hour, whichever is
preferred. In addition, the bar-graph’s
“red line” can be set to any desired
speed—probably 55 mph.

Theory of operation

The digital speedometer operates by
monitoring the speed of driveshaft rota-
tion (on a rear-wheel-drive vehicle) or one
of the transaxle output shafts (on a front-
wheel-drive vehicle.) Rotational speed is

monitored by sensing four magnets (that
are secured to the driveshaft or output
shaft) with a pickup coil that is mounted to
the chassis or body of the automobile. As
each magnet passes the pickup coil, a
pulse is generated and sent to the digital
speedometer, which then counts the
number of pulses that occur during a pre-
set time interval and converts this number
to display the vehicle’s actual speed. The
pickup coil and magnets are commercial
units that are available from many auto-
parts stores.

Because the speedometer uses magnets

- INPUT Ll i | BARGRAPH
AMPLIFIER g s DISPLAY
FROM CONVERTER DRIVER
MAGNETIC — e
PICKUP
CRYSTAL
a CONTROLLED e DISPLAY
v iy § TIME BASE sbkag
3 PROGRAMMABLE ” BCD 7-SEGMENT THREE-DIGIT
= DIVISION e e DISPLAY | 7-SEGMENT
. | DRIVER DISPLAY

FiG. 1—BLOCK DIAGRAM OF THE SPEEDOMETER: The input amplifier conditions the signal from the

magnetic pickup for processing by the counting and display circuitry.
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FIG. 2—THE INPUT AMPLIFIER AND TIMEBASE circuitry are shown here. DIP switch $1 sets the divide

ratio for calibrating the speedometer.

for sensing (just as many aftermarket
cruise-control devices do), dirt, moisture,
- and weather will not affect its operation.
Also, because the speedometer is digi-
tally calibrated, it will remain accurate in
all conditions ranging from the coldest
winter morning to the hottest summer day.
Referring to the block diagram shown
in Fig. 1, pulses from the magnetic pickup
are amplified and shaped by the input cir-
cuitry. Because all input pulses may not be
the same amplitude (due to different mag-
net strengths and possible distance varia-
tions between the magnets and the pickup
coil), input-pulse shaping increases the
speedometer’s accuracy by eliminating
multiple counts, missed counts, or both.
The conditioned input pulses are sent to
the counter and then to the digital and
analog displays. The counting section
counts the number of input pulses for a
period of time that is determined by the
setting of the programmable timebase.
Let’s take an example of how the time-

base is set for a particular vehicle. On
most vehicles, the gear ratio in third (or
high) gear is 1:1. In other words, drive-
shaft speed is equal (or very close) to
engine speed. On an eight-cylinder en-
gine, the engine is running at approx-
imately 2200 RPM when the vehicle’s
speed is 60 mph. With 2200 RPM as our
driveshaft speed, we know that the input-
pulse rate to the speedometer will be 8800
pulses per minute (2200 RPM times four
magnets). Dividing that number by 60
gives us our input frequency in Hertz, in
this case, 146.66 Hz.

We now determine that the time for one
complete pulse cycle is 6.818 ms (I +
146.66 Hz). In order to display 60 mph on
our digital readout, we must count 60 of
those 6.818-ms pulse cycles. That gives
us a timebase of 0.41 seconds (60 X
6.818 ms), or 2.44 Hz.

The analog display indicates relative
speed by converting the input frequency
to a voltage that is then processed for

display by the bar-graph display driver
IC’s (IC8 and IC9).

Circuit description

Referring to Fig. 2, the pickup coil is
connected to P] of the digital speedometer
via a twisted-pair cable and a2 0.1” female
Molex connector. One side of the coil
assembly is AC coupled to ground
through C5 and C6, and the other side is
passed on to the input amplifier, which is
composed of QI, Q2, and the associated
bias resistors. The pickup coil is biased
slightly positive to ensure that Q1 turns on
reliably. After buffering by IC3-a, the in-
put signal is ready for processing by the
counting section of the speedometer.

The 60-Hz signal is generated by ICI,
an MM5369 17-stage programmable os-
cillator/divider, and its support compo-
nents. Here, IC1 uses a 3.58 MHz color-
burst crystal to produce a stable and accu-
rate 60-Hz reference.

The programmable divider uses two
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All resistors are Y-watt, 5% unless
otherwise noted.

R1—22 megohms

R2-R5,R7,R11-R14,R25,R26,R30,
R32—10,000 ohms

R6,R33—470 ohms

R8,R10,R22-R24,R27—1000 ohms

R9—33,000 ohms

R15-R21,R37—220 ohms

R28—22,000 ohms

R29—50 ohms, 5 watts, wire-wound

R31-—220,000 ohms

R34—10,000 ohms, vertical trimmer
potentiometer

R35—2,200 ohms

R36—22,000 ohms

Capacitors

C1—0.01 pF disc

C2—10 puF, 16 volts, electrolytic

C3—33 pF disc

C4—22 pF disc

C5,C12—0.1 pF disc

C6—4.7 pF, 15 volts, electrolytic

C7—0.001 wF disc

74Cl161 synchronous 4-bit counters (IC2
and IC3) to produce a divider that can be
programmed to divide by a factor ranging
from 4 to 256. The division ratio is set via
eight-position DIP switch S1. The text
box that appears elsewhere in this article
indicates how switch positions corre-
spond with different division ratios.

The output of the programmable divid-
er is fed to two pulse generators consisting
of: IC3-c, C8, and R25; and IC5-c, C9,
and R26. The pulse generators produce
two sequential pulses; a latch pulse fol-
lowed by a clear pulse. The latch pulse
latches the current counter value for dis-
play, and the clear pulse resets the 14553
counter (IC6, shown in Fig. 3) so that it
begins counting from zero for the next
sample period.

The heart of the digital display section
‘(shown in Fig. 3) is IC6, an MCl14553
three-digit BCD counter. That IC counts
the incoming signal for the duration of the
timebase and outputs the value through
IC7,a74C48 BCD to 7-segment decoder,
and on to displays DISP1, DISP2, and
DISP3. Resistors R15-R21 limit the
amount of current that passes through the
displays. The three digits are multiplexed
by Q3, Q4, and Q5.

The analog display section (shown in
Fig. 4) consists of IC10, an LM2917N
frequency-to-voltage converter, and its as-
sociated components. That IC produces a
DC voltage that is proportional to the fre-
quency of the input signal. That relative
voltage is then used to drive two cascaded
LM3914 bar-graph display drivers (IC8
and IC9), which, in turn, drive the 20-
element discrete LED display. The analog
display is calibrated simply by setting po-
tentiometer R34.
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PARTS LIST

C8,C9—0.01 pF disc

C10—0.022 p.F mylar

C11—1 uF, 16 volts, electrolytic

Semiconductors

IC1—MM5369 17-stage oscillator/divider

I1C2,1C4—74C161 synchronous binary
counter

IC3,IC5—4001 quad NOR gate

IC6—MC14553 three-digit BCD counter

IC7—74C48 BCD to 7-segment
decoder/driver

IC8,1IC9—LM3914 dot/bar display driver

IC10—LM2917N frequency-to-voltage
converter

D1,D2—1N4004 rectifier diode

D3—1N4001 rectifier diode

Q1,Q2-—2N3304 NPN transistor

Q3-Q5—2N3906 PNP transistor

LED1-LED10—0.125" greeen diffused

LED11-LED16—0.125" yellow diffused

LED17-LED20—0.125" red diffused

DISP1-DISP3—7-segment common-
cathode display (Panasonic LN516RK,
Digi-Key P351; P352, P353, & P354

may also be used)
Miscellaneous
F1—1 amp slo-blow fuse
S1—eight-position DIP switch
P1,P2—0.1" 2-pin Molex connector
XTAL1—3.58-MHz color-burst crystal
Other components
Li—pick-up coil (ARA part #2701278),
magnets, strap mount (ARA part
#2701279), wire, solder, PC boards, etc.

Note: ARA cruise control parts are

available through your local auto-
motive supply house. They may also
be ordered as follows from Dakota
Digital, R.R. 5 Box 179E, Sioux Falls,
SD. See page 150 for additional or-
dering information.
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FIG. 3—THE DIGITAL DISPLAY section of the circuit uses a 14553 (IC6) to count pulses, and a 74C48
{IC7) to display the count.
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FIG. &—THE ANALOG DISPLAY uses a frequency-to-voltage converter (IC10) to convert the counted

pulses into displayable form.
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FIG. 5—STUFF THE DISPLAY BOARD as shown here. Don’t forget to instali the three jumpers. The fiat
sides of alt LED’s should face the row of holes at the bottom of the board.

Construction

Construction of the digital speed-
ometer is nearly identical to that of the
digital tachomete: presented last month.
The circuit is built on two PC boards: a
display board and a main board. The two
boards are connected by 35 jumpers.

The display board contains the seven-
segment readouts, the twenty LED’s and
several resistors; the main board contains
everything else. The display board is sin-
gle-sided; the main board is double-sided.
The PC boards can be made using the foil
patterns shown in PC Service, or they may

be purchased from the supplier mentioned
in the Parts List. If you etch your own
boards, be sure to solder both sides of the
main board.

Begin stuffing the boards with re-
sistors, diodes, and other low-profile
parts. Refer to Fig. 5 and Fig. 6 for part
locations. If you are using IC sockets,
which we recommend, install them next.
If you don’t use sockets, install the IC’s
last and solder only a few legs of each IC
at a time to prevent overheating. Whether
sockets are used or not, observe CMOS
handling precautions: use a ground strap,
ground your soldering iron, and work
only on an anti-static surface.

Continue installing the rest of the parts,
including the DIP switch, the capacitors,
and the crystal, on the main board. The
transistors are installed with the base or
center leg bent toward the flat side of the
body of the device. Install each transistor
about ¥4 inch above the board.

When stuffing the display board, begin
by inserting and soldering the three seven-
segment displays. And don’t forget to in-
stall the three jumpers located just below
the displays. Then insert the discrete
LED’s into the bo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>