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This Satellite TV Receiver Costs Try A Universal Battery Charger
Less Than $100 to Build It Can Save You Real Dollars
Infra-red Viewer That Lets You : Telephone Line Tester Tells
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Stun Gun For High Voltage
Electronic Protection
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Your Own Portable A
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Computer
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Make your home
into something special!

4

That's exactly what your home will
be when you fill it with Heathkit elec-
tronic products - products that make
your life easier and more enjoyable.
Within our diverse line are l':i( and
assembled products sure to enhance
each room in your home.

1. Make your entryway
more secure and easy to use
with the Keyless Doorlock.
You'll never again be locked out
because of lost or forgotten keys.
All it takes is a simple fingerti
entry of a four-digit code, an

the Keyless Doorlock unlocks your door:

2. Add a new
dimension to your
living room with
your own Comput-
erized Weather
Station. This Digital Weather Station
displays up-to-the-minute tempe-ature,
wind, and barometric pressure readings,
along with time and date.

3. Give your kitchen a |
unique blend of style
and efficiency with our
Digital Wall Clock. This
eas}]-to-build kit keeps time
with quartz-crystal accuracy. And
with its simulated oak wood-grain finish
cabinet, you'll have a timepiece that fits into
almost any decor.
4. Put yourdento
greater use with this
A~ _ IBMPCAT Compatible
Computer. Do word

'l‘
processing, personal
b accounting and more
b N\ when you run exciting

IBM-compatible software on
your fast and powerful HS-248. And you
can build it yourself in just a few hcurs.

S. Bring the latest
in digital tech-
gol(}:gy to your
athroom. This Dig-
ital Scale lets you cl(g)sem
monitor your weight with electronic
orecision. And, it’s battery operated so
:t's safe to use right out of the showe=

6. Add avideo
entertainment cen-
ter to your bedroom.
Our 19"-diagonal |
stereo TV kit gives you ©
an ex:ra-sharp color-
corrected picture with full stereo sound,
and convenient viewing that you can con-
trol from your bed. Comes in a simulated
walnut cabinet that complements your
room.

7. Transform yout
;"ec roofm i}l:“(l))l? = 5
aven for ho 1323328
fun. Put our Dellilxe £ -
QRP CW Transceiver in this room and en-
joy superb HAM radio operation that ex-
cells in performance and features. It offers
expandable transmission and reception
capabilities.

P

4 8. Give your workbench
=4 a touch of profession-
8211 alism with this oscillo-

warns you when the inside temperature of
your freezer rises too high. Prevent water
damage with our Food Alarm that warns
you oF water that's where it shouldn't be.

10. Make your
coming and going
easier than ever.
Your garage door will
open with incredible
ease and dependability with our Deluxe
Garage Door Cpener. Easy to install, this
opener is durable and includes a handy

S 4 scope. Whether you're a
service technician or a hobbyist, you'll love
the wide range of measurement capability
our laboratory-grade Dual Trace 10 MHz
Oscilloscope gives you.

9. Add racticality
to thz utiliry room
and save money, too. /

4
Avoid expensive food /c ( 3
spoilege with our Freezer —
Alarm that

- AYA

security light.

You’ll find fun and excitement with
every Heathkit product. Whether
they're in kit form or already as-
sembled, our products will help you
enjoy your k ome more than you
ever dreamed possible.
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F R E E H=zathkit Catalog

To get your copy of this fu_l-color catalog
offering hundreds of electronic products in kit
and assembled form, write:

Heath Company
Dept. 021-534
Benton Harbor, Michigen 49022

A subsidiary of Zenith Electronics Ccrporation

Company
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FOR YOUR TEST BENCH:
11 Temperature-Measuring Add-On for your DMM
15 Universal Battery Charger
43 Versatile Bench-Top Power Supply
50 Telephone Line Tester
55 Radar-Control Tester
69 Capacitor Leakage Tester
111 Versatile Bench Power Supply
129 Uninterruptable Power Supply

FOR YOUR CAR
122 Radar Signal Detector
108 Bar-Graph Voltmeter for your Car

AROUND THE HOUSE
21 Closed-Caption TV Decoder (two parts)
59 Remote-Control Power Switch
63 Humidity Monitor
77 Stereo TV Decoder
85 $99 Satellite TV Receiver
92 Ultrasonic Pest Repellers
111 Old-Time Crystal Radio

TECHNNOLOGY UPDATE

31 All About Lasers

38 Helium-Neon Laser

47 Electronic Aids for the Blind

73 Walkman Amplifier

81 Mini Music Synthesizer

94 See-In-The-Dark Viewer

99 Build This PC-Compatible Computer (two parts)
119 Stun Gun
123 Working With Voltage Comparators

NEW IDEAS

Necessity may be the mother of invention, but our inventive read-
ers constantly submit the fruits of their labors. We frequently publish
these New Ideas, and what better way to complete this book than
with an assortment of those we consider to be the best!

Battery Substituter has Muscle (168). Speaker Overload
Protector (168). Liquid Rosin Flux (170). Relay Multivibrator
(170). Boiler Control (172). Music Maker (172). Trouble Tone
Alert (167). Crystal Tester (167). Music Maker (166). Automatic
Light Control for Carport (169). Sliding Tone Doorbell (166).
Plant Water Monitor (166). VHF Tone Transmitter (171).

ONTENTS

Page 59

Page 63
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EDITORIAL

ABOUT THIS BOOK

To give you some small insight to the editorial process, picture an
editor cutting and pasting articles from two years worth of RADIO-
ELECTRONICS Magazines. And when—finally—the job is com-
plete, the proof-reading starts. That's when it is discovered that what
appeared to be a five-page article finishes by saying “Continued next
month...” Now you face a choice: Either replace that article with a real
five-pager, or remove the next article and put in the conclusion of the
first. But now the job is done.

Know that this book has been carefully gone over, the articles
included herein have been read several times, that the desk-refer-
ence set has been consulted in detail so that any reported errors
have been corrected, that the several editors who worked on the
various pieces have affirmed that there are no errors, and finally, the
Letters-To-The-Editors columns have been carefully consulted to
reveal any additional errors that may have been reported.

In other words, every possible source of a mistake has been
covered.

But also know that the mortality rate among electronic firms is fairly
high. Before attempting to build any project, write to the various
manufacturers to make sure that parts are still available and that
prices have not changed since the original article first appeared.

The only thing that remains to be said, is that a great deal of time
and effort went into the preparation of the book you now hold in your
hands. We sincerely hope that it is all you anticipated it to be when
you purchased it and would like to hear both your plaudits and your
complaints. Do write and let us know.

The Editors

ON THE COVER

As it happens, young ladies are as capable with soldering irons as
men are. They have equal capability to understand the principles
of electronics, and it seems they can derive as much pleasure and
satisfaction in the completion of a complex construction project as
anybody else!

+8’ELECTRONICS
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NEW PRODUCTS

Audiophile Cables

Kicking off the Monster Cable
line, is the M1 speaker cable. This
cable enables a sound system to
operate at its top capacity to
provide accurate, full-range sound
reproduction.

Using the company’s “Micro-
fiber” dielectric technology and
sophisticated winding techniques,
signals can travel faster and clean-
er, eliminating background noise
and improving transient response.

CIRCLE 50 ON FREE INFORMATION CARD

The M1's winding configuration
uses multiple wire gauges for vari-
ous frequency bands combined in
“grouped networks” for improved
imaging. While custom lengths
can be provided, the cables are
also available in 15- and 25-foot
pairs terminated with Monster Ca-
ble’s X-Terminators as well as 125-
and 250-foot spools. Pre-cut
lengths are available in handsome
cases that can be used for storage
of audio accessories.

Utilising a three-wire, multiple-
gauge network for each conduc-
tor, the Bandwidth-Balanced de-
sign otfers absolute coherency of
frequency and phase response
over the entire musical spectrum.
The M1000 interconnect cables
will be terminated with RCA gold-
plated compression connectors
with sliding/locking outer rings for
better contact and pull-proof fail-
safe reliability.

Speaker cables are priced at
$9.00/foot, $400./15-foot pair,

$550./foot per 25-foot pair. The in-
terconnect cables run from $9.00/
foot to $450.20-foot pair.

For additional information, con-
tact Monster Cable, 101 Townsend
Street, Sanfrancisco, CA 94107,
415/777-1355.

Active Crossover

Designed to control all aspects
of multi-transducer, multi-ampli-
fier car audio systems, the CX0-1
from Harmon Kardon meets many
needs in the autosound market.

When an autosound installation
is made using products of several
manufacturers, the result can be
an uncoordinated, makeshift in-
stallation. This can result in in-
ferior performance, be time
consuming and allow for no flex-
ibility. With the CX0-1, profession-
al or consumer installation is sim-
plified and optimum performance
can be realized.

Separate stereo mid and high
bands are offered, for both front
and rear channels, as well as ster-
eo and mono subwoofer chan-
nels. Low to mid crossover
frequencies are 80Hz, 125 and
200Hz at 12 dB/octave. The mid- to
high-frequency crossover selec-
tions are 2.5kHz, 4kHz and 6.3kHz
at 12dB/octave. “Flat” settings are
available that bypass the active fil-
ters and offer flat response.

CIRCLE 51 ON FREE INFORMATION CARD

An individual output level con-
trol is provided for each of the five
bands. The CX0-1 equalizes where
it has always been needed in the
auto environment, the low end

and the low-midranges. A “cut”
control at 200Hz is offered to can-
cel resonances that may be created
by the car interior.

The CX0-1 has unity gain and
zero insertion loss. With all output
level controls located in the final
stage, you get filtering and fidelity
enhancement with the highest in-
ternal signal levels resulting in the
best possible signal-to-noise ratio.

The unit is priced at $250. For
additional information, write Har-
mon Kardon, 240 Crossways Park
West, Woodbury, NY 11797.

Home Theater Speakers

People listening anyplace in a
room will have the sound arrive
simultaneously and with equal vol-
ume. Used in conjunction with a
video system, the sounds will ap-
pear to be coming directly from
the screen.
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Called Project Everest, this
three-way speaker design is com-
prised of a 15-inch, low-frequency
transducer in a vented enclosure,
a JBL defined coverage horn load-
ing a compression driver for the
mid-frequencies and an ultra-high
frequency slot-loaded ring radi-
ator. The system is designed in mir-
ror-imaged pairs, with specific
right and left channel enclosures.

The defined-coverage horn of-
fers uniform dispersion charac-
teristics for frequencies between
850Hz and 7500Hz with the effect
of widening the centered stereo



WE'LL MATCH OR BEAT ANYONE'S
ADVERTISED RETAIL OR WHOLESALE PRICES!

| SINGLE DEALER
ITEM UNIT | 10-UNIT
PRICE PRICE

RCA 36 CHANNEL CONVERTER (CH. 3 OUT?UT ONLY) | 2995 | 1800 ea

PIOMEER WIRELESS CONVERTER (O JR BE3T BUY) 8895 | 7200 ea
LCC-58 WIRELESS CONVERTER | 9295 | 7600 ea]
JERROLD 450 WIRELESS CONVERTER (CH. 3 OUTPUT ONLY) | 10595 | 9000 ea

SB ADD-ON UNIT 10995 | 5800 ea

BRAND NEW — UNIT FOR SCIENTIFIC ATLANTA Call for specifics
MINIKCODE (N-12) 10995 | 5800 ea.
MIN'CODE (N-12) VARISYNC 11995 | 6200 ea

MIN CODE VARISYNC W/AUTC ON-OFF 17995 11500 ea

M-35 B (CH. 3 OUTPUT ONLY) | 13995 | 7000 ea.
M-35 B W/AUTO ON-OFF (CALL FOR AVAILABILITY) | 19995 [12500 ea.
MLD-1200-3 (CALL IF C4. 2 OUTPUT) 10995 | 58.00 ea.

INTERFERENCE FILTERS — CH. 3 | 2495 | 1400 ea.
JER3OLD 400 OR 450 FEMOTE CONTROLLER 2995 | 18.00 ea |
ZENITH SSAVI CABLE READY (JEALER PRICZ EASED ON 5 UNITS, | 225.00 |185.00 ea

SPECIFY CHANNEL 2 or 3 OUTPUT Ofrer products available — Please Call |

Output Price
LOW E S I Quagrty Channd Each
I R I c Es California Penal Code #593-D forbids us SUBTOTAL

f hipping any cable bling unit Shipping Add
rom shipping any descrambling u S

to anyone residing in the state of Califorma 4
' Prices subject to change without notice C;:g? 8 g:,%dgz )
] PLEASE PRINT TOTAL

Name
Address City

Staie 2Zip Phone Number {
Cashier's Check Money Order COoD Mastercard
Acct # txp. Date
Signature
FOR OUR RECORDS

DECLARATION OF AUTHORIZED USE — |, the undersigned, do hereby declare under
penalty of perjury thatall preducts purchased, now andin 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.

Dated Signed

Pacific Cable Company, Inc.

7325, RESEDA BLVD., DEPT.e~B-0s* RESEDA, CA 91335
(818) 716-5914 « No Collect Calls + (818) 716-5140

WHEN CALLING FOR INFORMATION

Please have usedin your area. Thank You
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image of perception. Because of
the controlled driver dispersion,
room placement is not at all crit-
ical. A listener moving about the
room, away from one speaker and
towards the other, remains within
the direct field of both. The bal-
ance of sound between the speak-
ers remains stable over a wide
listening area.

Ultra-high frequencies above
7500Hz, are handled by the JBL Pro
Division’s ring radiator which de-
livers an extended response to
21.5kHz. The slot loading provides
a 140° horizontal dispersion angle
which matches that of the mid-
range horn at the crossover fre-
quency. High-frequency output is
user adjustable to complement
room acoustics or personal taste.

Project Everest is the most-mas-
sively constructed consumer loud-
speaker system in |BL’s history.
Made from high density, com-
pressed wood up to 1% inches
thick in some sections, the design
offers proper mounting for the de-
fined coverage horn and sufficient
internal volume for the high effi-
ciency and extended low frequen-
cy response.

The hand-rubbed, oiled rose-
wood veneer suits the unit to any
room decor. Priced at $9900. per
pair, the speaker systems will han-
dle amplifier output powers of 40
to 250 watts per channel, with a
nominal 8-ohm impedance. They
measure 55% inches high, 36
inches wide, and 20 inches deep.
For further information, contact
Harman Kardon, 240 Crossways
Park West, Woodbury, NY 11797,

Multi-CD Player

Boasting six-disc magazine and
single-play tray, this multi-play
compact disc player from Pioneer
offers random-access program-
ming of up to 80 tracks on eight
magazines. The new unit has gold-
plated output jacks and digital fil-
tering. The anti-resonance con-
struction is based on a hon-
eycomb chassis and very large
insulators.

A random-play feature permits
the listener to hear songs in a ran-
dom order. A large fluorescent dis-
play for elapsed/total/pro-
grammed time is included. You
get two-speed audible search,
both forward and reverse.

There are four modes of repeat
function, track, disc, magazine
and program. Frequency response
is 4 - 20,000Hz, +/-0.5dB. The sig-
nal-to-noise ratio is better than
100dB and the dynamic range is
better than 96dB. Channel separa-
tion comes in at over 93dB and the
total harmonic distortion mea-
sures less than 0.0035 percent. The
unit is priced at $599.00

CIRCLE 53 ON FREE INFORMATION CARD

Now if you like those numbers,
contact Pioneer at 5000 Airport
Plaza Drive, P. O. Box 1720, Long
Beach, CA 90801-1720, or call
213/420-5700.

Special CB Antennas

Three specially-designed anten-
nas are offered by Midland. The
Model 18-245 is a high-perfor-
mance co-phased twin antenna
that delivers added range. Fi-
berglass radiators and aluminum
mirror mounts make this ideal for
trucks and RVs. A pre-wired cable
harness and connector are in-
cluded. Suggested retail is $49.95.

¥

X
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¥
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t
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The Model 18-275 is designed for
gutter/luggage rack mounting. It
clamps firmly and quickly to vehi-
cles that are so equipped. A pre-
wired cable and connector are in-
cluded, and this unit is priced at a
suggested retail of $24.95.

The new Midland ‘“Rubber
Duck” flexible antenna, Model
18-253, is designed for use with
Midland portable Models 75-710B,

764B, and 790. The Rubber Duck
mounts on the existing telescop-
ing antenna base and provides ex-
cellent performance, safety and
convenience. Suggested retail is
only $19.95.

If you'd like additional informa-
tion, please write to Midland Inter-
national, 1690 North Topping,
Kansas City, MO 64120, or call
816/241-8500.

Hot Speakers

Boston Acoustics recently an-
nounced improved versions of
their popular home loudspeakers.
The A70 series Il bookshelf speak-
er and the A150 Series 11l floor-
standing unit. Both speakers fea-
ture new drivers designed and
built in the United States by B. A.
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The A-70 Series Il is a two-way
speaker with woofer, crossover
and bookshelf design. The eight-
inch woofer uses a polypropylene
cone, with more accurate re-
sponse through the operating
range. The tweeter is the B.A. CFT
1-inch dome. Suggested retail
price is $300 pair.

The A150 Series Il is a floor-
standing unit with an all-new driv-
er complement. The three-way
system features a ten-inch woofer,
3% inch midrange, and a CFT 1-
inch dome tweeter. Suggested re-
tail is $550.00 per pair.

For additional information, con-
tact Boston Acoustics, 247 Lyn-
nfield Street, Peabody, MA 01960
or call 617/532-2111.

Multi-Driver Speakers
The new-generation Kappa Se-
ries from Infinity Systems are
finished in hand-rubbed, oiled
oak. The series consists of three
models; The 12-in. three-way Re-




ferance Standard 7 k, the 12-in.,
four-way Reference Standard 8 k,
and the 12-in. five-way, dual
woofer Reference Standard 9 k.
Each speaker uses a newly-de-
veloped cast frame woofer with a
cone molded from polypropylene
and graphite fiber. The increased
stiffness-to-mass ratio of the cone
improves bass response.
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Both the 8 k and 9 k contain the
Polygraph k, a five-inch dome-
shaped driver optimized for 80 Hz
to 500 Hz.

The midrange driver, a three-
inch polydome k is used in all
three speakers. It features flat
wire, edgewound voice coils and a
polypropylene cone that offers ex-
tremely low mass and excellent
self damping.

Each modelis equipped with the
EMIT k tweeter. The new tweeter’s
diaphragm weighs half as much as
its predecessor, and it is sur-
rounded by exotic, rare-earth neo-
dymium magnets.

For frequencies above 10 kHz,
the Reference Standard 9 k uses a
SEMIT™ supertweeter.

The 7 k is priced at $599. retail,
the 8 k at $899., and the 9 k at $1199.
For additional data, contact Infini-
ty Systems, Inc., 9409 Owens-
mouth Ave., Chatsworth, CA 91311,
or call 818/709-9400.

Compact VHS Camcorder

While the PV-100 camcorder
from Panasonic will fit in your
hand, it incorporates some as-
tounding new features. These in-
clude a high-speed shutter, a low
light, high-resolution CCD image
sensor, and a piezo zone auto
focus system.
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The PV-100 uses a compact VHS
cassette which is fully compatible
with any existing home VHS re-
corder when the included adapter
is used. The cassette provides a
full hour of recording time.

An automatic zone focusing sys-
tem using piezoelectric tech-
nology is employed.

For further information, contact
Panasonic Company, One Pan-
asonic Way, Secaucus, NJ 07094.

ELENCO PRODUCTS AT DISCOUNT PRICES!
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20MHz DUAL TRACE OSCILLOSCOPE
$349 MO-1251

$498

35MHz DUAL TRACE OSCILLOSCOPE

MO-1252

Tup quality scopes at a very reasonable price. Contains ah the desired features. Elenco’'s 2 year guarantee
assures you of continuous service. Two 1x, 10x probes, diagrams and manual included. Write for specs.

MULTIMETER with TRUE AMS 4% )
TSI CAPACITANCE AND L e Auto Ranging
TRANSISTOR ] plus
TESTER Model L Manual Ranging
M-7000 — 32 Digit Meter
Model L 28 Functions
CM-1500 $65 $1 35 :: Fully protected
Reads Volts, Ohms, .05% DC Accuracy == !
Current, Capacitors, 1% Resistance Welafle | M-1180.7% Acy $36.95
Transistors & with Freq. Counter § * . M-1182 .25% Acy $39.95
Diodes & Deluxe Case T M-1181 .1% Acy $42.95

GF-8016 FUNCTION GENERATOR

» Pulse,

= Sine, Square, Triangle

» Frequency .1 thru 10MHz
GF-8015 without Freq. Meter $169

* 10MHz OC or AC

* Triggered Sweep

= Calibrated vert & Hor
« Reads Volits & Freq

Ramp, .2 to 2MHz

10MHz OSCILLOSCOPE BREADBOARD
with Freq. Counter $199
o '
$219 S-3000 Shown |+*

9430 1,100 pins $15
9434 2,170 pins $25
9436 2,860 pins $35

DIGITAL TRIPLE POWER SUPPLY

DIGITAL LCR METER

S50MHz LOGIC PROBE
20 nsec with memory

Model
LP-700
XP-765
i $195 9IS
"":__ - -
‘ae! WE-ER o V020V @ 1A Model
|ovow o0 ge. 0-20v @ 1A LC-1800
5v @ 5A Measures:
Inductors,
Fully Regulated, Short Circuit Protected with 2 - Capacitors,
Limit Cont. 3 Separate Supplies - Resistors

XP-680 with Analog Meters $149.50

t:-gol;oPulur 323

DIGITAL 3 AMP POWER SUPPLY

MULTI-FUNCTION COUNTERS

Model
XP-750 L
E B | 2 £-1000
o I B 4 $165 A - oY $245
cml- . - 0-40V @ 1.5A == "' T ‘_:;.- ‘
B e i s S A

Fully -egulated, short circuit protected current

himit control

XP-850 with Analog Meters $119.50

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

C&S SALES INC., 8744 W. North Ter, Nliles, IL 60648 ™= ]

800-292-7711 (312) 459-8040

ASK FOR CATALOG

15 DAY MONEY
BACK GUARANTEE

2 Year Limited Guarantee! Add 5% for Postage ($10 max), IL Res., 7% Tax

CIRCLE 14 ON FREE INFORMATION CARD

~  AOOSANVH SHILN3IWIHILX3 3-H



® R-E EXPERIMENTERS HANDBOOK

Lacquered Speakers

This lacquer-finished loud-
speaker system from |BL combines
classic tradition in design with up-
to-the-minute technology. Offer-
ing an elegant finish in lacquer in-
stead of wood, the L series
speakers are designed to replicate
the sound heard in the recording
studio. Prices are as follows: For
the L20TBQ, $280 each, The
L60TBQ is $385, and the L80TBQ
comes in at $550 each.
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JBL used pure titanium in the
high-frequency transducers. Ti-
tanium offers a high strength-to-
weight ratio. With a unique pro-
cess that swirls compressed gasses
against a titanium film, the dome
needs to be only 25 microns thick,
less than the diameter of a strand
of human hair. An intricate net-
work of ribs formed into the dome
elements eliminates any possible
deformation problems.

Crossover in the L series is
achieved by high spatial-identifi-
cation dividing networks. These
not only assure smooth driver-to-
driver transition, they guartantee
proper musical placement.

All the L-Series speakers are
finished in European high-quality
polyurethane acrylic enamels, as
beautiful as they are durable. For
additional information, contact
Harman Kardon, 240 Crossways
Park West, Woodbury, NY 11797,

Public information Radio

While people are fascinated by
the activity on public service
bands, the idea of programming a
scanner or looking up frequencies
in a directory is a turn-off. For
them, Regency has developed the
Informant INF-5. This user-friendly
receiver is factory pre-pro-
grammed so it can be operated by
anybody with no previous knowl-
edge of scanners.

At the touch of a key, the unit
monitors police, fire, emergency

or weather broadcasts for a par-
ticular state that is four times as
fast as other scanners.

A special “weather scan” feature
allows it to find the latest weather
information from the National
Weather Service with a single
touch.
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This is called the fastest-scan-
ning receiver on the market. Its
patented new “Turboscan” tech-
nology—a Regency exclusive—al-
lows it to scan public service
frequencies at a rate of 50 channels
per second, nearly four times fast-
er than competitive models.

Other features include a digital
display which shows the state and
type of transmission being
monitored, a top-mounted speak-
er, a hold switch to keep the re-
ceiver on a single frequency, and a
squelch control to reduce back-
ground noise. The INF-5 has a sug-
gested retail price of $349.95, and
has a one-year warranty. The pack-
age includes an AC power-supply
cord, telescoping antenna and
easy-to-follow instruction manual.
Additional information can be had
by writing to Regency Electronics
Inc., .7707 Records Street, Indi-
anapolis, IN 46226.

Compact Speaker

The MFJ-280 loudspeaker is peg-
ged at a low $18.95. For that price,
you get a rugged, compact mobile
loudspeaker including a tilt
bracket and magnetic base.

The unit comes with a 3%mm
phone plug on the end of a long
cord. It works well with all four-
and eight-ohm impedances and
can handle up to three watts of
audio. Its dark-gray color goes
well with nearly all rigs.

In addition to an unconditional

CIRCLE 60 ON FREE INFORMATION CARD
one-year warranty, the speaker, if
purchased from MF] may be re-
turned within 30 days for a full re-
fund, less shipping charges. To
order or get additional informa-
tion, contact MF) Enterprises, Inc.,
P. O. Box 494, Mississippi State,
MS 39762. Tel. 800/647-1800, or
601/323-5969. Telex number is
53-4590 MF] STKV.

Multi-Band Radio

Combining a microcomputer-
controlled, PLL quartz-syn-
thesized receiver and a double su-
perheterodyne system, Panasonic
has introduced the RF-B60, a com-
pact, multi-band (FM/LW/MW/SW)
radio with outstanding sensitivity,
stability and selection.

The unit utilises an up-con-
version double superhet receiver,
providing two IF’s to help reduce
first and second image inter-
ference characteristics while im-
age rejection is reduced by raising
the initial IF to 55.845mHz.
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The system offers 36-station pre-
set tuning, allowing instant recall
using the corresponding memory
recall keys.

Priced at $269.95, the RF-B60 re-
quires 6 “AA” size penlight bat-
teries which are not included. For
further information, contact Pan-
asonic Co., One Panasonic Way,
Secaucus, NJ 07094.

continued on page 138




'-------------------------------------------------.
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GREAT PAPERBACKS AT SPECIAL PRICES
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If you own a digital voltmeter, you already have
one half of a precision digital thermometer.
Here's how to build the other half.

EERR 130 O10ITAL MULTIMETER

Temperature Neasuring
add-on for your DN

HARRY L. TRIETLY

A FRECISE DIGITAL THERMOMETER CAN
have a wide variety of uses around the
home and shop. Whether you need to
check the operation of vour heating sys-
ten: or your refrigerator. 10 test a circuit
for hot spots. or to measure the outdoor
temperature, o digital thermometer can
help make 1t eas)

The only problem is that a thermometer
that can read to one tenth of one degree
can cost well in excess of one hundred
dollars. But if vou own a DVM. vou al-
ready have halt of such a thermometer. All
vou have to do is to add a precision therm-
wstor and the single-1C interface circuil
that we'll describe here.

The DVM-to-tlemperature adapter can
be built tor one of two temperature
ranges. The first range is from 0 to 100
degrees Celsius (or 32 to 212 degrees
Fahrenheit). Altiernately. the adapter may
be designed for a range of — 30 to S0°C

2210 122°F). In either case. the output
provided is ten millivolts per degree. A
DVM with a sensitivity of one millivolt
will vield a resolution of 0.1 degree. Ac-
curacy will be 0.4°C or better. exclusive
of the DVM

The thermistor

In our thermometer. the temperature
sensor s a network made up of two preci
sion thermistors and two resistors. Using
a single thermistor would not be desirable
because its resistance-versus-temperiture
characteristic 18 highly nonlinear. as we
cansee from Fig. | If a thermistor is used
in a Wheatstone bridge. however. its out-
put characteristic is reasonably linear over
a limited temperature range. (See Fig. 2)
For example. linearity within =1°C is
possible over a 010 30°C range. The linear
range will be approximately centered at
he wemperature where the thermistor’s re-
sistance equals the series tixed resistor,

Figure 3 shows a way to improve the
linearity even more by adding a second
thermistor and resistor. Not only does that
improve the linearity. but 1t also extends
the linear ruanee. From 0 to 100°C, tor
instance. linearity will be within
+(.22°C. Thermistor pairs are specifi
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FIG. 1—A SINGLE THERMISTOR has a highly
nonlinear resistance-vs.-temperature charac-
teristic.
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FIG. 2-~WHEN USED IN A WHEATSTONE
BRIDGE, a thermistor can provide a nearly lin-
ear output over a limited temperature range.
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FIG. 3—ADDING A SECOND THERMISTOR
greatly improves the linearity and extends the
linear range.

cally chosen for that use and packaged as
a single. three-lead component. The pro-
totype was built using a composite man-
utactured tor the Yellow Springs
Instrument Company (Box 465, Yellow
Springs. Ohio 45387) und sold under the
trade name Thermilinear. A distributor
for the composite is mentioned in the Parts
List. but vou can contact YSI for a dis-
tributor near you. Other manufacturers
also offer similar devices.

Calculating the values for the tixed re-
sistors is not casy. but the manufacturers
have precaleulated optimum network val-
ues for several temperature ranges and can
calculate others using specially-de-
veloped computer programs. (For more
intormation on thermistors and thermistor

networks. see the January through March
1985 issues of Radio-Electronics. )

The adapter circuit

As shown in Fig. 4. the DVM-to-tem-
perature adapter is built around a single
IC. National's LMI10. That micropower
IC contains a stable 0. 2-volt reference. a
reference amplifier and a general-purpose
operational amplitier. The remainder of
the adapter’s circuit requires only eight
lixed resistors, two switches, and four
trimmer potentiometers. 1t can be sim-
plified farther if Fahrenheitv/Celsius
switching is not needed.

The circuit of Fig. 4 is designed for a
lincar temperature range of 010 100°C (32
to 212°F). Minor changes to the circuit
and resistor values will let you measure
from =30 to 50°C (-22 o0 122°F) in-
stead. That circuit is shown in Fig. 5. Note
that many of the part numbers are the
same as in Fig. 4. Keep that in mind when
selecting parts for the thermometer and
when studying the Pants List.

The 0.2-volt reference and reference
amplifier provide a stable. fixed excitation
voltage to the Wheatstone bridge. The
voltage is determined by a feedbuack net-
work consisting of R1 through R6. Switch
$2-a configures the feedback to increase
the voltage from 0.6 volt on the Celsius
range to 1.O8 volts on the Fahrenheit
range. compensating for the fact that one
degree Fahrenheit produces a smaller re-
sistance change than does one degree Cel-
sius.

Resistors R1 through R6 also form the
fixed leg of the Wheatstone bridge, null-
ing the bridge output at zero degrees.
Since 0°C is different from O°F. S2-b is
used to select the appropriate offset. The
measurement leg of the bridge is tormed

RED (RING)

by the Ryl and Ry2 (the Thermilinear
composite) along with tixed resistors R7
and RE. Those two fixed resistors must
have a tolerance of 0.1% or better o
achieve the full rated accuracy and lin-
carity of the network. A source for the
resistors is given in the Parts List. but you
can create your own from series-parallel
resistor combinations using 4 0.1% or bet-
ter ohmmeter.

The LMIO's operational amplifier.
along with RY through RI12. forms a dif-
ferential amplifier that boosts the bridge
output to 10 millivolts per degree. Since
single supply is used. and since the output
must be able to swing both positive and
negative. the output is referenced to the
bridge supply voltage rather than to sup-
ply common.

Building the converter

Due to the simpticity of the circuit and
the fact that the layout is not atall critical.
it is not necessary to use a custom-de-
signed circuit board. As you can see in
Fig. 6. the converter was built using a
prototyping board. which is housed in a
small plastic experimenter’s box. Con-
nections to the Thermilinear composite
are made via JI. a 1/4-inch. 3-connector
phone juck. Other jacks may be used. of
course. The phone jack was chosen be-
cause it mated with the probe used (YSI
700 series probe). An enclosed-type jack
is used. and is glued to the circuit board.
That allows the jack to be used to mount
the board to the case via the jack’s mount-
ing hole. Before gluing the jack to the
board. resistor R7 is connected between
the tip and ring terminals and two con-
necting wires are soldered to the ring and
barrel. The board is sized so that when
installed. just enough space is left be-
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FIG.4—THE ADAPTER CIRCUIT for arange from 0 100 C. It uses only one IC, which supplies both the
reference voltage and the bridge amplifier.
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FIG. 5—THIS SLIGHTLY MODIFIED CIRCUIT measures from - 30— - 50 C.

FIG. 6—THE COMPLETED BOARD before in-
stallation. Note that the IC is in a TO-5 package,
not a DIP.

tween its edge and the side of the case to
contain a 9-volt transistor radio battery.

Figure 7 shows the component layout
for the 0 to 100°C circuit. Construction
details are not shown tor the — 30 to S0°C
range. but only minor changes from the ()
to 100°C lavout are required. Be sure to
cut out a portion of the breadboard corre-
sponding to the javout shown.

Begin assembly by cutting lead 5 from
the LMIG 1CL That lead is not used. and
the corresponding pad on the circuit board
is used as a tie point. Insert and solder the
IC. resistors. trimmer potentiometers,
and the seven wires for connection to the
switches. battery and output. Turn the
board over and install the eleven jumpers
(shown as dashed lines in Fig. 7) and the
two additional switch wires. Jumpers be-
tween adjacent pads may simply be solder
bridges. Complete the board assembly by

drill two holes 3/4 inch apart and install
the banana plugs. Standard banana plugs
may be held in place using 1.4-28 nuts in
place of the screw-on plastic insulators.
Drill holes and install the two switches in
the box’s cover. Wire the board. switches.,

batterv, and bunana plugs. For most
DVALS the left banana plug should be
positive: Check vour meter and wire ac-
cordingly. Remember also to connect the
positive battery terminal to SI. At this
point. your board should look something
like that shown in Fig. 6. Do not install the
board in the case until after calibration.

Calibration

The Thermilinear composite 1s a preci-
sion device, specified at =0.15°C ac-
curscy or better from — 30 to 100°C.
Thus. calibration requires no temperature
baths: only a precision resistor to simulate
the thermistors. Use a precision (0.1% or
better) decade box or create 0. 1% calibra-
tion resistances using series-parallel re-
sistors and a 0.1% or better ohmmeter.

Connect the calibration resistor in
place of thermistor T2: No connection s
necessary in place of T1L I you have built
the O to 100°C version proceed as follows:
1. Set the ¢ F switch to ¢. Provide 20.519
ohms input and adjust R6 for O millivolts
output.
2. Change the input to 1578.7 ohms and
adjust R4 for a 1000 millivolt output.
3.Setthe e ¥switchtor. Provide a 77,387
ohm input and adjust RS for a O millivolts
output.
4. Change the input to 2094.9 ohms and
adjust R2 for 1900 millivolts output.
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FIG. 7—CIRCUIT-BOARD ASSEMBLY using a “‘universa! circuit board.” Most of the fixed resistors
must be “hairpinned" and stood on end to fit in the space allowed. Cut pin 5 from IC1—it's not needed,
and a jumper is installed in its position. Note that top-side and bottom-side jumpers are shown. Those
on the bottom are shown dasned. Solder R7 directly between the ring and tip of J1 before gluing the
jack to the board.

installing the prewired phone jack.

Drill ahole at one end of the case tor the
phone juck. focated so as to hold the board
in the correct position. At the other end
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FIG. 8—THE ASSEMBLED CONVERTER ready
to be plugged into a DVM.

5. Repeat the previous steps. making
minor readjustments if necessary.

For the — 30 to 50°C version:
1. Setthe ¢ ¥ switch to ¢, Provide a 34,651
ohms input in place of T2 and adjust R6
for O millivolts output.
2. Change the input to 8536.2 ohms and
adjust R4 for 500 millivolts output.

3. Set the ¢ ¥ switch to ¥. Provide 63,115
ohms input and adjust RS for 0 millivolts
output.
4. Change the input to 8536.2 ohms and
adjust R2 for 1220 millivolts output.
5. Repeat the previous steps. making
minor readjustments if necesary.

Install the board. battery. and cover.
and the adapter. see Fig. 8. is ready for
use.

Using the adapter

Connecting the thermistor composite
to the adatpor is simple. Using a Y-inch
three-conductor phone plug. connect the
green lead to the barrel. brown (or clear)
to the tip and red to the ring.

For measuring air temperature the ther-
mistor composite should be exposed di-
rectly to the air. For measuring liquid
temperatures the thermistor should be
placed inside a metal. glass. or plastic
tube whose tip has been closed by solder-
ing. welding, melting or epoxying. For
fastest response time. the space betweer.
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PARTS LIST—0-100°C VERSION

Resistors

R1—1820 ohms, 1%

R2, R4, R5, R6—1000-ohm multiturn trim-
mer potentiometer

R3—1500 ohms, 1%

R7—6250 ohms, 0.1%

R8—3200 ohms, 0.1%

R9.R12—1 megohm, 1%

R10,R11—324,000 ohms, 1%

Ry1, Ry2—Thermilinear composite

Semiconductors
IC1—LM10 op amp/voltage regulator IC
(National)

Other components
$1—SPST miniature toggle switch
$2—DPDT miniature toggle switch

Miscellaneous: Prototyping board, plas-
tic case, Y-inch three-conductor phone
jack (enclosed type), banana plugs, 9-volt
battery and connector, etc.

PARTS LIST— - 30-+50° VERSION

As above, except:

R4, RS, R6—2000 ohms multiturn trim-
mer potentiometer

R10, R11—412,000 ohms, 1%

R13—750 ohms, 1%

R1, Ry2, R7, and R8 are available as a
complete set of components as YSI
part no. 44201 (0-100°C) or 44203
(—30-+50°C). The price is $24 from
Newark Electronics, Route 22 East,
Springfield, NJ 07081. Contact YSI In-
dustrial Sales, Yellow Springs, OH
45387 for the name of the distributor
nearest you.

the thermistor and the tube should be
tilled with epoxy. For measuring surface
temperatures the thermistor should be
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FIG. 9—TO CORRECT FOR NONLINEARITY ERRORS on the 0-100°C range, use this curve. lhcrmully bonded to the surface with heat-

sink compound. If you prefer. ready made
100 probe assemblies are available. Contact
YSI for more information.

To use the adapter. set your DVM to a
DC voltage range having a sensitivity of
one millivolt or better. Plug the thermistor
composite or probe into the adapter and
the adapter into the meter. rn the adapter
on and read temperature. The meter will
read ten millivolts per degree so that, for
example. 1.000 volts (1000 millivolts) in-
dicates 100.0 degrees. Readings may be
converted from Celsius to Fahrenheit sim-
ply by throwing the ¢ ¥ switch.

Within its range. the units accuracy
will be excellent. The worst-case error
will be the sum of the thermistor’s spec-
ihied accuracy (= 0.15°C. or 0.27°F), your
DVM’s accuracy and the Thermilinear
~ network’s nonlinearity. That error may be
corrected for using the graphs in Figs. 9
and 10. For example. on the 0 to 100°C
range. the reading will be 0.12°C oo high
at 33°C and 0.20°C 0o low at 60°C. R-E
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FIG. 10—TO CORRECT FOR NONLINEARITY ERRORS on the - 30- + 50 C range, use this curve.




Universal Battery Charger

Don't let your battery-powered portables run out of energy unexpectedly!
Keep your batteries fully charged with this inexpensive circuit.

ONL: COROLLARY 10 MURPHY'S LAW
states that things always go wrong at the
worst possible moment. One example fa-
miliar to electronics enthusiasts is the way
that batteries tend to go dead just when
you need them most. In addition. if you
use many portable devices—a Walkman.
a “boom-box, ™ a portable TV, a portable
computer, flashlights. and toys—the cost
of batteries can become excessive.

One way to cut costs is 1o use re-
chargeable batteries. And if your portable
battery-cater has a ne Neu jack, you've
got an easy way to save some cash and to
go longer between recharges. All you
have to do is wire up a cable that connects
a high-current-capacity battery-pack of
the proper voltage to your portable.

The problem is that the price of a com-
mercial charger may cause you to think
twice about converting from conventional
non-rechargable cells. However, with the
circuit presented here, there’s no longer
an excuse. Not counting a case. the total
costof the few easy-to-obtain components
in our circuit shouldn’t exceed $10. And
that’s for all new parts: by using spare
parts you could reduce your cost to
nothing!

The circuit can easily recharge batteries

MICHAEL R. WRIGHT

with a wide variety of voltages and current
capacities. The circuit was specifically
designed to recharge gel-cells, but it can
also be used to recharge Ni-Cd'’s and any
other type of battery that needs a constant-
current source, a constant-voltage source.,
or both. The values of a few resistors need
to be altered to accommodate batteries of
various voltages and currents. The simple
design equations used for resistor selec-
tion are presented below, but first let’s talk
about gel-cells.

The low-down on gel-cells

Before we get started. it's worth point-
ing out that the term “battery™ really re-
fers to any collection of two or more
single “cells,” although the term is
loosely applied to single-cell power
sources like AA cells. The gel-cell battery
is a relative newcomer to the world of
rechargable batteries: its name is really a
shortened from of gelled-celectrolyte bat-
tery cell.”

Basically, the gel-cellis very similar to
a modern automotive battery. The gel-cell
provides high power density in a sealed,
muiti-cell, maintenance-free. lead-acid
battery. Gel-cells are not manufactured in
small cases like those that enclose the

familiar AA. C. and D cells. However,
they are manufactured in larger cases that
range in size from a cigarette-pack to an
automobile battery, and even larger. Gel-
cells are made by (among others) Pan-
asonic (Battery Sales Division, Division
of Matsushita, P. O. Box 1511, Secaucus,
NJ 07094), Globe (P. O. Box 591, Mil-
waukee, WI 53201). and Saft (P. O. Box
1886. 711 Industrial Blvd.. Valdosta. GA
31603-1886).

Common gel-cell batteries come with
voltage ratings that range from 2 to 24,
and in current capacities ranging from [.2
to 120 AH (Amp-Hours). The AH rating
refers to the amount of current that can be
delivered over a period of time: 20 hours is
usually the specified period of time. For
example. a battery might be rated at 2
volts and 30 AH. That means that the
battery should be able to deliver a current
of 1.5 amps (30/20) continuously for a
period of twenty hours.

A properly treated battery should last
for years, but an improperly treated one
may last only a few months, or even
weeks. Forexample. the author’s first gel-
cell battery lasted only about six weeks.
because he was ignorant of how to take
care of it. After uncovering and applying

-

v MOOBANVH SHILN3WIH3AX3 3-YH



R-E EXPERIMENTERS HANDBOOK

iy
[,]

the information related here, his second
ong is already more than a year old and
still going strong.

The most common means by which a
gel-cell battery is abused is “deep-cy-
cling:™ that term refers to the practice of
discharging a battery deeply and then
over-charging it. That practice is some-
times appropriate for Ni-Cd's, but it is
definitely inappropriate for gel-cells. Our
charger can’t repair a damaged or abused
gel-cell battery: it’s up to you to treat your
batteries with care.

The number of cells in a gel-cell battery
is equal to the battery’s nominal voltage
divided by two. A 12-volt battery there-
fore has six (12/2) cells. Each cell has a
2.3-volt output when it is fully charged.
so a 6-cell battery. nominally rated at 12
volts, actually has a fully-charged output
of 13.8 volts.

You can tell when a gel-cell battery is
ncarly discharged by the fact that. under a
no-load or low-load condition, it will have
an output voltage that is near its full rated
output. However, when the battery is
placed under a moderate to heavy load,
voltage drops by about 4.6 volts.

The reason for the two-cell drop is that a
discharged cell actually reverses polarity
and acts as a load that “cancels™ the volt-
age of a good cell. So you might measure
only about 9.2 volts (13.8—4.6 = 9.2)
across a 12-volt battery that needs to be
recharged. And speaking of charging,
let’s find out how to do it now.

Charging methods

Gel-cell batteries from different man-
ufacturers are made in different ways. and
they have different charging require-
ments. Many batteries can be charged
using the circuitry described here. but you
should check with the manufacturer of
your battery to be sure.

A common and reliable method of
charging is as follows. First, a regulated,

constant current that is equal to 10% of

rated output is applied to the battery. For
cxample. a 12-volt I-AH battery would
start off with a charging current of 100
mA. Voltage must be monitored: when it
reaches 90% of rated output, the circuit
removes the constant-current source and
applics a regulated voltage to complete
charging. The switchover is necessary to
prevent over-charging in case a battery is
left connected to the charger for a long
period of time. The battery can float-
charge in that way indefinitely.

You may be able to use a charging cur-
rent ditterent than 10%—for example, tor
“fast-charging.™ However, if you use a
different current. follow the manufac-
turer’s recommendations carefully.

To determine the voltage the charger
will have to supply, you'll have to multiply
the number of cells in your battery by 2.3
and then add 5. to allow for circuit losses.
To charge our example 12-volt battery,

3 Vin ICt Vour P E‘i

S w3 WL
INPUT PR i

= % 3

FIG. 1—A CONSTANT-CURRENT CHARGER can
be built from an LM317. The value of R1 is what
determines the charging current. See the text for
information on how to calculate its value.
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FIG. 2—A CONVENTIONAL VOLTAGE regulator
is easy to build with an LM317; the value of R2
sets the output voltage.
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FIG. 3—THE COMPLETE CHARGER is a hybrid
of the previous circuits. When the SCR is off, the
circuit functions as a constant-current source;
when the SCR is on, the circuit functions as a
voltage regulator.

we'll actually need an unregulated DC
supply of about 19 volts.

Circuitry

The constant-current charger is right
out of the manufacturer’s data book. As
shown in Fig. |, the heart of the charger is
an LM317 adjustable regulator. An
LM317K can supply as much as 1.5 amps
of current if it has proper heatsinking; it
can also handle as much as 37 volis. If
your battery requires a higher charging
voltage. you can substitute an LM317HV,
which can handle as much as 57 volts. To
increase current, you could use an
LM338, which can provide five amps of
current at 4 maximum of 32 volts. Calcu-
late the value of R1 from the charge cur-
rent (1) you need. and from the 1.25-
volt bias required by the LM317:

R1 = 1.25/lcc

Foral-AH battery, I = 0.1 A, soRI =
(1.25/0.1) = 12.5 ohms. RI's wattage is
determined in the usual manner: 0.1 A X

1.25V = 0.125 W. Just to be safe, use a
Ya-watt flame-proof resistor.

That takes care of current, but what
about voltage? Take a look at Fig. 2. There
an LM317 is configured as a conventional
constant-voltage regulator. In normal ap-
plications, the manufacturer recommends
that R1 have a value of 240 ohms. The
value of R2 is what determines the output
voltage. and its value may be arrived at by
a fairly complex equation. It's usually
simpler to wire up the circuit with a 5K or
a 10K potentiometer. set the output volt-
age. and then substitute the closest stan-
dard fixed resistor for the potentiometer.

We've got a current regulator and a
voltage regulator now. But how do we put
them together? See Fig. 3.

The complete charger

Let's discuss the overall operation of
the circuit and then show how to calculate
resistor values. When power is applied to
the circuit. SCR1 is off. so there is no bias-
current path to ground; thus, the LM317
acts as a current regulator, The LM317 is
connected to the battery through steering
diode DI, limiting resistor R1, and bias
resistor R2. That portion of the charger is
similar to the circuit shown in Fig. |
above. The steering diode was added to
prevent the battery from discharging
through the LED and the SCR when
power is removed from the circuit.

As the battery charges. the voltage
across TRIP-POINT potentiometer RS rises
and at some point turns on the SCR. At
that point, current from the regulator can
flow to ground., so the regulator now func-
tions in the voltage mode. When the SCR
turns on. it also provides LEDI with a
path to ground (through R3). So, when
LEDI is on, the circuit is in the voltage-
regulating mode: when LEDI is off, the
circuit is in the current-regulating mode.

Calculating resistor values

Now let’s find out how to calculate the
resistor values. Assume that we're still
talking about a 12-volt. 1-AH battery.
Let’s start with the vorrace adjustment
potentiometer, R6. First we have to calcu-
late a multiplication factor, F: that can be
found from:

PARTS LIST

All resistors are Y4-watt, 5% unless oth-
erwise noted.

R1, A3, R4, R6—see text

R2—220 ohms

R5, R6—ten-turn trimmer potentiometer,
see text

Semiconductors

IC1—LM317 variable-voltage regulator

D1—1N4004

LED1—standard LED

SCR1—C103B, 800 mA, 200-volt SCR

Miscellaneous

SPST toggle switch, PC board, input and
output connectors




Only NRI teaches you to service all computers
as you build your own fully IBM
compatible microcomputer

With computers firmly established in
offices—and more and more new
applications being developed for every
facet of business—the demand for
trained computer service technicians
surges forward. The Department of
Labor estimates that computer service
jobs will actually double in the next ten
years—a faster growth rate thin for any
other occupation.

Total systems training

No computer stands alone

it's part of a total system. And if

you want to learn to service and repair
computers, you have to understand
computer systems. Only NRI includes a
powerful computer system as part of

your training, centered around the new, - " Your NRI total systems training includes all of
Q . this: NRI Discovery Lab® to design and modity circuits ¢
fully IBM‘Compatlble Sa-nyo 880 Series Four-tunction digital muitimeter with walk-you-through instruction

computer. on audio tape » Digital logic probe for visual examination of
computer circuits ¢ Sanyo 880 Series Computer with “intelligent”

O » < keyboard and 360K double-density, double-sided disk drive
_ Aspart of your training, you 1 bu}ld « High resolution monochrome monitor « 8K ROM, 256K
this highly rated, 16-bit , IBM-compatible RAM « Bundled software including GW BASIC, MS DOS,
g WordStar, CalcStar « Reference manuals, schematics,
computer system. You'll assemble and bite:sized lessons.

Sanyo's “intelligent”’ keyboard,

install the power supply and disk ek o orel il
drive and Interface the high- rsinsyou o' ot Send for 1(X)-page free catalog
resolution monitor. The 880 Vou' install and Send :he coupon today for NRI's 100-
Computer has two operating ;'o'_svcek, :ﬁé‘;ﬁ";’i‘sk page, full-color catalog, with all the facts
speeds: standard 1BM speed e about at-home computer training. Read
of 4.77 MHz and a remarkable step directions. detailed descriptions of each lesson,
turbo speed of 8 MHz. It’s con- each experiment you perform. See each
fidence-building, real-world part of your piece of hands-on equipment you'll work
experience that includes training L% training. Youeven  with and keep. And check out NRI
in programming, circuit design get some of the training in other high-tech fields such
and peripheral maintenance. most popular software, including WordStar,  as Robotics, Data Communications,
N ) CalcStar, GW Basic and MS DOS. TV/Audio/ Video Servicing, and more.

0 experience necessary —

NRI builds t i SEND COUPON TODAY FOR FREE NRI CATALOG!
Even if you've never had any previous -
training in electronics, you can succeed NI ... 2pproved under G Bil
with NRI training. You'll start with the o

basics, then rapidly build on them to

McGraw-Hill Continuing Education Center vy
3939 Wisconsin Avenue, NW, Washington, DG 20016 BEHI#
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We'll give you tomorrow. ppliance Servring
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TABLE 1—EVERREADY Ni-Cd CHARGE CURRENT

Size
Number
CF15 AA
CH15 AA
CH35 C
CH50 D

F = (Vec/1.25)+1

In that equation V. is the battery’s full-
charge output voltage; in our case. V¢
= 13.8,s0F = (13.8/1.25) + | = 12.04.
Then we calculate the value of R6 as:

= F(R1+R2)

We already saw that R1 has a value of 12.5
ohms; R2 has a value of 220 ohms, so R6
= 12 X (220+12.5) = 2800 ohms. That
value is approximately what is required to
obtain the end-of-charge voltage we need.
The value is an approximation because it
does not take into account the voltage
drop across the SCR. So we simply round
up to the next highest value, and use a 5K
potentiometer for R6. That will allow you
to adjust the circuit for use with batteries
having different voltages.

The manufacturer recommends that R2
have a value of about 240 ohms. The se-
ries combination of Rl and R2 is within
5% of 240 ohms, and that’s close enough.
You may have to adjust the value of R2 to
accommodate a different charge current,
voltage, or both, or if you use the high-
current LM338. See the 1982 Voliage
Regulator Handbook by National Semi-
conductor (2900 Semiconductor Drive. P.
O. Box 58090. Santa Clara. CA
95052-8090) for more information.

Next we need to determine the value of
TRIF-POINT potentiometer RS. which sets
the voltage at which the SCR turns on. We
have found empirically that. if the end-of-
charge voltage is less than 20 volts. a SK
unit will work. For voltages greater than
20 volts, a 10K unit will work.

The value of the LED’s current-limiting
resistor, R3, is easy to calculate:

= (VCC —2.2)/20 mA
R3 = (13.8-2.2)/0.02 = 580¢)

You may want to substitute a 1000-ohm Y-
watt resistor for R3. Doing that will pre-
vent damage to the LED when the charger
is used with batteries having voltages
greater than 12.

The last value we need to calculate is
that of R4, which limits the current that
can be applied to the gate of SCRI. That
current could blow the SCR if the TrI
POINT potentiometer were turned too far in
the direction of the output of the regulator.
The value of R4 may be determined thus:

= Vec/50 mA

Charge
Current Voltage
50 mA 1.50-1.60
50 mA 1.35-1.45
120 mA 1.35-1.45
120 MA 1.35-1.45

So, in our case,
R4 = 13.8/0.05 = 2764}

Rounding up to provide extra current lim-
iting. the closest standard value is 300
ohms. which should work fine.
Regarding the SCR. it must be able to
handle the bias current of the LM317K
when the latter is in the voltage mode. and
it must be able to withstand the full, no-
load voltage supplied by your DC
source—I9 volts in our example. The
SCR specified is rated to handle 200 volts
at 800 mA; it should be able to handle any
battery you're likely to come across.

Construction

Layout and assembly are quite simple;
a foil-pattern for a printed-circuit board is
shown in “*PC Service.” A stuffing guide
is shown in Fig. 4. Stuff the board. solder
the components, and then check your

LED 1
CHARGE
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RS l
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] BT
—DC +DC S gL

INPUT INPUT POWER

FIG. 4—PARTS-PLACEMENT DIAGRAM for the
complete voltage/current charging circuit
shown in Fig. 3.

work to make sure that the semiconduc-
tors are all oriented correctly.

Before applying power. set both trim-
mer potentiometers (RS and R6) to the
middle of their ranges; and don’1 connect
the DC source or a battery to the charger
yet. You must calibrate the charger first.
We'll continue working with a 12-volt, |-
AH battery: substitute the appropriate val-
ues for your battery where necessary.

1. Connect an ohmmeter across the vor.1-
AGE adjustment potentiometer (R6). Ad-
Just R6 so that the ohmmeter indicates the
calculated set-point value—2 8K, in the
example. Remove the ohmmeter from the

circuit before proceeding.

2. Apply power to the circuit and check
for smoke and other signs of catastrophe.
Fix any mistakes.

3. Connect a 4.7K resistor to the circuit
where the battery would normally.

4. Apply power to the circuit and measure
the voltage across the 4.7K resistor. That
voltage should be about 13.8, or your cal-
culated output voltage. If the measured
voltage is much different from what you
expect, measure the voltage across the
SCR. If you don’t measure about 0.7
volts, the SCR has not turned on, so adjust
TRIMPOINT potentiometer (R5) until the
LED turns on. If the LED won’t turn on,
the SCR may be bad.

5. Connect a voltmeter across the output
terminals and adjust the vo1TAGE control
(R6) so that the meter indicates your cal-
culated V~—I9 volts, in our case.

6. De-energize the circuit and connect an
ohmmeter between the wiper of the Trir-
POINT potentiometer (RS) and ground.
Adjust RS so that the meter reads zero
ohms. That will disable the current-to-
voltage shift. Remove the ohmmeter and
the 4.7K resistor.

7. Connect a partially-discharged gel-cell
battery to the output terminals of the
charger. Be careful to observe proper po-
lariry! The LED should not light; if it
does. steering diode DI is in the circuit
backward.

8. Connect a voltmeter across the battery.
apply power to the circuit. and measure
the voltage across the battery. If the bat-
tery is not discharged enough. V... may
be reached before you have a chance to
adjust R5. If your meter indicates V.
now, you'll have to discharge your battery
further and try again. What you want to do
is adjust RS so that the SCR trips just after
Ve is reached.

9. Partially discharge the battery and reset
R5 several times until you’'re satisfied
with the accuracy of the trip-point setting.

Charger use

When charging a battery. youll want to
take an occasional look at LEDI. After it
turns on. interrupt power for about three
seconds. That allows the SCR to unlatch.
Re-apply power. and. if the LED re-il-
luminates quickly, the battery is fully
charged. If not, let the battery charge lon-
ger and then repeat the test.

You can also use this circuit to recharge
lead-acid and Ni-Cd batteries. You'll have
to re-calculate resistor values to provide
the appropriate charging current, which
can be obtained from manufacturers’ data
books. We show the required charge cur-
rent for several common Eveready Ni-Cd
cells in Table | as a point of reference.

When charging a (non gel-cell) lead-
acid or Ni-Cd battery. power should be
removed when the LED lights up. or over-
charging may occur. and the battery may
be damaged.




Closed-Caption Decoder .....crom

Closed-captioning—whats it all about? Find out here, and build a
high-performance, low-cost closed-caption decoder, too.

MORE AND MORE GOOD PROGRAMS ARE
appearing on TV lately. especially on the
cuble channels. And more and more good
tilms are coming out on videotape. But
until recently not evervone could fully en
joy those programs-—especially people
with a hearing disability. Since 1979,
however. many TV shows have been
broadcast and many videotapes have been
released that use closed captioning—a
method whereby hearing-impaived per-
sons can read dialog and narration on the
screen in real time—while the actor or
announcer is speaking!

Albittakes s our mexpensive adapter to
allow a hearing-impatred person (o enjoy
all the benefits of modern programming.
Because most of the circuitry comes on a
pre-built module. the decoder can be built
easily in an evening or two for under $150.

To use the decoder. feed the audio and
video outputs of a VCR . acomponent-TV
tuner. or a satellite receiver to the adapter,
and connect its outputs to the correspond-
ing inputs of vour receiving device. If
your receiver has no audio and video in-
puts. you can add an RF modulator to
provide input directly to your receiver’s
antenna terminals

How it works

Closed captioning 1s the term tor the
written subtitles that are encoded ina tele-
vision program or on a videotape. An
often-asked guestion 1s why the captions
are closed.” or normally invisible, in-
stead of “open™ and visible all the ume
The answer is that. although captions are a
boon to the hearing-impaired viewer. they
can annoy and distract other viewers.

Normally the subtitles are not visible
on the sereen, but when a video signal
carrying closed-caption data is passed
through adecoder. that data can be extrac-
ted from the signal and converted into
visible captions that can be placed just
about anywhere on the screen. The cap-
tions usually appear at the bottom of the
picture and provide. in a readable (and
slightly edited) form. both dialogue and
narration.

To avoid blocking on-screen action. or
o better identify who is speaking when
more than one person is visible. the cap-
tions can be placed on the screen strate
gically. Signiticant sounds that are not
apparent Irom the on-screen action (such
as off-camera screams. door slams. and
gunshots! can also be captioned. and usu
ally are slaced in brackets: [gunshot].
{shouts]. etc.

There are numerous closed-captioned
programs on TV these days. For example.
almost half of the network movies, most
ol the regular prime-time series. and
many news and educational programs are
currently closed-captioned. The three net-
works (most notably ABC) and the PBS
system carry more than a hundred hours
of captioned programming a week. Many
pay-TV services also carry captioned pro-
srams (some 30 hours a week), including
HBO/Cinemax and Showtime/The Movie
Channel

In addition 1o broadcast programming.
hundreds of popular video-taped movies
have also been captioned. The total
number of titles that are available at press
time shouald exceed 600; approximately
25 titles are added every month. Cap-

tioned movies are identified by a closed-
capiion symbol on the package.

Closed-captioning provides more thin
just captions. There are nationwide full-
page text services that summarize news,
sports scores, special information for the
hearing impaired. and even provide a
complete list of currently broadcast
closed-captioned programs.

As you might suspect, all that informa-
tion cannot be packed into a single cap-
tioning channel. In fact. there are two
captioning channels and two text chan-
nelx. all of which operate simultancously.
Caption channel | (C1) is used for regular
caption information. Caption channel 2
(C2) is largely unused at the present. but
will most likely find use in “alternate-
texC” captioning. For example. second-
language captioning. simplitied text for
children. and verbatim captions (which
may move oo tast for some viewers 1o
read) are all possible uses for C2.

Both Text channel (T D and Text chan-
nel 2 (T2) are in wide use. however. On
ABC. T2 is used more or less continu-
ously to transmit the Program Listing Up-
date Service (PLUS). which is a rolling
list of atl current broadcast and pay-TV
programs that are captioned. including
movics.

T1is used simultancously to carry other
text services such as The News Summary,
which is broadcast Monday through Fri-
day during the program ““Nightline:™
Weehend Scorchboard (a list of current
sports scores and rankings). broadcast
Saturdays between 8 and 11 PM and Sun-
days between 7 and 11 PM (Eastern
tinwes). and the Hearing fmpaired News
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INSTANT CAPTIONING can now be added to live
programming.

Text Service (HINTS). atist of news and
information of concern to the deaf and
hearing impaired. broadcast Mondays
and Thursdays between 8 and 9 PM.
PLUS and the other services also can be
found on some PBS stations.

Both the existence and the widespread
usc of the closed-caption system in the US
are the result of an almost single-handed
eftort by the National Captioning Institute
(5203 Leesburg Pike. Falls Church. VA
22041). a non-profit corporation whose
sole purpose is to develop and further
closed captioning. From its beginnings in
1979. NCI has moved closed captioning
from the status of a novelty o that of a
vible communications medium for a siz-
able portion of the population. NCI is
responsible for all phases of captioning.
from fundraising. o rescarch and de-
velopment of new equipment and tech-
niques. to the actual production of
captions for programs.

Making captions

Program captions are produced by a
rather lengthy process in which the pro-
gram o be captioned is viewed. trial cap-
tions are added. the result is reviewed and

cdited. and so on until a finished set of

captions that accurately follows both di-
alogue and action has been produced. Tt
takes about 30 hours of work 10 produce
captions for i one-hour program. at a cost
of about $2.500.

For broadcast programs. the caption
datais encoded on a Hloppy disk and sent
to the broadeast center. where it is added
to the video signal for transmission with
the program. The caption data is added o
videotapes during duplication.

Although most captioning is done in
advance for pre-recorded programs., a re-
cent development (by NCD allow s instant

captioning. In that type of captioning.
which is used mostly for news programs
and live speeches. a caption programmer
listens to the program and enters the
words spoken into a computer. using a
keyboard similar to that of a court report-
er's. A sophisticated computer program
identities the word groups. and converts
them to caption form. The captions thus
produced rol upwards on the bottom three
lines of the screen at a rate more or less
equal to the speed with which they are
spoken. Although the captions lag
slightly behind the spoken words (due to
the time required for entry and transla-
tion). they appear very quickly and are,
for all practical purposes. instantancous.

The line-21 system

The text channels and closed captions
are variations of a teletext system known
as the Line-21 System. so called because
data is transmitted on video line 21, A
number of experimental teletext systems
using the Line-21 format have come and
gone in the US. most notably the original
INFOTEXT service in Wisconsin,
However. most teletext systems use either
the WST (World System Teletext) or
NABTS (North American Broadeast 7ele-

PROGRAM
COLORBURST

text System) formats, because they offer
better graphics and more flexibility than
the Line-21 System. For more information
on teletext. see the April 1986 issue of
Radio-Electronics.

However. the Line-21 system. as un-
sophisticated as it may be. is by far the
sturdiest and least expensive system avail-
able. and those facts make it ideal for
closed-caption use. We call the system
“sturdy ™ because a video signal can be
received and decoded under less-than-
ideal reception conditions. By contrast,
the NABTS system requires a very good
signatl for operation, and the WST system
cannot operate when there is more than
shight noise and signal degradation. The
Line-21 system. on the other hand. can
operate with even an unwatchably noisy
or snowy TV signal.

Video encoding

A diagram of the signal that encodes
the data is shown in Fig. 1. The data is
transmitted on video line 21, which is the
lustline of the normally-invisible vertical-
blanking interval. and it is the line imme-
diately preceding the video image.

To svachronize the decoder’s data
clock. @ seven-cycele burst of a 503-kHz

=——TWO (7-BIT + PARITY) ASCII

CHARACTERS
(DATA) [

START BIT

FIG. 1—THE 21ST LINE of each frame of a TV picture contains 17 bits of information. One is a start bit,
and two are parity bits. The remaining 14 bits comprise two seven-bit characters of ASClI-like data.
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VIDED
TELECAPTION MIXER OuTPUT
DECODER —
MODULE
VIDEO VIDEO
INPUT 330
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AMP MODULATOR RF
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FUNCTION
SELECT
AUDIDO— ——O
INPUT AUBIO
| o5V AUDIO OUTPUT
POWER BUFFER
SUPPLY
——o+12v

FIG. 2—AFTER BUFFERING, the video signal passes through the decoder module, which extracts the
caption data. That data is recombined with the video signal and delivered for output.



signal is transmitted first. That is followed
by a start bit and then two seven-bit bytes
of data, each of which has an eighth (par-
ity) bit for error detection. That makes a
total of 17 bits per frame. So, at 30 frames
per second. the overall data rate is 510 bits
per second. Although that may scem slow,
(particularly when compared with WST's
5.7-megabaud rate), it is fast enough to
carry the limited data necded for captions.
In addition, it is the slow speed of the
Line-21 system that gives it its sturdiness.

Most of the symbols, upper-case, and
lower-case letters conform to the standard
seven-bit ASCI format. However. there
are some 55 special character and control
codes in the Line-21 system. Among them
are codes that direct the following data to
one of the four display channels. codes to
position the captions vertically. and codes
to position the captions horizontally.

Among the special symbols is a musi-
cal note, which is used to indicate the
presence of music. The symbol may be
present at the beginning. the end. or both
of a caption to indicate that the caption is
being sung. (And yes, program theme
songs and the like are captioned!)

Although captions are currently com-
posed of white characters on a black back-
ground, the Line-21 system can provide
different background colors, which could
be used. for example, to differentiate be-
tween speakers on the screen. or simply to
provide a more attractive display—which
could be particularly effective in the text
mode.

The decoder

A decoder is required at the viewer's
end of things to extract the caption or text
data from line 21, convert it into displaya-
ble characters and backgrounds, and in-
sert those characters into the video signal
at the appropriate time.

As you may have guessed, NCI has
developed a decoder. The current model,
the Telecaption 11, is priced at $200, is
available from Sears and JC Penney s, and
incorporates a cable-ready tuner and an
IR remote controller. But if you'd like to
save some cash and have the satisfaction
of building your own—rcad on’

Circuit description

Since our decoder does not have a built-
in tuner, it requires connection to the vid-
co and audio outputs of a VCR or other
device with audio and video outputs. The
decoder in turn has both direct outputs for
connection to a VCR or monitor. and an
optional RF modulator output that can
deliver a signal to either Channel three or
Channel four through your TV's antenna-
input terminals. A block diagram of the
decoder is shown in Fig. 2.

The heart of the device is NCI's Tele-
caption Decoder Module. The module de-
tects and extracts the caption data. and
then converts it for video output. The

+12Vf
SYNC - SA1
Y
OUTPUT
- ADAPTIVE CHARACTER
COMPF(;SITE DATA DECODING
SLICER  [pATA CATA ROM
VIDEO 68A03
INPUT 5A4
—)
BLANKING
ADDR [ OUTPUT
' y DATA
RAM/ROM
lsea lsan lsas
CAPTION/TV CAPTION/TEXT 12

FiG. 3—THE TELECAPTION DECODER MODULE contains a microprocessor, RAM, ROM, and a
number of other components that allow it to extract caption and text data from a video signal.

i OFF ¢ )
Vo e ) o2V
DC INPUT 1n4002 s o—4
¥ il PN S I o (¢ O+5V
St-al = : LM7805T
FUNCTION Qlt 4
— c 024 c3
Tw R1
= +| K 1 13 1
! a 35V
: s tep1 T 2
16V
i cs
] #/ POWER ’
t — —}
(S e e 3 5 e e 3 65 53 e 3 £ 1 e ) ) £ 6 I e e 5 £ e g e
OfF )
o ¥ !
0°
TIO Si-b
D8 FUNCTION
4 Py —s =
e | e c
s D6y L WD captionv
{PIN 583)
D9 D7i D5 Ri4
Y y 47002 —
‘ M— D CAPTION/TEXT 10
a6 {PIN 5B4) rlzfggﬂfﬁ
\ 47002 S ULE
MW—{ ) CHAN 2/CHAN 1
RI0 & L < RI2 S (PIN 586}
I 41K € 4K ¢ 4K ¢ &

FIG. 4—THE FIVE-VOLT POWER SOURCE supplies power to the NCI decoder module and to the mode-
select circuit. The video-mixer circuit in Fig. 5 runs from the unregulated 12-volt supply.

module is so complete that the only exter-
nal circuitry required are a power supply.
audio and video amplifiers, and the (op-
tional) RF modulator. The module has
only six external connections. and it has
no internal adjustments or settings. A
simplified block diagram of the module is
shown in Fig. 3.

The most important portion of the cir-
cuitry is the input section. which is called
an adaptive data slicer. That circuit lo-
cates and locks onto the video data. ex-

tracts it, and sends it to the module’s
controller in digital form. It is termed an
adaptive circuit because it can adapt to
varying signal. frequency. and noise con-
ditions to extract the data.

Next the data flows to a 68A03 micro-
processor where it is processed by a pro-
gram stored in ROM. If the data is valid.
look-up tables in ROM are used to deter-
mine the meaning of the data—i. c..
whether it is displayable characters or
control codes. Then captions are formed

MOO8ANVH SH3IN3INIH3dX3 3-d

N
w



R-E EXPERIMENTERS HANDBOOK

N
F-S

R7$ RIS RN 3 L R ¢ SR 1
47K 6801 5601 o | 680 < - 68K o5
1
L 22uF 1
f)sz ) CwF a2 a3 4 as 16V a? =
vi 47uF | 2N2222A | 2N3906 | 2N2222A | 2N3906 2N222A N2Z22A
INPUT 16V o e ‘R?g
O nn$ W @
14
: ; —D
. T0
$R6 SR8 RO $R2 R23 R26 iE Ci3 [ SRa8R29 $ R R32 $  DECODER
T 3isk 560 1K 180K uF | 2 47K2.2K 3.3k 22K *  MODULE
16V 4 {PIN 5CI)
¥ D10 = >
INSY $
o +—D
Dil RS5 RS2 RS54 100pF T0
< > >
$re RS ey K6k | RO 2 gy 270 moouLator
: W CHARACTER o 1+ {FIG 6)
$ -nr ADJUST e o
aio an az | 1 2200 Q3 ais € 18002 vx')?fro
2N3906 IN2222A 2N2222 2N3906 e [2v3s06 | 4
3 —— WO
23 R61
470uF 7502
R39 S Ra1 2 res oV
10K ¢ 12K 32200
¢ AAA
'—"‘Ie vy C20: e
ci8 2 R43 100 F R50<, & R
220pF :: 3300 16V 1K 2 <
BLACKNESS AL
- 19 R c2
t R4 $ 10uF Ri4 $ S RI6 $ R4g RS | uF R59$
001 4KT 16V 33k ¢ T68K| 3300 K 3T |y 0Kk
BLANKING INPUT Y INPUT FROM = | eseetext
FROM DECODER MODULE [ )———

(PIN 5A4)

DECODER MODULE [ >——

(PIN SA1)

FIG. 5—THE VIDEO MIXER AND BLANKING AMPLIFIER combine the original video signal with the
caption data that is extracted from that signal. The result is a baseband video output that can be fed

directly to a monitor, VCR, or RF modulator.

and passed on to be re-combined with the
original video image.

Although that description makes the
Job sound casy. a few moments’ thought
about the complexity of extracting a digi-
tal signal from a video signal. interpreting
it. converting it. and then inserting the
result in syne and in phase with the origi-
nal image will give you an idea of how
difticult the job really is. The 68A03 mi-
croprocessor requires 2K of RAM, 12K of
ROM. and a 2000-clement gate array.
some Hogic ICs, and over 200 passive
components to do its job!

Although the module does most of the
work. additional circuitry is required to
combine text data with the video signal. to
provide power, and to select the desired
function. Lets look at that circuitry now,
starting with power supply and switching
circuits. which are shown in Fig. 4,

The decoder is powered by @ 12-volt,
S00-milliamp wall transformer. Power is
routed from jack JI to 1UNCTION switch
Sl-a via diode DI which protects the de-
coder from an accidentally reversed power
input. Capacitors C1 and C2 filter the 12-
volt input. and LEDI lights up when
power is on. 1C] provides a regulated five

volts for the NCI module. Because the
module draws more than 400 milliamps of
current. a heatsink is required to dissipate
heat.

The only portion of the non-NCI cir-
cuitry that requires five volts is the func-
tion-select circuit that is also shown in
Fig. 4. The operating mode of the NCI
module is determined by the state of the
three pins labeled SB3. SB4. and 5B6.
Incidentally. the module has 6 connectors
numbered SA-SE and 3D, SE. and 5F are
not used in our decoder.

Pin SB3 is the cArtion/Tv select input.
When that pinis low. the module’s decod-
ing functions are inhibited and the video
signal is displayed without captions or
text. ‘The inputs at the other two pins are
also ignored. When that pin is brought
high (to + 5 volts). the module is placed in
decoding maode.

Pin SB4 is the carnon/TEXT select in-
put. When that pin is low, the decoder wilt
seek one of the two text channels: when
that input is high. the decoder will seck
one of the two caption channels.

Pin SB6 is the cHANVTTTANT, select in-
put. It allows you choose between “Text
Channel 1 and 2. or Caption Channel |

and 2. depending on the state of pin 584,
When 5B6 is low. T2 or C2 will be se-
lected. When SB6is high, T1or Cl will be
selected. Switch Si-b. in conjunction
with reststors RI0-RI1S and the array of
diodes (D4-DY). allows you choose be-
tWEEN OFL, CILC2011, T2, 0F TV,

We have also designed an all-clectronic
function-select circuit which we'll pres-
ent neat time. That circuit uses several
additional 1C’s. and it provides a more
clegant way of choosing which mode the
decoder operates in.

Video circuit

Figure § shows the bulk of the non-NCl
circuit. That circuit has two main func-
tions. Hrst, 1t provides the module with a
clean, buffered composite-video signal
from which the caption data can be extrac-
ted. Sccond, it combines the Blanking
and Y (character) outputs from the mod-
ule with the original video signal, thus
providing a composite signal composed of
both captions and images.

The composite-video signal from JS is
fed to the video bufter composed of tran-
sistors Q2-QS5. That signal is then routed
via R25.R26_and CI3 to a syne separator



PARTS LIST

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

R1.R22, R23, R52, R53, R56, R60—1000
ohms

R2—15,000 ohms

R3—270,000 ohms

R4—100,000 ohms

R5—22,000 ohms

R6—390 ohms

R7, R40—4700 ohms

R8, R58—180 ohms

R9, R20, R21—560 ohms

R10-R12, R17, R28—47,000 ohms

R13-R15, R34—470 ohms

R16, R61—75 ohms

R18—18,000 ohms

R19, R24—680 ohms

R25, R47, R48, R57—220 ohms

R26—180,000 ohms

R27—68,000 ohms

R29, R32, R38—2200 ohms

R30—1500 ohms

R31, R37, R44-—3300 ohms

R33, R43, R49—330 ohms

R35—2700 ohms

R36—3900 ohms

R39, R59—10,000 ohms

R41. R45—12,000 ohms

R42-—-1800 ohms

R46, R54, R62—6800 ohms

R50, R55—1000 ohms, PC-mount, trim-
mer potentiometer

R51—100 ohms

Capacitors

C1—1000 uF 16 volts, efectrolytic

C2, C4, C6, C15, C24—0.1 pF, ceramic
disk

C3—1 uF, 35 volts, tantalum

C5, C13—1 uF, 16 volts, electrolytic

C7, C8, C19—10 uF, 16 volts, electrolytic

C9, C21—22 uF, 16 voits. efectrolytic

C10—47 uF, 16 voits, efectrolytic

C11—39 pF, ceramic disk

C12—2.2 uF. 16 volts, electrolytic

C14—150 pF, ceramic disk

C16—100 pF, ceramic disk

C17—0.001 pF, ceramic disk

C18-—220 pF, ceramic disk

C20, C22—100 pF, 16 volts, electrolytic

C23—470 uF, 16 volts, electrolytic

Semiconductors

{C1—LM7805T, 5-volt regulator

D1—1N4001, rectifier

D2—not used

D3—1N4735 6.2-volt, 1-watt Zener diode

D4-10, D12, D13—1N914 switching diode

D11—1N4738 8.2-volt, 1-watt Zener diode

LED1—standard red

Q1,Q2, Q4,06-Q9, Q11, Q12—2N2222A
NPN

Q3, Q5, Q10, Q13, Q14—2N3906 PNP

Other components

J1—Y%-inch miniature phone jack

J2-J6—RCA phono jack

S1—2P6T miniature rotary switch

S2—SPST miniature slide switch

Miscellaneous: Astec UM1285-8 video

moduiator, NCt Tetecaption Decoder

Modute. PC board, 12-volt 500-ma walt-

mount transformer, case, parels, wire,

solder, etc.

Note: A kit (no. K-6314) including PC

board, case, and all parts except RF

modulator and power transformer is

available for $139 plus $7.55 shipping

and handling from Dick Smith Elec-

tronics, Inc., P. O. Box 8021, Redwood

City, CA 94063. The modulator (no.

K-6040) is available for $9.95 and the

power transformer (no. M-9526) is

available for $6.95. Allow shipping of

$1.50 plus 5% of order. California resi-

dents must add 6.5% sales tax. Orders

outside the U. S. must include U. S.

funds and add 20% of totat for ship-

ping.
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FIG. 6—THE AUDIO BUFFER is a simple emitter follower. Like the video signal. the audio signal can be
fed directly to a monitor, a VCR. or the optional RF modulator.

nal. to the base of bulfer transistor Q6.
The output of Q6 drives both blunking
transistor Q7 and the output butfer tran

and DC clamp composed of transistors
Q10 and Q11 The output of that cireuit 1s
then coupled. along with the original sig

sistor QY- it is the latter which drives the
videwo input (pin SCh ol the NCI decoder
module.

Between Q6 and Q9 18 a noise-can
cellation circuit composed of Q8 and the
components around QX That circuit helps
remove impulse noise from the video sig
nal and theretore reduces the module’s
¢erTor rate

The blanking signal provides the black
hackground for the captions and text. Hois
produced at pin SA4 of the module. That
signal is buftered and amplitied by Q12
The output of Q12 is coupled. along with
the original video signal. to the base of
blanking bulter Q7. The combined sig-
nals are then applied to the base of the
video output bufter. Q14.

The blanking “blackness™ level 1s set
by components DI and R47-R49. The
level. which is stabilized by C20. can be
adjusted by means of rear-panel trimmer
potentiometer RS0,

The Y (character) output comes
through pin SAT of the module. {t1s then
buftered and amplified by Q13. The out-
put of Q13 is added to the video and
blanking signals at the base of transistor
Q4

Diode D13 prevents any Y level below
the blanking level from reaching the out-
put and perhaps disturbing the picture
syne

Diode D12 and resistors R54-R56 are
used to clip the upper portion of the Y
signal and limit the hrightness of the
characters. The clipping level is set by
RSS. another rear-panel trimmer.

Output transistor Q14 combines the
otiginal video image with the blanked-out
boxes and the white captions. That tran
sistor delivers a signal o video output
Jack 16 and itdrives the video input of the
RF modualator.

The tinal portion of the decoder’s cir-
caitry s shown i Fig. 6. Since the audio
signal plavs no part in the caption decod
ing process. it is merely buttered by QI
and routed to audio output jack J4 and the
audio input of the RF modulator. The lut
ter delivers a standard video signal on
either Channel three or Channel four: a
switch is provided that allows you o
choose the desired channel

The RF modulator requires a six-volt
supply. which is derived trom the 12-volt
rail by RS and D3, and which is smoothed
and stabilized by CY

That completes the circuit deseription
o our closed-caption decoder for the
acaring impaired. Unfortunately. we have
run out of room for this month. When we
continue next tme we will present com-
plete instructions for building the unit. We
will also present the details for the elec
tronic function-select circuit we men
tioned carher. Finatly, we'll show how to
hook up and use the unit. In the mean-
UIMe. You Nty want to get a head start by
gathering the required parts. R-E
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Closed-Caption Decoder

Last month we looked at the theory and the circuitry behind the

closed-caption decoder. Now let’s build one.

P t 2 WHEN WE FINISHED UP
a r last time, we discussed
the basics of how closed captioning
works, and we presented the complete
schematic diagrams of our closed-caption
decoder. Now you can warm up your sol-
dering iron—we 're ready to build the cir-
cuit.

Construction

Building the decoder is fairly easy be-
cause it has only a single IC, and because
all components, except the switches and
power jack JI, mount on the PC board.

The NCI telecaption module, the heart
of the decoder, mounts in the bottom of
the case, and the PC board mounts in the
top. The close quarters in the case require
that all components on the PC board be
low-profile types with heights less than
one inch. The only problem component is
the 7805 regulator, which requires a rela-
tively large heatsink. We solved the prob-
lem by installing a vertical-mount
heatsink horizontally.

To begin construction, first inspect the
PC board (whether you make your own or
buy the kit) for plugged holes and broken
or shorted traces. Fix any and all faults
before proceeding.

Following the component-placement
diagram in Fig. 7. install the three jum-
pers using 22-gauge bus wire. Keep the
jumpers tight and flat against the surface
of the board to prevent shorts. Next, insert
26 PC pins into the holes in the board
where wires will connect: 15 along the
right edge of the board (where the NCI
module will connect), two for Ji, two for
S2. and seven for S1. Turn the board over

carefully and rest it on the pins while you
solder them in place.

Next install the 59 fixed-value re-
sistors. The holes for all the resistors are
spaced so that the leads of each resistor
can be bent right at the body. To ease
troubleshooting, mount the resistors so
that the color codes point the same way.

Install the capacitors, taking care to
orient the polarized electrolytic and tan-
talum types correctly. Keep all the capaci-
tors as close to the board as possible,
bending their leads if necessary to match
the hole spacing.

Install the diodes next, taking care both
to orient them correctly and not to mistake
the different types. In particular, be cer-
tain that the 6.2-volt Zener is inserted in
the D3 position, and that the 8.2-volt
Zener goes in the DIl spot. Use care in
bending the leads of the diodes, par-
ticularly the glass types.

Now install the transistors. To avoid
mixing up the two types, first insert and
solder the five PNP devices (Q3, QS,
QI0, QI13, and Q14). Then insert the nine
NPN transistors in the remaining posi-
tions, and solder them in place. Keep the
transistors close to the board—their cases
should be no more than % inch from its
surface.

Press the four RCA jacks (J2, J4, JS,
and J6) into the board and bend their tabs
over to hold them in place. Check that
they are all firmly and squarely seated,
then solder them in place, using a fair
amount of solder to obtain firm joints.

Insert the two trimmer resistors, R50
and R55, into the board and solder them
in place. Be certain that they are well

J. DANIEL GIFFORD

mounted, so that repeated adjustments
will not work them loose.

Press the RF modulator into the board
and twist its lugs to hold it in place. Solder
the lugs to the foil, using plenty of solder
to make a secure joint. Not only do the
lugs hold the relatively heavy modulator
in place, but they are used as jumpers to
extend the ground plane to two points near
the center of the board. Poor mounting
will cause problems. Insert the modu-
lator’s four leads into their holes, noting
that they angle back from the edge of the
board slightly. Pull the leads tight, then
solder them.

Now install the 7805 regulator and its
heatsink. The heatsink supplied with the
kit has two pins extending from one end to
facilitate vertical mounting. Since the
heatsink will be mounted horizontally, re-
move the pins with a pair of pliers.

Insert the 7805 regulator into the board
with its metal tab toward Cl, and then
bend it so that the hole in its tab lines up
with the hole in the board. DO NOT sol-
der its leads yet.

Pass the heatsink’s mounting screw
through the PC board and through several
metal washers to hold the regulator
slightly above the board. Apply a layer of
heatsink compound to the back of the
7805 and attach the heatsink, tightening
the screw firmly. Solder the regulator’s
leads now.

The last step in building the PC board is
to mount power-on indicator LED2. It
must extend from the edge of the PC board
to meet its mounting hole in the front
pancl. The casiest way to determine its
mounting position is to temporarily fit the
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FIG. 7—MOST COMPONENTS EXCEPT THE SWITCHES AND J1 mount on the PC board. Use PC-board
pins to connect the off-board components.

J1J5 02 VMI NCI TELECAPTION DECODER

LED 1 IC1

FIG. 8—THE PC BOARD MOUNTS IN THE BOTTOM of the case and the NCI decoder module mounts in
the top. Make sure that the three jumper cables connecting the PC board and the module are oriented
correctly.

PC-board and the front panel into the After all components have been
case. After the LEDs leads are bent to fit, mounted. inspect your work for in-
remove the board and solder the LED in complete joints and solder bridges, and
place. Note that the lead next to the flat correct any problems. Clean flux from the
edge of the LED’s case goes to the hole bottom of the board, and then spray it with
ncarest the corner. an acrylic dielectric spray. Doing so will

help the decoder to remain trouble-free in
changing humidity conditions.

Interconnections

The connectors that couple our board to
the NC1 module are an unusual type with
0.1" spacing between adjacent pins. They
are insulation-displacement types. so you
need only press a strand of ribbon cable
into cach contact. We use three con-
nectors of different sizes: four-, five-, and
six-contact points. Each interconnecting
cable has a connector only at the end that
attaches to the NCI module; the other end
is scldered to the PC board.

Cat three pieces of ribbon cable about
six or seven inches long, one each with
four. five, and six conductors. and sepa-
rate the conductors about one inch at cach
end. Insert the unstripped wires into the
“bayvs™ of the appropriate connector and.
holding them in place. pull the cable
down across the terminals, but don’t ap-
ply too much pressure. With the cable
seated. use a small flat-blade screwdriver
to push each wire into the notch of its
terminal.

Strip about Ya-inch of insulation tfrom
the other end of each conductor of all
three ribbon cables. Twist the strands to-
gether. and then solder the wires to the
PC-board pins. Make sure that you solder
those wires so that the connectors at the
other end will be able to fit in the NCI
module. Figure 8 shows how they should
seat  The six-conductor cable should be
split for an inch or so at the PC end be-
tween its second and third conductors in
orderto clear C15. Or you could push CI5
so that it lies flat on the board. Don’t
break its ceramic coating or short any of
the other connnecting pins. After all of the

wircs are soldered in place, inspect your.

work and correct any errors.

Artach J1 and S2 to the rear panel, and
insert the panel into the top half of the
case. Install the PC board and secure it
with four self-tapping screws. Make sure
that the jacks line up with the holes in the
panel.

Connect wires between JI's pins and
the appropriate pins on the PC board.
Then connect S2 to the channel-select
pins, using segments of ribbon cable or
other 20- to 24-gauge hookup wire. Keep
the wires short and neat, but leave a small
amount of slack to allow removal of the
board or the panel.

Remove the anti-rotation lug from ro-
tary switch S2 and mount the switch to the
front panel, tightening its nut finger-tight.
Fit the knob to the shaft and adjust the
switch’s position so that the knob’s in-
dicator lines up with the panel markings.
Carefully remove the knob and tighten the
nut. Then re-install the knob and make
sure that the indicator still lines up.

Use bus wire to connect the five com-
mon terminals of Sl-a together. Clip the
terminals off just above the wire, and re-
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PARTS LIST

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

R1, R22, R23, R52, R53, R56, R60—1000
ohms

R2—15,000 ohms

R3-—270,000 ohms

R4—100,000 ohms

R5—22,000 ohms

R6—390 ohms

R7, R40—4700 ohms

R8, R58—180 ohms

R9, R20, R21—560 ohms

R10~R12, R17, R28—47,000 ohms

R13-R15, R34—470 ohms

R16, R61—75 ohms

R18—18,000 ohms

R19, R24—680 ohms

R25, R47, R48, R57—220 ohms

R26—180,000 ohms

R27—68,000 ohms

R29, R32, R38—2200 ohms

R30—1500 ohms

R31, R37, R44—3300 ohms

R33. R43, R49—330 ohms

R35—2700 ohms

R36—3900 ohms

R39, R59—10,000 ohms

R41, R45—12,000 ohms

R42—1800 ohms

R46, R54, R62—6800 ohms

R50, R56—1000 ohms, PC-mount, trim-
mer potentiometer

R51—100 ohms

Capacitors

C1-—1000 pF 16 volts, electrolytic

C2, C4, Ce, C15, C24—0.1 pF, ceramic
disk

C3—1 uF, 35 volts, tantalum

C5, C13—1 uF, 16 volts, electrolytic

C7, C8, C19—10 pF, 16 volts, electrolytic

C9, C21—22 uF, 16 volts, electrotytic

C10—47 pF, 16 volts, electrolytic

C11—39 pF, ceramic disk

move the oFr terminal completely. The
terminals must be removed in order for the
switch to clear the edge of the PC board.
To prevent possible wiring errors. remove
the two terminals corresponding to the
ofFF and the Tv positions of S1-b.

Solder a six- to seven-inch length of
seven-conductor ribbon cable to the pins
near the front of the PC board. Connect

the other end to the appropriate points of

S1. Insert the front panel into the top of the
case.

Drill a row of %-inch cooling holes
along the bottom of the left halt of the
case. Those holes will let air get in to cool
the heatsink; waste heat will pass by con
vection through the gaps around the rear-
panel jacks.

Next mount the NCI module in the bot-
tom half of the case. The module has four
mounting lugs designed for attachment to
a flat surface. To mount the module to the
standoffs in the bottom of the case. bend
the lugs so that they extend straight out
from the module's shielding can; then
make an additional horizontal bend about

C12—2.2 pF, 16 volts, electrolytic

C14—150 pF, ceramic disk

C16—100 pF, ceramic disk

C17—0.001 uF, ceramic disk

C18—220 pF, ceramic disk

C20, C22—100 pF, 16 volts, electrolytic

C23—470 uF, 16 volts, electrolytic

Semiconductors

IC1—LM7805T, 5-volt regulator

D1—1N4001, rectitier

D2—not used

D3—1N4735 6.2-volt, 1-watt Zener diode

D4-10, D12, D13—1N914 switching diode

D11—1N4738 8.2-volt, 1-watt Zener diode

LED1—standard red

Q1,Q2,Q4, Q6-Q9, Q11, Q12—2N2222A
NPN

Q3, Q5, Q10, Q13, Q14—2N3906 PNP

Other components

J1—%-inch miniature phone jack

J2-J6—RCA phono jack

S1—2P6T miniature rotary switch

S2—SPST miniature slide switch

Miscellaneous: Astec UM1285-8 video

modulator, NCt Telecaption Decoder

Modute, PC board, 12-volt 500-ma wall-

mount transformer, case, panels, wire,

solder, etc.

Note: A kit (no. K-6314) including PC

board, case, and all parts except RF

modulator and power transformer is

available for $139 plus $7.55 shipping

and handling from Dick Smith Elec-

tronics, inc., P. O. Box 8021, Redwood

City, CA 94063. The modulator {(no.

K-6040) is available for $9.95 and the

power transformer (no. M-9526) is

available for $6.95. Allow shipping of

$1.50 plus 5% of order. California resi-

dents must add 6.5% sales tax. Orders

outside the U. S. must include U. S.

funds and add 20% of total for ship-

ping.

\

FIG. 9—THE NC1 MODULE, shown here with its
cover; remved, mounts to the bottom of the
case.

rear panel. The module must be all the
way back to provide room for the rotary
switch in front. Secure the module in
place using self-tapping screws and wash-
ers. Do not connect the module to the PC
board yet

Testing and adjustment

Turn the rotary switch to ofr and plug
the wall transformer’s output plug into the
power jack. Then plug the transformer
into an AC socket and turn Sl o ci. LEDI
should light up. Turn the knob through the
other positions; the LED should remain
lit

Measure the voltage at the positive lead
of C1. It should be no less than 12.5 and
preterably no more than 16 volts. (That
voltage will drop when the heavy load of
the module is added.) Measure the 5-volt
supply at either the + 5 volt pin of Si-bor
at module connector pin SC4. It should be
within (.25 volt of S volts. Finally, mea-
sure the voltage at the cathode of D3; it
should be between 5.8 and 6.2 volts. it all
voltages are correct, turn the decoder off
and attach the connectors to the NCI mod-
ule. Turn the power back on.

SIGNAL L = TV/SAME
SPLITTER SWITCH
ANTENNA
ouTPUT INPUT
VCRTUNER CLOSED-CAPTION v
DECODER SET
AUDIO AUDIO AUDIO AUDIO
ouTPUT INPUT OUTPUT INPUT
VIDEO VIDED VIDEO VIDEO
OUTPUT INPUT OUTPUT INPUT

FIG. 10—SYSTEM WIRING DIAGRAM shows how the decoder should be connected to your video
system. The signal splitter and vv.icame switch are optional.

Ya inch from the first bend. Press the mod-
ule into place with the connectors on the
opposite side of the cooling holes. and
with the rear edge against the slot for the

Again measure the voltage at the
positive end of capacitor Cl. Ideally. 1t
should be between 12 and 12.5 volts, but it
may vary. depending on the wall trans-



ELECTRONIC FUNCTION SELECTOR

As promised last month, we'll describe
an ali-electronic function-selector circuit
that can be used to replace the rotary
function selector, S1. The circuit is shown
in Fig. 1.

clock input; that pulse advances the coun-
ter by one. The 0 output goes low and the
1 output (pin 1) goes high, so the C2 LED
lights up, and caption channel C2 is se-
lected. Successive presses of S1 cycle
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The heart of the circuit is a 4022 8-stage
ring counter. In a ring counter. one and
only one output is high at any time. Each
output of the 4022 drives an LED via an
inverter. The first four outputs are also
connected to the corresponding inputs on
the main PC board. When power is first
applied, C2 and R3 reset the counter, so
the O output (pin 2) is high. Therefore, the
decoder comes up tuned to the most pop-
ular closed-caption channel, C1.

When S1 is pressed, a pulse is applied
(via Schmitt trigger IC2-a) to the counter’s

PARTS LIST—

R1—10,000 ohms
R2—47,000 ohms
R3—15,000 ohms
C1—1 uF, 16 voits

C2, C3—0.1 uF
1C1—4022 ring counter

tormer used. To accommodate transfor-
mers with various output voltages, it may
be necessary to alter the values of several
resistors. We'll discuss those moditica-
tons 1n 4 moment

Betore closing up the case. temporarily
connect the decoder to your video system

S .

the 4022 through each of its states; a fifth
press returns the decoder to the C1 mode,
because the output 5 {pin 4) is coupled to
the ReseT input via diode D1

You can build this circuit 01 a piece of
perfboa-d and attach it to the front panel
with spacers and screws. Note that a sep-
arate SPST switch will then be required to
switch the decoder's power on and oft; in
addition, power-on indicator LED1 (on the
main beard) can be omitted, since one of
the function LED's will ight up whenever
the power is on. R-E

ELECTRONIC FUNCTION SELECTOR

{C2—74C14 hex Schmitt trigger
D1—1N914

LED1-LEDS—Standard

S1—SPST normally open pushbutton
S2-—SPST toggle

as shown in Fig. 9. Notz that a video
switch is shown in that figure: it can be
used to bypass the decoder when caption
decoding is not needed. It captions will be
desired most or all of the time. the switch,
and the signal splitter. can be omitted and
the decoder’s v mode can be used to

bypass decoding. if necessary.

Select a strong station on the VCR or
tuner, set your TV and S2 on the decoder
to Channel 3 or 4. Now turn everything
on. Place Sl in the v position

If the picture and sound on the TV are
goed, then no adjustments to the modu-
later are necessary. But if either picture or
sound is faulty, use a Yie-inch flat screw-
driver to adjust the modulator’s tuning
coil (the one nearest the input leads) until
the picture ts good. Then adjust the other
coil until the sound is clearest. You may
have to adjust both coils several times to
op:imize both audio and video.

Set trimmer resistors R50 and R55 1o
the center of their travels. set S1to ¢, and
tune in a captioned program. During the
day. the best place to find one is on a PBS
station. At night, try either a PBS or an
ABC station. On satellite, tune in any of
the ABC or PBS teed transponders.

If the captions appear with a dark back-
ground and bright. legible characters, no
adjustments are necessary. But. if the
boxes are too light, it the captions distont
the picture, or it dark streaks appear in
light scenes, adjust the BILACKNESS
control (R50) until the boxes are as dark
as they will get without streaks or distor-
tion. If the characters are either too dimor
smeared. adjust the CHARACTER control
(E.55) until they are clearly visible, but
not smeared.

It proper adjustment cannot be ob-
tained in the middle 1/3 of the trimmer’s
travel (or cannot be obtained at all). the
problem is most likely the 12-volt supply.
To compensate. one or two of the resistors
in the blanking and Y level bias circuits
will have to be changed. The resistors
should be changed only if itis ditficult to
get clear captions and background.

It the background will not adjust prop-
erly, clip R47 trom the board, leaving the
lead stubs in place. Connect a IK trimmer
resistor to the stubs and, with the back-
ground trimmer set to the center of its
travel. adjust the new resistor to obtain a
dark background without streaks or dis-
tortion. Turn the decoder oft. measure the
value of the pot. and replace it with the
closest standard resistor. It you 're careful,
you can solder the new resistor to the leads
ot the old one without having to remove
the board from the case.

It it is the characters that will not adjust
properly. pertorm the same procedure. but
substitute a 2K trimmer resistor for R56.

After evervthing is working correctly,
disconnect the decoder, assemble the
case, and reconnect it to your video sys-
tem. Now you're ready to enjoy the new
world of closed-caption programming.

To conclude. it's our sincere hope that
all of the hearing-impaired persons who
are aided by this project enjoy using it as
much as the author enjoyed designing and
developing it and we enjoyed publishing
it. It was truly our pleasure R-E
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YOU NEED
DISTRIBUTORS
FOR

JUST-IN-TIME...

AND

EVEN MORE
FOR
JUST-IN-CASE!

et’s not get lost in the buzzwords.

Timely scheduling of component
deliveries is not new. . . it’s been at
the forefront of the growth of indus-
trial electronic distribution. Distribu-
tors have been stocking the quantity
inventories necessary to parallel your
production schedules for over a
quarter of a century.

But your distributor is more than
just a convenient, nearby source for
OEM product. You also count on
him to have on hand the important
single piece you suddenly need. . .
to locate those hard-to-find replace-
ment parts. . . to keep your lines
from shutting down for want of miss-
ing components,

Your distributor is your key re-
source. . . for just in time, for just
in case.

Why are we, as electronics man-
ufacturers, “pushing” distribution?
Because it’s our way of serving you
better! It makes our wares more
accessible to more buyers; it speeds
our components to you faster than
we could deliver them. And by ex-
tending our sales, warehouse, and
credit capabilities, distributors help
us keep down our costs, and hence
your price!

The sponsors of this message are
among over 150 members firms of the
Electronic Industries Association,
Distributor Products Division, all
committed to marketing through dis-
tributors, because it benefits buyer
and seller. Want more informa-
tion? Contact Herbert Rowe, Senior
Vice President, EIA Components
Group, 2001 Eye Street, N.W.,
Washington, D.C. 20006. Telephone
(202) 457-4930.

Alpha Wire Corporation
Wire, Cable, Tubing Connectors

AMP Incorporated
Electrical/Electronic Connectors, IC Sockets, PCB
Switches

Amphenol Products
Amphenol, Bendix & Spectra-Stnip Connectors, Cable &
Cable Assemblies

Arrow Hart Division/Cooper Industries
Power & Control Switches

Belden Electronic Wire & Cable
Thermosetting, Thermoplastic Wire & Cable for Electronic
Applications

Carol Cable Company, Inc.
Electronic and Electrical Wire and Cable and Power
Supply Cords

Cornell-Dubilier Electronics, Inc.
Capacitors, Relays, EMI Filters & EMI Systems Engineenng
Sefvices

Corning Glass Works,

CORNING ELECTRONICS

MLCC Capacitors (leaded) and Chips, Power & Glass
Capacitors, Fixed Metal Film Resistors, Resistor Chips.,
Resistor & Capacitor Networks (standard & customs). and
Tantalum Capacitors

AT
w O,
O &

>

=2\ DISTRIBUTOR
: Eﬁh PRODUCTS
‘i, e ze/f  DIVISION

0

CTS Corpo

DIP Switches, DIP/SIP Resistor Networks, Hybnds, Clock
Oscillators, Crystals, Potentiometers & Rotary Switches
Dale Electronics, Inc.

Resistors, Networks, Oscillators, Displays, Connectors,

ration

Inductors & Thermistors, Electronic

Lamptronix Co., Ltd.
Miniature/Subminiature, & incandescent & Neon Lamps

Matrix Science Corporation
MIL-C-38999, MIL-C-24308, MIL-C-83723, MIL-C-5015 &
MIL-C-81714

Murata Erie North America, Inc.

Monolithics. Discs, Variable Capacitors, Potentiometers,
RFIEMI Filters, Crystals, Oscillators, Piezo Alarms, and
High Voltage Products

NTE Electronics, Inc.
Semiconductors, Flameproof Resistors, Wire-ties

Ohmite/A North American Philips Company
Resistors, Rheostats, & Control Components

Perma Power Electronics, Inc.
Portable Sound Systems, Amplifiers, Power Line Surge
Suppressors & Multiple Outlet Stnips

Philips ECG/

A North American Philips Compan
Semiconductors, Picture Tubes, Receiving Tubes &
Chemicals

Potter & Brumfield
Electromechanical Time Delay, & Sohid State Relays.
/0 Modules, Circuit Breakers

Quam-Nichols Co., Inc.
Loudspeakers and Commercial Sound Products

RCA Distributor & S.P.Divison
Electronic Parts, Sermiconductor Devices, Receiving,
Industnal & Picture Tubes, Video Tape & Accessories

SL Waber, A Division of SL Industries, Inc.
Surge & Noise Suppressors, Uninterruptible Power
Supplies, Multiple 8ul!el Strips

Simpson Electric Co.

Analog & Digital Panel Meters, Meter Relays, VOM's,
DMM's, Electnical-Electronic Test EQuipment, Elapsed
Time & Frequency Meters

Switchcraft, Inc.

Switches, Connectors, Fiber Optic Connectors. Jacks,

Plugs, Keyboards, Jackfields & Audio Accessories

Waldom Electronics

Capacttors, Connectors, Hardware, PCB Accessones,

geTlays. Switches, Lamps/Lights, IC Sockets, Terminals
ools

omponents
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LASERS

and entertain us at roch concerts. They
also make formidable weapons

What is a laser?

A laser (which stands for Light Ampli-
fication by Simulated Emission of Radia-
tion) is a source of intense light that has
several unusual and useful properties. The
light is monochromatic, which means that
it is a single. very pure. color whose fre-
quency can be measured and used as a
precision standard in and out of the labo-
ratory. Laser light is coherent—all the
waves of a beam are in phase. Unlike
natural and most artificial light sources.
whose emissions are incoherent, or
phased randomly. a laser produces pack-
ets of photons all "marching in step™. and
possessing a great deal of energy. Finally,
because of the way they are generated the
rays of light produced by a laser are all
parallel to one another, or very nearly so.
A pencil-thin beam of laser light aimed at
the moon will spread out to a diameter of
only 1%2 miles. That may not sound im-
pressive—until you consider that the light
would travel a distance of about 250,000
miles before diverging that far.

How lasers work

The principle behind the laser is called
stimulated emission. That term refers to
the fact that an atom, when in an excited
state, can be made to emit a photon when
bombarded by other photons or by an-
other high-energy source such as a source
of electrons.

That needs a little explaining. Figure
I-a shows a simple hydrogen atom—ijusta
proton and an electron. The “height”™ of
the orbit of the electron depends on the
amount of energy that the electron is car-
rying and is very strictly defined by
nature. Further, for an clectron to be
forced to jump from one orbit to another
requires a precise amount of energy. or
quantum, to be added to it.

In its lowest orbit, no energy has been
added and the electron is in its normal, or
ground, state. When just the right amount
of energy is applied. the clectron will
jump to a higher orbit, and it is said to be
excited (Fig. 1-h). That excited state,
though, is unstable, so the electron quick-
ly returns to its ground state. When it does
that it gives up the energy that was applied
to it in the form of a photon. or particle of
light. (Light is electromagnetic radiation
but it frequently behaves like a particle.
For that reason. a photon is sometimes
called a “waveicle.™) That spontancous
emission of photons is where laser light
begins.

If you get enough excited atoms to-
gether, spontancously emitting photons as
they undergo the transition from the excit-
ed to the ground state. an interesting thing
happens. When one of those photons

ENERGY OR
PHOTON PHOTONS
/ y
Y
ELECTRON . - ool
| P BN AR
L /e NN s Y
(@) ll‘( \\’:I(m\,
T’ \\\\\_’//\\\/,'l
N N Ny
PROTON Sooe ~—=7
a b c

FIG. 1—A SIMPLE HYDROGEN ATOM is shown
in a. If a precise amount of energy, or quantum,
is added to the atom (b), the electron makes a
transition from its normal ground state to a less-
stable excited state and jumps to the next higher
orbit. If a photon strikes the electron while itis in
that excited state, the electron will return to the
ground state and emit a photon of its own (c).

Thus. there are then two photons where
previously there was one. Those two pho-
tons can go on to strike other excited
atoms and generate still more photons—a
process very much like what happens in a
nuclear-fission reaction. That process of
photons generating other photons from
excited atoms is known as stimulated
emission. A photon of a particular wave
length gives rise only to photons of the
same wavelength. Thus. laser light is
monochromatic: it contains only a single
color.

The trick. of course. is to get together
in one place a large number of excited
atoms of the same kind. so the that stimu-
lated emission of photons can take place.
That is done by pumping the atoms in a
material up to an excited state by bom-
barding them with intense light or with
some other source of energy such as a
beam of electrons, With a ruby laser—the
type used by Theodore Maiman on July 7.
1960 when he demonstrated the first
laser—as an example, let’s examine the
lasing process.

A simple diagram of a ruby laser ap-
pears in Fig. 2. The heart of that device is
a rod of synthetic ruby whose ends are
finely ground and polished so they are
optically flat and are exactly parallel to
one another. Both ends of the rod are
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SILVERED END FLASH LAMP

silvered to reflect light back into it, but the
reflecting surface at one end is not a per-
fect retlector—it allows perhaps ten per-
cent of the light generated within the rod
to escape. That light is the laser beam.

The rod is surrounded by a spirally-
wrapped xenon flash tube similar to those
used in electronic Hash-units. The light
produced by that tube will excite the
atoms in the ruby rod. Because of that,
that type of laser is known as an optically
pumped laser. (As we shall see, there are
other types of excitation commonly
used.) The cooling equipment is present
to remove the heat generated by the lasing
device. Lasers are extremely inefticient—
only one or two percent of the power they
consume 1s transformed into usable laser
light: the restis given off as ordinary light
and lots of heat. That isnt really too bad
though—an ordinary incandescent bulb is
only about two percent efficient. and the
light it produces can’t begin to compare
with that from a laser.

When the flash tube discharges. the
photons it emits enter the ruby rod
through its sides and excite the material’s
chromium atoms. which absorb green and
blue light. (Those atoms are what give the
ruby its reddish color: you may remember
from physics that whatever light a mate-
rial doesn’t reflect or transmit, it ab-
sorbs.) When those excited atoms decay
from their excited state they give off pho-
tons. which trigger other excited atoms to
release photons, and so on. The whole
process ina ruby laser takes place in about
300 microseconds, and an intense burst of
ruby-red light is produced.

We now have lots of light, but we still
don’thave a laser. That's where the reflec-
tive end surfaces of the rod come in. Most
of the red light generated within the rod
escapes through the sides, but some of it is
reflected buck into the rod, and that gives
rise to the stimulated emission of more red
light (hence the amplification™ in the
word “laser™).

A portion of the light is not reflected.
however, but escapes from the rod through
the end that is only partially silvered. That

PARTIALLY
SILVERED END

COOLING

LASER BEAM

strikes an already excited atom. itchanges

~ 4. - FIG. 2—IN THIS OPTICALLY-PUMPED LASER the light produced by a xenon flash lamp is used to
state and emits its own photon (Fig. 1-¢).

excite the atoms in a ruby rod.
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is the laser beam. It is monochromatic
because the photons that trigger stimulat-
ed emission give rise only to photons like
themselves. [t is also coherent—all the
light waves are in phase. That. too. is a
result of the process of stimulated emis-
sion: the phase of the photons generated is
identical to that of the stimulating photon.
The rest of the light reflected by the rod’s
mirrored ends bounces back to interact
with more chromium atoms and produce
more photons.

Figures 3-a and 3-h. respectively. rep-
resent coherent and incoherent (random
phase) light. As is the case with any wave
phenomenon—we’'re now considering
photons as waves rather than as parti-
cles—out-of-phase waves tend to cancel
each other. Because all the waves of a
laser beam are in phase. it is much more
intense and powertul than @ beam of ordi-
nary incoherent light.

Finally. all of the photons in a laser
beam travel parallel to one another. That is
the result of the orientation of the reflect-
ing surfaces at the ends of the lasing cle-
ment. The beam of even an inexpensive
laser has a divergence of only about one
twentieth of a degree. which means that
the energy it carries is not diffused appre-
ciably over distance

There are many, many types of lasers.,
and their characteristics and modes of op-
eration tend to overlap. The following ex
amples are just a small cross section of
what has been developed in the past 25
years.

Crystal lasers

This is the category to which the origi-
nal ruby laser belongs. Those lasers are
optically pumped and have a relatively
low-power output. in the milliwatt range.
The most common type s the neo-
dymium-YAG (for Ytrium-Alun
num-Garnet) laser. which emits light in
the near-infrared. YAG lasers can be oper-
ated continuously because the material
from which they 're made conducts heat.
which would otherwise destroy the laser
rod. relatively well.

Another member of the crystal-laser
family is the neodymium-glass laser. [tis
less expensive to produce than the YAG
type (glass is cheaper than garnet. even
the synthetic kind), but it must be pulsed,
or operated on a one-shot basis. It cannot
sustain continuous operation because of
glass’s poor heat conductivity.

Gas lasers

There are more gas lasers than there are
any other type. Over S000 types of laser
activity in gases are known. Gas lasers are
not usually optically pumped. but are ¢n-
ergized by passing an electric current at a
potential of several thousand volts through
the gas. which is contained in a tube with
polished and silvered faces similar to the
ends of the ruby rod described carlier. As
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FIG. 3—IN LASER LIGHT. all of the waves are in
phase; thus they are said to be coherent (a). in
normal light, the waves have no phase rela-
tionship (b).

the current flows through the gas. the elec-
trons transfer some of their energy to it,
bringing it to a state where tne stimulated
emission of photons can occur. Because
ol the way they‘re constructed. gas lasers
can be cooled more efticiently than crys-
tal types. and lend themselves better to
continuous operation.

The most widely used gas laser is the
helium-argon laser. which can be built for
a modest sum by almost any experi-
menter. Itis able to produce no more than
50 milliwatts, but its tight beam of red
light. about a millimeter across, makes it
ideal for laboratory and experimental use.

Argon and krypton lasers can produce a
wide range of colors, but are sull rela-
tively low in power. It is not feasible. for
example, to construct an argon laser more
powerful than 100 watts. Argon lasers
with their green light are frequently used
in medical applications.

The infrared carbon-dioxide laser is
more of a heavyweight. It can have an
output as high as several hundred Kilowat-
ts. Moderate-sized lasers of that sort are
widely used in industry.

Liquid lasers

Organic dyes dissolved in organic com-
pounds such as alcohol can be made to
lase. too. Organic lasers are unusual in
that one laser can produce a wide range of
colors. That spectrum can be optically
tuned. and a very precise selection of light
of a single color can be made. That ca-
pability makes the dye laser a very valu-
able laboratory tool.

Semiconductor lasers

Semiconductor lasers (Fig. 4) are
members of the LED family. They difter
from ordinary LED's in that they consume
considerably more current and the edges
of the semiconductor die are polished o
form interior reflecting surfaces. Because
of their extremely small size—about as
hig as a grain of salt—and the difhculty of
removing the heat they generate. those
lasers do not have a very high output.
Still, there are many applications 1o
which they are well suited, among them
fiber-optic communications and compact-
disc players.

Laser applications

In the 25 years since they came into
existence. lasers have proven themselves
invaluable in a diverse range of fictds.
Here are a few of them:

Industry: The high temperatures pro-
duced by focused laser beams make them
excellent wols for welding. cutting, and

drilling. A pinpoint of coherent light can
cut or bore much more cleanly than its
mechanical equivalent, with much less
waste. (An informal, and entirely unot-
ficial. system for rating the strength of
Jasers measures their power in terms of
“Gillettes " —the number of razor blades
that a beam of laser light can successfully
punch through.)

Photographs taken by laser light can be
used to determine stress regions and faults

FIG. 4—THIS SEMICONDUCTOR LASER is so
tiny that it can fit in the eye of an ordinary sewing
needle. Photo courtesy of ATT Bell Laborato-
ries.

in materials, simplifying and improving
quality control procedures in critical ap-
plications. Lasers are also used in indus-
try for non-contact monitoring of a wide
variety of systems. Sce Fg. 5.

Medicine: Lasers tind applications in
numerous areas of medicine, among them
dermatology. gynecology. and many
areas of surgery. The finely focused beam
of a laser can operate in areas (such as the
inside of the eye) inaccessible to the tradi-
tional scalpel.

Science: Lasers have helped scientists
both to refine existing knowledge and to
learn more about our universe. Using
lasers, it has been possible to determine

FIG. 5—LASERS HAVE many applications in in-
dustry. Here's a device that uses a laser to
monitor the performance of an ultrasonic wire
bonder, which is used in electronics production.
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the speed of light (186,282.398 miles/
second; 299,792.458 kilometers/second)
with an accuracy hitherto unknown, and
other units of measures have also bene-
fited. A laser beam follows what must be
the world’s straightest line, a boon for
surveyors and the like. Lasers in the labo-
ratory have also allowed the development
of new techniques to perform tasks that
were previously impossible. Nuclear fu-
sion reactions making possible the gener-
ation of enormous quantities of inexpen-
sive electricity from plain seawater will
probably be initiated and sustained by
lasers.

Communications: Right now fiber-op-
tic communications links using semicon-
ductor lasers are in limited use, but their
potential for carrying vast quantities of
information makes it certain that as new
installations are made, they will become
much more common. In space, where
laser light cannot be attenuated by air, it
may carry communications and data from
satellite to satellite, or even to earth.
Lasers also are the heart, of course, of the
laser printers; those devices, with their
high-quality outputs, are now becoming
popular in computer circles.

Entertainment: Laser-light shows are
popular at rock concerts, and lasers are
also used to record and read the informa-
tion contained on CD’s and most vid-
eodiscs. Holography, practical only with
laser light, makes possible 3-D photogra-
phy without a camera or special viewing
device, and has given birth to a new art
form. One day we may enjoy holographic
movies, although holographic television
at this point seems rather farfetched be-
cause of the limited resolution of even the
most sophisticated video systems. The
applications of holography, of course, are
not limited to the world of entertainment.
Holographic techniques are also used in
devices like scanners for UPC (Universal
Product Code) readers in stores, and in
the restoration of artwork.

War: Like dynamite, lasers can be put
to both peaceful and destructive uses.
Currently in the headlines is the *Star-
Wars™ technology that will take the sci-
ence of war into the peace of space. Lasers
are also used in the navigation systems of
missiles and in targeting devices.

New uses for the unique qualities of
laser light are constantly being conceived.
Among some of the more unusual and
esoteric areas being explored are dental
holography, gene manipulation, acu-
puncture, laser-based optical computers,
and the use of lasers to transmit power
from solar-energy-gathering satellites.
Future applications of the laser may only
be limited by the scope of human imag-
ination.

It doesn’t take much to see that the
invention of the laser is one of the most
significant things to come out of the labo-
ratory in this century. R-E
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Leakage and psychology

I'M NOT TALKING ABOUT THE KIND OF
leakage in which you find a small
puddle under the sink (or ayoung
puppy)., but a far more trou-
blesome kind: electrical leakage
in a circuit. It is a very common
kind of trouble that can cause loss
of sensitivity, audio distortion, and
all kinds of gremlins.

Finding leakage isn’tas hard as it
sounds. Make continuity checks
of all components connected to
the B+ and AGC lines. Most B +
lines show a pretty high resis-
tance, at least 50K or more. If you
find a point with 25K or less, stop
and check out all components—
especially the capacitors.

Older sets are particularly sus-
ceptible to problems with leaky
capacitors. Late-model sets show
fewer troubles of that sort. (I guess
that eventually they learned how
to build capacitors that didn’t
leak!) Be that as it may, don't over-
look the possibility in any TV set.

Dry electrolytic capacitors are a
common cause of problems, es-
pecially the low-voltage (25-volts)
types: they have built-in leakage!
If you see one on an AGC line, or
in any sensitive circuit, it's a prime
suspect. Sometimes | even replace
capacitors that appear to be good
just on general principles.

To recognize a set with low B +,
look for things like resistors over-
heating, low AGC, and low B+.

in fact, whenever you find a re-
sistor that looks gray or has no visi-
ble color coding, look over the
circut for a leaky capacitor; you'll
probably find one.

A handy tool for finding a leaky
capacitor is the WCFT (the Well-
Calibrated FingerTip). If a capaci-
tor in the B + is leaking, it will be

JACK DARR,
SERVICE EDITOR

warm, and that’s a sure sign of
trouble. They don’t get warm in
AGC circuits, because of the lower
voltages used there; you’ll have to
use an ohmmeter to pin down a
leaky AGC capacitor.

A classic example of the kind of
trouble a leaky capacitor can cause
is as follows. | had a set with low
B+ and other symptoms. At one
point in the chassis there were
four or tive capacitors tied to a ter-
minal strip. The leakage was great-
est at that point. So | disconnected
one of the capacitors, and check-
edfor leakage. Still there. I discon-
nected another capacitor; still no
help. Eventually | had discon-
nected all the capacitors and 1 still
had leakage! Finally | realized that
the terminal strip itself was leaking
through a faulty ground connec-
tion!

So the general method to use
when you find excessive leakage is
to start disconnecting things until
the leakage disappears. Sounds
awfully simple, and it is. It's time
consuming, but very practical!

Serviceman’s psychology

Of course there are times when,
no matter what you do, you just
can’t figure out what’s wrong with
a set. Then it’s time to do some-
thing different. For example, |
often make it a habit to curse in
German—something like “himmel
herr kreuss donnertter!” It sound
good, but it really only means
something like “Heaven Mr. God
Thunderweather!”

Then, when you’ve cleared the
cobwebs out of your brain, you
can get to work. The first step is to
think about what’s wrong and what
might be causing it.
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HELIUN
NEON LASER

Build this simple helium-neon laser and start

having fun with photons!

ROBERT GROSSBLATT and ROBERT IANNINI

BACK IN THE HEYDAY OF SCIENCE FIC-
tions era of purple prose. tales of bug-
eyed monsters. death rays. and the like
filled many a pulp magazine. Of course.
we knew then that it was all just fantasy:
you could no more have a “death ray™
than you could travel faster than sound or
put a man on the moon.

While those bug-eved monsters (or
BEM's. for short) have yet to pay us a visit
(to the best of our knowledge), much of
yesterday's science fiction is today’s sci-
ence fact. We even have a death ray. of
sorts. Of course. we are referring 1o the
laser. which can be a powerful weapon in
the hands of those who wish to use it as
such.

But the Jaser is also a great ol for
science and industry. In just 25 vears the
laser has gone from far-fetched notion.,
scientific reality, to common noun. Hard-
ly a day goes by where some part of our
lives is not affected by lasers. Today. the
laser has joined the transistor as a hall-
mark of modern electronics.

What'’s a laser?

The word laser is an acronym for Light
Amplitication by Simulated Emission of
Radiation. But for most of us. that
provides a poor explanation of what a
laser is and how it works. To find a better
explanation, we have 10 leave electronics
for a while. drop into the world of phys-
ics. and talk a little bit about the nature of

light. You can’t understand laser light un-
til you have some familiarity with the
properties of light in general.

There are three ways in which laser
light differs from ordinary light. and each
of those differences coniributes to the spe-
cial characteristics of a laser. Let’s begin
by looking at some of the characteristics
of ordinary light.

Ordinary light has a relatively wide
bandwidth. That means that a spec-
trographic analysis would reveal that reg-
ular light is made up of many different
wavelengths. Just about everybody has
seen, or done. the experiment in which a
beam of white light is directed through a
prism and split into different colors. The
ordinary light we see as white, therefore.
is actually made up of different color ele-
ments—it’s polvchromatic. Figure |
shows the composition of visible light,
and the relative sensitivity of the human
eye to various wavelengths.

Ordinary light is also temporally in-
coherent. By that we mean that the vari-
ous components of the light do not share
any time relationship: they are all ran-
domly out-of-phase with respect to each
other. Thus. if you were able to look at the
wavetorm of a beam of ordinary light, you
would see something that Jooks like Fig.
2. The irregularity and random ap-
pearance of that waveform is caused by
the presence of wavetforms of differing
frequencies in the light. and the ways in



which those waveforms interact with each
others. Because of that interaction. at
some points the waveforms all add (con-
structive interference): at some points
they all subtract from one another (de-
structive interference). and at most points
a combination of the two eftects occurs.
The result is anarregular. random-appear-
ing waveform as shown.

Finally. ordinary light is also spatially
incoherent. If you were to analyze the
waveform of Fig. 2 over a period of time
vou would see that it is constantly chang-
ing. That's because the component wave-
forms are constantly changing their
positions with respect to each other. caus-
ing the interference effects to vary.

The best way to put the differences be-
tween ordinary and laser light in perspec-
tive is to compare light to sound. Ordinary
light. because of all the things we just
talked about, can best be compared to
noise. The waveforms at any moment in
time are not only randomly spaced. but
there's an unpredictable nux of frequen-
cies as well.

Now. if regular light is like noise. then
faser light can only be thought of as the
purest sound imaginable. For openers.
laser light 18 highly monochromatic—a
spectrographic analysis would show that
it is composed of light of only one wave-
length. And where regular light is tem-
porally incoherent, a laser is temporally
coherent—all of the Jight waveforms are
in phase with each other. Thatis one of the
reasons why a laser puts ut light of such
pure color. Being monochromatic helps.
of course. but being temporally coherent
as well means that there’s almost a com-
plete absence of what would be called
distortion in a sound wave

As you might have already guessed.
laser light is also spatially coherent. If you

looked at the wavetorms over a period of

time. there would be absolutely no shift-
ing or movement. Considering the ab-
sence of interference effects, that is
exactly what you would expect to happen.

el

Taken together. all
of those factors are
what make laser
light so intense. and
so directional.

Since laser light is
Just about interference
free. there’s almost no
scattering of the hght.
The beam divergence is
very small—in the milli-
radian range. A laser
beam is really a beam of
light! Being coherent also
means that there’s a much
smaller loss in energy over
distance than there is with
regular light. Obviously.
since laser light is so different from reg-
ular light. it can’t be produced the same
way. And in order for us to understand
how it's produced. let’s see how regular
light i1s produced.

Electromagnetic waves in general. and
light in particular, is produced when an
atom gives oft energy. Now, an atom ci-
ther takes on energy (absorption). or gives
off energy (emission). by having its elec-
trons nove from one energy level to an-
other. Once energy has been supplied to
the system. and absorbed by the atom,
€MISSION can occur in one of two ways—it
can happen spontancously, or it can be
stimulated.

Spontaneous emission is the result of
natural atomic decay. The electrons ran-
domly drop in energy level and produce
the kind of waveforms shown in Hg. 2.
When you power up a light bulb, for ex-
ample, the atoms in the filament absorb
energy and release it as a combination of
heat and ordinary. incoherent light.

Stimulated emission is a completely
different process. The idea is to keep the
atoms from releasing their absorbed ener-
gy in a random manner. In order to do
that, you have to create a state of affairs
called a ~population inversion.” In sim-
ple terms, that means that there have to be
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more atoms present that have absorbed
energy than there are atoms that have
already released energy. That is usually
brought about by forcing enough ener-
gy into the system to create at least
three atomic-energy levels. The most
excited atoms will emit energy and
drop down to the next lowest energy
level. That means there will be
more atoms at the intermediate
level than there are at the Jowest
level—that’s the population -
version we mentioned.

As photons of energy are re-
leased. they will cause other
atoms to emit energy in the

form of photons. Those pho-

tons will trigger the production of other
photons. And if the emission is bounced
back and forth between two mirrors the
production of photons will continue to
build in phase and the result will be. you
guessed it. a beam of laser light with a
waveform that looks like that shown in
Fig. 3.

Making a laser

Now, understanding the basic theory
and putting it into practice are. as we all
know, two completely different things.
Creating the population inversion you
need to produce a laser beam is really an
iffy. ticklish business. Everything has to
be just so or nothing will happen. The
mirrors have to be of a certain type o
produce the in-phase coherent energy
needed for a laser. And enough energy of
the right type has to be forced into the
system to make the whole thing work.

The kind of energy you have to pump
into the system depends on the type of
material you're trying to make lase. Semi-
conductor and gas lasers are pumped up
with electrical energy while crystalline
lasers, such as those made from ruby rods
or YAG (Ytrium-Aluminum-Garnet) are
usually pumped up optically with xenon
flash tubes or arc lamps.

The laser we're building here is a gas
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FIG. 1—THE VISIBLE SPECTRUM, and how the human eye responds to it. The wavelength of the
light emitted by our helium-neon laser is 6328 Angstroms.

LIGHT INTENSITY

TIME

FIG. 2—THIS RANDOM-APPEARING waveform
is that of ordinary light. The waveform is made
up of all of the various frequencies that make up
such light.

LIGHT INTENSITY

TIME

FIG. 3—LASER LIGHT is made up of light of just
one frequency. It is the purest type of light possi-
ble.

laser—more specifically a helium-neon
laser. The frequency of the light is 6328
Angstroms and the laser puts out about |
milliwatt with a beam divergence of 1.3
milliradians. Now. | milliwatt may not
sound like a lot of to you. but that’s be-
cause you're still thinking in terms of reg-
ular light. Remember that the laser
produces a highly directional beam of co-
herent, monochromatic light. The laser
we 're talking about here generates a beam
that can be spotted on a wall more than
two miles away'!

Helium-neon lasers are extremely inef-
ficient and. in order to make them work.

the mechanical setup of the laser tube has
to be just about perfect. It has to be prop-
erly sealed and contain the correct gas
mixture. Also, the mirrors have to be per-
fectly aligned dielectric ones so enough
reflection takes place at the proper fre-
quency to cause the device to lase. Those
mirrors must be highly reflective, within a
couple of decimal places of 100%: by con-
trast, the silver mirrors we use every day
have a reflectance factor of only 95%.

Making a helium-neon laser tube is a
project that is beyond the means of most
of us as it requires a fair amount of skill
and equipment. Among other things, you
need to have the skills and equipment re-
quired to create a precise mixture of gas-
ses, and you need to be adept at glass
blowing. All of that is not impossible. of
course, but in most cases its a task that is
best left to someone else; we recommend
that you purchase rather than build a tube.
{One source for laser tubes is mentioned
in the Parts List.)

Once you have a working laser tube.
actually making it produce a beam is sur-
prisingly simple. The only electronic as-
sembly needed is a power supply that will
deliver the right voltage to make the tube
fire. Figure 4 is the schematic of a power
supply that can be used to trigger the laser.
If it looks familiar, that’s because its front
end is essentially the same one used in the
construction of the infrared viewer that
appeared in the August 1985 issue of Ra-
dio-Electronics.

The power supply is a switcher with
QI. Q2, and their related components for-
ming an oscillator that switches a square-
wave through the primary windings of Tl,

a high voltage step-up transformer. That
part of the circuit takes the battery voltage
and produces about 400 volts AC at the
secondary of Tl. Diodes D3-D6 and ca-
pacitors C2—CS form a voltage multiplier
that takes the 400 volts from T1 and boosts
itto the 1600-volts DC needed to ignite the
laser tube.

The high-voltage pulse needed to ignite
the tube comes from an 800-volt tap on the
voltage multiplier. Resistors R3 and R4
divide that voltage to provide the 400 volts
needed to charge up C9. the dump capaci-
tor. When the SCR fires. the charge on C9
is dumped into the primary of the trigger
coil. T2. Capacitor C11 charges up and.
since it's in parallel with the laser tube,
when the voltage builds enough to excite
the gas. ignition takes place and current
flows through the tube. That causes a volt-
age drop across R10. which turns on Q4
and turns off Q3.

As soon as the laser tube ignites, there-
fore. the ignition circuitry is turned off.
That saves battery power because the laser
tube can sustain firing at a lower voltage.
The relaxation oscillator made up of Q3
and Q4. and their related components is
only needed to control the firing of the
SCR. Once the tube starts to lase, the
voltage drop across R10 keeps the ignition
circuitry turned off. If the tube stops las-
ing, the R9-R10 junction will drop to
ground again and Q4 will turn off and
unclamp Q3. The SCR will stant firing
again and. we hope. re-ignite the tube.

Construction

Before we actually start building the
circuit, there’s one very important thing
you must keep in mind:

CAUTION! The power supply can
produce as much as 10,000 volts at about §
milliamps. That is enough juice to do a lot
of damage. If you're not careful you can
give yourself a severe shock. Remember
that the capacitors take a while to dis-
charge completely. You can get a real jolt
even it the circuit has been turned off for
five or ten minutes. Treat the circuit with
respect and make sure to discharge the
capacitors if you want to do some work on
the circuit.

Now that that’s out of the way. you can
build the power supply on perfboard or
use the PC board that’s provided in our PC
Service section, elsewhere in this maga-
zine. If you use perfboard. remember to
keep the leads as short as possible because
there’s a lot of high-frequency AC running
around part of the circuit. Whichever
method you use, make sure to keep any
metal objects and your fingers away from
the output section located around T2 and
RI11. Those are the points of the circuit
where the highest voltages can be found.
One short second of carelessness on your
part and you're going to get zapped. If
you're lucky, all it will do is hurt a lot.

The only other components in the cir-
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FIG. 4—THIS POWER SUPPLY is all you need to drive a laser tube like the one available from the supplier mentioned in the Parts List.
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placement diagram.

cuit that require special attention are the
switching transistors. Qb and Q2. The
maximum current draw from the batteries
18 about 750 mA . so those transistors will
be handling  lot of juice and getting hot
The PC-board lavout shown in Fig. 5 is
designed so that the transistors can be
placed in such a way that their tabs can be
stuck against the laminations of T1. It you
are using perforated construction board
be sure that your layout allows for that.
100. Use some heat-sink compound 1o get
good thermal contact. and using small

heat sinks wouldn’t be a bad 1dea.

Afzer vouve identitied the components
and found their position on the board
solder then i using a minimuni of solder.
Once vou've done that. use some high-
voltage putty. paraffin. or varnish to cover
the traces (or wires 1t you're using pert-
board) that connect to all the components
on the secondary side of T2 and the laser
tube. That part of the circuit has the high-
est voltages and it's likely that arcing will
take place it all the bare metal isn’t cov
ered. You may tind it necessary to use the

same material on the component side of
ihe board as well

When you tinish the board. check tor
bridges. opens. bad solder joints. and so
on. It everything seems OK. voure ready
10 test the power supply. Take the two
leads that normally would go to the laser
tube and tape them down so that they re V&
nch apart. Connect 10 volts to the power
supply. You should see arcing across the
laser-tube feads at a rate ot ubout once a
second or so: the circuit should be draw-
ing approximately 250 mA. It the spark
becomes continuous. the current draw
should jump to about 750 mA-—the tull
operating current of the laser tube . 1t vou
measure the voltage across the output ol
the supply. you should sce an open cireutt
voltage o about 2500. Once the laser tube
is connected. the voltage will be i the
neighborhood of 1500,

It vou've gotten this far without any
brain damage. you re ready to connect the
tube to the supply

CAUTION! The laser tube is anexpen
sive. delicate piece of equipment. Inorder
10 connect it to the cireuit vou' It be solder-
ing leads to the metal collars at either end
of the tube. Use a minimunm of solder and
apply heat for a nintmum amountot tume
Don 't ever forget that the tube has u high
vacuum inside and vou can damage more
than the tube 1t you destroy the integrity ot
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FIG. 6—A HELIUM-NEON laser tube. The cathode end can be identified by the small tube used

to fill the laser tube with gas.

the scal. Use a low-power iron and a lot of
common sense when vou solder to the
tube. Tin the wires ahead of time to keep
the soldering time to a minimum.

The laser tube has an anode and a cath-
ode end. The anode is the clear glass end
of the tube and the cathode can be identi-
fied by finding the small metal tube used

PARTS LIST

All resistors Vs watt, 10% unless noted
R1—2200 ohms

R2—220 ohms, 1 watt

R3, R4—1 megohm
R5,R7—100 ohms

R6—not used

R8-—100.000 ohms

R9—1000 ohms

R10—220 ohms

R11, R12—47,000 ohms, 1 watt
R13—470 ohms

Capacitors

C1—10 pF, 25 volts. electrolytic
C2-C8—0.01 uF, 1.6 kV, ceramic disc
C9—0.1 uF, 400 volts, paper dielectric
C10—1 pF, 50 volts, electrolytic
C1—0.001 uF, 10 kV, ceramic

Semiconductors

D1, D2—1N4001

D3-D8—1N4007

D9—HX200ED, 20 kV diode
LED1—Red LED

Q1, Q2—D40D5, NPN power transistor
Q3—2N2646—UJT transistor
Q4—PN2222 NPN transistor
SCR1—2N4443 SCR

Other components

T1—12 to 400 volts, 10 kHz switching
transformer

T2—10-kV trigger transformer, 400-volit
primary

B1—14.4 volts, 12 nickel-cadmium celis,
or equivalent

S1—SPST switch, momentary pushbut-
ton, normally open

Miscellaneous: PC board, helium-neon
laser tube, PVC tubing for case, battery
holders, wire, solder, etc.

Note: The following are available from
Information Unlimited, PO Box 716,
Ambherst, NH 03031: PC board, $4.50;
switching transformer (T1), $14.50;
trigger transformer (T2), $11.50; 1-milli-
watt laser tube, $149.50; 0.4-milliwatt
laser tube, $99.50; high-voltage diode
(DS), $3.50; high-voltage capacitor
(C11), $3.00.

to fill the laser tube with gas. See Fig. 6.
Once vou have the ends of the laser tube
identified. solder the lead from R12 to the
anode. keeping that lead as short as you
can. The voltage at R12 is about 1100 volts
when the tube fires. so that is the point
where arcing or some other type of para-
sitic power loss is most likely to oceur.
Keeping the lead as short as possible will
2o a long way toward eliminating any po-
tential problems.

Connect the cathode of the tube
through an ammeter to R10 and apply 10
volts to the supply. The wbe should start
sputtering as it tries wignite. As you raise
the voltage slow/y ignition will take place
and the tube will fire. If you raise the
supply voltage to 12 volts. vou should find
the tube drawing about 5 mA and the
supply will be putting out about 750 mA.
The operating current of the laser tube
should be kept in the range of 4.5 10 3.3
mA. Less than that and the tube won't
operate reliably: more than that and vou'll
cut down its operating lifetime. You can
trim the values of R11 and R12 to get the
operating current into the safe range. Just

make sure you keep the total resistance of

R11 and RI12 at about 100.000 ohms.
The current through the wibe is going o

vary alotas the battery voltage changes. It

you use nickel-cadmium cells, remember
that the operating voltage is going to be
1.2 in cach cell for most of the lifetime ot
cach charge. Freshly charged nickel-cad-
mium cells. however. can have a voltage
ashighas 1.5, Admiuedly that doesn’tlast
very long. but we'll mention it because
adjusting the laser tbe’s operating cur-
rent with freshly charged batteries could
cause you to choose artificially high val-
ues tor R and R12. So before you start
trimming the resistors. make sure the bat-
teries are at 1.2 volts per cell

Since the operating current is tied to the
supply voltage. it's natural to think about
voltage regulation. Well. there is nothing
wrong with regulating the input voltage.
but there are a few things o keep in mind.
It vou use 12 nickel-cadmium cells, you'll
have a supply voltage of 14.4 and you'll be
drawing as much as 750 mA from that
supply. A three-terminal regulator like the
7812 would seem to be an ideal choice.
but asking it to supply 750 mA is really
asking a lot unless vou use a 7812C,
which can handle 1 amp with a good heat
sink. An LM317 can be setup to putout 12
volts and it can supply 750 mA.

The biggest problem with using an [C
voltage-regulator is the voltage loss that's
inherent in those devices. [n order to sup-
ply 12 volts, & regulator needs an input
voltage of about 14.5 volts. Now that's
Just about the maximum you can get from
the batteries. And if your particular wbe
wants a little bit more than 12 volts. or
some of the power-supply components are
alittle bit lossy. you're in a lot of trouble.

So. you ask. what's the bottom line.
Well. after all's said and done. unless vou
want to do an awful lot of circuit design.
the best thing to do is let the power supply
look directly at the batteries. It's not the
best solution in the world. but it’s proba-
bly the best thing in this situation.

The case for the laser can be as simple
or as fancy as you like. Perhaps the sim-
plestand most functional approach would
be to use some lengths of standard PVC
tubing. But if you do that, or completely
enclose the circuit in any way. you could
run into an overheating problem because
of the amount of heat produced by the
power supply. Because of that. it's a good
idea to limit the on-time to less than a
minute: Keeping it under 30 seconds is
even better. Further, giving the supply a 5-
second or so rest between uses will in-
crease its lifetime tremendously. Also. the
better vou heatsink Q1 and Q2. the better
oft you'll be.

Having fun

The output of the laser tube is about |
milliwatt (or 0.4 milliwatt it the lower-
powered tube oftered by the supplier men-
tioned in the Parts List is used) and. at that
power. it can’t do any damage. If you had
thoughts of burning vour way through
steel, forget it. Lasers that can do that are
worlds away from the one we 're building.
However. that doesn’t mean you can treat
the light from this laser with no respect
whatsoever.

CAUTION! Even a -milliwatt laser
can be hazardous if you look directly at
the beam. While we assume that anyone
considering building a laser would know
enough about those devices to never, nev-
er even consider doing something so
foolhardy. the very nature of laser might
make it very casy for accidents to happen.
The beam is highly directional and very
intense: to compound matters. the re-
flected beam is just as dangerous as the
emitted beam. [ts a simple matter to have
the beam bounce off some shiny object
and reflect back to vou. You can wear
safety glasses. but even if you do. be care-
ful where and how vou use the laser.

While you can use this laser. which
throws an intense red beam. for such
things as target spotting. perhaps its
greatest use is as an introduction to the
world of lasers in general. Watching the
tube fire is truly fascinating and the more
you expertment with it. the more vou'll
learn. R-E
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Versatile

Bench Top Power Supply

Here's a high-performance power supply
to help get your designs off of the drawing board and on to a PC board!

EVERYONE WHO WORRKRS WIITH BLEC-
tronics needs a power supply, but a com-
mercially-produced variable-voltage cur-
rent-limited power supply can take quite a
chunk out of your pocketbook. So we
decided to find a better way. Our power
supply provides any voltage between 3
and 30 volts, at any maximum current you
desire less than 1000 miA . In addition, our
supply provides short-circuit protection,
load switching., and switchable voltage/
current metering. Further, all parts are
readily obtainable and inexpensive, and
the supply is easy to build and calibrate.

One feature that really sets our design
apart is that it’s capable of providing a tull
amp of power aver most of its range of
output voltage. Many comparable power
supplies can provide one amp of current.
but only over a restricted range of output
voltage.

Output voltage is selected by means of
a range switch with two positions: 3-15
and 15-30 volts. A potentiometer varies
voltage continuously throughout the se-
lected range. Simifarly, current limiting is
selected by a switch providing ranges of
150100 and 400-1000 ma. and by a po-
tentiometer that allows current to be var-
ied continuously over the selected range.
Actually, both current and voltage ranges
overlap slightly to ensure that there are no
gaps in output.

*Adapted with permission of Elecironics Austraha

GREG SWAIN AND FRANCO UBAUDI*

The graph in Fig. | illustrates the high
performance you can obtain from our
power supply. As you can see. maximum
load current (one amp) is maintained up to
27 volts. after which the load curve falls
away due to transformer losses. Other
specifications include load regufation that
is better than 0.2% trom zero to tull load.
and output ripple that is less than 2-mv
ms

Design considerations

Initially we considered using an LM317
three-terminal variable-voltage regulator
as the basis for our supply. but we soon ran
into difficulties. Despite various ap-
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FIG. 1—POWER SUPPLY CAN SUPPLY ONE amp

of current all the way to 27 volts, where output
drops to about 0.75 amp.

QUTPUT VOLTAGE-VOLTS

proaches, we were unable to come up with
a cost-effective circuit that would deliver
one amp over the entire voltage range. The
problem was thermat limiting in the
LM317 with a high input voltage and a
low output voltage. Another drawback
was that an additional op amp was re-
guired to provide current sensing for the
current-limiting circuitry. and that would
have increased both cost and complexity
of the circuit.

So we rejected the LM317 and adopted
the LM723. It requires a current-boosting
transistor, but it has builti-in current limit-
ing. The guts of the 723 are shown in Fig.
2. It consists of a series-pass transistor, an
error amplitier and a voltage reference.
The error amplitier compares a portion of
the output voltage with the internal refer-
ence voltage and continually regulates the
base current that is applied to the series-
pass transistor. That's what provides regu-
lated output.

The 723°s built-in series-pass transistor
can deliver a maximum of 150 mA of
current. so. in order to obtain more cur-
rent. an external power transistor is re-
quired.

One particularly useful characteristic
of the 723 is its built-in current-limiting
circuitry. When output current reaches a
preset value. the current-limit transistor
turns on and that reduces the base drive to
te series-pass transistor. The output volt-
age is thereby reduced.
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FIG. 2—THE LM723 REGULATOR has most of the circuitry necessary for a complete current-limited

power supply built right in.

Circuit details

The schematic of the complete power
supply is shown in Fig. 3. A tapped trans-
former drives a diode bridge (D1-D4) and
two 2500-pF filter capacitors (Cl and
C2). That provides a no-load voltage of 37
or 47 volts, depending upon the position
of switch $2-a. The unregulated DC is
then fed to a pre-regulator stage com-
posed of QI and DS. Those components
protect ICI (the 723) from an over-voltage
condition; the 723 can’t handle more than
40 volts.

The LED (LEDI) and its 2.2K current-
limiting resistor (RI) provide on/off in-
dication. The current through the LED
varies slightly according to the trans-
former tap selected. but that’s of no real
consequence. :

The series-pass transistor in IC drives
voltage-follower Q2. which provides cur-

rent amplification. That transistor can
handle lots of power. It has a maximum
collector current of 15 amps and a max-
imum Vg of 70V, both of which are more
than adequate for our supply.

Heat dissipation could have been a
problem when drawing high current at
low voltage. We solved that problem by
switching the secondary winding of the
transformer. For outputs greater than 135
volts, S2-a selects the 30-volt tap on the
transformer. and for outputs less than 13
volts. $2-a selects the 24-volt tap.

Voltage regulation

Now let's examine in detail how the
voltage-regulator section works. The er-
ror amplifier in the 723 is connected as a
non-inverting amplifier with variable
gain. The input to that amplifier is fixed at
about 2.8 volts by R3 and R4, which are
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FIG. 3—SCHEMATIC DIAGRAM OF OUR POWER SUPPLY shows how the LM723 can be put to good
use with little more than a current-amplifying transistor (Q2).

fed by the 723 internal reference volt-
age. Capacitor C3 s included to reduce
output noise.

On the 015V range, switch 82-b is
closed. so feedback resistance—the resis-
tance between the output of the supply
and the inverting input of the error ampli-
fier—can be varied between 100 and 5000
ohms. That corresponds to an amplifier
gain ranging from 1.1 to 6.1, and that
corresponds to an output voltage ranging
from 3.1 to 17.1 volts. With switch $2-b
open. the gain of the amplifier is adjusta-
ble from 5.8 10 10.8. and that corresponds
to an output voltage ranging from 16.2 to
30.2 volts,

The current-limiting circuit depends on
the position of S3. That switch causes
load current from the emitter of Q2 to flow
through either R14 or Ri5. The resulting
voltage is applied to a voltage divider net-
work composed of R12 and R13. The volt-
age developed at the junction of those two
resistors depends on the setting of front-
panel control RI3. cURReNT LiziT, That
voltage is then applied to the current-lim-
iting transistor in the 723.

In the interests of economy, we elected
to use a single meter and to switch be-
tween measuring voltage and current. It
would be nice to have a separate meter for
each, but cost is prohibitive. Meters are
expensive. and a larger case. which is also
more expensive. would be necessary to
provide the necessary front panel area.

Our metering circuit is straightforward.
When measuring voltage. the parallel
combination of a R16 and R17 provides an
effective resistance of 30K. That resis-
tance is in series with the one-mA mov-
ing-coil meter, so it can measure a
maximum of 30 volts full scale. When
measuring current. the meter is shunted
by the 0.5 ohm resistance provided by the
parallel combination of RS and R6. Trim-
mer potentiometer R7 is used to adjust the
meter for accurate readings.

There’s not much else to the circuit.
Capacitor C6 prevents switching tran-
sients from being delivered to the output,
and D6 protects the power supply from an
accidentally-applied reverse voltage—
from a charged capacitor, for example.
Capacitor C5 ensures stability of the sup-
ply under all conditions,

Construction

Except for the front-panel switches.,
potentiometers. etc. . and the power trans-
former. all components are mounted on a
PC board that measures about 4% x 4%
(inches). A foil pattern for the board is
shown in "PC Service.™

No special procedure need be followed
when assembling the PC board. although
the job will be much ecasier if the lower-
profile components are installed first. Re-
fer to the parts-layout in Fig. 4 to install all
components; be careful to install IC1, the
diodes, the transistors. and the elec-



trolvtic capacitors in the correct orienta-
tion. Also, mount transistors Q1 and Q2
without trimming their legs: the full
fength will be necessany if you use the
heat sink arrangement shown in Fig. 5.
The power supply is housed 1n an at-
tractive plastic instrument case that mea-

sures about 7% X 6% x 2% (inches). If

you purchase the kit from the source men-
tioned in the parts list, you'll receive spe-
cial front and rear panels.

The layout of the front panel is shown in

PARTS LIST

All resistors Ve-watt, 5% unless other-
wise noted.

R1—2200 ohms, %2 watt

R2—470 ohms, Y2 watt

R3—1800 ohms

R4—1200 ohms

R5, R6—1 ohms, 1 watt

R7—1000 ohms, trimmer potentiometer

R8—1000 ohms

R9-—5000 ohms, panel-mount potentiom-
eter

R10—4700 ohms

R11—100 ohms

R12—270 ohms

R13—500 ohms, panel-mount potentiom-
eter

R14—1.5 ohms, 5 watts

R15—3.9 ohms, 1 watt

R16—330,000 ohms

R17—33,000 ohms

Capacitors

C1, C2—2500 wF, 50 volts, electrolytic

C3—4.7 pF, 16 wolts, electrolytic

C4—820 pf, ceramic disc

C5-100 wF, 50 volts, electrolytic

C6—0.1 uF, ceramic disc

Semiconductors

1IC1—LM723 voltage regulator

D1-D4, D6—1N4002 rectifier

D5—1N52578B, 33 volts, 1 watt, Zener di-
ode

Q1—BD139 or ECG373

Q2—TIP3055

Other components

F1—VYs-amp, 250-volt fuse

M1—0-1 mA panel meter

S1—SPST power switch

S§2, S4—DPDT switch

S3—SPDT

S5—DPST

T1—117 VAC primary, 0-24-30 volt sec-
ondary, 1 amp (Altronic A6672)

Miscellaneous

Line cord, heatsink, mica insulators, sil-

icone grease, PC board, case, binding

posts, knobs, solder, wire, etc.

Note: A compiete kit of parts, including
case, is available for $49.95 from im-
tronics Industries, Ltd., 11930 3ist
Court, St. Petergburg, FL 33702. Flor-
ida residents must add appropriate
sales tax.

Fig. 6. Note that. if you use a ditferent
meter than the one specitied in the Parts
List. you'll have to alter the drilling di-
mensions accordingly. The kit includes
Scotcheal anwork that you can aftix to the
front panel and then spriay with 4 hard-
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FIG. 4—ON- AND OFF-BOARD COMPONENTS are mounted and wired as shown here.

setting clear lacquer to protect the ar-
work. which can then be used as a tem-
plate.

You'll also have to drill holes in the rear
panel for the fuse holder, the power cord.
and the heatsink. But. don’tdrill the heat-
sink holes yet.

Secure the PC board to four internal
mounting posts using seli-tapping screws,
and bolt the power transformer to the case
using machine screws and nuts. Include a
solder lug under the nut ncarest the rear
panel.

Use medium-duty hookup wire (16
gauge) for all wiring that carries the full
supply current. and light-duty hookup
wire for the potentiometer. the meter, and
the LED.

Install the rear panel and then mark the
positions of the holes for the power tran-
sistors. Drill those holes. and then you
can use the rear panel as a template for
drifling the heatsink mounting holes. The
heatsink may have to be trimmed to fit the
rear panel. Both transistors must be insu
fated from the rear panel using mica wash-
ers and insulating bushings. Smear
heatsink grease on all mating surtaces.,

including the rear of the heatsink. and
then bolt the assembly together using ma-
chine screws and nuts as shown in Fig. 7.
Finally. use an ohmmeter to make sure
that there is no conductivity between the
metal tabs of the transistors. and the rear
panel, or the heatsink.

Anchor the 117 VAC power cable to the
rear panel with a cable clamp. Solder the
*hot™ 117 VAC lead to the fuseholder. the
neutral wire to the power transformer. and
tne ground-wire to the solder lug beneath
the transformer. In addition. separate
ground leads should be run to both the rear
ond the tront panels.

We recommend that you use heat-
shrink tubing over all 117 VAC connec-
tions to the fuseholder. the transformer.
and the power switch. That will prevent
vou from being shocked while doing the
testing and calibration discussed below.
Use wire with thick insulation for the 117
VAC circuit. and do not use a miniature
metallic switch for pOWER switch SI.

Shown in Fig. 8 is a meter scale you can
use to replace the scale that comes with
the meter. Being careful not to bend the
meter’s needle. gently pry the plastic
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FIG. 5—INTERNAL VIEW OF THE POWER SUPPLY reveals its neat, clean, design.
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FIG. 6—DRILL THE FRONT PANEL OF THE POWER SUPPLY according to the dimensions shown here.

#4 #6
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#ANUT a2 cDe—#§NUT

REAR
PANEL

FIG. 7—ATTACH Q1 AND Q2 to the rear panel
and the heatsink as shown here. Use heatsink
grease on all mating surfaces.

cover off the meter and glue an enlarged
copy of our scale over the present one.

Testing and calibration

Connect a voltmeter across the output
binding posts. turn the supply on and
close the Loan switch. It all is well, the
rowER LED will light up and you will be
able to vary the output voltage trom three
to 30 volts using the RANGE switch and the
OUTPUT VOLTAGE control.

Verify that the voltage reading on the
supply’s meter and on your meter are
identical. Note that we left room on the
PC board for an additional trimmer re-
sistor that. it used., would parallel R16 and
R17. You can install an additional high-

VOLTS

6 1278 o
) 3p
Wy

AMPS

FIG. B—ENLARGE OR REDUCE THIS METER
SCALE to fit the meter you use, and then glue
our scale over yours.

valued resistor there to increase the ac-
curacy of the voltage displayed by the
meter, it necessary. Just use Ohm’s law to
calculate the appropriate value.

Assuming all is well. open the load
switch, sclect the 0-15 volt range, and
then turn the OUTPUT-VOLTAGE
potentiometer fully counter-clockwise.
Now set the CURRENT-LIMET control to the
middie of its rotational range. the cur-
RENT-LIMIT switch to the one amp range,
and the vours/anmps switch to amps. Now
connect a one-amp ammeter directly
across the output binding posts and close
the load switch.

Your meter should indicate a current of
about halt an amp. although the supply’s
meter may show something different now.
Adjust the CURRENT-LIMIT control so that
the multimeter reads 1A, and then adjust
trimmer resistor R7 so that the supply’s
meter reads the same.

Finally. vary the CURRENT-LIMIT
control and verify that the meter reading
corresponds closely to that on the multi-
meter throughout its range.

Applications

Why is adjustable current limiting
useful? First, it protects the power supply
in case its output is inadvertently short-
circuited by improper circuitry. Second. it
helps prevent that circuitry from being
damaged by excessive current due to a
tault condition.

Why is a separate 1oaD switch useful?
Itallows you to remove load voltage with-
out turning the supply off. The latter can
cause switching transients that might
damage the power supply. the circuit un-
der test, or both.

So. when testing out an untried circuit.
turn the 1L.oan switch off, and the voltage
and current controls all the way down.
Connect the supply to your circuit, tum
the Loan switch on, and gradually in-
crease output voltage to the required volt-
age. Next set the meter to measure current
and turn the CURRENT LIMiT control up
slowly while monitoring the meter. If the
needle of the meter seems to jump at all
throw the roan switch quickly. But if the
ncedle moves smoothly as you rotate the
control, most likely the circuit has no se-
vere power-related problems. In other
words. you're not likely to fry anything!
So now you're ready to start the real
work—testing and troubleshooting your
circuit. But that'’s another anticle.  R-E




TECEINIOILOGY

Electronic Aids
for the Blind

While electronic aids can't restore sight to the sightless, they
can help reduce some of the hardships of being blind.

RAYMOND M. FISH, Ph.D, M.D.

IN 1751 BENJAMIN FRANKLIN SUGGESTED
that sight could be restored through the
use ol some form of clectrical stimula
tion. That has. at least thus far. not proven
1o be possible. We have. however. devised
many usetul electronic aids tor the blind
in the 200-plus years that have passed. In

this article. we will examine some of

those aids. and see how electronics can be
used to minimize some of the disability
that accompanices blindness.

Aides tor the blind can generally be
divided into 1wo general categories. read
irg atdes and mobility aides. Reading
aides allow persons with limited or no
vision 1o gain access 1o printed informa-
tion. Mobility aides permit the visually
handicapped to move about in an un-
familiar environment

Feading aides

Persons with very poor vision (but who
are not completely blind) can be helped
by devices that magnify print. Some such
devices are purely optical. while others
use television cameras or computers 10
achieve their objective.

There are also many devices that allow
a totally blind individual access to the
printed word. Those are often scanning
devices that produce an audio or other
«ignal in response to the printed material
that 1s input to them

Not all scanning devices are recent in-
novations. The Optophone. for instance.
was invented in 1913, The device. and
later models of it. have up to 9 hight sen-
sitive detectors arranged in a vertical col-
amn. The arrav of detectors is manually
scanned across a printed line. Each detec
tor activates (or deactivates) a tone of a
certain trequency. The higher up in the
column the detector is located. the higher
the trequency of the tone that it controls.
As the array of detectors is moved across
printed material. time varving chords or
tones arc produced. With practice. the
user can use those tones to “read” the
material. “Reading speeds™ ol up to 60
words per minute have been achieved with
the Optophone

There are. of course. many similar de-
vices. The Lexiphone is a reading aide
that recognizes letters and emits a diff
ferent sound for each. Other devices pro-
nounce the actual letters. No doubt future
devices will automatically scan a page.
recognize and pronounce many words.
and spell the others.

Some devices repluace the audio signal
with tactile simulation (stimulation of dif-
ferent regions of the skin). In the Visotuc-
tor. eight photocell signals activate eight
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tactile stimulators. There are two stim-
ulators on cach of four fingertips. Other
tactile devices have two dimensional ar-
rays of over 100 photodetectors. Each de-
tector causes vibration of @ pin in a
corresponding array of tactile sumulators
on a tinger. One such aide. the Optacon.
allows users to “read™ printed and tyvpe-
written material as well as characters on a
computer monitor.

A variety of difterent devices have been
developed that permit the visually hand-
icapped to read™ the output of a comput-
er tis relatively easy to make an LED or
television monitor with large print tor per-
sons who have fimited vision. For the to-
tally blind. commercially available
computer terminals with speech syn-
thesizers can speak at rate of several hun-
dred words per minute.

Mobility aides

The purpose of a mobility aide is to
allow a blind individual to move reason-
ably rapidly in an unfamiliar environ-
ment.

Development of the laser cane began in
the 1950°<. Those devices. which are now
commercially avaifable. emit pulses ot in-
frared light that are reflected from obsta-
cles. With the aser cane. distance is
inferred by optical tniangulation. In one
version of the cane. Lasers emit 0. 1-micro-
second pulses of light 40 times o second.
Light reflected from objects is detected by
a photodiode. which is mounted behind a
lens. The angle made by the reflected ray
passing through the receiving fens is a
function of the distance to the object.
Three beamis are emitted. One downward.,
one straight ahead. and one upward. The
downward beam warns of stairs and curbs
by means of alow-pitched tone. The beam
that is emitted straight ahead warns of
obstacles by stimulating the index finger
ot the hand holding the cane. The upward
beam detects obstacles at head height and
warns of them by means ot a high pitched
tone. Information about objects to either
side is obtained by twisting the wrist in
rhy thmie tashion while walking.

The Kuay Ultrasonic Spectacles radiate
ultrasonic signals that are reflected by
obstacles, One receiver for each ear trans-
torms the reflected energy into audible
sounds. Left-right direction is coded pri-
marily by the relative intensity of the sig-
nals in the two cars. For instance. the

sound will seem to come from the lettif

the sound is louder in the leftear, and from
the far left it a lot louder in the left ear: the
same holds true. of course. for sounds
heard in the right car. A sound will seem
to come from straight ahead i it is heard
cquatly in both cars.

The Kay Spectacles code distance by
changing the frequency of the sound. The
reflective properties of the obstacle ettect
the amplitude and pattern of the sound
heard. Loudness increases as the distanee

to an obstacle is reduced. The elevation of
an object can be determined by moving
the head up and down (the maximum
sound indicates the height).

The output of the Kay Spectacles is
coupled to the cars through small plastic
tubes that do not touch the ears: it is im-
portant to not interfere with normal hear-
ing. which is in itself important for safe
travel.

Tactile mobility aides present pictures
of a person’s surroundings by stimulating
the skin mechantcally or electrically. One
such unitis the Mowat sensor. That device
emits a tight beam of ultrasonic signals.
When the signals strike an object. they are
reflected back to the unit. which vibrates
inresponse. Proximity to an object is indi-
cated by the rate of vibration. Using that
device. it is possible to detect large ob-
jects in the user's path. or conversely,
openings. such as doorways and win-
dows_in a wall, etc.

Itis also possible to use the output of a
TV camera o convey information to a
blind individual. Information from the
camera can be presented in either tactile
or audible from. In a tactile system., an
array of several hundred mechanical
vibrators or electrical stimulators. applied
to the forehead, back. or other part of the
body. is used. The vibrations or electrical
stimulation given at each point in the array
corresponds o the image detected by a
television camera. With a few hours of
training. such a system can atlow a person
to recognize several dozen difterent ob-
jeets and move about in simple environ-
ments.

Similar results can be obtained by cod-
ing the image detected by a television
camera by sound. A television image is
scanned in raster fashion over a period of
about 10 seconds. The intensity of light at
every point in the picture determines the
loudness of the sound the person hears.

The left-right and vertical positions of the
sound are presented to the person by
means of stereo headphones. A block di-
agram of one such systeni is shown in Fig.
1. As the scan moves from left to right. the
loudness in the right ear becomes greater
than that in the left. The vertical position
of the scan is coded by sound frequency—
high locations are coded by high frequen-
cies. lower positions by lower frequen-
cies. That coding scheme permits persons
with a few hours of training to recognize a
limited number of real objects and to walk
about in a simple environment.

Figure 2 shows the audio signal pre-
sented to each ear as the scan moves from
left to right. The top wavetorm is that
present at point ¢ in the block diagram of
Fig. 1; the bottom waveform is at point D
in Fig. 1. When the scan is at the left, the
sound is mostly presented to the left ear.
In the center, the sound intensity is equal
in the two ears. At the right the sound is
loudest in the right ear. Sound intensity
varies exponentially with left-right posi-
tion. Varying the sound intensities lin-
early with position can be done. but the
sound will not seem to the listener to move
with a constant speed from left to right
during the scan.

FIG. 2—AUDIO OUTPUT versus horizontal posi-
tion. The top waveform in this photograph is the
audio signal fed to the left ear as the scan moves
from left to right. The bottom waveform is fed to
the right ear.

FROM TV
CAMERA
DIODE VOLTAGE
PO FUNCTION |—a] CONTROLLEO |-
' GENERATOR OSCILLATOR
VERTICAL
HORIZONTAL
TO .
STERED
.| ANALOG
INTENSITY MULTIRTER HEADPHONES
DIODE AUDIO
FUNCTION ANALOG AMPLIFIER,
GENERATOR 4] MULTIPLIERIE ] (LEFT
EAR)
010DE AUOI0
FUNCTION ANALOG AMPLIFIERL
GENERATOR Lo MuLTiPLiER[D T |(RIGHT
EAR)

FIG. 1—BLOCK DIAGRAM of a system that converts the output of a camera system into an audio
signal. That audio signal can be used by a blind person to locate various objects and obstacles.



The top wavetorm in Fig. 3 shows the
audio signal generated with vertical posi-
tion. Higher frequencies are associated
with higher positions in the image. That
signal. is output by the VCO in response
1o an exponential input signal (the bottom
waveform in Fig. 3) that is generated by
the diode function generator. In the block
diagram. the top waveform in Fg. 3 is
found at point B, while the bottom wave-
form is found at point A,

Figure 4 shows the Diode Function
Generator. The DFG produces an output
voltage that varies approximately expo-
nentially. While the input signal to the
DFG (the raster scan voltage) increases
lincarly. the output will increase with sev-
eral changes in slope. as shown in the
bottom wavetform of Fig. 3. (There is also
a polarity change because of the inverting
operation of the amplifier. but here we are
discussing only increases in magnitude).
Signals under about 2 volts are passed
linearly to the operational amplifier.
When the input voltage gets above 2 volts.
the diode controlling stopr 2 turns on.
passing even more current to the summing
junction (inverting input) of the opera-
tional amplitier. The current through the
diode divides. part going to ground
through R7. and the rest going to virtual
ground through RS. The voltage that must
occur on the input to cause the diode to
conduct is determined by the values R21
and R22. The increase in slope obtained
in the output voltage depends on the val-
ues of the RS and R7. As the input voltage
increases, additional changes in slope are
made by the other diode resistor net-
works.

Unfortunately. such systems can not
present a detailed picture of an area to a
blind individuai. The tactile and auditory
systems can only present information
about several hundred points in a few sec-
onds. Most real environments contain im-
ages that need to be coded with hundreds
of thousands of points if complete infor-
mation is to be conveyed. A reconstrue-
tion of an image with even 10.000 points
(100 on a side) will look blurred. An im-
age made up of 400 points (about the
capacity of most systems) is hopelessly
blurred. Examine some newspaper im-
ages closely. seeing how many dots are
needed to reproduce various types of im-
ages. It will become clear that the above
systems cannot code clear images ot areal
environment.

Thus. o determine such things as the
presence of small obstacles or irreg-
ularities in the ground. it is still best o
relv on a cane. The tactile and auditory
systems can be useful. however, for such
things as sensing distance o any obsta-
cles. and to the ground. That information
would be presented to the blind person in
the form of auditory or tactile stimulation:
the stronger the stimulation. the nearer
the object. In addition. such systems give

R

FIG. 3—HEIGHT INFORMATION is co&ed by changes in frequency..The top waveform shows the

=

frequency change as the scan moves from top to bottom. That waveform is generated in response to
the signal shown in the bottom of the paotegraph.
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FIG. 4—SCHEMATIC DIAGRAM of the diode
function generators used in the scanning sys-
tem of Fig. 1.

a more three-dimensional picture of the
environment by giving the up-down. left-
right posttioning of objects. In audio sys
tems. that position is coded as discussed

above. In tactile systems. the location of
the object is coded by the position of the
tactile stimulator.

Jirect stimulation of the brain

As we stated at the start, Benjamin
Franklin suggested that sight could be re
stored to the blind through electrical stim-
ulation. Experiments to do just that have,
in fuct, been performed. but with very.
very limited success. At best. a blind per-
son has been able to discern several dozen
spots of light when clectrodes implanted
in the brain were stimulated.

When one examines the nature of sight,
and the structure and function of the
brain. the reasons for the poor results be-
come apparent. For one thing. for ade-
quate sight. it is necessary to transmit an
image to the brain that consists of over
10,000 individual points. In addition. the
image must be updated at least once @
second.

The major limitation is on the number
of points of light that can be communi-
cated to the brain. Thus far, the effective
minimum spacing for electrodes is about
2 millimeters. By comparison, the optic
nerve is only about 2 millimeters in diam-
eter. and the entire visual cortex of the
brain (the region of the brain that *pro-
cesses the signals that come from the
eyes) is only several centimeters in size.
Because of that, the maximum number of
electrodes that can be used is limited to a
very tew.

Therefore. providing real vision for the
blind seems to be an impossible dream, or
a challenge for doctors and cngineers
looking for a new frontier. R-E
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Telephone Line Tester

HERB FRIEDMAN

Beat the telephone service guessing game with this simple

EVER SINCE THE BREAKUP OF AT&T. THL:
odds of getting a telephone circuit re-
paired on the first attempt are only 50-50.
The problem is that now the telephone
lines are the responsibility of your local
telephone company. while the receiver it-
self is the responsibility of its supplier.
most often AT&T. If you contact the sup-
plier. and the problem is not in the tele-
phone. they won't help you. Similarly. if
you call the focal telephone company. and
the probiem is in the telephone. you are
also out of luck. But this time there’s a
Kicker—you can be billed $50.00 or more
for a “service™ call. And you still won't
have @ working phone.

One of the ways to avoid playing the
telephone-service guessing game, and
thus any unnecessary and unconscionable
service charges, is to first. conduct your
own line tests. using the telephone-line
tester shown in Fig. 1. If the telephone line
passes its tests, any problems must be the
fauit of the receiver itself. If the line
doesn’t pass its tests. you can cail in the
focal telephone company secure in the
knowledge they won't—or can’t—stick
you for a service charge.

The telephone-line tester is intended for
the commonly used modular connector
system. To use the device you simply un-
plug the telephone from its modular con-
nector and substitute the tester’s con-
nector. It for some reason you want both
the tester and telephone o be simulta-

yet effective telephone-line tester.

neously connected. vou can use a Y-
adapter at the modular jack. If the tele-
phone uses the older 4-pin ““block™ con-
nector, you can use a modular-to-4 pin
block adapter; those are available in both
single and Y versions.

What it tests

The telephone-line tester checks the
operating parameters of the telephone
company’s wiring at the modular con-
nector. That includes the open circuit or
“on-hook ™ line voltage: the ““loop™ volt-
age, which is the line voltage when the
telephone is off hook (when the handset is
lifted from its cradle): the ringer voltage.
and the polarity of the line. The telephone
line’s voltage conditions are indicated by
a meter, and the polarity of the line con-
nections is indicated by an LED.

Normally, polarity is not a problem be-
cause most standard telephones will work
regardless of the polarity of the DC volt-
age on the telephone line. (The purchase
of any telephone that is polarity sensitive
should be sceriously questioned.)
However, reversed line polarity can inter-
fere with certain kinds of switching equip-
ment. in particular, some of the low-cost
conference and multi-use switchers. so
we've provided for that test.

The voltage-level on telephone circuits
is 48-volts DC. The wires in the telephone
cables are color-coded. with the green
wire being the positive side. and the red

wire being the negative side. When there
is no load on the line, that is, when all
telephones in your home or office are on
hook, the measured voltage at your tele-
phone’s modular connector should be
greater than 40-volts DC, give or take a
smidgen.

Depending on your particular tele-
phone’s repeat coil. your telephone will
represent a DC load resistance of approx-
imately 190 to 250 ohms when it goes off
hook, meaning the handset is lifted from
the cradle. Since there is resistance in the
wiring between the central office and your
telephone. there will be a substantial drop
in voltage when your telephone goes off
hook. Atthattime, the voltage at the mod-
ular jack might be as low as S-volts DC.
(A Bell System instrument, such as one of
the 500 series of telephones, will work
even if the line voltage approaches zero
volts.) For conventional service a loop
voltage of S or higher is considered ac-
ceptable.

A telephone is made to ring by super-
imposing a 90-volt, 20-Hz signal on the
line. Since a telephone ringer is always
connected across the line it represents a
continuous AC load on the line. Thus.,
once again there will be a drop caused by
the resistance in the wires between the
central office and your phone. A 45-volt
RMS equivalent voltage at your telephone
is considered acceptable. although 40
volts is sufficient to ring the phone.
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FIG. 1—BY PREVENTING UNNECESSARY SERVICE CALLS, this simple yet effective circuit can save

you quite a bit of money.

FIG. 2—THE SMALL PC BOARD can be secured
1o the front panel of the cabinet via S1's mount-
ing nut. The board shown here is the author’s
prototype.

How it works

The telephone-line tester shown in Fig.
I is connected to the tetephone line
through modular connector PI. Although
a conventional telephone modular-plug
has four connectors. the tester uses only
the two inside ones—the red and the
green. The yellow and black connectors
are not used for normal. single-instru-

ment, two-wire service. Since the tester’s
LED polarity indicator is always con-
nected when the tester is plugged in. the
instant the unit is connected you will have
an indication of the polarity. If it is cor-
rect—that is, if the green wire is the
positive side—and the red wire is the
negative side. nothing will happen. If the
situation is reversed. the LED will light.

With switch S| set for LINE/RING. both
Sl-a and SI-b are open and the meter
indicates the condition of the line-voltage
Any line voltage reading in the LINE OK
range (more on the meter in 4 moment)
indicates a line voltage higher than 40-
volts DC. If the telephone is caused to
ring. either by using a ringback number or
by dialing from another phone. the meter
will indicate RING OK. and the LED will
pulse Gindicating AC), if the ringing volt-
age/current is correct. The actual position

ia—— 2-1/4 INCHES——P‘

FIG. 3—BECAUSE OF IT'S SMALL SIZE and relative simplicity, the foil pattern for the telephone-line
tester is shown here.

of the meter’s pointer depends on how
mzny ringers are connected across the
line. (Three or more of the old-fashioned
ringers can excessively load the ringing
voltage if the local telephone company
has not corrected for your ringer load.)

When S| is closed the voltage range of
the meter is changed and a nominal load
reststance of 230 ohms (RS and R6) is
connected across the line to emulate the
off hook load of the telephone. If the
meeter indicates LoOOP OK. you can be cer-
tain that you have sufticient loop voltage
for satisfactory telephone operation. If
you place another toad on the line. per-
haps by taking an extension telephone off
hook. the meter reading will almost invar-
tably drop below the Loor OK range. That
is perfectly normal: the line is operating
properly when a single toop load results in
a Loop ok meter reading. That. by the
way, is how to test telephones for proper
connection. [If lifting the handset causes
the meter reading to drop. you can at least
be certain that the telephone’s hook
switch is working and that the repeat coil
is connected to the line.

Building the unit

The unitis assembled on the metal front
panel of a 1% X 2% X Sk-inch plastic
utility box. Except for the meter, all com-
ponents are installed on a 2 X 2Vi-inch
printed circuit board that is self-mounting
to the panel through S1's mounting nut
(vee Fig. 2). An appropriate foil pattern for
this project is shown in Fig. 3: the parts-
placement diagram for that board is
shown in Fig. 4. Note that the size of the
PC board and its layout aren’t really crit-
ical as long as the board fits inside the
cabinet without intertering with the in-
stallation of the meter or the cabinet’s
internal panel-support posts.

While it is usually best to make circuit
boards using the photographic method,
because of its small size, this board is an
cxception. It is probably best to do this
layout by hand. using resist tape and resist
donuts. That's because the board’s small
size and relative simplicity make the pho-
tographic method too expensive to justify.
That’s why we’ve shown the layout here.
tather than in our PC service section as
usual.

There's just one catch to that—very
thin resist tape is getting harder to find in
stores all the time. If you can’t find the
proper tape. we suggest you replace the
race that sweeps around the S1 contacts
with a length of No. 24 or No. 26 solid
insulated wire. That substitution has been
made in the author’s prototype to show
you the proper routing of the wire. See
Fig. 2

Potentiometers R2 and R3 are installed
on the foil side of the board so that they

MOOYANVH SHILNINWIHIAX3 3-H
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FIG. 4—PARTS-PLACEMENT DIAGRAM for the
telephone-line tester. The foil pattern can be
found in our PC service section, elsewhere in
this issue.

FIG. 5—IF YOU WANT to dress-up the meter, a
new scale, similar to the one shown here, can be
made. If you choose to do that, be sure that the
LINE OK and Loor ok reference lines fall at the 0.3
mA mark; the RING Ok range begins at 0.4 mA.

can be accessed without dismantling the
project. All other components are
mounted conventionally on the “*compo-
nent” side of the PC-board. To ensure that
the LED passes through the panel when
the printed-circuit assembly is installed,
position the LED so that there is 7-inch
between the printed circuit board and the
bottom of the LED before you solder its
leads. When the assembly is secured with
SI's mounting nut, Ysto 2 of the LED will
protrude through the front panel.

You might be tempted to substitute a
single 230-ohm resistor for R5 and R6.
Don’tdo that! The loop load must be rated
for I watt, and that is most easily accom-
plished by using two parallel-connected
half-watt standard-value resistors.

Meter M1 in our project is a O—-1-mA
DC meter: those are available from almost
any clectronics supplier, If you want to
dress up your project, you can create a
meter scale similar to the one shown in
Fig. 5. If you do that. the LiNi: ok and
Loop oK ranges should begin at 0.3 mA.
The wviNG OK range should begin at 0.4
mA. Once you've drawn the scale. re-
move the meter’s plastic cover. Then, tak-
ing care not to bend or otherwise damage
the meter’s needle. glue the new scale in
place.

The modular connecting cord can be
salvaged from some old telephone gear. or
you can get a replacement cord at your
local telephone store. With rare excep-
tions, the cord will have four wires: you
will use only the green and red ones. as

previously mentioned. Cut the cord to the
length you want and then carefully trim
the insulation from the free end of the
green and red wires. Those of you who
haven’t worked with old headsets or tele-
phone equipment are in for a surprise,
because the wires will appear to be a
strand of copper wound around a cotton,
polyester or silk thread. That’s exactly

D5 R6 S

01 D4 02 Ll

FIG. 6—THE COMPLETED PC board is shown
here.

what it is. That type of wire is called
“Litz” wire: it is very flexible, but it is
almost impossible to solder because the
fibers actually burn up before the connec-
tion 1s made. To install the Litz wires on
the printed-circuit board. lightly tin the
wire using a low-wattage (about 25 watts)
soldering iron. Then clip off the very end
of the wire so there’s no loose strand and
pass the wire(s) through its hole in the
printed-circuit board. Fold the wire flat
against the foil and then quickly solder it
in place. If you use too large an iron, or
0o much heat (you keep the iron on the
connection too long). the wire will burn
up (turn black) and you’ll have to repeat
the whole thing until the Litz wires are
properly soldered to the printed-circuit
foils.

Once you've assembled the board (see
Fig. 6). install the meter in the panel,
solder the two pieces of wire that will be
used to connect the circuit and the meter
to the PC board. and then secure the
printed-circuit board to the panel. using
SI's mounting nut. Finally. connect the
free ends of the wire you previously in-
stalled to the meter; be sure to observe the
proper meter polarity. To prevent the mod-
ular cord from eventually breaking at the
soldered Litz-wire connections. secure
the cord with a plastic cable clamp at one
of the meter’s mounting screws.

Calibration

Set R2 and R3 to about mid-range. set
Sl to the LiNg/RING position and then con-
nect a small variable DC power source
across the telephone line input. Adjust the
power supply for about 40-volts DC and
sce if the LED turns on. If it does the
power supply connections are reversed. If
it does not turn on, check its operation by
reversing the power connections. If the

PARTS LIST

R1—4700 ohms, Vs watt, 5%

R2—10,000 ohms, trimmer potentiome-
ter.

R3—50,000 ohms, trimmer potentiome-
ter.

R4—100,000 ohms, ¥ watt, 5%

RS, R6—470 ohms, 2 watt, 5%

D1-D5—1N4003 silicon diode

LED1—jumbo red LED

M1—0-1-mA DC panel meter

S1—DPST, miniature, PC mount

P1—Modular telephone connector.

Miscellaneous—Cabinet, PC board,

wire, solder, etc.

LED still doesn’t wurn on you have proba-
bly made a wiring error. Once you've de-
termined that the polarity indicator is
working normally. return the power-sup-
ply connections to normal (LED ot?).
Next. set the power supply to 5-volts
DC. flip SI to the roor position, and
adjust R2 until the meter’s needle moves
1o the Loop ok reference line (reads 0.3
mA). Next. flip S1 buck to the LINE/RING
position. adjust the power supply for 40-
volts DC, and adjust R3 until the meter
pointer is on the LINE 0K reference line.

Testing the line

To test a telephone line simply set S| to
the LINE/RING position and connect the
tester to the telephone line. If the LED
lights, the telephone company’s wiring to
the connector is reversed (it does happen).
Note the meter reading—the pointer
should rest anywhere in the ok range (read
0.3 mA or greater). Next. flip SI to the
Loopr position: again, the meter should
read in the ok area. Finally. once again set
Sl to the LINE/RING position and cause the
line to ring (perhaps by dialing from an-
other phone). The meter shouldread in the
RING OK range (greater than 0.4 mA) and
the LED should blink because the voltage
applied to the polarity-tester circuit is AC.
If any of the tests produces anything but
the expected results, the problem most
likely lies in the telephone lines rather
than in the phone itself.

It you want to check out extension tele-
phones. set S for a Loop test and then lift
the handset of any phone: the meter
should indicate less than the ok reading
when the telephone goes oft hook. As we
said earlier. that is normal and shows that
the telephone is at least connected to the
line.

The telephone-line tester we've de-
scribed is limited: it can not tell you pre-
cisely what's wrong with your telephone
service. But it can at least tell you roughly
where the trouble lies, and hence who to
call to have repairs done. Considering the
high cost of an unnecessary service call,
that puts you way ahead in the game. R-E
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Seattle FilmWorks has adapted Kodak’s
professional Motion Picture film for use

in your 35mm camera. Now you can Ideal for use in Canon, Nikon
use the same film —with the same : . J ’
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BP125—25 SIMPLE AMATEUR BAND ANTENNAS.....$5.00. All are inexpensive BP33—ELECTRONIC CALCULATOR USERS HANDBOOK..... $5.75. invaluable
to build, yet perform well. Diodes, beams, triangle and even a mini rhombic. book for all calculator owners. Tells how to get the most out of your calculator.
BP128—20 PROGRAMS FOR THE ZX SPECTRUM AND 16K ZX82.....$5.75. BP36—50 CIRCUITS USING GERMANIUM, SILICON & ZENER DI-
Included with each program is a flow chart and a description of what happens. ODES.....$5.00. A collection of uselul circuits you'll want in your library.

Notes for converting programs for use on other computers are also included
BP37—50 PROJECTS USING RELAYS, SCR'S & TRIACS.....$5.00. Build pri-
160—COIL DESIGN & CONSTRUCTION MANUAL.....$5.95. How the hobbyist onty indicators, light modulators, warning devices. hght dimmers and more
can build RF, IF, audio and power coils, chokes and transformers. Covers AM, FM
and TV applications. BP183—AN INTRODUCTION TO CP/M.....$5.75. To run and use programs oper-
ating under the CP'M operating system you will find this book extremely usetul.
[ 208—PRACTICAL STEREO & QUADROPHONY HANDBOOK..... $3.00. A refer-
ence book for all interested in stereo and multichannel sound reproduction. BP42—SIMPLE LED CIRCUITS.....$5.00. A large selection of simple applications

for this simple electronic component.
| BP93—MINI-MATRIX BOARD PROJECTS.....$5.00. Here are 20 usetul circuits

that can be built on a mini-matrix board that is just 24 holes by ten copper-foil strips. B8P127—HOW TO DESIGN ELECTRONIC PROJECTS.....$5.75. Helps the reader
to put projects togetner from standard circuil blocks with a minimum of trial and
[] BP157—HOW TO WRITE ZX SPECTRUM AND SPECTRUM + GAMES PRO- error.
GRAMS.....$5.95. A crystal-clear step-by-ste de to writi hi
games programs. o PrbY:s1ep guide 1o writing your own graphics BP122—AUDIO AMPLIFIER CONSTRUCTION.....$5.75. Construction detalls for

preamps and power amplifiers up through a 100-watt DC-coupled FED ampilifier.
BP117—PRACTICAL ELECTRONIC BUILDING BLOCKS—B00k 1..... $5.75.
Oscillators, Timers, Noise Generators, Rectifiers, Comparators, Tnggers and more. BP92—CRYSTAL SET CONSTRUCTION.....$5.00. Everything you need to know
about building crystal radio receivers.

219—SOLID-STATE NOVELTY PROJECTS....$4.95. Fun projects include the .
Optomin, a musical instrument that is played by reflecting a light beam with your BP45—PROJECTS IN OPTOELECTRONICS.....$5.00. includes infra-red detec-
hand, and many more. tors, transmitters, modulated light transmission and photographic applications.

-] BP178—ELECTRONIC CIRCUITS FOR THE COMPUTER CONTROL OF BP48—ELECTRONIC PROJECTS FOR BEGINNERS.....$5.00. A wide range of

ROBOTS ..... $5.00. Data and circuits for intericing the computer to the robot's easily completed projects for the beginner. Includes some no-soldening projects
motors and sensors.

BP126—BASIC & PASCAL IN PARALLEL.....$4.95. Takes these two program- BPAQ—POP_ULAR ELE_CTRONIC PROJECTS.....$5.50. Radio, audio. household
ming languages and develops programs In both languages simultaneously. and test equipment projects are all included.

. BP5S1—ELECTRONIC MUSIC AND CREATIVE TAPE RECORDING..... $5.50.
224—50 CMOS IC PROJECTS.....$5.25. Includes sections on multivibrators, B - -
it . 5 5 : Shows how you can make electronic music at home with the simplest and most
amplifiers and oscillators, trigger devices, and special devices. inexpensive equipment.
225—A PRACTICAL INTRODUCTION TO DIGITAL IC’S.... $4.95. Mainly con-
cerned with TTL devices. Includes several simple projects plus a logic circuit test BP56—ELECTRONIC SECURITY DEVICES.....$5.00. Includes both simple and
set and a digital counter timer. more sophisticated ourglar alarm circuits using light, infra-red, and ultrasonics

]

1

1

]

1

]

]

|

1

1

]

1

]

]

]

1

]

1

]

]

]

]

]

]

]

]

]

]

]

]

1 BP170—INTRODUCTION TO COMPUTER PERIPHERALS.....$5.95. Shows how BP53—SECOND BOOK OF CMOS IC PROJECTS.....$5.00. More circuits show-
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227—BEGINNERS GUIDE TO BUILDING ELECTRONIC PROJECTS.....$5.00.
How 10 tackle the practical side of electronice sq you can successtully buiid BP72—A MICROPROCESSOR PRIMER...z.ss.oo.Westan by designing a small
electronic projects. computer and show how we can overcome its shortcomings.

BP169-—HOW TO GET YOUR COMPUTER PROGRAMS RUNNING.....$5.95. BP74—ELECTRONIC MUSIC PROJECTS..... $5.95. Provides the experimenter
Shows how to identify error in program and what to do about them. with a variety of practical circuits including a Fuzz Box, Sustain Unit, Reverberation
Unit, Tremelo Generator and more.

123—FIRST BOOK OF PRACTICAL ELECTRONIC PROJECTS.....$3.75. Proj-
Sty include audio distortion meter, super FET receiver, guitar amplifier, metronome BP91—AN INTRODUCTION TO RADIO DXING.....$5.00. How you can tune'in on
e — those amateur and commercial broadcasts from around the world in the comfort of
BP24—52 PROJECTS USING IC 741.....85.25. Lols of projects built around this your homa.

one available IC.
BP34—ELECTRONIC PROJECTS FOR CARS AND BOATS..... $5.00. Fifteen
BP110—HOW TO GET YOUR ELECTRONIC PROJECTS WORKING.....$5.00. simple projects that you can use with your car or boat. All are designed l0 operate
How to find and solve the common problems that can occur when building projects. from 12-volt OC supplies.

nto the
OL Arciwvs

&=

ELECTRONIC TECHNOLOGY TODAY INC. SHIPPING CHARGES IN

OUTSIDE USA & CANADA
PO.Box 240, Massapequa Park, NY 117620240 USA & CANADA o or sea may Number of books orderea ]

$5.0110 510,00 $175 Mulliply Shipping by 4‘tor air mail
Name =~ $10.011020.00... $2.75 Total price of merchandise
$20.01 10 30.00. .. $3.75 Sales Tax (New York State Residents only)
Address T $3001104000.. 8475  Shipping (seechart)
City State 2ip $40.01 10 50.00 .. $5.75 All payments must
EH87 $50.01 and above . $7.00 be in U.S. funds

@AM

Total Enclosed .. $

Ll-----------------------------------



00
»,

g

S)

RADAR SPEED-GUN
CONTROLLER

RAoag ,,, o

]
ey ooy o

This false-target generator

is ideal for testing and calibrating radar speed guns.

SINCE THE FCC HAS ALLOWED THI: COM-
mercial and private use of some radar fre-
quencies, interest in those frequencies has
greatly increased. Amateur-radio oper-
ators are actively experimenting with
radar for communications. On the com-
mercial front, the burglar-alarm industry
has turned to radar for intrusion-detection
alarms. Boaters are using radar to guide
their crafts through hazardous fog. Even
professional baseball teams are getting
into the act with radar guns being used to
time the speed of their pitchers’ deliv-
eries. And of course evervone is familiar
with radar through its use by highway
police to enforce the speed limit

As with all otker clectronies equip-
ment. radar guns need to be calibrated and
tested periodically for accuracy. Here s
an inexpensive portable cahibrator for
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racar equipmient. It works by generating a
false target.

Radar false-target generators are used
by the military as clectronic camouflage
on oun stealth aircraft to fool the enemy’s
racar-tracking missiles. A similar tech-
nique 1s used in this radar gun calibrator.
To better understand the technique. we
should first understand how radar speed-
guns work.

Hcw 1adar works

The police have been using radar to
measure vehicle speed since the late
1940 «. A block diagram of a typical radar
speed-gun is shown in Fg. 1.

A radar gun uses the Doppler effect to
determine the speed of a moving object.
Its output consists of a steady, unmodu-
lated carrier. The signal travcls in a tight

’ &

ANTHONY STEVENS

beam toward a target whose speed is being
monitored. That target can be any object,
such as a speeding baseball—or a speed-
ing. motorist. Because of the nature of
microwave transmissions, the signals are
reflected by the target back toward their
souree.

Because of the Doppler eftect. the fre-
quency of the reflected signal is slightly
higher than the original transmitted sig-
nal For cach mile per hour an object is
travelling toward the radar speed-gun, the
reflected signal received by the gun will
be shitted about 31 Hz higher. In the radar
gur, the return signal is mixed with a
sample of the original transmitted wave to
produce a difterence frequency. That dit-
ference frequency is analyzed and con-
verted to produce a direct readout of
speed.
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FIG. 1—SPEEDING FASTBALLS, or speeding motorists, can be timed using a radar speed-gun. A

block diagram of such a unit is shown here.
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FIG. 2—THE HEART OF A RADAR SPEED-GUN
used by the police, and others, or a radar false-
target generator is a microwave Gunn diode.
Here, the proper way to mount such a diodein a
microwave horn is shown.
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FIG. 3—WHEN THE TRANSMITTED AND REFLECTED SIGNALS are mixed in the horn's cavity, the
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As shownin Fig. 2. the heart of a radar
speed-gun—and our radar calibrator—is
a Gunn diode oscittator. Ty pically those
oscitlators can generate an output levet of
about 10O mW. With that output level. and
with a highly directional transmitting an-
tenna. the range of a radar speed-gun is
about V2 of a mile.

Untit recently. high-oatput Gunn di-
odes were expensive: most cost several
hundred doltars or more. Now. however. a
Gunn diode can be obtained for as little as
$60. That certainly makes it attractive o
hobbyists for experimentation.

How the calibrator works
Our circuit generates a false target that
can be used to calibrate radar speed-guns,

RADAR GUN
CAVITY
——o0

P Y

T,
SiGNALL__ o
SEEN BY MIXING SIGNAL
INSIDE ANTENNA CAVITY

a

RADAR GUN
CAVITY
L 0N —

resulting low-frequency beat can be used to determine the speed of the reflecting object, as shown in

a. The calibrator works by generating a signal that simulates the one that would result if the

transmitted signal were reflected by an object moving at a specified speed, as shown in b. As a result,

R-E EXPERIMENTERS HANDBOOK
o

the low frequency beat detected by the diode is the

n
(=]

same as the one in a.

WARNING

This radar calibrator may interfere with
police radar, CB units, radio receivers,
etc., up to 1000 feet away. Thus its use
should be restricted to laboratory use or
for educational, scientific, informational,
or calibration purposes. The illegal use of
a transmitter can subject the user to a
$10.000 fine, a jail term, and the seizure of
transmitting equipment.

such as those used to time the speed of a
bascbull player’s throw, Let's examine
Fig. 3 to see how the calibrator can be
made to force a speed gun to read @ desir-
ed speed. As is shown in Fig. 3-a. the
outgoing reference transmission and the
incoming reflected transmission are both
present inside the antenna cavity. Be

cause. as described carlier. they are of
slightly different frequencies. they inter-
fere with cach other in such a way that a
difterence signal (at a beat frequeneyy is
created. That signal is detected by a mix-
ing diode. and the tow-frequency beat that
results is passed on to be analyzed.

To foree aspeed gun to read a particular
speed. all a false-target generator need do
is to produce a difference signal that simu
lates the one that would be created by an
object travelting at a certain speed. See
Fig. 3-h. Assuming the output-power
level is sufticient. it will “capture™ the
receiver. preventing it from detecting any
other signal that might be present. includ-
ing the Doppler-shifted refiection,

TN NS

LOW FREQUENCY BEAT DETECTED

BY DIODE, OF 35 mph DBJECT

2 O NG N

LOW FREQUENCY BEAT
DETECTED BY DIODE IS THE SAME



RADAR SPEED GUN
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RADAR CONTROLLER

25 35 55
SPEED SET

FIG. 4—USE THIS SET-UP to calibrate a radar-speed gun. The speed gun can be forced to read 25, 35,
or 55 miles-per-hour by altering the setting of a switch on the calibrator.
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FIG. 5—THE RADAR CALIBRATOR is shown here in block diagram form.

Creating a difference signal that causes
aspeed gun to read a desired speed is not
difficult. I's done by pulsing a carrier
whose frequency is in the passband of the
speed gun’s receiver. Speed s simulated
by varving the pulse rate. That is, the
pulse rate is setat 31.4 pulses-per-second
per mile-per-hour of desired reading. For
a desired reading of 55 miles-per-hour the
pulse rate would be 314 x S5 1727
pulses-per-second.

The basic set-up for calibrating a radar
gun is shown in Fig. 4. A block diagram
ol the false-target generator is shown in
Fig. 5. Note that the false-target generator
is designed to work in conjunction with an
automotive radar detector. The radar de-
tector is used to make the operation of the
calibrator almost automatic. When the
radar detector senses a transmission from
aspeed gun, it sounds a buzzer or turns on
a light as a warning. In doing that, the
detector draws more current than normal
from its 12-volt power source. The false-
target generator’s pulse-detector cireuitry
detects that surge. amplhifies it and, viit
the trigger circuit, triggers the transnit
tumer. The timer turns on the speed-con-
trol oscillator for approximately ten sec-
onds. Using such a short transmission
time is necessary (o keep the Gunn diode
from overheating.

A muanual TrRANsAT switch (82) is in-
cluded for those not wanting to use a radar
detector to trigger the Gunn oscillator.
The switch is a momentary type, and it
also triggers the one-shot tor ten seconds.

The speed-control oscillator drives a
divider network that generates the appro-
priate frequency and duty cycle tor the
output driver. which supplies voltage to
the Gunn-diode oscillator. After ten sec-
onds the transmitter timer locks itself oft
tor a couple of seconds to give the radar
detector time to settle down and reset.

About the circuit

The schematic diagram of the cal-
ibrator is shown in Fig. 6. Power is ap-
plied through J4. Power switch St applies
power to the internal circuit through 1C6,
an LM 317 voltage regulator: power is also
appliedto )3, the v, , juck. through R2.a
I-ohm sensing resistor. The voltage drop
across R2 is amplified by Q1. which is
shightly forward biased by R16, the rkiG-
GER sENsTrvVEeEY control. Transistor Q2
amplifies the trigger signal and applies it
to pin 3 (the trigger input) of one half of
1C2, a 4538 dual timer. That half of the
timer package is configured as a one-shot
with a period of about ten seconds.

The period of the other halt of 1C2 is
determined by C3. RI9. and Ril. The

PARTS LIST

All resistors Ya-watt, 5%, carbon film
unless otherwise noted

R1—4700 ohms

R2, R24, R25—1 ohm

R3. R10—10,000 ohms

R4, R21—2200 ohms

R5—2000 ohms, 1%

R6—6650 ohms, 1%

R7—4420 ohms, 1%

R8—2210 ohms, 1%

R9, R15, R22, R23—1000 ohms

R11—1 megohm, trimmer potentiometer

R12, R18, R19—100,000 ohms

R13—1 megohm

R14, R17—47,000 ohms

R16—5000 ohms, trimmer potentiometer

R20—270 ohms

Capacitors

C1-C5—10 uF, 25 volts, electrolytic

C6, C7—0.1 pF, ceramic disk

C8—470 pF, 5%, 100 volts, mylar

C9—0.0047 pF, 100 volts, mylar

Semiconductors

IC1—555 timer

1C2—4538B dual precision timer

IC3, 1C4—4522B decimatl divide-by-N
counter

IC5—4518B dual synchronous divide-
by-10 counter

IC6—LM317 voltage regulator

Q1—2N3906 PNP transistor

Q2, Q3—2N3904 NPN transistor

Q4, Q5—TIP120 NPN power transistor

D1—1N4004

D2, D3—1N4148

D4—MA49159, Gunn diode

LED1, LED2—Red LED

Other Components

S1—DPDT, 3 amps, 110 volts

S2—SPDT, momentary toggle

S3—DP4T, slide switch

J1, J2, J3—3.5 mm phone jack

J4—2.1 mm phone jack

Miscellaneous: PC board, hardware (7

each—4-40 screws, 3 each—4-40 nuts),

microwave horn, case, wire, solder, etc.

The following are available from Micro-

wave Control, 1701 Broadway, Suite 236,

Vancouver, WA 98663. (1-260-693-6843):

Complete kit including tested Gunn diode,

microwave horn, PC board, case, and all

parts, $169.50; tested Gunn diode, micro-

wave horn, $117.00; etched and drilled PC

board, $19.50. Please add $4.50 for ship-

ping and handling. Washington state resi-

dents add 7.4% for sales tax. Allow 4-6

weeks for delivery.

output of that timer. pin 9. is used to reset
the first timer via pin 3. Trimmer R11 is
used to adjust the hold-oft time of the
trigger cireuit to prevent false retrigger-
ing. False retriggering can occur when the
calibrator output-signal is detected by the
radar detector, which in turn retriggers the
calibrator. You will have to experiment
with Ri1 to find the setting that will pre-
vent false retriggering.

The output of the tirst half of the 4538,
pin 6, is used to enable 1CL, a 555 timer
that’s configured as an astable multi-
vibrator. The oscillating frequency of 1CI
isdetermined by R6. R7. R8. and C8. The
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FIG. 6—ONE OUTPUT OF THE radar-calibrator circuit (J1 or J2) is fed to a Gunn diode mounted in a
microwave horn. Qutputs are provided for each of the two most popular speed-gun frequencies.

output of the oscillator drives the divider
string consisting of 1C4, 1C30 and 1C5.

o
v LED2
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il mis &2 N7
_0’* RI6 g ST\
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FIG. 7—THE CIRCUIT SHOULD BE MOUNTED on a double-sided PC board. The patterns can be found
in the PC Service section, of this magazine.

The output from cach divider is a square-

wave with o 40% duty cye

le.

There are two outputs tuken from the
divider string. One. taken from pin 13 of
ICS, is emitter coupled to J2, x-BAND
ouwtetrr, via driver transistor Q. The I-
ohm resistor, R24 is included to ensure
stability. The other output. taken trom pin
13 of 1C3, is emitter coupled 0 1, k-
BAND OurPUT, via driver transistor Q2. A
I-ohm resistor. R25 s included o ensure
stability. The J1or J2 output. as appropri-
ate, is applied to the Guon diode. Al-
though optional, and not shown in the
ilfustrations. for best results a small,
0.47-pt mylar capacitor, CY, should be
installed across the Gunn diode.

Diodes D2 and D3, in conjunction with
transistor Q3. help ensure that the driver
transistors remain off when the unit is not
triggered. When switeh St is at its slow
speed settings, 2535, the output if 1CS is
divided further and fed back through R3
and C1 o modulate 1CH

Building the unit
We recommend the use of a printed-
circuit bourd. If you wish to cteh your
own, an appropriate double-sided layout
is provided in our PC Service section,
Also. you can purchase a board tfrom the
supplicr mentioned in the Parts List.
continued on page 134
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- Remote-Controlled

.

Power Switch

Our infrared remote controller frees you
from the tyranny of mechanical switches!

DANIEL B. COOPER

11OSTINMS A CRINI THAL SELTRL SENY
stereos. VOR'S and other electronic ap-
pliances must be operated by something
so crude as a mechanical switch. There™s
really nothing wrong with a switch. but
vou must be within arm’s reach to operate
it. Andwhen you're sitting comfortably in
an casy chair and want to turn o TV, a
stereo, or g lamp across the room on or
oft. iU mighty inconvenient o have to
stand up. walk over to the deviee. and flip
its switch.

Of course. it you re forunate enough to
own a remote-controlled TV or stereo.
then you're part/y free of the tyranny of
mechanical switches. But what about ra-
dios. Liumips. and the myriad of other de-
vices that must be operated manually !

We've got the solution. The casy-to-
build IR (/nfra-Red) control system de-

scribed here can be built for under S0
You can then control any device that
draws as much as 1500 watts of power. The
device can be 30 or more feet away.

Our controller consists of a very snall
(2 % Y2 by Y2 inches) battery-powered
transmitter and an AC-powered receiver
that measures only ¥ 3% > 1Y
inches. To use the controller, just plug the
recerver into a wall outlet near the device
vou want to control, and then plug that
device into the recciver. Then use the
hand-held tansmitter to turn the device
on and of ' at vour convenienee. That's all
there is to it!

How it works

The schematic diagram of the transmit-
ter is shown in Fig. L. As you can see. the
trunsmitter is built around two CMOS 555

)l‘*

FIG. 1—THE TRANSMITTER IS BUILT AROUND TWO CMOS 555's that generate a modulated 35-kHz
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signal: that signal is transmitted by the two infrared LED’s, LED2 and LED3.

quite similar to its bipolur cousin, but it
requires less thun 100 wA of supply cur-
rent. and that's important when a circuit
must be powered from a very small bat-
tery. as our transnuitter is.

The transmitter generates a modulated
35-kHZ IR signal. The 35-KH/ carrier fre-
quency is generated by [C2.and the 1500-
Hz modulating signal is generated by 1C1L
The 1300-Hz output of [CHappears as in
Fig. 2-¢: the modulated output of 1C2
appears as in Fig. 2-h. An expanded view
of cach spike in that waveform is shown in
Fig. 2-c.

The output of FC2 drives LEDI through
resistor R3: that LED provides visual in-
dication that the transmitter is working - In
addition, [C2 drives transistor Q1. which
in turn drives the two infrared LED'S
(LED2 and LED3).

The transmitter is powered by a mini-
ature 12-volt battery, which 1s sometimes
called a “lighter™ battery from its use in
clectronically-ignited cigarette lighters.
Although the battery supplics sutticient
voltage Tor the circuit and is small enough
to fit in a tiny case. it cannot directly
source the high current needed todrive the
two IR LEDS. To provide that current, we
pre-charge capacitor C6 and then dump
all the charge it contains when St s
pressed. When St is not pressed. power to
the 1C™ is cut off. However, €6 is kept
charged via R8. Then. when ST s
pressed. the current stored in C6 can be
used to drive the LEDS for as much as V2
second. That's plenty of time for the re-
ceiver to pick up a signal.

When Co's charge is exhausted. the
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at that distance. the receiver can pick up
the reduced signal. At greater distances

Lated signal: that stenal is. m fact. an exact
replica of the signal produced by ICI in

3EIE$T »1e-500 —» though. it may be impossible for the re the transontter!

(PIN 3) | “:550 us ceiver to respond twice i a very short The preamp stage is very sensitive 1o
period of time—Iless than about a second. various forms of noise and RF inter
a But vou should have no trouble if vou wait ference. so. for maximum accuracy, the
for several seconds between cach use of  entire preamp circuit should be shielded
the transmitter. and bypassed. Our PC-board layout. dis
) cussed below, has been optimized tor low

gllgTI?:lzJT —I l l l H \ ‘ ‘ ‘ l F The receiver noise perlormancee.
(PIN 3) It is relatively casy to design an IR The demodulated signal tfrom the pre
5 remote-control system. but most simple amp stage 1s sent to 1C4-a. a 74C14
designs are hampered by either low sen Schmitt trigger. The squared-up 1500-1H/
sitivity or high susceptibility to noise. The signal is then sent 1o the clock input of
oulstanding feature ol our receiver is 1s ICS-u. halt of & 4013 dual D™ Hip-lop.
LTJTSVEI?I?J#UT ' high-sensitivity. low-noise input pre The flip-flop is contigured as o binary di-
OF 1C2 U‘_ZW’J amplifier. which s built around an vider. so the frequency of its output signal
PIN(3) h pPCI373 IR remote-control preamplitier is exactlv halt the trequency of its input

—’! }4——1.8#:

FIG. 2—THE 1500-Hz MODULATING SIGNAL is
shown in a: the modulated 35-kHz carrier signal
is shown in b: and one cycle of the 35-kHz bursts
is shown In c.

output of the LED's drops 1o about one-
third o their peak power. When S1 s
released. Co begins to recharge: it reaches
90% ot capaciy in about one second. and
full capacity in five to six seconds.

At distances under ten feet. that chirge
time will be of no conseguence becausce.

(IC1Hin Fig. 3).

Phe 1C 1s contained in an eight-pin SIP
(Single /nline Package). and it incorpo-
rates cireuitry that not only conditions a
signal from a photodiode. but also varies
the bias on the diode o accommodate
changing lighting conditions. The
pPCI373 also has a sensitive 30—40 KH/
tuned detector. automatic guin control, @
peak detector. and an output waveshaping
bufter.

All that circuitry allows the the weak
signal picked up from photodiode D2 1o
he output as a clean, logic-level demodu-

stenal. but it has o duty evele of eaacth
S0%

Fhat 750-Hz signal is clipped to ap-
proxintely 0.7 solts p-p by diodes D3
and D4 The clipped signal is then fed to
IC6. a 567 tone decoder. The output of
that 1C goes low whenever the frequenc
of the sienal ted to it s within its lock
runge—the range ol frequencies within
which the IC will respond—of s internal
VCO (Voltage-Controlled Oscillator).

Fhe center of the VCO's Tock range s
set by components R16. RI7. and C17
The trimmer potentiometer (R10) attows

R-E EXPERIMENTERS HANDBOOK
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FIG. 3—THE RECEIVER FEATURES A SHIELDED PREAMP, shown here inside the dashed lines. The
output of the preamp is squared up and fed to a PLL tone-decoder (IC6); the output of the PLL is fed
through a bi-stable latch (IC5-b). which provides the on/orr function.



vou tovary the center [requency to mateh
the output of your tansmitter. The lock
range of the VOO is set by CI8. We use o
2.2k capacitor here tor a moderately
narrow lock range——about 10 Hz. That
provides an overall range of 750 Hyz o+ 55
Hz. The length of tme o signal of that
frequency must be present to obtain out-
put is set by capacitor C9: the 22-plk
value sets that time at about 10 ms.

When 1C6 detects asignat of the proper
frequency, pin & poes low. Since that out-
put is an open-collector transistor, a pull-
up resistor (R18) s required for proper
operation. The output signal s fed
through another Schmatt tngger (1C4-b),
which drives another D™ ihp-lop. 1CS
b. That lip-fiop is contigured as a bistable
fatch: cach successive mput causes the
output to change state

Schmitt trigger 1C4-b also drives 1C4
¢. which in turn drives LED4. s,
which lights up whenever w signal is re-
ceived. The o output of 1CS-b drives 1C4
d.owhich in turn drives EEDS . onowhich
lights up whenever the output is in the on
state. The © output of HCS-b drives two
paratlel-connected inverters. HC4-¢ and
IC4-1: they wrn transistor Q2 on when
0 goes low. That transistor energizes the
relay 1 its contacts switeh the device you're
controlling on and of 1. Diode D6 s wired
across the cotl of the relay to suppress the
reverse spikes generated by the cotl when
ever it is de-energized. Without D6, Q2
might be destroyed.

Components C21 and R22 arie con
nected tothe lateh™s k input: they provide a
power-on-reset function. In other words.
they ensure that the relay will be oft when
power is first apphied to the receiver. At
power-up. C21 is effectively a short i
cuit. so ks high Inthat reset state. the o
output of the hp-tlop s Jow. the  output
s high, 0 Q2 and the relay are ofl But. as
C2I charges through R220 the voltage
across C21increases. and eventually the ®
input drops to ground and allows the 1C o
respond o input signals

We have made provision tor an optional
toca oN/ore switch. 820 Since the 567
has an open-collector output. 82 can be
used o foree the mverter’s input fow and
thus alternate the state ol the lateh without
damaging the 567

The recetver s powered by anine-voit.
150-mA transtormer that detivers about
12-volts DC after rectitication by diodes
D7-D10 and liltering by €220 Since most
ol the receiver circuit is voltage-indepen
dent. no regulator s used. However. the
S67 requires a supply voltage fess than
nine volts, Theretore, resistor RIS, capac
wor CIS, and Zener diode DS are used to
provide a regulated. tiltered 6.8-volt DC
SOUree.

Construction

We recommend that you use PPC
boards. especially for the recenver. as the

I

S1
ON/OFF
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LEDB\}‘
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|

FIG. 4—COMPONENTS MOUNT ON THE TRANSMITTER BOARD as shown here.

LED 2 D1 IC1

e I T TSP, WO, . e .|

LED 3 1C2

performance of its preamp can be de-
eraded by improper lavout. You cun eteh
vour own boards using the toil patterns
shown in PC Scervice: pre-ctehed boards
are inctuded with the kits sold by the
source mentioned in the Parts List.

When vour boards are ctched. ispect
them Hor shorts and opens. Correct any
problems and clean the boards with steel
wool. Now build the tansnitter. Install
all components except the battery clips
and the three LEDS according to the di-
agram in Fig. 4. Take care to orient the
capacitors, the 1Cs DY and Q1 correctly.
As vou can see in brgl 50 the leads of Ct
and Co must be bent at a right angle: the
capacitors are then mounted horizontatly.
The flat edge of ST should tace QI

Next solder the battery clips to the
board. The bump on the negative clip
shoeuld tace inward. and the hook on the
positive chip should tuce outward. Now

L iNagpeh

Cé LED1T a1 Bl

Y .

S1
FIG. 5—THE COMPLETED TRANSMITTER appears as shown here. The legs of the electrolytic capaci-
tors (C1 and C6) must be bent horizontally for those capacitors to fit in the case.

insert LEDTintoats holes with the fat side
toward the positive battery clip. but do not
solder it place vet. Lay the PC board in
the top halt of the case. adjust the position
of the LED to hine up wath its mounting
hole. and then solder the LED in place.

Now insert the two IR EEDS (LED2
and LED3) into their holes wath their tlat
sides toward the side ot the bourd the
negative battery chp is mounted on. Sol-
der them in place about ‘A inch above the
surlace of the PC board. Curctully bend
their teads so that they are paratiet with
the bouard and with cach other. and so that
the center of cach LED is about ¥e inch
above the surtace ol the board.

Liy the board in the lower hall of the
case and caretully mark where the center
ol cach LED touches the front edge of the
case. Remove the board and use o smalt
rattail hle or a similar ol to cut out a
precise hall-circle tor cach LED. Check
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your progress often to avoid overcutting,

Snap both halves of the case together
without the board in place and mark
where the edges of the holes meet the
upper halt of the case. Take the case apan
and caretully tile out the holes in the up-

per halt to match those in the tower hatt of

the case.

Now fay the board in the case. Then
insert Bl and press SI: LEDI should re-
main hit for as long as S1is pressed. f the
LED doesn’t light. make sure the battery
isinserted correctly. 1f it is, use a frequen-
¢y counter oran oscitloscope to verity that
both TLCSS55's are oscitlating. If they are.
mike sure that LEDI is mounted correct-
ly. It you still haven’t isolated the prob-
fem. you may have installed QI
incorrectly. or you may have instatled Q2
by mistike.

When the board is debugged. complete
assembly of the transmitter. Insert the
board into the lower halt of the case and
then snap both halves together. It desired.
the IR LEDS can be pushed back into the
case so that they do not protrude.

Building the receiver

Since the components are not so close-
ly spaced. building the receiver is some-
what casicr. Referring to Fig. 6. solder all
clectronic—not mechanical—compo-
nents to the board, except for LEDS,
LEDS. D2, and T1. Be carctul to orient all
polarized devices correctly: 1C 3 should be
mounted with the bevel oriented toward
the transformer. Don’t forget to solder the
jumpers in place.

Bolt T1 to the board with its secondary
wires toward C22. Keeping the leads as
short as possible. solder the primary and
the secondary wires to the appropriate
pads. To prevent shorts. ensure that all
strands of cach wire pass through its hole.
Clip oft and insulate the transformer’s
center tap.

Solder three 3-inch pieces of 18-gauge
wire o the output pads near the relay.
Connect the opposite ends of those wires
to the appropriate terminals on SOI.

Now solder D2 in place with its base
about % inch above the surface of the
board and with the beveled comer toward
the center of the board. Mount LED4 and
LEDS with their flat sides facing cach
other: the center of cach LED should be
about ¥4 inch above the board. The LEDs
will be parallel to the board and to each
other if they are mounted correctly.

Now solder four thick pieces of bus
wire to the four holes where the shield will
mount. The shicld can be bent as shown in
Fig. 7 from a thin piece of tin. Also. cuta
V- X 1%-inch piece of tin plate for the
bottom of the PC bouard. However. don’t
solder either shield in place until you have
veritied that the preamp circuit works ex-
actly as intended.

Strip the sheath of the AC cord so that
one inch of each conductor protrudes:

S2

LOCAL ON/OFF I

(OPTIONAL)

| -
W I RY1
-
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v 4
RIS AL LI LEDS (7
+ 7 [
| C emg,.xwp

D2

FIG. 6—COMPONENTS MOUNT ON THE RECEIVER BOARD as shown here. One shield must be
soldered to each side of the board after testing confirms that the preamplifier works.

strip. twist, and tin Yainch of cach conduc-
tor. Pass the cord through the reuar punel.
msulate it with a grommet, and solder the
leads to the board. Then press SO into
the rear panel and solder the three wires to

the correct terminals. Your receiver
should resemble the one shown in Fig. 8.
Now insert the red plastic [R filter into
the front punel so that its legs are horizon-
continued on page 134

PARTS LIST

All resistors are Ya-watt, 5% unless other-
wise noted.

R1—47,000 ohms

R2, R11—150,000 ohms

R3—27,000 ohms

R4—2200 ohms

R5—180 ohms

R6—270 ohms

R7—6.8 ohms, Y2-watt

R8—-3300 ohms

R9—1000 ohms

R10—22 ohms

R12, R14—100,000 ohms

R13—680 ohms

R15—390 ohms

R16—5000 ohms, trimmer potentiometer

R17—12,000 ohms

R18--470,000 ohms

R19—1 megohm

R20, R21—1800 ohms

R22—10,000 ohms

R23—820 ohms

Capacitors

C1—1 uF, 16 volts, electrolytic

C2—0.0047 uF. mylar

C3, C5, C20—0.01 uF, ceramic disc

C4—0.001 uF, ceramic disc

C6—470 pF, 16 voits, electrolytic

C7, C8, C11—10 pF, 16 volts, electrolytic

C9—0.0033 uF, mylar

C10—0.047 nF, ceramic disc

C12—47 uF, 16 volts, electrotytic

C13, C14—0.1 uF, ceramic disc

C15—100 pF, 16 voits, electrolytic

C16—1 uF, 16 volts, tantalum

C17—0.1 pF, mylar

C18—2.2 uF, 10 volts, electrolytic

C19—22 uF, 10 voits, electrolytic

C21—1 uF, 16 volts, electrolytic

C22—1000 pF, 16 volts, electrolytic

Semiconductors

IC1, IC2—TLC555, CMOS 555 timer

IC3—uPC1373, iR photodiode pre-
amplifier

1C4—74C14, hex Schmitt trigger

IC5—4013, dual "D" flip-flop

IC6—567, tone decoder

D1, D3, D4, D6—1N4148, signal diode

D2—BPWS50, infrared photodiode

D5—1N5526A, 6.8-volt, 400-mW, Zener
diode

D7-D10—1N4002, rectifier diode

LED1—visible miniature red LED

LED2. LED3—XCB880A, infrared LED

LED4—visible miniature orange LED

LED5—visible miniature red LED

Q1—BC640 (ECG383)

Q2—BC337 (ECG159)

Other components

B1—12-volt miniature “lighter” battery

RY1—relay, DPDT, 10-amps, 12-volts

L1—5 mH inductor

S1—miniature SPST momentary push-
button

S2—miniature SPST momentary push-
button (optional)

T1—9-volt, 150-mA, PC-mount trans-
former

Note: The following kits and compo-
nents are available from Dick Smith
Electronics, P. O. Box 8021, Redwood
City, CA 94063: Complete receiver in-
cluding all parts, case, and mounting
hardware, no. K-3428, $32.00; trans-
mitter including all parts, case, but
less battery, no. K-3429, $7.95; trans-
mitter battery, no. $-3335, $1.19; re-
ceiver case, no. H-2503, $5.95; trans-
mitter case, no. H-2497, $1.95; $2.50;
BPW-50 IR photodiode, no. Z-1956,
$2.50; uPC1373 IR photodiode pre-
amplifier, no. KZ-6174, $2.50; twelve-
volt relay, no. $-7200, $4.95; nine-volt
transformer, no. M-2840, $2.50. All or-
ders must add $1.50 plus 5% of total
price for shipping and handling. Cal-
ifornia residents must add 6.5% sales
tax. Orders outside the U. S. must be in
U. S. funds and add 15% of total price.
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HUMIDITY MONITOR

Don't let static zap your costly electronic gear! This electronic
humidity monitor lets you spot potentially dangerous conditions.

IF YOU'RE LIKE MANY PEOPLE, YOU TEND
to downplay—or simply ignore—the im-
portance of humidity. But you shouldn’t!
The reason is that, after temperature. hu-
midity is the most important environmen-
tal condition that aftects our comfort
level. We're comfortable when the hu-
midity is low in the summer, but that same
low humidity can make us feel uncomfor-
tably cool in the winter.

Perhaps more important to the readers
of Radio-Electronics is the fact that hu-
midity—or the lack of it—can drastically
affect the operation of the electronic de-
vices we love so well: computers. TV's,
VCR's, stereos. ete. Proper humidity con-
trol in the winter months can reduce the
static buildup that is so often detrimental
to the operation of electronic equipment.
For example. a rule of thumb states that
you should be careful when the humidity
drops below about 50% as the temperature
drops below about 70°. You certainly
wouldn’t want to handle any CMOS IC’s
in'those conditions!

In order to help you bring your humidi-
ty problems under control, we will discuss
what humidity is. some of its effects. and
several historical means of measuring it.
Then we’ll show you how to build a mod-
ern, electronic humidity monitor that fea-
tures 5% accuracy for about $50.

MARK C. WORLEY

What is humidity?

Humidity is usually specified as per-
cent Relative Humidity. or RH. for short.
Relative humidity is not a measurement of
the amount of water vapor in the air.
Rather. RH is the ratio of the amount of
water vapor in the air to the maximum
amount of vapor that air can hold. That
maximum varies primarily with tem-
perature. although barometric pressure af-
fects it to a lesser degree.

For example, let’s assume that a given
volume of air at a given temperature can
hold one ounce of water vapor. If that air
contains half an ounce of water. its rela-
tive humidity is S0%. If that same volume
of air were cooled. it might be able to hold
a maximum of only %0 an ounce of water.
So if that air still contained half an ounce
of water. the relative humidity would now
be 0.5+0.6. or 83.3%.

On a hot day the relative humidity gov-
erns our comfort primarily because it af-
fects the efficiency of our natural cooling
system—our sweat glands. 1f the humidi-
ty is high. sweat can’t evaporate as read-
ily. That’s why a hot. dry day is more
comfortable than a warm. humid day.
Various comfort zone™ charts have been
developed that show which combinations
of temperature and humidity are the most
comfortable.

The effects of humidity are evident all
around us. For example. dew is caused by
cooling of the air during the night until it
saturates (reaches 100% RH), and it then
releases excess moisture onto any cool
surface. The temperature at which that
saturation occurs is called the dew point.

Here's another common effect of hu-
midity: iced drinks that “sweat™ on a hot
day. That “sweating™ is really caused as
follows. The outer surface of the glass is
cooled by the icy contents of the glass.
That surface in turn cools the surrounding
air.

When that air reaches the dew point
temperature, it releases some of its excess
moisture onto the surface of the glass. So
in reality that “"sweating™ is not perspira-
tion from the glass. but condensation
from the atmosphere. Hence the reason
cold drinks don’t “"sweat™ as much in dry
climates as they do in humid ones is that
there’s very little water in the air to con-
dense on the glass.

Measuring humidity

Temperature is easy 1o measure using a
simple thermometer. or any of a number
of solid-state devices. Humidity, on the
other hand. is probably the most difticult
environmental condition to measure. The
search for an accurate. dependable means
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of measuring humidity has occupied sci-
entists for centuries. For example.
Leonardo Da Vinei noticed in 1550 that a
ball of wool weighed more on a rainy day
than on a dry day. Ever since then scien-
tists have been refining ways of measuring
RH precisely. For example. methods
using various organic substances. electro-
optical sensors. resistive sensors. and
variable-capacitance sensors have been
developed. Each method has unique ad-
vantages and disadvantages.

Organic sensors like human hair, ani-
mal hair. and animal membranes have
been in use the longest. and are still in use
today. An organic tissue absorbs moisture
readily. and. as itdoes. it will stretch more
casily. That stretching can be measured.

and that provides an indirect indication of

RH. As you might suspect. the primary
disadvantage of organic sensors is their
tendency to age rapidly. and that requires
frequent re-calibration.

Relative humidity can also be calcu-
lated by measuring the dew point. The
dew-point method is highly accurate. but
cumbersome. because of the cleanliness.
and the complex. precise circuitry that are
required. A mirrored surface is monitored
as it cools until moisture begins to formon
it. The temperature at which moisture is
detected is the dew point. and that is de-
pendent upon relative humidity. The dew-
point method is most suitable for
laboratory work.

Resistive sensors have their problems.
too. The resistance of that sort of sensor
usually ranges from the hundred of thou-
sands of ohms to the tens of megohms.
That high resistance. plus the non-lincar
response curves of those sensors, makes
them difficult to work with. In addition,
they can be damaged by direct contuct
with moisture, by common airborne con-
taminants. or by simple DC voltages.
Most sensors require an AC excitation
voltage. because even a small DC voltage
can cause chemical migration within the
sensor, and that usually ruins it.

Another humidity sensor is based on
variations in capacitance. Sensors of that
type weren’t commonly used in the past
because of their high cost—typically $100
or more apiece—and because they can be
difficult to use due to their small variation
in capacitance. However, the sensor
shown in Fig. 1. developed by the N. V.
Philips Company. and sold in this country
by Mepco/Electra (Columbia Road. Mor-
ristown. NJ 07869). is inexpensive and
casy to work with,

The sensor

Philips” humidity sensor is a capacitor
tormed from a dime-sized piece of plastic
film that is coated on both sides with a
very thin layer of gold. Because the di-
electric constant of that film varies with
changes in RH. so does the sensor’s ca-
pacitance. On cach side of the film the

e |

FIG. 1—PHILIPS’ HUMIDITY SENSOR provides a

45-pF change in capacitance over the 0-100%
humidity range.

CAPACITANCE—pF

R.H.—PERCENT

FIG. 2—THE SENSOR'S CAPACITANCE and the
relative humidity are related exponentially.

gold functions as one plate of a capacitor:
it also provides the electrical contact for
the sensor-housing’'s spring-contact leads.
The sensor measures about (.6” in diame-
ter. and 0.9” high. We list some of the
specifications of Philips™ sensor in Table
1. For more information, see Mepco's
Technical Information Brochure 063.
their Technical Note 134, and the data
sheet that comes with the sensor,

The curve in Fig. 2 shows how the sen-
sor’s capacitance varies with humidity. By

extrapolating a little we see that capaci-
tance varies from about 115 pF at 0.0%
RH to about 160 pF at 100% RH. In other
words. there is a change in capacitance of
45 pF over the entire RH range. So. in
order to measure RH. all we need is a
circuit that translates that 45 pF variation
in capacitance to a properly scaled varia-
tion in voltage.

But before we discuss the details of
circuit operation. there are a few other
things you should know that aftect the
accuracy obtainable from our humidity
monitor. First. the sensor has a drift of
0.1% per degree Celsius. which translates
to an inaccuracy of 1% for a 10°C change
in temperature. So. over a range of 40°C.
accuracy will drop to about 4% . Given
proper calibration. our humidity monitor
should be accurate. theretore. to better
than 5% RH over a wide temperature
range. Just compare that to the typical
25% accuracy—or worse—of the dial-
type humidity indicator included with
many wall- and desk-top thermometer-ba-
rometer-humidity monitors! You should
also be aware that the capacitance of the
sensor is somewhat dependent upon the
frequency applied to it. but to obtain the
accuracy we're interested in. we can ig-
nore that variation.

Circuit operation

It we were simply to build an oscillator
whose frequency varied in response to
changes in the sensor’s capacitance, we
could measure relative humidity, but we'd
have an oftset problem. because 0.0% RH
corresponds to 115 pE. not 0.0 pE. In other
words. we'd have some output even at
0.0% relative humidity. So we use o
oscillators in our circuit. and measure the
difference between their outputs. That al-
lows us to obtain an output of 1.00 volt for
100% RH.

Our circuit is a moditied version of one
supplied by Philips. In their circuit. one
4001 CMOS quad-Nor package was used
to build the two oscillators. and the gates
in a second 4001 were connected in paral-
lel to provide extra drive for the rectifier/
tilter circuit. We decided to use 7555' for
the oscillators because they're only
slightly more expensive, but much more

TABLE 1—SENSOR SPECIFICATIONS

Parameter
Humidity range
Temperature range

Capacitance (25°C, 43% RH, 100 kHz)

Frequency range
Temperature dependence
Response time (max)*
1043% RH
43-90% RH
Typical hysteresis
Maximum voltage

Value

10-90% RH
0-85°C

122 pF, +15%
1-1000 kHz
0.1% RH/°C

3 minutes
5 minutes
3%

15 volts

*To 90% of final value, @ 25°C, in circulating air
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FIG. 3—THE HUMIDITY MONITOR CIRCUIT uses CMOS 555's to keep current drain low.

' 65 g !

(')

IC1, PIN3 I_
X )

IC3-a, PIN1D
1C3-b, PINTI L l
IC3-c, PIN4 [—l I—‘

0us - > -

- 32 >- 1?2 - - —-25us

FIG. 4—TIMING RELATIONSHIPS of various
points in the humidity monitor's circuit are
shown here.

predictable (and repeatable) than os-
cillators made tfrom CMOS gates. Also.
we tound that it was unnecessary 10 use
paralleled gates to drive the metering cir-
cuit.

As you can see from the schematic in
Fig. 3. our humidity monitor is composed

of three CMOS IC’s and a low-power volt-
age regulator. Total current drain is only
about S mA, so battery operation is en-
tirely teasible. The circuit consists of two
oscillators, a few Nor gates. and a detec-
tor/titer circuit that helps linearize the
output.

A CMOS 7555 is used tor IC1, a 7-kHz
astable oscillator. A CMOS 7555 is also
used for 1C2, a one-shot whose pulse
width is determined by R3 and the capaci-
tance of the sensor. The master oscillator
(IC1) drives IC3-a. which provides the
trigger pulse that drives IC2. The rela-
tonship of those two signals, and the
others to be discussed below. is shown in
the timing diagram in Fig. 4.

The output of IC2 is inverted by 1€ 3-b
and combined with the master-oscillator
signal by 1C3-c. which passes only the
difterence between the two signals to the
filter/detector circuit that tollows. Trim-
mer potentiometer R2 is provided to null
the circuit out at the low end of the RH
scale. On a dual-trace scope the null con-
dition appears as equal-phase. equal-wid-
th pulses at pins 5 and 6 of IC3-c. With
inputs of that sort, IC3-c gives no output.

‘The detector circuit is composed of di-

ode DI, resistors R5-R9. and capacitor
C3. The pulses from IC3-¢ are rectified
and filtered into a DC voltage that is pro-
portional to relative humidity. Full-scale
meter adjustment is provided by R6. and
R¥ and RY tunction as a voltage divider
that scales the output to exactly one voltat
100% RH.

Since the sensor’s capacitance is expo-
nentially related to RH, something is
reeded to increase the linearity of the cir-
cuit. That something is provided by R7,
which supplies extra charging current to
C3. which would normally be fed only by
the detector. Also, R8 and RY discharge
C3 1o further increase linearity. The only
drawback to our scheme is that. due to the
voltage-divider effect of R7-R9, the out-

PARTS LIST

All resistors vi-watt, 5%, metal film (not

carbon composition!) unless other-

wise noted.

R1—6800 ohms

R2-—5000 ohms, linear potentiometer, PC
mount

R3—464,000 ohms, 1%, Ye-watt

R4—2200 ohms

R5—3300 ohms

R6-—2000 ohms, linear potentiometer, PC
mount

R7—806,000 ohms, 1%, Ys-watt

R8—7500 ohms, 1%, Ys-watt

R9—10,000 ohms, 1%, Ya-watt

Capacitors

C1—0.01 uF, 10%, mylar or polycarbonate

C2—0.001 uF, 10%, mylar or polycarbo-
nate

C3—0.22 uF, 10%, mylar or polycarbo-
nate

C4, Cs, C7, C8—0.1 uF, ceramic, mono-
lithic, or disc

C6—10 uF, 16 voits, electrolytic or tan-
talum, radial leads

Semiconductors

IC1, 1C2—7555 CMOS 555 timer

1C3—4001B, CMOS quad dual-input NOR
gate

IC4—78L.05, 5-volt, 100-mA voltage reg-
ulator

D1—1N914, 1N4148, or equivalent

Other components

M1—50 pA

S$1—SPST toggle or momentary switch

Sensor—Mepco #2322-691-90003

Sensor socket—Molex part #10-18-2031

Portable case—Radio Shack #270-1751

Qutdoor case—Keystone part #677 (set
of #666 & #685)

Note: The following are available from

Mark Worley, 10614-B Golden Quail

Drive, Austin, TX 78758; Screened,

drilled and plated PC board, $7.00;

Sensor $15.00 for 1 or $25.00 for 2; Cal-

ibration capacitors (115 pF and 160 pF,

1% mica), $2.00 per set; Kit of iC’s, sen-

sor, sensor socket, PC board, re-

gistors, and capacitors, $40.00 (cal-

ibration capacitors, meter, enclosure,

& hardware not included). Data sheets

and op notes for sensor, $4 postpaid.

Add 10% for shipping, $3.00 maximum.

Aliow up to 30 days for delivery. Send

cash or check only.
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FIG. 5—AN OP-AMP VOLTAGE FOLLOWER may
be used to buffer the output of the humidity
monitor.
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FIG. 6—METERING CIRCUITS for the humidity
monitor. Use the circuit shown at a with a 100-uA
meter, and the one at b with a 50-uA meter.

put cannot fall below 60 mV. which corre-
sponds to 6% RH. So. our monitor can
read no lower than 6% RH.

For best accuracy. the output should be
monitored with a meter having an input
impedance of at least one megohm. Alter-
natively, the output could be buffered to
drive an anatog meter or other low-imped-
ance load. The simple op-amp voltage-
follower circuit shown in Fig. 5 could be
powered by the same (battery) supply that
powers the remainder of the circuit. Or
you could. if desired. substitute a pre-
assembled digital LED- or LCD-meter
module.

Another alternative would be to use a
100-pA moving-coil meter as an indica-
tor. Since a 100-pA meter with a full-
scale reading of one volt has a resistance
of 10K. it could replace R9 in the circuit.
as shown in Fig. 6-¢. But since a 100-pA
meter is slightly difficult to obtain. we
used a 50-wA meter with the voltage di-
vider shown in Fig. 6-b for our prototype.

Current drain
The 781.05 low-power voltage regulator

adds about 4 mA of current drain to the
circuit. which would otherwise consume
only about 1.5 mA. That 4 mA is the
regulator’s required operating current. so
it can’t be eliminated (unless you can ob-
tain one of National’s new micro-power
voltage regulators). A Zener diode would
not alleviate the current-drain problem,
since it would require even more operat-
ing current. A Zener diode would also
have poorer regulation, which could af-
fect accuracy. With no voltage regulator at
all. the pulse height from IC3-¢ would
vary with battery voltage. so accuracy
would be affected.

For portable or occasional use. a 9-volt
battery is the ideal power source. since
current drain is Jow. Alternatively, power
could be supplied by an inexpensive wall-
mount transformer with an output of 7.5-
to 12-volts DC. For permanent outdoor
installation, mount the power supply in-
side the house. not out in the weather.

Construction

Our humidity monitor can be used in a
portable mode both indoors and outdoors.
However, for permanent outdoor installa-
tion more rugged construction techniques
will have to be used. We'll present plans
for both portable and permanent units,
although we’ll stress construction of the
portable unit.

The circuit should be built on a PC
board to minimize stray capacitance that
could aftect IC1's output frequency and
IC2’s pulse width. You can purchase a PC
board from the source listed in the Parts
List. or you can etch and drill your own
using the foil patterns shown in the “PC
Service™ section of this magazine. It's not
recommended. but if you assemble the
circuit on perf board. use the kind that has
a solder pad around every hole (such as
OK Industry’s #A-PC-02 prototyping
board). You may have trouble experiment-
ing with our circuit on a solderless bread-
board because that type of breadboard has
a large amount of distributed capacitance
and a ground plane that can also atfect
circuit operation.

Use only high-quality, low-tem-
perature-coefficient components to limit
the effects of temperature on the circuit’s
accuracy. Capacitors C1 and C2 should be
polystyrene or polycarbonate types. It
might be worthwhile experimenting with
a positive-temperature-coefticient capaci-
tor for Cl to offset some of the sensor’s
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FIG. 8—YOUR COMPLETED PC BOARD for the
humidity monitor should appear as shown here.
Interconnecting wires attach to the bottom of
the board.

temperature drift. especially it the
monitor will be used outdoors. The re-
sistors should be metal- or carbon-film
types: carbon composition resistors
should not be used in our circuit because
their values vary widely with temperature
and humidity.

When you have a suitable board. use
the parts-placement diagram in Fig. 7 and
the photo in Fig. 8 to mount and solder all
components. Don’t use IC sockets since
they can contribute to stray capacitance.
Solder the 3-pin Molex socket to the
board vertically (as shown in the photo) if
you want to mount your sensor as it is in
our prototype. Also. for proper vertical
clearance you may find it necessary to use
a small tantalum capacitor for C6. or to
mount that capacitor to the foil side of the
PC board.

After mounting all components. check
your work carefully. looking for solder
bridges between adjacent pads. pins and
traces. If the board is OK. remove all flux
from it. Be careful to keep any solvent—
particularly acetone—away from the sen-
sor. Use isopropyl alcohol to remove fin-
ger oils, and avoid touching cleaned
surfaces.

Use a pair of clipped-oft resistor leads
10 extend the lengths of the sensor’s leads.
Caretully solder the wires to the sensor,
and make sure you don’t damage the sen-
sor from too much heat! Then clip the
leads to an overall length of ¥a inch. They
will project through the case and into the
Molex socket after final assembly.

Now let’s turn to mechanical con-
struction. First we'll discuss the portable
unit. Drill a mounting hole in each corner

GND

A9
|I i "
+

M]

01Y
s v
Rifa €3 —R1— b
o | cald] GND

FIG. 7—PARTS-PLACEMENT DIAGRAM reveals the compact size of the humidity monitor.




of the board. and use those holes to mark
the locations of the screw holes in the
case. Also, drill four holes for the sensor:
two for the leads. and two for the mount-
ing tabs. Use an eighth-inch bit (or larger)
for the sensor leads to nminimize capaci-
tive coupling to the case. as well as 10
climinate the possibility of a short. Allow
for a litde offset in the position of the
sensor due to the construction of the Mo-
lex socket.

The meter used in our prototype has a
resistance of about 2K, so we added an
18K resistor in series with the meter to
give it a total resistance of 20K. Then R9Y
was changed to a 20K resistor. so that the
combination of R9. the meter. and R10
would be 10K. That combination gives the
meter a full-scate range of one volt.

If you use a 100 pA meter. pad its
resistance to 10K, if necessary. Then re-
move RY. and use the meter in place of
that resistor. If you decide to use a digital
meter, you can leave RY at [0K. since
most digital meters have at least 10
megohms inputimpedance. and the paral-
lel combination of RY and the DVM will
not affect accuracy.

Mounting the sensor at the “rear”™ of
the case might reduce the sensor’s ability
to respond to current humidity conditions,
especially if the monitor is pushed back
on a shelf. However. mounting the sensor
in that way reduces the possibility that it
will be damaged. But feel free to experi-
ment with your own case and mounting
methods. We bent a Ya-inch piece of thin
steel strapping into a U™ shape with
legs. Holes were drilled through the legs
and through the case on either side of the
sensor. Then the U™ was bolted to those
holes to prevent mechanical damage to the
SCNSOr.

Finish assembling the case by installing
the power switch, battery holder. and tour
Va-inch standoffs for the PC board. If nec-

essary, carefully remove the face plate of

the meter and use rub-on letters to re-label
the meter’s scale. Assuming you're using
a 50-pA meter. wire the case-mounted
components as shown in Fig. 9. It you're
using a different metering circuit. sub-
stitute the appropriate resistive network.
Lovse wires and componenls can move
around and cause the outputs of IC1 and
1C2 to vary. so mount all components se-
curely. and keep all leads short.
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FIG. 9—IF YOU USE A 50-uA METER with the
humidity monitor. it should be wired as shown
here.

To complete assembly of the portable
unit. mount the board to the case. Then
insert the sensor’s leads through the case
and mount the sensor to the case with two
sheet metal screws. Be careful not to
crack the sensor by over-tightening those
SCTEWS,

Building the outdoor monitor

For permanent outdoor use. the sensor
must be covered to protect it from direct
rain and sunlight. A small louvered or
screened box about ten inches on a side
should work. Just make sure that air can
circulate freely through the enclosure to
reach the sensor. Also, avoid placing the
assembly in vegetation. near a sprinkler.
or in any other location that might tend to
exaggerate the actual hurmidity. A hun-
dred feet of 22-gauge wire between a re-
motelv-mounted sensor and an indoor
power supply and display meter should
not aftect accuracy.

To install the monitor outdoors perma-
nently. the circuit will have to be mounted
in a watertight enclosure. We'll discuss
how 1o do that using the Keystone en-
closure specified in the Parts List.

First. trim the PC board to fit the case.
Then cut four two-inch lengths of 18-
gaugs wire and insert them into the holes
at the end of the board. Bend the leads so
that at least Ya-inch of the wire lies flat
against the copper foil, and then solder the
leads. The Ya-inch of contact helps
strengthen the support for the board. Slide
the free ends of the wires into the octal
buse of the case. Carefully bend the leads
so that the end of the PC board rests
against the base. Then clip the leads flush
with the end of the plug’s pins. and solder
the wires inside the hollow pins. The octal
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AG. 10—OUTDOOR INSTALLATION of the nu-
midity monitor requires a watertight case; driil
Poles for the sensor as shown here.

plug won'tfitinto its socket it solder leaks
through to the outside of the pins. so be
careful.

Refer to Fig. 10 to drill the mounting
holes for the sensor in the top of the case,
and to Fig. 11 to drill the holes in the side
of the case that allow access to trimmer
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FIG. 11—TWO HOLES MUST BE DRILLED in the
side of the waterproof case to allow final calibra-
tion.

potentiometers R2 and R6. Those holes
must be located precisely as shown to

allow proper assembly and adjustment. If

you use a small metal punch for the access
holes in the side, you may be able to re-
insert the punched-out pieces in the holes
after calibration; otherwise fill the holes
with epoxy. or cover them with electrical
tape.

Bend the leads of the Molex connector
90 degrees betore mounting it flush
against the PC board. Then solder a scrap
of wire across the socket to hold it in place
firmly; two holes have been provided in
the PC board for that support wire. The
sensor’s leads will have to be extended to a
length of ¥ inch.

To complete assembly. attach the sen-
sor to the case with two sheet metal
screws. A thin rubber gasket placed be-
tween the sensor and the case will provide
additional weatherproofing. Carefully in-
sert the board and the base assembly into
the case so that the Molex connector
mates with the sensor’s extensions. Use
four screws to hold the case and the octal
base together. The two holes in the side of
the case should line up with R2 and R6 so
that thuse potentiometers can be adjusted
easily with a small screwdriver.

Final check-out

The check-out is the same for both the
portable and the permanent versions of
our humidity monitor. Before powering
up. carefully check the board once more
to make sure that all components have
been installed correctly. and that there are
no solder bridges between traces, elc.
Then plug the sensor into its socket and
apply power. You should be able to mea-
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sure some voltage across R9 (in other
words. MI. it installed. should deflect):
that voltage should rise it you breathe on
the sensor.

It you get no output. re-check your
work. and verify that supply voltage (five
volts) appears at pin §of ICH pin 8 of IC2.,
and at pin 4 of IC3. If that voltage is
present. use an oscilloscope to verity the
presence of the waveforms shown in Fig.
4. After the board is debugged. allow it to
cool down from the heat of soldering be-
fore doing the final calibration. Also. iso-
late the sensor from hand and breath
moisture until it stabilizes to ambient hu-
midity—about § minutes should do it.

Calibration

For the first step of calibration we’ll
assume that the sensor’s output exactly
matches the curve shown in Fig. 2. Doing
that allows us to substitute 1% silver-mica
capacitors for the sensor. Insert a 115-pF
capacitor into the sensor’s socket and ad-
Just R2 for a reading of 6% RH (60 mV).
Then replace that capacitor with a 160-pF
unit and adjust R6 for a reading of 100%
RH (1.00 volt).

After assembling the case. you will
need to re-adjust R2 so that the output
agrees with a secondary humidity stan-
dard. That adjustment alters ICIs pulse-
width to correspond to the sensor you're
using. Remember. the Philips sensors
have a tolerance of =15% at 43% RH.
This means that. although there will still
be a 45-pF change in capacitance over the
entire 0-100% range of RH. the high and
and low values may be shitted above or
below the nominal values. It is R2 that
provides compensation for that shift.

Absolute calibration standards

Finding a humidity standard can be dif-
ficult, but here are a few ideas that may be
useful. The most common method of
measuring humidity accurately is with a
sling psychrometer. You may be able to
borrow one from a science or chemistry
lab at a local high-school or college. The
sling psychrometer has both dry- and wet-
bulb thermometers. The wet-bulb unit has
a wick on its bulb that is moistened with
distilled water. When the psychrometer is
whirled in a circle. the evaporation of the
wick cools the thermometer’s bulb. The
amount it cools depends on the amount of
water that evaporates. and that is governed
by the amount of moisture in the air—the
relative humidity.

The dry-bulb thermometer is unaftected
by that procedure since it's not moistened:
it simply indicates the temperature of the
ambient air. With every psychrometer
comes a chart that allows you to determine
RH from the readings on the two ther-
mometers.

The accuracy of the sling nsychrometer
method depends on the accuracy of the
two thermometers. the accuracy with

TABLE 2—SATURATED SALT SOLUTIONS

Salt

Lithium Chloride Monohydrate
Magnesium Chloride Hexahydrate
Magnesium Nitrate

Sodium Chloride

Potassium Chioride

Potassium Sulphate

which they 're read. the cleanliness of the
wick and the water. and also upon a sufli-
cient quantity of air blowing across the
wick. Small sling psychrometers with one
degree increments and short ther-
mometers have an accuracy of only 10%.
OF Worse.

Saturated salt solutions oftfer better ac-
curacy. but they are more difticult to use
because the sensor has to be placed as
close as possible to the solution without
touching it. and the calibration process
must occur inside an airtight container.
That can make circuit adjustment awk-
ward. Anyway. the solution maintains an
equilibrium of humidity within the scaled
container as long as that solution remains
saturated. Both salt and water must be
pure for best accuracy. We list some com-
monly-used solutions. and the humiditics
vou can obtain with them. in Table 2.

Caution: Those solutions are poi-
sonous. so handle and store them with
care. and keep them out of the reach of
children and pets. It you use the lithium
chloride solution, don’t allow it to fall
below a temperature of 18°C (64°F). since
the humidity reterence of the solution will
be permanently altered. Whichever salt
you use. stir in crystals a little bit ata ime
until precipitates begin collecting on the
bottom of your container. When you're
sure no more salt will dissolve. put the
solution and your circuit board in an air-
tight container. and adjust R2 so that the
meter agrees with the value in Table 2.

One problem with the above calibration
procedure should be obvious—how does
one make the adjustments while the board
is within the air-tight container? There are
two possibilities. One is to make the ad-
justment outside the container, then place
the board inside to see the result. Repeat
as needed until the meter reading agrees
with the value in Table 2. A more sensible
solution would be to mount only the sen-
sor in the container so that R2 can be
adjusted from outside.

It those methods of calibration are im-
practical for you. you might try tuning ina
tocal weather broadcast on radio or TV. or
you could call the National Weather Ser-
vice in your area. To do the final calibra-
tion. whatever standard you have chosen.
apply power and then adjust R2 so that the
vilue indicated by the meter agrees with
your standard. Construction is now com-
plete.

% RH @ 68°F % RH @ 77°F

1.3 11.2
33.1 32.8
54.4 529
755 753
85.1 843
97.6 97.3

Final thoughts

Whether or not you actually built our
humidity monitor. we hope vou learned
something about what humidity is and
about ways of measuring it. Like many
subjects. there is a great deal more that
could be said about humidity: we encour-
age you to do some investigating on your
own. ina similar vein, our circuit was not
intended to be used as the basis of a preci-
sion instrument. but we hope vou'll find it
tun to build as well as usetul.

As you know. indoor humidity drops
drastically in the winter. The reason is that
cold. dry outside air is further dried by
most indoor heating systems. (To be more
accurate. hot air can hold more moisture
than cool air. so the RH drops as the tem-
perature rises. You may tind it interesting
to know that office buildings are often
built these days with humidity controllers
in addition to the systems that control
their heating. ventilation. and air-con-
ditioning (HVAC) systems.

You can use our humidity monitor to
help maintain humidity levels at vour
home or oftice ata comfortable (and safe!)
level. Humidity control can help prevent
respiratory problems. and it can prolong
the lite of valuable paintings. books, and
¢lectronic devices.

For indoor use. avoid placing the hu-
midity monitor near air-conditioning or
heating vents: also. keep the monitor far
away from any large potted plants since
they can affect accuracy. For desktop use,
keep the sensor away from a hot work-
light. as heat can also atfect the humidity
reading.

An RH of less than 20% can casily
occur during the winter. And with such
low humidity. a large quantity of static
clectricity can build up. since the con-
ductive moisture usually present in the air
ist tavailable to provide a discharge path
tor that encrgy.

Making sparks fly by touching your
spouse’s nose or a metal surface may be
fun. but doing that to your computer (or
just about any clectronic device) could
prove fatal for the machine. Similarly.
yvou're much more likely to damage
CMOS and other components while
building projects like our humidity
monitor. So. an RH of about 50% is low
enough for you to be comfortable, and
high enough for your electronics o be
safe. R-E



Capacitor
Leakage Tester

GARY McCLELLAN

Find the ieaky capacitors that many testers miss with this easy-‘o-build leakage checker. You
can use it to test cables, appliance insulation, and high-voltage diodes, too!

THOSE NEW DIGITAL CAPACTTANCE TESY

ers make capacitor cheching quick and
easy. but they have shortcomings. For in-
stance. does the tollowing sound tamiliar
10 you’

You are troubleshooting a piece ol
cquipment and replace some defective ca
pacitors with units from the junk box
Alter hours of additional troubleshooting

ou discover that those replacement ca-
pacitors are no good after all, even though
they checked out OK on your tester. That's
because they are leaky. and your meter is
one of the many that has no leakage-test
function. That “missing feature”™ wound
up costing you much time and aggrava
tion.

Or perhaps you just bought some elec:
trolvtic capacitors tfrom vour dealer. n
stalled them. and watched as the power-
supply fuse blew. You later tind that the
cause was those “new ™ capacitors: they
had become leaky after sitting on your
dealer’s shelt for the better part of a de
cade. 11 vou had only known. those capac
itors could have been rejuvinated with a
shot of current from the proper source
Instead. you have a blown tuse and some
tfried capacitors

Assuming it does everything clse well.
don’t trash your capacitance tester just
because it doesn’t have a leakage-test
function. Instead. supplement tt with the
leakage tester descnibed here. Qur tester
checks the all-important leakage puram-
eter quickly and easily. weeding out de-
fective capacitors that otherwise fest
vood. 1t can also brings those clderly
new T capacitors back to life tast

Besides checking capacitor leakage
the circuit has many other uses on the
bench and in the ficld. Forexample. use 1
1o test insulation resistances on power
tools and appliances. 1t vou tind just one
tool or appliance with a dangerous fault
betore it finds vou. vou’ll be very glad vou
took the time to build and use the circuit.
You cun also test suspected lossy cables.
as well as high-voltage diodes. rectitiers.
neon lamps, and other high-voltage com
ponents that are often difficult 1o trou-
bleshoot with conventional DMN's

And ina pinch the circuit can serve as it
regulated power supply. The output voit-
age spans 3 1o 100 volts, which may make
the project useful for temporarily power-
ing devices drawing under 10 mA or so.

The circuit is easy to build and is tairly

mexpensive. too. A small PC board holds
the active components. including two
IC’s. three transistors. and some diodes.
while the remaining switches and a meter
mount on the cabinet. Purts costs will run
about $45.00 or so. depending upon how
well you can shop or scrounge for them.
The PC board. and a few harder-to-get
components. are available from the
source mentioned in the Parts List

How it works

Ihe project is basically a regutated DC
power supply with a metering cireuit to
indicate leakage current. Refer to the
block diagram in Fig. | for details.

There are several noteworthy features ot
which you should be aware. First. a novel
power supply design permits the unit to
charge test capacitors with a constant cur-
rent source. That means they charge fast-
er. saving vou testing time. particularly
for large capacitors. In addition. an ana-
log meter is used for leakage-current mea-
surements. That allows vou to see the
charging action and monitor the leakage
current ¢asier than with a digital meter.
And analog meters are generally much
cheaper than digital ones!

MOOGANVYH SHILNIWIHIIXD 3-H
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FIG. 1—THIS BLOCK DIAGRAM makes it easier to see how our little leakage tester works.

In operation. 9 volts from a plug-in
transtormer passes through switch Sl-a
and is rectitied by diodes D1-D4. 11 field
operation is required, it is possible to sub-
stitute & 12-volt battery for the plug-in
transformer. The switch is o DPST unit
that sclects either power oN or capacitor
DISCHARGH. From the rectitier. the output
is tiltered by capacitor Cl. and s then
used to power the rest of the circuitn

Part ot the power output is led to IC3. a
positive voltage regulator. which is used
to provide a stable 1.2 volt reterence for
ICI. That ensures that the output voltage
will be stable regardless of how much
voltage is used to power the project

Op-amp IC1 serves as an error ampli
fier. Tts job is 10 ensare that the voltage
applied to the capacitor under test is regu
lated. It does that by “sampling ™ the volt-
age at capacitor CS through the range
switch. The range switch is nothing more
than a resistive attenuator network reduc
ing the output voltage to about 1.2, The
op-amp simply adjusts the power supply
antil its minus (inverting) input equals 1.2
volts. That regulates the output voltage.

Transistor Q1 serves as a control ¢le-
ment for the rest of the power supply.
Since the op-amp can’t provide enough
current to do the job directlv. a Darlington
power-transistor is used here to boost the
current. Resistor R6 Jimits current to the
rest of the circuitry. preventing trans
tormer damage

Moving on. the DC output from capaci
tor Cl powers 1C2. which is a CMOS
programmable one-shot wired us a 100-
Hz oscillator with complimentary out
puts. The outputs from 1C2 alternately
drive transistors Q2 and Q3. which serve

as switches. They alternately switch cach
side of the transtormer T1 winding to
eround. generating current pulses.

Transtormer Tl performs two pur-
poses. First it steps up the current pulses
so that they can be rectified. Second. un
derheavy load (as from a charging capaci
tor) 1t saturates. limiting the output
current to the capacitor to about 20 mA
That forms a constant-current type power
supply. which is especially effective in
charging test capacitors

The output from translormer T1 s rec-
titied by diodes D7 w0 D10 and tiltered b
capacitor C3. From that point the DC out
put feeds back to the range switch. which
is used along with aop-amp ICI 10 set the
output voltage. The DC output also drives
the test capacitor, which is connected to
the project through binding posts

Meter M1 is included in the minus leg
of the test capacitor for monitoring the
charging and discharging currents. Note
that resistor R12 and switch S1-b are in
cluded 1o discharge the test capacitor
when the power s turned off.

That takes care of the hasics. Now turn
to the schematic diagram of Fe. 2 for
some details on the finer points of the
circuntrv. You should be able to identity
the paris we just discussed on the sche
matic diagram.

First let's look at the crror amplifier.
IC1. Basically, that amplifier is set up as
an inverting, gain-of-100 unit. Resistors
R3 and RS set the gain value. Although
that practice is rather unusual for a power
supply (RS 15 usually not included). the
reduced gain s necessary to permit stable
operation when testing very large capaci-
tors (sav 15.000 why. Diode DS serves as

PARTS LIST

All resistors Ya-watt, 5%, unless other-
wise noted

R1—8200 ohms

R2—5000 ohms, potentiometer, PC
mount (Circuit Specialists 32JQ305 or
equal)

R3—100,000 ohms

R4—270 ohms

R5—10 megohms

R6—10 ohms, 2 watts

R7—2200 ohms

R8—1 megohm

R9, R10—10,000 ohms

R11—18,200 ohms, "s-watt, 1%, metal-
film

R12—100 ohms, 2 watts

R13—10 ohms

R14—68 ohms

R15—30,100 ohms. Vs-watt, 1%, metal film

R16—40,200 ohms, Y-watt, 1%, metal
film

R17—49,900 ohms, %-watt, 1%, metal
film

R18, R19—100,000 ohms, Ye-watt, 1%,
metal film

R20—150,000 ohms, Y%-watt, 1%, metal
film

R21, R22-—249,000 ohms, 's-watt, 1%,
metal film

Capacitors

C1—1000 pF, 16 volts, axial leads, elec-
trolytic

C2, C6—0.1 uF, 50 volts, polyester

C3—0.0022 uF, 50 voits, polyester

C4--100 uF, 16 volts, radial leads, elec-
trolytic

C5-—2F, 450 volts, axial leads, elec-
trolytic

Semiconductors

IC1—LF356N op-amp (National)

1C2—4047 CMOS one-shot (RCA)

IC3—LMB317LE adjustable voltage reg-
ulator (Nationat)

Q1-Q3—TIP120 NPN Darlington (Radio
Shack 276-2068 or equivatent)

D1-D4, D7-D12—1N4004 rectifier di-
odes, 400 PIV. 1 amp

D5—1N4148 silicon signal diode

D6—not used

Other components

M1—1-mA DC meter

S1—DPST miniature toggle switch

S2—12-position, 1-pole rotary switch (Ra-
dio Shack 275-1385 or equivalent)

S3—SPST normally-closed pushbutton
switch

T1—117 volts/12.6 volts, 1.2 amps. center
tapped (see text)

T2—117-volts/9 volts, 300 mA, wail-plug
transformer

Miscellaneous: PC board, plastic case

(Radio Shack 270-627 or equivalent),

knob, hookup wire, 4-40 hardware, press-

on decals, etc.

An etched and drilled PC board plus all

1% resistors listed above and voitage

reference IC3 are available for $17.50

postpaid from: Mendakota Products,

PO Box 2296, 1001 W. Imperial Hwy., La

Habra, CA 90631. When ordering re-

quest part LC1 and enciose a check or

money order for the appropriate

amount. California residents include

6% sales tax. Sorry no COD's or credit

card purchases.
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FIG. 2—THE CIRCUIT of our leakage tester is seen in greater detail in this schematic diagram.

overload protection, preventing excessne
voltage from kasar switch 82 from
damaging 1CE That condison might oc¢
cur it vou were to switch rapidly from 100
volts (o 3 volis. And tinally. capacitor €2
provides some AC feedback . insuring sta
ble operation over a wide range of capaci
tor foads

NMoving on, let's Jook at €20 Resistor
R® and cupacitor C3 «ct the operating
frequencs 1o 100 Hzo That frequency.
while not critical. was chosen to prevent
“heats™ with the 60 17 power line and
permits increased output from trans
former Tl

And tinally. Tet's lTook at the metering
circuit. Biodes D and D12 are included
to protect the meter trom harmtul oser:
loads. especially whena Lirge capacitor is
being discharged. A 10-mA current shunt
consisting of resistors R13 and Ri4 s also
included tor measuring currents i non
capacitor-testing applications. Fhat shunt
can be selected viapushbutton switch 83

So much tor the theory, Now why not
eet started building your project?

Construction

We'll desenibe assembly shortls, but
firsta few words about obtaining the parts.
The circuit uses no exotic parts. and most

should be availuble from Circutt Spe-
cialists (PO Box 3047, Scottsdale. A7
85257). Radio-Shack. or your favorite
clectronics parts supplier. It you order the
PC board from the supplier listed in the
arts List, vou witl also get the harder-to-
tind 1% resistors and voltage regulator. 1Y
vou have trouble locating some items. try
the supplicrs that wlvertise in the back
pages of this magazine. I after ali of thet
vou are still having difticulty locating a
particulur part. mail two tirstclass stamps
and a self addressed. stamped envelope o
the PC-board supphier mentioned in the
Parts List tor assistunce.

A word about T1: The board was de-
signed to aceommodate a transformer that
was avatlable from a parts supplier that
had nationwide outlets. Since thea.
however. the transtermer has been discon-
tinued by that supplier. Fortunately. any
12.6-volt. t.2-amp center-tapped trans-
former will do tine. although it likely will
have to be mounted oft the board.

Substitutions tor other parts are also
acceptable. providing they are cqual or
better in quality than the parts specitied.

For the sake of both convenience and
safety. vou should use @ PC board . 1 desir-
ed. you can buy one form the supplier
listed in the Parts List. or else make one

from the artwork provided in the PC-ser-
vice section. found elsewhere in this mag-
asine.

Once vou have assembled the parts and
obtained or made the PC board. vou can
start construction. Refer to Fig. 3 for de-
tails as we discuss assembly.

Start by placing the board in front of
vou with the foil side down. Then instali a
100wk capacitor at C4 along the top left-
hand corner.

Continue by instatling o wire jumper
below C4. 11 vou have been able to obtuin
atranstormer that will fiton the board (see
the preceding discussion). install 1t next.
Otherwise. that transtormer will have to
be mounted off-the-board: in that event
the wiring between the transtormer and
the bourd will be the among the tust steps
In the construction process.

Neat. install INJOO4 diodes at D7 o
D10 as shown. After that. install & 2-pk
capacttor at CS, and a [00-ohm resistor at
Ri2.

Finish up the top half” of the board by
instalting a 182K (usualiy marked 1822F)
resistor at R11L then a f0-ohmunitat R13.
Also instal! a 68-ohm resistor at R14 and
two INJOO4 diodes at DI and DI2.

Move back to the left edge of the hoard
and continue assembly. Instadl TIP120

MOOSIANYH QUIINTIANIHIAYT -
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FIG. 3—FOR SAFETY, this project requires a PC board. Here we see the parts-placement diagram for

the board shown in our PC Service section.

transistors at Q3 1o QI first. Note that the
leads are bent back 90 degrees. allowing
the transistors to be mounted with the
metal tabs flush against the board. Then
install 10K resistors at R10 and RY.

Continue by cutting a short length of
insulated wire and installing it between
Q2 and QI. Position the wire so it doesn’t
touch the transistors. Then install a 2.2K
resistor at R7 and a 10-ohm unit at R6,

Install a 14-pin IC socket at 1C2. then
an 8-pin unit at IC1. Do not install those
IC’s until later. Next. install a 0.001-pF
capacitor at C3 and a I-megohm resistor
at R8. After that. install a 270-ohm re-
sistorat R4, a 0.1-pF capacitor at C6. and
an LM3I7LE at IC3.

Finish the board by installing a IN4148
diode at DS and a 0. 1-wF capacitor at C2.
Then install a 10-megohm resistor at RS
and a 100K unit at R3. Next install a 5K
potentiometer at R2. If the single-turn
unit specitied in the pars list 1s used.
position the potentiometer with the ad-

justment screw next to the board edge.

The additional pads have been provided
around R2 so that a Ya-inch, multi-turn
potentiometer (Radio-Shack 271-343 or
equivalent) can be used if desired. After
R2is in place. install an 8.2K resistor at
R1and the 1000-wF capacitorat Cl. Com-
plete your work by installing IN4004 di-
odes at DI to D4,

Check vour work carefully. especially
diode and capacitor polarities betore con-
tinuing. Fix any mistakes now. because
they will be harder to correct later.

Refer to Fig. 4 1o see the construction
details for §2 and its associated resistors.
Note that it is casier to wire the switch

now than later when it is installed on the
front panel. You might find assembly easi-
erif you clamp the switch’s shaftin a vise
before starting work.

REAR VIEW OF
SWITCH 52

Y
TO BOARD

* = UNUSED POSITION

FIG. 4—RESISTORS R15-R22 are mounted on
the rear of S2 as shown. Be sure to tie any
unused switch positions to R15.

Wire the resistors on the back of switch
S2 as shown. Note that most 1% resistors
are marked in code: for instance, RI5
would typically appear as “3012F.™

When the resistors are wired in place,
use a piece of bare wire to connect any
unused terminals to RIS as shown. That
prevents dangerously high voltages trom
appearing at the output terminals if $2 is
set to an unused position. Finish the
switch wiring by attaching 6-inch leads.

Set the board and switch aside for a
moment and prepare the chassis. Note

that the PC-board (and TI if required)
mounts inside of the chassis, while every-
thing clse goes on the front panel.

Place the board in the bottom of the
box. against the top side. Drill three
mounting holes for the board. plus a 1/4
inch hole in the top side for the power
cord. Drill another 1/4 inch hole in the
bottom side for access to pot R2. If Tl is
mounted off-the-board. drill mounting
holes as appropriate for the unit you are
using.

Complete the mechanical work by in-
stalling the switches. binding posts. and
meter on the front panel. Connect the
switches to the appropriate points on the
board.

When done. check your work carefully
and correct any errors. Install the board in
the box using 4-40 X l-inch screws and
nuts. Use a nut as a spacer between the
board and box on each screw. If Tl is to be
mounted oft-the-board. install it in the
chassis and wire the transformer to the
appropriate points on the board. Feed the
power cord (from T2) through the hole
that has been drilled for it and connect the
cord to the appropriate pads on the board.

Finish up the assembly by installing a
CD4047 at IC2 and an LF356 at ICI.

Checkout

Now we get to try the project out. Plug
transtormer T2 into a nearby AC outlet.
Then set S1to the piscHARGE: position and
likewise set S2 10 the 100-voLr position.
Set your DMM to its 200-volt DC range
and connect it to the binding posts (BP]
and BP2).

Flip SI to the cHECK position and the
DMM will read somewhere between 85
and 120 volts. If so. the project works and
you can go to the calibration.

If you are having problems. disconnect
the power and discharge capacitor C§
with a jumper wire. Then check over your
wiring for errors. Remember—when
troubleshooting, always discharge C5
after turning the power oft; that can pre-
vent a dangerous shock.

Calibration

Calibration is easy to perform. HFrst set
Sl to pischardGE, and then set S2 to the
100-vorr range. Then set your DMM to
its 200-volt DC range and connect it
across the binding posts. Flip S1 to the
CHECK position and adjust R2 until the
DMM reads 100 volts.

To be on the safe side, you should
check the output voltage tor each position
of $2: it should be within 2% of the panel
value. If not. the 1% resistor associated
with that position should be checked.

Using the project
Danger, high voltage! This project can
provide a dangerous electrical shock if
misused. Avoid a harmful shock by using
Continued on page 136
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Walkman
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AMPLIFIER

Build this versatile amplifier and get “home stereo” sound from

your Walkman-type cassette player or radio. It has many other applications, too!

PORTABLE WALKMAN-TYPE STEREO CAS-
sette players and radios are great for
entertainment on the go. but sometimes it
would be nice if they could be used to give
full stereo sound—Ilike a home hi-fi

Well. when used with the small, high-
performance stereo amplitier described in
this article, those units are capable of
doing just that. In addition. thanks to the
inclusion of a pair of preumplifier stages.
the amplitier can be used with low-level
inputs such as microphones. turntables.
and electric guitars. It can even be wired
up as a tiny PA system

About the circuit

Figure | shows the schematic for the
basic Walkman amplifier. It is designed
around a National LM380 audio power
amplitier 1C. The gain of that low-cost IC
is internally fixed so that it is not less than
34 dB (50 times). A unique input stage
allows input signals to be referenced to
ground. The output is automatically sch
centering to one half the supply voltage.
The output is also short-circuit proof with
internal thermal limiting

With a power supply between 9 and 15
volts. and a minimum 8-ohm load. a heat
sink is generally not required for the de-
sign shown. If you choose to build the
circuit using the PC board shown in our
Adapted frcm a story that onginally appeared in

Dick Smith's “Fun ways into Electronics, Volume
Three

PC Service section. a very small amount
of heat sinking is provided by that board’s
design: the copper trachs act as thermal
tins. Although that does not normally rep-
resent enough heat sinking if the 1C is to
be extended to its maximum capability.
with this design and the limited param-
eters that the circuit operates within. that
heat-dissipation scheme should prove suf-
ficient. With a maximum supply of 15
volts and an 8-ohm load. the output is
around 1.5-watts-per-channel. The input
stage is usable with signals from 50-mV
to 500-mV rms.

It the amplifier is to be used with a
source other than a personal stereo. such
as a phonograph or an electric guitar.
some type of preamplifer is required. A
suitable circuit is shown in Fig. 2. In that
circuit, two 741 op-amps have been con-
figured as input amplifiers. Their input
stages have been reterenced to a common
point—half the supply voltage. That volt-
age is derived from a voltage divider made
up of Rl and R2, two 2.2K resistors. The
gain of cach of the 74!"s has been tixed at
21 by the input resistors (R3, R4) and the
teedback resistors (RY. R10). Input capac-
itors, C1 and C2. are used to filter out any
DC component from the input signal.

With a power supply of 12 volts, the
quiescent current drawn by the total sys-
tem is 30 to 35 mA. Under driven condi-
tions, the drain could increase to 300 mA
or more.

Building the amplifier

While the circuit can be built using any
construction technique. we recommend
using a PC board. A suitable design is
shown in our PC Service section
(elsewhere in this magazine). The parts-
placement diagram for that board is
shown in Fig. 3. Note that the board has
been designed to accommodate both the
power amplifier of Fig. 1 and the pre-
amplifer of Fig. 2. All inputs and outputs
of both amplifier stages have been made
accessible for maximum flexibility.

As with any project. the first step is to
make sure that you have all of the parts on
hand. One source for a complete kit of
parts is given in the Parts List. Otherwise,
you should be able to get most. if not all.
of the parts from your favorite distributor.

Begin construction by installing all of
the resistors. excluding the two potenti-
ometers. Next. install the 1C’s. We realize
that that order of construction is a bit
unconventional. but because of the large
size of the electrolytics that flank some of
the IC’s. itis easier to perform the steps in
that sequence.

Once the [C’s are in place. the capaci-
tors should be installed. Be sure to note
the polarity of the electrolytics and install
them correctly.

The only connections left are the vol-
ume controls. R15 and R16. the input wir-
ing, and the connection to the power
supply. The potentiometers are panel-
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FIG. 1—THE WALKMAN AMPLIFIER. With this simple circuit you can use your personal stereo to drive

standard 8-ohm speakers.

mount units: they are mounted on the front
panel of whatever case you house the cir-
cuit in. and they are connected 1o the
board via jumpers.

The input wiring scheme is dictated by
how you use the system. If you are using
the amplitier with a Walkman-type sterco
to drive a pair of 8-ohm speakers. only the
power amplifier stage is used. It the input
is a microphone. turntable. etc. . the pre-
amplifer stage will also need to be used.
We'll look at the appropriate wiring
schemes in more detail when we discuss
the various applications for the amplifier.

Once you've checked your work for
accuracy. and you're satistied that there
are no solder bridges. ete. on the board.
power can be applied to the circuit. The
unit requires at least Y volts at 200 mA.
and will work with power supplies of as
high as 12 volts. Obviously. using a 12-

audio output. Suitable power supplies are
available from a number of sources. in-
cluding the one mentioned in the Parts
List.

Using the amplifier

Normally. those miniature Walkman-
type personal stereos can only be used
with headphones. But if the power ampli-
fier stage of the circuit is used. 8-ohm
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volt supply will result in higher levels of

speakers can be driven from those units.
Figure 4 shows the input wiring scheme
that is followed when the unitis used as a
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FIG. 2—THE PREAMP. If you wish to amplify
low-level signals, such as the output of a turnta-
ble, the signal will first have to be fed to the
preamp shown here,

personal-stereo amplifier. Note that only
the power-amp stage is used: no connec-
tions are made to the preamp.

The amplifier is connected to the per-
sonal stereo via the stereo’s headphone

jack. Thus. the input to the amplitier must

be connected to a miniature stereo phono
plug as shown. Note the two 33-ohm re-
sistors connected across cach channel.
Personal-stereo outputs are designed 1o
teed headphones. not amplifier/speaker
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FIG. 3—PARTS-PLACEMENT DIAGRAM. Both the power amp and the preamp circuits are contained on

this board.




combinations. Thus, those resistors are
included in the input for impedance
matching. Alternately. if the stereo has
two headphone output sockets. as most
do. vou can leave one set of phones con-
nected to the unit. Then, the 33-ohm re-
SISLOTS Q1¢ NOL NECESSary.

MINIATURE
STEREO
PLUG

FIG. 4—USE THIS INPUT WIRING SCHEME
when using the circuit to amplify the signal from
a personal stereo. The 33-ohm resistors are
used for impedance matching with the personal
stereo’s headphone output.

It the input is to be amicrophone. turn-
table. or any other low-lever source. the
preamplifer stage must be used. In that
case. the signal source 18 input to the pre-
ampliter, and the output of the preamplifer
is fed o the power amp. If that is done.
iput signals ranging from 3.5-mV o
100-mV rms can be accepted

By using the twin output stages in a

PARTS LIST

All resistors v watt, 10%, uniess other-
wise noted

R1, R2—2200 ohms

R3-R8, R11, R12—47,000 ohms

R9, R10—1 Megohm

R13, R14—2.7 ohms

R15, R16—50.000 ohms, potentiometers,
audio taper

Capacitors

C1, C2-—0.1 pF, 16 volts, tantalum

C3-C8—2.2 uF, 16 volts, electrolytic

C9,C10,C13, C14—470 F 16 volts, elec-
trolytic

C11, C12——0.1 uF, ceramic disc

C15—100 uF. 16 voits, electrolytic

Semiconductors

IC1, IC2—741 op-amp

IC3, IC4—LM380 audio amplifier

Miscellaneous: PC board, speaker,
hook-up wire, etc.

The following is available from Dick
Smith Electronics, Inc., PO Box 8021,
Redwood City, CA 94063: Kit of all
components, including PC board, but
excluding speakers and power supply
(K-2667) $14.95 plus $3.00 shipping. A
12V, 500 mA power supply (M-9555) is
available for $6.95, plus $3 shipping ($1
if ordered with the amp. California resi-
dents must add 6.5% sales tax. Orders
outside U.S. must remit U.S. funds and
include $5 for shipping.
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FIG. 5—THE CIRCUIT can be used as a small PA amplifier if it is wired up as shown here. The output of

this circuit will be about 3-watts.

“bridge™ mode. the output power can he
approximately doubled (to 3 watts). If that
Is done. the circuit can be used as a mini
PA amplitier.

To use the cireuit for such an applica-
tion, the speaker is connected across the
active output points of each amplitier as
shown in Fig. 5. Let's look at that circuit
in a htle more detail.

In that circuit. the channel-1 preamp is
used as an input stage with a gain of 211t
can accept inputs ranging from 3.5 to 100
mV. The channel-2 preamp. however. has
been moditied (compare the cireuit to the
one shown in Fig. 2). Now. the gain ot that
stage has been reduced to unity by chang-
ing the feedback resistor. R10, o 47K,
That stage now acts as an inverter. That
satisfies the requirements of the bridge
output: that is. one input is positive-going
while the other is negative-going. In other
words. the inputs to the output (power
amp) stages are 180 degrees out of phase.
That provides twice the voltage swing
across the 8-ohm load for a given supply.
thereby increasing the output power by a
factor of four over that of a single stage.

The key factor limiting the amount of
poveer that that circuit can deliver to the

MG. 6—FOUR IC’s comprise this simple, yet ver-
satile amplifier. A single-channel amp with dou-
ble-power output can be configured.

load is power dissipation, Because of that,
we have limited the power supply to a
maximum of 12 volts. That. as previously
stated. will result in a4 maximum power
output of about 3-watts rms. To obtain
more power vou could attach a heatsink
bent from a picce of copper 15" on a side.
Bend two wings up ata 307 angle. leaving
a Va-inch strip down the center. Glue the
center—wings up—to the output 1C°s
with epoxy.

Note that in the dual configuration.
hoth volume controls need to be adjusted
cqually to control the output R-E
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l IF YOU'RE THE KIND OF READER that
doesn’t want to wait, you can order your next
copy of Hands-on Electronics now. Hands-on
Electronics is crammed full of electronic proj-
ects that you won't be able to wait to build for
yourself. You can expect top-notch digital proj-
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add-on computer projects, BCB and shortwave
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equipment ideas, and more in every issue of
Hands-on Electronics.
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articles on electronics fundamentals, test equip-
ment and tools will round out each issue. Of
course, Hands-on Electronics will continue to
provide new product and literature listings to
keep you up to date on the latest developments
in electronic technology.
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issue of Hands-on Electronics today. Use the
convenient order coupon below. Be sure to send
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STEREO

TV Decoder

Are you still listening to TV in mono? Double your TV-listening pleasure

with this stereo-TV decoder!
STEVE SOKOLOWSKI

STEREO SOUND—1TS THE MOST EXCITING
thing to happen to television since color!
Now's the time for vou to tind out how
exciting it can be. We explained what it s
and how it works a vear ago (in the Febru-
ary and March 1985 issues of Radio-
Electonics). Now it’s ume to get your
hands dirty. Our simple. one-IC circuit
will doubie your viewing pleasure. yet it
can be built for about the cost of a single
pre-recorded videotape. But betore we
dive in to discuss circuit operation and
construction, let’s quickly review the
basics of MTS (Multi-channel Television
Sound) transmission.

Stereo-TV signals

As with standard FM-broadcast sig-
nals. the stereo-TV audio signal has three
components. As shown in Fig. I, they are:
the pilot signal. lett + right (L + R) audio.
and left —right (L. — R) audio. In a con-
ventional TV receiver the L + R signal. or
the main channel is the only one that is
detected—it’s the monaural signal that
you normally hear through your TV's
speaker. Note that it is a frequency-modu-
lated (FM) signal with a 75-ps pre-em-
phasis. and a bandwidth of about 15 kHz.

Just above the main channel is the pilor
tone. which is used to alert the receiving
circuitry that the L — R signal, or the ster-
eo-difference subchannel is available for
processing. The MTS pilot signal is
15.734 kHz—the standard TV honzontal-
scanning frequency. fy,

As you can see in Fig. 1. the L—R
signal or stereo subchannel occupies the
TV baseband frequency ranging from 2/,
to 3fy,.

MTS allows for additional subchannels

that can be used for a pumber of purposes.
One possible audio-baseband contigura-
tion is shown in Fig. 1. That configuration
incudes two additional subchannels: the
SAP. or Second Audio Program, channel
(which can be used for bilingual broad-
casts and other program-related material)
and the professional channel (which can
be used for communicating with remote
news crews, and other non-program-re-
lated purposes.) Our stereo adapter can-
not decode any of those additional
subchannels.

Stereo TV is generated in a manner
quite similar to the manner in which
broadcast FM is generated. As shown in
Fig. 2, separate left and right audio inputs
are applied. after low-pass tiltering. to the
matrix that provides the stereo sum
(L + R) and difference (L —R) signals.
The sum, or monophonic. signal gets the
75-ps pre-emphasis: it is then clipped.
filtered. and mixed with the ditference

signal. Rather than pre-emphasis. the
L — R signal is processed by the dhx com-
pressor/noise-reduction system. (Sce the
article mentioned above for information
on how that system works.)

Those audio signals are then mixed
with the 15.734-kHz pilot signal, which,
as we said above. is derived from the the
horizontal sync. The resulting signal is
filtered and then sent to the audio-modula-
tion circuitry where it is modulated in the
usual manner.

To receive stereo TV signals, all we
really need is a circuit that will process
that composite-audio signal in the con-
verse manner. The basic idea is indicated
in Fig. 3. The TV detector™ block sepa-
rates the sum and difference channels.,

each of which is filtered (and expanded. if

necessary). Then the L + R and L — R sig-
nals arc applied to a matrix circuit that
restores the original fett and right chan-
nels. At that point they ‘re ready for ampli-

s
STERED SUBCHANNEL PROFESSIONAL
sur - CHANNEL
' FM (VOICE)
| FSK (DATA)
. | _ J3-34 kHz VDICE
z oILOT | o= {375 AT
1
. L-R |
£, MAIN CHANNEL v bsase
.| dbx COMPRESSED AP SUBCHA
S5 Len 8W = .05 -15KkHz ala L
o 5l FM 75us ; SAP
PREEMPHASIS dbx
3 BW=.05-15kHz i COMPRESSED
4 BW = .05-10kHz | |
ol 1 i i ] _ 1 -
fy 2y 3ty 5y 6-1/2ty

BASEBAND FREQUENCY-fy = 15,734 kHz

FIG. 1—THE MTS DISTRIBUTION OF SIGNALS provides for a monaural main channel, sub-channels
for the stereo sub-carrier and a secondary audio program (SAP), and a professional channel for voice

or computer (FSK) data.
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FIG. 2—MTS STEREO IS GENERATED in a manner similar to that of standard broadcast FM. MTS
differs from broadcast FM in that it uses dbx noise-reduction, and the standard TV horizontal-scan

frequency to generate the pilot tone.
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FIG. 3—THE ORIGINAL LEFT- AND RIGHT-CHANNEL AUDIO SIGNALS are recovered in the matrix
decoder after filtering and de-emphasis of both L + Rand L - R, and after expansion of the L - R signal

by the dbx unit.

fication. (Note that the block diagram in
Fig. 3 includes a SAP decoder, which our
stereo adapter does not ofter.)

If you're wondering how the original
channels can be extracted from the sum
and ditference signals, examining the fol-
lowing equations should clear things up:

(L+R)+(L-R) = 2L
(L+R)-(L-R) = 2R

In other words. we can restore the lelt
channel by adding the sum and difference

signals, and we can restore the right chan
nel by subtracting the difference signil
from the sum signal. At that point all we
have 10 do. in order to provide usable
stereo-TV signals. 1s provide power am-
plitication. So how can we extract the left
and right-channel signals?

Circuit description
The schematic ot the stereo-TV de
coder s shown in Fig. 4. Assume for now

that it is connected o a proper source of

composite audio. We'll show vou how to
do that in a minute

The composite input signal is pre.
amplitied by transistor Q1 and is then cou
pled 1o the high-pass filter composed of
C3.C4. R6. and R7. The tiltered audio is
then passed 1o ICL. an MCI310P Coil-
less Stereo Demaodulator.™ That 1C s nor-
mally used to demodulate broadeast-band
FM signals. but by changing the trequen-
¢y ol its on-board VCO (Voltage Con-
trotled Oscillator) slightly (from 19 KkHz to
[5.734 KH7). we can use that IC 1o detect
stereo-TV signals

A block diagram of the MCI310P is
shown in Fig. 5. Notice that the compo-
nents connected to pin 14 control the
VCO's frequency. hence the pilot-detect
and carrier frequencies. For use inan FM
receiver, the VCO would run at four times
the 19-kHz pilot frequency (76 kHz). but
tor our application. it will run at tour
times the [5.734-KHe pilot frequency of
stereo TV, or 62.936 KH.

The MCI310P divides that master VCO
signal by two inorder to supply the 31.468
KkHez carrier that is used to detect the . — R
audio signal. The L — R signal undergoes
normal FM detection, and at that point
we've eot two audio signals: L+ R and
L —R. The decoder block in the IC per-
forms the addition and subtraction 1o pro-
duce the separate left and right signals.

Relerring back to the schematic in Fig.
4. R10 and ClO torm a de-emphasis net-
work that compensates lor the 75-ps pre-
cmiphasis that the left channel underwent:
R12 and CIl pertorm the same function
for the right channel. Now we've com-
pletely restored the original audio sig
nal—almost.

You'll recall. in Fig. 3. the dhr ex-
pander circuit. We have provided no dha
expansion because dbr IC's haven’t been
released for general distribution. (They 're
available only to licensed OEM's)) So to
provide some noise reduction (which will
be necessary if you tive in a less-than-
tdeal reception area). what we can do 1s
connect our adapter to a non-dhy noise-
reduction system. Alternatively, we can
connect our adapter to a sterco svstem
with a built-in poise reduction system.
(Another possibitity would be 10 connect
the stereo-TV decoder 1o the experimenial
compander discussed in the November,
1985 issue of Radio-Electronics—I.di-
1or.)

None of those solutions is pertect. so
the stereo TV you'll receive is less than
ideal. However. we'll get no stereo TV at
all if we don’t start building an adapter—
so let’s do it now!

Construction
Stnce we're not dealing with very high
frequencies, the adapter can be built in

just about any convenient manner. A PC

board will simplify construction. though,
so weve included a toil patiern in PC
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FIG.4—THE CIRCUIT OF OUR MTS ADAPTER is quite simple, as shown here. The transistor provides a
little pre-amplification for the IC (an MC1310P), which decodes the left and right audio channels.
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FIG. 5—THE MC1310P WAS DESIGNED FOR BROADCAST-FM decoding, but the stereo-TV pilot tone
and carrier can be generated by altering the IC's VCO frequency from its nominal 76-khz value.

Service.™ You can also buy a PC board
and a kit of parts: see the Parts List for
more information.

Use the parts-placement diagram in
Fig. 6 and the photo in Fig. 7 as a guide for
mounting all components. Use a socket
for IC1. Be sure to orient Q1 correctly, and
don’t apply too much heat to the tran-
SISLOF.

In Fig. 7 youll notice a small board to

the right of the main PC board. That's a
7812 regulator circuit that supplies 12-
volts DC for the circuit. The schematic of
that circuit is shown in Fig. 8. The toil
pattern for the power-supply board is also
shown in “"PC Service.”™ and the parts-
placement diagram is shown in Fig. 9. For
our prototype. we used a small wall-
mount transformer to supply AC to the
power supply.

PARTS LIST—MAIN BOARD

All resistors Y-watt, 5% unless other-
wise noted.

R1—10,000 ohms, audio taper, PC-
mount, trimmer potentiometer

R2—20,000 ohms, linear taper, PC-
mount, trimmer potentiometer

R3, R10, R12—4,700 ohms

R4—1 megohm

R5—27 ohms

R6, R7—47,000 ohms

R8, R11—330 ohms

R9—16,000 ohms

Capacitors

C1—0.005 pF, ceramic disc

C2, C5—0.001 pF, ceramic disc

C3, C4—330 pF, 16 volts, electrolytic

C6—0.47 pF, ceramic disc

C7—0.22 p.F, ceramic disc

C8—0.05 pF, ceramic disc

C9—470 pF, ceramic disc

C10, C11—0.01 pF, ceramic disc

Semiconductors

IC1—MC1310P or LM1310 or XR1310 “In-
ductor-less” FM stereo demodulator

Q1—2N2222

LED1—Standard red LED

Note: A kit containing the main PC
board and all parts that mount on it is
available for $30.00 plus $1.50 for ship-
ping and handling. Order from Del-
Phone Industries, Inc., P. O. Box 150,
Eimont, NY 11003. New York residents
must add applicable sales tax.

When you've got the PC boards as-
sembled. check them over carefully for
solder bridges between adjacent pads and
traces on the PC board. And make sure
that all polarized components—ICl, Q1.
LEDI. the electrolytic capacitors—are in-
stalled correctly. When everything looks
OK., it'stime to align and install the adapt-
er.

Alignment

You'll need an audio oscillator and a
frequency counter to align the adapter.
Connect the frequency counter to the os-
cillator and adjust the oscillator for a tre-
quency of exactly 15.734 kHz at about V2~
volt p-p. Then connect the output of the
oscillator to the input of the adapter, and
apply power. Adjust trimmer potentiome-
ter R1 to its center position, then adjust
trimmer potentiometer R2 until LEDI il-
luminates. It you have trouble getting the
LED to light up, adjust R1 to allow more
signal to get through to ICI.

If you don’t have an audio oscillator
and a frequency counter, you can align the
adapter by connecting your adapter to a
source of composite TV audio, as de-
scribed below, and then tuning in a local
station that you know is broadcasting in
stereo. With the adapter connected to your
stereo system. and R1 set in the center of
its range, slowly adjust R2. Watch for the
LED to light up. and then adjust R1 and
R2 for best received audio.
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FIG. 6—THE STEREO-TV DECODER'S COMPONENTS are located on the PC board as shown here.

FIG. 7—YOUR STEREO-TV DECODER'S PC

That completes alignment! What we
did was simulate the 15.734-kHz pilot sig-
nal with the audio oscillator. When the
adapter is properly connected toa VCR or
TV that is receiving a stereo signal, the
LED will light up to indicate that a stereo
signal is being received—just as the sTER-
£ indicator on a standard FM receiver
does.

Adapter installation

composite audio is potentially the most
difficult part of this project. We'll de-
scribe five different possibilities.

BOARD should look like this after all Don’t getany ideas about using the ear-
components are mounted. plug output of your TV, VCR. or radio.

17
VAC

"7
VAC

§1 SECONDARY 1N4001 (4)
_ 0
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12-18 VOLT

— ﬂ'l +12
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F1
1/4 AMP
250 VOLTS

FIG. 9—PARTS PLACEMENT diagram for the power supply board.

Connecting the adapter to a source of

PARTS LIST—POWER-SUPPLY
IC1—7812 12-voit, 1-amp requliator
D1-D4—1N4001 power rectifier
C1—2200 pF, 25 volts, electrolytic
C2—0.1 uF, monolithic

Other components

F1—Ys-amp, 250 volts

J1, J2, J3—RCA phono jack
S1—SPST, miniature toggle
T1—12-18-volt wall-mount transformer

First. there will be too much distortion—
you have to pick up a low-level signal.
Second. the output will not contain the
proper composite signal.

VCR connection—You may simply be
able to connect the adapter to the audio
output on the back of your VCR. Unfor-
tunately. the adapter will not operate cor-
rectly with most VCR's because many
manufacturers filter out the necessary sig-
nals and leave only the main channel. But
it’s certainly worth a try.

External-TV connection—If you pur-
chased a TV recently, you may be in luck.
If your TV has an stereo output jack, just
connect the input of your adapter to that
jack.

Internal-TV connection—Warning—
Don’t attempt this sort of connection un-
less you are sure you know what you are
doing and you have complete documenta-
tion for your TV. The high voltages in
your TV are hazardous to your health, and
the health of your adapter! Remove the
back of your TV and solder a shielded
cable to the output of your set’s audio
detector. Connect the other end to the
adapter.

Internal-VCR connection—Warn-
ing—Don’t attempt this sort of connec-
tion unless you are sure you know what
you are doing and you have complete doc-
umentation for your VCR. One mistake
could be very expensive! As with the pre-
vious method. locate the audio detector
IC. Then solder one end of a shielded
cable to that point. Connect the other end
to the audio input of the adapter.

Radio connection—If you have a table
or portable radio that can receive TV au-
dio. carefully connect one end of a
shielded cable to the audio detector’s out-
put. Connect the other end to the adapter’s
input.

Whichever method of installation you
choose, connect the outputs of the adapter
to your sterco amplifier’s (or receiver's)
auxilliary inputs and fine-tune the align-
ment.

Conclusions

Stereo TV is still new, so even though
many programs are now recorded in ster-
eo (such as Johnny Carson and Miami
Vice), not all stations are equipped to
broadcast stereo audio. For a partial list-
ing. check the back issues of Radio-Elec-
tronics mentioned above. or call your
local TV stations. R-E
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THIS MINI-MUSIC SYNTHESIZER (S NOT TOO
complex, but it is a load of fun to build
and use. The ingemous little unit samples
and holds the frequency of a signal from a
microphone or other sound source and
outputs that signal as a single note. The
input ““signal™ can be a whistle, hum. or
some other sound. The duration and am-
plitude of the note can be controlled. The
frequency of the note can be halved or
doubled with a tlick of a switch. A vibrato
effect can also be applied via a variable
tremolo control. To add to all of that. two
channels are available to give chorus or
stereo ettects. Each of those channels has
a separate volume control.

The signal source is derived from a low-
to medium-impedance microphone. That
microphone can be almost any dynamic
or electret type. The types used with low-
cost cassette recorders will work well.

The synthesizer's output is connected
to an external amplitier of some type. A
home-stereo system would be suitable:
teed the signal to the auxiliary or tuner
input. A PA amplifier could also be used.

How it works

The schematic of the synthesizer is
shown in Fig. I. As you can see there. its
input section is basically a microphone
amplifier and signal shaper with three
stages. Twin Voltage Controlled Os-
cillators (VCO™S) cach with a Voltage

Adapted from a project that originally appeared in
Dick Smith's Funways into Electronics. volume
three

Turn your voice into a versatile musical

“instrument” with this fun-to-build mini music synthesizer.

Controlled Amplifier (VCA) output stage
make up the main section. The remaining
circuitry is a simple. adjustable low-tre-
quency oscillator that's used as a tremolo-
etfects generator.

The first stage of the input section is
made up of IC1-a and its associated cir-
cuitry. That stage has a gain of about 100
at | kHz. The op-amp circuit used in that
stage is very basic. Note. however the
presence of the capacitor in the feedback
loop. That capacitor causes a roll-oft in
gain as the input frequency increases. The
output of the amplitier is AC coupled to
the next stage by C7.

The second stage consists of ICE-b and
its associated circuitry. That stage has a
gain of about 20. Like the previous stage.
the high frequency response is limited by
a capacitor in the feedback loop. That re-
sponse tailoring has been done to reduce
the normally rich harmonic content of the
human voice: the only signal we want to
process is the fundamental note. The har-
monics are low in amplitude and can be
partially rejected by the simple approach
used in that circuit.

The last stage of the input section is the
most significant and needs some explana-
tion. ‘the op-amp there. ICl-¢ is config-
ured as a Schmitt trigger with oftset. The
hysteresis components are R22 and R2I.
Normally a Schmitt trigger 1s bistable.
and in the quiescent state the output would
be either positive or negative depending
on the last signal wansition. The dif-
ference in this case is that the offset volt-

age at the inverting input is greater than
the hysteresis voltage at the noninverting
input: resistors R20 and R39 establish that
offset. The purpose of the oftset is to as-
sure that the output at pin 8 of ICI is
always low (negative) when no signal is
present. The output will only switch when
the input exceeds the sum of the hysteresis
and offset voltages. The circuit acts as a
gating system to the tollowing phase-
locked loop circuits.

The Schmitt trigger is the second stage
of the processing that rejects the harmon-
ics and noise in the input signal from the
microphone. The input level, set by R41.
is adjusted by turning that control until
reliable response is achieved from a nor-
mal-level input (such as a singing voice).
It is not adjusted farther than that mini-
mum amount. In that way. the Schmitt
trigger will tend to switch only on the
peaks of the fundamental. The levels of
the harmonics and noise content of the
signal are below the threshold switching
points and will be rejected. The purer the
voice or note. the more reliable the circuit
action. A “gravelly”™ or “rough™ voice
thus will tend to prove unreliable as a
signal source. The best results will be
trom a whistle. because that produces a
note that is relatively free from harmonics
of any amplitude.

From the output of 1Cl-c. the signal is
spht and ted to both the right and left
channels. Since the circuitry in the two
channels is identical, we will look atonly
one of those: channel 1.
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FIG. 1—SCHEMATIC DIAGRAM of the mini synthesizer. The potentiometers can be either panel-
mounted or PC-mounted.
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FIG. 2—THE LOCATIONS OF ALL PC-board mounted components are shown here. To disconnect the
microphone input stage, cut the trace between the pads marked with an asterisk.

From the Schmitt trigger, the signal is
passed to 1C2, 04046 CMOS Phase Lock-
ed Loop (PLL). That IC consists of two
separate circuits, One is a VCO that runs
from subaudio to over | MHz. The other is
a dual-output phase comparator. By
adding just a few external components. a
complete PLL can be formed. (For more
information on the 4046, see the man-
ufacturer’s data sheet.)

Without an input signal. the output of
the Schmitt trigger will be low, and there-
fore pin 13 of IC3-a. a4016 anatog switch.
will also be low. That means that the ana-
log switch will be off. and pin 13 (piL
COMPARATOR-OU TPUT 2) of the 4046 will
be disconnected from pin 9. the input to
the VCO. The voltage present on the
fowpass filter capacitor (C5). together
with the RC timing components (C3 and
R35). will determine the frequencey of the
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FIG. 4—THE FINISHED PC-BOARD is shown here. Note the use of PC-mounted trimmers in this

version.

VCO. The voltage across CS will not dis-
sipate tor a long period of time. because of
the very high iput impedance at pin 9 of
the 4046, and the low-leakage charac-
teristic of that 0.1-pF polsester capacitor.
That. in turn. means that the output fre-
quency of the VCO at pin 4 will remain
stable for a long period of time.

Now et us look at what happens when
an input signal is present. Pins 13 of the
analog switch and 12 of the PLL wili go
high. The analog switch is then on. and
the phase-comparator output of the PLL
(IC2. pin 13) will be connected o the
VCO (IC2. pin 9y via the lowpass filter
(RY. R10. and C5). Provided that the input
signal continues at a fixed frequency for a

short period of time. the PLL wili lock in
and follow any frequency variations. For
the most part. in that locked state. the
PHASE PULSE output (pin 1) will be high
(there will. however. be some narrow
negative-gotng pulses).

With pin | of the 4046 high. D3 will be
forward-biased via RE. so C6 will charge.
The voltage across the capacitor is applied
to the base of Q1. which acts as a voltage

follower/buffer. That transistor is half of

the VCA output stage. the other section
being another 4016 anclog switch (IC4-
b). The control gate (pin §) of 1C3-b is
connected directly to the output of the
VCO (pin 4 of IC2). or indircetly via the
4013 (a dual D flip-flop). depending on the

PARTS LIST

Resistors

All resistors are Y4-watt, 5%, unless other-

wise noted.

R1, R19, R21, R36—1000 ohms

R2, R3, R8, R18, R26, R37—4700 ohms

R4, R6, R9-R11, R15, R17, R22, R23,
R27, R28, R33, R34, R39—100,000
ohms

RS, R13, R24—47,000 ohms

R7, R16, R29, R30—1 megohm

R12, R14, R25, R31, R32—10,000 ohms

R35, R36—4.7 megohms

R40, R44—1 megohm, potentiometer, lin-
ear taper

R41, R42, R45—10,000 ochms, potentiom-
eter, audio taper

R43—100,000 ohms, potentiometer, lin-
ear taper

Capacitors

C1, C7, C11—0.47 pF, 10 volts tantalum

C2—100 p.F, 16 volts, electrolytic

C3, C10—0.01 nF, ceramic disc

C4, C8—120 pF, ceramic disc

C5, C12—0.1 pF, polyester

C6, C9, C13, C14—2.2 uF, 16 volits, elec-
trolytic

C15—470 pF, 16 volts, electrolytic

Semiconductors

IC1—LM324 quad op-amp

i1C2, IC3—4046 CMOS PLL

IC4—4016 quad analog switch

IC5—4013 dual D flip-flop

Q1, Q2—ECG123AP NPN transistor

D1-D4—1N4148 silicon diodes

Other Components

S1, S2—DP3T miniature slide switch

S3-S5—DPDT miniature slide switch

J1—miniature phone jack

J2, J3—phono jack

B1—9-voit battery

Miscellaneous: PC board, case, knobs,

battery snap, wire, etc.

A kit of parts (Catalog Number K-2669)

is available from Dick Smith Elec-

tronics, PO Box 8021, Redwood City,

CA 94063. The kit includes the PC

board, but not the case, the battery or

the jacks. The price is $19.95.

setting of S1. The squarewave output from
the VCO opens and closes the analog
switch. It can be scen that that action
directly gates the voltage available to the
output terminal via the two current Limit-
ing resistors and the potentiometer.

When the input signal disappears. pin |
ot the 4046 returns fow. As described pre-
viously. the VCO remains running at a
frequency determined by the voltage on
capacitor C5. The voltage across C6 then
begins to discharge via the transistor fol-
lower and the two resistors. R12 and R40.
Those two resistors control the “decay ™
rate. [f R4Qis set to its maximum value (1
megohm) the discharge time will be long
(decay will occur stowly). As the dis-
charge is taking place. the continuous
output from the VCO switches the analog
gate [Cl-b on and off to “sink ™ the decay
ing voltage on the emitter of QI via the
load resistor (R18) at the VCO rate.
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The frequency of the note reaching the
output stage can be changed from that of
the original. By using a flip-tlop as a di-
vide-by-two element. the output can be
halved or doubled depending on where it
is coupled into the circuit. With the oc-
tave-select switch (S1) in the center posi-
tion (¢). the output frequency will be
identical to to input. When the #/2 position
is selected. the 4013 (configured as a
clocked flip-flop) divides the output from
the VCO (IC2. pin 4) by two (lower oc-
tave). In the 2¢ position. the flip-flop is
connected between the output of the VCO
and the comparator of the PLL. That re-
sults in a frequency that is twice that of the
input (upper octave) at pin 4 of the VCO.

So far we've only used three sections of
the LM 324 quad op-amp. The fourth sec-
tion (IC1-d) is used as a tremolo gener-
ator. The op-amp is contigured as an asta-
ble multivibrator to give a squarewave
output. Potentiometer R43 is included to
adjust the frequency (tremolo rate). The
squarewave is then smoothed somewhat to
give a more natural tremolo effect to the
output note. That wavetorm is then ap-
plied to the VCO (at pin 12. IC2) via a
selector switch and a 4.7 megohm re-
sistor.

ONCE COMPLETED, the circuit should be in-
stalled in a case.

Optional inputs

The VCA of either channel can be trig-
gered from an external source. A positive
pulse input via D2 to the VCA will charge
C6. If that input is held high. the output
from the VCA will also remain high. If
the input is a pulse from a sequencer or
even a simple switch. the output from the
VCA can be triggered without the need
tor an audio signal at the microphone in-
put. That could be used with rhythm gen-
crators. etc.. to create different eftfects.
The frequency of the VCO can still be
changed by using the microphone input.
If you require that the input signal trom
the microphone-amplifier stage not trig-
ger the VCA, create an open circuit by
removing D3 from the board. (The foil
pattern for the project is provided in our
“PC Service™ department: the parts-
placement diagrams are shown in Figs. 2
and 3.)

By disconnecting the input stage from
the VCO. the PLL can be used separately
by providing an external input signal. Iso-
lation is pertormed by cutting the PC

board trace between the pads marked with
an osterisk in Fig, 2. The input is applied
via DI, That input should be a square-
wave. The peak-to-peak voltage of the in-
put sheuld not greater than the circuit’s
supply voltage. and should not be less
thun 75% of the supply voltage. If the
input stage is disconnected from the PLL
in the manner described. the circuit could
be used to modity the output of an elec-
tronically amplified instrument or a sound
generator (provided that the input signal
meets the requirements of the 4046). For
example. the output from a simple mono-
phonic organ can be used to create more
interesting tones and sound eftects. The
decay control could be used to vary the
note shape. and the octave switch can
change the note frequency.

To reconnect the PLL to the micro-
phone input stage. the link destroyed
when the PC trace was cut must be re-
stored. That is done by installing a jumper
between the pads marked with an asterisk
in Fig. 2: for convenience. that jumper
could be replaced by a switch.

Assembly

Assembly is very straightforward it you
follow Figs. 2 and 3. Start by mounting all
of the low-profile components on the
board. Those include the resistors, di-
odes. and the jumper. Next. install the
capacitors. Be sure to observe the polarity
of the electrolytics. After that, install the
IC’s and transistors. taking care to ob-
serve the proper orientation. Finally hook
up the switches. potentiometers, and
other off-board components. Note that the
board has been designed to accept PC-
mount potentiometers, but you can use
panel-mount potentiometers and connect
them to the board with wire.

To test the system you will need to use
an audio amplifier of some type. Feed the
output of the synthesizer to the amp. plug
in the microphone and battery. and turn
the unit on. Whistle a few times close to,
but not directly into the microphone. Turn
up the MICROPHONE INPUT LEVEL SET
control until some response is heard from

the outputs. Set the vorusme controls of

both channels to an appropriate level.
Vary the pitch (frequency) of your whis-
tle: the output should vary in kind.

Next. try varying the pr:cay controls.
With the controls set to maximum. you
will hear the outputs change in frequency
as the note of your whistle changes. Notes
that are wide apartin frequency will take a
little longer to lock. Now try chunging the
setting of the OCTavE SELECT swilches.
Also try out the TREMOLO RATE control: be
sure that the tremolo section is switched
into the circuit when you do that,

I all is working. the completed board
(see Fig. 4) can be mounted in a case to
complete assembly. If you detect any
problems. go over your work carefully to
tind the cause of the problem.

THE UPPER TRACE is a 3-kHz input signal from
a signal generator. The bottom one is the output
that resuits.

(Photo courtesy of Tektronix)

Operation

Connect the microphone and switch the
unit on. Now slowly whistle a tune a short
distance from the mouthpiece. Do not
blow directly into the microphone. Best
results are obtained with the microphone
at the side of your mouth so that any air
currents do not hit it directly.

Turn the input-level control up until you
get areliable response trom the unit every
time a note is whistled at the same vol-
ume. Turn the output-volume controls to a
suitable level to avoid feedback. The
whistled note should be a short. clean
burst. Try changing the pECAY controls so
that the generated sound varies from a
short staccato to a long. slowly-decreas-
ing tone.

Note that the synthesizer is sensitive to
all sound. Thus. when the microphone
picks up the output sound of the amplitier.
teedback occurs and the system locks up
in an uncontrolled state. To avoid that.
you must keep the microphone away from
the speaker system.

When you tind a suitable input level. try
the other tunctions. By changing the oc-
TAVE SELECT switches. the output fre-
quency can be set to be the same as the
input. or one half of the input. or twice the
input. By adding tremolo to one or both
channels, interesting tonal effects can be
achieved.

Try singing or humming into the micro-
phone as the sound source. The system
will respond best to pure. clean notes.
Rough voices will not be reliable.

By striking different shaped objects
next to the microphone. the system will
tend to pick up the fundamental resonance
of the object and produce an equivalent
note.

Musical instruments can also be used
as the sound source. A simple recorder.
for instance. can produce many and varied
sounds. Other instruments, such as a
guitar, can produce different notes and
sounds., The combinations are endless.

To give greater versatility to the unit,
channel one can be controlled tfrom exter-
nal sources as described above. With a
little practice. this mini synthesizer can
make you a ““one-man band.” R-E



00
O
O

Satellite-TV
Receivers

TRANSFONDER

TUNING - i mm’mgﬂ
AFC DEFEAT VERT HORZ NAIROW !.1105
/ - .9 ' \ ;@
Dick Smith Electronies Redwood Ciry Zalifornia USA

RICHARD MADDOX

OK, TVRO fans, heres your chance to build a high-performance

satellite receiver—for peanuts!

THE IDEA OF RECEIVING TV SIGNALS FROM
satellites became popular almost in-
stantaneously when the first home TVRO
was built in 1979. However, due to the
tremendous costs involved. the pracrice
of receiving TV signals from satellites
was nowhere near as popular. Only re-
cently have prices dropped to the point
where satellite-TV can be enjoyed by a
large number of people.

Receiver kits helped make satellite TV
affordable to electronics hobbyvists (to
whom TVRO was esccially appealing.)
But the kits that were available were diffi-
cult to build. and they required a lab’s
worth of expensive test gear to align. But
now—thanks to advances in clectronics
and state-of-the-art circuit design—we
can show you how to build a satellite re-
ceiver for less than one hundred dollars!
IU's very casy to build, and requires only
your eyes. a TV set. and a volimeter to
align. And that’s not all: The receiver per-
forms as well as—if not better than—
commercial units costing several times as
much.

It you already own a satellite-TV sys-
tem. this is an ideal opportumity for you to
add a second receiver to your svstem at a

very low cost. All that is required is an
isolated two-way power divider. a down-
converter. and the associated cabling. If
you have an older satellite system. and
your picture, sound. or both aren’t up-to-
snuff., then this receiver may be just what
you need to improve reception. It accepts
a standard 70-MHz input. and features
continuous transponder-tuning, tunable
audio subcarrier with switchable band-
width, a polarization control circuit. de-
featable AFC. and an integral crystal-
controlled RF modulator for outputon TV
Channel 3 or 4.

Of course, the receiver can’t pick up
satellite-TV signals all by itself—several
other components are necessary. We'll
bricfly describe what's needed for a com-
plete system. But if you're very un-
familiar with satellite TV, we suggest you
check the special sections that appeared
on the subject in the June 1984, October
1984, June 1985 and July 1985 issues of
Radio-Electronics.

Main system components

There are several components. in addi-
tion to the receiver. that are needed to
complete @ TVRO system: the dish, the

feedhorn. the LNA (low-noise amplificr).
the downconverter, and the cable. We'll
exanine each of those in turn.

The dish is parabolic in shape. and it is
built from metal. The strength of the sig-
nal received by the antenna probe in the

teedhomn is proportional to the diameter of

the dish. Luckily, satellite power levels
have increased the past few years to the
point that a small dish (four to six feet in
diameter) provides adequate reception
throughout much of the midwest and
south. Throughout the rest of the country,
an eight- 1o ten-foot dish will probably be
necessary tor good reception. although
newer satellites may allow the use of a
four- w six-toot dish. Whatever sized dish
you use, though, it must be aimed pre-
cisely at the desired satellite. Signals from
the sutellite then hit the dish and are re-
flected to a point. the focal point of the
dish. where the feedhorn is located.

The teedhorn has several purposes. It
collects the microwaves that have been
reflected by the dish, directs them to the
LNA. and selects the desired polarity.

To understand why polarity is impor-
tant. you must understand that TV satel-
lites can broadcast on 24 different
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channels. numbered i through 24, The
trick is that the odd-numbered channels
are broadeast in a difterent spatial orienta-
tion than the even-numbered channels.
That is done because the frequencies of
the odd and even signals actually overlap
one another. But because they're polar-
1zed differently. we can receive one set
without interference from the opposite
set. We'll discuss more about how that
works in the ““theory-of-operation™ sec-
tion below.

The LNA (low-noise amplitiery is sim-
ilur 10 the antenna pre-amp found on
tringe-area TV antennas. Its purpose is to
boost the satellite signals to a level that
can drive the downconverter. The LNA is
mounted behind the teedhorn.

The two most important specifications
of an LNA are the noise temperature and
the gain. Noise temperature is rated in

METER A}A

degrees Kelvin: the lower the number. the
less noise the amplitier adds to the signal
as its amphitied. Gan s measured n dB.
and typically ranges between 30 and 55
dB. An average LNA today might have
I00°K noise temperature and 50 dB gain,
although some high-performance models
are rated at 85K,

Roughly speaking. the noise tem-
perature of the LNA can be correlated to
the size of the dish. For example. a ten-
foot dish and a 100-degree LNA will give
results stmilar to an eight-foot dish and an
80-degree LNA. orto a six-foot dish and a
60-degree LNA.

The downconverter is what actually
tunes in the desired channel. Itis mounted
directly to the LNA or behind the dish on
the mount. Downconverters usually have
three electrical connections: the input.
which comes from the LNA. the 70-MH.
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FIG.1—SATELLITE RECEIVER BLOCK DIAGRAM. When analyzed in segments, the receiver isn't really

as complicated as it looks.

output. which goes to the receiver. and an
additional voltage that is used to tune in
the desired transponder channel. That
voltage 1s set by the user at the receiver.
Most common downconverters use a tun-
ing voltage that ranges from two to sixteen
volts. Receivers usually supply that tun-
ing voltage to the LNA through the same
cable and connector that the 70-MHz sig-
nal travels through.

Some downconverters are designed to
be mounted directly 1o an LNA | and must
be used with a 30- to 35-dB gain LNA It
a 50-dB LNA is used. itis recommended
that the downconverter be mounted be-
hind the dish and connected to the LNA
via RG213 cable. unless the dish is small-
er than about seven feet. or unless the
downconverter is specitically designed to
be used with a high-gain LNA.

There are two types of coanial cable
used 1n typical satellite systems: RG213
and RG3Y. The standard 75-ohm cable
used to hook up TV antennas is RG39.
and RG213 is special 50-ohm cable de-
signed for high-frequency use. The LNA
15 connected to the downconverter with
RG213 cable. and two RG39 cables con-
nect the receiver and the downconverter.
An additional RGSY cable connects the
receiver to the TV set. Finally, the
teedhorn is connected to the receiver viaa
two-conductor shielded cable. One con-
ductor carries the supply voltage from the
receiver. und the other provides the polar-
izing pulses that we'll discuss in a mo-
ment. But let’s begin at the beginning.
Refer to the block diagram in Fig. | and
the complete schematic diagram in Fig. 2
while tollowing this discussion.

Theory of operation
The receiver accepts a 70-MHz signal
from the downconverter at jack Ji: that

Jack also supplies the variable tuning volt-

age to the downconverter. The input sig-
nal is isolated from the tuning voltage by
inductor L1 and capacitor C18. Front pan-
¢l potentiometer R103 (TRANSPONDER
TUNING) is used to tune in the desired
transponder. Trimmer potentiometers
R102 and R104 set the maximum and min-
imum voltages. respectively. presented to
the downconverter.

An AFC (Automatic Frequency Con-
trol) voltage is derived from the received
signal and summed with the tuning volt-
age by IC3. AFC can be defeated by front-
panel switch STt terrestrial interference
is encountered (or it a synthesized down-
converter is used). When AFC is defeated.
R106 supplies a compensation voltage for
proper tuning.

The 70-MH¢ input signal is capaci-
tively coupled to ICI, which provides a
gain of about 25 dB. Filter FLI is a SAW
(Surface Acoustic Wave) filter with a
bandwidth of 27 MHz. Its purpose is to
strip oft noise and interference occurring
on ceither side of the selected channel.
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All resistors 1/4-watt, 5% unless other-
wise specified.

R1, R3—270 ohms

R2—510 ohms

R4, R5, R32, R33, R77—680 ohms

R6—150 ohms, V2-watt

R7—1200 ohms

R8, R30, R44, R46—10,000 ohms

R9, R10, R26, R53—56 ohms

R11, R16, R17, R24, R25, R28, R60. R65,
R87—75 ohms

R12,R15, R29, R34, R42, R52, R72, R79,
R82, R86, R95—1000 ohms

R13, R47, R70, R93, R96—100 ohms

R14—3.9 ohms

R18-R21, R54, R73—470 ohms

R22, R23—120 ohms

R27—820 ohms

R31, R43, R69—220 ohms

R35, R37—22,000 ohms

R36—18,000 ohms

R38, R74, R94—100,000 ohms

R39, R40, R45, R92—4700 ohms.

R41—unused

R48, R64—330 ohms

R43. R51, R88-—2200 ohms

R50--120.000 ohms

R55, R56, R58, R62, R63——150 ohms, V2-
watt

R57, R75—3300 ohms

R59, R61, R66. R68, R76—560 ohms

R67—43 ohms

R71—12,000 ohms

R78, R83. R84—0 ohms (jumper)

R80—47.000 ohms

R81—1500 ohms

R85—8200 ohms

R89, R90—2700 ohms

R91—68,000 ohms

R96—180 ohms, 1 watt

R97-R99, R101—unused

R100—5.6 ohms, 5 watts

R102, R104, R105, R107, R111. R112—
5000 ohm trimmer potentiometer

R103—5000 ohm linear potentiometer

R106, R113—10,000 ohm trimmer potenti-
ometer

R108--10,000 ohm linear potentiometer

R109—2000 ohm trimmer potentiometer

R110—5000 ohm linear potentiometer

Transistors QF and Q2 boost the tiltered
signal to drive both the limiter and the
signal-strengeth meter cireuit.

The signal-strength meter provides a
relative indication of transponder
strength. Tt can be used to fine-tune the
position of the dish and the feedhorn tor
maximum signal strength. Trimmer po-
tentiometer RIO7 sets the meter’s full
scale dellection. and R4 sets the meter's
Sensitvity.

Amplitude limiting is provided by IC2,
an MCI0116 balanced ECL (Emitter Cou-
pled Logic) transceiver. That limiting re-
moves amplitude-modulated compo-
nents—impulse noise—trom the 70-MHz
signal. Two limited FM signals are
provided by 1C2's tinal stage at pins 2 and
3. those signals are 180 degrees out of
phase with each other. Another 90 de-

R114—100,000 ohm trimmer potentiome-
ter

Capacitors

C1-Cs, C7,C8, C13-C18, C20, C21, C23,
C24, C27, C42, C44, C50-C52, Ch1,
C64, C65, C67—0.01 uF, ceramic disk

Ce, C37, C41, C43, C54, C59, C66—un-
used

C9, C10, C63—33 pF, ceramic disk

C11, C12, C46, C53—0.001 uF, ceramic
disk

C19—47 pF. silver mica

C22, C45, C49, C58, C60—10 uF, 25
volts, tantalum

C25, C56—47 uF. 16 voits, tantalum

C26, C48, C57, C59—0.22 wF, 30 volts,
tantalum

C28-—100 pF, ceramic disk

C29—56 pF, ceramic disk

C30—68 pF, ceramic disk

C31—300 pF, ceramic disk

C32—220 pF, ceramic disk

C33, C38, C62—100 puF, 16 volts, elec-
trolytic

C34, C68—0.1 uF, ceramic disk

C35—470 uF, 16 volts, electrolytic

C36—10 pF, ceramic disk

C39—0.0047 uF, ceramic disk

C40-—0.047 uF, ceramic disk

C47—5600 wF, 40 volts, electrolytic

C55—0.0022 wF. ceramic disk

C70—220 nF. 25 volts, electrolytic

C71—5-70 pF, variable

C72—2-20 pF, variable

Semiconductors

IC1—MWA120, hybrid small-signal ampli-
fier

IC2—MC10116. triple differential line re-
ceiver

IC3, IC4—LM358, dual op-amp

IC5—MC1496. video detector

IC6—NES55, timer

IC7—NE592, video amplifier

IC8—NES64, phase-lock loop

1C9—7805, 5-volt regulator

1C10—7812, 12-volt regulator

1C11—7818, 18-volt regulator

Q1, Q2—BFR91

Q3, Q4, Q6—2N2222

Q5, Q7—BC328 or 2N3682

grees of phase shift are provided by C71
and L2 betore the signal front pin 3 of 1C2
enters pin 4 of [CS. The signal trom pin 2
of IC2 enters pin 8 of ICS without turther
delay.

The 70-NH7 carrier frequency is re
moved by IC5. an MCI1496 balanced
modulator-demodulator. That IC mixes
the signals from pins 8 and 10 with those
tfrom pins 4 and | and removes the carrier
frequency. The remaining signat, output
on pin 6. is the haseband video signal. Tt
contains all the video information as well
as the audio sub-carrier.

The baseband video signal is buttered
by Q4 to provide a low-impedance output
The inductors. resistors, and capacitors
between RS and C33 Jorm a lowpass
filter and a video de-emphasis filter. The
filtered video is then amplitied by 1C7. an

Q8—BC548 or ECG548

D1-D4—1N60

D5-—1N752, 5.6-volt zener diode

D6—HP 5082-2800 or 1N6263 Schottky
diode

D7—182075

D8-D11—1N4002

D12—BB119 tuning diode

LED1—standard green LED

LED2, LED3—standard red LED's

Other components

J1, J5—"F" connector

J2, J3, J4—RCA phono jack

J6-—coaxial power input jack

TS1—4-position screw-terminat strip

L1, L5—10 pH

L2—0.33 uH, six turns on a %-inch form.

L3—100 pH

L4—2.7 uH

S1, S4—SPOT, toggle switch

§2, S3—~DPDT, toggle switch

FL1—BO124 SAW filter

FL2—5-8 MHz block filter (Dick Smith
L-1600)

M1—200 pA edge-reading meter

RF modulator

T1—18-volt AC power transformer

Note: the following are available from
Dick Smith Electronics, Inc., P.O. Box
8021, Redwood City, CA, 94063: Com-
plete kit of parts including case but no
power transformer, #K-6316, $99.95
plus $4 shipping; SAW filter, #1-1620,
§29.95; Case, #H-2507, $12.95; PC
board, #H-7000, $29.95; 18-volt trans-
former, #M6672, $7.95;BFR91 tran-
sistor, #Z-1691, $1.19; BB119 diode,
#2-3070, $0.20; MWA120 RF ampilifier,
#2Z2-6095, $12.50; MC10116 ECL IC,
#2-6000, $0.79; HP5082-2800 Schottky
Diode, #2-3230, $2.00; 5-8—MHz fiiter,
#1-1600, $3.95. Other individual parts,
and complete satellite systems, are
also available from Dick Smith. Calitor-
nia residents please add 6.5% sales
tax. Orders outside U.S. must include
U.S. funds and add 15% of merchan-
dise total for shipping.

NES92 balanced-output video amplitier.
The video level is set by R109. while the
video polarity is set by a PC-board jumper
connecting C34 either to pin 7 or pin 8 of
IC7. For a normal video signal. connect
C34 o pin §.

Diode D6 is the clamp that traps out the
30-Hz dispersion waveform that is added
o the video signal during uplinking.
(That dithering wechnigue helps to elimi
nate interterence to terrestrial microwave
communications.) Transistors Q6 and Q7
bufter the signal to provide a 75-0hm out
put with a one-volt p-p video level. The
output of Q7 1s also used to drive the RF
modulator.

The baseband signal from Q4 is also
amplified by Q5. and feeds a 5- 10 8-MHz
filter. The tiltered signals are then routed
10 pin 6 of IC8. an NESO4 phase-locked



loop. That IC is used to lock in the audio
subcarrier by varying the voltage on
varactor diode D12. The tuning range (5.0
to 8.0 MHz) is set by C72, while front-
panel SUB-CARRIER TUNING potenti-
ometer RI10 fine-tunes the audio sub-car-
rier.

Audio de-emghasis is provided by R80
and C55. and Q8 amplifies the signal to
drive the RF modulator. A separate audio
output is provided at jack J3. Trimmer
potentiometers R111 and R112 set the nar-
row- and wide-reception bandwidths of
the PLL, respectively.

As mentioned above, satellite-TV sig-
nals for the U.S. are broadcast in two
polarities; horizontal and vertical. In
order to receive signals of either polarity,
we must have some way of rotating the
antenna probe. The receiver offers a
PULSE output at its rear-panel terminal
strip TSI for that purpose. When POLAR-
1Ty switch $2 is toggled. the pulse width
at the puLSE output changes. and that
causes the motor-driven antenna probe (in
the feedhorn) to rotate 90 degrees.

The control pulses are generated by
IC6, an NESS5S5 timer IC functioning as an
astable multivibrator. Its pulses are output
on pin 3; R47 protects the 1C’s output
stage in case a short develops in the cable
leading to the feedhorn. The skew
control. RI08. varies the pulse width for
fine tuning of the received signal.

The pulse width of the output of the 555
circutt can vary from about 0.6 ms t0 2.6
ms. which corresponds to a probe move-
ment of about 160 degrees. Ideally, with
skew control R108 centered. the output
pulse width with S2 in its HORIZONTAL
position would be 1.9 ms. and it would be
1.0 ms in its VERTICAL position. Then,
each time the POLARITY switch is toggled.
the probe will rotate 90 degrees. Because
polarization may vary slightly from satel-
lite to satellite, the front-panel POLARITY
selection switch S2 is supplemented by
the front-panel skew control (R108) for
fine-tuning.

The RF modulator delivers a signal that
is compatible with all standard TV's and
VCR's to TV Channel 3 or 4. The modu-
lator is crystal controlled, so no fine tun-
ing 1s required.

Construction

Use of a PC board is strongly recom-
mended; a foil pattern is presented in the
“PC Service™ section of this magazine.

Use the component-placement diagram
in Fig. 3 and the photograph in Fig. 4 to
assemble the board. When inserting parts
in the PC board, work in numeric se-
quence, and check off each part as it is
installed.

1—Beginning with resistor R1, insert
all resistors in numerical order. R96 and
R100 are not installed on the PC board.

2—Install the wire jumpers. Insulation
should cover the entire exposed length of

each jumper.

3—Install the trimmer potentiometers
on the board, followed by the trimmer
capacitors, and then the other capacitors.
Carefully check the value of every pan
betore mounting it. Be sure to orient all
polarized capacitors correctly.

d4—Install all diodes. Be careful to in-
stall them with the correct polarity, and
use extra care in bending the leads on
glass diodes.

S—Insert all IC sockets. making sure
that pin one of every socket is oriented
correctly. ICl and FLI should both be
mounted flush to the board and soldered
in. The leads of transistors QI and Q2
should be trimmed to a length of 2 mm,
and those transistors should be mounted
and soldered on the solder side of the
board. The other transistors should be in-
serted from the top and soldered now.
Leave Va-inch of lead protruding above the
board.

6—Voltage regulators IC10 and ICIl1
need heat sinks. Use heat-sink grease and
mount them loosely to the heat sinks be-
fore inserting the assembly in the PC
board. Align the legs of the regulators and
the heat-sink tabs with the corresponding
holes ir the PC board, solder the reg-
ulators and heat sinks to the board. and
tighten the screws. Install the 7805 reg-
ulator, I1C9.

7—Mount powER switch S3 and arc
switch S2 on the board and solder them.

8—Solder the two type-F connectors,
J1 and J5, and the three RCA-type phono
jacks, J2, J3 and J4, to the PC board.

9—Mount the RF Modulator on the
board. Be sure that all four mounting tabs
are flush, and then solder them to the
board.

10—Mount and solder the inductors.
Note that L4 is mounted vertically on the
board. Install FL2 now.

11—Mount green power LED3 Y2-inch
above the board. It will be bent to fit into
the front panel later.

(Editor’s note: We recently heard from
an experimenter who reported that the fol-
lowing modifications will improve perfor-
mance: Remove R69 from the board.
Replace R64 with a 220-ohm, Ys-watt
unit. Add a 330-ohm, Ya-watt unit at the
base of Q7.)

Front-panel assembly

At this point, all components should be
installed except the IC’s and the front- and
rear-panel components. The front-panel
layout is shown in Fig. 5.

1—Mount potentiometers R103. R108,
and R110 to the front panel. Orient all
three so that their terminals point down.

2—Viewing the panel from the rear.
connect the center and right terminals of
R108 together. Solder a seven-inch wire to
all terminals except the right terminal of
R108.

3—Mount switches 82 and S4. Solder

six-inch wires to the three terminals on
S4. Solder a seven-inch wire to each cen-
ter terminal of S2; ¢onnect a short jumper
between the upper-left and the lower-cen-
ter terminals

4—Insert LEDI and LED2 into the ap-
propriate holes in the front panel. Orient
them so that their cathodes (the flat sides)
are toward polarity-switch $2. Solder
each cathode to the nearest lower-end ter-
minal on that switch. Solder a seven-inch
wire to each anode.

§—Solder ten inches of wire to each
meter terminal. Mount the meter in the
front panel.

Rear-panel assembly

1—Mount the terminal strip and AC-
input jack J6 to the back panel.

2—Solder a jumper wire between the
two ground terminals of TSI.

3—Solder R100 and the positive lead of
C70 to the +5V terminal. Solder the
minus lead of C70 to ground.

4—Solder one four-inch wire to the
pULSE output terminal, another to one
ground terminal. and another to the other
end of R100. Solder a three-inch wire to
the two bottom terminals of J6.

Final assembly

The component-placement diagram in
Fig. 7 should be consulted while con-
necting the front- and rear-panel compo-
nents to the PC board.

1—Insert and solder PC terminal pins
(or short pieces of stiff wire) in all holes to
which off-board components will be con-
nected. Place the PC board in the cabinet,
but do not screw it down yet.

2—Slide the front panel over the two
PC-mounted switches. and then insert the
front panel into the first slot of the cabinet.
Carefully insert the green power LED
into its hole.

3—Slide the rear panel over the con-
nectors mounted at that end of the board.
and then insert the rear panel into the last
slot of the cabinet.

4—Insert and tighten the four mount-
ing screws,

5—Connect all wires from the oft-
board components to the appropriate pins
on the PC board. Doublecheck all con-
nections.

6—Plug the transformer’s output into
J6. and then plug it into the wall.

7—Check the output of each regulator
(IC9-IC11) for the correct voltage. Also.
check the voltages at IS (the +18V con-
nector), at the + 5V terminal strip, and at
pin 8 of IC4 (+12V). The powtr LED
and meter lamp should light up. and so
should either LEDI or LED2. depending
on the position of S2. Flip that switch to
verify that the opposite LED lights up.

8—Turn off the receiver and unplug the
transformer.

9—Insert all the ICs into their sockets.
Be sure to orient them correctly, and make
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sure atl 1C's are seated properly.

10—Route all wires down the center of
the board. Be sure to leave clearance
around the rimmer potentiometers. and
route wires away from the regulators” heat
sinks. Use wire ties to secure the wires.

11—Set each trimmerto the center of its
range using a small screwdriver. Set the
two trimmer capacitors so that the adjust-
ment slotis parallel to the side walls of the
cabinet

12—Turn on the receiver and measure
the total current drain, It should be about
400 ma.

13—Measure the voltage at J1. The
voltage should vary as R103, TRANSPON-
DER TUNING. 18 varied.

Aligning the polarizer

A friend or spouse may be helpful in
completing the following alignment.

1—Connect the polarizer 10 the appro-
priate terminals on TS|, The red wire usu-
ally connects to + 5V, black connects to
ground. and white connects to the puise
output—but make sure your unit tollows
that convention. Center the skw control.

2—Turn on the receiver. Verity that the
probe moves as POLARITY swilch S2 is
toggled. Mark the vertical probe position
on the side of the polarizer. Move S2 to
HORIZONTAL. Adjust R113 so that the pro-
be is 90 degrees from its former position.
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Aligning the tuning control

The adjustments made now will be
fine-tuned a litdle later.

1—Measure the voltage at pin 1 of IC3.
Turn AFC on. Adjust R105 for exactly 3.0
volts DC. Turn AFC off. Adjust R106 for
the same voltage.

2—Measure the voltage at JI. Set the
TRANSPONDER TUNING control to line up
with the “"Channel 1" label on the front
panel. The voltage should be set to the

lowest voltage specified by the downcon-
verter manufacturer. That is done by ad-
justing R104.

3—Set the TRANSPONDER TUNING
control to Channel 24. Adjust R102 for the
highest voltage needed by the downcon-
verter.

Final check-out

The easiest way to check out and adjust
the receiver is to use it on a system that is

already working. Ideally. a friend or
neighbor will allow you to hook up the
receiver and downconverter for final test-
ing. If that is not possible, then first you
will have to get your dish aimed precisely
at Galaxy 1. Instructions for doing that are
usually givei in the assembly instructions
packed with the dish.

Next. the feedhorn. LNA and down-
converter should be installed, and then
cable should be run to the receiver. Do not
use more than about 250 feet of cable
between the downconverter and the re-
ceiver.

At this point you are ready to attach a
TV (or a video monitor) and an audio
amplifier to the receiver, CAUTION: Dis-
connect the receiver from the AC voltage
source while hooking up everything.
After everything is hooked up. reconnect
the receiver to the AC voltage and follow
these steps:

I—Turn on the receiver and adjust the
TRANSPONDER TUNING control to receive
a picture. Adjust the skew control and the
POLARITY switch for the best picture.

2—Adjust C71 for maximum contrast
in the picture. Gently compress and ex-
pand L2’s coils slightly while observing
the picture on several different channels.
Adjust L2 for the best picture.

3—Adjust RI09 for the best picture.
Video level is controlled by that potenti-
ometer, as is contrast. If it is adjusted to
too high a value. a buzzing sound may be
heard in the audio when lettering appears
on the screen.

4—Set the SUBCARRIER TUNING
control to the center position, and set the
BANDWIDTH switch to wink. If no sound
is heard, adjust R112 slightly. If nothing
but noise is heard, adjust C72 until the
audio comes through. That can be a
“touchy™ adjustment. Get it close, and
then try fine-tuning the front-panel con-
trol. Once the sound is heard, readjust
R112 for best audio.

5—Aim your dish at Satcom F-3, and
tune in the appropriate transponder for
either WTBS or WGN. Set the BanD-
wIDTH switch to NARROW, and then slow-
ly turn the SUBCARRIER control counter-
clockwise from center. Several FM-radio
programs should be heard. Adjust R111
for the best sound.

6—Adjust R107 for full-scale meter de-
flection when receiving the strongest sta-
tion in your area.

7—Trimmers R102 and R104 may need
to be adjusted slightly in order to make
R103 correspond with the markings on the
front panel. Set the TRANSPONDER TUN-
ING control to the number of the lowest
transponder channel received in your area
and adjust R104 for best reception. Then
set the panel control to the number of the
highest channel in your area and adjust
R102. Those adjustments will interact
slightly, so go back and forth until both
channels come in correctly. R-E
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ULTRASONIC
PEST-REPELLERS

ROBERT F. SCOTT

OVER THI. YEARS. THERE HAVE BEEN
many articles published that proclaimed
that ultrasonics. either in the form of
pulses ora sweep signal. can be used as an
effective insect and rodent repellent. I've
always been skeptical of such ¢laims and
placed them in the same category with
those electronic devices claimed o pre-
vent swallows from nesting on the
courthouse roof and prevent pigeons from
detiling the Stonewall Jackson statue on
the town square. Nevertheless. | filed
those articles away for investigation
sometime in the future.

Last summer. my hunting and fishing
club took possession of a farmhouse that
had been abruptly abandoned about a year
ago. The house was absolutely overrun
with mice and roaches that were bold
enough to scamper about in full davlight.
We were at a loss as 1o how o get rid of
them.

Ultrasonic pest repellents had begun to
appear in mail-order advertising and our
club president suggested that we try one.
Those devices. according o the literature,
generate a signal that sweeps over a fre-
quency range of approximately 22 kHz o
65 kHz. develop sound pressures ranging
from HS to 152 dB. and repel pests in
arcis of 2500 to 3500 square feet. Power
consumption is typically 2 to 4 watts.
Prices range from $30.00 10 $70.00. plus
shipping.

At irst. 1 scoffed at the suggestion that
we purchase an ultransonic pest repeller.
but agreed to try one since they were avail-
able for a 30-day trial and full refund. The
$30.00 model was available from several
sources under names that include Pest
Control. Pest-Elim 1500, and Westronix.
We ordered one and it came within a few
days. It was shipped in a plain unmarked
carton and we were surprised to find that it
did not carry a trade name or model

The claims made for those ultrasonic pest repellers seem
fantastic at first glance—but they really work. In this article,
we'll find out what makes those devices “tick”.

Now that the pest repeller had done its
work. | began to speculate on its circuit.
An carly article on the use of ultrasonics
in insect and rodent control (" Electronic
Pest Control ™. by Lyman Greenlee. Pop-
ular Electronics. July 1972) indicated that
the repeller needed a power amplifier de-

livering 16-20 watts in the ultrasonic re-
gion and special high-power tweeters.
Certainly that little plastic box didn’t con-
tain a 20-watt power amplifier or high-
power tweeters. Also. a 16-20-watt power
amplifier drawing only 4 watts from a
supply would be about as close to “per-

R-E EXPERIMENTERS HANDBOOK
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number. We installed it in the clubhouse.
Within two weeks. mice and roaches were
nowhere to be seen—even when lights
were suddenly turned on in u dark room.
Now. we consider the clubhouse com-
pletety free of pests. Not a sign of them:
even in the darkest corners and crannies.

hdd v
R7 *SEE TEXT
6.8K

FIG. 1—SCHEMATIC DIAGRAM of a popular ultrasonic pest repeller. Despite its simplicity, the device
was remarkable effective.
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FIG. 3—THIS CIRCUIT IS ideal for experimenting with ultrasonic signals. It can supply either a pulsed

or continuous output.

petual motion™ as one can come. Thus. |
couldn’t wait to pry open the repeller’s 6%
X4 Pasineh plastic case and see
what made it “uck”

Figure 1 is the circuit of the device we
tested. We were quite surprised to tind
that the circuit was simply a 335 timer IC
connected as i squarewase generator. s
buse frequency is approximately 45 KHy.
as determined by the values of Rl R2.
and Cl

The 45-kHz “carrier™ is trequency
modulated by a maoditied trapizowdal volt-
age winetorm applied to pin § of the 555
timer. That modulating voltage s de-
veloped by o network consisting of €2,
R, and R4 connected across one leg of
the bridge rectifier. A chech with an os-
citloscope showed o sweep of approx-
iately 20 KHz on cach side of the buse

frequency. That sweep of from 25 kHz to
65 KH7 1s surprisingly close to the 22-65-
kH/ range specilied in the ads. The speak-
eris a2 inch piczoelectric tweeter.

How the French do it

The circuit in Fig. 2 is a pest repeller
described in the French electronics maga-
sine. Le Haut Parlenr. In the anticle. the
author claims that frequencies in the range
of 201040 kHz cause highly uncomforta-
ble cavtties to form in brain fluids and
blood vessels of mice and insects, causing
them o beat a hasty retreat. Radiated
power levels can be as tow as 2 watt,

Looking more closely at the cireuit, 4
quad two-input NaND gate is connected as
multivibrator operating at around 40 kHz .
With the minimum of filtering used in the
power sapply. a residual 120-Hz sawtooth

on the line from the power supply modu-
lates the ultrasonic frequency. Two
Darlington-connected NPN transistors
provide some power amplification and
dsive for the speaker.

Circuit for experimenters

I vou want to experiment with the
eftects of continuous or pulsed high-fre-
quency signals. the cireuit in Fig. 3 s
ideal: it can provide either a continuous or
pulsed output. [t was developed by Sig-
netics and described in Electronic Prod-
ety Magazine.

Looking at the circuit. one 555 timer.
IC2. generates the ultrasonic squarewave
at a recommended 20 kHz. That signal
can be supplied continuously or pulsed on
and oft by a second 555 ICI.

Experimenting with frequency and
duty eycle is casy. Duty cycle is the “on™
time compared to the total period. and can
be set from slightly above 50% to almost
100% . In the astable multivibrator circuit.
the duty cyele is set by the tming re-
sistors. Ryl and Ry20and is equal to Rl
+ (Ry2R D + 2R

The on time is close to 100% when Ry
is chosen to be as small as practical while
limiting the current through the discharge
tansistor to the maximum specified in the
data sheet. (The discharge transistor.,
which is on-board the 535, is an open-
collector NPN device with the collector
going to pin 7 and the emitter to ground at
pan 1. The maximum current through it
varies with different manufacturers so you
should check the maker's data sheet to be
Sdre.)

If you want a duty cycle of less than
S0%. connect a general-purpose silicon
diode such as the IN914 across R .2 with
its anode at pin 7 and cathode at pin 6.
That effectively shorts R .2 while timing
capacitor C is charging. and the duty
cvele is now (R 2/Rp 1) + R 2and itcan
be varied from around 0 to nearly 100% .
The trequency of the squarewave gener-
ator can be found from F44H/CHR L +
2R 2) where resistance is in megohms
and capacitance in microfarads.

It you want to vary the duty cycle of the
oscillator while keeping the frequency
constant. use the basic circuit shown in
big. 4.

In that circuit, a single potentiometer is
used for the two timing resistors. In that
scheme, it is possible to set the value of
one of the two “timing resistors™ (o Zero.
As that is undesirable. two resistors. Rl
and R2. have been added to set minimum
\alues for those timing resistors.

Use the basic circuit shown in kg, §
when yvou want to vary frequency while
keeping the duty eycle constant at approx-
imately 50%. The variable element used
in that circuit, Ry-a and Ry-b. s @ two-
gang lincar potentiometer. Note that the
value of the two variable clements are

continued on page 138
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SEE-IN-THE-DARK

THE PHRASE “SEEING IN THE DARK ™
is a misleading one. With the possi-
ble exception of mystics and mu-
tants. when the lights go out, we all
walk into walls. Being able tosee in
the dark all depends on what you
mean by “duark.” The human eye is
only sensitive to a very narrow band
of the electromagnetic spectrum. as
shown in Fig. 1. Figure 2 shows the
eye's relative sensitivity to wave-
lengths in that narrow band.

The infrared portion of the elec-
tromagnetic spectrum is just below
visible light and extends from about
700 to well past 10.000 milli-
microns. The human eye is nor-
mally insensitive to electromag-
netic radiation in that region. In
order to produce a visible image
using infrared light. then, we need
a device that's both sensitive to in-
frared and able to translate an in-
frared image into one that the
human eye can see. One such de-
vice is the RCA 6032 image con-
verter tube. and that tube is the

strong. the tube will implode if
punctured. Now. flying glass from
such an occurrence is bad enough,
but the phosphor on the screen can
do youa lot of damage if it gets into
a cut. To avoid any problems. han-
dle the tube carefully and when vou
solder the high-voltage leads on the
tube . make sure the iron is in con-
tact with the tube tor as short a time
as possible. Tin the wire ahead of
time and never—repeat, never—
solder near the tube’s glass seals.

Kee ping those warnings in mind.
let’s take a look at the circuit.

The first stage of the power sup-
ply is an oscillator tormed basically
by Q1. Q2. and part of the primary
of T1. Resistor R1 keeps the circuit
unbalanced so that oscillation will
start when power is first applied.
The base current for the transistors
is produced by induction in T1 and
is limited by R2. The switching ac-
tion of the transistors causes the
induced voltage in T1 to switch po-
larity and that alternatively turns on

heart of the infrared viewer that
we'll show you how to build.

The 6032 can be thought of as
being divided into two parts. The
front end is a photosensitive cath-
ode that responds to infrared radia-
tion in the range of 506 to 1200
millimicrons. Whatever image is
focused on the cathode is reversed
left-to-right and passed on 10 the
second part of the tube. That is a
small fluorescent screen on which
the visible image is formed. Focus-
ing the image on the screen is done
electrostatically—a voltage is applied 10
the tocus ring at the tube's center and
controls the convergence and divergence
of the electrons being aimed at the
screen’s phosphor. That is similar to the
way the electron gun is focused in a televi-
sion set.

Building the viewer

The schematic of our viewer is shown
in Fig. 3. As you can see, the circuit’s
only job is to produce the voltages that the
image converter tube needs to operate.
Betore we start talking about how the cir-
cuit works and what's needed to actually
build it there are two things that have to
be said.

CAUTION! The tube needs about
12,000 volts to operate, and 12,000 volts
is a very serious amount of voltage! Be-
cause of that, the utmost care must be

VIEWER

ROBERT GROSSBLATT

“See in the dark”
with this easy-to-build
infrared viewer!

observed when working with this cir-
cuit. Any carelessness is dangerous,
and could very possibly be fatal. BE
VERY, VERY CAREFUL!

That caution should be taken seriously,
even though ihe circuit is powered by a 9-
volt battery. That's because our power
supply is capable of producing as much as
15.000 volts from a fresh battery. Also.

although the wbe only needs a handful of

microamps to operate. the supply can pro-
duce over 200 microamps. There's a
world of difference between 200 micro-
amps at 10 volts and 200 microamps at
15.000 volts! Once again. 15.000 volts
can be lethal. even if the currentis negligi-
ble. Be cureful!

Secondly. the tube itself is made of

glass and. just as any other type of clec-
tronic tube, it contains a vacuum. Al-
though the glass is thick and the tube is

Qland Q2 in turn. The two diodes,
DI and D2. are steering diodes for
the base current.

When S1is closed. current lows
through R1 and T1. The base drive
tor the transistors comes from T1's
stand-alone winding. Becuuse the
two transistors are being driven out
of phase. the circuit begins to oscil-
late. That causes an induced volt-
age to appear across Tl's second-
ary. How great that voltage will be
depends on how much voltage is
available from the battery. Assum-

ing that the battery is between 7 and 9
volts. the induced voltage on T1's second-
ary will be between 200 and 300 volts.

That voltage is rectified by the full-
wave bridge made from diodes D3 10 D6.
Capacitor C2 is charged through D7 and
R3. setting the stage tor the next part of
the circuit’s operation. Transistor Q3 is
the center of a timing circuit with an R-C
constant determined by the values of R6,
R7. and C3. The IS-microsecond pulse
produced by that part of the circuit fires
SCRI. and causes C2 to discharge, induc-
ing a high-voltage pulse in the secondary
of T2. That voltage is rectified by D9.

The voltage produced by the discharge
of C2 is boosted by the inductance of T2's
primary and that negative overshoot
causes the SCR to turn oft. As soon as the
SCR turns oft, the whole process starts all
Over again,



The image-converter tube requires u
high voltage inorder tofocus the image on
the tluorescent screen. That voltage 1s ap-
plied via avoltage-divider circuit made up
of R& and RY. Don’t torget that by the
tme power gets up to the tube. we're
talhing about some 12.000 volts at tairly
high peak-current values. The values for
those two resistors are extremely gh be-
cause only tica power 1s needed at the
focus ring of the tube. Excessive current
can destrov the tube. so the resistor values
are probably mgher than you've ever scen
betore.

Getting the tube to produce a sharp
image Is a matter of providing the right
voltage at the focusing ring The value of
2000 megohms tor R9 can be considered a
tinal value. but the voltage will have 1o be
adjusted by daisy-chaining resistors to-
ecther to form RE. A value of 200
megohms is a good starting pomnt: the
optimum value. which varies tfrom tube to
tube. will be within 15% of that.

It the operation of the power supply
seems lamiliar to vou. it's probably be-
cause the same basic principles are used in
the design of most automobile capacitive
discharge systems. The same sort of
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FIG. 1—VISIBLE LIGHT 1akes up only a small
slice of the electromagnetic spectrum.
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FIG. 4—IF YOU CHOOSE TO use a PC board. this parts-placement diagram should be followed.

pulsed high voltage is needed to make the
spark plugs tire. And it you ve ever looled
around under the hood of @ car. you know
that vou can be knocked over backward by
the juice at the plugs. Once again: BE
CAREFUL WHEN YOU ARE WORK-
ING WITH THE HIGH VOLTAGES
INVOLVED IN THIS PROJECT

Construction

Building the circuit for the infrared
viewer is relatively straightforward and
can be done on either a perthoard or PC
board. We recommend using a PC board:
an appropriate pattern is provided in our

PC Service™ section. on page 78, and
the corresponding parts-placement di-
agram m kg, 4.

Whatever method vou choose. because
we e dealing with high voltages. there
are several considerations that are dit
lerent from a low-voltage cireut:

e All solder joints must be clean and
shiny. Because of the voltages involved,
anvthing less than a perfect joint will
cause arcing

® [ cuds must be absolutely cut as short as
possible.

& All the components on the board. and
especially those that follow T1. should be
locked in position with parattin, varnish,
or high-voltage putty.

The tirst step is to mount and solder the
components onto the board. Do not,
however. mount the high-voltage portion
of the circuit £ T2 and the cireuitry on the
secondary side of that transtormer). Be-
fore building that part of the circuit. you
need to verity that the balance of the proj-
ect Is operating correctly. When you
mount the components on the board. pay
attention to the polarities of the diodes and
capacitors. Make sure that the transistors
are correctly oriented and the transtormer
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leads are properly identitied. Do vour sol-
dering only when you're sure that every-
thing is correct

‘The next step is to verify that evervthing
to this point is operating correctly. Con
nect the leads from an ohmmeter to the
bauery clips and press S1. That is an casy
way to make sure you don’t have a shor
across the power supply. H that checks out
fine. connect the power leads 10 a 6-voht
supply and measure D7's anode voltage.
You should see about 175 volts there, and
the drain on the 6-volt supply should be no
more than 75 mA. Be very cautious when
vou're taking those measurements. It may
seem that 175 volts s a long way from
15,000 volts. but that voltage can stitt do a
bit of damage.

Once everything checks out. vou can
mount and wire the rest of the circuit. If
you don’t get the proper readings, check
your connections on the board again. The
circult is simple enough for you to be able
10 find your mistake without too much
Irritation.

Take the high-voltage leads and tape
them down so that they re about a quarter
of an inch apart. Connect the ¢ircuit 1o the
6-volt source again and you should sce
sparking at the output. You have to adjust
R6 for the minimum spark rate. I you
watch the current draw, vou should see it
drop as the sparking rate is reduced.

Once again a word of caution. Anvtime
vou're adjusting a circuit that produces
high voltuge. you want 10 be absolutely
sure to 1solate vourselt from the board.
That means that a metal-bladed screw-
driver. or anything else metal, for that
matter. 1o make adjustments is a detinite
no-no. And contrary to popular beliel.
vou don’t want to use a wooden anything
cither. High voltages do weird things and
that includes traveling through anvthing
thatis even the least bit conductive. Wood
1 porous. can absorb moisture from the
air; the result can very well be you lving
on the tloor!

Once vou've finished assembling the
high voltage supply and you're sure it
works. vou're ready to tackle the image
converter tube. But just as there was tor
the power supply, there are some precau-
tions to keep in mind for this part of the
assembly as well.
® When vou're soldering connections to
the various rings on the tbe, do it as
quickly as possible. Tin the wires before
you solder the connections. If vou apply
too much heat for too long, you'll destroy
the glass-to-metal seals on the tube.
® The tube is made of glass and contains
a vacuum. The weakest points on the tube
are at the small areas where the glass was
sealed after the tube was assembled. Keep
vour iron and any solder away from the
glass in general and those seals in par-
ticular. The gluss can implode and the
phosphor coating on the screen can cause
vou i great deal of trouble.

FIG. 5—SEVERAL RESISTORS will need to be daisy-chained to obtain the value needed for R8.

With those precautions in mind. solder
R9 between the tocus ring and the ring
surrounding the tluorescent screen. Once

vou've done that. solder short picces of

wire 1o the ring surrounding the objective
end of the tube and another point on the
focus ring. Temporarily connect R§
across those pieces of wire as well as the
high voltage leads from the power supply.
Make sure that the lead coming from the
DY-C4 junction on the power supply
board is connected to the R¥/objective
end of the imaging tube und the other lead
is connected both to ground on the board
and the RY’eyepicce end of the tube.

When you've made sure that evervthing
is hooked up properly. apply power to the
circuit and vou should see the phosphor at
the eyepiece end of the tube glow with a
green light. Turn off the power and fusten
a picce of window screening ftush against
the objective end of the tube. Re-apply
power and you should see an image of the
screening on the phosphor screen. Your
next step is 1o adjust the value of RE 1o
make the image as sharp as possible.
Varying the voltage at the focusing ring
changes the electrostatic focus of the
tube. You'll have to experiment with a
number of resistor combinations 1o tind
the value that produces the sharpest focus.
As we said before. 200 megohms is the
nominal value and the correct vitlue for
your tube is probably within plus or minus
I3 percent of that.

Once you ve daisy chained the resistors
together and soldered them to the imaging
tube (see Fig. 5). you have only one more
final test to do betore you can call it a
wrap. Turn out the lights and apply power
to the circuit again. What you re looking
for here is evidence of high voltage leaks.
Those will show up as small sparks or
“corona.” Note the places where they

show up and turn the power off. Wait a
second or so for the circuit 1o discharge,
then insulate those areas with high-volt
age putn

Believe it or not, once vou've made

ure that the locus 1s as sharp as you can
make it, (or is at teast acceptable to you),
and there’s no evidence of corona, the
project is completed.

Now we come to the question of the
case. You need a focusing lens in front of
the tube und a viewing lens at the rear. In
order for the front fens 1o focus a sharp
image on the tube’s objective. both the
tube and the lens have to be on the same
axis. And the same conditions apply tothe

MEASURING WAVELENGTH

Whenever you're talking about the elec-
tromagnetic spectrum, some confusion
can arise over the units used to refer to the
wavelength of the radiation.

As you move up the spectrum from DC
toward daylight, the frequency of the radi-
ation wilt increase and the wavelength will
decrease. Those two measurements are
related by “c,” the speed of light through: A

K(fc)
where \ is the wavelength, fis the frequen-
cy in Hertz, ¢ is the speed of tight, and K is
a constant determined by the medium
through which the radiation Is travelling.

Although you can refer to the wave-
length in meters, by the time you get up to
the visible part of the spectrum, the wave-
lengths are pretty smail. Green light, for
example, has a wavelength of about 550

10-° meters. The two most common
units of measurement for the upper
reaches of the spectrum are the milli-
micron (10-° meters) and the Angstrom
(10~ meters). The latter is named after
the 19th-century Swedish physicist A. J.
Angstrom.



FLASHLIGHT

RUBBER
SLEEVE

FIG.6—THOUGH THE CASE is not critical, here is one that works well. The flashlight at the top is fitted
with an infrared filter for use as a source of infrared light.

viewing lens at the rear. The easiest solu-
tion to the problem is to use a piece of
tubing to hold the whole assembly. PVC
tubing 1s perfect for that purpose.

A length of 2¥-inch diameter PVC will
hold the imaging tube if you shim the ends
with 2%-inch tubing. The same 2%-inch
tubing can also be used to mount the front
and rear lenses. Use set serews to hold the
2%c-inch tubes inside the main PVC en-
closure.

One appropriate case is shown in Fig.
6. The optics in that unit are encased as
just described. The PVC handle contains
the power supply board and the battery.
Once the board is mounted. cuta hole out
over S1 so that it can be convenmently
pressed. To prevent accidental contact
with the board. slide a flexible rubber
sheath (a section trom on old bicyele tire
inner tube will do) over the handle so that
the hole is covered

Note that there is nothing critical about
the case. When designing and building a
case for your unit, the only precaution is
to make sure that no extraneous light can
leak inside the tube. because that will
degrade the quality of the image. Black
tape or putty can take care of any light
leaks.

Once yvou have the viewer assembled.
you're ready to explore the world ot in-

trared light. It’s interesting. and somehow
reassuring. to watch a television remote
control. Yes. they really do put out bright
flashes of previously invisible infrared. If
you put an infrared filter in front of a
flashlight. youll be able to see in the dark
by using the flashlight and peering
through the viewer. (You'll note that the
unit shown has such a flashlight mounted
on 1t. That flashlight serves as an infrared
light source. Also note that once the in-
trared filteris in place: the light emitted by
the flashlight can not be seen by the naked
eye.) Deep infrared filters are expensive
but a piece of unexposed but developed
Kodachrome will do almost as well. Use
the ends that come back in the box along
with your developed slides.

Infrared energy is also produced by
heat. You can prove that by getting a
steam iron nice and hot and putting it next
to a prece of newspaper. Turn out the
lights. look through the viewer. and you'll
be able to read by the heat of the iron.

As o the quality of the image vou see
using the viewer. there are two limiting
tactors. These are the “brightness™ of the
infrared saurce. and the quality of the
optics used.

Turning first to the brightness of the
source. the unit shown uses o common
flashlight as described. That should be

PARTS LIST

All resistors ¥4 watt, 10% unless noted

R1—10,000 ohms

R2—1000 ohms

R3—4700 ohms

R4, R5—100 ohms

R6—100,000 ohms, potentiometer

R7—2200 ohms

R3--200 megohms, see text

R9—2000 megohms, see text

Capacitors

C1—10uF, 25 volts, electrolytic

C2—1uF, 400 volts, electrolytic

C3—1uF, 25 voits, electrolytic

C4—.001uF, 15 kV, ceramic

Semiconductors

Q1, Q2—2N2222 NPN transistor

Q3—2N2646 FET transistor

D1, D2—1N4002

D3-D8—1N4007

D9—MX200EP, 20-kV diode

SCR1—C107D

Other components

B1—9-volt nickel cadmium battery

S1—SPST, momentary pushbutton, nor-
mally open

T1—12 to 400 volts, 10kHz switching
transformer

T2—11 kV pulse transformer, 400-volt pri-
mary

Miscellaneous: 6032 image tube (RCA),

PC board, PVC tubing for case, focusing

and viewing lenses, battery clip, flashlight,

wire, solder, etc.

The following are available from Infor-
mation Unlimited, PO Box 716,
Amherst, NH 03031: Complete kit, in-
cluding case and basic lenses, but
minus the 6032 image tube, $99.50;
6032 image tube, $49.50; assembled
and tested unit $199.50; power board
kit $34.50; assembled power board,
$49.40; T1 alone, $14.50; T2 aione,
$15.50; D9 alone, $2.50; C4 alone,
$3.00; optional 75mm telephoto focus-
ing lens with iris adjustment and C-
mount, $125.00; optional 50mm wide-
angle focusing lens with C-mount,
$95.00.

sufticient in most cases. If not, a brighter
source of light can be substituted. as long
as an infrared filter is used as outlined
above.

The optics (lenses) are much more crit-
ical. The standard optics supplied with the
kit offered by the source mentioned in the
Parts List are adequate for most hobbyist
applications. If you require images with
more sharpness and clarity. however. you
will need to use higher quality. and more
expensive lenses. Such lenses are also
aval;able from the source given in the
Parts List.

The uses of infrared imaging are end-
less and eye opening. I you want to tind
out more about the subject. Kodak pub-
lishes a wonderful booklet called “Ap-
plied Intra Red Photography.™ Write to
Kodak, Consumer Markets Division,
Rochester. NY 14650, R-E
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REPRINT
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(O SP1 Special Projects #1 ...... ... ..... $6.00
{0 SP4 Special Projects #4 (Summer 1982) . . $6.00
(OJ SPS Special Projects #5 (Winter 1983) ... $6.00
(J SP6 Special Projects #6 (Spring 1983) ...$5.00
(OJ SP7 Special Projects #7 (Summer 1983) . . $6.00
(] SP8 Special Projects #8 (Fall 1983) .. .. .. $6.00
(] SP9 Special Projects #9 (Winter 1984) ... $6.00
(3 SP10 Special Projects #10 (Spring 1984) . . $6.00

(3 104 Radio-Electronics back issues (1984) . .$5.25
(December 1984 issue is not available)
Write in issues desired
(1 103 Radio-Electronics back issues (1983)....95.75
(Jan., Feb., May are not available)
Write in issues desired
(3 102 Radio-Electronics back issues (1982) . $6.50
(Jan., Feb.) is not available)

(O 111 Hands-Gn Electronics #1...... ... ... $5.00 Write in issues desired

(OJ 112 Hands-On Electronics #2 . .......... $5.00 (J 101 Radio-Electronics back issues (1981) . . $7.00
(3 113 Hands-On Electronics #3 ........... $5.00 (Issues available: July, Aug. Sept. Nov.)

(O 114 Hands-On Electronics #4 ... .. .. . ... $5.00 Write in issues desired

(d 115 Hands-On Electronics #5........... $5.00 (J 153 Etch your own PC boards .......... $3.00
(J 115A Hands-On Electronics #6 .......... $4.00 (] 154 How to Repair VCRs. .. ............ $3.50
(J 116A Hands-On Electronics (Jan-Feb '86) . . $4.00 (3 155 IBM Typewriter to Computer. ........ $3.00
(3 116B Hands-On Electronics (Mar/Apr '86) $4.00 (] 125 Radio-Electronics Annual 1985 . . . . . .. $3.50
(J 116C Hands-On Electronics (May/Jun '86) $4.00 (1 126 Radio-Electronics Annual 1986 . . .. ... $2.50
(J 116D Hands-0On Electronics (Jul/Aug '86) . . $4.00 (J 156 How to Make PC Boards ........... $2.00
(OJ 116E Hands-On Electronics (Sep/Oct '86) . . $4.00 (3 157 All AboutKits .. .................. $2.00

(J 116K Hands-On Electronics (Nov '86) . . . .. $4.00
(Od 116L Hands-On Electronics (Dec '86) . .. .. $4.00
{J 117 Hands-On Electronics back issues (1987)$3.50

(] 158 Electro Importing Co. Catalog (1918) . . $5.95
(J 159 Low Frequency Receiving Technigues
Building and using VLF Antennas .. . . .. $6.00

Write in issues desired (] 160 New [deas - 42 Circuits ............ $3.50
(] 150 TV Descrambler ................ .. $3.00 (J 161 Descrambling (Feb., 1984) ....... ... $2.00
(J 151 Build Your Own Robot ............ $12.00 (J 162 Build Your Own Satellite TV Receiver $7.00
(J 152 8-Ball Satellite TV Antenna .. ....... $5.00 [J 163 Receiving Satellite TV. ............. $7.00
(] 107 Radio-Electronics back issues (1987) $3.25 (] 164 Modern Electrics (April, 1908) ... .... $3.00
(] 106 Radio-Electronics back issues (1986) . . $3.75 [ 165 How to Repair CD Disc Players. . ... .. $5.00

Write in issues desired (] 166 Collected Works of Mohammed Ullyses Fips
[0 105 Radio-Electronics back issues (1985) . . $4.25 (62 pages, April Fools Collection). .. . $10.00

(Jan. 85 not available)

Write in issues desired
To order any of the items indicated above, check off the
ones you want. Complete the order form below, include
your payment, check or money order (DO NOT SEND
CASH), and mail to Radio-Electrenics, Reprint Depart-
ment, P.0. Box 4079, Farmingdale, NY 11735. Please
allow 4-6 weeks for delivery.

(] 167 Designing With IC's .. ......... ... $4.00

If you need a copy of an article that is in an issue we
indicate is unavailable you can order it directly from us.
We charge 50¢ per page. Indicate the issue (month &
year), pages and article desired. Include payment in
full, plus shipping and handling charge. Make checks
payable to Gernsback Publications, Inc.
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ARTICLE
PAGES MONTH YEAR
TOTAL PAGES @500 each TOTAL PRICE

MAIL TO: Radio-Electronics
Reprint Bookstore, P.O. Box 4079, Farmingdale NY 11735
SHIPPING CHARGES IN USA & CANADA

All payments must be in U.S. funds

4

1 1
[ 1
1 1
: :
: $0.01t085.00.............. $1.00 $30.01 t0 40.00 . ...%4.75 OUTSIDE USA & CANADA !
' $5.01108%10.00............. $1.75 $40.011050.00 . ...%5.75 Mutltiply Shipping by 2 for sea mail !
i $10.01t020.00............. $2.75 $50.01 and above .. . $7.00 Multiply Shipping by 4 for air mail H
i $20.01t030.00............. $3.75 :
H Total price of merchandise . ... ... ... $ !
' Sales Tax (New York State Residents only) ... ... ....... ... ... ... ... ... ... ... $ ]
1 o ]
' Shipping (seechart). . ... .. .. . $ '
: Name Total Enclosed .......... $ E
1

. Address .
i City _State Zip EH87 i
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If you've been wondering
if you can obtain IBM
compatibility for a
reasonable price, the
answer is that you can.
We'll show you how.

ELLIOTT S. KANTER

FOR BETTER OR FOR WORSE, THE IBM PC HAS BECOME I'HE DE FACTO
standard personal computer. Of course. like all computers. the PC
has its shortcomings. But its most serious problem is its expense.
There is a way around that problem. however, and Radio-Elec-
tronics will show you that way. We'll show you how you can put
together a PC-compatible compute'r using parts available from
HiTech International. We’ll explain how the computer works. and
we’ll review its performance.

HiTech International, whose computer we'll be assembling. is a
supplier of IBM PC XT-compatible motherboards (system boards)
and other accessories. The best part about the HiTech computer is
that even a novice at electronics construction can assemble his own
computer at considerably less cost than IBM’s oftering.

PG Compatible

GComputer
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Microprocessor:

Memory:

Keyboard:
Mass Storage:

Expansion:
Software:

Operating System:
Size: 5% x 20 x 16

TABLE 1
IBM PC XT SPECIFICATIONS

Intel 8088 (4.77 MHz) with socket for addition of an 8087

math co-processor.
ROM: 40K, includes BASIC interpreter.

RAM: Either 128K or 256K onboard, expandable up to 640

KB with a memory- expansion card

83-keys with 10 function keys, numeric/cursor keypad,
adjustable typing angle, and detachable 6-foot coiled cable

10 MB fixed/hard disk, 360 KB double-sided/double density

5VY-inch disk drive
Eight expansion siots

Diagnostics, Microsoft cassette BASIC interpreter in ROM
PC DOS 2.1 (with advanced disk BASIC)

inches
Weight: 32 pounds
Cost: $3895
Warranty: 90 Days.
TABLE 2.
BASIC IBM PC XT
Part No. Item Price
8529254 PC XT motherboard with 128K RAM $750.00
8529247 130-watt power supply $390.00
8529161 Base Assy (case bottom) $ 86.00
852963 Bezel Assy (case front) $ 4150
8529209 Top Cover (case) $ 50.50
Keyboard assembly (complete) $270.00
64K memory modules (2 required) $200.00(2)
TOTAL: ¥1788.00
OSCILLATOR, f”cz';N ZiCBﬂBII\TN
tLock 8088 It oirect TIMER/ || 8 LEVEL
CONTROL CIR ceu MEMORY COUNTERS INTERRUPT
|
|
KEYBOARD
INTERFACE/CONN ROM
AREA i
U llJ T 128K RAM
T SPKR T (EXPANDABLE)

i

POWER SUPPLY

FIG. 1—A BLOCK DIAGRAM of the IBM PC XT shows the “musts" for a personal/business computer,

INPUT/OUTPUT CHANNEL

i

1}
8-1/0 SLOTS
(TO PRINTER,
MODEM, DISK
ORIVE, ETC.)

The HiTech PC also has the same block diagram.
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Many of Hifech's customers are ser-
vice centers who buy the system or moth-
erboard to use as running spares for PC
XT's brought in tor repair. The boards are
the same size as IBM's. and—with the
exception of the lack of BASIC in
ROM-—have the same form and function
as that of the PC X'T board. ‘The basic

IBM PC XT can not tell the difference
between an 1BM bourd or a HiTech board.
And. unless you run the Advanced Diag-
nostics Program Diskette trom IBM. nei-
ther will you. The discernible difference
between the two boards appears as an er-
ror message which translates to “Hey.,
there’s no BASIC in the ROM... ™

Building by subassembly

In this article. we won 't show you how
to put together a computer picce-hy-
picce. (For example. the motherboard is
regarded as a single component. ) Instead.
we'll show you how to build it subassem-
bly-by-subassembly. We'll build the sys-
tem in stages so that it can be expanded
when the need for more functions makes it
necessary (or when the cash flow per-
mits). But we're getting a little bit ahead
of ourselves. Let's talk more about the
IBM PC before we talk about how to as-
semble a PC-compatible computer.

A brief history of the PC

For many vears, the terms “personal
computer™” and “PC™ have been applied
to small, limited-use microcomputers
which. because of their limited power.
have been relegated to home rather than
business use. That changed when com-
puter-giant IBM unleashed a small multi-
function microcomputer that has become
the de fucto definition for PC. Some three
years ago, the IBM PC was introduced to
the marketplace and the public's percep-
tion of computers changed. More com-
puters were found in small and large of-
fices and in the home. While there were
already a number of “*business-quality
microcomputers or PC's available. the
magic letters IBM tended to make then
more acceptable.

There were many other fine companies
praducing computers. But when the sales
figures for any given period are com-
pared. it’s obvious that, by numbers
alone. IBM was literally tking over the
market. Even so. the new entry to the
scene was not without its detractors. The
most common complaint was (and still is)
about the kevboard. The company that
pioneered a standard in typewriter kev-
boards with the Selectric really missed the
boat with the PC. Some keys are located
in tllogical positions. and the feel is not
comfortable (although you can get used to
it). Others complained that IBM could
have gone with a more advanced micro-
processor. and that the machine was too
slow. Despite those, and other, com-
plaints. the sales of PC’s continued.

In the business world, it a product sells
iU's a success! And success breeds imita-
tion and—as the PC imitations came to be
known—clones. The buzz words “IBM
compatible™ became a company’s ticket
to bigger sales. Many manufacturers did

TABLE 3.

BASIC PC XT HITECH INTERNATIONAL

PC XT motherboard
with 128K RAM $525.00
Power supply, 130 watts $175.00
Case (complete) $150.00
Keyboard (complete) $150.00
RAM Each 64K 2 required(3) $ 50.00
Total: $1050.00



TABLE 4
HITECH PC XT SPECIFICATIONS

Intel 8088 (4.77 MHz) with socket for addition of an 8087

ROM: 8K implemented (can be expanded by user to 40K)

RAM: Either 128K or 256K onboard, expandable up to 640K

Microprocessor:

math co-processor.
Memory:

with a memory-expansion card
Keyboard:

Enhanced Key Tronic 5150 PC. 83-keys with 10 function

keys. numeric/cursor keypad, adjustable typing angle and
detachable 6-foot coiled cable

Mass Storage:

Expansion:
Software:
Operating System:

10 MB fixed/hard disk, 360 KB double sided/double density
5%-inch disk drive

Eight expansion slots
Diagnostics, supports DISK BASIC
PC DOS 2.1 (with advanced disk BASIC)

Size: 5% x 20 x 16inches
Weight 32 pounds
Cost: $2,454.00
Warranty: 1 Year.

TABLE 5

HITECH PC XT + PARTS LIST
Part No. Description . Price
RE-PCB W/IC Motherboard with 128K RAM $525.00
RE-PS-130 130-watt power supply 175.00
RE-ROM BIOS ROM 35.00
RE-CASE Case (complete) 150.00
RE-5150 enhanced keyboard 150.00
RE-MON/DIS RGB video card 175.00
RE-DISK DR. Teac 360K disk drive 125.00
RE-CTRL-A Disk controller/paraliel port 175.00
RE-HARD DISK 10 megabyte drive with controller 650.00
RE-YAD Y Adapter (to attatch two drives) 5.00
Total: 27165.00

evervthing and anything they could to
make their offering the same in form and
function as the IBM PC. A few companies
made such perfect duplicates that they
found themselves in legal difficulties with
IBM. Others moditied their product and
qualified their “compatiblity ™ by stating
it would **...run maost of the vast library of
business applications packages.” That
approach was perhaps the most prudent
for the company which did not want to
carn the attention of the lawyers in resi-
dence at IBM. There even were a few
computers that did achicve compatibility
without paving the price of legal hassles
and the like. The system tfrom HiTech
International, which we are examining in
this article. is one of them.

While achieving compatibility is im-
portant for the computer company. the
bottom line is: Can the average small-
business person afford the end product?
While the IBM PC appeared on the sur-
face to offer quite a “bang for the buck.™
closer examination revealed that the op-
tions necessary o mahe the computer @
viable tool raised the price upward signifi
cantly. Naturally, those companies mak-
ing “clones™ were quick to point that out.

The display card, and other absolutely
necessary “options” costextra, as did suf-
ficient memory, mass storage., printer out-
puts. ctc.

Larly in the game. 1BM noted the lim-
itations of their original PC and offered
first an upgrade of disk drives to dual
density, double sided—etfectively dou-
bling the available storage capacity on
cach drive. That wasn’t enough. The in-
dustry was getting storage-hungry and de-
manded more and more storage, causing
both [3M to turn to a hard-disk drive
(often called a ~*Winchester™). which
could bring the mass-storage capacity up
to 10 megabytes in the same space as a
floppy.

As the consumer was becoming memo-
n-hungry. the computer was rapidly be-
coming power-poor. The PC’s power
supply was not capable of supplying the
demands that the hard disk placed on it.
So IBM was forced to offer a hard-disk
storage expansion option together with a
heftier supply. But that wasn ™t all bad: the
expansion also added extra 1O slots. (The
PC's tive slots would be fully populated
even in a minimal configuration.) The bad
part about the expansion unit was that it

cost almost $3000.

IBM finally determined what the cus-
tomer wanted and needed: adequate mem-
ory. and more mass storage. Thus, the PC
XT was introduced. The letters “XT™
were chosen to give the feeling that the
computer really had something “extra.™
(But is it really extra. or is it the minimal
configuration that the PC should have
been sold in from the start?)

A real computer

The basics “musts™ for a personal,busi-
ness computer are shown in Fig. 1. ablock
diagram of the motherboard or system
board of the IBM PC XT. A listing of the
basic specifications of the PC XT is
shown in Table 1.

In that PC XT. three of the eight expan-
sion slots are occupied by asynchronous
communications. tfloppy-disk drive and
fixed-disk adapter cards. The price shown
(83895) includes those cards. and 256K
RAM. The operating system. PC-DOS
2.101s optional, and sells for $65.00. The
price shown in Table | does not include
any graphics or video-output card.

No matter how vou might look at it.
when you take into account the operating
system, display adapter card. and printer
port. it will cost you in the neighborhood
of $5000 before you have a meaningful
computer, That kind of price mikes a lot
of people wonder just what they 're paying
for. Is it a premium for the IBM logo. oris
it the real value or cost of the computer
(known in the trades as MOL or manufac-
turing overhead and labor). Well in order
1o answer that question, let’s see what 1t
would cost to put together a basic IBM PC
using [BM parts. Then we'll do the same
using parts from HiTech.

ZIG. 2—THE KEY TRONIC keyboard teatures a
more comfortable feel and layout.

B-EXPANSION SLOTS

i

POWER SUPPLY

MDTHERBOARD FLOPPY HARD
DISK DISK
DRIVES DRIVE
Y
SPEAKER

FIG.3—THE BASIC INTERNAL ARRANGEMENT
of the HiTech PC. Note that the 8 slots will accept
full-size boards—an advantage over the I1BM
machine.
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Table 2 shows some pricing data from
IBM’s Part’s Center. (When quoted those
prices we were told that .. .these prices
are firm for today only and may change at
any time...") Reduced to its basic build-
ing-block level (system board. case.
power supply and keyboard assembly) we
see that we couid put together a PC with
128K RAM but no disk drives for just
under $1800. (Note that parts numbers are
listed shown in Table 2 with the exception

of the Keyboard. which is made up of

many separafe itlems—at the manufactur-
ing stage—and will be lumped together
with the total cost.)

What wouid be the cast tor the same
system using parts from HiTech? Are
there any real savings and are there any
differences? Table 3 shows the prices for

-nl{
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FIG. 4—THE HITECH MOTHERBOARD and some of the features you'll have to be familiar with.

HiTech’s basic PC. As you can see, the
price is about $1050—a saving of about
$700. What do you lose? IBM BASIC,
which is contained in ROM in the PC. But
disk BASIC 1s supported.

Do you get anything extra? We should
note that the keyboard that’s furnished by
HiTech 1s the key Tronic model 5/50.
shown in Fig. 2. [t’s fully IBM-compati-
ble but features a “*corrected " keyboard
layout with a feel not unlike the IBM Se-
lectric typewruer.

Now that we’ve looked at the savings
you can hope for with the basic model.
let’s look at a more fully equipped model.
Table 4 lists the specifications for
HiTech's version ot the XT. which you
can compare 1o Table 1. We should note
that two of the eight expansion slots are

occupied by a combination printer/floppy-
drive controller and the hard-disk control-
ler. In a similar configuration, an IBM PC
XT would have two long and one short
expansion slots filled. We should also
note that the HiTech expansion slots will
accommodate eight full-sized adapter
boards as opposed to the IBM's capacity
tor 5 long and 3 short boards. The price
shown does not include a video or graph-
ics adapter card. We should also note that
the price shown is for a user-assembled
system.

As with the IBM. the operating system
(PC-DOS 2.10) is optional and has a sug-
gested retail price of $65.00. If the stan-
dard IBM PC DOS Version 2.10 is used
the system will not support BASICA. If
the COMPAQ PC DOS Version 2.10 is
used, all disk BASIC functions will be
supported.

Building the Computer

Now that we've introduced you to the
HiTech PC-compatible. it’s time to put it
together. Assembling your system really
1s easy and anyone can do it. HiTech
seems (0 have set a standard for simplicity
of assembly. The only tool you'll need is a
common 1/4-inch flat-bladed screwdriver.
And you'll need only about one hour. So
we'll assume that if you can turn a screw,
you will build your own PC-compatible
computer.

Betore we go any further, we should
point out that a bare board is available
tfrom HiTech for $95. So if you really want
to assemble your computer piece-by-
piece. you can. Whether you can really
save any money depends on how well you
can shop for bargainson IC’s, connectors.
etc. Be advised., however, that because
HiTech cannot control how you put your
board together, they cannot issue any war-
ranty for a bare board.

+0R0R000R| -~
BURORRR|

FIG. 5—THE PROPER SETTING of the config-
uration switch for our system.

So. assuming that you'll start with a
ready-assembled mother board, let’s run
down the features and components your
computer will have:
® Systemboard with 128K RAM
Single 360KB tloppy disk drive
10 megabyte hard-disk drive
130-watt power supply
Key Tronic 5150 keyboard
Parallel printer port
Applicable controller cards
Color graphics/monochrome display
adapter

continued on page 136



Now that we've introduced
you to the HiTech
PC-compatible computer,
let's see how it’s put together.

ELLIOTT S. KANTER

BUIBDEGEIS

P t 2 WHEN WE LEFT OFF

a r last time, we were

just getting ready to contigure the mother-

board. The first step is to set the conlig-

uration switch SW1, which is a DIP

switch that is made up of eight separate

switches that we'll call SWI-1-SW1-8.
As we showed you last month, for our

configuration the switches should be set

as follows:

® SWI-1: OFF.

SWI1-2: on.

SW1-3: oFF.

SWi-: on.

SWI-5: oFF.

SW1-6: OFF.

SWI-7: OFF.

SWI-8: on.

Switch SW1-1 is always oft for normal

operation, while SWI-2 is on unless an
8187 co-processor is being used.

Switches SW1-3 and SW-4 are set de-
pending on how much memory is in-
stalled. For 128K. they should be set oft
and on respectively. For 192K, they
should be set on and oft. respectively. For
256K. they should both be oft.

Switches SW1-5 and SWI-6 are set de-
pending on the display adapter used. They
should both be on if no display adapter is
used. It a color/graphics adapter (with
40 x 20 resolution) is used. SW1-5 should
be oft, but SW1-6 on. For a resolution of
80 x 25. those settings should be re-
versed. It both adapters are used, or if a
monochrome adapter is used, both SWi-5
and SW1-6 should be oft.

Switches SW1-7 and SW1-8 are set de-

& GCompatible

GComputer
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pending on how many tloppy-disk drives
are installed. For 1 drive. both should be
on. For 2 drives. SW1-7 should be off. but
SW1-8 should be on. For 3 drives. SW1-7
should be on. but SWI-8 should be off.
For 4 drives. both should be off.

Two other DIP switches are located on
the motherbourd. Those switches are not
numbered but their locations are labeled
TIOR RAM EXPANSIONT in Fig. 4. (For
vour convenience. Fig. 4. which appeared
fast ime. will be repeated here.) Unless
you have the necessary expertise to imple-
ment alternative ROM/EPROM's. don™t
disturb the settings.

Now it’s time to insert the BIOS ROM
in position U3S. Be sure to observe the
orientation of the notch or dot indicating
pin L

Now that you have completed the
swilching contfiguration process. you're
almost ready to install the board in the
case. Belore you do. locate the jumper
block JIP1. (See Fig 4.) I vou are using the
HiTech Power Supply. ensure that a
Jumper is in place trom pins 2 to 3. That
jumper enables the on-board power-on re-
set. If you are using the IBM power sup-
ply. install the jumper from pins | to 2.

The system board is now ready to be
installed. 1t will be secured by a locking-
type. plastic stand-ofts and two. 6-32
I/4-inch screws. As noted in Fig. 4. one
screw will be mounted with an insulating
washer separating it from the component
side of the board. With the case posi:
toned as shown in Fig. 3 (see the July
1985 1ssue of Radio-Electronics). slide
the system board in from the lett and line
up the plastic locking-type stand ofts with
the holes in the board. Those stand-offs
will slide in their mounts making this task
casier. When you have lined the board up
and the stand-otfs protrude through the
holes. press down to lock the board into
pluce.

Refer again to Fig. 4 and install the
screw without the insulating washer
where shown (point A). In a similar man-
ner install the screw with the insulating
washer where shown (point B). Take the
two-wire cable coming trom the speuker
and plug it into the on-board connector as
also shown in Fig. 4. That completes the
installation of the system board

Configuring the disk drive

I you have not done so already. care-
tully unpack the floppy-disk drive. Posi-
tion the drive as shown in Fig. 6 and locate
the power connector and the data-cable
connector. Using a screwdriver. gently
pry out resistor pack RAT and discard it it
1s not required for use with the HiTech
PC. Next. move the jumpers: they should
be at the s and st positions. That's all
there is to configuring vour floppy-disk
drive. i you have purchased a second disk
drive. configure it in exactly the same
manner.
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FIG. 4—THE HITECH MOTHERBOARD and same of the features you'll have to be tamiyas with.

You are now ready to install the floppy-
disk drive in the case. Pop out the lower of
the two plastic drive fuceplates and care-
tully insert the disk drive. component-
side down, through the front of the case.
Secure the disk drive using two 6-32
1/4-inch screws in the slots (bracket) and
tapped holes (disk drive) ensuring that the
drive tront is lined up with tke front of the
panel. The direction-indicating arrow on
the tront of the disk drive should be point-
ing up. That's all there :s 1o installing the
drive. If vou have purchased a second disk
drive. nstall it in a similar manner.

Instaliing the hard-disk drive

Your hard-disk drive, despite its nume.
i1s fragile. You should take whatever pre-
cautions are necessary 1o prevent it from

Jarring or dropping. {Damage can occur it
it's dropped from heights as little as two
inches!) Unpack the disk drive and re-
move the plastic front panel cover from
your computer.

Referto Fig. 7 and gently slide the drive
into the right-hand side opening tas view-
ed from the front). Using the supplied
mounting screws. secure the drive to the
bracket as shown in the drawing. That
completes the installation of the drive
proper. The next step is to install the con-
troller card.

Hard-disk controer

I you have not done so already. unpack
the hard-disk controller card and position
it in front of vou as shown in Fig. 8.
Locate the DIP cenfiguration switch
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\‘ FLOPPY DISK CONTROL gl i

CA3LE CONNECTOR

']
| eerrome oo

REMOVE & DISCARD RA1

FIG. 6—THE FLOPPY-DISK DRIVE. The resistor network RA1 can be discarded. See the text for the

proper jumper configuration.

POWER SUPPLY

LIDE
SUR I
—| O X .
I 3 \
V ! \
N |7 REAR OF

N\ T
(2)-SCREWS U

SECURE HARD DISK
POWER SW.

FIG. 7—MOUNTING THE HARD DISK and power
supply is straightforward.

34-CONDUCTOR
CABLE

CONFIGURATION =
swwcu@

®

RED STRIPED EDGE
20-CONDUCTOR
CABLE

FIG. 8—THE HARD-DISK CONTROLLER CARD.
The first four positions of the configuration
switch should be set to off, and the last four
should be set on.

SW1. (Note that this SW1is nor the same
SWH that we seton the system board. ) The
controller supplhied with your computer is
capable of aceepting hard disks ranging in
capacity from 10MB to 30MB. SWi con
figures the card to the drive installed. In
our case. we will be instatling and contig
uring this card for a I10MB disk. so set
SWI-1 through SWI-4 oft and SWI-5

through SWI-8 on. That's all you have o
do to contigure the controdler card. Don't
change any jumpers on the card. You're
now ready to install it. using Fig. 9 as a
curde

Using the supplied cables. plug the 20-
pin and 34-pin cables into the card as
shown with the red striped end of the
cables pointing down toward the card
edge connector. Insert the card into a v
cant slot near the hard-disk drive and
route the cables as shown toward the hard
disk. You will have to remove one of the
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back slot covers to install the card: save
the serew and use itto secure the card with
the cable end pointing towards the com-
puter’s front panel. Connect the remain:
ing ends of the cables to the hard-disk
drive. They are keved and can only be
serted in the proper manner. Your hard-
disk drive and controller card are now
installed. We will format the disk shortly.

Installing the power supply

Position the power supply so that the
power switch is focated to the nght rear
tas viewed from the front) and protrudes
from the rear right hand side of the case
tRefer to Figs. 7 and 100 Turn the case
around and line up the four mounting
holes with their corresponding holes in
the rear panel. Using four 6-32 X |-inch
round-headed screws. secure the power
supply to the rear of the case. Locate the
two cable assemblies and connect them to
the motherboard as shown. In o similar
manner. connect one of the two. d-line
cable assemblies to the rear of the hard
disk drive. The assembly’s connector s
keved and can only be inserted the correct
Wity

The remaining 4-line cable assembly
will be connected ina similar manner o
the floppy disk drive, If yvou are using two
drives. use the v-adapter and carefully
match the color codes of the wires and
crimp the adapter in place.

The adapter cards
Now it's time to instail a color-graph-
ics/monochrome display card and a flop

POWER
SUPPLY

— o

HARD_( 1
01SK .
chR ) T T

——.
L

1
HARD DISK CABLE
FLOPPY DISK CABLE

FLOPPY DISK DRIVES

FIG. 9—ROUTING THE RIBBON CABLES for the disk drives is easy if you follow the layout shown.
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floppy- and hard-disk drives are not shown.

FIG. 11—THE COLLOR graphics/monochrome
adapter is fully compatible with the IBM system,

FIG. 12—THE FLOPPY-DISK CONTROLLER
adapter shown here also comes equipped with a
parallel printer port.

py-disk controller/paratlel printer card.
Each of those cards is packaged sepa-
rately with necessary cables and instruc-
tions as to use. The color-graphics/
monochrome display card shown in Fig.
' should be installed in the first (left-
most) expansion sfot with the two con-
nectors—one for RGB color. the other for
composite video—visible from the rear.
Remove the screw holding the rear panel
cover corresponding to the first slot (right
as viewed from the front). Discard the
panel cover but eetain the screw: it will be
used later to secure the adapter card. Posi-
tion the card with the conneciors to the
rear and press down firmly. Secure the
rear panel bracket

s

FIG. 10—THE FOWER SUPPLY is shown connected to the motherboard. Note that the c;bles for the

The tast adapter card we'll install is the
Hloppy-disk controller card with a parallel
printer port. Remove the third and eighth
rear panel covers and save the screws. The
left-most opening will be used for the
DB2S paratlel printer port connector. The
remaining (third) opening will be filled
with the expansion-drive connector.

Refer to Fig. 12. the controller/printer
adapter. The only required configuration
would be to change the position of the
Jumper located nearest the card edge tin-
gers. The purpose and possibilities of that
contiguration change are more than ade-
quately covered in the documentation that
comes with the card and will not be re-
peated here.

Position the card so that the gold fingers
on the long edge of the board are directly
above the connector and ensure that the
plate attached to the board lines up with
the now open rear slot. Firmly press the
board down into the connector and re-
place the screw removed previously o
hold the board in place.

Take the cable supplied and place it
between the Hoppy-disk drive(s) and the
controller card with the red edge of the
cable pointed to the top of the computer. If
you are using only one drive. locate the
connector at the fold of the cable and press
the connector onto the bottom disk drive.
The red line should be visible toward the
leftas seen from the front of the computer
(on the disk drive). If you are using a
second floppy drive. position the con-
nector at the split end of the cable in a
similar manner and press this connector
onto the top disk drive. The remaining
connector located at the long end of the
cable should be connected to the card
adapter with the red edge line pointing o

the top or up. Route this cable as shown
previously in Figure Y. That completes the
installation of the floppy disk controller.
To mount the DB2S parallel printer port,
tasten this connector to the (supplied)
bracket with the hardware supplied. Posi-
tion that connector and bracket in the last
opening and secure it with the remaining
screw removed previously.

We're now ready to close up the case
and try things out! Slip the case cover on
from the front and secure with the four
6-32 X Vi-inch black Hat head screws.
Plug the connector from the keyboard into
the socket located on the rear of the cab-
inct. Figure 13 shows the completed sys-
tem which is also available ready to use
under the name SAM 2001.

The “smoke test”

Now hook up your monitor. plug every-
thing in. slip your operating-system disk
into drive A (the top drive). and turn the
computer on. The screen display will
show the self-test in progress. When the
self-test is complete. it will instruct vou to
insert your system diskette in the drive
and to press any key.

At the system prompt. you might wish
to enter DIR followed by RETURN to
view the contents of your system disk. For
detailed information on your system disk
and the various uses of the utilities it con-
tains. consult the literature that comes
with the diskette. or any of the many fine
books available on the MS-DOS operat-

Ing system.

Formatting the hard disk

Now that everything seems to be work-
ing right. it’s time to format the hard disk.
Leave vour DOS disk in drive A and enter
“EFDISK™ followed by a return. A menu
will present you with a number of options.
Select Option 1.

In response to the prompt asking if you
want to use the entire fixed disk for DOS.
answer NO .

In response to the prompt asking for
partition size. enter 303,

In response to the prompt asking for the
starting cvlinder number. enter 0.

Hit the ESC (Escape) key to return you
to the FDISK options. In order o make
the partition active so that the system will
load the DOS on power-up. select option
2

View the partition data and double
cheek it You will be prompted to enter the
aumber ot the partition you want to make
active. Select I Then hit the ESC key 10
return to the FDISK options. Use the ESC
Key again to return to DOS.

Reboot your system by hitting CTRL
ALT DEL (the control. alternate and de-
lete keys) simultancously.

Next we'll use the DOS command
FORMAT to initialize the hard disk’s di-
rectory. First type “FORMAT C/S.™




ADD-ON BOARD SUPPLIERS

ABM Computer Systems
3 Whatney

Irvine, CA 92714
714-859-6531

Apstek Inc.

2636 Walnut Hill Lane Suite 335
Dallas TX 75229

214-357-5288

AST Research, Inc.
2121 Alton Ave.
Irvine, CA 92714
714-863-1333

Byad, Inc.

95 W. Algonquin Road
Arlington Heights, IL 60005
312-228-3400

Chrislin Industries, Inc.
31352 Via Colina Suite 1
Westlake Village. CA 91362
213-991-2254

IDE Associates, Inc.
7 Oak Park Drive
Bedford, MA 01730
800-257-5027

MA Systems

2015 O'Tolle Ave.
San Jose, CA 95131
408-943-0596

Maynard Electronics
430 E. Semoran Blvd.
Casselberry, FL 32707
305-331-6402

Microlog, Inc
222 Route 59
Suffern, NY 10901
901-368-0353

Orchard Technology
47790 Westinghouse Drive
Fremount, CA 94539
415-490-8586

Personal Computer Products, Inc.
11590 W. Bernardo Court

San Diego, CA 92127

619-485-8411

Persyst

17862 Fitch
Irvine, CA 92714
714-660-1010

Profit Systems, Inc.

30200 Telegraph Rd. Suite 132
Birmingham, MI 48010
313-647-5010

Quadram

4355 International Blvd
Norcross, GA 30093
404-923-6666

Tecmar

6225 Cochran Rd.
Bolon, OH 44139-3377
216-349-0600

ORDERING INFCRMATION

The following are available from HiTech Inteinational, Department R-E, 1180 Miral-
oma Way Suite M, Sunnyvale, CA 94086.

Part No. Description Price
RE-PCB W/iC Motherboard with 128K RAM $525.00
RE-PS-130 130-watt power supply 175.00
RE-ROM BIOS ROM 35.00
RE-CASE Case (complete) 150.00
RE-5150 enhanced keyboard 150.00
RE-MON/DIS RGB video card 175.00
RE-DISK DR. Teac 360K disk drive 125.00
RE-CTRL-A Disk controller/parallel port 175.00
RE-HARD DISK 10 megabyte drive with controlier 650.00
RE-YAD Y Adapter (to attach two drives) 5.00

Total*: 2165.00

*Note that due to last-minute price changes by both IBM and HiTech, the price difference
between their two compatible computers does not live up to the $2000 claimed on last
month's cover.

You’l} be prompted to hitany key to begin
tormatting drive C. When you do. don’t
be surprised at the amount of time re-
quired to format the hard disk. You will be
able to tell that the hard disk is working by
the drive indicator light being illumi-
nated. When formatting is complete, a
status report will be displayed telling you
the total disk space. the space marked as
detective. and the space currently allo-
cated to files. Note that the amount of
space marked as defective must be ZERO.
It any bad bytes are found. you should
contact HiTech International.

As we have seen. the DOS command
FORMAT is required to setup the hard
disk. 1t also initializes it. Initialization
could be disastrous if used at the wrong
ume. The same command s also used to
tormat the Hoppy disks. soif youused itin
error. the hard disk could in fact be erased.
To prevent that from happening. change
the name FORMAT.COM to FMT.COM.
To do so type "RENAME FOR-
MAT COM FMT.COM. ™

FIG. 13— THE COMPLETE HITECH COMPUTER is avai able fully assembled as the Sam 2001.

Next create a bateh file to format Hoppy
diskettes. To do so type: "COPY CON:
FORMAT.BAT FMT A% 1. Then hit the
F6 key. That program will enable you to
format a diskette or to format and place
DOS on your diskette. To only format the
diskette type FORMAT: to both tormat
and add DOS. type FORMAT/S.

That completes the formatting and con-
figuration of your hard disk. You are now
ready to enjoy your system.

Add-ons, etc.

One of the advantages of building your
cown system is the ability to tailor accesso-
ries to your needs. There are a lot of com-
panies making accessories for the IBM
FC/XT and anything that fits the IBM,
will work in your HiTech computer. To
offer you some assistance. we are includ-
ing a list of suppliers of accessories that
will permit memory expansion. addi-
tonal ports (serial, parallel. game. etc.)
and the ability to configure additional
memory as 4 RAM disk. R-E

NOOB8ANVH SHILNIWIHILX3 3-H

-
o
N



R-E EXPERIMENTERS HANDBOOK

108

3 D) =

Bar-Graph Voltmeter

for your CAR

Your car's ammeter can't warn you about impending battery failure. But this bargraph voltmeter
will help you keep tabs on your car’s charging system!

HAVE YOU BVER BLEN STRANDED IN A
parking ot because of a dead battery?
Nearly all of us have at one time or an-
other—usually at the most inconvenient
time, But that situation could be casily
awvorded it vou knew vour battery’s con-
dition,

Adding a voltmeter to vour dashboard
instruments is the best way o track vour
batteny s performance. We'll show vou
how to build a voltmeter that's a bit dil-
ferent from the ones you are accustomed
toseeing. Instead of a traditional mechan-
ical meter movement. this one uses a
sleeh-looking. cusy-to-read bargraph dis-
play. The display uses ten LEDS (Light
Emitting Diodes) to display o voltage
range from 10.5 to 13 volts. Each LED
represents a 0.3-volt step in voltage.

The voltimeter is designed around Na-
tonal Semiconductor’s LM3I914 dot/bar
display driver. Using that 1C keeps the rest
of the circuit simple: only 13 passive com-
ponents plus the 10 display LED'S are
reguired.

The voltmeter circuit

The schematic of the volumeter is
shown in Fig. 1. The heart of the circuit is
YL the LM-3914 dot bar display driver.
That 1C contains nearly everyvthing
needed to construct a surprisingly accu-
rate voltmeter.

Asvou can see trom the simplitied rep-
resentiation of the driver's internal circuit-
v shown in the schematice. the device

STEVE PENCE

contains a precision voltage reference
source thatis very stable over a wide range
of supply voltages and emperatures. It
also has a precision voltage-divider chain
made up of ten K resistors.

When the voltage reference is properly
connected across the divider chain. 10
very accurate voltages are set up at the

Jjunctions of cach of the 1K resistors. Each

of these reference voltages are fed to the
input of a separate comparator, which
compares the reference voltage with the
voltage presented to the input at pin 3.

[f the input voltage is greater than the
reference voltage. the comparator’s out-
put will go low. turning on its respective
LED. As the input voltage goes higher.
successively higher LEDs wrn on, The
voltage that cach LED represents is deter-
mined by the total voltage applicd to the
divider chain. If one volt is applied then
cach step will equal .1 volt.

You will note that the input voltage ap-
plicd to pin S is first divided in half by R}
and R2. That's because the 3914 cannat
measure a voltage that is equal to its sup-
phy voltage. We use the voltage divider to
cut it in half to provide plenty of head-
room. ‘This means that when the battery
voltage changes by .3 volt the input to the
driver sees only a . 25-volt change.

In order for the driver to measure in
25-volt steps we must apply 2.5 volts to
the internat divider chain. That is accom-
plished by setting trimmer potentiometer
RS 1o the correct value. The internal volt-

age reference is set up to provide a con-
stant current down through RS (which is
in parallel with the precision divider) and
through R6. The voltage dropped across
RS is therefore also seen across the preci-
sion divider.

Resistor R6 is needed because we must
begin our measurement at 10,5 volts in-
stead of ground. That resistor essentially
extends the bottom of the internal divider.
The first comparator therefore turns on
when the input signal is .23 voltabove the
voltage seen at the top of R6. 1 the con-
stant current from the reference source is
set to provide a 5.0-volt drop across R6.
then the first comparator will turn on
when the input voltage is equal to 5.25
volts (which corresponds to a battery volt-
age of 10L5 volts that is divided in half).

Trimmer potentiometer RS is next ad-
justed to so that 7.5 volts is applied to the
top side of the divider. You now have 2.5
volts across the divider for the required
.25 volt per step. Since the current through
RS and R6 is constant. the voltage
dropped across R6 will be constant. even
il the value of RS is changed.

Resistor R7 and diodes D2 through D3
clamp the voltage applied to the LED s o
about 3 volts. This limits the power that
the driver [C must handle and improves
measurcment linearity.

The clectrical systems of most auto-
mobiles are extremely noisy. often pro-
ducing narrow spikes as much as 200 volts
in amplitude. Spikes of that magnitude
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FIG.1—THE BARGRAPH VOLTMETER SCHEMATIC shows that the

circuitis notcomplex. To make the

meter easy to read at a glance, you might consider instalting yellow, green and red LED's to represent

different voltage ranges.
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FIG. 2—THE FOIL PATTERN for the bargraph voltmeter is shown
critical. so you may prefer to use point-to-point wiring. Buta PC boa

full size. The circuit layout is not
rd will certainly keep things neater.

can casily ruin 4 project of this nature if

precautions are not tahen. A lowpass tilter
made up of LT and C2 guards against
voltage spikes. Diode DI is used to protect
against reverse voltage in case the volt-
meter is hooked up hackward. Although
those three components are not required
for the voltmeter to operate. vou should
install them: They do inerease long term
reliability.

Building the voitmeter

The bargraph voltmeter is casy to build.
Iy made up of a printed-circuit board.
one integrated circurt. and a few discreet
components. A PC board is not essential.
but it certainly is a convenience. A toil
pattern for i board is shown in Fig. 2. You
can. however. build the meter using pre-
punched circuit board and point-to-point
wiring technigues. The layout of the cir-
cuit is not critical. The parts are available
from a large number of electronics dis-
tributors or from the source listed in the
parts list.

Once you have all the parts together.
you can begin assembly by installing the
componerits by following the parts-place-
ment guide of Fig. 3. Remember that the
diodes. the LEDs, and capacitor C2 are
polarized and must be installed in the cor-
rect direction.

When installing the LED's be sure they
are all placed the same height from the PC
board (approximately . 150 inches). That's
miost easily done by having someone hold
the board for sou while you solder them
imto place. Have him hold the board foil
side up. with the LED's installed over a
flat surtace. That will force the faces ot all
the LED'S to be at the same height from
the board. After they are all soldered i,
bend them over so they are parallel to the
surfice of the board (see Fig. 4.

If vou have access to difterent-colored
LEDs. you might consider installing
them to Mgn.nl different voltages. For ex-
ample. yellow could represent anvthing
under 12 volts, green could indicate inputs
between 12 and 14 volts, and red could be
used to indicate that vour battery s over-
charging.

Dont forget to install the jumper wire.
J1. on the printed circuit bourd. That pro-
erams the LM3914 to display i the bar-
mode. If, on the other hand. you prefer the
dot mode (in which only one LED at a
ame cones on) simply leave the jumper
out.

Calibrating the meter

Culibration is casy to do—but it does
require the use of an accurate voltmeter as
a reference. The calibrating meter should
be able to read to within at least .1 voltona
10-volt range.
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FIG. 3—PARTS PLACEMENT DIAGRAM. Note that for the unit to read from left to right. it must be

installed foil-side up.

FIG. 4—THE ASSEMBLED VOLTMETER BOARD. When you install the LED’s, make sure that
you keep them all the same height, and bend them evenly.

Preset variable resistors R4 und RS 1o
the center of their range. Connect the
meter to a source between 12 volts and 13
volts. With your calibrating voltmeter,
iwasure the voltage from pind of the HC to
ground Gacross resistor ROy Adjust R4 for
enactly 3.0 volts at this point.

Nevt measure the voltage from pin 8 of

the 1C 1o ground cacross RS and R6). Ad-
Just RS Hor exactly 7.5 volts. The two
adjustments should not interact. but re-
¢heek the voltage at pin 4 just to be sure.

Installing the voltmeter
Mechanically, there is only one thing
you have to keep in mind when installing

PARTS LIST
Resistors
R1. R2—30,100 ohms, 1/4 watt, 1%
R3—750 ohms 1/4 watt, 5%
R4—500 ohms trimmer potentiometer
R5—5000 ohms, trimmer potentiometer
R6—3740 ohms, 1/4 watt, 1%
R7—82 ohms, 2 watts
Capacitors
C1—0.1 nF, ceramic disc
C2—10 wF, 16 volts, tantalum
Semiconductors
1C1—LM3914 bar/dot display driver
D1-D5—1N4001
LED1-LED10—rectangular red LED
L1—1.0 uH choke

" The following are available from Elephant

Electronics Inc., P.O. Box 41770-P, Phoe-
nix, AZ., 85000: Printed circuit board only,
{BVM-1) $5.95; PC board with all board-
mounted parts, (BVM-2) $19.95; Kit of all
parts including case, (BVM-4) $24.95. Ari-
zona residents add 6% sales tax. Canadi-
an orders please remit in U.S. funds. Allow
4 to 6 weeks for delivery.

the volumeter: In order for the display 1o
read from left to right. the PC board must
be mounted with the toil side up.

Many cars come equipped with an am-
meter to indicate charging is taking place.
Although this tells you that the alternator
is charging. it does not telt whether or not
the battery is aceepting the charge. A volt-
meter on the other hand lets you know
immediately what is happening in the
charging system. It can give you ad-
vanced warning that vour battery is on the
way out.

It vour battery is fully charged. the en-
gine is not running, and no accessories are
on, you should measure 1210 12,5 volts. If
the battery is placed under load by wrning
on the headlights the voltage should drop
only a half a volt or so. After starting the
engine. the alternator will quickly bring
the battery voltage up to 13 or 14 volts it
the system is charging properls.

If the alternator voltage were 1o rise
more that 2 volts above the battery volt-
age, it would indicate overcharging. One
possible reason could be a bad vollage
regulator ground. Overcharging will
cause excessive boiling of the electrolyte
and warping of the plates. That can lead to
internal shorts.

If the battery isn’t holding a charge
properly. it is casily detected by checking
the voltage just before starting the engine.
It the voltage has dropped to 11 volts or
less over night, vou may soon be stuck ina
parking ot somewhere.

One of the real advantages to the volt-
meter is that vou become accustomed to
the normal pattern of voltage fluctuations.
When a problem rears its head, the pattern
will change and vou then have an carly
warning of impending doom. R-E




A VARIABLEE POWER SUPPLY 1S AN ISSEN-
tial part of any electronics workbench. 1t
your workbench is lacking one. then this
supply is Tor you! It's inexpensive. cas)
to-build. and it’s more than just & power
supply: It includes two variable. precision
voltage-reference outputs oo

The power supply provides three pairs
of complementary voltage sources. Each
output has built-in current limiting. and
all share a common ground. While the
supply is designed for low- to medium
current applications. we’ll show you how
to increase the current capability of the
non-precision sources to 2 amps

The first pair of voltage sources. + Vg
ind — V. are independently adjustable
Euach has a 15-volt range of adjustment
and can supply a current of 100 ma.

The second pair. + V. and = Vo8
dual-tracking: The outputs. which are ad
justed using a single control. are equal in
magnitude and opposite 10 polarity. The
adjustment range of the dual-tracking out
puts is the same as for the independent
supplies. The tracking sources can also
supply 100 ma of current

The third pair of outputs. +V,, and

Vi. is a set of precision voltage

Bet\c\‘m

yauGHN ©

No electronics workbench is complete without
a variable power supply. If you're still missing that
essential tool, here’s a versatile six-output supply you'll want to build.

sources. one positive and one negative
with respect 1o ground. The output of cach
15 set by a 10-turn potentiometer and
turns-counting dial. Those supplies have a
somewhat wider voltage range (25 volts
cach). but have very low current output (4
mA). They are intended. once calibrated.
10 be used as secondury culibration stan-
dards. not to supply operating current to
working circuitry.

One of the special features of this power
supply is that each pair of outputs is com
pletely independent of the others. so you
need only build the output pairs that you
need. For example. if you don’t need the
precision source. simply omit all compo-
nents associated with it (Even if you omit
one section. we recommend using the
printed-circuit artwork provided: it will
make it easy to add the section later.)

Circuit operation

As you can see from Fig. 1. the power
supply is made up of four main sections
The rectitier circuit is shown at the upper
lett of the diagram. the precision sources
at the upper right. the dual-tracking sup-
ply at the lower left. and the independent
supplies at the lower right

The rectifier circuit

The rectifier circuit supplies halt-wave
rectilied DC to each section of the power
supply. Note that the polarity of the diodes
and capacitors for the positive supplies is
opposite that of those for the negative
supplies. The non-precision supplies are
powered by the *20-volt rectifier out
puts. while the precision sources get their
ruw power from the *40-volt rectifier
outputs

The independent supplies

Zener diode DS provides a 6.8-volt rei-
erence o the non-inverting input ol op-
amp IC|. The inverting input will aiso be
at a potential of 6.8 volts due to normal
op-amp feedback. The voltage developed
by IC1 is dropped across 10K potentiome-
ter R6. the front-panel + surrewy control
that's used 1o adjust the + V¢ output volt-
age. The output of R6. which may vary
from .0 10 6.8 volts. is applied 1o the
non-inverting input of op-amp 1C2. The
gain of the op-amp may be calculated
using the following equation:

EouTt En(R10+R11 + R12)/R12

With trimmer potentiometer R11 set at

its midpoint. about 2.5K. the factor in
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parentheses conmes out toabout 2420 E,(
is the reference voltage dropped across
potentioneter R6. So th output voltage
may vary, according to the position ot Ro.
front0 X 242 = Ovolisto 6.8 x 2 .42
16,5 volts,

The op-amps provide current himiting.
and series- pass transistor Q1 provides cur-
rent amphtication. Transistor Q2 senses
the output voltage. and. as pan of 1C2s
feedback loop. helps compensate lor vari-
ations 1 load current

The negative mdependent supply is
composed of 1C3 1CH4 and assoctated cir-
cuitry. Hs reference voltage is taken from
D3, the same 6.8-volt Zener used i the
positive-output cireuit. Here. however,
the reterence 1s applied 1o the mverting
mput of 1C3. Due to the ratio of RI13 1o
R4 thatop-amphasa gainot - 1. There-
lore 1C3 has a4 — 6.8-volt output that is
applied to tront-panel — st ey control
potentiometer RIS From that point on.
the negative cireuit operates just as the
positive circuit does. The output voltage 1s
determined by multiplying the input volt
age by the factor (R19 4+ R201R20. Note
that PNP series-nass transistors are used
here. while NPN transistors are used in
the positive supply

Dual-tracking supply

Ihe dual-tracking supplies operate ina
manner similar to that of the independent
supplies. A 6. 8-volt reference s derived
trom Zener diode D6 and applied to the
non-inverting input of 1CS. which tune
tons just as 1C1 does. Its output s
dropped across front-pancl ¥
potentiometer R24 The output of R24 18
then apphied o non-inverting amplitier
IC6. which tunctions just as 1C2 does
IC7 s slaved to the output of the positive
portion of the circut, and thereby
provides the tracking action that produces
anoutput equad i magnitude but opposite
in polarity.

Precision output supplies

Zener diode D9 establishes a 12-volt
bias on the bases ot 4 pan ol complemen
try transistors. Q1T and Q120 That bias
produces a constant [-ma current through
the collector circuits of the two trun-
sistors. The magnmiude of that current mia
be adjusted by RS0 The voltage de-
veloped across R3T by that current s ted
to the non-inverting mput of 1CY. whichis
used as i voltage tollower (an amplitier
with a voltage camol = 1), Here 1CY also
provides current ampliicaton. The op
amps used i this cirent can provide a
maximum current of about 4 ma

The non-inverting iput of 1CY has an
mput impedance of at least 10 megohms.
sovery litde of the T-mu current generated
by transistors Q1 and Q2 leaks through
that point. Of course. 1 ma through 25K
potentiometer RS will provide a 25 \nll
drop. As more and more of the resistance
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FIG. 2—FRONT-PANEL LAYOUT of the power supply. The hole-sizes for the ten-turn potentiometers
and turn-counting dials you use may differ from those given here.
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FIG. 3—REAR-PANEL LAYOUT of the power-supply. Note the small holes along the bottom for

adjusting the trimmer potentiometers.

of the potentiometer s shunted to ground.
the voltage presented o the op-amp de-
creases proportionately and so. theretore.
does the output voltage. For example.
when R3 1 measures [OK (from the non-
mverting input of the op-amp to ground).
output voltage would be 0,001 ma
10,000 ohms = 10 volis,

The negative precision souree 18 quite
simifar to the positive source. eacept that
NPN transistors are used for the 1-ma cur-
rent source. and the polarity of the Zener
diodes is reversed - Op-amp [CS functions
as o voltage tollower. as 1CY does in the
positive output cireuit. The output voltage
is adjusted by R4 the tront-panel — v,

-t
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control, While R44 and R31 are specitied
as [0-turn 23K potentiometers. FOK unils
can be used it = H0-volt outputs are sul'ti-
cient.

Metering circuits

The meter circuit shown in Fig, | is
optional. it you choose to omit all meter-
ing. just run feads trom the output pads on
the PC bourd to the appropriate hinding
posts. It you choose to include the cur-
rent-metering circuit. understand that,
with the switching arrangement shown,
only one supply atatime may be used: the
unused supplies will be disconnected
from the binding post outputs. Although
12-position duad-gang switches were used
in the prototy pe. vou can use any switches
with at least 6 positions and 2 gangs. On
the other hand. you could add separate
meters for cach output circuit,

The value of RS2 will be determined by
the meter you use for Mi. it will not be
necessary at alt iff vou use @ meter with a
voltage rating greater than that ol the
highest output. For the meter specitied in
the Parts List. a value of 1.8K is adequate.
and gives a full-scale reading of 40 volis.

Construction

Most components are casily obtainable
from common sources: some hints are
provided tor those few components which
may prove difticult to tind. The cabinet
specified inthe Pants Listis roomy enough
that it should allow & hettier transformer
and output transistors o be used 1o in-
crease the power supply’s current-output
capacity.

Figures 2. 3. and 4 show the dimen-
sions of the front. rear and bottom punels
of the enclosure. Although hole diameters
are provided. be sure you check the man-
utacturer’s specitications tor the dimen-
sions of the parts you'll be using before
drilling. The shafts for the potentiometers
will probubly be either YA or Yainch. Two-
inch edge-reading meters were selected o
give the front panet an uncluttered look.
You can. of course. use other meters. The
square hole in the back panel accommo-
dates a rather faney fuse holder: you may
find it more convenient to use a standard
round tuse holder with & 0.440-inch di-
ameter.

Mounting potentiometers and dials
When buying components. be sure o0
select a dial that matches the potentiome-
ter’s shatt diameter. To mount the potenti-
ometers and dials, reter to Fig. 5 and
follow the procedure described below,
adapted from instructions prepared by
Beckman Instruments for the Helipot
Duodial series of potentiometers and
turns-counting dials which were used on
the prototype.
@ ‘Turn the potentiometer shaft against its
counterclockwise stop and insert the shaft
into the shatt hole.

e e
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FIG. 4—TOP VIEW of the power supply chassis

shows the mounting holes for the PC board.
transformer, and cabinet feet.

10-TURN
POTENTIOMETER

LOCKING LEVER

PANEL

LOCATING
WASHER

MOUNTING
NUT

DIAL ASSEMBLY

FIG. 5—MOUNTING A MULTI-TURN DIAL and
potentiometer can be difficult if you don't follow
the instructions carefully.

® Slip a locating washer over the shaft.
and scat the locating-washer lug in the
smatll hole benceath the shatt hole.

® With a wrench. firmly tighten the
mounting nut into the potentiometer
bushing. Note that the nut supplied is re-
versible. For thick panels. use as shown in
Fig. 5. For thin panels. reverse the nut.
® With the locking lever in the o (upy
position. slip the dial assembly over the
potentiometer shatt. Be sure that the lug at
the top of the Jocating washer seats in the
slot behind of the dial. Also be sure that
the whole assembly rests lightly against
the panel.

® Turn the dial counter-clockwise until
the zero of the outer scile is in the center
of the window. Now turn the dial slowly
until the scule reads between 10 and 20 at
the index line. Tighten the set serew until
aveny slight drag on the shaftis feli. Turn
the knob very slowly until both zeros line
up with the index line. Tighten the set
serew firmly.

The PC board
The recommended wiy 10 build the

PARTS LIST

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

R1, R2, R9. R18, R27, R37—4.7 ohms

R3, R21—1800 ohms

R4, R12, R20, R22, R30—6800 ohms

R5—620 ohms

R6, R15, R24—10.000 ohm panel-mount
potentiometer

R8. R16, R17, R25, R26, R35, R36—470
ohms

R10. R28—7200 ohms

R11, R29, R32—5000 ohms, 15-turn, PC-
mount trimmer potentiometer

R13, R14, R33, R39, R46—10,000 ohms

R19—9100 ohms

R23—750 ohms

R31—5600 ohms

R34—4700 ohms

R38, R45—8200 ohms

R40, R47—5100 ohms

R4i, R48—2700 ohms

R42, R49—1500 ohms

R43, R50—1000 ohm, 10-turn PC-mount
trimmer potentiometer

R44, R51—25,000 ohm, 10-turn panel-
mount potentiometer

R52—See Text

Capacitors

C1, C2—47 pF, 50 volts, electrolytic

C3. C4, C5, C6—100 uF, 50 volts, elec-
trotytic

C7.C9—0.1 uF

C8, C10—0.003 uF

C11, C12— 1000 p.F, 50 volts, electrolytic

Semiconductors

1C1-1C9—LM101, or LM741 op-amp

D1, D3, D11, D12—1N4001

D2, D4—See Text

DS, D6—1N754 6.8-voit Zener

D7. D9—1N4742A 12.0-volt Zener

D8, D10—1N4371 2.7-voit Zener

Q1, Q5—2N3766

Q2, Q6—2N3904

Q3, Q7—2N3740

Q4, Q8—2N3906

Q9, Q10—2N2484

Q11. Q12—2N2605

Other Components

F1—Fuse %o amp, 250 volts

S1—SPST, 115 volts AC, 1 amp

S$2, S3—6-position, 2-pole rotary switch

BP1-BP9—Binding posts

Miscellaneous: Turns-counting dials (2):

Cabinet: Bud No. SE3030; heatsinks for

Q1, Q3, Q5. and Q7; line cord, hookup

wire, etc.

Note: An etched and drilled PC board

is available from Specialty Electronic

Services, Inc., P.O. Box 3320, San An-

tonio, TX 78211, for $48.50 postpaid.

power supply is to use a printed-circuit
board. Full-size foil patterns for a suitable
board are shown in the *PC Service™ sec-
tion. (See page 83.) If you choose not to
make your own board. you can purchase
an etched and drilled board from the
source mentioned in the Parts List.
Whichever board you use. check it care-
fully for shorts and broken traces before
you mount any components. Be par-
ticularly careful when you check areas
that will be hidden under components
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FIG. 6—PARTS PLACEMENT DIAGRAM shows how on-board and off-

board components are wired.

once they're mounted on the PC board

After checking your board and correct-
ing any problems. you can mount the
components using the parts-placement di-
agram in Fig. 6 as a guide. Be sure to
observe the polarity of all semiconductors
and electrolytic capacitors. Use sockets
for the op-amps. but don’t insert the op-
amps at this time. Ornient the small tran-
sistors (Q2. Q4. Q6. Q8-Q12) und diodes
on the PC board carefully.

Transistors Q1. Q3. Q5. and Q7 require
heat sinks. and should be mounted to the
chassis. Be sure to use mica insulators so
that their collectors won't short to the
chassis: and coat the insulators on both
sides with silicone grease to ensure etti-

FIG. 7—THE REAR PANEL OF THE POWER SUP-
PLY.

the lower left.
cient heat transfer. Attach the complete
assemblies to the rear panel.

Final assembly

After all components have been
mounted. but betore the 1C’s have been

FIG. 8—INTERNAL A-SSEMBLY of the power supply. M1 and M2 are shown at the upper right, and T1 at

installed in their sockets. check the board
carefully for solder bridges and un-
soldered pads. Fix any problems. and
then connect the transformer to the PC
board. Verify the presence of +40 and

Continued on page 133
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BURGLAR ALARM

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

(1S 8 NAD COMMENEARY THAL 1 HEST
days aburglar alarm is becoming as com-
mon a houschold “appliance™ as a re-
frigerator or a dishwasher. But burglar
alarms are not inexpensive. Most will cost
afew hundred dollars, and some elaborate

systems could cost a thousand dollars or

more.

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

DISARM
ARM
S [
LED 1 /;'I.ED 2 /?
RED GREEN \ &

8 sI 5!
| lz 4L—. .

LM3909
4TpF B1
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.

I s Sorsarm

| Vlm ——0—>?AHM
\L__
‘ lo- ]
| “}

—

B - —
} 15V

LED 2 LED 10
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 inake vour home
absolutely burghar proof, If you have
something a burglar wants badly. and the
burglur 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 1o casier 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 alarm system is a status
display located near the entrance. That
display usuully consists ol a red and a
green LED that show whether or not the
system is armed.

By now you muy have guessed where
we are headed: Since the presence of an
alurm-status display alone is enough
sometimes to scare of ' a burglar, why not
setup a dummy display and do away with
the rest of the svstem? That's precisely

PARTS LIST

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

LED2—red jumbo LED

S51—8PST, key switch

B1—1.5 volts, “C" cell

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

The following are available from En-
berg Electronics, PO Box 55087, Indi-
anapolis, IN 46205: Complete kit,
including anodized aluminum cover,
$18.95; assembled unit, $22.95;
anodized cover, $2.50; PC board,
$2.50. Indiana residents please add 5%
sales tax.

what our circuit does. Of course it won't
give you the degree ol security that a real
alarm-system would. but its costis much.
much lower.

The schematic diagram of the cireuit is
shown in Fig. 1. The circuit is extremely
simple and is built around an [.M390Y
LED flasher 1C. With the value of Cl
shown. the circuit will Qash an LED at
rate of 5.5 times-per-second. fos powered
by an alkaline “C7-size celt: estimated
battery lite is 15 months.

Switch ST should be a key tpe as s
typically tound in burglar-alarm installu-
tions. The switch should be mounted on
the dummy status-display s front pancl to
give the set up a more realistic look.

Building the circuit

The cireuit is simple enough to be built
on a picce of perforated construction
board. {1 vou wish to use a PC board. an
appropriate pattern is shown in our PC
Service section. The parts-placement di-
ageam for the board is shown in Fig. 2,

Iwo construction details bear special
mention. One s the lead length of the
LED'S. They should be Ya-inch long to
allow for flexibility when mounting the
bouard tmore on that in a momeni). See-
ondly. the lead length of Clshould be hept
to an absolute minimum. B¢ sure that the
bottom of that clectrolytic capacitor is
flush with the board.

The circuit is mounted on a picee of
anodized aluminum. Size is not eritical,
as long as itis appropriate for the task . The
author’s prototvpe wis 12 x4 inches.
‘The other side of the aluminum picee will
serve as the dummy status-pancl.

Continued on page 139
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Grystal Radio

Here's how to build a vintage-style crystal radio receiver
with performance that might surprise you.

FATRY 11 ECERONICS HOBBY IS TUAS BLH
a enstal sett What? You haven’t? Then
this vintage-style envstal radio s the one
o build! 1t's & high-performance receiver
that tries ity best to remain true to s era.

Crystal radios capture the imagination
because they need no power source and
they bring back the days when radio was
“magic.” There s, of course. nothing
magic about i erystal set that works well.
But carctul design can make o receiver
something special. This design uses the
signals captured by the antenna very efti-
ciently. Of course. the attractive polished
wood base helps make the recener spe
cial, too—even to those who aren’t usu-
ally fascinated by the “magie™ of crystal
radios

A high-performance circuit

The schematic of the recenver is shown
in Fig. 1. One of the teatures of the design
is that the antenna-tuning circuit s sepa-
rate from the main trequency-selection
circuit. The antenna-tunimg cirewnt s
made up o an 8O-turn. 10-tap cotl (L1
coupling coil (1.2). and an optional tined

capacitor (Ch. Teacts as a pre-selector tor

the main tning cireuit. bn other words 1t
maximizes the strength of the signals re-
ceived by the antenna at a particalar fre-
quencey or frequency band

The inductance of .1 s vanied by e
fecting one ol the coit's taps The energy

PAT O'BRIAN

from the antenna-tuning circuit is induc
tisehy coupled to the main wining circuit
via 1.2 and 1.3, The degree of coupling is
varable. As shown in the photo in Fig. 2,
1.2 can pivot about its mounting point.
The variable coupling results i a more
selective receiver.

The main tuning circuit is made up of

.3 and C2. RF cnergy from that tank
cireuitis tapped oft by S2 and detected by
DI, Switch $2 isn’t a conventional
switch. Instead. it is an altigator clip that
is moved from tap o tap. The detected
audio signals are fed to jack JH and then to

C2 L3

J—

a pair of high-impedance (4000 ohm)
headphones. Capacitor C3 acts 1o bypass
RE past the headphones. which must be o
high-impedance type.

Building the receiver

How you build your receiver s, of
course. a personal choice. But we'll show
you what we think is the right way to do it
It vou lack the skills or the materials that
are needed o put together an authentic-
looking crystal radio. then you might be
better oft buying the kit that's available
from the source mentioned in the Parts

L2

Al

GND A2

FIG. 1—THE CRYSTAL RADIO SCHEMATIC. The coils are hand-wound. Their starting points are
indicated by bold dots. Note that switch S2 is not a standard switch—it isanalligatorclipattheendofa
“flying lead.”

-—h
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S1
ANTENNA TAPC

I
= 2 :
220pF —
A2
GND
= *SEE TEXT

FIG 2—REAR VIEW of the crystal set shows how the components are mounted on bakelite panels,
which are in turn mounted to the hardwood base. Note that the coupling coil, L2, pivots around its

mounting point so that its degree of coupling to L3 can be adjusted. Also note the case in which D1, the

crystal detector, is mounted.

List. (The receiver shown in the photos
wits built from a Kit.) If you choose to put
vours together from scratch. don’t hesi-
tate to change our layout to suit the com-
ponents vou find. Just tny to keep the
flavor of the past by tollowing our pro-
totvpe and by using using things like briss
screws, DCC (Double Cotton Coated)
wire. bakelite mounting pancls. cle.
Betore we can build the receiver, we
have to getall the components together, It
will take some scrounging but it can be
done. The best place to start is with the

components you'll have to make yourselt:
the three “spider-web™ coils.

Winding the spiderweb coils is perhaps
the most ditticult part of building the re-
ceiver. IUs actually not that ditticultit you
follow our directions caretully. Two of the
coils, L1 and L3, are wound identically.
They consist of 80 turnsy of 26-gauge
cnamel-couated wire wound on i 9-spoke

spiderweb coil form with a diameter of

4¥ inches.
The coil is wound as ten separate 8-turn
coils. After they are wound, they are con-

“L* MOUNTING

BRACKETS
i i
ANCHOR
< o S SPOKE
b FIRST SPOKE
@]
@]
@]
@]
@]
START OF
FINISH 8 SECOND COIL
-
‘ PaSAN
smm o ¢ \
HHST con
. WINDING
\ DIRECTION

| 334 INCHES o

FIG. 3—THE SPIDER-WEB COILS must be hand wound. Here, shown half size, is the coil form for L1
and L3. Each coil consists of 80 turns of 26-gauge enamel-coated wire, tapped every 8 turns. However.
as explained in the text, they are wound as ten separate 8-turn coils. Coil L2 is wound as 16 turns of 26-

gauge cotton-coated wire on a 3%-inch form. Use stiff, black cardboard to make the forms.

PARTS LIST

D1—1N34A germanium. See text

C1—220 pF. mica

C2—0-200 pF. variable

C3—750 pF, mica

L1, L3—80 turns of 26-gauge wire on spi-
der-web form. See text.

L2—16 turns of 26-gauge wire on spider-
web form. See text.

J1—phone jack, s inch

Misceltaneous: Hardwood base. coil

forms, 26-gauge wire, binding posts. rub-

ber mounting feet, high-impedance head-

phones, etc.

NOTE: A complete kit for the crystal

receiver (order No. K-9002) is available

from Dick Smith Electronics, Inc., P.O.

Box 8021 , Redwood City, CA 94063,

800-332-5373 (orders) 415-368-8844

(inquiries) for $79.95 plus $5.50 han-

dling. High-impedance vintage (1940)

headphones (order No. C-4001) are

available for $19.95 plus $2.50 ship-

ping. California residents must add

6.5% sales tax.

nected together—the connections be-
come the taps. Fgure 3 shows what vour
coil form should Took like. wnd indicates
some of the winding specitics.

The coils are wound from the ““tront™
of the coil forms, which is the side where
the 1.7 mounting brackets are attuched.
Start at the inside of the coil and work
outward. To start cach 8-turn coil. feed
about 10 inches of wire through the appro-
priate hole tfrom the front of the form,
taking it around the right side ot the
mounting spoke (which we’ll call the an-
chor spoke). and feeding it again through
the same hole and pulling it tight. That
anchors the start of cuch coil in place.
Now wind the wire around the coil form,
under the first spoke. over the second.
under the third. and so on,

The tinish™ end of the coil is pushed
through the neat hole toward the outside
ot the form, and it is anchored 1o the spoke
by bringing the wire around the the lefr
side of the mounting spoke and through
the hole and pulling it tight.

The start of the next coil is anchored at
the hole where the preceding coil ended.
Be sure to wind the coils tightly so that a
total of 80 wrns will fit on the coil form,
and so that you don’t cover holes on the
anchor spoke.

When all ten 8-turn coils are wound
correcthy on the coil torm. you should be
left with 9 pairs of wire. and two single
wires (the start and end). Twist cach pair
together tightly, and cut to an appropriate
length. Solder the 9 pairs together. and tin
the start and tinish teads. You'll hane to
apply @ good amount of heat from the
soldering iron because you need to melt
the enamel coating. I you do it right, you
won't hine to scerape the leads bare. You
can cheek vour work by mieasuring con-

) continued on page 134
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ROBERT GROSSBLATT, and ROBERT 'ANNINI _ This experimental high-voltage
- . genarator can produce 75,000

Man'’s fascination N
with high voltages
began with the first
caveman who was
terrified by a bolt of
lightning. In more
recent times,
electranics
experimenters and
hobbyists have found
the Tesla coil and the
Van de Graaff /-
generator equally / '
fascinating. In this
article we’'ll show you
how to build a hand-
held high-voltage
generator that is
capable of producing
75,000 volts at a power
level as high as 25,000
watts. The stun gun
can be used to
demonstrate high-
voltage discharge and A r

as a weapon of self- SRR R s 0cvicE 1S NOT A TOY. We present

volts at a peak power of 25,000
watts.

defense. Before : t for edu(':atl_?:al anc (tax(;)erirlnenal bpur;
Lons . i : | Joses only. The circuit develops abou
bl."ldlng one, however, Ny \ 75,200 volts at a maximum peak pawer of
e R 25,200 watts. The ottput is pulsad, "ot
yOU ShOUld I'ead and sontinuous, but it can cause a great dzal
pay VeI'V dose S e f pain should you become careless end
- E 3 Jet caught between i's output ter ninals
attention to the A covdud and you should never, repeat, NEVER
H H ) I O e Jse it on another person! It may not be
Warnlng n t_he £y - against the law in your area to carrv a s:un
accon"pa"y"']g text L T Junin public, but, if you use it on anotaer
RSN ! oerson, you may still be liable for civil ac-

box, as well as to the B s tion

inki - ~o0 help you build, ‘est, and acwst the
dQSCl:'ptlop of e N device safely, we have included a numoer
phySIOlﬂglcal effects fon of tests and checks trat must be folloved
= strictly. Do not deviate from our pre-cedure

that follows.
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Physiological effects

So that you may understand the danger
inherent in the stun gun, let’s discuss the
physiological cffects first. When a high
voltage is discharged on the surface of the
skin, the current produced travels through
the nervous system by exciting single
cells and the myelin sheaths that enclose
them. When that current reaches a syn-
apse connected to a muscle, it causes the
muscle to contract violently and possibly
10 go into spasms.

The longer contact with the high volt-
age is maintained. the more muscles will
be affected. If the high voltage maintains
contact with the skin long enough to cause
muscle spasms, it may take ten or fifteen
minutes before the brain is able to re-
establish control over the nerve and mus-
cular systems.

How much power is required to cause
such spasms? That's not an rasy question
to answer because, although it is rela-

c2
39uF
350V

T2°|HIGH-VOLTAGE
OUTPUT

TO ELECTRODES
a2 13"

Bl g

A
Eﬁ,&ﬂﬁiﬂl o

=
A
r=ihdd

" SEE TEXT

FIG. 1—THE STUN GUN'S CIRCUIT is a multi-stage voltage step-up circuit. The Q1/Q2 circuit produces
a squarewave output of about 10 kHz, and Q3 produces 15-us discharge pulses at a rate of about 20
ppm. Those pulses fire SCR1, which induces a voltage in the windings of step-up transformers T2 and
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tively casy to make precise measurements
of the power produced by a high-voltage
device, it is difficult to rate the human
body s susceptibility to shock accurately.
Some obvious factors include age and dis-
eases such as epilepsy. But the bottom line
is simple: The only one who fools around
with a stun gun is a fool.

The amount of energy a device delivers
is actually the amount of power delivered
in a given period of time. For our pur-
poses. it makes sense to talk about energy
in joules (watt-seconds). Using a fresh
9.8-volt Ni-Cd battery, the stun gun is
capable of delivering peak power pulses
of 25.000 watts. Actually, pulses start out
at peak power and then decay exponen-
tially. The length of the decay time de-
pends on the components used in the
circuit, the ambient temperature, the bat-
tery’s capacity. and the positioning of the
output contacts with respect to each other.

Assuming that the decay rate is purely
exponential, the stun gun can produce
about 0.5 joules of energy, provided that
the battery is fully charged. Let's put that
number in perspective.

Both the Underwriter’s Laboratory (in
Bulletin no. 14) and the U. S. Consumer
Product Safety Commission state that
ventricular fibrillation (heart attack) can
be caused in humans by applying 10
joules of energy. Since the stun gun only
generates about half a joule, you might
think that a device that produces only one
twentieth of the critical amount has a
more-than-adequate margin of safety.
Don’t ber on ir. A brief contact with the
stun-gun’s discharge hurts a great deal,
but it takes only about five seconds of
continuous discharge to immobilize
someone completely.

Let’s compare the stun gun’s output
with a similar device, called a Taser gun,
which appeared on the marketa few years
ago. You may have seen a film demon-
strating just how eftective the Taser could

T3.

be as a deterrent. A foolhardy volunteer
was paid an enormous sum of money to
have the Taser fired at him. No matter how
big. strong. (and stupid) the person was,
as soon as the Taser’s ““dants™ hit him, he
would collapse to the ground and go into
uncontrollable convulsions.

The energy produced by the Taser is
only 0.3 joules—about 60% of what our
stun gun produces! Even so. the Taser has
been ofticially classified as a firearm by
the Bureau of Tobacco and Firearms be-
cause it shoots its electrode “darts™
through the air. Even though our stun gun
doesn’t operate that way. the Taser puts
out considerably less energy than the stun
gun. Keep those facts and figures in mind
as you assemble and use the device.

How it works

The schematic diagram of the stun gun
is shown in Fig. 1. Basically, it’s a multi-
stage power supply arranged so that each
succeeding stage multiplies the voltage
produced by the preceding stage. The
final stage of the circuit feeds two op-
positely-phased transformers that produce
extremely high voltage pulses. If that de-
scription sounds familiar, you've proba-
bly studied capacitive-discharge ignition
systems—the stun gun works on the same
principles.

The first section of the power supply isa
switcher composed of QI., Q2. and the
primary windings (connected to leads E,
F.G.and H)of TI. When rire: switch Sl is
closed. R1 unbalances the circuit and that
causes it to start oscillating. Since base
current is provided by a separate winding
of T1 (connected to leads C and D). the
two transistors are driven out of phase
with each other, and that keeps the circuit
oscillating. Resistor R2 limits base drive
to a sate value, and diodes DI and D2 are
steering diodes that switch base current

from one transistor to the other. Oscilla-
tion occurs at a frequency of about 10
kHz.

The switching action of the first stage
generates an AC voltage in TI's high-volt-
age secondary (leads A and B). The
amount of voltage depends on the battery
used. but a battery of seven to nine volts
should produce 250 to 300 volts across
T1's secondary.

That voltage is rectified by the full-
wave bridge composed of diodes D3-D6.
Capacitor C2 charges through D7 at a rate
that is controlled by R3.

The value of capacitor C2 affects the
output of the stun gun. The greater the
capacitance, the more energy that can be
stored. so the more powerful the dis-
charge will be. A larger capacitor gives
bigger sparks. but requires more charging
time, and that gives a lower discharge
rate. On the other hand. a smaller capaci-
tor gives smaller sparks. but a faster dis-
charge rate. If you wish to experiment
with different values for C2. try 3.9 uF (as
shown in Fig. ), 7.8 uF, and 1.95 pF
Those values were arrived at by using one
3.9 uF capacitor alone, two of the same
capacitors in series, and two in parallel.

Meanwhile, UJT Q3 produces 15-ps
pulses at a rate of about 20 ppm. That rate
is controlled by C3 and the series com-
bination of R6 and R7. When a pulse
arrives at the gate of SCRI. it fires and
discharges C2. That induces a high-volt-
age pulse in the primary windings of T2
and T3, whose primaries must be wired
out of phase with each other. The result is
a ringing wave of AC whose negative
component then reaches around and
forces the SCR to tum off. When the next
pulse from Q3 arrives, the cycle repeats.

The outputs of the stun gun appear
across the secondaries of T2 and T3. The
hot leads of those transformers connect to
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FIG. 2—MOUNT ALL COMPONENTS ON THE PC BOARD as shown here. Note that T2 and T3 are
mounted off board, and that J1. C1. and D7 mount on the foil side of the board. In addition, a number of
components mount beneath T1: D1-D6, R1, and R3. Those diodes and resistors must be installed
before T1.

R8 SCR1 C3 D8 R3 1 R2 S1 Q2 O

c2 R4 03

FIG. 3—BEND SCR1'S LEADS 90" so that the nomenclature faces up and then solder the SCR to the
board. Also note that C3 must be bent over at a 90 angle. and that R2 is mounted vertically.

J JUMPER D7 (o]

FIG. 4—JACK J1. DIODE D7. AND CAPACITOR C1 mount on the foil side of the PC board. One terminal
of Jt mounts to the same pad as R8. and the jack should be glued to the board with RTV (or other high-
voltage compound) after you verify that the circuit works properly.

PARTS LIST
All resistors are Va-watt, 5% unless oth-
erwise noted.
R1—1000 ohms
R2—110 ohms, 1 watt
R3—2200 ohms, 1 watt
R4—36 ohms
RS, R8—100 ohms
R6-—39,000 ohms
R7—22,000 ohms

Capacitors

C1—10 pF, 25 volts, electrolytic
C2—3.9 pF, 350 volts, electrolytic
C3—1 uF, 25 volts, electrolytic

Semiconductors

D1, D2-—1N4001, 50-volt rectifier
D3-D8—1N4007, 1000-volt rectifier
Q1, Q2—D40D5, power transistor
Q3—2N2646, UJT

SCRI—2N4443

Other components

B1—9-volt Ni-Cd battery

S$1-—SPST momentary pushbutton switch

T1-—12 to 400 volts saturable-core trans-
former. See text

T2, T3—50 kilovolt pulse transformer,
0.32 joules. 400-volt primary. See text

Note: The following components are
available from Information Unlimited,
P. O. Box 716, Amherst, NH 03031: T1,
$12.50; both T2 and T3, $12.50; C2,
$1.50; PC board, $4.50; case, $3.50;
case with T2 and T3 potted, $17.50;
charger, $6.50; 9.8-volt battery, $16.50;
complete kit of all parts including all
components, PC board, case, and
charger, but no battery, $39.50.

the output clectrodes. which should be
held securely in position about two inches
apart, and which should be insulated from
cach other and trom the environment with
high-voltage potting compound.

Batteries

The stun gun can be powered with al-
most any battery that can supply at least
seven volts at one amp. A Ni-Cd battery
would be & good choice: RE and J1 wall
allow the battery to be recharged without
removing it from the case.

The higher the battery™s voltage. the
higher the stun-gun’s output voltage.
Most nine-volt Ni-Cd's actually have a
maximum futly-charged output of only
7.2 volts. However, batteries that deliver
9 8 volts when fully charged are avatlable
from several sources.

Construction
Keep in mind the fact that the stun gun
produces dangerously high voltages. and
don’t approach the construction of the
stun gan with the same nonchalance with
which you might build a light dimmer.
The circuit can be built on a PC board
or on pertboard. The foil pattern for a PC
continued on page 135

MOOGANVH SHIINIWIHIdX3 3-H

[ ]
-t



R-E EXPERIMENTERS HANDBOOK

-
N
N

CIRGUITS

RADAR
SIGNAL
DETECTOR

If you think that a sensitive
radar detector is a
complicated and expensive
piece of equipment, have we
got a surprise for you!

GREGORY HODOWANEC

RADAR DETECTORS ARE USUALLY COMPLI-
cated and expensive devices, but a sim-
ple. yetetfective. detector can be builtin a
small plastic case for less than ten dollars!
The circuit. which can be tuned to re-
spond to signals between 50 MHz and 500
GHz. is a moditied version of the author’s
gravity-wave detector presented in April's
issuc. We'll actually present two different
circuits, an “economy” and a “deluxe™
maodel.

How they work

The economy model’s schematic is
shown in Fig. 1. and the defuxe model’s
schematic is shown in Fig. 2. The main
difference between the two cireuits is that
the cconomy model simply drives a
piczo-clectric transducer directly from an
op-amp. while the deluxe model uses an
LM386 audio power amplitier to drive a
small speaker. Doing that allows the extra

C2 PIEZO
05 TRANDUCER

100pF
16V

FIG. 1—THE ECONOMY RADAR DETECTOR
needs only one IC and a few discrete compo-
nents.

3INUs
1C2 5
2 LM386 +
- C3
220F
10V
SPKR
R6
100K
‘V‘V‘V
SR
OO

FIG. 2—DELUXE RADAR DETECTOR adds a buffer amplifier and an audio power amp to drive a

speaker.

op-amp stage to be used for additional
buftering. and that makes for a more sen-
sitive detector.

The first op-amp in cach circuit (1C1-¢)
functions as a current-to-voltage convert-
er. Then. in the economy model (Fig. 1),
IC1-h butfers the output to drive the piezo
buzzer. Potentiometer RS sets the switch-
ing threshold of ICI-h: normally it is ad-
justed so that the circuit barely triggers on
background noise. then it's backed oft a
bit. That should provide plenty of sen-
sitivity to incident RE

Resistors R3 and R4, and capacitor C4,
serve to Usplit™ the supply voltage. To get
more sensitivity from the detector, those
components could be eliminated and two
series-connected nine-volt batteries used
instead. In that configuration. the junc-
tion of the batterics would be connected to
the point where R3, R4, and C4 now
meet. Alternatively. for mobile operation,
twelve volts could be tapped from your
car’s cigarette-lighter jack.

The deluxe model functions in a similar
manner, except that [C1-b is configured as
a X 20 buffer amplificr to drive the
LLM3806. Potentiometer R2 adjusts thresh-
old here, and potentiometer RS functions
as a volume control.

In both circuits. input capacitor Cl
functions as a “transmission-line™ that
intercepts both electrical and magnetic
components of incident radar signals.
While it is a low-Q circuit (itis very broad-
band). the response may be further op-
timized by trimming Cl's lead lengths for
the desired frequency. as shown in Fig. 3.
To deteet typical road-radar systems. the
input capacitor’s leads should be about
0.5-0.6 inches long.

In both circuits the detector provides a
“ringing.” or slowly-decaying output
with i resonance of about 400-600 Hz for
the component vafues shown. Feedback
resistor R may be adjusted for another
“ring” frequency. if desired.

<———L———>{
! '\ﬂ h
v 22pF |c]g
a
10F
2
@ 081
[=]
= 0.6
=04t
ozt
0.0 il t | S U U S R N S |
500 100 10 1 R 01
FREQUENCY-GHz
b

FIG. 3—VARY THE LEAD LENGTHS OF Ct to
tune the input circuit.

Canstruction hints

Whichever detector you choose, build
it in a non-metallic case so that incident
RF won’t be blocked. However, make
sure that only R1 provides feedback to the
detector’s input. Since the gain of the de-
tector is so high. unwanted feedback can
force the input stage into continuous os-
cillation. rather than the “ringing™ os-
cillation that decays in time. Should
unwanted feedback become a problem, a
small capacitor (0.005-0.01 pF) across
resistor R4 may help. as may a 200-500
pk capacitor across the battery.

Pertboard construction is preferable to
PC-board construction because reduced
wiring capacitance and the absence of a
ground plane will reduce the chance of
unwanted feedback. Likewise, it's better
to use a small shielded speaker for output
because magnetic (and gravitational) en-
ergy from the speaker could feed back o
the input. So keep Cloas far from the
speaker as possible.

The detector should perform property
with little adjustment. After applying

Continued on puge 135



CIRCUIRS

Voltage-comparators and
window-comparators are
extremely versatile circuits.
Here are some practical
circuits that you can put to
use.

RAY MARSTON

WE'RE SURE THAT YOU CAN THINK OF
many applications for a voltage com-
parator: a circuit that abruptly changes its
output state when an input voltage crosses
a certain reference value. Voltage com
parators have plenty of practical applica
tions apan from the obvious ones of over-
and under-voltage switches. The number
of applications becomes especially appar-
ent when you realize that the voltage can
be representing resistance. temperature.,
light-level. and more

Voltage comparators can readily be
made to activate relays (or alarms. or
other circuits) when load currents (or tem-
peratures. light levels. ete.) go outside
of—aor come within—preset limits. We'll
look at some practical circuits in the next
few pages.

Basic voltage comparator circuits
The casiest way to make a voltage com-
parator is to use an op-amp such as the
CA3130: two basic configurations are
shown in Fig. . The 3140 op-amp has a
typical open-loop. low-frequency voltage
gain of about 100 dB. so its output can be
shifted from the high to the low state (or
vice versa) by shifting the input voltage a
mere 100 wV (microvolts) or so above or
below the reference voltage value. The
CA3140 can be powered from either a
single-ended or split power supply and it
provides an output that typically swings to
within a couple of volts of its positive rail
or to within a few millivolts of its negative
(or zero) supply rail. Unlike many other

WORKING WITH
VOLTAGE COMPARATORS

+12V
A
—
| |
A2 |
Rt 33K |
v 10K 3 7
" § o 0 Vour
Veer T_
| 3140 .4
| R3
o1
56V !l 16K
¥
L *_ J
=
b

FIG. 1—BASIC VOLTAGE-COMPARATOR CIRCUITS.

op-amps. the 3140 can accept input volt-
ages all the way down to the negative rail
value.

The operation of the circuitin Fig. 1-ais
very simple: A fixed reference-voltage
(Vyp) 18 generated via the combination
of R2 and Zener diode DI. It is applied
directly to pin 3. the non-inverting input
terminal of the op-amp. The input or test
voltage V, is applied to the inverting
input terminal (pin 2) via current-limiting
resistor R1. When V,y is below Vi, the
op-amp output is driven high (to positive
saturation), but when Vy is above Vi,
the output is driven low (to negative sat-
uration). That response is shown graph-
ically in Fig. 2-a.

By simply interchanging the connec-
tions to pins 2 and 3. the action of the
circuit can be reversed: the op-amp outpwt

9 4
w B -
R 1 +
S 6
! 5 —+ -
—
2 4 T
I tVrer
2t +A
1 I W
L | I !
0 123456783910
Viy - VOLTS
a

is normally low. but goes high when V
exceeds Vi, That circuit is shown in
Fig. I-b. and its response is shown graph-
ically in Fig. 2-b.

There are a few points worth noting
about the basic single-supply voltage-
comparator circuits in Fig [ The first
point is that the reference voltage can be
given any value from zero up to within 2
volts of the positive supply-rail. Thus, ei-
ther circuit can be made to tngger at any
desired value between those limits by sim-
ply interposing a potentiometer between a
fixed voltage-reference source and the
“Vip pin of the op-amp.

The second point 1o note is that the
voltage-input pin of the op-amp must be
constrained to the range from zero volts
up to within 2 volts below the positive
supply-rail value. Thus. it you want the

|

[ - i- 4 +
8 —+ 4
w
=B T O R N I A
g 6 + 4 4
= 5 - 4
3 4 4+ 4 .
3 | o
2 IV Rert
1 +—t+—— } {
et | [ |
6 123456 78910
Viy — VOLTS
b

FIG. 2—THE ACTION OF THE VOLTAGE comparators shown in Fig. 1 1s shown graphically

here.
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circuit to trigger at some high value of
input voltage. you will have to feed the
input voltage to a simple voltage divider
betore the op-amp input

The tinal point to note about the basic
voltage-comparator circuits 1§ that they
give anon-regenerative switching action,
so that the op-amp is driven into the linear
(non-saturated) mode when the input volt-

age is within a few tens of microvolts of

Vi Under that circumstance. the op-
amp output generates lots of spurious
noise and that output will vary with slowly
varying input signals. In some applica-
tions. that may be unacceptable. The
problem can be overcome by using
positive feedback. so that a regenerative
switching action is obtained. The feed-
back signal introduces a degree of hys-
teresis in the voltage switching levels: the
degree of hysteresis is directly propor-
tional 1o the amount of feedback.

Special voltage-comparator circuits

Figures 310 7 show how the three points
mentioned above can be put to practical
use to make various types of “special”

+12v

R2

Vin

R1
10K

Yy

»l

Dt < R4 <
K 55y Ths 10K $
a7k

=

FIG. 3—THIS UNDER-VOLTAGE SWITCH lets
you vary the Ve trip point and offers re-
generative feedback.

+12V
| Vour
o)
:: R2
233K 2 7
R1 6
Vin 10K 3| @
o AV‘V‘V ‘/ 31‘0
26 H R
2 10K IMEG
> MW
S
1 €RS R4 €
'Y gsv a7k 10KS
<+

FIG. 4—THIS OVER-VOLTAGE SWITCH also of-
fers regenerative feedback and adjustment of
VHEF

Vin
O VOUT
R2 —O
220K
D1
5.6V E?UGK
$R3
> 10K

FIG. 5—A VOLTAGE DIVIDER allows us to use
the voltage comparator to give high-value, vari-
able-voltage triggering. This circuit does not of-
fer regenerative switching.

+12V
SR 3140 '
33K 2 7
Vour
Vin 3| 10 —O
O—AWA + 6
?gnx 8 4 s
g L | e
b <
<R3 R6 bR4
210K 47K i:mx

FIG.6—THIS CIRCUIT, like that in Fig. 5, gives us
high-value, variable-voltage switching. It offers
regenerative switching.

+12v
j Vour
< R1
;»22& 3140
2 7
Vi 8
H t 3 B 4
! S A3 TP
4.7uF EIIUUK
R4
RS
:IRZ e 10K 10K
P2K TV 104F BALANCE

<

FIG. 7—THIS SINEWAVE-TO-SQUAREWAVE
converter needs an input of under 100 mV to
provide a 10-volt P-P squarewave output. The
circuit can be used to about 15 kHz.

voltage-comparator circuits: plenty of
other variations are possible. For exam-
ple. Figs. 3 and 4 show how the basic
comparator circuits can be moditied so
that the switching voltage can be varied by
using a potentiometer (RS) to set the desir-
ed reference or trigger voltage at any value
in the range 0-5.6 volts and to give re-
generative (noiseless. snap-action)
switching by feeding part of the op-amp
output back to the non-inverting-terminal

via R3. Note that in Fig. 4, the circuit’s
input terminal is terminated via R6 to en-
sure controlled hvsteresis.

Figures 5 and 6 show examples of how
the circuits can be maodified to give high-
value, variable-voltage (0-150 volt) trig-
gering by interposing a simple voltage
divider (R2 and R3) between the input
signal and the input of the op-amp: The
circuit in Fig. 5 gives non-regencrative
switching, while that in Fig. 6 gives re-
generative switching.

Figure 7 shows how the comparator can
be used as a sensitive audio converter that
converts sinewaves to squarewaves. [t can
operate from input-signal amplitudes as
low as 10 mV peak-to-peak at 1 kHz and
can produce decent squarewave outputs
from sinewave inputs with frequencies up
to about 15 kHz. The converter’s input
impedance is 100K. The operation of the
circuitis rather simple: The voltage divid-
er made up of Rl and R2. and capacitor
C2 apply a decoupled reference voltage to
pin 2 of the op-amp and an almost identi-
cul voltage is applied to signal-input pin 3
via isolating resistor R3. When a sinewave
is fed to pin 3 via C1, it swings pin 3 about
the pin-2 reference level. causing the op-
amp output to transition at the “zero volt-
age difference™ cross-over points of the
mput wavetorm and produce a squarewave
output. Potentiometer RS is used to bias
the op-amp so that its output is just pulled
low with zero input signal applied (so that
the circuit operates with maximum sen-
sitivity and stability). Because of the gain-
bandwidth product characteristics of the
op-amp. circuit sensitivity decreases as
input frequency increases.

Window comparators

The voltage-comparator circuits that
we have looked at so far give an output
transition when the inputs go above or
below a single reference-voltage value.
1Us a fairly simple matter to interconnect a
pair of voltage comparators so that an
output transition is obtained when the in-
puts fall between, or go outside of. a pair
of reference-voltage levels. Figure 8-a
shows the basic configuration, which is
known as a window comparator.

The action of the circuit is such that the
output of the upper op-amp goes high
when Vg exceeds the 6-volt Vi, (upper
limit) reterence value, and the output of
the lower op-amp goes high when V,y
falls below the d-volt V| (lower limit)
reference value. By feeding the outputs of
the two op-amps to R4 via the DI-D2
diode or gate. we get the situation where
the final output is low when V y is within
the limitsset by Vi and V|, but goes high
when the input is outside those limits.

By taking the output viaa simple inver-
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FIG. 8—TWO WINDOW COMPARATORS. When V,, is outside the window determined by V,,and V ; the
output of the circuit in a8 goes high while the output of the circuit in b goes low.
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FIG. 9—THE ACTION OF THE WINDOW COMPARATORS shown in Fig. 8-a and 8-b are shown here in 2

and b respectively.
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FIG. 10—OVER-CURRENT SWITCH. The output
goes high when the load current exceeds a val-
ue determined by the setting of R6. By reversing
the connections to pins 2 and 3 of IC1, the output
will go low to signal the over-current condition.

ter stage. the action of the circuit in Fig. ¥
a can be reversed so that its output goes
high only when the input voltage is within
the “window ™ linuts. Alternativels. the
required action can be obtained by trans
posing the two reference voltages and tak
ing the output via a diode AND gate. as
shown in Fig. 8-b. The actions of the two

circuits shown in Fig. 8 are shown graph-
ically in Figs. 9-a and 9-b.

Window comparators can readily be
made to activate from any parameter that
can be turned into an analog voltage. in
the same way as a “normal’” voltage com-
parator can. Let’s ook at some examples.

Analog-activated comparators

Figure 10 shows how a comparator cir-
cuit can be made to function as an over-
current switch that gives a high output
when the load current exceeds a certain
value—which you can choose via potenti-
ometer R6. The value of Ry is chosen so
that it drops roughly 100 millivolts at the
required trip point. Thus, a fixed refer-
ence voltage of 1/2 the supply voltage is
ted to pin 3 of the op-amp via the voltage
divider made Gp of R3 and R4. A similar
but current-dependent voltage is fed to pin
2viaRy . RI1.R6. and R2. Ineffect. those
two sets of components are configured as
a Wheatstone bridge—with one side feed-
ing pin 3 and the other side feeding pin
2—and the op-amp is used as a bridge-
balance detector. Consequently, the trip
points of the circuit are not significantly
influenced by supply-voltage variations
but are highly sensitive to load-current
variations.

By s‘implv transposing the connections
to pins 2 and 3. the action of the circuit in
Fig. 10 can be reversed so that it functions
as an under-current switch: The circuit
can then be used as a lamp- or load-failure
indicator in cars. test gear. etc.

Figure 11 shows the circuit of a sensitive
AC over-voltage switch that gives a high
output when the input signal exceeds a
peak value (6 mV to 111 mV) that is preset
via potentiometer R12. The AC input sig-
nal is applied to the non-inverting input of
variable-gain amplifier IC1. Its gain can
be varied from 45 to 850 via RI2. Note
that the input of ICl is DC-grounded via
R1I-R2. so the op-amp responds only to
the positive half-cycles of the input sig-
nal. Consequently. the output of IC1 is an
amplitied. halt-wave-rectified version of
the input signal. That rectiied signal is
peak-detected via RS, DI. C2. R6. and
R7.and is fed to the input of non-inverting
voltage comparator IC2. The circuit’s out-
put is positive when the voltage across C2
exceeds the value on the junction of RE-
R9.

RS 3
1140 56K $
c1 2 7 RS 01
R2 - 22K 1N4148 —0
v 47uF 10K 3 |c1\s Wy—Pte Vour
wo—y (_T‘W" : 4/ $R3 -
QLS 3 imes
4 R10
";“z%( 1 o 100K
R1 > . AAA-
o < Sens 2.2uF
£ R4 SR A9 <A1
$ 120x $a7k $33K $10K
S »> ®

—e

FIG. 11—AC OVER-VOLTAGE SWITCH can be triggered by input signals in the range of 6 mV to 111 mV

peak.
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FIG. 12—THIS PRECISION OVER-TEMPERATURE SWITCH will control a relay.
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FIG. 13—THIS UNDER-TEMPERATURE SWITCH also will control a relay.
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FIG. 14—LIGHT-OPERATED SWITCH. A monotone alarm will sound when the light detected by R7 rises

above a value determined by the setting of R8.

Figures 12 to 15 show a variety of ways
YOu can use comparator circuts as light-
or temperature-activated switches. For
light-sensitive circuits we use a cadmium-

sulfide photocell: for temperature-sen-
sitive circuits, we use an NTC (Nega-
tive-Temperature-Coefficient) thermistor
as the sensing clement. The sensing ele-

ment 1s used as one arm of a Wheatstone
bridge and the op-amp is used as a simple
bridge-balance detector. Thus. the trip
point of each circuit 1s independent of
supply-voltage variations. In all cases. the
sensing clement must have a resistance in
the range 5K to 100K at the required trip
point. The potentiometer is chosen to have
the same resistance value as the sensing
clement at the required trip level.

The circuits shown in Figs. 12-15 also
show a variety of wavs we can use the
output of the op-amp to activate a relay or
to generate an acoustic alarm signal.
Thus. the over-temperature switch in Fig.
12 has a transistor-driven relay output.
while the under-temperature switch in
Fig. 13 has a FET-driven relay output.
Similarly. the light-operated switch cir-
cuit of Fig. 14 generates a monotone
alarm output signal in a small speaker.
while the dark-operated switch of Fig. 15
generates a low-power pulsed-tone signal
in a small acoustic transducer.

Micro-power operation

All of the 3140-based comparator cir-
cuits that we have looked at so far are
continuously powered: they draw continu-
ous currents of about 4 mA per op-amp.
Seo it you wanted to use a 9-volt battery as
a power supply. vou'd find it running
down after a couple of days of continuous
operation. As vou can sec. the circuits
that we've shown you so far are not well
suited to battery operation in portable ap-
plications. In practice. however, all of
those circuits can casily be moditied for
long-life battery operation by using a
micro-power “sampling”™ technique: the
principle behind that technique can be
explained very easily with a simple exam-
ple. as tollows.

The under-temperature switch shown in
Fig. 13 monitors temperature continu-
ously and draws about 5 mA of quiescent
current (with the relay off). In reality,
however. temperature is a slowly-varying
parameter and thus does not need to be
monitored continuously—it can be effi-
ciently monitored by briefly inspecting or
sampling it. We can sample 1t by con-
necting the supply power and looking at
the op-amp output only once every second
or so. It the sample periods are very briet
(say 300 microscconds) relative to the
sampling interval (1 second). the mean
current consumption of the monitor can
be reduced by a factor equal to the inter-
val/period ratio (in this example, by a
tactor of 3300). Thus. by using the sam
pling technique. we can reduce the 5-mA
consumption of circuit in Fig. 13 to0 a
mean value of 1.6 pA.

Figure 16 shows the basic circuit of a
“micro-power’ or sampling version of
the under-temperature switch we saw in
Fig. 13. It operates the relay when the
temperature of the thermistor falls below a
preset value but it draws a mean quiescent
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FIG. 15—ANOTHER LIGHT-OPERATED SWITCH. A puising tone will sound when the light detected by
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FIG. 16—MICRO-POWERED UNDER-TEMPERATURE SWITCH draws a quiescent current of only a few
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FIG.17—THIS CODED-LIGHT-BEAM DETECTOR uses a modified version of the sampling technique to

monitor for the presence of a coded light-signal.

current of only a few pA. The monitor
network. made up of RS, R6, RILR2. and
1C], is almost identical to that of Frg. 13
Rut instead of being continuously
powered, itis powered viaa 300-microse-
cond pulse just once every second via a
sample-pulse generator and Q1. Note that
the output of [Cl s led to temporary
“memory” store R4-Clovia DI, and that
the memory store operates the relay via
Q2.

Thus, 1f the thermistor temperature is
outside the trip level when the sample
pulse arrives. the output of 1C1 will re
main low and no charge will be ted to CI.
so Q2 and the relay will be oft. On the
other hand. 1t the thermistor temperature
is within the trip level when the sample
pulse arrives. the output of [Cl will switch
high for the duration of the pulse and thus
rapidly charge C1up via D1 and drive the
relay on via Q2.

The circuit in Fig. 16 illustrates the
basic principles of the micro-power sam-
pling technique. In reality the sampling
interval and pulse width used (and, thus,
the reduction in mean power consump-
tion) will depend on the specific applica-
tion. If, for example, you wish to monitor
transient changes in light or sound levels
and know' that these transients have mini-
mum durations of (X} ms, you may have
to use a S0-ms sampling interval and (say )
a 500 ps sample pulse. In that case the
mein consumption of your circuit will be
reduced by a factor of 1K),

In some cases. you may have to slightly
madify the operating principle of the sam-
pling circuitry to obtain the desired micro-
power operation. Figure 17. for example,
shows how the principle may be adapted
to make a coded-light-beam detector, in
which the “code™ light signal is modu-
lated at 1 kKHz for a minimum duration of
100 ms. Thus, the sample-pulse generator
is designed to produce a minimum pulse
width of 1.2 ms so that it can capture at
least one full 1-kHz code cycle. Further.
the sampling interval is set at 60 ms so that
part of a tone burst will always be cap-
tured. The sampling circuitry thus gives a
50:1 reduction in monitor-current con-
sumption.

Thus. in the circuit shown in Fig. 17,
the sample generator repeatedly feeds 1.2
ms inspection” pulses to the 3140 detee-
tor circuitry via one input of the or gate
and via QI to sce if any trace of a coded
signal exists: I no trace of a coded signal
is detected. the output of the op-amp re-
mains fow and another sample pulse s
applied 60 ms later. It a trace of a code
signal is detected, the output of the op-
amp switches high and the resulting pulse
is “captured™ and applied to the remain-
ing input of the or gate. That temporarily
applies full power to the 3140 circuitry so
that the code signal can be completely
inspected via the passive signal con-
ditioning circuitry. R-E
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% WHAT TO KNOW BEFORE YOU BUY % SATELLITE-TV BASICS
W ALL ABOUT SATELLITE-TV DISHES
* HOW TO INSTALL A TVRO SYSTEM % &/

K TURNKEY SYSTEMS

Don’t miss out again!

Send away today for your 48-page book-
let containing a complete reprint of all
seven articles in the series on Backyard
Satellite TV Receivers by Robert B.
Cooper, Jr.

This all-inclusive report gives you all the
data you need to build your own Back-
yard Satellite TV Receiver.

Bl TELLS ALL ABOUT domestic satel-
lite communications, with full details on
how you can pull those elusive TV sig-
nals from space.

B LEGAL REQUIREMENTS, technical

specifications, and how you, the home
constructor, can meet them. Find out
what mechanical and electronics skills
you need.

@ RECEIVER CHARACTERISTICS,
technical details and specifications,
along with examples of actual receivers
built at comparatively low cost.

B ANTENNA DESIGN... and exactly
how you can build a spherical antenna,
while keeping total earth-station cost for
the complete system under $1,000.

B THE FRONT END is critical when
you build your own system. We help you
explore several different approaches to

making one that will work for you.

B RECEIVER-SYSTEM hardware, and
how it goes together to bring you direct-
from-satellite TV reception in your own
home.

To order your copy:

Complete coupon and enclose it with
your check or money order for $7.00,
plus $1.00 for postage and handling. We
will ship your reprint within 6 weeks of
receipt of your order. All others add
$4.00 for postage. New York State resi-
dents must add 58¢ sales tax.

Radio- )
Eleclronics
| want

for handling & shipping
I have enclosed $

sales tax. (U.S. and Canada only)

New York, N.Y 10003

reprints (163) «« $7.00 each, plus $1.75

Please print

Satellite TV Reprints
45 East 17th Street

(Name)

(Street address)

N.Y. State residents must add

(City)

(State) (Zip)
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A POWER INVERTER IS USEFUL GADGET
that can lend some degree of portability to
otherwise home-bound electronics de
vices. Its function 1s to convert a low DC-
voltage to a usable AC level. The power
inverter we'll describe here will let vou
generate alternating current that will al-
low you to power a small television. per-
sonal computer. strobe light. or other A¢C
operated device without being tied down
to an AC outlet

While the project was originally de
signed so that AC devices could be oper-
ated in a car (from the 12-volt system}. it
has another important use: it can serve as
part of an uninterruptable (backup) AC
supply. If you suffer from some short-term
power outages. it could be particularly
valuable. Your burgular alarm could still
operate during a blackout. and your clock
would still keep time.

We won’t go into detail on particular
applications of the uninterruptable power
supply. But we will mention that you have
several options for making the unit “"kick
in"" automatically when the power compa-
ny cannot dehiver. The casiest way, as

Uninterruptable

0

13 VAL
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DAVE SWEENEY

showninFig. 1. 1stouse a 117-volt relay to
switch between the standard AC line or
the 117 volts from the inverter. One possi-
ble disadvantage there is that the relay
might not be fast encugh in some applica-
tions. For example. only a very slight dis-
ruption in power can overwrite your
computer’s memory with garbage. Only
experimentation will let you know for
sure. A solid-state relay. which typicaliy
has a faster switching time than a mechan-
ical relay. might be your best bet. In cither
case. you'll want to make sure that you
have a fully charged battery to supply
power to your inverter. A trickle charger
would be a valuable addition to the ir-
cuit.

Provided the inverter's power capacity
is not exceeded. you can power most any
AC-operated device indoors or outdoors.
and during power failures. Be cautioned
however, that the output of this inverter is
closer to a squarewave than a sinewave.
Even though the high-frequency compo-
nents of the squarewave output are fil-
tered. some devices will not operate
properly with such an input and others

Power Supply

Did you ever wish you could have a backup AC power supply in case of a power failure?
Or did you ever wish you could take one or more of your home appliances with you
on family outings? Well, this easy-to-build power inverter can help you do both!

may even be damaged!

In a motor vehicle (which is where this
unit was designed to be used). the inverter
produces 117-volt AC tfrom your auto’s 12-
volt DC battery. So you can use the unit to
add to the fun of an outdoor party, or even
to power an electric razor while you wait
in line at the drive-in bank!

Voltage isn’t everything

Besides generating the correct AC volt-
age. an inverter must provide the correct
frequency. Many devices, especially
those with transformers or motors, re-
quire 60 Hz. If the frequency varies as the
load changes, or when the DC input fluc-
tuates, the performance of the device may
be reduced. or the equipment might be
damaged.

Low-power. inexpensive inverters typ-
ically rely on a special winding of the
transformer for oscillation. Since most in-
verters are little more than an oscillator
with specially wound transformers, the
unit’s output frequency is determined by
transformer’s inductance. Therefore,
loading the transformer changes its effec-
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117 VAC For eaample. the transtormer 18 an inea

(LINE) pensive. general-purpose 25 2-volt cen-
ter-tapped. 2-amp unit with a single high-
soltage winding.

Circuit description

Figure 2 shows a schematic of the
power supply inverter. MOSFET tran-
sistors. Q3 und Q4. formi a lip-flop whose
output is used to turn power transistors Q!
and Q2 on and off alternately. When Q1 is
on. current flows in half the low-voltage
winding: when Q1 is off, Q2 is on and
current flows in the other half of the low-
voltage winding.

Transformer TI. which has a 117-volt
primary und 25 2-volt secondary 1§ used
as  step-up, rather than a step-down,
transformer. (A transtormer transfers
power 1n either direction—the terms pri-
mary and secondary are assigned rather
arbitrarity.) Current in cach halt” of the
center-tapped winding tlows in opposite
directions (i.e.. positive and negative).
That alternating current (AC) in the cen
ter-tapped “secondury” winding induces
AC in the high-voltage “primary ™ wind-

! I#J
117 vaC 4—'[—
1

117 VAC *———
(LINE)

FIG. 1—A SIMPLE RELAY SETUP will let you use
the inverter as a backup power supply.

117 VAL
OUTPUT

tnve inductance. and results i an output-
trequency that vanes with load require-
ments

The mverter power supply that we'll
describe here overcomes that deficiency
bv using a 355 oscillator to control the
output trequency. Isolated trom the power
output. the oscillator maintains a 60-Hz
output trequency regardless of the load.
Andat thatisn’tenough. ithas a low parts-
count and the parts used are casy to tind.

S0t
T0 i LMP1
UNREGULATED _ ['SEETEXT)
12vDC —y
SOURCE Ao b
‘ﬂu ] LI s T
w = e — 25.2V, 24, CT
Fi UNREGULATED[  °§°
oc
C1 T R2
4 10092
R 3 10047 +12vDC 1o
1 #_sov ic2 | (REG) w
5 7812 VWA
e01( Y A1
] 3
3

IIH

a
2N3085
CIt 2N3055
L 50uf/
R12 50V c4 2
I & 100K 047 50uF/
i.nn E FREQUENCY R
> 10K ADJUST
8 |7 3 [5
11
558
J: 2 IJ 4
cs

I.m

FIG. 2—THE INVERTER SCHEMATIC. Note that the transformer's center tapped secondary is con-
nected as the input. So T1is used as a step-up transformer.

ing. That voltage step-up results from the
operation of Q1 and Q2. which are turned
on and off alternately,

As long as the power transistors (Q1
and Q2) alternate at 60 Hz, the output
voltage will also be at 60 Hz. To maintain
that operating frequency. the Hip-tlop (Q3
and Q4) switches the base currents of QI
and Q2. The flip-flop is triggered by the
autput of the 355 oscillator, 1CT. Since Q3
and Q4 conduct alternatety. they are al-
ways inversely related to cach other. And
because they operate from the same trig-
ger. they "Il always generate a svmmetrical
AC squarewave

L

Vp

lp T ' Np
Vet 1

IST Ns

Vs

FG. 3—WHEN A 60-Hz AC VOLTAGE is applied
to a standard transformer, the relationships of
the voltage (V), current (1) and windings (n) may
be expressed as Vp Vg lg/lp - Np/Ng.

Now let’s turn to Fig. 3 for a discussion
of the turns ratio and transter charac-
teristics of the transtormer. When a 60-Hz
AC voltage is applied to a standard trans-
former. the relationships of the input/out-
pul voltage (V). current (1), and the
number of turns in the transtormer wind-
ings (N) can be expressed as Vi / Vg = g
19 N/N¢. For the transtormer spec-
ificel. the turns ratio is 117/25.2: therefore.
feeding 25.2-volts AC to the secondary of
I'l (without allowing for inctticicncies)
produces a H7-volt output.

Since transformer T1 s rated at 2-am-
peres maximum in the secondary wind-
ing. the transterable power is 25.2 (V) x
2 (A) or 504 watts. Because the turns
ratio determines the output voltage. ap-
plving 12-volts AC to half the secondary
also vields an output of 117 volts.
However. the output power capacity will
be cut in half.

To increase the capacity of the unit,
connect two identical transtormers in par-
allel. a similar eftect to placing two bat-
teries in parallel. Just be sure to connect
like terminals together. so as not to cause a
phase difference that could damage the
transformers! The unit’s power-handling
capacity will then be then the sum of all
parallel transformers.

The net result 1s while transformer Tl
determines the step-up voltage level, the
555 oscillator determines the output fre-
quency. Therefore. even if T1 is severely
loaded. the oscillator and MOSFET's
maintamn a symmetrical 60-Hz AC stenal
for Tl



PARTS LIST

All resistors Y, 5% unless otherwise
noted.

R1, R2—100 ohms, 1 watt

R3, R4—470,000 ohms

RS, R6—390,000 ohms

R7, R8—1 megohm

R9—1000 ohms

R10—10 ohms 1 watt

R11—10,000 onms

R12—100,000 ohm potentiometer

Capacitors

C1, C2—50uF, 50 volts electrolytic

C3, C4—.047uF, ceramic disc

C5—.1uF, ceramic disc

C6—.01uF, ceramic disc

C7—100uF, 50 volts electroiytic

Semiconductors

IC1—555 osciltator

1C2—7812 12-volt regutator

Q1, Q2--2N3055 NPN power transistor

Q3, Q4—iRFD1Z3 N-channet FET

D1, D2—1Ng14

LED1—Standard red LED

LMP1—neon panel lamp

T1—25.2 voits, 2A center-tapped
Miscellaneous: Cabinet, perforated

construction board, AC panel socket, min-

iature phono jack, 4A slow-blow fuse, cig-

arette lighter plug, etc.

Circuit operation

Capacitor C5 and potentiometer R12
determine the trequency of the output sig
nal at pin 3 ot 1C1. the 555 oscillator. The
output signal is ditferenuated by C3 and
C4 before it's input to the base of the two
power transistors (Q1 and Q2) via dindes
D1 and D2, The signal from
IC1 is adjusted to 120 Hy. That's because
the flip-tlop formed by transistors Q3 and
Q4 divides the frequency by 2

When Q3 18 on. the base of QI s con
nected via R1 to the regulated (2-volt sup
ply. Then. when the flip-tlop changes
states. Q4 is turned on and the base ot Q2

connected to the 12 supply through

R2. The 100 mA base current allows Q1
and Q2 \ ug
their respective halves the transtormer’s
secondany winding

FIG. 4—THE ABOVE TRACE SHOWS the 60-Hz
output from the inverter. Note that although the
output is closer to a squarewave than a sine-
wave, most of the high-trequency components
have been removed

FIG. 5—THE AUTHOR’S PROTOTYPE is shown here installed in meta! cabinet. Note that two transfor-

mers are used to increase power handling capabtlities.

To climinate switching transients
caused by the rapid switching of Q3 and
Q4. capacitors Cland C2 filter the imputs
to the base of QI and Q2 respectively.
Figure 4 shows the waveform that appears
at the output (primary ) of the transtormer.
Though the output 1s not i sinewave., 1t 1s
close enough to operate all but the most
critical equipment. Butdont risk damage
to your expensive equipment if you're not
sure. As a rule of thumb, if your equip-
ment can be damaged by transients. ity
not a good candidate tor this backup
power supply.

Power for the unit comes from your
automobile’s i 2-volt system. or—it you
want to use the inverter tor backup ap-
plications—from a storage batters. It is
regulated by 1C2 (a 7812 regulator). LED
1. connected across the 12-volt input. nuy
be used to indicate whether power is being
fed to the circuit. The neon pilot lamp.
LLMP 1. shows a presence or absence of
output power. Jack J1 i~ included to
provide a convenient Y-volt DC supply tor
a videogame. like the Atan 2600

Circuit construction

The method of construction is not crit
ical. but it you're going to build the rver-
ter as a portable unit. 1t's important to
build it to withstand punishment. The au
thor's prototype was built on pertorated
construction-board using point-to-potnt
wiring. as shownin Fig. 5 Note that there
are two transtormers show n: as mentioned

previously, two or more transformers may
be paralleled to increase the unit’s power
handling capacity.

The power-inverter circuit should be
housed ina metal cabinet. and power tran
sistors Q1 and Q2 should be heat sinked
To avoid damage from vibration, the com-
ponents should be secured to the driver
board with an epoxy adhesive

The rrREQUENCY-ADILST polenlls
ometer. R12, should be set prior to con
necting the collectors of Q1 and Q2 to the
transformer. Set the trequency at pin 3 of
the IC1 to 120 Hz: then using a scope.
monitor the base of both QI and Q2 to
verity that a 60-Hz signal is present. Once
the signal is established. the Q1 and Q2
collectors may be connected to the trans
former.

Potentiometer R12 may be mounted on
the panel to allow frequency adjustments
from outside the inverter. To test the unit
out. plug it into the cigarette-lighter sock
et in the vehicle. Both pilot lights should
come on. If not, go back and check your
work. 11 all is well, the unit is ready for
use

Safety procedures

Caution: Keep in mind that the inver-
ter. whether being tested or used. has the
same output-voltage level as that of an
ordinary houschold power-outlet and is
just as dangerous. Exercise the same cau
tion that you would in dealing with house-
hold line voltage R-E
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HOW GENERAL MOTORS IMPROVES
[TS TOP END PERFORMANCE.

)

Edfard N, Chlel F. Jarfes McDonald
Former President General {i_lﬂ)tors President General Motors

One of General Motors’ most important suppliers doesn’t make parts. It makes leaders.

Over the past 19 years all three General Motors Presidents have come from the ranks of a college
program called Co-operative Education.

It's a nationwide program that allows students to alternate studies at the college of their choice with
paid, practical work experience in the field of their choice.

For students, Co-op Education is a chance to pick up the most valuable kind of knowledge. For
employers, it’s a chance to pick up the most valuable kind of student. If you'd like some information on
how your company can participate in Co-op Education, write to us at the address below. Who knows,
you may end up hiring a future company president. It wouldn’t be the first time.

You eam a future when you earn a degree.

m For a free booklet write: Co-op Education * P.O. Box 999 « Boston. MA 02115
@ual A Public Service of This Publication © 1985 National Commission for Cooperative Education



BENCH POWER SUPPLY

Continued from page 115

40 volts across D2 and D4, and +20
solts across CHEand C120 While sou're at
1t vertly the presence ol + 20 volts on pin
7. and = 20 volts at pin 4 of cach op-amp.
It everything chechs out. remove power
and ainsert the 1€ Be sure to orient pin |
correctly.

Run wires from the transistors mounted
on the rear panel (see kg, 7y to the PC
board. Finally. using big. 6. complete the
point-to-point wiring between the board
and the front- and rear-panel components.
At this point. your power supply should
appear similar to the prototype shown in
kg, 8.

Calibration

A DMM or VOM uccurate to at least
4V digits should be used to calibrate the
precision sources. To obtain sutficient
resolution, allow the supply to run tor 10
minutes or more so that the temperature
within the cabinet—and the output volt-
ages of the precision sources—will sta-
bilize. Adjust R44 and RSI so that their
dials read 10.00 (i.e.. their resistance
should be exactly [0K ohms). Then adjust
trimmer potentiometers R43 and R50 so

that cach output reads exactly 10.000
volts.

To get symmetrical outputs from the
independent supplies. adjust RI1 so that
equal rotation of potentiometers R6 and
RIS gives the same output voltage.

To adjust the dual-tracking source. turn
potentiometer R24 to maximum resis-
tance. Then adjust R29Y for an output of
exactly +15.000 volts. as measured at the
+V, »utput. Then adjust R32 so that
exactly —15.000 volts appears at the

-V output.

Substituting components

Some of the components specified in
the Parts List may be difficult—if not im-
possible—to tind. For example. you may
have that problem with the 40-volt Zener
diodes (D2 and D4). However. two 20-volt
Zener diodes may be connected in series
to achieve the sume resuit.

The 2.7-volt Zener diodes (D8 and
DI10) may also be difticult to find. If they
are, 3.3-volt units may be substituted
(IN5226B). It doing so produces more
than 1 mA from the constant-current
sources. trimmer potentiometers R43 and
R50 can be adjusted to compensate. The
6.8-volt reference diodes (DS and D6) are
not critical and may be either IN957B,
INS235B. or IN4736A devices. The two
12-volt Zener diodes may be IN963,
IN5242B. or IN4742A units.

All electrolytic capacitors are polarized
aluminum types. and radial-lead devices
were used in the prototype 10 conserve
space on the PC board.

All five cermet trimmer potentiometers
used in the project are the Y-inch long
rectangular type.

Increasing power output

It you want to beef up the outputs of the
non-precision supplies. you must increase
the current capacity of the transformer. the
output transistors, etc.

The transformer specified for this proj-
ect has a rated output of 40-volts center-
tapped at 300-ma. You may replace it with
a unit having higher current capacity, but
if you use a transformer with a higher
voltage rating, be careful not to exceed the
voltage rating of the op-amps and tran-
sistors.

The 2N3766 transistors (Q1 and Q5)
may be replaced by 2N6057 devices: the
latter have a maximum collector current of
12 amps. The 2N3740 transistors (Q3 and
Q7) may be replaced by 2N6030 units.
which also have a maximum of 12 amps.
Both the 2N6050 and 2N6057 are housed
in TO-3 cases and will require additional
heat-sinking.

If you are using the metering circuit.
the value of R52 might have to be in-
creased. as well as the the rating of the
current meter. R-E

CRYSTAL RADIO

Continued from page 118

tinuity from the beginning of the coil o
the end.

The coupling coil. 1.2, is wound in the
same manner as the larger coils, but it's
wound on a smaller (3%-inch diameter)
form. and is made up of 16 turns of 26-
gauge DCC wire. The anchor spoke has a
single mounting point, so that the coup-
ling to L3 can be adjusting by pivoting L2
around that point.

Diode DI can be just about any ger-
manium diode. But if you want to keep
your crystal radio authentic-looking. you
should mount it in a case like the one
shown in Fig 2. Such cases were com-
monly used to mount tixed-contact cat-
whisker detectors.

The variable capacitor is a 200-pF de-
vice. It won't be easy to find, so feel free
to experiment with its value. Capacitors
Cl and C3 are fixed-mica types.

Perhaps the most important part of
building the receiver is putting up the an-
tenna system. For good results, your an-
tenna should be as long and as high as
possible. If you can manage to put up a
75-foot fong-wire antenna, great! Just re-
member: your ground system is also very

important. A four-foot copper pipe or rod
hammered into the earth can make a good
ground. If you can’t manage that. try your
cold-water pipe.

The wooden base shown in the pho-
tographs is about 11 by 7 inches (it's %
inch thick). The edges are routed for a
smooth appearance. Choose some type of
hardwood. such as oak or maple for the
base. and sand it well. Stain it according
to taste, and then give it a couple of coats
of satin-finish polyurethane. (Sand verv
leghtly) between coats.

If you want to finish both sides of the
breadboard base at the same time. then
use four woodscrews as temporary feet.
(Install them where you will be installing
the rubber feet.) Finish the bottom of the
breadboard first. and then turn it over and
finish the top and the sides. The screws
will keep the bottom of the board from
touching anything else. Before you give
the breadboard a second coat (which we
do recommend), just be sure to let the first
coat dry thoroughly. Then sand very
lightly with super-fine-grit paper. and ap-
ply the second coat.

When your base is finished, it’s time to
start mounting parts. The parts on the pro-
totype (and the available kit), including
the coil taps. are mounted on small
bakelite pancls which are. in turn,
mounted to the base. The main tuning

capacitor, the headphone jack, and the
antenna tap switch are mounted to the
front panel. which is. in turn. mounted to
the base using small L™ brackets.

Operating the receiver

Tuning your crystal set can be tricky
business until you get used to it. The first
step is to set the detector tap to the midway
point, and to set the antenna tap switch,
S1. to O (minimum inductance) and adjust
L2 for maximum coupling to L3. When
you plug in your high-impedance head-
phones. you'll hear one or more stations.

Tune to a station at the lower-frequency
end of the band by adjusting the main
tuning capacitor, C2. so that its plates are
about 2/3 in mesh. Then reduce the coup-
ling between L2 and L3, until you can
barely hear the station. Advance the an-
tenna tap switch until you reach the peak
volume for that station. When that station
is tuned. you can reduce the coupling fur-
ther between L2 and L3. While that will
reduce the volume, it will increase the
recetver’s selectivity, so you can tune in
other stations on nearby frequencies.

Once you get used to tuning the radio,
you can experiment with the detector tap.
If you are in a strong-signal arca. you can
probably get by with decreased induc-
tance of L3. That will increase the re-
ceiver's selectivity also. R-E
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RADAR CONTROLLER

POWER SWITCH

continued from page 58

continued from page 62

Once you've etched or purchased the
bouard. mount the components on the
board as shown in the parts-placement
diagram, Fig. 7. Be sure that all compo-
nents are oriented as shown. Bolt the reg-
ulator and power the transistor to the
circuit board for heat sinking.

The Gunn diode, which is mounted in a
microwave horn, draws up to | amp of
current. so use number 18 wire for the
connection between the circuit and the
horn. and keep the length to 10 feet or
less. Under no circumstances should you
connect DC voltage to the Gunn diode or
reverse the polarity of the connections to
the diode (power is fed to the anode side:
the cathode side is grounded). Doing ei-
ther will almost certainly blow out that
$60.00 component.

When mounting the microwave horn,
be sure that metal objects are hept away
from the opening (plastic will do no
harm). The power supply for the unit
should be able to supply 12-volts DC at 2
amps: most automotive electrical systems
are capable of meeting that requirement.

After construction and hook-up, test
the unit by aiming it toward an automotive
radar detector and depressing the TRANS-
st switch. That should cause LED2 to
light. Also. the radar detector should react
as appropriate (a buzzer should sound or
an LED should flash) to the presence of a
radar signal. Verify the oscillating fre-
quency of the 555 timer by connecting a
scope or frequency counter to pin 3 of that
IC. With the S3 set to ss, the frequency
measured should be 39.600 Hz.

Warnings

While the radar calibrator can be a
useful diagnostic tool in aligning radar
speed-guns, if used for illegal purposes
and/or by unlicensed individuals, it can
be the cause of a great deal of trouble.
(Penalties of up to $10.000 and a year in
jatlare some of the possible consequences
of such use.) Further, because of possible
interference to police radar, communica-
tions services, cte.. the unit should only
be used in a lauboratory, and only for edu-
cational or calibration purposes.

It may be possible for certain individu-
als, such as licensed amateur-radio oper-
ators. to use the calibrator legally in the
worhshop, the laboratory. or the field. but
it is left to the individual user to ascertain
the requirements for such use. and to meet
them.

In any event, any willful interference to
another service by any individual is
punishuble with stiff penalties under
Federal taw: other local. state. or Federal
penalties may also be applicable. We
strongly discourage use for such applica-
tions. R-E

9/16"

FIG. 7—CUT AND BEND THE UPPER SHIELD
from a thin piece of tin as shown here.

SO

until you get some response from the cir-
cuit. Don’t worry about making an exact
adjustment. The adjustment we're doing
now is preliminary : the receiver must be
finc-tuned to obtain maximum range of
about 30 feet.

After you get a response, solder the
shields in place. The casiest way to do that
is to melta small amount of solder in cach
corner of the shield. Then set the shield in
place and heat each corner in turn to let
the solder flow onto the pin.

To fine-tune the receiver, set it up in a
position where you can get a clear line of
sight to it for a distance of about 30 feet.
Position yourself about tive feet from the
receiver, point the transmitter at the re-
ceiver, and press the TRaNSMIET button,

RY1 D6 R16 IC6 ICS LEDS

~m

C22 IC4 PREAMP LED4

STAGE

FIG. 8—THE RECEIVER'S PC BOARD should appearas shown here after all components have

been mounted.

tal. Then fit the panel over the two LEDs
so that the legs of the filter fit around the
photodiode. Insert the panel-board as-
sembly into the bottom half of the receiver
case.

Testing and alignment

Plug the receiverinto an AC outlet. The
SIGNAL LLED should light briefly and then
go out. and the on LED should remain
off. Set trimmer potentiometer R16 to the
center of its range.

Now aim the transmitter at the pho-
todiode and press S1. With a litde luck.,
the center frequency of the 567 will be
close enough to the transmitter’s output
frequency that the sianat LED will light
up temporarily. The on LED should light
up and stay lit, and the relay should fatch
on. A second press of the button will turn

the LED and the relay off—that is. of

course. only if you're luchy.
If the receiver doesn’t respond. adjust
R16 slightly and try again. Repeat that

If the receiver responds. back up an-
other five feet and try again. Remember to
let the transmitter recharge for a few sec-
onds between transmissions., particularly
when you're standing back at distances of
ten feet or more.

Continue backing up in five-toot seg-
ments until you reach a point where the
receiver will not respond. At that point,
adjust RE slightlty and try again. An as-
sistant to handle the transmitter would be
helpful.

Even under worst-case conditions, the
receiver should be able to respond when
the transmitter is 20 feet away. I you can
adjust it to respond to signals only up to a
certain distance but no farther, your prob-
lem is likely due to overly bright lighting.
clectrical or RI noise. or something else.
Don’t blame the receiver!

Assemble the case and plug the device
you want to control in. You're now free to
operate that device at your convenience.,
free from the tyranny of its switch!  R-E




STUNGUN

continued from page 121

board can be purchased from the source
mentioned in the Pants List. | you
build the circuit on a pertboard. follow
our parts layout closely: otherwise you
may have problems with arcing.

Due to the critical nature of the three
transformers, we are not providing details
on winding them. They are available from
the source mentioned in the Parts List.

Reterring to the parts-placement di-
agram in Fig 2. and the photos in Fig. 3
and Fig. 4, mount all components except
C2, Tt, T2, and T3 on your board. Note
that several components mount on the foil
side of the PC board: CI. D7, and JI. Do
not install those parts yet either.

After all components (except those
mentioned above) are instalied, check
your work very carelully. especially
DI-D6. RI, and R3. because T will be
installed above them, and there will be no
chance to correct errors later. After you're
absolutely sure that they 're installed cor-
rectly, install T1 with the black mark on
the windings mounted toward C2.

Foil-side components

One of J1's tabs shares a hole on the PC
board with resistor R8. which should be

mounted already. Solder the tab of J1 that
corresponds to the tip (not the barrel) ot an
inserted plug to the indicated pad. Then
mount Cl and D7. Last, solder a | Yi-inch
picce of 18-gauge wire to the barrel pin of
JI. and connect the opposite end of that
wire to the appropriate pad bencath SI,
the kiRt switch.

Preliminary check-out

WARNING: While measuring volt-
ages and currents, keep your face,
hands, and all metallic objects away
from the high-voltage end of the stun
gun. If if you want to prod a compo-
nent, use a non-conductive rod such as
a plastic TV alignment tool. High volt-
age hehaves very differently than low
voltage. Any material that retains
moisture can serve as a discharge path.
THAT INCLUDES WOOD! Also, nev-
er work on or use the unit when your
hands are wet.

Connect a voltmeter (set to a 1000-volt
DC range) to ground and to the output of
the D3-D6 diode bridge. Then power up
the circuit using either a freshly-charged
battery or an external supply capable of
delivering 9.8 volts at one amp. If every-
thing is working properly. you should
measure about 400-volts DC at the output
of the bridge when you press Sl

If you don’t measure that voltage, con-
nect an oscilloscope 10 the collector of Q!
or Q2. You should see a squarewave with a

period of about 100 ws. If that wavetorm is
not present, the switching circuit 1s not
operating correctly. Remove power and
check your wiring again. Do nor debug
the circuit with a battery connected!

Resistor R6 controls the rate at which
the UIT (Q3) discharges. and R3 controls
the rate at which C2 charges. You can
experiment with the values of those com-
ponents if you are not satisfied with the
circuit’s high-voltige output. R3 can vary
from 2.2 to 4.7K. You can also experi-
ment with the value of C2. Sce Table |

After the circuit is operating correctly,
attach JI to the board with high-voltage
potting compound or RTV. And before
you mount the circuit in a case, make sure
there’s no arcing on the PC board. If there
is, you can stop it with a liberal applica-
tion of RTV, paraftin, or epoxy.

Conclusion

The stun gun’s discharge is very im-
pressive. The spark is highly visible and
cach discharge produces a sharp, resound-
ing crack. The circuit can teach you much
about voltage-multiplying circuits and
power supply design. But don’t ever for-
get that the stun gun is not a toy. It can
cause much damage to both you and
others. Never leave it lying around where
children, pets. or anyone unfamiliar with
how to use it can handle it. It's a good idea
to remove the battery before storing the
stun gun. Above all: be careful! R-E

RADAR SIGNAL DETECTOR

continued from page 122

power, background noise should be heard.
You may want to vary the value of Rl
slightly to get a pleasant ringing frequen-
cy. Then adjust the threshold control (RS
in Fig. 1: R2 in Fig. 2) so that received
signals are just above the I/f noise back-
ground.

You can test the detector on the work-
bench by generating a millimeter-wave
microwave signal. You don’t need a fancy
signal generator—just “arc™ a small in-
ductor (say 500 mH) across a nine-volt
battery. A properly-functioning detector
should ring loudly when a signal is gener-
ated in that manner fifty feet from the
detector. You may want to experiment
with different inductors at different dis-
tances from the detector.

Conclusions

Both circuits pick up low-level pulsed-
RF signals. The detector responds to very
short pulses and will continue to ring for
several milliseconds. But the circuit will
respond only to the beginning and the end
of a CW (continuous-wave) signal. Using
either circuit. you'll soon he able to rec-
ognize various signal sources by their
“signatures.”” Microwave towers, for ex-

PARTS LIST—ECONOMY MODEL
All resistors Ye-watt, 5%.
R1—1.1 megohm
R2—27,000 ohms
R3, R4—100,000 ohms
R5—100,000 ohms, panel-mount potenti-
ometer
Capacitors
C1—0.22 uF
C2—0.0 pF
C3—100 pF, 16 voits, electroiytic
Semiconductors
IC1—1458 dual op-amp
Other components
S1—SPST switch
Piezo-electric transducer
PARTS LIST—DELUXE MODEL
All resistors Ye-watt, 5%.
R1—2.2 megohms
R2—10,000 ohms, trimmer potentiometer
R3-—4700 ohms
R4, R6, R7—100,000 ohms
R5—25,000 ahms, panel-mount potenti-
ometer
Capacitors
C1—0.22 uF
C2, C5—0.05 uF
C3—220 p.F, 10 volts, electrolytic
C4—10 p.F, 6 voits, electrolytic
Semiconductors
IC1—1458 dual op-amp
IC21 M386 audio power amplifier
Other components
S1—SPST switch
SPKR—8-100 ohm miniature speaker

ample, provide lots of varied output.
Either circuit could be used for pur-
poses other than radar detection. For ex-
ample, you could use one to detect a
hidden radio transmitter (provided the
transmitter is a pulsed type). The detector
could be used as a leakage detector at a
microwave tower. The detector could also
be used to detect leakage or arcing in
home power lines. as well as outdoor
power-transmission lines. In fact, the uses
to which this circuit may be put are lim-
ited only by your imagination’ R-E

Have a heart-to-heart
with your doctor. . .

9
‘ " AmericanHeart Association
WETRE FIGHTING FOR YOUR LIFE
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HITECH I1BM PC/XT

LEAKAGE TESTER

Continued from page 102

continued from page 72

The system we'll describe uses several
multi-function adapter cards. That will
allow us to leave open S of the 8 expansion
slots. From a standpoint of comparison,
the IBM PC XT without the addition of
any monitor or display adapter card(s)
already has 3 of the available 8 slots in
use. The addition of the color graphics
and monochrome display adapter cards
will increase the load to an additional 2
slots leaving only 3 available slots for any
accessories and expansions you might
have in mind. The suggested parts listing
and cost for the system is described in
Table S.

Note that our computer uses a parallel
printer port rather than the RS-232C port
present on the IBM PC XT. That doesn’t
mean that you have to. We made that
choice because we already had a parallel
printer on hand. and because we were
using a plug-in modem card. But the com-
bination floppy-disk controller/printer-
port board is available in either configura-
tion. One of the advantages of putting
your own computer together is that you
can control the selection and actual con-
figuration of options for it.

Figure 3 shows the basic internal ar-
rangement of the case. The case is of all
metal construction with the needed
brackets for mounting the drive(s) welded
into position. The areas reserved for both
the Hoppy drive(s) and the hard disk drive
are supplied with pop-out plastic panel
covers (front) which will be removed as
the respective drives are installed

The first phase of construction will deal
with the motherboard as shown in Fig. 4.
During these steps we will:

@ Configure DIP Switch SWI

® Locate and install the ROM

® [.ocate the power input connector

® [.ocate the RAM area and expand to
256K if desired.

® [.ocate power connector JPI

Position the board on your work surface
with the expansion slots facing up and to
your left. We will be setting contiguration
DIP Switch located near U20 on the PC
board. Because of the possible variations
in physical appearance of this switch, re-
fer to Fig. 5 for guidance as to switch
positions and settings. Your switch may or
may not have the oN position marked. If it
does not, on will be in the position of the
arrow. A ball-point pen might be useful in
setting this switch.

We'll tell you how to assemble and con-
figure your computer next time. But be-
fore wse go. let’s mention that the parts
listed in Table 5 can be obtained from:
HiTechInternational, Dept. RE. 1180 Mi-
raloma Way, Suite M, Sunnyvale, CA
94086. (408) 738-0601. R-E

it only for the test purposes intended, and
discharge tested capacitors with a screw-
driver when finished. In addition, use of
this project is recommended by tech-
nically qualitied personnel only.

Now that that's out of the way, the unit
is a cinch to use. Let’s look at some typ-
ical applications for the project:

Testing capacitors is easy. If applica-
ble, remove the suspect unit from the cir-
cuit first, as any external leakage can
cause a good capacitor to test leak y. Set S|
to the DISCHARGE position. Then set S2 to
the working voltage of the capacitor. If the
voltage is greater than the project can
provide, use the 100-volt position.

Then use insulated clips to connect the
capacitor to the project.

Flip SI to the cHiEck position. The
meter needle will “kick™ upscale and
drop to zero for a good capacitor. If desir-
ed, press S3 for more sensitivity; that will
give you 0-1 mA readings instead of the
nominal 0-10 mA readings.

Note that the meter needle may kick
upscale many times before settling down.
That indicates that the capacitor has ex-
cessive leakage at the test voltage and
requires “‘forming.” That is a common
situation with capacitors that are used at a
voitage far lower than the working volt-
age, like, say, a 50-volt part in a 12 volt
circuit. That is not a fault of the project.
However, if the meter doesn’t stop kicking
after several minutes, the capacitor isn't
forming and should be replaced.

When the testing is finished, return S|
to the DISCHARGE position. The meter will
read negative, indicating discharge.
When the needle returns to zero, remove
the capacitor.

So how much leakage should a good
capacitor have? There is no simple an-
swer, as it depends upon the capacitor type
and circuit requirements. However, here
are a few rules of thumb you can use.

Paper, mica, polyester, and tantalum
capacitors should display no leakage.
Electrolytic capacitors up to SO wF should
show less than 25 pA of leakage current.
Electrolytic capacitors from 51 pF to 500
WF should show less than 50 pA leakage.
Electrolytic capacitors from 501 uF to
1.000 wF should show less than 100 pA
leakage. Electrolytic capacitors from
1,001 wF to 20,000 wF should show less
than 500 pA leakage.

Another use for the project is forming
new capacitors. Understand that elec-
trolytic capacitors chemically deteriorate
when they sit unused. The capacitor’s
electrolytic film, essential to capacitor
operation, deteriorates, causing very high
leakage currents. If you apply a voltage to
the capacitor, the film can reform. But if
that voltage is too high, that is, close to

the device’s rating, the film may not be
able to form fast enough. So the capacitor
will consume power, get hot, and possibly
explode. Here's how to solve that problenr.

Set SI to the DISCHARGE position and
$2 to the 3-vour position. Then use insu-
lated clips to connect the capacitor.

Flip S| to the cHECK position and note
the meter reading. When the meter reads
minimum current. change S2 to the 6-
voLT position. Continue increasing the
voltage until the working voltage is reach-
ed. Discard any capacitor that takes over
five minutes to form. or still has high
leakage when checked at its working volt-
age.

Appliance safety is easy to check.
Here's how: Set S| to nISCHARGE and S2
to 100-voLrs. Assuming the device to be
tested uses a three-wire power cord, use
an insulated clip lead to connect the **hot™
side of the power cord to the positive bind-
ing post. After that, connect the ground
lead of the power cord to the negative
binding post. The return or commeon side
of the power cord is unconnected. If the
appliance does not use a three-wire power
cord, connect the negative binding post to
any exposed case screws or other metal
surfaces on the unit to be tested.

To test, flip Sl to the cHECK position.
Press §3 for more meter sensitivity. The
meter must read under 50 pA. For higher
readings repairs are indicated.

Cables may be easily checked for leak -
age problems. Simply perform the checks
the sume way you did for appliance leak-
age. Remember to always connect the
positive binding post to the center con-
ductor and the negative binding post to the
shield; that prevents a shock hazard.

If you need more sensitivity when per-
forming leakage testing, try using your
DMM if it has a 200-wA DC range. Sim-
ply setitto the 200-pA range and connect
it in series with the positive binding post
and the cable under test. That technique
workss great for other applications, except
testing high-value capacitors. With those,
when you switch to DISCHARGE, the cur-
rent from the capacitor passes through the
DMM, overloading it.

Another use for the project is quickly
checking those special high voltage di-
odes used in TV sets and microwave
ovens. Usually a DMM can’t check those
components because it can’t supply
enough voltage to turn on the device.

To test the diode, set S| to DISCHARGE
and S2 to 100-voLrs. Then remove the
diode from the circuit and connect it to the
project’s binding posts. Flip S1 to cHECK
and note the reading. Then return SI to
DISCHARGE and reverse the diode. Flip S|
to CHECK again and note the reading. With
most silicon diodes we expect a full-scale
reading when the diode is connected one
way and zero when it is reversed. With
selinium diodes, the difference should be
at least 100 to 1. R-E




When CD Players burst upon the scane,
any repairs had to be referred tc the
manufacturers. Nobody else knew did-
dly-squat about them. Sure. They
sounded GREAT when they worked
right, but before long, they started to de-
velop problems. Unlike standard rec-
ords, there were no grooves. A laser
beam tracked in the surface below the
surface. It was a whole new ball of wax,
and without the wax!

Can YOU restore a Compact Disc Player
to whole and healthy operation? There
are two requirements, and you have both
of them. The fitst is an inborn cunosity
about things electronic. You obviously
have that, or you wouldn't be reading this
advertisement in this publication! The
other thing you need is information. And
you can get all the info you need simply
by filling out the coupon below and mail-
ing it in with the small fee.

Repairin
Compact Disscl:

Players

By return mail you will receive a thor-
ough, detailed treatise on the repair of
Compact Disc Players. it's all you need
to know, and written so that it's easy to
follow. This information, plus your own
skills as a technician will make you the
complete authority on this new subject.
You'll learn: Preventive maintenance
techniques. How to diagnose problems.
How to make repairs. Adjustments to
keep your unit operating. Tune-Ups for
maximum performance. Areas to avoid.

RE Bookstore
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FIG. 4—IF YOU WISH TO VARY the duty cycle
while keeping the frequency constant, replace
the timing resistors with a single potentiometer.
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FIG. 5—IF YOU WISH TO VARY the frequency,
but keep the duty constant, at about 50%, the
5§55 circuit can be moditied as shown.

cqual at all times.,

Returning to our basic circuit. the
power amplitier. FC3. may be any conve-
nicnt type with response reaching into the
ultrasonic region. You might consider
using i low-power 1C amplifier such as the
Sprague ULN3705 or 3784B. or the Na-
tional LM3IBO. LM383, or LM384.

The output transducer may be an inex-
pensive tweeter. Piezoelectric types
should be given special preference. You'll
tind several approriate transducers listed
in the catalogs put out by many of the
mail-order tirms advertising on the back
pages ol this magazine.

When experimenting with ultrasonic
frequencies. be aware that if the frequency
is too close to the audible range . the signal
may be annoving. and possibly paintul. to
house pets and some people—particularly
airls and young women. Duce to the nature
ol ultrasonics. those effected may not be
aware of the source of this discomfort. So.
be alert to the condition of those around
sou when you are experimenting.  R-E

Turntable

The Beogram 3300 from Bang &
Olufsen of America is a moder-
ately-priced, state-of-the-art unit.
Designed as a part of the B&O re-
mote-controlled Beosystem 3300
multi-room music system, it uses
Datalink, a proprietary, interactive
technology to allow intelligent,
two-way communication with
other system components. The
turntable has an elegant tapered
design with black plexiglass and
brushed aluminum finish. This
continues the classic styling that
has been honored in museums
worldwide.
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To simplify locating a particular
cut in the record, the arm can be
moved in %-inch increments, for-
ward or backward. This can, if so
desired, be done by remote con-
trol. A built-in light automatically
illuminates the record surface dur-
ing cueing, to aid in absolutely
precise positioning.

Platter speed is controlled to an
accuracy of 2%, regardless of line-
voltage changes. The unit is priced
at $399. Additional information is
available from Bang & Olufsen of
America, 1150 Feehanville Dr.,
Mount Prospect, IL 60056.

Car Speakers

The Model ALS-525 two-way
component automotive loud-
speaker systems will handle high
power with low distortion. The
units boast a crossover module
that provides a two-position mid-
range frequency control and
three-position high-frequency
level control for optimized perfor-
mance. Because the woofers, sat-
ellite tweeters and crossovers are
separately mountable, the ALS-525
provides greater versatility and

flexibility with a variety of user-se-
lectable options as far as place-
ment is concerned.
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The components of the ALS-525
consist of 5%4-inch woofers, Ya-inch
dome tweeters, and crossover net-
works. Altec Lansing’s carbon-ti-
ber cloth, long-throw high-com-
pliance woofer cones and poly-
mide dome tweeters with fer-
roflouride cooling are used in the
new ALS-525 speaker systems.

Suggested retail price for the
ALS-525 has been set at $250 per
pair. If you'd like additional infor-
mation, contact Altec Lansing
Consumer Products Division,
Milford, PA 18337.

In-Dash Speakers

Three-and-one-half inch loud-
speakers for in-dash use come
with a special flange adapter with
several holes. This makes installa-
tion easy on any American or for-
eign car. Four-inch by six-inch
adapter plates allow the speaker,
named the ALS-35, to be used as a
substitute for four-inch by six-inch
speakers also.

The ALS-35 can handle 15 watts
nominal, 30 watts maximum. The
usable frequency response ranges
from 90 Hz to 20 kHz and the sen-
sitivity is 88dB at one watt/meter.
Impedance is four ohms.
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The unit’s total harmonic distor-
tion measures in at one watt from
130 Hz to 17 kHz.

Suggested retail price is $70/
pair. For additional information,
contact Altec Lansing, Inc.,
Milford, PA 18337.
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Bookshelf Speakers

Two bass-reflex speaker systems
from Revox of Switzerland, dub-
bed the Forum MKII and the Plen-
um MKII offer some fine perfor-
mance features. For example, to
help eliminate sound-swirling as-
sociated with right-angled edges,
the new speakers use chamfered

CIRCLE 90 ON FREE INFORMATION CARD

edges which are claimed to aid
sound propagation around the en-
closures. Other enclosure im-
provements include a high-densi-

BURGLAR ALARM

Continued from page 116 I

Begin by drilling holes for the two
LEDs 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
battery holder to the panel using RTV
adhesive: the holder should be located just
below the holes for the LED’s. Then
mount the key switch in the appropriate
hole. Wire the switch and the battery
holder to the appropriate points on the
board, keeping lead lengths as short as
possible. Bend the LEDs 90° so that they
are parallel with the board. Position the
LED’s in the holes you previously drilled
for that purpose so that they protrude
about % inch. Finish up by securing the
board to the top of the battery holder with
a piece of double sided tape. Fig. 2 shows
how it should look.

The unit can be installed just about any-
where. We suggest mounting it in your
door frame for a professional look.

Although the circuit doesn’t actually
do anything, you should make it a habit to
“arm” and “disarm™ it as appropriate.
That little bit of theater will help convince
a burglar who is “*casing” your home that
it is indeed protected as advertised. R-E

ty particle-board construction and
ingenious rib-and-chamber rein-
forcement structures

The midrange speaker is tightly
enclosed in an assymetrical cham-
ber to avoid internal standing
waves. Removable speaker grilles
are designed to be totally sound
transparent in all directions and at
all frequencies.

Both the Forum MKIIl and the
Plenum MKII are three-way bass-
reflex designs. The Forum, the
smaller of the two, measures 13
inches wide, 19% inches, high, and
13% inches deep. It has a capacity
of handling 150 watts music power.
It has a 9% inch woofer, a 3% inch
midrange, and a % inch tweeter.

The Plenum MKII is slightly
larger, measuring 132 inches wide,
22% inches high, and 13Y% inches
deep. Capable of handling 170
watts, the unit contains a 10% inch
woofer, a 4%2inch midrange, and a
T-inch tweeter.

Special lacquer coatings have
been used on the midrange and
woofer cones that result in stifien-
ing for the bass and damping for
the midrange. The one-inch dome
tweeter is made of pure titanium
for low mass, high velocity and im-
proved heat dissipation.

Prices start at $550. For addi-
tional literature or information,
contact Revox Div., Studer Revox
America, Inc., 1425 Elm Hili Pike,
Nashville, TN 37210.

CD Player
A compact disc player with 16-bit
resolution, four times oversam-
pling, two D/A converters, and
dual (separate anolog and digital)
power supplies, has been intro-

CIRCLE 91 ON FREE INFORMATION CARD

duced by dbx. Named the dbx
DX5, it also offers advanced error
processing in software and trans-
port design, two-band OverEasy
compression, two-band Impact

Recovery, ambience control and
full-function remote.

Each of the four signal-process-
ing circuits is independently by-
passable. These include Compres-
sion, Impact Recovery, Increased
Ambience and Decreased Am-
bience.

DAIR, Digital Audio Impact Re-
covery, is a two-band design that
adds impact to musical transients.

Compression is a two-band con-
trol for background listening,
making car cassettes, and for easi-
er taping of CDs.

Ambience Control adds or sub-
tracts left/right (difference) infor-
mation in midrange and treble to
increase or decrease stereo sepa-
ration and spaciousness of the
sound field.

Also provided on the dbx DX5 is
a headphone jack and a volume
control. It is rack-mountable, and
measures 17%-inches wide, 117-
inches deep, and 3%-inches high.
It is priced at $699. suggested re-
tail. For additional information,
contact dbx, PO Box 100C, New-
ton, MA 02195.

More CD Players
Available now at a suggested re-
tail of $280., is the Model DCD-300
from Denon. This is the least-ex-
pensive player Denon has ever
produced. At only 14-inches in
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width, itis also Denon’s most com-
pact. Like the top-of-the-line De-
non players, it offers such
sophistication as a Super-Linear
Converter, independent power
supplies for digital and analog sec-
tions, and an isolated pickup sub-
chassis. Convenience features in-
clude 15-selection programming,
repeat track, timer play, and audi-
ble fast search.

For additional information on
the DCD-300 and other compo-
nents in the Denon line, write to
Denon America, Inc., 27 Law
Drive, Fairfield, NJ 07006, or call
them at 201/575-7810.
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THAT \'(O) UJ CAN DO

DO YOU HAVE A COPY OF THIS?

If you haven't, you'd better send for yours
right now! The Videocassette Recorder,
once a rarity, has become ubiquitous.
They're all over the place. It seems that
almost everybody that has a TV set has
a VCR to go with it. And why not? Blank
tape is inexpensive and with a VCR you
can record programs to watch later, an-
other day, or keep forever. Forever?
NOTHING is forever! And those VCRs
are starting to break down. Sure, you can
run a head cleaner through the machine,
but if that doesn't fix what's wrong, what
do you do next? Remove the cabinet and
start looking for burned resistors? What
if you don't find any?

RE Bookstore
500 B BiCounty Boulevard

- -
etmnles@) Farmingdale, NY 11735

Please print
— reprints (154) (@ $3.50 each,

You're an electronics technician. We
know you are because you're reading
this book! And with your skills and the
information we've gathered for you, you'll
never have to do another VCR repair “by
guess and by gosh!”

Whether you repair VCRs for a living, or
as a hobby, or just want to know what to
do when your own unit fails, this book is
for you. The first time you refer to it, it will
pay for itself three times over. If you
doubt that statement, check on the fees
that VCR repair people are demanding
these days. Don't wait until it's too late.
Fill out the coupon below and send it
right in. You won't be sorry.

. N.Y. State residents

(Name)

(Street Address)

(State)




PC SERVICE

One of the most difficult tasks in build-
ing any construction project featured in
Radio-Electronics is making the PC
board using just the foil pattern provided
with the article. Well, we're doing some-
thing about it.

We've moved all the foil patterns to this
new section where they're printed by
themselves, full sized, with nothing on the
back side of the page. What that means
for you is that the printed page can be
used directly to produce PC boards!

Note: The patterns provided can be
used directly only for direct positive pho-
toresist methods.

In order to produce a board directly from
the magazine page, remove the page and
carefully inspect it under a strong light
and/or on a light table. Look for breaks in
the traces, bridges between traces, andin
general, all the kinds of things you look for
inthe finat etched board. Youcancleanup
the published artwork the same way you
clear: up you own artwork. Drafting tape
and graphic aids can fix incomplete traces
and doughnuts, and you can use a hobby
knife to get rid of bridges and dirt.

An optional step, once you're satisfied
that the artwork is clean, is to take a little
bit of mineral oil and carefully wipe it
across the back of the artwork. That helps
make the paper transluscent. Don't get
any on the front side of the paper (the side
with the pattern) because you'll con-
taminate the sensitized surface of the
copper blank. After the oil has "dried” a
bit—patting with a paper towel will help
speed up the process—place the pattern
front side down on the sensitized copper
blank, and make the exposure. You'll
probably have to use a longer exposure
time than you are probably used to.

We can't tell you exactly how long an
exposure time you will need but, as a start-
ing point, figure that there's a 50 percent
increase in exposure time over litho-
graphic film. But you'll have to experiment
to find the best method for you. And once
you find it, stick with it. Don't forget the
“three C's” of making PC boards—care,
cleanliness, and consistency.

Finally, we would like to hear how you
make out using our method. Write and tell
us of your successes, and failures, and
what techniques work best for you. Ad-
dress your letters to:

Radio-Electronics
Department PCB
500-B Bi-County Bivd.
Farmingdale, NY 11735

ebeqone

Lia

4% INCHES

IF YOU WISH to etch your own board for the 30-volt power supply, use this pattern.
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[ 4-3/16 INCHES "

BUILD OUR LITTLE LEAKAGE CHECKER and find the leaky capacitors that have been
eluding your capacitor tester. The pattern for the PC board is shown here.

[T

KeproClnd =

y Kepro Circuit Systems, InC.1 m

MAKE PROFESSIONAL QUALITY
PRINTED CIRCUIT BOARDS AT HOME

KeprcClad™ . . . A new concept in the design, creation and
processing of PCB’s permits the production of industrial quali-
ty boards without special rooms, equipment or supplies. The
only things necessary to successfully process KeproClad are
a negative, a UV light source (#2 phototlood or sun), chemi-
cals, trays and hot water. KeproClad was designed for the
home user who needs professional results with:

A Simple Circuit Board:
Use KeproClad unsensitized copper clads. Two popular sizes
with 1 sided foil & a marking pen priced as low as $3.50.

A Fine Line Detailed Board:

Use KeproClad photosensitized copperclads. Two popular
sizes with 1 or 2 sided foil use the latest technology of nega-

‘ tive acting dry-film photoresist. This rugged material holds

fine detail and comes with premeasured developer. Priced as

| low as $3.90.

Complete Instructions supplied with each product make
KeproClad the ideal, safe and easy, printed circuit board
product line for school and home.

Call Kepro Circuit Systems, Inc. for the distributor nearest you

Kepro Circuit Systems, Inc.
630 Axminister Dr., Fenton, MO 63026-2992
Toll Free 800-325-3878 In MO 314-343-1630
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‘- 3-3/4 INCHES

Get room-filling sound from your Walk- SOLDER SIZE OF THE INFRARED VIEWER board Is shown here in a fuii-
man-type player with this easy-to-build size mirror image. This s:de goes toward the board to be exposed.
amplifier.

_—P -

A30402 @
jqie

. [

k___

THE RADAR CALIBRATOR requires the use of a double-sided board. The pattern for the solder side is
shown here.

4-5/8 INCHES

YOO8ANVH SHILNIWIHIALXI 3-H

14

[3)]



(=]
MOOBANVH SH31NIWIHIAX3T 3-H =




2% INCHES

HIIM2 W0
easr As
| 5%2 INCHES I KEEP AN EYE on the humidity
! with our humidity monitor. The
OUR MINI MUSIC SYNTHESIZER can turn anyone into a “one-man-band.” The project is fun, and easy-to-build if PC board for that project is
you use the foil pattern shown here. shown here.
r—“#
ﬁl . >
, [< 3-1/4 INCHES >
[ S,

g e USE THIS BOARD for the power supply required by our stereo-TV
deccder.
F—Q Oy Dt = ro
°'E e
\f L

-
I, v — 4-1/4 INCHES ——————————— ‘—ﬂ o\-nl %> I
HEAR YOUR FAVORITE TV SHOWS in stereo with our
stereo-TV decoder. The main board Is shown here.
<—1INCH—>]

OUR ELECTRONIC SCARECROW can help chase away a less
than determined burglar. If you choose to build that circuit on a

Loy o's a pattern that's appropriate.
A4 [asc .
N*t (i e Ti—=

— o

3% INCHES—————————~

BECAUSE OF THE DANGEROUS VOLTAGES that the stun gun develops, be extra
careful when laying out and etching this PC pattern for that circuit.
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&\8 @ [e—1-1/4 INCHES—DII
v PC PATTERN for the IR remote switch's

hand-held transmitter

o 3-15/16 INCHES )"l

FREE YOURSELF from the tyranny of mechanical switches with our IR remote switch. The PC pattern
for the receiver section is shown here.

e
2OAS
e

USE THIS board to build your laser.

| 4-3/4 INCHES >

THE COMPONENT SIDE of the double-sided radar calibrator board is shown here. The solder side is
found on page 145.
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1.2 GHz
FREQUENCY
COUNTER

Who says a frequency counter must be big and
expensive? Our little counter can measure signals into the
gigahertz range, and it can be built for under $60! \

THE PRICES OF VARIOUS TYPES OF TEST
instruments have been dropping like
ducks in a shooting gallery the past few
years. The latest victim is the frequency
counter. When digital frequency counters
first appeared in the early 1950°s they were
very large, very expensive. and, by to-
day’s standards, very limited. However,
inexpensive LSI frequency-counter IC's
and high-speed ECL prescalers have been
developed in the past few years.

Those IC’s allow us to offer you a high-
performance, hand-held frequency coun-
ter for under $60. It can measure the fre-
quency of signals ranging from | MHz to
1200 MHz. and it has sensitivity under 25
mV throughout most of its useful range.
In fact, using a 19-inch telescopic anten-
na, we can measure the output of a Yio-
watt, 146-MHz handie-talkie that is lo-
cated more than 20 feet away! Our fre-
quency counter has many other features
rivalling units selling for several times its
price. Complete specifications are shown
in Table 1.

Design Philosophy

Our main design objectives were to
produce a 1-GHz counter with good sen-
sitivity, and with minimal size and cost.
To meet those objectives we selected two
key parts: Intersil’s LSI frequency coun-
ter, the 7216D (IC1 in Fig. 1), and RCA’s
ECL prescaler, the CA3179 (IC2).

The Intersil IC was chosen because it

FRED HUFFT

contains all the circuitry nec-
essary to count, generate gate
signals, latch data, and drive a
muitiplexed LED display. It also
has an Mip (Measurement /n
Progress) output, and con-
trol inputs for decimal-
point placement and gate
time.

The second key part is the
RCA CA3179 amplifier/pre-
scaler. It is an ECL part with an
exceptional bandwidth of 1200
MHz and with excellent sensitivity.
As you can see in Fig. 2, the
CA3179’s 500-MHz input has a
sensitivity of about 10 mV rms
above 100 MHz. Below that fre-
quency, sensitivity is inversely
related to frequency, rising to
125 mV at frequencies below
about 2 MHz. As youcan see
in Fig. 3, the CA3179's
1200-MHz input is about
25 mV over the 300-
1000-MHz range.

The CA3179 requires a
single five-volt supply,
and it runs barely warm to
the touch. That makes it the
only IC of its kind we know of that
does not run hot in normal operation.
Last, it is inexpensive and easy to find.

A few other inexpensive components
round out our frequency counter. Refer-

MNOOGANVH SHILIN3IWIYIIX3 3-H
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TABLE 1—FREQUENCY COUNTER SPECIFICATIONS

Range

Gate time (fast)
(slow)

Resolution

Display

Sensitivity (1-10 MHz)
(10-1000 MHz)
(1-1.2 GHz)
Accuracy

Timebase aging

Input impedance

Gate LED

Input connectors

Input power

Optional battery pack

AC adapter and battery charger
Input power connector

1-1200 MHz

0.25 second

2.5 seconds

100 Hz (fast gate time)

1000 Hz (slow gate time)

Eight 0.28-inch high, 7-segment LED
displays, common-cathode. Decimal
point indicates MHz. Leading zero
blanking.

100~-150 mV rms

1-35 mV rms

10~-150 mV rms

+1 PPM RTXO timebase,

+1 count in LSD

0.1 PPM/month

50 ohms

llluminates during count

2 BNC female jacks

9-14 VDC, 150 mA, internally regulated

Six AA Ni-Cd cells (7.2 volts)

9 VDC, 300-500 ma

Ys-inch jack, center positive

Case 0.060-inch anodized aluminum
Size 3.9x3.5x 1.5 (inches)
Weight 8.5 0z, 13 oz with battery pack
500-MHz O- 64
INPUT
PRESCALER LEVEL N
SENSITIVITY AND TRANSLATION (nb;)
{51 AMPLIFIER {an
l {1C2) l—o
1200-MHz O- + 256
INPUT S2
_— RANGE  3.90625-MHz
CRYSTAL
T Y T O Y Y Y O I FREQUENCY COUNTER ID? |
I de 1o 1 _lg 1Mo [ _1g1__le 1_lg 1_1g {icy
8-DIGIT DISPLAY |- //14
GATE ZD LED)
TIME
(s4) MEASUREMENT
R15 IN PRDGRESS
+V —AM—

FIG. 1—BLOCK DIAGRAM OF THE FREQUENCY COUNTER reveals that only three IC's and a few
discrete components are needed to produce a high-performance 1-GHz counter.

125
100

5

50

SENSITIVITY-mV

25

20°7100 200 300 400 500
FREQUENCY-MHz

FIG. 2—RMS SINEWAVE SENSITIVITY of the

CA3179's 500-MHz input is a flat 15 mV from 100

to 450 MHz.

0w

ring back to Fig. 1, the output of the pre-
scaler is fed through a level translator and
then to two D™ flip-flops contigured as a
divide-by-four counter. We use a 74L.574
dual-D flip-flip because it is inexpensive
and readily available. and because it uses

little power. RANGE switch S2 allows you
to select either the divide-by-four output
or the direct output from the prescaler.
Your chosen signal is then passed on to
IC1, which processes it for output on the
LED displays. two four-digit, common-
cathode. multiplexed displays with 0.28-
inch high digits.

The circuit is powered by an external
AC adapter or an optional built-in Ni-Cd
battery pack (which is trickled charged by
the adapter). Separate switches are

g

ol )
0 50 100 300 500 700 900 1100
FREQUENCY-MHz

FIG. 3—RMS SINEWAVE SENSITIVITY of the
CA3179's 1200-MHz input is a fairly flat 26 mV
from 300 to 950 MHz.

SENSITIVITY-
mV
8

provided to control senstrivity (S1) and
GATE TIME (84).

Circuit Description

Referring now to the complete circuit
diagram in Fig. 4, you can see that the
output of the CA3179 is fed through the
D1/QI circuit. Those components serve to
boost the 1-volt output of the CA3179 to a
standard TTL level. Then, depending on
the position of RANGE switch S2-b. the
signal is passed directly to the 7216, or
through the divide-by-four circuit built
from the two D™ flip-flops in 1C3.

The other half of the RANGE switch
($2-a) controls the voltage at pin 3 of the
CA3179. When pin 3 is high, the signal
applied to pin 9 is fed through an extra
internal divide-by-four stage before it is
amplified and output on pins 4 and §.
When pin 3 is low, the signal on pin 13 is
simply processed for output without being
divided internally.

We use a 3.90625 MHz crystal for our
time base: the crystal yields a fast gate
time of 0.256 second. The displayed fre-
quency equals the input frequency divid-
ed by 1000 in the fast mode. In slow mode,
gate time is 2.56 seconds. The displayed
frequency equals the input frequency di-
vided by 100 in the slow mode.

Switch S4. GaTE TIME. performs two
functions. First it selects the appropriate
gate time according to which digit output
of IC1 the RANGE input is connected to.
Another of the 7216 inputs is also con-
trolled by S4: the pp seLecT input. The
decimal point of the digit output to which
that pin is connected will be the one that
lights up. In our case. the correct decimal
point illuminates, according to the posi-
tion of S$4. to provide a reading in MHz.

Self-oscillation

Due to the high gain, balanced-input
amplifiers in the CA3179, self-oscillation
can occur with no input signal present.
The result is a random. constantly-chang-
ing count. Although that does not affect
the performance of the counter. it can be
distracting.

To settle the display we added sen-
sroivity switch Sl and the associated re-
sistors and capacitors. When the switch is
on, the RC networks climinate display
bobble. The difference in sensitivity var-
ies with frequency. For example, at 150
MHz, normal sensitivity is typically 15
mV rms, and high sensitivity is about 6
mV rms. But at 850 MHz, normal sen-
sitivity is typically 40 mV rms and high
sensitivity is about 25 mV rms.

The mie output of IC1 drives Q2. which
in turn drives LEDI. When it is illumi-
nated, a measurement is in progress. The
LED goes out for a fraction of a second
between measurements.

For greatest accuracy. trimmer C8 can
be adjusted so that the output of the os-
cillator is exactly 3.906250 MHz. For
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FIG. 4—SCHEMATIC DIAGRAM OF THE FREQUENCY COUNTER is a model of design simplicity.
Transistor Q1 and associated discrete components translate IC2's ECL outputinto a TTL level for IC3

and IC1.

greatest frequency stability. C7 should be
an NPO type. and C9 an N750. In case
you're wondering. temperature causes al-
most no change in capacitance in an NPQ
capacitor: the capacitance of an N750 ca-
pacitor will decrease 750 parts per million
for each 1°C increase in temperature.

The power supply s a standard 7805
circuit. Input voltage can range trom 812
volts DC: input should never exceed 12
volts. Diode D2 protects the circuit trom
an accidental reversed-voltage input.

Power input jack J1 has a switch con-
tact. When no plug is present, the contacts
are closed. so the negative terminal of the
battery is grounded. When a plug is pres-
ent. R19 appears in the battery’s ground
circuit: that resistor is what provides trick-
le-charging. With a 9-volt input. a charge
current of 25-45 mA will be provided.
Charging occurs even when power switch
S3 is oft. You should ensure that charge
current never exceeds 45 mA; adjust the
value of R19 it necessary.

The Ni-Cd battery pack specitied in the
Parts List is rated at 45 mA. This means
that a charge current of 45 mA will tully
charge a completely discharged pack in
about 14 hours. and that the batteries
won’t be harmed by continuous charging
at that rate (or less). For maximum battery
life and capacity, Ni-Cd's should occa-
sionally be “deep cycled™ several times
by completely discharging and then tully

recharging them. That should prevent a
discharge “memory™ from forming at
less than the full rated output voltage.
Voltage regulator 1C4 provides a regu-
lated five-volt DC output when S3 is
closed. Regufated voltage is especially
important to the timebase oscillator, be-
cause, as the battery’s voltage varied
throughout its life. so would the trequen-
cv of the timebase. Erroneous meusure-
ments would result. With a good source of

OISPLAY SIOE OF
PC BOARD

b

FIG. 5—A BNC CONNECTOR must be modif'ed
as shownin aso that it can be soldered to the PC
board as shown in b.

regulated voltage. however, the timebase
circuit should maintain + [-PPM stability
at room temperature. Both temperature
stability and accuracy are almost totally
dependent upon the crystal used.

The counter circuitry by itself draws
about 120 mA: in combination with the
battery charger. about 150 mA will be
drawn. The optional Ni-Cd battery pack
should give up to 5 hours of continuous
operation, which is more than adequate
for most portable requirements. In any
case, we recommend that your DC source
be able to supply at least 300 mA tor safe
and reliable operation.

That’s about all there is to the circuit—
s0 let’s build a frequency counter!

PC board

For case of construction. we recom-
mend us¢ of a double-sided PC board.
You can buy an etched. plated, labeled.
and solder-masked board from the source
mentioned in the Parts List, or you can
ctch you own board using the toil patterns
shown in “PC Service.”

For tlexibility. the PC layout has a
number of extra pads and holes to accom-
modate capacitors of various sizes and
shapes. That applies to C2, C3. and C4.
and to trimmer C8. We designed a partial
micro-strip layout for the input connectors
(J2 and J3) to simplify assembly and to
approximate a 50-ohm input impedance.
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PARTS LIST

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

R1—510 ohms, carbon composition

R2, R4—100 ohms, carbon composition

R3—56 ohms, carbon composition

R5—1000 ohms

R6—220 ohms

R7-—2.200 ohms

R8—22 ohms

R9-R14—10,000 ohms

R15—330 ohms

R16—22 megohms

R17—270,000 ohms

R18—20,000 ohms

R19—82 ohms, 1/2 watt, 10%

Capacitors

C1, C2, C15—0.001 wF ceramic disc

C3, C4—470 pF ceramic disc

C5—100 pF ceramic disc

C6, C10, C14—0.1 pf ceramic disc

C7-16 pF ceramic disc, NPO

C8—1-23 pF trimmer

C9—39 pF ceramic disc, N750

C11—10 pF, 16 volts, electrolytic

C12—220 pF, 25 volts, electroiytic

C13—100 pF, 16 volts, electrolytic

Semiconductors

IC1—ICM7216DIPI universal frequency
counter (Intersil)

IC2—CA3179 ECL pre-scaler (RCA)

IC3—74L.S74 dual “D" flip-flop

1C4—7805 5-volit regulator (TO-220 case)

Q1-—PN3638A transistor (ECG159)

Q2-—-PN5139 transistor (ECG108)

DISP1, DISP2—DL-4770, four-digit,

- -C13-
CMI - |
| R15
[ i
o= L 5 ! Y
Eo,
-R14 |Cll LED 1
-——Ri3-
R12—— -R9-
€5
|
Ict
R7
——t— |
R19 ===  xjaLi1 -C9
Pleciinss B =3
Ly B L | R16
‘ b | * y C|7
L | D2 »
o _
* cig
- ! Y i
Bl | 4 /\I
DC INPUT
1.2V i ;
-

FIG. 6—PARTS PLACEMENT DIAGRAM. Most components mount on the bottom of the board. The
switches, displays, R2 and LED1 are shown in dashed lines; they should be mounted on the opposite
side of the board. The leads to the battery attach to the bottom side; BNC jacks J2 and J3 should be

soldered to both sides of the board.

seven-segment, common-cathode
multiplexed display {Litronix)
LED1—standard red LED
D1—1N914 switching diode
D2—1N4001 rectifier
Other Components
S1-S4—subminiature DPDT slide switch
J1—Ys-inch power jack with switch
J2, J3—BNC connector, female,
bulkhead mount, modified (see text)
XTAL1—3.906250 MHz crystal, paraliel
resonant, 22 pF, HC-18 case.
Miscellaneous ¥%s” high by %" OD nylon
spacer, PC board, power pack, etc.

Note: The following items are avallable
from Optoelectronics, Inc., 5821 N.E. 14
Ave., Ft. Lauderdale, FL. 33334
(305-771-2050): PC board (no.
PCB-1200H), $16; Kit including PCB
and ali parts less cabinet (no. 1200HK),
$59.95; Anodized cabinet with red lens
(no. CAB-1200H), $20; Power adapter/
charger (no. AC-1200), $7.50; Ni-Cd
battery pack (no. NiCd-1200), $20; Tele-
scoping RF antenna (no. TA-100), $12;
Vinyl zipper case (no. CC-70), $10; 50-
ohm 1 x probe (no. P-100), $18; Wired,
tested and calibrated counter (no.
1200H), $110; Wired, tested counter
with adapter and power pack (no.
1200HC), $137.50. Individual compo-
nents also available. Florida residents
add 5% sales tax. All orders add 5% for
shipping and handling.
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In addition. the PC board has two notches
at the top to accept modified BNC con-
nectors. and another notch along one side
for the power-input juck J1. The notches
for the BNC connectors should be 0.365”
wide and 0.250" deep. The power-jack
notch should be 0.430" wide and 0.150"
deep.

Construction

Our frequency counter was designed
tor quick and casy assembly: by following
the directions you should have no trouble
building. testing, or calibrating the instru-
ment. We'll call the “front™ side of the
board the side that the switches and the
displays are mounted on.

birst modity the two BNC connectors
as shown in Fig. 5-a. Using a hucksaw or a
modeling file. cut a Ye-inch slot beneath
the center post of the BNC connector.
leaving ¥ie of an inch beneath the flange.
Then solder each connector to the board
as shown in Fig. 5-b. The connectors are
soldered to the adjoining ground planes
on both sides of the PC board: that makes
the installation both strong and well
grounded. The center conductors of the
BNC connectors should also be soldered
to the PC board now.

Next, on the back side of the board. as
shown in Fig. 6, install the low-profile
components (the diodes and resistors).
tollowed by the IC sockets, then the ca-
pacitors, etc. Be certain to observe proper
polarity when installing the diodes. the
clectrolytic capacitors, the 1C sockets. the
battery connector, and, on the front of the
board. LEDI and the displays. By the
way. we found almost no difterence in
performance with and without sockets,
but using them makes servicing easier.

Since the counter will be dealing with
rather high trequencies. RI-R4 and
C1—C4 should be installed with minimum
lead length. Also. resistors R1-R4 should
be the non-inductive. carbon-composi
tion type; the other resistors may be either
composition or film types. Capacitors
C1-C4 should be small cerumic disk or
monolithic ceramic types. Install all input
components neatly.

To complete the back side of the board.,
install the voltage regulator (1C4), trim-
mer capacitor C8. and all small capaci-
tors. Bend the leads of the regulator so
that its body is parallel 1o the PC board. A
heatsink is unnecessary. Next install
power jack JI and transistors Qt and Q2.

Clean flux off the tront side of the
board. and then install the switches.
DISPI and DISP2. XTALI. LEDI. and
R2. according to Fig. 6. The LED should
be mounted above a spacer Ye inch n
length. The displays should be mounted
flush against the board. When installing
the displays. the IC sockets. and any other
components with numerous solder con-
nections. it’s best to solder two or three

continued on page 163
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Music Maker

MY NEW IDEA IS A TONE SEQUENCER WITH
a variable tempo. A 555 timer operated in
an astable mode produces the tempo. The
555's output clocks a 7490 counter which
then drives a 7442. The 7490 counts frem
0 to 9 in binary and sequences the 7442
from 0 to 9. The | output of the 7442
goes low when its binary equivalent ap-
pears at the 7442's input. The 7442's out-
put goes through some tone resistors to
another 555 which is the tone generator.
Its output goes to an 1.M 380 amplifier 1C
and to the speaker.

Here is a way you can choose a set of
fixed tone resistors for the circuit. Con-
nect onc outer terminal of a 1000-ohm

potentiometer to ground. The center ter-
minal of the pot is connected to pin | of

- 10M ALISTONS
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the 7442, Turn the circuit on and as soon
as a tone appears, deactivate the 555 clock
by disconnecting pin 14 of the 7490, If
you deactivate the clock circuit as soon as
the tone burst is heard you can then start,
the programming procedure. When a
fixed tone is heard from the speaker,
rotate the pot’s shaft until the desired
tone is heard. Then disconnect the pot
from the circuit and measure the resis-
tance with an ohmmeter. You can then
replace the pot with a fixed resistor. You
then repeat the procedure for the rest of
the outputs of the 7442,

The original circuit (see Fig. 1) was
breadboarded but any method of con-
struction may be used 10 build a working
device.~-Mark Dittmar
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Automatic Light Controller For Carport

MY WIFE WORKS EVENINGS AND GETS
home well after dark. Because no one is at
home to greet her upon her return, we
used to leave the carport light on for
many energy-wasting hours, just so she

@ VOLT SUPPLY

could avoid tripping over bicycles or step-

ping on the dog's tail when she returned
in the evening.

To save my marriage—and conserve
electricity—1 devised the following cir-
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cuit. It is simply a 555 timer IC, operat-
ing in the one-shot mode, that is triggered
by light striking photoresistors. These
normally have a resistance of several
megohms but, in the presence of light,
that resistance drops to several hundred
ohms, permitting current from the six-
volt source to flow in the circuit. The
R-C combination shown gives an on-time
of about two minutes. Photoresistors PC3
and PC4 are mounted at headlight-height
on the carport wall (one for each of our
two cars).

Now, when my wife pulls into the car-
port at night, the headlights illuminate
the photoresistor, and the timer starts.
That actuates a relay, RY]1, in parallel
with the carport light switch, and the
lights are turned on long enough for her
to get safely into the house. The lights are
automatically turned off when the timer's
two minutes are up.

We also have a push-button switch
mounted inside the house and, when we
20 out at night, that allows us to turn on
the outside lights to see our way out to
the car, knowing they'll turn themselves
off after we've left.

Photoresistors PC1 and PC2 are
mounted on the outside of the house
where they are in the sun much of the
time. That keeps the timer from trigger-
ing during daylight hours. Resistors R1
and R2 establish the thresholds for prop-
er on/off control.

My unit has been in service for over a
year and has not given me any problems.
I've also installed quite a few of these for
friends. and they are pleased as can be.

ANl the components used are stock
items.— Ronald Picard
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| DESIGNED THIS SYSTEM FIVE YEARS AGO
for use in my service business, and it
works great. | use 1t to look for intermit-
tent problems on my bench. For example,
if I had a color TV whose horizontal out-
put current would go way up at unpre-
dictable times, and | didn’t want to sit by
and wait for this to happen, I'd hook up
the tone alert and let it tell me when the
current increase took place.

The Trouble Tone Alert is intended for
use with analog meters- just wire o
*mini” earphone jack directly across the
meter movement, plug it in, and you're all
set. The high impedance of the alert
keeps it from affecting the accuracy of
the meter reading. because most meter
movements are on the order of 1800 ohms
and the input impedance of the alert is in
the megohm range.

This device is as versatile as your
meter, since all it reacts to i1s the meter-
movement driving voltage. It will respond
to a change in AC or DC voltage, current,
or in resistance.

You tell the Trouble Tone Alert
whether to look for an increase or de-
crease by means of the DPDT switch and

Trouble Tone Alert
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FIG. 1

adjust the threshold control until the tone
from the Sonalert just disappears (with
the meter in the circuit being tested, of
course). After that you can go about your

ECG-133
HEPZoy| E<® 128

Soomw

DPSYT SwiTew

business and wait for the alert to signal
you when your intermittent problem has
finally shown up.

John J. Augustine

EYOU FREQUESNE HAMEESTES, BEEFCTRON-

1oy flea markets. or any other type of

surplus outlet. you know the pros and
cons of buying from those sources. Onthe

one hand. they re an excellent source of

5
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}mum i
1 \4

Q2
2N3563
OR

GEol

TEST CLIPS

hard-to-get parts as well as a haven tor
bargain hunters. On the other. however,
just about everything is sold “as s, with
no guarantee of uny hind—it's strictly

Crystal tester

“let the buyer beware 77 It you've ever
come home with & pile ot components.
only to find out that halt of them were
useless. vou know that notall bargains are
what they seem.

The ideal solution to that problem. of
course. Is o find some way to weed out
the obviously bad parts betore you buy
them. The circuit U1 be describing here
has proved usetul for just that purpose
when digging through stacks of erystals,
as well as in troubleshooting my equip-
ment. Itis smail, casy -to-build. and will,
at a glance. let you know if & particular
erystal will oscillate Let’s ook at the
circuit shown in kg |

Transistor Q. a 2N3563. and its
associated components torm an oscillator
circuit that will oscillate if . and only it a
good crystal is connected to the testelips
The output from the oscillator s then ree
titied by the two IN4148 diodes and fil-
tered by Cl. oa .01-ubF capacuor. The
positive voltage developed across the
capacitor is applied to the base ot Q2.
another 2N3563. causing 1t to conduct.
When that happens. current flows
through LED1. causing it to glow. Since
only a good crystal will oscillate. a glow-

ing LED indicates that the crystal is in-
deed OK. The circuit is powered by a
standard nine-volt transistor-radio battery
and the SPST pushbutton power-switch is
included to prolong battery life.

The circuit is casy to build, with size—
for casy portability—the only real con-
stderation. While just about any construc-
tion technigue will work well, it's casiest
to use a small piece of perforated
construction-board.

To use the crystal tester. simply con-
nect acrystal to the test leads and close the
SPST pushbutton power-switch. If the
crystal is OK. the LED will glow bright-
ly. It the LED does not glow. or just
glows dimly. the crystal is bad and should
not be used.

One note on the intended use tor the
tester is in order here. however. This tes-
ter will check any crystal for osciilation.
However. it will not necessarily make the
crystal oscillate at the frequency that itis
supposcd to: so you can’t use this tester
with a frequency counter to test for that.
What the circuit swill dois give you a way
to quickly weed out crystals that are

obviously bad. and. after all. that is half

the battle. —Jack Fernandes

NOOBANVH SHILIN3IWIHIdX3 3-4
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IT WOULD SEEM THAT BUILDING A LITTLE
power supply to substitute for four flash-
light (D cell) batteries would be a simple
“handbook™ job. Not so! The application
in question is powering a widely-sold toy
pinball inachine.

The problem is that the bright bulb and
electromagnetic counter draw an initial
surge of about 4 amperes when the steel
ball activates a scoring bumper. There
are, no doubt, other toys that suffer from
the same problem. The pinball machine
used up alkaline batteries at a rate that
began to cost a significant part of the
entire house electrical bill.

The problem has been solved, and | set

up the following criteria for the design:

1. The supply should use a safe
(U-L recognized) line-plug mod-
ule as calculators or small tape
recorders using rechargable bat-
teries do. The idea was not to
shock too many of our children,
ages 4 through 14.

2. The supply should use an inex-
pensive and easily available regu-
lator like the National LM340T-
5.0 or the 7805-series voltage
regulator available from several
sources.

3. Despite using the commonly
available 5-volt logic regulators,

Battery Substituter Has Muscle

the supply should provide 6.3 to
6.5 volts.

To make the little, 100 mA-rated, cal-
culator/charger supply provide 4-ampere
surges required a minor reversal of design
philosophy. Not only is the little charger-
supply limited in power, but the plastic-
packaged regulators that are easily avail-
able, are only rated for | to 1.5 amperes.
Three design tricks provide the solution.

1. Only moderate filtering on the
regulator input (see the schemat-
ic) is needed, and fast recovery
results.

2. Massive filtering on the output of
the regulator is used (not the usu-
al technique) to supply the
surges. The three-terminal IC
regulators are stable under these
conditions.

3. A LED is inserted in the ground
lead of the 5-volt IC regulator.
This boosts its output voltage by
about 1.5 volts, and provides a
nice pilot-light as well.

Parts are not critical. The line-plug
supply (transformer is part of plug) that I
used had an open-circuit voltage of about
10 volts and could supply a little over 100
mA at 8 volts. [A power converter
designed to supply 9 volts to smail radios
and calculators will do nicely.—Editor]
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The capacitors are also uncritical since
none of the ripple currents are very high.
I happened to use two 100,000-microfa-
rad computer-type capacitors on the out-
put because | could get them inexpensive-
ly. A number of smaller paralleled capaci-
tors rated at 8 volts or more would cer-
tainly work well also. Surplus or junk-box
devices would be quite suitable. The IC
regulators must have current-limiting to
avoid damaging the line-plug type supply
with surges.

The battery-eliminator components
can be placed wherever you can find the
space. The location for the charger is
obvious—in the wall receptacle. I distrib-
uted the other parts around the pinball
machine. The small capacitor and regula-
tor are on a bracket on the back of the
machine. The LED is glued into the front
panel and the two 100,000-uF capacitors
are carefully insulated and then taped to
the machine’s back legs.—Peter Lefferts
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MANY OF THE LOWER-PRICED AMPLIFIERS
available today do not provide any over-
load protection for vour speakers. The
purpose of the circuit shown in Fig. |15
to remedy that shortcoming.

Relay RY1 1s six-volt DPDT unit
rated at 3-5 amps. One set of contacts is
wired in series with cach speaker so that
when the relay is nor energized. the con-
tacts are closed and the circuits between
the speakers and the amp are complete.

The input to the circuit is taken from
your amplifier’s speaker-output termi-
nals or jacks. If the right-channel signal
is sufficiently large to charge Cl to a
potential that is greater than the break-
down voltage of Q1's emitter. a voltage
pulse will auppear across R7. Similarly f
the left-channel signal is sufficiently
large to charge C2 to a potential that s
greater than the breakdown voltage of
Q2's emitter. « pulse will appear across
R7. The pulse across R7 triggers SCR1.
a sensitive gate SCR (g, < 1S mA.
where [, 1v the gate trigger-current).
that latches in a4 conducting state and
energizes RY 1. The action of the relay
will interrupt both speaker circuits. and
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Tl Gon  INGIE
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+qv T—\
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>
% 7
100a
R2 4 3 (S| )
EP% 29 N.O.
1009
J2 Q2 s
RIGHT INQI4 2N2646 ALL RESISTORS 1/2-WATT
INPUT
FIG. 1

the resulting silence should alert you to
the problem. Cut biack the volume on
vour amplifier. then press and release Si
to reset the circuit and restore normal
operation.

The circut can be adjusted to trip at
any level from 13 1o 150-watts RMS. To

cahbrate. dehberately feed an excessive
signal to the right input of the speaker
protector and adiust R3 until RY ! ener-
gizes. Do the same with the left channel.
this time adjusting R4, The circuit s
now culibrated and ready for use.
—Willie Ward
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AFEER TRETIRED. MY INTEREST IN LLEC-
tronies grew tremendously. Partly be-
cause of that. | joined the RSVP (Reured
Senior Volunteer Program) and volun-
teered to help high-school electronies stu-
dents n their electronics taboratory
courses. Recently. the students began to
make their own printed-circuit boards for
their projects. und the instructor decided
that the boards should be unned (solder
plated). What the students would do was
to load the board with solder and then sop
1t up with Solder Wick. There had to be a
better way to tin a board than that!

One improvement would have been to
use some fiquid rosin solder flux. Howev-
er. that was not readily available. and an
order would have tuken months to fill. A
solution was found. though—we made
our own liquid flux. IS not very hard to
do. und everything you need is shown in
Fig. 1.

| knew that the active ingredient in
printed-circuit-board cleaners—
acetone—dissolves rosin hike crazy. So l
went (o raid my wife’s acetone-based

Liguid rosin flux

ROSIN

FIG. 1

fingernait-pohsh remover—but when |
saw the price she paid for it | decided
against it. However. | did manage to get
my hands on an empty fingernail-polish
remover bottle. That bottle was perfect
for what 1 wanted to use it because 1t came
with a hundy applicator brush. A httie
acetone was used to clean both the bottle
and the brush.

The next problem was to find the rosin.
A violin-repair shop was the source for
that. | mashed up a bit of the rosin—u
piece about us big us the end of my
finger—and coaxed it into the bottle that

FINGERNAIL-POLISH-REMOVER BOTTLE

APPLICATOR

ACETONE BRUSH

was hatf-fitled with acctone. Tt was casy
to tell how much rosin to put in—it dis
solves very quickly. but htle chunks of
rosin form at the bottom of the bottle.
when you've reached the saturation
poimnt. Then. no more will dissolve
Now [ had a fittle bottle of hquid rosin
with its own applicator brush. It's a great
way to put rosin tlux on printed-circuit
boards. to prime connections, to tin
stranded wires. and so on. You can prob-
ably get by without it: but. beheve me.
liquid rosin can make many jobs a lot
casier.—Roger F o Sheldon

AMONG THE EARLIER MULTIVIBRATORS.
one of the simpler models was a device
using two rclays and onc or more capaci-
tors and resistors to control the tining
cycle and operating frequency. When it
comes to small size and speed. all s in
favor of the solid-state clectronic multvi-
brator.

However, from time to time we may
need the simplicity of the reluy multivi-
brator. Most circuits shown in literature
use the charging of o capacitor to control
the timing and one or more resistors to
limit the discharge current so it won't
damage the relay contacts. The circuit in
Fig. 1 was developed around two relavs
and a single capacitor to perform the
same tasks us the more claborate cir-
cuits.

Circuit operation 1s as follows: When
switch 81 is first closed. the C1 charging
current activates relay RY | and causes its
normally closed contacts (RYI-1} to
open. When the C1 charging current falls
below the hold-in rating of RYI. the
relay releases and closes contact RY1-1.

At that moment, the coil of RY2 is
connected across C1. The capacitor starts
to discharge and the discharge current
encrgizes RY 2 and causes contact RY2-1
to opcn. When the discharge current
drops below RY2's hold-in current rat-
ing. contact RY2-1 closes to start the

Relay Multivibrator

S1
RY21 RY1-1
o
oc RY1 RY2
s [
%c.
FIG. 1
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RY21 RY1-1
o o—
oc RY1 RY2
o_
TCI

cycle anew. The multivibrator will switch
back and forth between the relays at a
frequency governed by the capacitance of
C1. the resistance of the relay coils, the
applied voltage. and the hold-in current
of the relays. As the relays cycle. switch-

ing operations can be carried out as
needed by auxiliary contacts on either or
both relays.

A potentiometer can be inserted be-
tween the relays as in Fig. 2 so you can
vary the cycling.—J. Ofer

HOO8ANVH SHILN3WIH3dX3 3-H
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HAVE YOU EVER BEEN STARITED BY YOUR
own doorbelt? 1 have heard some door
bells that are so harsh and stanthing that
they are sure to wreck anyone’s nerves
But my doorbell 1s not of that ty pe—at
least not any more

But 1f your bell is of that tpe. don’t
despair. Il show you a way to prevent
your giuiet home from being disturbed
You can replace your harsh-sounding.
nerve-wraching bell with what 'l call a
“mild dose of sound stimulation.”™ When
the doorbell is pushed. you'll hear a low
tone that will “shide up™ to a higher fre-
quency

Figure 1 shows the sliding-tone door-
bell circuit. It's made up of two main
parts: an AF (Audio Frequency) oscillator
and a variable resistance.

The frequency of the AF oscillator is
determined by two tactors. The firstis the
value of the coupling capacitor, Cl. The
second 1s the value of the resistance con-
nected between the base of QI and
ground. That resistance. which we’ll call
Ry s equal to (RI+R2) ITR3

When either of those two factors in-
creases. the frequency of oscillation will

Sliding-tone doorbell
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decrease. Thus, whenever Ry¢; or Cl de-
creases. the frequency will increase.
First. assume that S1 s closed and R2
has been adjusted to produce a pleasant.
low-frequency tone. Capacitor C3 will
charge through R6 until it reaches such a
voltage that will cause diode DI to con-
duct. When that happens, the value of
Ry is paralleled by R4, Thus, because
the total resistance Ry, decreases, the
output tone slides up in trequency. Capac-
itor C3 will continue to charge untit the
voltage across D2 and D3 causes those
diodes to conduct. Then R ;18 paralleled
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also by RS, the total resistance again de-
creases, and the oscillator’s frequency
again increases.

It you're not satisfied with how the
“bell™ sounds, there are several things
you can do. First, if you want 1o change
the tone variation, teel free to try different
values for R2. R4, and R5. And if you
want to vary the sliding speed of the tone,
then you can try different values of R6.

As with the rest of this easy-to-build
circuit, the transistor types are not crit-
ical. Feel tree to experiment!—Tseng C.
Liao
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VHF Tone Transmitter
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I'D LIKE TO SHARE WITH YOU A SIMPLE,
inexpensive and very useful circuit. Orig-
inally designed to generate horizontal
bars on a TV screen to aid in vertical-
linearity adjustments (test patterns are
hard to find these days), the circuit is
actually more useful as a RF signal gener-
ator that can be used for simple checks of
TV and FM-radio RF, IF and AF stages.
Its range is about 50 feet with a short
whip antenna, but for most applications
no antenna is required.

The first section, a tone generator, is
made up of a unijunction transistor, QI,
and R1, R2, R3, and C2. Transistor Q|
pulses on and off at a rate determined by
the time constant of R1 and R2, together
with the capacitance of C2 and the
B1-emitter junction of Ql. Trimmer po-
tentiometer R2 determines the frequency
of the tone generated and allows a range
of approximately 100 Hz to over 5 kHz.

Transistor Q2 is the RF oscillator. Its
frequency is set by tuned circuits consist-
ing of L1, C5, C6, and the interelectrode
capacitance of Q2. The values shown will
give a tuning range of about 55 to 108
MHz. Capacitor Cé provides positive
feedback from the emitter to the collector
of Q2, for oscillation.

The audio tone generated by QI is
applied to the base of Q2, causing the
collector current to vary at the frequency

of the tone, yielding an amplitude-modu-
lated (AM) signal. This, in turn, varies
Q2's collector-to-emitter capacitance
(which makes up part of the tuned cir-
cuit) and causes the output frequency ta
vary similarly, producing a frequency-
modulated (FM) signal, as well. The RF
signal is coupled to the antenna through
capacitor C7.

Most of the component values are noe-
critical. Q2 can be almost any silicon RF
transistor, such as a 2N3904. (Note:
depending on the transistor, the bias-
resistor values may have to be changed to
obtain stable oscillation.) Capacitor C6
should be a silver mica type; all the others
can be ceramic discs or paper. I used ‘/:-
watt resistors as a compromise between
size and physical strength.

Tuning-capacitor CS is a small trim-
mer. | used a mica trimmer in my proto-
type and soldered a short shaft (a ma-
chine screw with the head cut off) to its
adjustment screw; doing that permitted
me to attach a small knob for adjustment
purposes.

Coil L1 consists of five turns of num-
ber-18 bare wire, close-wound on a piece
of '/e-inch wooden dowel. The length of
the winding is about “.-inch. One end of
capacitor C7 is soldered to the coil one
turn away from the nine-volt supply end
(refer to Fig. 1) and the other end of the

ANT.

capacitor goes to the antenna. The circuit
is easily built on a piece of perforated
construction board that can be placed,
along with the nine-volt transistor bat-
tery, in a small plastic box.

To adjust the vertical height and lin-
earity of a TV set, place the tone trans-
mitter near the set and use R2 to select
the number of horizontal bars to be dis-
played. Once the picture is steady and the
bars are sharp, adjust the set’s vertical
controls so that all the bars are of the
same height and are evenly spaced.

Be certain to tune the tone transmitter
toan unused TV channel to avoid (illegal)
interference with the reception of broad-
cast stations!

The fundamental tuning range of 55 to
108 MHz covers the iower TV channels
and the FM broadcast band, but harmon-
ics can still be detected—although more
weakly—on the upper-VHF and UHF
channels. The fact that both AM and FM
signals are generated makes it possible to
use this transmitter to check almost any
receiver within its frequency range. A TV
set’s sound section (discriminator) will
reject the AM portion of the signal, while
its video section will respond to it. Simi-
larly, the TV sound section, and FM
receivers, will respond to the FM signal
produced.—-Robert M. Laskie
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THE PURPOSE OF FHIS CIRCULT IS 10 CON
trol the water temperature in a hot-
witer heating system. What it does is to
lower the boiler temperiture as the out-
side air temperature increases. For ex-
ample. if the outside temperature is 0
(Fahrenhein), the boiler temperature
would be 180°: if the outside tempera-
ture is S0° the baoiler temperature
would be 140°, and so on. The resuli is
a savings in fuel consumption.

The circutt is shown in Fig. 1. The
op-amp—almost any common type wil!
do—is used as a comparator. Therm-
ister TH2 and R2 form a voltage divider
that supplies a reference voltage to the
op-amp’s inverting input. Thermistor
TH2 is placed outdoors. and the values
of TH2 and R2 should be chosen so that
when the outside temperature is 25¢
the resistance of the thermistor and re-
sistor are equal.

Resistor R! and thermistor TH!
make up a voltage divider that supplies
a voltage to the op-amp’s non-inverting
input. Thermistor TH1 is placed inside
the boiler and the values of THI and R1
should be chosen so that when the
boiler’s temperature is 160°. their re-
sistances are equal.

The output of the op-amp controls
Q1. which is configured as a transistor
switch, When the logic output of the
op-amp is high, QI is tumed on,
energizing relay RY 1. The relay’s con-
tacts should be wired so that the
boiler’s heat supply is turned on when

when the relay is energized. An indica-

the relay is de-energized and turned oft

tor. LEDI, glows when the transistor

Boiler Control

+Vv
THI
+ +

(gou.er%

|
i
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TH2
(ouTsipE)

—

FIG. 1

conducts (Q1 is turned on. informing
you that the boiler’s heat supply is
turned off srelay energized.

Circuit operation

As the outside temperiture increases.
the resistance of TH2 increases. T'he
higher the resistance of TH2. the higher
the voltage applied to the mverting in-
put of the op-amp. But as the tempera-
ture of the boiler increases. und the
resistance of THI goes up. the voltage
applied to the non-inverting input of the
op-amp decreases,

Perhiaps the best way 10 see how that
works is with an example If the tem-
perature in the boiler is 160° and the
outside temperature is 25 . the voltages

re
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at the non-inverting and inverting in-
puts of the op-amp are equal. As the
hoiler heats up. the voltage at the non-
inverting input becomes higher than the
voltage at the inverting input. That. of
course. causes the op-amp’s logic out-
put to go high, encrgizing the relay.
When the relay is energized. the botler's
heat supply is tumned-off,

As the boiler cools off. and the tem-
perature drops below 160°, the logic
output of the op-amp goes low, de-
encrgizing the relay. and tuming on the
boiler’s heat supply. The boiler’s on/oft
point is determined by the voltage at
the op-amp’s inverting input. which in
turn is determined bv the outside tem-
perature.—Scott Busey
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THIS PLANT WATER GAUGE CAN FASILY BF
constructed on a small piece of perforated
construction board. Its case is made from
a piece of Styrofoam with & section
carved out to hold the nine-volt battery,
and a small recess is made into which the
underside of the board is pressed. The
probes are stuck right through the center
of the foam and glued in.

Assemble the gauge following the
schematic in Fig. 1 and the drawing in
Fig. 2. Be sure to tin the probes with
solder to keep them from corroding.

To calibrate the gauge. connect the
battery and press the probes gently into i
pot containing a plant that is just on the
verge of needing water (stick it in so that
only an inch of the probe is left visible at
the top). Turn the poteatiometer until the
“OK™ LED hghts and then turn it back

Plant Water Gauge

to the point where that LED goes out and
the "W, or “Water,” LED just comes
on. The device should now be properly
adjusted.

Use this gauge anywhere for indoor
plants and vou will find it very uscful in
determining when to water and in pre-
venting overwatering, since it reaches
much farther down into the soil than you
pussibly can with your own fingers.  Bob
Mostafapour

PUGDES ware b v
wtare waGE SO L it
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FREQUENCY COUNTER

continued from page 154

FIG. 8—ONCE INSTALLED IN ITS CASE, the
counter makes a neat, compact, and easily
transportable test instrument.

pins, check for alignment, correct if nec-
essary, and only then solder the remaining
pins. A small piece of double-sided foam
tape should be placed under the crystal to
insulate its case and to provide a shock
mount. Finally, install the electrolytic ca-
pacitors. C12 and C13, on the board s rear.

FiG. 7—ONCE ALL COMPONENTS are in place, clean the board and check your work for any shorts or

opens.

Now clean the board and check it thor-
oughly for solder shorts and opens. When
you're satisfied that the board is in good
shape, install the IC’s. Your board should
now appear as in Fig. 7.

Set the SENSITIVITY switch o NORM
and the GATE switch to rasT. With the
RANGE switch in either position, apply
power. The cate LED should blink and
the display should indicate .000 with
leading digits blanked. Move the GaTe
switch to the sLow position. The display
should now read .0000, and the GATE
LED should blink at a slower rate. Now
move the SENSITIVITY switch to HIGH; the
display should show a random, changing
count on both ranges.

If the display is dim or blank, remove
power, and make sure all IC’s are installed
correctly. If so, check the orientation of
all the diodes and electrolytic capacitors.
Re-check the PC board for shorts and
opens if necessary. Finally, your power
source may be weak or dead. or a switch
may be bad.

Calibration and final assembly

To calibrate the counter, connect a stable
signal of known frequency to the proper
input jack. and then adjust trimmer capaci-
tor C8 for proper display. Use the highest
frequency you can and the sLow gate time in
order to get maximum resolution and ac-
curacy.

Remember that a counter’s accuracy is
specified in PPM (Parts Per Million), and if
areading is | PPM high at one frequency, the
counter will read | PPM high at all frequen-
cies. At 1 kHz a 100 PPM error would, in
many applications, be insignificant. But a
100 PPM error at 10 MHz would be quite
significant. So calibrate the counter care-
fully!

When it is calibrated, you can mount it
in its case. see Fig. 8. If you use the case
mentioned in the Parts List, the PC board
just slips into it. The BNC connectors and
the power jack should line up with the
holes in the case perfectly. Drop a red
plastic filter over the displays and then
screw the case together. You're ready to
start using your 1.2-GHz frequency coun-
ter now!

Usage hints

Keep in mind that the counter requires
only a few millivoits to make an accurate
reading—seldom more than about 50 mV.
Inexperienced users commonly overdrive
the frequency counter—and that could
cause erroneous readings or circuit
damage. Signals of several volts or more
should be loosely coupled by a small ca-
pacitor or picked up inductively by a loop-
type probe or antenna. When connecting
the frequency counter directly to a circuit,
use a 10K series resistor to reduce ringing
and to lighten the load on the test circuit.
Other than following those simple precau-
tions, you should have no trouble using
the counter.

Since the the price-to-performance
ratio of this circuit is so good, you may
want to install one permanently in a piece
of equipment such as a ham rig or a com-
mercial radio transmitter. That way you
could have a continuous indication of out-
put frequency, and any drift could be cor-
rected before it caused interference to
stations transmitting on nearby frequen-
cies.

Or. for a very handy and versatile piece
of test gear, you could combine our circuit
with an inexpensive function generator in
asingle cabinet. Also. it would be easy to
adapt our circuit for automotive or marine
use. If you do, be sure to wire a V- to V-
amp fuse in series with the counter’s
power input line.

As you can see, our frequency counter
1s 50 inexpensive and so easily adaptable
that new applications for it seem to sug-
gest themselves! You'd better start build-
ing several—you'll use ‘em before you
know it! R-E
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A Career Start in
21st Century Electronics
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Since 1905, National Technical Schools
has helped over 300,000 people just like
you learn at their own pace and build
successful careers. Enter the boom in
electronics through home study courses
in Microcomputer Technology & Ser-
vicing, TV & Radio Servicing, Video
Technology, Industrial Controls (Micro-
processing), Robotics or Basic Electronics.

To begin a new career or to sharpen
your current skills, call 1-800-B-BETTER
or write us today for complete details:
NTS, Dept. RE-411, 456 West M.L.
King Jr. Blvd., Los Angeles CA 90037.

Accredited by National Home Study Council
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INFORMATION BOOKLET, the
Surface Mount Technology Hand-
book, is 24 pages, letter size, on
coated stock, and is fully illus-
trated with photos, tables, and di-
agrams. Among the points cov-
ered are: board retention, strain
relief, housing insulators, thermal
mismatch, materials, lead design,
automated PC-board assembly,
and solder-reflow methods. Avail-
able free on request from Molex
Incorporated, 2222 Wellington Ct.,

Lisle, 1L 60532.
CIRCLE 93 ON FREE INFORMATION CARD

DEALER’S BOOKLET, the TVRO Ser-
vice Dealer’s Master Receiver List
and Filter Connection Guide, de-
scribes filtering Tl (Terrestrial
Interference) in over 500 different
receivers.

The bookiet discusses how to
identify whether a receiver is stan-
dard or block conversion, its IF fre-
quency, connector type, and
whether it’s synthesized or AFC
(Automatic Frequency Control)
driven.

Based on characteristics identi-
fied, the best filter to solve the in-
terference problem is recom-

mended. Two other filters are also
listed: a second-best, and one for
weak signal situations. Diagrams
show where the filters should be
installed in the system. Descrip-
tions of the filters are also
included.

The TVRO Service Dealer’s Mas-
ter Receiver List and Filter Connec-
tion Guide, is priced at $9.95.—
Microwave Filter Company, Inc.,
6743 Kinne Street, East Syracuse.
NY 13057.
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TEST-INSTRUMENTS CATALOG,
Nicolet Test Instruments, is letter-
size, 64 pages on coated stock with
both color and black-and white il-
lustrations and specifications. Two
new products are included for the
first time: The NIC-370 signal aver-
ager, and the DJ—a floppy-disk-
drive tester.

Also included in the catalog are
digital oscilloscopes, logic ana-
lyzers, in-circuit emulators, and
accessories.—Nicolet Instrument
Corp., Nicolet Test Instrument
Div., Bldg 2, P.O. Box 4288,
Madison, Wi 53711.
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AMAZING

SCIENTIFIC & ELECTRONIC
PRODUCTS

PLANS —Buid Yoursell—AN Parts Available In Stock
* LC7—BURNING CUTTING CO; LASER $ 2000
« RUBA—PORTABLE LASER RAY PISTOL 20,00
o TCC1—3 SEPARATE TESLA COIL

PLANS TO 1.5 MEV 20,00
* 10G1—ION RAY GUN 1000
« GRA1-GRAVITY GENERATOR 10.00
* EML1—ELECTRO MAGNET COIL GUNLAUNCHER £.00
KITS
 MFT1K—FM VOICE TRANSMITTER 3 Mi RANGE 4950
o VWPMSK—TELEPHONE TRANSMITTER 3 Mi RANGE 3950
« BTC3K—250.00 VOLT 10-14* SPARK TESLA COIL 19 50
o LHC2K—SIMULATED MULTICOLOR LASER 3950
« BLS1K—100.000 WATT BLASTER DEFENSE DEVICE 3 50
o iTM1K—100,000 VOLT 20" AFFECTIVE

RANGE INTIMIDATOR 3 50
o PSPAK—TIME VARIANT SHOCK WAVE PISTOL 5950
« PTGIK—SPECTACULAR PLASMA [

TORNADO GENERATOR 149.50
« MVPIK SEE IN DARK KiT 16950
ASSEMBLED
o PG70H—MULTICOLORED VARIABLE

MODE PLASMA GLOBE -7~ 42500
» BTC10—50,000 VOLT—WORLD'S SMALLEST )

TESLA COIL 4450
o LGUAO— 1MW HeNe VISIBLE RED LASER GUN 299 50
o TAT20 AUTO TELEPHONE RECORDING DEVICE 2450
o GPV10—SEE IN TOTAL DARKNESS IR VIEWER 249 50
o LIST10—SNOOPER PHONE INFINITY TRANSMITTER 163,50
» IPG70—INVISIBLE PAIN FIELD GENERATOR—

MULTI MODE 74.50
» CATALOG CONTAINING DESCRIPTIONS OF ABOVE PLUS
HUNDREDS MORE AVAILABLE FOR$1 00 OR INCLUDEDFREE
WITH ALL ABOVE ORDERS
PLEASE INCLUDE $3 00 PH ON ALL KITS AND PRODUCTS
PLANS ARE POSTAGE PAID. SEND CHECK, MO, VISA. MCIN
US FUNDS

INFORMATION UNLIMITED
P.0. BOX 715, DEPT.RE. AMHERST, NH 03031

ELECTRONIC

Manufacturers of Quality

Electronic Components
Serving the Nation from Texas and Califorma
*BATTERY HOLDERS & CLIPS « COILS
*CAPACITORS « CONNECTORS « FUSES
*JACKS « KNOBS ¢« LAMPS » PLUGS
e MICROPHONES « POTENTIOMETERS
« RELAYS o RESISTORS o SWITCHES
¢ TRANSFORMERS « SPEAKERS LEDS
*« SEMICONDUCTORS * RF COILS

OVER 16.000 DIFFERENT ITEMS IN STOCK!
CATALOGS MAILED OUTSIDE USA SEND $200

MOUSER ELECTRONICS

2401 HWY 2B7 NORTH 76061
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ADVERTISING INDEX

EXPERIMENTERS ELECTRONICS HAND-
BOOK does not assume any respon-
sibility for errors that may appear in the
index below.

Free Information No. Page
15 Al Electronics . . .. ...... .. .. 160
— Amazing Devices. .. ... ... . 164
10, 11 AP Products Brand of 3M .. . CV4
14 C&SSales ................ .. 7
9 CIE ... ... ... .......37
12 Digi-Key ....... ... ... ... .3
— EIA .. .. . ... ... .. ......30
— Electronic Technology Today. 9. 54
13 Heath ... . ... ... ... .. .. . Cv2
17 Kepro . ........ ... .. ... ... 143
18 Mouser ... .............. .. 164
19 NTS. ... ... 164
— NRL ..o 19
— PacificCable ... ...... ... .. ..5
— RE Bookstore ........ ... . .. 98
16 The Datak Corporation . . . . .. 160
— Seattle Filmworks ............. 53
— Windjammer . ...... .. ... .. CV3
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ree your soul.

-

: W Upfé‘h"{o‘ribbeon sun.

To danc a thousand stars
to the rhms of steel drums.

To play on sparkling white and
pink sand beaches.

To discover the underwater
poradise of the reefs.

To find a new friend and share the
intimacies of a sensuaus night.

To come alive and live.
To remember for a lifetime.

6 days and 6 nights. From $625.

Reservations toll free
1-800-327-2600
In Florida 305/373-2090.

;|'-"T

Bmcfoof e

Post Office Box 420.
Miami Beach, Florido 33119.




Introducing lower pricing

on 3M’s A P Producis™ line

of quality breadhoars.

A P P-oducts invented solder ess breed
boarcng. \Ve uLnderstend th2 finest detzil
of the design. We t:uildour AsC+E Boa-d
200 Szries witk absol e rel ability m mind

ard we stand Zeh nd every breadtoar
we make. Every AsCeE Board we make i
consistently reliable time after time. design
after design, contact te contact. No import

>an make this claim

Mow we're giving you the
<portunity to purchase tre
frest sddderless breadtoards made
@i eporoximately the semz as you
~oud hzve to pay for secend best.

Compare, and you'll agree After all, you
wouidn't submit a design that's only second
besl I* you haven't got A P Products brand
A=CeE Boards, now's your chance 1o

experiencs our quelity
and reliabil tv at a rezlly afforg-
able price.

Cal scur A P Produzts Frotctype & Test
Devices dealer today. For immmediate
respcnse telephone 800-321-9668. or
(216) 354-2101 in Ohio

We Solve Problems

Associated Electronics/3M

A P Praducts Prototype & Test Devices
9325 Progress Parkway

PO. Box 54C

Mentor, Chio 44060

CiRCLE 10 ON FREE INFORMATION CARD

brand Super-Strip® and Circuit- Strip®

3tA's A P Prcduc s brard Suoar-Strip
ar d Circuit-Strip are th2 world's best
sdderless br2adboerd units. Mo otherz
can corrpare on qrality and “eliabil tv.
Now the best caos s Iess.

Design, protctype and -est el=ctronrs Cir-
cuts, fas er axd easia, with A P Products
brand Super-3tap ar d Circuit-Strip.

A P Prod ucts arar d solderless bread-
boards, laid ot 212 3.1* x 0. " matny,
accept al CIP sizes and a widz2 variety of
discrete comgor €:s with lead diamzrers
of Lpto .C32".

Suzr-strip features 8490

plue 4r tee points and Creui -Strip

has 310 te doints. Botr have separat2
disr butidn buses for power ground and
signa in3s

Cal -~ur A P Products Protctype &

Tes' - evizes distributo- today. For

imme Jiats iesponse cell 8§00-321-9668,
or (276) 354-2101 in Ohio to f nd the name
and i xcaton of your nearest distributcr.

We 3olve Froblems.

Super-St-ip - WAS $20.95
NOW $16.95

Circuit-Strip — WAS $13.00
NOW $10.95

Sugcested retzil orices in U.S. currency.

Associatad Elecironics/3M

AP >rotot/ce & Test Cevices
9325 Procress Parkway

PO. Box 540

Mertor, Ohic 434030

CIRCLE 11 ON FREE INFCRIMATION CARD



