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——— s Pulse, Ramp, .2 to 2MHz |PROM. Teaches you all about input and output ports, computer timers
grequencyv Period, Totalize, 3259 ” . i Freq Counter .1- 10MHz Build your own keyboard and learn how 1o scan keyboard and display

Self Check with High Stabilized Crystal Oven No previous computer knowledge requirgd. Simple easy to understand
Oscillator, 8 digit LgED display GF-8015 without Freq. Meter $179 instruction teaches you to write in machine language

WE WILL NOT BE UNDERSOLD! & S SALES INC. 15 Dy Money Back Guarantee
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Why shouldn’t eiectronics be fun?

Welcome to a new edition of the Radio-Electronics
Experimenters Handbook! As in past editions, we've
gone through the issues of Radio-Electronics from the
last year or so. We've picked the stories that we
thought would interest you most.

In a break from tradition, we've also gone back through
the pages of our sister publication, Popular Elec-
tronics, to find even more feature articles to get you
going. The result is 164 pages jam-packed with a wider
variety of construction projects than you'll find any-
where else.

We have projects ranging from the simple (Wireless
FM Michrophone) to the complex (Hi-Power Hi-Fi Au-
dio Amp). We have projects for your home theater
(Surround Sound Processor) and projects for high-
tech fun (the Laser Listener).

For the computer buffs in our audience, we not only
show how computers can speak (Build This Speech
Synthesizer) but how they can control the world
through their serial ports (with our RS-232 Monitor/
Control System)!

We also have articles on technology that you'll want to
keep on top of, such as high-definition TV and ther-
moelectric devices. But the highlight of this year's
handbook is our special section on High-Voltage Proj-
ects. We’'ll show you how to build a plasma display, a
stun gun, a high-voltage pulse generator, a Jacob'’s
ladder, and six other high-voltage projects.

Our job is done. We had a lot of fun putting this maga-
zine together. Now it's your turn. It's time to build our
projects and build your knowledge. And it's time to have
fun, too!

—The Editors
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ingdale, NY 11735. 516:293-3000

As a service to readers, Radio-Electronics Elecrtonics
Experimenter's Handbook publishes available plans or
information relating to newsworthy products, tech-
niques and scientific and technological developments.
Because of possible variances in the quality and con-
dition of materials and workmanship used by readers.
we disclaim any responsibility for the safe and proper
functioning of reader-built projects based upon or from
plans or information published in this magazine.

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

Radio-Electronics Electronics Experimenter’s Hand-
book is published annually by Gernsback Publications
Inc. All rights reserved. Printed in U.S.A. Single copy
price $3.50. Canada $3.95. ©Copyright Gernsback
Publications inc., 1989.
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DIGITAL WALKMAN. Digitally syn-
thesized tuning precisely locks in AM-
or FM-stereo signals for accurate re-
ception on Sonys WN-AF605 Super
Walkman personal stereo. For con-
venience, channel seek automatically
scans up or down the tuning band,
stopping at the next receivable station.

The personal stereo features 14 sta-
tion presets and a stereo cassette play-
er with auto-reverse, allowing both
sides of a tape to be played without
removing it. Auto-reverse provides a

choice ot continuous or single play of
both sides, and a choice of tape direc-
tion. The unit uses Sony’'s “Mega Bass”
system to provide stronger, fuller bass
and an automatic shut-off feature to
extend battery life. The portable audio
package also includes lightweight
headphones.

The WM-AF605 Super Walkman has
a suggested retail price of $249.95.—
Sony Corporation of America, Corpo-
rate Communications Department, 9
West 57th St., New York, NY 10019.

CAR SPEAKERS. Sanyo’s HD-622 TD au-
tomotive speakers use a high-defini-
tion, twin drive system that reduces
high-frequency harmonic distortion,
delivers extended bass reproduction,
and handles exceptionally high power.

Each wooter is driven from both front
and rear by twin magnets. An os-
citlator plate, placed between two fac-
ing drive units to create a “push-pull”
motion, can efficiently convert even
low-power signals to deliver extended

bass reproduction. Because the total
power is divided between two sepa-
rate circuits, the heat produced by
each side is cut in half, although the
total dissipated heat is unchanged.

CIRCLE 99 ON FREE INFORMATION CARD

The system uses a 6!-inch, twin-
drive, flat honeycomb-laminate
woofer for stiffness; a 2%-inch hybrid
tweeter for clean, extended highs;
and an 8-ounce strontium magnet to
improve overall frequency response.
With a power capability of 200 watts
with 75 watts RMS, a 30-Hz to 20,000-
kHz frequency response, and an 88-dB
sensitivity, the system delivers deep,
clear sound while handling the kind of
power levels that normally require
much larger speakers.

The HD-622 TD speaker system has a
suggested retail price of $199.99.—
Sanyo Fisher (USA) Corporation, 21350
Lassen Street, Chatsworth, CA
91311-2329.

VIDEO SWEEP GENERATOR. Leader In-
struments’ model 430 is a video sweep
and multiburst generator for the per-
formance evaluation of VIR's,
monitors, and video-processing
equipment. The sweep and multiburst
output can be continuously variable or
preset, and the unit contains a built-in
color-bar generator.

The sweep signal repeats at the field
rate trom 100 kHz to 10 MHz. Any one
of five sets of drop-out markers can be

T F pledl £oi Fammemn
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We have a large supply of parts that we sold exclusively for two articles (FEB 84 & FEB 87)
published in Radio Electronics magazine. However, we agreed not to sell these items for the
purpose of building a device to intercept unauthorized cable TV signals. Therefore, we are sell-
ing these items as just electronics parts with no specific use intended.

SB-3 PARTS (1984)

#701 PARTS PACKAGE ... ... ... . .. .. $19.00
Includes resistors, capacitors, diodes,

transistors, IC's, coils, and Toko transformers
(BKAN-K555AXX).

#702 PCBOARD ... .. ... ... .. ... .. ... $6.95
3"x 4" etched, drilled, and silk-screened

pc board.

#704 AC ADAPTOR .. ... .. .. ... ... ... .. $6.95

14 Volits DC @ 200 ma adaptor.

#705 PAC-TEC ENCLOSURE ... ... . . $14.95
Crackle black plastic box that pc board fits.

For a complete listing of parts and
specifications of either article
send $2.00 ea. for a censored reprint.

TRI-MODE PARTS (1987)

#301 PARTS PACKAGE . ... ... ... ... .. $39.00
Includes resistors, capacitors, diodes, IC's,

transistors, potentiometers, LED's, Toko coll
(E520HN-3000023) and Plessey SAW filter (SY323).

#304 AC ADAPTOR ........ ... ... ... .. ... $6.95
14 Volts DC @ 200 ma adaptor.

#305 PAC-TEC ENCLOSURE .. ... ... .. . $19.95
Crackle black plastic box that pc board fits.

TRI-MODE TUTORIAL ... .. . . . $7.95
An in-depth gate-by-gate circuit analysis of the

1987 Radio Electronics article on the tri-mode

method of scrambling. This informative technical

paper includes chapters on: troubleshooting,

corrected schematic, construction notes, circuit
description, initial and final adjustments. 21 pages

of text, 44 pages of illustrations for a total of 66 pages.

FOR OUR RECORDS

DECLARATION OF AUTHORIZED USE - |, the undersigned, do hereby declare under the penalty of perjury that
all products purchased, now and in the future, will only be used or tested on cable TV systems with proper authoriza-
tion from local officials or cable company officials in accordance with all applicable federal and state laws. Federal
and various state laws provide for substantial criminal and civil penalties for unauthorized use.

Date Signed

SNOOPER STOPPER ........ ... .. ... ... $39.95
Cable TV descramblers are being sold by the
thousands, and most people are unaware their

use can be detected. Protect your privacy with

Snooper Stopper and prevent cable companies

from spying on you.

Send $2.00 for our "Cable TV Snooper” article.

MACROVISION ... .Now you see it, Now you don't.

MS1-Kit = vz oo wvrsest meimsemem . 1t $29.00
Includes all the parts, PC board, ac adaptor, and
instructions published in Radio Electronics magazine.

JMAK-4 PAC-TEC ENCLOSURE ... .. .. $14.95
Original black box to house MS1-Kit.

ORDER TOLL FREE ANYTIME 1-800-227-8529

Inside MA 508-695-8699 o

—
VISA, MasterCard. or COD e @ Add $3.50 S&H. $6.00 for Canadian, Alaskan, and Puerto Rican orders.

J&W Electronics. Inc.. PO Box 800. Manstieid. MA 02048

CIRCLE 16 ON FREE INFORMATION CARD
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selected. Sweep start/stop is provided.
For multiburst operation, the 430 pro-
vides a 100% white reference pulse at
the beginning of each line, followed
by equal amplitude bursts of 0.5, 1.25,
2,3,3.58, and 7 MHz.

The built-in color-bar generator pro-
duces full-field and SMPTE color bars.
It also provides eight color rasters and
selectable burst, chrominance, and lu-
minance. For easy oscilloscope trig-
gering, sync-trigger output is avail-
able. All of the patterns are in NTSC-
composite and S-VHS (Y/C) formats. A
sync and setup on/oFf control allows
non-composite output.

The model 430 video sweep/multi-
burst generator has a suggested list
price of $1,756.00.—Leader Instruments
Corporation, 380 Oser Avenue, Haup-
pauge, NY 11788.

FACSMILE MACHINE. The 3700 fax ma-
chine from Toshiba has a built-in auto-
matic paper cutter, will transmit at
9600-BPS in as little as 15 seconds per
page, and is compatible with all G2
and G3 fax machines.

Designed to meet the communica-
tion needs of small businesses and
home offices, the 3700 offers a wide
selection of user-friendly features. It
has gray scale with 16 resolution set-
tings for clear halftones and photos.
An automatic document feeder lets

@N‘-‘T&g@ e

e
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users send up to 15 pages while the
machine is unattended. Several poll-
ing functions let the user dial other fax
units, request messages, and retrieve
documents. The 3700’ delay function
makes forwarding messages easy.
Users can preset the machine to send
messages to another fax at a later
time—often at lower phone rates. As
many as 50 fax numbers can be stored
for automatic speed dial, and an auto-
matic redial function will try to call a
busy number up to three times. Ten
single-touch memory buttons provide
easy access to frequently-dialed fax
numbers. “Voice-confirmation re-
quest” lets the sender and receiver
converse after a message is sent.

The 3700 facsimile machine has a

suggested retail price of $1,995.00.—
Toshiba America Inc., Telecommunica-
tions Systems Division, 9740 Irvine
Boulevard, Irvine, CA 92718.

PORTABLE AUDIO SYSTEM. The
PHDS850, with a tull-logic double-cas-
sette deck, a 25-selection programma-
ble CD player, and a 19-function
remote control, is Fisher’s most so-
phisticated portable-audio system. It
features built-in surround-sound cir-
cuitry; a4-band graphic equalizer; de-
tachable, 3-way bass-refiex speakers;
and a quartz clock and timer with
sleep-on/off, play, and recording func-
tions. It has full logic controls and a
rechargeable battery pack.

CIRCLE 96 ON FREE INFORMATION CARD

The CD playerincludes 3-way repeat
for one selection, all selections, or
only programmed selections. It can
play 3-inch CD singles without an
adaptor, and has dual-LED volume
meters that graphically display audio
output.

The double-cassette deck has dou-
ble auto reverse for hours of uninter-
rupted, two-sided cassette play. It
provides high-speed dubbing for du-
plicating tapes in half the normal time,
and Dolby noise reduction.

The PHD850 portable audio system
has a suggested retail price of
$699.99.—Sanyo Fisher (USA) Corpora-
tion, 21350 Lassen Street, Chatsworth,
CA 9131-2329.

UNIVERSAL REMOTE CONTROLLER.
Bondwell’s sophisticated BW-5000 re-
mote controller can be programmed
to reproduce the infrared remote-con-
trol commands of eight different de-
vices. It consolidates the commands of
an entire home-entertainment system
into one hand-held device.

The BW-5000 can learn and re-
produce up to 126 commands, includ-
ing commands for digital audio tapes,
audio tape decks, laser-disc players,
cable control boxes, color TV', and
surround-sound amplifiers. The con-
troller features LED indicators for
“use” and “learn” modes of operation.
It has a 10-minute battery back-up
when batteries are removed, a range
of 20 feet from the remote sensor, and
a master ON/OFF switch.

The BW-5000 universal remote con-
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troller has a suggested retail price of
$89.99.—Bondwell Industrial Company,
Inc., 47485 Seabridge Drive, Fremont,
CA 94538.
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POWER SUPPLY. The Elenco SP-620is a
fully regulated 3-output power supply
that provides one fixed voltage (5 volts
DC at 3 amps) and two variable sup-
plies (1.5 to 15 volts DC and 1.5 to

15 volts DC at 1 amp). Regulation is
better than 200 mV when going from
no-load to full-load.

The unit shuts off if a short occurs,
avoiding internal damage. The com-
pact, 8%- X 7- X 4-inch unit is avail-
able fully assembled or in kit torm,
with easy-to-follow instructions and
circuit descriptions.

The XP-620 power supply costs
$89.95 assembled, or $59.95 in kit
form.—Elenco Electronics, 150 West
Carpenter Avenue, Wheeling, IL
60090.

MONITOR-STYLE TV RECEIVER. With a
dark metallic finish for a contempo-
rary look, Samsung’s 27-inch TC2750S
color TV offers 600-line resolution, an
MTS decoder tor stereo and SAP re-
ception with dbx noise reduction, a
Super-VHS input jack, and 181-channel
cable compatibility.

The set’s on-screen multi-mode dis-
play indicates channel; time; picture
controls (color, tint, brightness, and
contrast); audio controls (bass, treble,



and balance); and a sleep timer. Other
features include a quick-start picture
tube, video input/output jacks, audio-
input and variable audio-output jacks,
a 36-key infrared remote control, pro-
grammable channel scan, dual RF-an-
tenna inputs, and a comb filter for
higher resolution.
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The TC2750S color television has a
suggested retail price of $899.95.—
Samsung Electronics America, 30T May-
hill Street, Saddle Brook, NJ 07662.

SOLDERING-IRON SLEEVE. Techni-
cians can save 5 to 10 minutes per field-
service call with the innovative /ron
Sleeve from Electron Processing. The
device lets a technician place a hot sol-
dering iron back in a toolkit without
having to wait for the iron to cool off.
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The Iron Sleeve is an 11-inch long,
12-inch diameter tube that contains a
proprietary heat-absorber. Besides ab-
sorbing the soldering iron’s heat, the
tube protects the iron from potential
tip damage caused by other tools in
the tool case. Most popular soldering
irons of 50 watts or less will fit the
sleeve. The iron is held in place by a
Velcro fastener.

The Iron Sleeve has a suggested
price of $19.95; quantity discounts are
available .—Electron Processing, Inc.,
Sales Department, P.O. Box 708, Med-
ford, NY 11763.

GPIB INTERFACE CARD. The Philips
PM 2202 GPIB interface card from John
Fluke turns an IBM PS/2 computer into
a versatile GPIB/IEEE-488 instrumenta-
tion- and measurement-systems con-
troller. The card is easily inserted into
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one of the computer’s Micro Channel
plug-in slots. No hardware setup is re-
quired; initialization is automatic
upon power-up.

The PM 2202 comes with a set of
software routines and drivers that sim-
plify GPIB programming, and can be
included in applications written in
BASICA/GWBASIC, Microsoft C, and
Microsoft Pascal. The routines include
commonly used functions such as bus
commands, message sending and re-
ceiving, remote and local instrument
setting, serial polling, error checking,
and time-out setting. The interface
card supports a number of Philips
GPIB software packages, and includes
comprehensive user manuals with
complete installation, start-up, and
programming instructions.

The PM 2202 GPIB interface card has
alist price of $695.00.—John Fluke Mfg.
Co., Inc., P.O. Box C-9090, Everett, WA
98206; Tel. 800-443-5853 ext. 77.

AUDIO RECEIVER. Technics” model
SA-R477 is a full audio/video and
home-entertainment-center control
system. Its 45-key full A’V remote lets
the user control selected Technics cas-
sette decks and Panasonic televisions
and VCR’s.

Delivering 100 watts per channel,
the receiver drives two channels into 8
ohms from 20 Hz-20 kHz, with 0.008
THD. With the addition of a second set
of speakers, the SA-R477 delivers sur-
round sound. The receiver also fea-
tures a built-in, 7-band graphic
equalizer with electronic level keys.
Five personalized EQ curves, in addi-
tion to five popular factory-preset
curves, can be stored in memory.

The unit’s preset RAM lets the lis-
tener store any combination of 24 AM
and FM stations. The stations can be
“filed” by music type: rock, classical,
jazz, easy listening, news, and other.
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The station-file function can be oper-
ated remotely, or by pressing one
front-panel button.

The S5A-R477 stereo receiver has a
suggested retail price of $529.95.—
Technics, One Panasonic Way,
Secaucus, NJ 07094.

PHONE-ANSWERING SYSTEM. Com-
bining a full-feature telephone with a
remote-access answering machine,
AT&T’s Answering System 1521 ofters
one-touch message playback, memo-
ry dialing, and an audible tone to alert
users when messages have been re-
ceived. By pressing one button, the
message tape rewinds and plays all
messages, and the machine automat-
ically resets. The message-alert tone
sounds once every 10 seconds.

The beeperless remote—which
works from touch-tone phones using a
pre-set2-digit code—offers several ad-
vanced features, including options to
play new messages only, skip mes-
sages, and change the outgoing an-
nouncement. Other remote features
include fast forward, rewind, save,
erase, reset, and access to all mes-
sages even when the tape is full.
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The unit’s dual-microcassette sys-
tem uses separate tapes for the outgo-
ing announcement and incoming
messages, so that messages can be left
immediately after the announcement
ends. The user can give important call-
ers a special code that is entered from
atouch-tone phone and that sets off a
special tone, alerting the user to a pri-
ority caller.

Other features include an LED dis-
play that indicates the number of mes-
sages received, message save, call
monitor/screen, personal memos that
the user can record for later retrieval,
and an announce-only mode in which
an outgoing announcement is played
but no messages are recorded.

The Answering System 1521 has a
suggested retail price of $169.95.—
AT&T Consumer Products, 5 Wood-
hollow Road, Parsippiny, NJ 07054.
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JOHN POTTER SHIELDS

SINCE THE LAST CENTURY WE’VE KNOWN
that when you form a closed circuit of
two dissimilar metals and two junc-
tions, a current may flow between the
junctions. That happens when there is
a temperature difference between the
junctions, or when the metals have
different temperatures.

The phenomenon is known as the
Seebeck effect, and is the fundamental
principal behind the thermocouple.
Generally speaking, the greater the
temperature differences, the higher
the current. Also, the combination of
metals that are used will affect the
current flow.

The reverse of the Seebeck effect
was discovered in 1834 by James C.
Peltier. He found that passing an elec-
tric current through a junction formed
by certain types of dissimilar mate-
rials could cause an increase or de-
crease in temperature. Peltier also
found that the direction of current
flow dictated whether heating or cool-
ing occurred, and that the amount of
temperature change was determined
by the type of material and the size of
the junction. In his honor, that effect
is called the Pelrier effect, and it is the
fundamental principal behind Peltier
devices. In this article, we’ll examine
Peltier devices, and how they are
used, in more detail.

Semiconductor thermoelectric
devices

Since the discovery of the Seebeck
and Peltier effects, we’ve discovered
that they are not necessarily limited to
metals. In fact, they are seen strongly
in semiconductors. Figure | shows the
arrangement of a simple semiconduc-
tor Peltier device. It consists of two
pieces of semiconductor material; one
is p-type, and the other is n-type.

When current is applied, charge
carriers move through the two mate-
rials; causing cooling of the top sur-
face and heating of the bottom
surface. That action is basically that
of a heat pump—heat is pumped from
the top to the bottom of the device. If
the applied current is reversed, then
the top surface will be heated, and the

Thermoelectric
Coolers

Here's a look at Peltier devices—
tiny solid-state heat pumps that can be used
in a wide variety of cooling or heating applications.
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bottom surface cooled. The device is
then a heater. Most practical ther-
moelectric devices, like the Marlow
(10351 Vista Park Road, Dallas, TX
75238) M1 1069 shown in Fig. 2, con-
sist of many such elements. In those,
the elements are connected in series
electrically, and in parallel thermally.

The tiny devices are capable of put-
ting out great quantities of cold and
heat, regardless of whether they are
used as a cooler or heater. Therefore,
a practical semiconductor cooler or
heater absolutely requires a heat sink.
Otherwise, the device would overheat
and fail within seconds.

Applications

One of the most interesting ap-
plications, especially for the elec-
tronics experimenter, is localized
cooling of electronic components.
For that, the cold side of the Peltier
device is mounted directly to compo-
nent using thermal epoxy, solder, or
thermal grease. When power is ap-
plied to the Peltier device, heat is
drawn away from the component
being protected. Those components
can include IC’s, power transistors,
laser diodes IR detectors, and solid-
state imaging devices.

Peltier devices can also be used to
cool moderate volumes of air or other
gasses. In that application, a finned
heat sink is attached to the cold side of
the Peltier device. That heat sink thus
becomes a cold sink. The Peltier de-
vice cools the cold sink; when air
passes over the cold sink, a small air
conditioner is created. The cold sink
serves the same function as the evap-
orator coil in a conventional air-con-
ditioner design.

Likewise, Peltier devices can be
used to cool liquids. In that applica-
tion, liquid is pumped through the
cold sink and is cooled to the desired
temperature.

Power generators

One interesting, and little-dis-
cussed application of Peltier devices
1s as power generators.

The circuit shown in Fig. | can be
used as a power generator by simply
replacing the DC power source with a
load and applying heat to the top sur-
face of the Peltier device. Note that
the delivered power will have a polar-
ity that’s the opposite of the battery
polarity shown.

One consideration when using a
Peltier device as a power generator is

ELECTRICAL INSULATION
(GOOD HEAT CONDUCTOR)

BODY TO BE COOLED
{HEAT SOURCE}

L fe——s
2L s
e PTYPE
ELECTRONIC CARRIERS I ? SEMICONDUCTOR
MOVING HEAT TO THE I ? ?
HEAT SINK I
I ? N-TYPE
e? SEMICONDUCTOR
; 4. /////////////[///

HEAT SINK

DC SOURCE

FIG. 1—A BASIC THERMOELECTRIC COOLER. The action is similar to that of a heat
pump, conducting heat away from the cold side to the hot side.

FIG. 2—A COMMERCIAL PELTIER DEVICE. This single-stage unit is the Marlow Mi 1069.

that the solders used in most devices
melt at about 138°C (although some
units use solders that are designed to
withstand short term exposure to tem-
peratures as high as 200°). That limits
the maximum efficiency of Peltier de-
vices, but it is still possible to use a
solar collector to heat a Peltier device
and achieve outputs and efficiencies
that rival those of solar cells.

Thermoelectric coolers are avail-
able in single-stage configurations at
prices that range from about $15 to
$50. For applications where a high
degree of cooling is required, single-
stage units can be ganged; that is the
hot side of one unit is attached to the
cold side of the other. Commercial
units with up to six stages are avail-
able. R-E



This somewhat unusual—
but easily installed—decoder

restores the gated sync pulses of

scrambled TV signals.

STEVE PENCE

OF THE MANY METHODS USED TO SCRAM-
ble a video signal for secure transmis-
sion, one of the more popular ones is
called Gated Pulse or Gated Svnc.
The scrambling is accomplished by
applying 6-dB suppression to the vid-
eo signal’s horizontal sync pulses
thereby making it impossible for a
television set to maintain a syn-
chronized picture on the screen.
Figure 1 shows how gated sync
works. Figure l-¢ shows a con-
ventional video signal with normal
horizontal sync pulses. Notice the
colorburst riding on the back porch of

AL

£ pswe—1t
a

L H SYNC —
b

FIG. 1—A CONVENTIONAL TV signal is
shown in a. With suppressed sync the sig-
nal resembles b.

GATED-SYNC
DESCRAMB

YOU MUST PAY

Please note that the gated-puise
deceder is intended only for those
whc presently subscribe to a
scrambled cable service and are dis-
saticfied with the picture quality at-
tained from the supplied decoder, or
who want to experiment with various
decoding devices. If you are not pres-
ently a subscriber but want to view
scrambled programs using our de-
coder, you must make subscriber ar-
rangements with the originating
procram service.

The subscriber arrangement is
necessary because the unauthorized
reception of cable services is illegal
under Federal and State laws.

the horizontal blanking pulse. Figure
1-b shows the same signal with the
horizontal sync pulse suppressed 6
dB. Notice that in Fig. 1-b the hori-
zontal sync pulse and its blanking
pulse, and the colorburst are all with-
in the video-signal level.

Federal law renders illegal both the
interception and reception of any
communications service offered over
a cable system, unless those actions
have been specifically authorized by
the cable operator or by law. Federal
law imposes both civil and criminal
penalties for violation of the applica-
ble statutes. In addition, states have
enacted “theft of cable services” stat-
utes that impose penalties for viola-
tions thereof.

The foregoing is not intended to
constitute legal advice. Readers are
advised to obtain independent ad-
vice based upon their individual cir-
cumstances and jurisdictions.

Although the gated-sync scram-
bling technique is basic and straight-
forward, its exact implementation can
vary greatly from one equipment
manufacturer to another; which
means that each system needs its own
particular kind of decoder to regain
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the original programming. As a gen-
eral rule, the variations used to
customize gated-sync scrambling
usually involve a reference signal of
some kind that is either multiplexed
onto the audio carrier in some fash-
ion, or onto some kind of outband
carrier on an empty channel.

But if we can get around the “mis-
placed” reference signal, a simple
gated-sync decoder is all that’s neces-
sary to decode nearly any single-level
gated-pulse signal. And that's exactly
what our decoder does. It eliminates
the need for a reference signal, so it
doesn’t matter where the scrambling
system hides the reference.

As you’ll see, our decoder requires
no special set-up equipment, al-
though a scope does simplify setting
up. Best of all, there’s no intricate RF
alignment because no RF tuned cir-
cuits are used in the decoder.

Pluses and minuses

As with any other decoder, ours has
both advantages and disadvantages.
Its advantages include: versatility—it

will work on nearly any single-level
sync-suppression system and does not
need a reference signal to operate; no
demodulation of any kind; a sim-
plified circuit design that uses low-
cost, readily available parts.

The disadvantages are that the de-
vice must be used with a television
set—a VCR by itself will not do. The
television set must be tuned to the
channel that is being decoded, and
phase-lock is not automatic—it must
be done manually each time the de-
coder is turned on or when the chan-
nel is changed. Also, the decoder will
not work on tri-mode systems or any
other system that uses more than one
level of sync suppression, or on any
system that suppresses the vertical
sync pulse. Also, the decoder will
operate only in the low VHF band:
hence it must be used with a cable
downconverter that outputs on chan-
nels 2, 3, or 4.

How it works
As shown in Fig. 2—a functional
block diagram of the decoder and

some of a TV set’s circuits—the basic
principle used in the gated-sync de-
coder is that of a phase-locked loop.
The loop, which is indicated by the
bold lines, is formed by the TV set’s
sync separator, horizontal AFC cir-
cuit, horizontal oscillator and output,
and the high-voltage flvback trans-
former. When all of that circuitry is
being fed normal video (containing
sync pulses), the loop is closed by
taking a pulse from a winding on the
flyback transformer and feeding it
back to the AFC circuit, where the
flyback’s pulses and the sync pulses
are compared. If they are not in phase,
an error voltage is generated that
forces the horizontal oscillator to
change frequency until the two sig-
nals are finally in phase and the pic-
ture locks.

If the sync pulses are suppressed,
as they arc in a gated-sync system, the
AFC loop has been opened because
the pulses from the flyback trans-
former have nothing to be compared
with; so the horizontal oscillator runs
free (unsynchronized).
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FIG. 2—THE DECODER WORKS by using sync samples from the TV’s deflection yoke to

control a signal attenuator.
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FIG. 3—THE DECODER’S CIRCUIT. The attenuator is built as a separate subassembly.

Closing the loop

Our decoder closes the loop by tak-
ing samples of the pulses produced by
the horizontal oscillator and feeding
them back around to the antenna input
to increase the amplitude of the RF
envelope during the signal’s sync-
pulse period. The samples of the TV
set’s vertical and horizontal sync
pulses are obtained by induction from
the TV’s vertical and horizontal de-
flection coils.

The sync-pulse reinsertion 1s ac-
complished with a voltage-controlled
attenuator. The attenuator reduces the
amplitude of the RF signal feeding the
TV set. Pulses from the decoder cause
the attenuator to “‘unattenuate,” thus
increasing the signal level during the
“unattenuate time”—which is eftec-
tively the same thing as re-inserting
the sync pulse. Sync pulses aré inscr-
ted pretty much randomly until the

right combination of horizontal os-
cillator, decoder oneshot phase delay,
and re-insertion level occur. When cv-
erything 1s correct, so that a few sync
pulses are inserted at the proper time,
the whole system locks up and sta-
bility is restored to the picture.

The circuit

The decoder, which is shown in
Fig. 3, requires that no direct elec-
trical connection, nor any modifica-
tion, be made to the TV set. The TV
signals are obtained by pickup coils
L1 and L2 through inductive coup-
ling; hence, there is no shock hazard
during set up as long as the television
set is unplugged from the powerline
and you touch nothing but the deflec-
tion yoke during the installation of the
coils. The purpose of the coils—
which are taped to the deflection
yoke—is to pick up the horizontal and
vertical scanning pulses.

paird
>
4>|0|(

-{ D2

D3

e ™
il e
. i
Z24H i

FIG. 4—THE ATTENUATOR is built in a
gutted splitter. The assembly will be sim-
plified if you follow this parts layout.

L1 and L2 are identical air-core
coils. The vertical coil, L1, 1s taped to
the side of the yoke (either right or
left. it doesn’t matter). Coil L2 is the
horizontal coil. and it is taped to the
top of the yoke.
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FIG. 5—THE PARTS LAYOUT. The attenuator subassembly is installed directly on the

component side of the PC board.

A 15.734-kHz resonant circuit is
formed by L2 and C6/C7. The wave-
form displayed on an oscilloscope that
is connected across L2/C6/C7 will be
a pure sine wave whose amplitude
depends on the size of the picture
tube. That’s because as the screen gets
larger, the yoke scanning current must
become larger to deflect the beam.

1C3 is a zero-crossing detector that
squares up the sine wave induced in
L2 and converts it to single-ended
drive for 1C4—a CMOS oneshot—
that follows. Because the input to 1C3
is a sine wave that goes both above
and below ground potential, IC3 must

FIG.6—THE COMPLETED DéCODER. The
three operating controls are mounted on
the cabinet’s cover.

have both a positive and negative sup-
ply voltage. The positive voltage is
supplied by voltage regulator 1C5.
1C3’s negative voltage is provided by
D7 and Cl1.

IC4-a is used as a phase delay and
sync pulse restorer pair. Phase Adjust
control, R17, can vary the period of
1C4 over the range of 9-56 ps. R17 is
installed on the front panel because it
1s used to phase-lock the decoder
when the unit is first powered up, or
when the user selects a different tele-
vision channel.

IC4-b is used as a sync restorer that
provides a pulse of [-11 s (set by
trimmer-potentiometer R19). The out-
put pulse at pin 9 is normally high; it
goes low during the sync pulse. Tran-
sistor Q1 is a low-impedance driver
for attenuator-diode D5. Diodes D2,
D3, and D4 limit the amplitude of the
pulse so that DS (in the attenuator)
cannot be overdriven.

A simple shunt attenuator is made
up of R25, R26, and DS5. The RF
signal that is applied to J1 is attenu-
ated at J2 when DS is forward biased.
When the voltage across D5 drops to
zero, the RF signal is unattenuated.

Basic circuit

In many instances, only the pre-
viously described circuit that is asso-
ciated with L2 is all that’s needed.
With some judicious knob twisting.
the circuit can be aligned by simply
observing the picture to see the effect

PARTS LIST
All resistors Vs watt, 5%

R1, R12, R18—1000 ohms

R2—4700 ohms

R3, R4, R7, R13—10,000 ohms

R5, R14—1 megohm

R6, R10, R15, R16, R20—2000 ohm:

R8, R19—10,000 ohms, trimmer

R9—3300 ohms

R11—20,000 ohms, trimmer

R17, R21—10,000 ohms,
potentiometer

R22—75 ohms

R23—220 ohms

R24—not used

R25—100 ohms, trimmer

R26—68 ohms

All capacitors polyester, 25 volts,
unless otherwise noted

C1, C2—1 uF, 25 volts, tantalum

C3, Cs, C9, C12—0.1 pF

C4, C8—0.001 puF

C5—0.0047 pF

C7—0.047 uF

C10, C11—330 uF, 25 volts,
electrolytic

C13—220 pF

Semiconductors

IC2, IC4—MC14538 dual mono-
stable multivibrator, Motorola,
National, or Toshiba only

IC5—7808, 8-volt regulator

D1, D2, D3, D4-—1N4148 silicon
rectifier

D5—MBD-101 silicon rectifier

D6, D7—IN4001 siticon rectifier

LED1—red light-emitting diode

Q1—2N2222, NPN transistor

Other components

L1, L2—see text

L3—22uH coil

Attenuator—see text

J1, J2, J3—part of attenuator

PS1—wall transformer, 12 VAC,
50mA

S$1—SPST switch

PL1—Mating DIN connectors

Miscellaneous: Printed-circuit ma-
terials, wires, solder, etc.

Note: The following items are
available from Cybernetworks,
P.O. Box 41850, Phoenix, AZ
85080. The printed-circuit
board: $15.00. A partial kit that
includes the PC board, IC’s, and
coils: $25.00. The PC board for
the April '85 Sync Separator
project is available for $15.00
(the complete kit has been dis-
continued). Allow 4 to 6 weeks
for delivery. We cannot accept
orders from Arizona residents.
Canadian orders please use
postal money orders in U.S.
funds and add $2.00 handling.
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FIG. 7—STRETCH THE COIL into an oval,
as shown in a. Then cover the coil with
tape, as shown in b.

of each control. The decoder is con-
nected between the output of a cable
box and the antenna input of the tele-
vision set. If desired, a VCR can be
placed between the decoder and the
television set, and the effect on the
signal can then be observed with a
scope by looking at the VCR’s video
output.

The vertical circuit, composed of
L1, ICI, and IC2, locks out IC4 dur-
ing the vertical interval. The pickup
coil, L1, must be taped to the deflec-
tion yoke in order to pick up enough
of a signal to drive IC1. Capacitor CI,
which 1s connected across L1, serves
only as a filter to remove the horizon-
tal hash that is picked up along with
the vertical pulse by LI.

The signal across L1 will be polar
ized, and must be of the correct polar-
ity to drive ICI; hence it may be
necessary to reverse the coil’s connec-
tions. LEDI1 will light when L1's po-
larity is correct.

The two sections of IC2 operate the
same as they do for IC4, except that
they are used for the vertical, rather
than the horizontal, sync pulses. 1C2
is adjusted by R8 and RI1! until the
output pulses at pin 9 go low during
the time you want the horizontal
pulses locked out, which usually oc-
curs during vertical blanking.

Construction

Except for the RF attenuator, con-
struction is non-critical. The author’s
prototype was first built on a Radio
Shack breadboard, and the circuit
worked perfectly the first time. For
those of you who prefer printed-cir-
cuit assembly, we provide a full-scale

template in PC Service. Take note that
space and a ground plane are provided
on the PC board for the RF attenuator,
which, as shown in Fig. 3, is a sepa-
rate unit.

Figure 4 shows the assembly of the
attenuator, which is built inside a gut-
ted twe-set coupler. Most couplers are
made of aluminum and cannot be sol-
dered to; and most, but not all, will
have a solderable ground stud inside.
If yours does not, you will have to
drill a hole for a machine screw with
which you can bolt down your own
ground lug. Solder a bare bus wire to
the ground lug in the attenuator (the
cut-off lead of a resistor or capacitor
will do). The wire should exit out the
bottom of the attenuator and be
snaked through a hole in the PC board
that you must drill specifically for the

VERTICAL
CcoiL
L

ground wire. After the module is
mounted to the board, solder the wire
to the PC board’s ground plane.

The reason for the ground wire is
because the attenuator module’s
mounting screws often do not make a
good ground connection to its case
and the PC board. The ground wire is
simply ensurance against possible
grounding problems.

You should also drill a ¥%-inch hole
in the top of the attenuator module
directly over where trimmer-potenti-
ometer R25 will be mounted. The
hole will allow you to adjust the trim-
mer without dismounting the module.

Figure 5 shows the parts placement
on the PC board. Secure the at-
tenuator case to the PC board with
two screws. If the case has a separate
external grounding tab, simply cut it

HORIZONTAL

*

FIG. 8—TAPE THE COILS on the CRT’s yoke as shown.
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FIG. 9—THE ELECTRICAL COIL connections are shown in a. The way they are connected

to printed-circuit board is shown in b.
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off if it gets in the way of anything.
Notice that IC1-IC4 are not mounted
with the same orientation; that is, all
No. 1 pins and/or notches do not face
the same direction. Instead, all pin I’s
and/or notches face the center of the
PC board, as does ICS’s metal tab.

Figure 5 also shows color-coding
for the wires connected to the vertical
and horizontal PC-board connec-
tions. The exact colors are unimpor-
tant—they will depend on the
particular multi-conductor wire that’s
used. (The colors shown are those of
conventional telephone quad.) We
only show color-coding to help you
integrate the parts placement with the
wiring of L1 and L2, which we’ll get
to in a short while.

At this point the circuit board can
be installed in a cabinet, as shown in
Fig. 6. The phase (R17) and level
(R21) controls, and the power switch
(S1), are mounted on the cover.

Making the coils

Coils LI and L2 are made by
scramble-winding 100 turns of No. 28
or No. 30 solid, insulated, magnet
wire around a 1%-inch form. (The
author used an empty 35-mm film
canister for the form.) As shown in
Fig. 7-a, after each coil is wound,
slide it off the form and elongate the
coil to form an oval. To prevent the
coils from becoming unwound or de-
formed, dip them in hot candle wax or
paraffin (available in most hardware
stores.)

CABLE BOX

FROM
CABLE

Make two coils, then attach leads
to each coil that are long enough to
reach from the inside of the TV set to
the decoder. You can use either indi-
vidual wires, pairs for each coil, or
quad (four wires: two for each coil).
Sandwich the coil assemblies in white
adhesive tape for insulation, making
certain that the tape covers the coils
and the ends of the heavier hook-up
wires. (The tape provides stress relief
tfor the thinner coil wires).

Mount the coils to the yoke of the
television set as shown in Fig. 8. The
easiest way to do it is to simply hold
the coils in place with a strip of adhe-
sive or electrical tape. Snake the
wires out of the TV set and connect
them to a 5-pin DIN connector as
shown in Fig 9. Figure 9-a shows the
actual wiring and the DIN-connector
numbers. Figure 9-b shows how the
coils connect to the PC board.

Tweaking

Due to the differences in induc-
tance that are possible when coils are
wound by hand with whatever size
wire is readily available, it may be
necessary to select the value of C6/
C7. The value needed to resonate with
L2 will be near 0.15 pF. After the
coils are taped to the yoke, turn on the
TV set and use a high-impedance
voltmeter or scope to measure the in-
duced voltage across C6/C7. Try dif-
ferent values of capacitance until you
attain the maximum peak-voltage
reading.

VCR

R.E OUT]'ﬁ
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USING A SCOPE

Whenever you work with video,
and in particular when working with
decoders, you must often correlate
the video signal with another signal,
such as a sync re-insertion pulse.
That is impossible to do if the scope
you are using is not set-up to be trig-
gered properly.

The secret is in a setup that allows
you to 100k at only one line of video at
a time; each time the scope sweeps,
it displays the same line. In other
words, if you want to look at scanning
line number 32 (that is, the 32nd line
of video that occurs after the first field
begins), you must make the scope
sweep only during the time that line
32 is present.

Most scopes do not easily allow
you to trigger that way. Those that can
be triggered that way have an extra
feature called “delayed sweep.” De-
layed sweep allows you to trigger on a
relatively slow repetitive event like
vertical sync, delay out to a specific
line of video, then begin a very fast
sweep that is set by a second time-
base. The delayed sweep allows you
zero in on any part of a waveform that
occurs after the trigger, and then ex-
pand that portion.

A project that provides scope delay
was described in the April 1985 issue
of Radio-Electronics.

Alignment

Ideally, alignment should be done
with a scope, using the equipment
arrangement shown in Fig. 10. The
best scope to use is a dual-trace model
having delayed sweep. For those of
you without access to such a scope,
begin by interconnecting the decoder
with your television as shown in Fig.
11 (the VCR is optional). Turn on the
TV set and tune the cable box to a
non-scrambled station. Adjust the
set’s vertical-hold control until you
can see the vertical-blanking bar: Try

R-E EXPERIMENTERS HANDBOOK
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to get it to sit still long enough so you
can measure the vertical height of the
bar with a ruler or a tape measure.
Make a note of the height.

Set R&, R11, R17, R19, and R25 to
the center of their rotation, and set
R21 fully counterclockwise. When
you apply power to the circuit the

vertical-polarity LED should come

IVER%OCI/LAL on. If it does not, reverse the lead‘s

colL from LI or physically flip the coil
180°.

Slowly adjust R21 clockwise—the
picture becomes lighter as the control

ATTENUATOR

——-—

EXTERNAL
TRIGGER
INPUT

DECODER ANTENNA |,

v

HORIZONTAL

FIG. 10—THIS IS HOW TO CONNECT the equipment when making your checks and
adjustments. The VCR is not necessarily required (see text).



No other training—in school, on the job,

anyw

here—shows you how to trouble-

shoot and service computers like NRI

PACKARD BELL COMPUTER

HARD DISK

20 megabyte hard disk drive you Install
internally for greater data storage
capacity and data access speed.

DIGITAL MULTIMETER

Professional test instrument for
quick and easy measurements.

LESSONS

Clearcut, lllustrated
texts bulld your
understanding

of computers

step by step.

SOFTWARE

Including MS-DOS, GW
BASIC, word processing, | &
database and spreadsheet -
programs.

Only NRI walks you through the
step-by-step assembly of a powerful
XT-compatible computer system you
keep—giving you the hands-on
experience you need to work with,
troubleshoot, and service all of today’s most
widely used computer systems. You get all it
takes to start a money-making career, even a
business of your own in computer service.

No doubt about it: The best way to leam to service computers is to actuzlty
build 2 state-of-the-art computer from the kevboard on up. As vou put the
nuchine together, performing key tests and demonstrations at cach stage of
assembly, vou see for yourself how cach part of it works, what can go wrong,

and how you can fix it.

Only NRI—the leader in carcer-building, at-home clectronics training for 73
vears—gives vou such practical, real-world computer servicing experience. Indeed,
no other training—in school, on the job, anyubere— shows you how to trouble-
shoot and service computers like NRI

You get in-demand computer servicing skills as you
train with your own XT-compatible system—now
with 20 meg hard drive

With NRI's exclusive hands-on training, you actually build and keep the powerful
new Packard Bell VX88 PC/XT compatible computer, complete with 512K RAM and
20 meg hard disk drive

You start by assembling and testing the “intelligent” keyboard, move on 1o test
the circuitry on the main logic board, install the power supply and 5% " disk drive,
then interface vour high-resolution monitor. But that's not all.

Only NRI gives you a top-rated micro with complete
training built into the assembly process

Your NRI hands-on training continucs as you install the powerful 20 megabyte hard
disk drive—today’s most wanted computer peripherai—included in your course to
dramatically increase your computer's storage capacity while giving you lightning-
quick data access.

Having fully assembled your Packard Bell VX88, you take it through i complete
series of diagnostic tests, mastering professional computer servicing techniques as you
take command of the full power of the VX88's high-speed V40 microprocessor.

In no time at all, you have the confidence and the know-how to work with,
troubleshoot, and service every computer on the market today. Indeed you have
what it takes to step into a full-time, money-making career as an industry technician,
even start a computer service business of your own.

No experience needed, NRI builds it in

You need no previous experience in computers or electronics to succeed with NRI
You start with the basics, following easy-to-read instructions and diagrams, quickly

NEC V10 dual speed (4.77 MHz/ 8 MHz) CPU,
512K RAM, 360K double-sided disk drive.

MONITOR

High-resolution, non-glare, 12" TTL
monochrome monitor with tlit and
swivel base.

TECHNICAL MANUALS
with professional programs and
complete specs on Packard
Bell computer.

DISCOVERY LAB

Complete breadboarding
B system to let you design and
modify circuits, diagnose
N and repair fauits.
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LOGIC
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moving from the fundamentals to
sophisticated computer servicing
techniques. Step by casy step, you
get the kind of practical hands-on
experience that makes vou uniquely
prepared to take advantage of every
opportunity in today's top-growth
field of computer service.
What’s more—you learn at your own
pace in your own home. No classroom
pressures, no night school, no nced to
quit vour present job until you're ready
to make vour move. And all throughout
your training. you have the full support of your personal NRI instructor and the NRI
technical staff always ready to answer yvour questions and give vou help whenever
vou need it
Your FREE NRI catalog tells more
Send today for your free full-color catalog describing every aspect of NRI's innovative
computer training, as well as hands-on training in robotics. video/ audio servicing
electronic music technology , security clectronics, data communications, and other
growing high-tech career fields.
If the coupon is missing, write to NRI School of Electronics, McGraw-Hill
Continuing Fducation Center, 4401 Connecticut Avenue, Washington, DC 20008.

PC/XT and XT are registered trademarks of International Business Machines Corporation
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VERTICAL SYNC PULSE
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VERTICAL COIL

U7 ~ 40pus
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U2PING

U2PIN 9 660ps

HORIZONTAL
CoIL

U3PIN 7 32us

U4 PIN 6

U4 PIN 9

3Izps

= 30us

= 10us

FIG. 11—IF YOU USE A SCOPE for checks and adjustments, this is how the important

waveforms will be displayed.

is advanced. You may see a bar near
the center of the picture that will be
slightly darker than the picture itself.
If you do not see the bar, adjust R17 to
bring the bar in from either side of the
screen. If you cannot make the bar
appear from either side, reverse the
connections to L2 or flip it over.

Adjust R17 until you can sce the
full width of the bar; then adjust R8
until you see a clear spot in the ver-
tical bar. Then adjust RI11 until the
clear spot is just a little wider than the
vertical blanking bar was that you
measured previously. As R8 is ad-
justed through its full range. you
should be able to make the clear spot
appear from either the top or the bot-
tom of the picture. Note where in R8s
rotation the spot appears at the top,
and where it appears at the bottom of
the screcn. Set R8 midway between
those two points.

Set R17 midway between where the
bar disappears on the left and right
hand side of the screen. Tune in a
scrambled channel and set R21 to
about % of its clockwise rotation.
(That ensures that the attenuator di-
ode is being driven hard.) Adjust R25
until the picture corrects; which will
be easiest to do on a brightly lit pic-
ture, and nearly impossible to do on a
dark picture. R25 should be set so that
the picture is somewhat over-cor-
rected and washed out; then adjust
R21 for normal brightness and con-
trast. The three controls—R21
(phase), R19 (pulse width), and R21
(level)—all interact with one another
and may require considerable experi-
mentation and knob twisting to get
them all correctly adjusted.

Keep in mind that D5 is being used
as a switch and not as a diode. That
means that it must be driven hard

enough (controlled by R21) to keep it
off the sharp knee of its forward-bias
curve. If itis allowed to act as a diode,
it will also rectify the incoming sig-
nals and produce a varying voltage
that will also modulate its own for-
ward-bias voltage. That action will
produce an interference pattern in the
picture.

Once everything is properly op-
timized, all you should have to do will
be to adjust R17 and R21 whenever
you turn the decoder on, or after you
change channels. In most, but not all,
instances, picture-lock will occur au-
tomatically when a scrambled chan-
nel is selected and a fairly bright
scene is available.

It the signal level of your cable
system is too low, the 6-dB signal loss
caused by the attenuator module will
often cause snow in the picture. One
solution to the problem is to place a



distribution amplifier in the signal
chain prior to the decoder.

Scope set up

Begin by interconnecting every-
thing as shown in Fig. 10. Set R8,
R11, R17, and R19 to the center of
their rotation. Set R21 for zero correc-
tion—full counter-clockwise. If the
vertical-polarity LED does not come
on, reverse the connections to pickup-
coil L1 or flip it over and retape it to
the yoke. Perform the set-up adjust-
ments with an unscrambled signal.

Adjust R8 and RI1 until the ver-
tical-sync waveforms on your scope
match those shown in Fig. 11-a. Both
comparators of 1C2 are triggered on
the falling edge. The period of IC2-a
is approximately 16.4 milliseconds. It
should be adjusted to time out just
before the beginning of the next ver-
tical interval.

IC2-b is triggered by the falling
edge from the first section. For most
gated-pulse systems, its period will
be approximately 660 ps. Again it
should be set by comparing its pulse
width to the video waveform. It
should fire just before the vertical
sync interval and time out just after
the last equalizing pulse.

To set up 1C4, compare the sine
wave across L2 with the vidco wave-
form. The leading edge of the hori-
zontal-sync pulses should correspond
to the positive to negative transition of
the sine wave through zero volts. If it
does not, reverse the connections to
L2 or flip the coil over.

Both scctions of 1C4, like I1C2, are
negative-edge triggered. Adjust R17
and RI19 until they match the wave-
forms shown in Fig. 11. The output at
pin 9 should be set for a starting pulse
width of 8-10 ps.

Then, use the same alignment pro-
cedure as previously described, start-
ing with the adjustment for R21.

Operating tips

If you can’t locate an MBD-101 or a
IN5817 you can use a IN4148; but if
you do, another diode must be con-
nected in series with D2, D3, and D4
to make certain that there will be
enough drive voltage for D5.

The 14538 used for 1C4 must be
manufactured by either Motorola or
National. The reason for that is be-
causc most other manufacturers do
not guarantee operation for pulse wid-
ths below 20 microseconds, which is
not narrow enough. R-E
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Electronic Thermometer

QUITE OFTEN, THE BEST KIND OF PROJECT
to build is just a neat little gadget that
you don’t necessarily need, but one
that will give you something to do
without costing you an arm and a leg.
That way, you don’t have to rush the
project in order to meet some dead-
line. And if you should run into any
problems while trying to get your
project to work, you won’t be ready to
kill your friends and family—and be-
lieve it or not, the fourth-most leading
cause of death in this country is due to
crazed electronics hobbyists who
have wasted hundreds of dollars and
hours on a dead-end project.

The project we are presenting, how-
ever, is one that you’ll want to build. It
is an electronic thermometer that dis-
plays a temperature range of 40 de-
grees Fahrenheit (or about 23 degrees
Celsius) on a 16-LED bar-type dis-
play. It’s easy to build, very inexpen-
sive, and it is a great desktop-novelty
item when it’s finished. It’s also so
small that, with a little customizing, it
can be made to fit, along with two
small 6-volt batteries, inside a very
small project case.

Circuitry

As you can see from the schematic
in Fig. 1, the heart of the electronic
thermometer is ICl, a Siemens
UAA170. That IC is really just a 16-
LED driver. Depending on the level of
the input voltage to pin 11, and how
Vgee(min) and Vgge(max) (pins 12
and 13) are biased, one of the 16
LED’s is illuminated.

The temperature-sensing ability of
the circuit is made possible by R10,
an NTC (Negative Temperature Co-
efficient) thermistor. (A thermistor is
a temperature-dependent resistor, and
NTC means that as the temperature
increases, the resistance decreases;
PTC means that as the temperature
increases, the resistance also in-
creases.) As the ambient temperature
increases, the thermistor’s resistance,
and consequently the input voltage to
pin 11, decreases. The 16 LED’s on
the prototype display from about 50 to
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Heres something that you
don't really need—but
you'll probably want
to build one, anyway!

90 degrees Fahrenheit, but you can
calibrate the center temperature (the
middle LED) via potentiometer R12.

The circuit also includes an LDR
(Light-Dependent Resistor), R11, that
adjusts the display’s brightness ac-
cording to how much light is in the
room. The LDR’s resistance in bright
light is about 350 ohms, and in total
darkness its resistance approaches
200,000 ohms. When the prototype
was tested, the photoresistor did its
job too well. The display’s brightness
varied greatly betwecn a very pleasant
level and an excessively bright one.
Thus, the light-dependent resistor was
covered with a piece of tape so that the
display will maintain the same low
(pleasant) level of brightness and the

batteries won’t have to work so hard.
However, because the LDR is in paral-
lel with an 18K resistor (R1), the com-
bined total resistance of those two
components will never be more than
18K. Therefore, another alternative is
to leave the LDR out of the circuit
completely.

Components

The electronic thermometer can be
built using parts that you gather indi-
vidually, or purchased as a complete
kit for $17.54 from the source listed in
the Parts List. The kit includes the PC
board and all components except a
power supply, oNOFF switch, and a
case. While buying the kit is probably
the easiest and cheapest way to build
the project, you can also make your
own PC board from the pattern in the
PC-Service section of this magazine.
You may even be able to get away with
point-to-point wiring since it’s such a
simple circuit. Then, if you’re lucky,
your junkbox may contain all the parts
you need except the IC.

The on/OFF switch that was used in
the prototype is a momentary push-
button-type switch. A momentary
switch was used because LED’s are
very power-hungry, and if the device
were left on, the batteries wouldn’t
last very long. However, if you decide
to build or buy a 12-volt DC power
supply, or use a much larger battery
pack, then it won’t hurt a bit to leave
the unit on all the time.

Construction

Begin building the project by in-
stalling all of the resistors on whatever
PC board you’re using, as shown in
Fig. 2. Then, install the potentiometer
R12, the thermistor R10, the light-
dependent resistor R11, the 1C socket,
and lastly the LED’s. Be sure to be
very careful when spreading the leads
of the LED’s, because too much force
will crack the LED in half. The kit
includes 15 LED’s of the same color,
and one of a different color. You
should install that single LED on the
right-hand side of the board (above



R12inthe LEDI6 position) to indicate
the maximum temperature on the dis-
play. (If you don’t buy the kit, it’s
entirely up to you as far as the colors

of the LED’s are concerned.) Now
just press ICI into its socket.

After the board is completely as-
sembled, you’ll need some wire, an
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FIG. 1—THE SCHEMATIC FOR the electronic thermometer. lt can be built from a kit or from
separately purchased pieces on a PC board or perforated construction board.
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FIG. 2—PARTS-PLACEMENT DIAGRAM. Follow this when soldering the parts on the
board supplied with the kit, or thé one you can make from the pattern in PC Service.

ON/OFF switch, and whatever you are
using as a power supply. The pro-
totype uses two 6-volt photo batteries
(Eveready type A544 or equivalent)
taped together. with the positive side
of one connected to the negative side
of the other. They are held in place
inside the case with a piece of double-
sided tape. Depending on what size
case you're planning to install the
board in, cut and solder appropriate
lengths of wire to the + and — termi-
nals on the PC board. Then install S1
in series with the positive supply line
and connect the leads to the batteries.
(Depending on what type of switch
you use, and how it’s supposed to
mount to the project case, you may
have to install it in the case first, and
then solder it in the circuit.)

Test and calibrate

By now you’ve probably already
pressed the button to see if your ther-
mometer is working—if not, do it
now. At least one LED, or two right
next to each other, should light up. (If
nothing happens, check your solder-
ing and the placement of the compo-
nents—there can’t be too much
wrong with a circuit this simple!)

Once you are sure that your ther-
mometer is working, you have to let it
sit for about a halt an hour. That’s so
the board can cool down to room tem-
perature after all the soldering and
handling. Try to let the board cool in a
room that’s at about 70 degrees—
youw’ll have to get an ordinary ther-
mometer, or look at your home ther-
mostat’s reading.

After the board’s temperature has
settled to about 70 degrees, adjust
R12 so that the center LED (or one or
two LED’s higher or lower, depending
on the exact room temperature) 1s il-
luminated. Now you should take a
sheet of paper and draw 16 circles
representing the 16 LED’s on your
display, and write a 70 next to the
appropriate circle.

Place both the electronic ther-
mometer and a regular thermometer
inside a refrigerator for about ten min-
utes, and then remove them both. The
temperature inside the refrigerator
should be lower than 50 degrees, so
the far-left LED should light up when
the button is pressed. As soon as the
next LED begins to light, check the
temperature on the regular ther-
mometer, and record it next to the
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appropriate circle on the sheet of pa-
per. Then you can estimate what tem-
perature the first LED should indi-
cate. As the temperature continues to
rise, keep on recording the readings
until both thermometers once again
level off at 70 degrees. (Try not to
handle the board while you’re doing
that). If you are in doubt as to whether
or not both thermometers are warm-
ing up at the same rate, you will have
to do the calibrating by allowing both
thermometers to level off in environ-
ments having different temperatures.
Then you will have to approximate the
temperatures in between.

Now you have to work near a warm
lamp, or some other source of heat,
and continue recording the readings
until you reach the far-right LED. (It
should be about 90 degrees when that
LED lights.) Now you have a sheet of
paper that represents the entire dis-
play on your thermometer. You
should now check it out by placing
both thermometers in different en-
vironments to make sure that they
both display approximately the same
temperature. At this time you can ap-
proximate the readings you’ve made
in nice even increments, to allow for
neat labeling later on.

All resistors are Ys-watt, 5%.

R1, R9—18,000 ohms

R2—1500 ohms

R3—24,000 ohms

R4—1000 ohms

R5—180,000 ohms

R6, R8—56,000 ochms

R7—75,000 ohms

R10—20,000 ohms, NTC thermistor

R11—350-200,000 ohms, light-de-
pendent resistor

R12—10,000 ohms, PC-mounting
type potentiometer

Capacitors

C1—22 wF, 15 volts, electrolytic

Semiconductors

IC1—UAA170 or equivalent

LED's 1-16—rectangular LED’s

Miscellaneous

116-pin IC socket, plastic case, clear
plastic, wire, solder, screws, tape,
momentary switch, etc.

Note: A kit containing all parts ex-
cept a power supply, a momen-
tary pushbutton, and a project
case, is available for $17.54 from
all TSM distributers. You can
contact the TSM headquarters,
at 2065 Boston Post Road,
Larchmont, NY 10538, for the
TSM distributer nearest you.

o o o 5

Final assembly

Now you are ready to put the board
in some kind of project case. In order
to fit it inside Radio Shack’s small
project case (number 270220), the PC
board’s edges had to be filed down, as
well as cutting away the plastic ribs
inside the project case. (You can use a
larger case if you like.) Then, the
cover has to have a hole drilled in it for
the switch, and a rectangular slot cut
in it so that the faces of the LED’s can
come through (see Fig. 3). Make sure
that the faces of the LED’s are flush
with the surface of the cover—you
might have to put a piece of foam
rubber of other kind of non-con-
ductive material underneath the board
in order to get them to the right
height.

The lens for the display was made
from two identical pieces of clear
plastic cut from the box that the kit
came in. However, any clear plastic,
perhaps from bubble-type packaging,
may be used. The plastic is cut large
enough so that it can fully cover the
slot in the case’s cover, and also over-
lap enough to have room to screw it in
place (see Fig. 3). Tape both pieces of
plastic in place on the case cover, drill
a small hole on each side, put a small
screw in each hole, and then remove
the screws and the tape.

Now take a piece of electrical tape,

A Ly -

FIG. 3—THE BOARD FITS inside the case as shown. Holes are cut in the cover, and a lens
is made using any kind of flexible clear plastic, which is then screwed in place.

and cut a strip that is slightly narrower
than the faces of the LED’s, and the
exact length of them (about 4 cm).
Stick the tape down in the exact center
of one piece of plastic, and make sure
that the edges are firmly pressed
down. At a distance of at least a foot,
spray the plastic, tape-side up, with
some spray paint (whatever color you
like), until you can no longer see
through it. Wait until the paint is com-
pletely dry, and then pull the tape off.

Now you have a lens that covers the
rough edges of the slot in the cover of
the case, yet still allows the LED’s to
be seen. Some rub-on lettering was
used on the side without the paint to
indicate the temperature scale on the
display, as well as to add a profession-
al appearance to the device. The tem-
perature range on the prototype was
divided into 5-degree increments, and
the labeling was evenly spaced along
the 4-cm display. The finishing touch
is the second piece of plastic used to
protect the lettering from being
scratched off. The two pieces of plas-
tic are then screwed back in place, and
the case is then closed up.

The unit is now ready to be placed
in the location of your choice. There it
will silently wait, ready at all times,
to give you an instant yet accurate
temperture reading at the touch of a
button. R-E
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PROJECT

Jacob’s Ladd2r—The easy-to-build laboratory toy made
famous in Frankenstein and other horror films.

Solid State Tesia Coil—Build an updated version of
Nikola Tesla's famous electrical spark generator.

Lightning Bulb—Create a stunning electrical display
within the coafines of an ordinary light bulb.

Electronic Cazer—A budget project designed for thz
experimenter who needs experience with high-voltage
circuits.

Universal Laser Power Supply—Power HeNe lasers fcr
experimental wark using a supply that can deliver about
2.5 amperes.

Electronic Tornado—Build a high-tech, low-cost plasma
globe display that rivals the best money can buy.

Stun Gun—It's not a toy, but an experimental device that
can produce 75,000 volts at a peak pulsed power af
25,000 watts.

HV Pulse Generator—A universal power supply for
creating your own special effects with high voltage.

Kirlian Photographs—Tips and techniques that help you
explore the mysteries of high-voltage photography.

Kirlian Photography f
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toil to the back half of its glass envelope,
forming a sort of make-shift capacitor. The
electrode inside the lamp forms one plate of
the capacitor. the glass envelope of the lamp
serves as the dielectric, and the aluminum
foil 1s used as the second plate.

The aluminum foil. like the negative plate
of a polarized electrolytic capacitor, is
grounded. A high voltage is discharged into
the lamp through its inner clectrode, ioniz-
ing the thin gas that remains in the envelope.
creating a visual effect similar to an elec-
trical storm.

Circuit Description. The Lightning Bulb
circuit uses a quadrac (see Fig. 1)-—a device
that combines a triac and a diac trigger ina
single package—to control the supplied cur-
rent. Figure 1A shows the schematic symbol
for the quadrac. while Fig. IB shows the
pinout for the unit used in our circuit. Note
that quadracs are becoming increasingly
more difficult to come by: it onc can not be
located, a discrete diac/triac combination of

MT2 04004LT
|
MT MT1 T
MT2
A 8

Fig. 1. The Lightning Bulb circuit
uses a quadrac—a device that com-
bines a triac and a diac trigger in a
single pack- age—to control the
input power source. Shown in A is
its schematic symbol for the quad-
rac, while B is the pinout for the unit
used in our circuit.

~ HOT
s,

o o-

equal or higher rating can be used in its
place.

Figure 2 shows a schematic diagram of
the Lightning Bulb circuit. The heart of the
circuit is a 12-volt automotive ignition coil,
T1, which is used to deliver a high-voltage
charge of sufficient magnitude to 1onize the
gascs within the glass envelope of lamp 1.

Power tor the circuit is taken directly from
the AC line and applied through a phase-
shift network (consisting of capacitor Cl
and resistor R1) to the trigger input (T) of
quadrac TRI. causing it to conduct.

With TRI conducting. a short burst of
energy is applied via C2 to the primary
winding of TI. (Recall that when power is
first applied to a capacitor, the capacitor acts
as a short. and then the capacitor begins to
charge to the applied voltage.) That burst of
energy creates a magnetic field around the
primary winding of T1. causing a high volt-
age to be induced in its secondary.

When capacitor C2 begins to charge to its
highest level, the AC signal begins to col-
lapsc. As the signal collapses. the current
needed to maintain triac conduction dips
below the holding level (1,,). the triac turns
off, and the sccond halt of the AC signul
begins.

As the AC signal becomes more negative,
a signal is again applied to the triac’s trigger
input, causing it to conduct. Triacs conduct
during both the positive and negative hall
cycles of an AC wavelform, and can be acti-
vated by either a positive or negative trigger
source. (For a better understanding ot the
operation of triacs and other thyristor de-
vices. sce All About Thyristors, which ap-

peared in the March and April 1988 issucs of

Hands-on Electronics.)

With TR1 now conducting in the opposite
direction, the charge on C2 is bled off. via
TRI, and a burst of energy (of opposite
polarity) is applied to the primary winding

11/ \ T2

411 OO~ L 4
L1 St F1
A o3 4] TR
Lan)
02 Q4004LT [T
AC
IN S
< R1 gz -~
2 390K
L2
10uH
\ ONEUTRAL iy ~

GROUND LEAD

FOIL n
GLOBE G40
NC T

12.VOLT
IGNITION
colL

HIGH

VOLTAGE

Fig. 2. Here’s the schematic diagram of the LightningBulb circuit.

ol T1, causing a voltage to be induced n its
secondary winding. The high-voltage out-
put (about 20.000 volts) at the secondary of
Tl is applied to the lamp, I, creating an
electrical storm-like effect.

The value of C2 must be limited to be-
tween 2-2.5 pF (o prevent damage to igni-
tion coil T1. On the other hand, if the value
of C2 is too small. the display will be some-
what insufficiently pronounced. Inductors
LT and L2 were added to block any switch-
ing transients from entering the AC line.

Safety First. As shown in the schematic
diagram (Fig. 2). you'll be dealing with a
high-voltage transformerless power source.
Because of the possible salety hazard asso-
ciated with projects of this type. it is strong-
ly recommended that you usc an isolation
transtormer when testing and troubleshoot-
ing the circuit. For an extra margin of safety,
always be sure to discharge the capacitors
before performing any work on the circuit.
A capacitor can store a charge large enough
to melt a copper penny.

Caution: In assembling the Lightning
Bulb, do nor omit the protective plexiglass
tube that covers the lamp. The clear %-inch
thick plexiglass tube helps to prevent an
accidental shock. The high voltage can pen-
etrate the glass and you could get a shock or
worse. The safety cover is an absolute must.

Construction. Becausc of the simplicity
of the circuit. the author’s prototype was
built on a piece of pertboard (measuring
about 3 x 4 inches), and the connection
between the components were made using
point-to-point wiring. Note that for those
who wish to usc a printed-circuit board, onc
1s offered by the supplier given in the Parts

PARTS LIST FOR THE
LIGHTNING BULB

U1—Q4004 4-amp, 400-volt quadrac,
or triac/diac combination (see text)

C1—0.02-uF metal-film capacitor

C2—2-uF, 400-WVDC metallized
polyester or polycarbonate
capacitor

F1—3-amp 3AG fuse

11—G-40 clear incandescent lamp
with 5-inch envelope

L1, L2—10-uH hash choke

R1—390,000-chm Y2-watt resistor

S1—single-pole, single-throw toggle
switch

T1—12-volt automotive ignition coil

Perfboard materials or printed-circuit
board, plastic enclosure, 6-inch OD
plexiglass tube, 1%2-inch OD
plexiglass tube, high-voltage cable,
fuse hoider, aluminum foil,
electrical tape, wire, solder,
hardware, etc.
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List. However, printed-circuit board con-
struction will not be discussed in this article.

Assemble the circuit board using Fig. 2 as
a wiring guide. making the interconnections
between the components as the components
are installed on the board. Just about any 12-
volt automotive ignition coil should do for
T1. The .02-pF capacitor specified for Cl
can be replaced by two .01-pF units con-
nected in parallel, which is what the author
used in his prototype.

When the circuit-board assembly is com-
plete. set it aside for a while and begin
moditying the lamp. The lamp used in the
author’s prototype is a 25-watt designer’s
bulb with a 5-inch clear-glass envelope.
Contrary to common belicf, the area within
the envelope—particularly where larger en-
velopes are concerned—is not a total vac-
uum. Some gas still remains within the
envelope even after the evacuation process.
Lamps having large envelopes produce a
more impressive display because of the
higher concentration of gas (in comparison
to standard houschold lamps) within the en-
velope.

Start the modification process by placing
black electrical tape on what will be the
back half of the lamp. Place a layer of alumi-
num foil over the tape and then add a second
layer of tape over the aluminum foil to hold it
in place. Starting from the outer edges of
the foil, apply the tape, working your way
inward toward the center. Leave a small
portion of the toil exposed so that a wire can
be attached. The author used aluminum sol-
der to the attach a lead to the aluminum foil,
but gluing or taping should work. Once the
wire is attached, it should be connected to the
ground terminal of TI as shown in Fig. 3.
Then cover the exposed aluminum and the
wire with tape.

The author used a regular plug-in lamp
socket to connect the lamp to the high-volt-
age output of Tl. A high-voltage cable is
connected across the two contacts of the
lamp socket. The type of lead wire used in

TV sets to bridge the high-voltage output of

i § ¥ age

tape, leave a small area of aluminum
exposed, and connect a wire to the

FOIL
#
IGNITION )
CoiL |
= WIRE
=
LAMP

Fig. 3. A wire is connected from the
ground lead of T1 to the aluminum
foil that’s been placed on the glass
envelope of the lamp.

PLASTIC TUBE \

GLUE OR EPOXY PLASTIC TUBE
TO ENCLOSURE

directly to the circuit board. The other lead
is then connected through Sl to the circuit
board.

Once that is done, check your work. If
everything looks okay, seal the board in its
enclosure and place a 6-inch OD plexiglass
tube over the lamp and column assembly.
(The actual length of the protective tubing
depends on the physical height of the lamp/
support-column combination.) The tube
provides the user with some measure of pro-
tection from high voltage that’s present in
the circuit.

The 6-inch tube can be secured in place

LAMP

| ———— LAMP SOCKET EPOXIED TO PLASTIC TUBE

[~~SOLDER TWO LUGS FROM SOCKET TO HV WIRE

[T HIGH VOLTAGE WIRE

HV

LN

f*—___PLASTIC
ENCLOSURE

IGNITION COIL

Fig. 4. Mount the lamp-and-socket assembly to its support column, and then
mount the entire assembly on the project’s plastic enclosure.

the flyback transformer to the anode of the
CRT is ideal. Once the wires to the lamp are
in place, mount the lamp and socket to their
support column. It’s a good idea to devise
some sort of identification method for the
lcads; that will cut down on the confusion
that may arise during the final electrical-
assembly process.

The lamp-support column is a 5- to 6-inch
length of plastic tubing with an outside di-
ameter (OD) of 1Y2 inches. After threading
the wires from the lamp-and-socket assem-
bly through the tube. sccure the lamp-and-
socket assembly to the tube with glue or
epoxy. (Sce Fig. 4.) Once the glue has dried,
rc-enforce the assembly where the lamp-
and-socket assembly meets the support col-
umn with one or two wraps of tape .

The support-column assembly is then sc-
cured to the project box with glue. or is held
in place with screws and “L” brackets. The
two leads from the lamp arc then connected
to the circuit-board mounted components.

The **hot” side of T1’s secondary is con-
nected to the bridged lamp-socket terminals
(as shown in Fig. 4). and the negative sidc is
connected to the lead coming from the alu-
minum plate on the lamp. Feed a line cord
through the enclosure wall to the circuit

1/4 INCH

6 INCHES

Fig. 5. A 6-inch diameter lid is
fashioned from a piece of clear
plexiglass. Quarter- inch holes are
then drilled into the lid to help
ventilate the lamp.

with Y5-inch wide angle brackets. (See pho-
tos.) A lid for the tube can be fashioned from
a piece of clear plexiglass. Holes, about V4
inch in diameter, should be drilled in the lid
for ventilating. The lid can then be glued to
the top of the protective tube.

You are now all set to give your Lightning
Bulb a test run. As with all other projects of
a similar nature, ambient light detracts from
the visual effect of the display. The Light-
ning Bulb gives a much more impressive

R-E EXPERIMENTERS HANDBOOK
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board. Connect one lead from the line cord display in a darkened room. n
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HIGH-VOLTAGE ZAPPERS

It doesn’t take much to generate enough high voltage to curl your hair

CHARLES D. RAKES

THE TWOQ CIRCUITS WE'VE GOT HERE ARE
for the experimenter having a touch of
Ben and Nikola’s fascination for
working with high voltage. But unlike
those two brave pioneers who flirted
with lightning and gigantic spark
coils, our high-voltage circuits are
mild in comparison, having outputs
of less than 50 kilovolts (kV). Even
so, don’t ever become careless when
working with high voltage. To do so
could be dangerous to your health and
your good nature. So please take care.

A circuit that generates a high volt-
age by discharging the energy stored
in a large-value capacitor through the
primary winding of a high-turns-ratio
step-up transformer is known as a Ca-
pacitor-Discharge (CD) system. It’s
the same concept used by many of the
high-performance auto-ignition sys-
tems to produce a super-hot spark. 1t’s
also the same kind of system used by
some of the top-of-the-linc electric
fence chargers. And let us not forget
one of the most popular personal-de-
fense devices now on the market, the
electronic Stun Gun, which also gen-
erates its zap with a capacitor-dis-
charge circuit.

How we make the zap

As shown in the circuit of Fig. 1,
step-down transformer T1 drops the
incoming line voltage to approximate-
ly 48 VAC and, in the process, adds a
degree of safety through the trans-
former’s primary-to-secondary isola-
tion from the power line. TI’s 48-volt
secondary is rectified by diode D1; the
resulting DC charges capacitor Cl.
through current-limiter R1, to a volt-
age level pre-set by R4. When the
voltage on R4’s wiper reaches about
8.6 volts, QI begins to turn on, draw-
ing current through R7 and the base-
emitter junction of Q2. Then Q2 turns
on and supplies a positive voltage to
the gate of silicon-controlled rectifier

T1 ——M— S ——T—-—
D1 R1 TH
100Q >
117VAC “ TheEs 5W 10K 2
T 48V P

G -

¢l A R4 €
= SCR1
10F dbnrsma 16
K

FIG.1—BE SURE TO KEEP EVERYTHING, especially yourself, away from the high-voltage

output at point “X.”

Q3. The positive gate voltage causes
Q3 to conduct, thereby discharging
Cl through the primary winding of
step-up transformer T2; the end-result
is a high-voltage arc at the output ter-
minal (X).

The value of the high voltage de-
veloped at T2’s output is determined

PARTS LIST

FIG. 1

All resistors are Y%2-watt, 5%, unless
otherwise noted.

R1—100 ohms, 5 watts

R2, R5—3300 ohms

R3—10,000 ohms

R4—10,000 ohms, potentiometer

R6—33,000 ohms

R7-15,000 ohms

R8—100,000 ohms

R9—2200 ohms

Capacitors

C1—220- or 440-uF, 75100 volts, elec-
trolytic, or 10-wF 220-VAC motor capac-
itor (see text)

Semiconductors

D1—1N4003 silicon rectifier

D2—1N756, 8-volt Zener

Q1—2N2222 NPN transistor

Q2—2N3638 PNP transistor

SCR1—NTES5463 10-amp, 200-volt sil-
icon-controlied rectifier

Other components

T1—Step-down transformer, 48 VAC, 300
mA

T2—Auto ignition coil, or substitute (see
text)

by the value of Cl, the voltage across
Cl, and the turns ratio of T2. The
frequency or pulse rate of the high
voltage is determined by the resis-
tance of T1’s primary and secondary
windings, the value of Rl, and the
value of CIl. The lower the value of
each item, the higher the output pulse
rate; the peak output voltage will re-
main unchanged only if Cl’s value
remains unchanged.

Building the CD system

The circuit shown in Fig. 1 is non-
critical, so any parts layout and
mounting can be used; perforated wir-
ing board will probably make for the
easiest assembly. But no matter what
kind of construction is used, keep
T2’s output terminal (labeled X) at
least three inches clear of all circuit
components, yourself, and anything
else that can conduct electricity.

The transformer used for T2 can be
almost any 6- or 12-volt auto-ignition
coil, but one designed with a high
turns ratio for a capacitor-discharge
ignition system will produce the
greatest output voltage. The CD coil
that we used produced a spark 1Y
inches in length from the output ter-
minal to the coil’s common terminal.

An old (but good) TV flyback
transformer can also be used for T2.
Simply wind about 10 turns of test-
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lead wire around the transformer’s fer-
rite core and connect the free ends of
the wires to the points labeled “A”
and “B” in Fig. 1. Some experiment-
ing with the number of turns may be
necessary to obtain good results with
that type of transformer. Our experi-
ments with the TV flyback produced a
voltage that would jump a ¥%-inch
gap.

If a small-ecngine repair business is
located in your area, see if the owner
or mechanic will give you a few of the
old ignition coils. If you obtain sev-
eral old coils, one or more should be
usable. To produce a high voltage

HIGH VOLTAGE PROJECTS
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FIG. 2—THE SPARK DURATION is controlled by a 555 timer in this circuit.

with a small-engine ignition coil,
connect the primary leads to termi-
nais “A” and “*B,”” and a > t0 ¥-inch
spark should be possible.

To make a *“magnetic charger,” se-
lect one of the ignition coils that has a
good primary winding and carefully
remove the secondary winding from
the coil’s core. Conncct the primary
wires to terminals “A” and “B.”" Po-
sition any object that you want to
magnetize on the exposed core lami-
nations and apply power; you should
hear a “Zap” sound as the magnetic
pulses hit the metal object.

Maximum spark

If you want to achieve a maximum
spark. select a CD ignition coil, and
use a 440-pk 75- to 100-WVDC ¢lec-
trolytic capacitor for C1. Using a DC
voltmeter, monitor the voltage across
Cl. Adjust R4 so that the Q3 fires
when the charging voltage across Cl
reaches between 50-55 volts. That
setting should produce a spark 14 to
1Y2 inches long every second or so.

To obtain a faster pulse rate, with
some reduction in the output, change
Clto a 10-pE 220-VAC motor capac-

PARTS LIST

FIG. 2 All resistors are Y2-watt, 5%, un-
less otherwise noted.

R1—10,000 ohms

R2—4700 ohms

R3—1000 ohms

R4—100 ohms

R5—15 ohms, 5 watts

R6-—270 ohms

Capacitors

C1, C3—0.22 uF, 100 voits, Mylar

C2—0.47 pF, 100 volts, Mylar

C4—470 uF, 25 volts, electrolytic

Semiconductors

IC1—555 timer

Q1-—2N3638 PNP transistor

Q2—2N3055 NPN power transistor

Q3—2N3055 NPN power transistor with
heatsink

Other components

T1—Auto ignition coil (see text)

itor (or any other lower value with a
rating of 75 volts or more). Experi-
ment with different component values
to obtain the desired results.

An excellent electric fence charger
can be made by building the CD cir-
cuit in a suitable case and selecting a
220-pF capacitor for Cl. Adjust R4
for one to two pulses per second.

Battery-powered high voltage

A high-voltage generator circuit
that can operate from a battery or
other low-voltage DC source is shown
in Fig. 2. Output voltage great enough
to jump a I-inch gap can be obtained
from a 12-volt power source, and with
a higher pulse rate than the circuit in
kg |

A 555 timer IC is connected as an
astable multivibrator that produces a
narrow negative pulse at pin 3. The
pulse turns Q! on for the duration of
the time period. The collector of Q1 is
direct-coupled to the base of power-
transistor Q2, turning it on during the
same time period.

The emitter of Q2 is direct-coupled
through current-limiter RS to the base
of power-transistor Q3. When Q3
turns on, there is & minimum resis-
tance between its collector and emit-
ter. That causes a high-current pulse
through the primary of T1, which gen-
erates a very high pulse voltage at T1’s
secondary output terminal (labeled
X). The pulse frequency is deter-
mined by the values of RI. R2, and
C2. The values given in the Parts List
were chosen to give the best possible
performance when an auto ignition
coil is used for T1. Here too, a CD-
type ignition coil will produce the
greatest output voltage.

Perforated wiring board con-
struction is a good choice for this cir-
cuit, but remember to be careful when
working near the output terminal of
TI while the power is on.

Getting parts

Radio Shack is a prime source for
most of the components used in this
article. Digi-Key Corp. (701 Brooks
Ave. South, P.O. Box 677, Thief
River Falls, MN 56701-0677) 1s an-
other good source. A good selection
of unusual components, such as pho-
to-flash capacitors and telephone
transformers, is available from All
Electronics Corp. (905 S. Vermont

e., PO Box 20406, Los Angeles,
CA 90006). R-E



00

D) (T

STUN GUN

\ This experimental high-voltage
' generator can produce 75,000
5 volts at a peak power of 25,000

ROBERT GROSSBLATT, and ROBERT IANNINI

Man’s fascination ;;‘
with high voltages

began with the first Z 4 watts.

caveman who was
terrified by a bolt of
lightning. In more
recent times,
electronics
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
as a weapon of self-
defense. Before
building one, however,
you should read and
pay very close
attention to the
warning in the
accompanying text
box, as well as to the
description of
physiological effects
that follows.

WARNING

THIS DEVICE IS NOT A TOY. We present
it for educational and experimental pur-
poses only. The circuit develops about
75,000 volts at a maximum peak power of
25,000 watts. The output is pulsed, not
continuous, but it can cause a great deal
of pain should you become careless and
get caught between its output terminals.
And you should never, rep=at, NEVER,
use it on another person! & may not be
against the law in your area to carry a stun
gun in public, but, if you use it on another
person, you may still be liatde for civil ac-
tion.

To help you build, test, and adjust the
device safely, we have included a number
of tests and checks that must be followed
strictly. Do not deviate from cur procedure.
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Physiological effects

So that you may understand the danger
inherent in the stun gun, let’s discuss the
physiological effects 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
to 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 €3
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. _l_

How much power is required to cause =
such spasms? That’s not an easy question
to answer because, although it is rela-

C2
39uF
350V

3 ] of
T2°|HIGH-VOLTAGE
22K sk "é OUTPUT

2N4443

at
D40D5

| T"Wl—v
maa%hinsnlg '—i o

CHARGER
INPUT

TO ELECTRODES
13"

el

Q3
2N2646

R4
36Q

“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-i.s discharge pulses at a rate of about 20
ppm. Those puises fire SCR1, which induces a voltage in the windings of step-up transformers T2 and
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tively easy 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 bet 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 market a few years
ago. You may have seen a film demon-
strating just how effective 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 “darts” 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 officially 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 is a
switcher composed of QI, Q2, and the
primary windings (connected to leads E,
F, G, and H) of T]. When FIRE switch S1is
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 safe value, and diodes D1 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 T1'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
TI’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 pF (as
shown in Fig. 1), 7.8 pF. 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 turn 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 ciodes and resistors must be installed
before T1.

R4 R&  C3 R3 R W

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.

JUMPER ol

J1

D7

FIG. 4—JACK J1, DIODE D7, AND CAPACITOR Ct mount on the foil side of the PC board. One terminal
pf J1 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 Vs-watt, 5% unless oth-
erwise noted.
R1—1000 ohms
R2—110 ohms, 1 watt
R3—2200 ohms, 1 watt
R4—36 ohms
R5, R8—100 ohms
R6—39,000 ohms
R7—22,000 ohms

Capacitors

C1—10 pF, 25 volts, electrolytic
C2—3.9 uF, 350 volts, electrolytic
C3—1 uF, 25 volts, electrolytic

Semiconductors

D1, D2-——1N4001, 50-volt rectifier
D3-D8—1N4007, 1000-volt rectifier
Q1, Q2—D40DS5, 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 electrodes, which should be
held securely in position about two inches
apart, and which should be insulated from
each other and from 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 a good choice; R8 and J1 will
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 fully-charged output of only
7.2 volts. However, batteries that deliver
9.8 volts when fully charged are available
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 gun with the same nonchalance with
which you might build a light dimmer.

The circuit can be built on a PC board
or on perfboard. The foil pattern for a PC

continued on page 67

L
@
X
<
o)
-
>
()
m
.
A
O
-
m
0
-
7]

MOOGANVH SHILNIWIYIdX3 3-H

[~
(%)




BUILD
ACOB’S
LADDER

A climbing electric arc has held
the imagination of science-fiction fans
as the symbol for an eerie laboratory!

HIGH VOLTAGE PROJECTS

JAMES, NICOLE, and DWIGHT PATRICK, Jr.

IN MANY SCI-FI AND HORROR FLICKS, ESPECIALLY THE STOCK “FRAN-
kenstein™ variety, along with weird sound effects and the like,
movie producers always feature the fantastic visual effects pro-
duced by Tesla coils, van de Graaff generators, and Jacob’s
Ladders. Of those three devices, the Jacob’s Ladder is the easiest
to build. With a low-current neon-sign transformer, a converted
flyback transformer, converted auto spark coil, or other similar
transformer, you can whip together your own Jacob’s Ladder in
less than an hour. Because the ladder is so simple, there’s no
need for a detailed parts list or a schematic. We tell you how to
build one as we reveal the theory of operation.

Getting started

As we can see in Fig. |, a Jacob’s Ladder provides a fantastic
visual effect. A beautiful electric arc hisses its way up two
diverging wires, providing a fascinating and downright scary
effect. The arc starts at the smallest distance between the vee
electrodes (Fig. 1-a), and “walks” up the widening gap toward
the top of the electrodes (Fig. 1-b).

Why does the arc walk up the vee electrodes? You would
expect that when the arc starts to jump across the narrow gap at
the bottom of the electrodes, that it would stay there where the
electrical resistance between the electrodes is lowest. What
actually happens is that the arc heats the air it passes through,
causing it to rise. Because the heated air is ionized by the high-

JACOB’S voltage arc, it provides a very low-resistance path, so the current
L A DDE‘R path (the arc) rises with the warm air.

Eventually the arc reaches the top of the ladder (the elec-
trodes) and bows upward creating an electrical path that gets
longer and longer. At the point where the resistance at the
bottom of the electrodes is less than that of the arc-path, the
upper arc stops, and a new arc begins at the bottom of the ladder.
Thus, what is seen is a continuous climbing arc that disappears
at the top of the ladder and reappears at the bottom. It’s all a lot
of fun to watch, providing that you don’t poke your finger
between the electrodes or get your nose too close.

To build a Jacob’s Ladder, you need a high-voltage source that

R-E EXPERIMENTERS HANDBOOK
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FIG. 1—HERE ARE TWO TIME-EXPOSED PHOTOGRAPHS showing the development of
an arc at the bottom of the ladder (a) and its climb to the top (b). You should display
Jacob’s Ladder in a darkened room for maximum viewing effect.

FIG. 2—NOTICE HOW NEAT THE WIRING
IS. RTV cement is used around the high-
voltage connection points. The line cord’s
third lead is used to ground the case.

can deliver around 10 kilovolts at 30
milliamperes or more—such as neon-
sign transformer or high-voltage
power-supply transformer. The lower
the current output, the less chance
there is for building a fatal shock haz-
ard. The higher the voltage, the larger
the separation you’ll be able to make
at the top of the ladder’s electrodes.

The high-voltage source should be

placed in a well-insulated case or cab-
inet. If the case is metal, it should be
adequately grounded. In the pho-
tograph in the opening of this article,
a 7-kilovolt transformer was placed in
a Ya-inch Plexiglas case with the pri-
mary winding connected via fuse and
switch to the [17-volt AC input. The
output of the transformer was con-
nected via high-voltage TV anode
hook-up wire to two picces of no. 12
copper wire used for the vee-shaped
electrodes that protrude from por-
celain insulators. When removing the
insulation, be sure not to nick the
wire. The connections between the
transformer’s secondary and the bot-
tom of the insulators must be kept as
short as possible and void of sharp
bends (see Fig. 2). Exposed high-volt-
age points were given a coat of RTV
silicon rubber to prevent any arcing
inside the enclosure.

In Fig. 3, a 10-kilovolt neon-sign
transformer in a grounded metal en-
closure is used with a small auto
transtormer (a Variac type) to control
the primary winding volitage input.
Thus, the output voltage is adjustable.
A different type of porcelain insulator
1s used, with the high voltage brought
to the top of a stand-off type insulator.

Adjustment and operation

The last step in getting your Jacob’s
Ladder to work is the adjustment of
the vec electrodes. DO NOT MAKE
ANY ADJUSTMENTS WHEN THE
UNIT 1S TURNED ON. The unit
should be turned off and unplugged
when making adjustments, to prevent
accidental electrical shocks.

The clectrodes must be close
enough at the bottom to establish the
spark or arc-over, with the wires gent-
ly angling away from one another to
form the “V.” The initial distance at
the base to start the spark will vary
with the voltage applied, humidity,
altitude, etc.; so, it’s pretty much
done by trial and error. Start with the
wires at the base about an inch apart
when using 10 kilovolts or more, and
move them closer in small increments
until an arc is established. But re-
member to kill the power before each
adjustment.

When the distance 1s correct, the
arc should start. On the other hand, if
the ladder arcs at the initial setting,
move the wires apart until an arc is
just sustained. Placing the wires too
close together will ruin the trans-
former over time. When you have es-
tablished the arc, if it does not move
up between the two diverging wires,
they must be adjusted in or out.

Better safe than sorry
Once your Jacob’s Ladder is up and
running, a clear Plexiglas or acrylic

JACOB'S
@0 N
9-:-.
LADDER

FIG. 3—ANOTHER JACOB’'S LADDER.
The transformer used in this model per-
mitted the use of a low-profile baking-pan
chassis.
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[ 126 Radio-Electronics Annual 1986 . $6.00
125 Radio-Electronics Annual 1985. . .. $6.00
109 Radio-Electronics (1989 back issues) . $3.50

Write in issues desired
108 Radio-Electronics (1988 hack issues .. $3.75
Write in issues desired
107 Radio-Electronics (1987 back issues) . . $4.00
Write in issues desired
106 Radio-Electronics (1986 back issues) . = $4.25
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105 Radio-Electronics (1985 back issues) . . $4.75
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104 Radio-Electronics (1984 back issues) . . $5.75
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Write in issues desired
103 Radio-Electronics (1983 back issues) . . $6.00
(Jan. Feb, May. Dec not available)
Write in issues desired S U
119 Popular Electronics (1989 back issues) $3.50
Write in issues desired S
118 Hands-On Electronics (1988 back issues)$3.75

Write in issues desired
117 Hands-On Electronics (1987 back issues)$4.00
Write in issues desired
116 Hands-On Electronics (1986 back issues)$4.50
Write in issues desired

115A Hands-On Electronics #6 . . $5.50
115 Hands-On Electronics #5 $5.50
114 Hands-On Electronics #4 $5.50
113 Hands-On Electronics #3 $5.50
112 Hands-On Electronics #2 .. .$5.50
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SP10 Special Projects #10 $6.00
SP9 Special Projects #9 .. .$6.00
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SP6 Special Projects #6 ... .. ... $6.00
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SP4 Special Projects #4 . . $6.00
SP1 Special Projects #1 ..$7.00

EH87 Experimenters Handbook (1987) . . $5.00
EH88 Experimenters Handbook (1988-89) $4.50
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169 Think Tank (133 Circuits). . . .. $3.50
168 Fact Cards (#34-66) . .. $3.50
167 Designing With IC's. . $4.00

166 Collected Works of Mohammed Ullyses Fips

(62 pages, April Fools Collection). . .. $7.50

165 How to Repair CD Disc Players $5.00

[ 164 Modern Electrics (April 1908) .. 83.00
163 Receiving Satellite TV $5.00

162 Build Your Own Satellite TV Recever $5.00

161 Descrambling (Feb., 1984) $3.00
160 New !deas - 42 Circuits. . §3.50
159 Low Frequency Receiving Techniques
Building and using VLF Antennas .~ . $5.00
158 Electro Importing Co. Catalog
(Circa1918) $5.95
157 All About Kits $2.00
156 How To Make PC Boards. $2.00
[ 155 IBM Typewriter To Computer. $2.00
154 How Tg Repair VCR's .. . $3.50

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-Electronics, Reprint Depart-
ment, PO. Box 4079, Farmingdale, NY 11735. Please
allow 4-6 weeks for delivery

ARTICLE

MAIL TO: Radio-Electronics
Reprint Bookstore. PO. Box 4079. Farmingdale NY 11735
SHIPPING CHARGES IN USA & CANADA

$0.0110 $5.00. ... 8125 $30.01t0 40.00 . ... 8500 SORRY — We only ship to USA &
$5.01 10 $10.00 . .$2.00 $40.01t0 50 00 . .. . $6.00 Canada

$10.011020.00. .. .. .. ... .$3.00 $50.01 and above . .. $7.50

$20.01 t0 30.00 $4.00

Total price of merchandise . e .8

Sales Tax (New York State Residents only). ... .. 3

Shipping Charge (see chart) WA 8

Nme ... Total Enclosed - g

Address S

City State Zip EH90

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 Gernshack Publications. Inc.

All payments must be in U.S. funds

FIG. 4—A PLASTIC SHIELD SHOULD BE
USED to prevent inquisitive people from
accidentally touching the arc or the elec-
trodes. Be sure to include a vent hole at
the top and bottom of the shield so that
gasses produced by the arc are allowed to
escape.

cylinder around the entire unit will
prevent the unthinkable from happen-
ing (see Fig. 4). The clear plastic
housing should have vent holes at the
top and bottom to allow heated gasses
to cscape, but not so large that the
smallest child in the family can get his
or her mitts or anything else inside.
Generally, such cylinders can be pur-
chased from most plastic-supply
houses rather cheaply, and arc well
worth the added protection.

You do have to keep in mind that
such high voltages are extremely dan-
gerous, and you certainly don’t want
to come in contact with them. Any-
thing that you can do to play it safe is
worth your while, and be sure that you
don’t ever allow a child to get hold of
a high-voltage device.

Come next Halloween, place your
Jacob’s Ladder in your {ront window,
and turn it on ¢every time the doorbell
rings. Answer the door with a rubber
monster mask on. and the chances are
that the wee visitors may scoot down
the front walk and never be seen

R-E EXPERIMENTERS HANDBOOK
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Here’s a power supply that can easily be adapted
for use with various kinds of hobbyist and experimenter laser tubes.

GORDON McCOMB

[T°S EASY TO GET STARTED EXPERIMENTING WITH LASERS. ALL YOU NEED IS A LASER TUBE. A
power supply, and a protective enclosure of some kind. Getting a tube is usually no
problem, because ““surplus” and even used helium-neon (He-Ne) tubes are commonly
available. But since the characteristics of He-Ne lasers vary considerably from model to
model, a hobbyist’s laser power supply should be able to work with all of them, which is
exactly the case with our pulse-modulated He-Ne power supply.

Caution!

Before building the power supply, let’s take time out for a few words of caution. All gas
lasers—including the popular helium-neon variety—require a high-voltage power sup-
ply that boosts the main voltage, from 12-volts DC or 117-volts AC. up to 1200-3000
volts. Although the supply’s output voltage is relatively high, the circuit-current. or the
luser current is low.

Because of the low laser current, some laser experimenters tend to disregard the high
voltage, possibly because they believe that as long as the current is low, a high voltage
can’t do more than give a nasty shock. Not so! The byproduct of a nasty shock can result
in severe injury, so take extra care to prevent your coming in contact with any “live”
power-supply circuits or connections. To that end, all components and wires of a laser
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ANATOMY OF A LASER TUBE

The helium-neon tube is the staple
of the laser experimenter. He-Ne
tubes are in plentiful supply, es-
pecially in the surplus market. They
emit a bright, deep-red glow that can
be seen for miles around. Although
the power output of He-Ne tubes is
relatively small compared to other
laser systems, it is perfectly suited for
many homebrew and school experi-
ments in diffraction, reflection, etc.

The helium-neon laser is a glass
vessel filled with 10 parts helium and
one part neon, pressurized to about 1
mm Hg. (The exact gas pressure and
ratios vary between laser manufac-
turers.) Electrodes placed at the ends
of the tube provide a means to ionize
the gas, thereby exciting the helium
and neon atoms. Mirrors mounted at
either end form an optical resonator,
or Fabry-Perot resonator. In most He-
Ne tubes, one mirror is totally reflec-
tive and the other is partially reflec-
tive. The partially reflective mirror is
the output of the tube.

Modern He-Ne lasers are com-
posed of few parts, all fused together
during manufacturing. Only the very
old He-Ne tubes, or those used for
special laboratory experiments, use
external mirrors. The all-in-one de-
sign costs less and the mirrors are
not as prone to mis-alignment.

Helium-neon lasers are actually
composed of two tubes: an outer
plasma tube that contains the gas
and a shorter and smaller inner bore
or capillary, where the lasing action
takes place. The bore is attached to
only one end of the tube. The loose
end is the output and faces the par-

tially reflective output mirror. The bore
is held concentric by a metal element
called the spider. The inner diameter
of the bore largely determines the di-
ameter of the laser beam.

The ends, where the mirrors are
mounted, typically serve as the
anode (positive) and cathode (nega-
tive) terminals. On some lasers, the
terminals are mounted on the same
end. A strip of metal or wire extends
to the cathode on the other end. The
output mirror can be on either the
anode or cathode end, but on most
tubes, it is the cathode. Many man-
ufacturers prefer that arrangement,
claiming it is safer and more flexible.

Metal rings with hex screws are
often placed on the mirror mounts as
a means to tweak the alignment of
the mirrors. Unless you suspect that
the mirrors are out of alignment, you
should NOT attempt to adjust the
rings. They have been adjusted at the
factory for maximum beam output.
Tweaking them may degrade the per-
formance of the laser.

He-Ne lasers are available in two
general forms: bare and cylindrical
head. Bare tubes are just that—the
tube is not shielded by any type of
housing and should be placed inside
a tube or box during operation for
protection. Cylindrical-head lasers
(or just “laser heads”) are housed in-
side an aluminum sheath. Leads for
power come out of the back end of the
laser. The opposite end may have a
hole for the output beam, or may be
equipped with a safety shutter. The
shutter prevents accidental exposure
to the beam.

power supply must be properly insu-
lated and covered. In particular, you
must avoid operating a laser’s power
supply in the open. Play it safe, and
you won’t be sorry.

Most laser power supplies use
high-voltage capacitors at the output
stage. Like all capacitors, they can
retain a charge even after the power
supply has been turned off. So when
working with a laser, make sure the
power supply is off and disconnected
from its power source, then tem-
porarily short the output leads of the
power supply together, or simply
touch the supply’s positive output
connection to ground. Like the capac-
itors, the laser tube itself can retain an
electric charge after power has been
removed. That current should be
drained by shorting the tube’s termi-
nals or leads together, or to ground.

How it works

Regardless of their size or output
power, the operating conditions of he-
lium-neon laser tubes vary widely. A
new tube starts easily and runs very
efficiently; an older or used tube is
harder to start and needs more current
to lase continuously.

The pulse-modulated laser power
supply shown in Fig. 1 was designed
to accommodate a wide variety of he-
lium neon tubes—both old and new—
up to a maximum laser power output
of about five milliwatts. Using pulse-
width modulation (that is, varying the
duty cycle of the square wave), the
power supply individually controls
the laser’s start and run currents.

Potentiometers R12 and R13 deter-
mine the pulse width of the square
wave applied to the inverting trans-
former, T1. In the start mode, RI2
varies the pulse width until there is
sufficient voltage to siart the laser
tube—typically 3—4 kV. Potentiome-
ter R13 1s switched into the circuit by
relay RY1’s contacts as current starts
to flow through the laser. R13 is ad-
Justed for the minimum current possi-
ble while still allowing the tube to
lase.

The power supply operates from a
12-volt, 750-mA source; either a bat-
tery or an AC-to-DC converter. Timer
IC1 operates as a 16- kHz astable mul-
tivibrator. Relay RY1 is initially not
energized, so R13 and R8 are discon-
nected from the circuit. The setting of
R12 determines the duty cycle, and
thus the pulse width of the square

R-E EXPERIMENTERS HANDBOOK

wave at pin 3 of ICI. That signal driv-
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FIG. 1—THE COMPLETE POWER SUPPLY. Resistors R14-R16 are used only for laser

tubes rated more than 1 mw.

GREEN OR BLUE BLK

c7 ——C——
[ g ' ]
BLK'WHT & -
D4 !

‘ < j o6 Ri6_
1 ’ « R
] i i DS¥ / D7 |
i ; e = T s
\ | L,.m.* V—R3A' ~—R4— —R5— »=—R6—% R14 J

AA
v ! HIGH RIS
VOLTAGE

T0 LASER TUBE v

FIG. 2—THE PARTS LAYOUT. Although R16 mounts on the PC board, R15 and R16 are

spliced into the laser tube’s anode wire.

es the base of power transistor QI
through current-limiting resistor R1.

Transistor QI, which operates as a
high-current/low-voltage chopper, de-
livers a series of square waves to the
primary winding of step-up trans-
former T1.

With a 12-volt square wave at T1’s
primary, the output voltage at the sec-
ondary is between 800 and 2000 volts
AC, the precise value depending on
the setting of R12. Capacitors
C7-C10, along with diodes D4-D7,
form a standard voltage doubler lad-
der. The unioaded DC output of the
voltage doubler is about 3—5 kV.

As the laser tube begins to conduct,
current flows through R7, which
causes a voltage to appear at the junc-
tion of R7 and R10. That voltage turns
on Q2, which activates relay RYI,
thereby switching resistors R8 and
R13 into ICI’s timing circuit, chang-
ing the square wave’s duty cycle.

Potentiometer R13 must be read-
justed to control the laser tube’s cur-
rent. The best position is determined

by adjusting R13 clockwise until the
relay chatters, then turning it counter
clockwise until the relay remains
latched in the energized position.

Resistors R3—R6 provide safety
when handling the supply (with the
power source disconnected) by drain-
ing the charge from the voltage dou-
bler’s capacitors, as well as the
electrostatic charge from the laser
tube. Note that the very high resis-
tance of R3 through R6 prohibit them
from quickly draining the excess
charge, so you should still manually
short the power supply’s output termi-
nals together before handling the laser
or its power supply.

Resistors R11 and R14-R16 depend
on the laser tube. For I-mW tubes,
only RIl is used. R16 is eliminated,
while R15 and RI15 are replaced by a
wire.

Construction

The laser power supply is as-
sembled on a printed-circuit board for
which a template is provided in PC

LASERS AND SAFETY

Lasers emit electromagnetic radia-
tion, usually either visible light or in-
frared. The level of “radiation” is
generally quite small in hobby lasers,
having about the same effect on ex-
ternal body tissues as sunning your-
self with the livingroom lamp.

Skin is fairly resilient, even to ex-
posure up to several tens or hun-
dreds of watts of laser energy. But the
eye is much more susceptible to
damage, and it is the effects of laser
light on the retina that is of the great-
est concern. Even as little as 20-50
milliwatts of focused visible or in-
frared radiation can cause immediate
eye damage.

The longer the eye is exposed to
radiation, and the more focused the
beam, the greater the chance that the
laser will cause a lesion on the sur-
face of the retina. Retinal lesions can
heal, but many leave blind spots. Ret-
inal damage when using hobby
lasers—those having outputs of less
than five or ten milliwatts—is rare, but
can occur if you stare directly at the
beam for extended periods of time.
Therefore, NEVER look directly at the
beam, or its reflection from a mirror or
a metallic surface.

Keep these points in mind when
working with laser:
® Any laser power supply delivers
high voltages that, under certain cir-
cumstances, can injure or Kill you.
Use extreme caution when building,
testing, and using lasers and high-
voltage power suppiies.
® Do not attempt to build your own
power supply unless you have at least
some knowledge of electronics and
electronics construction.
® Although the power-supply project
is not difficult, it should be considered
suitable only for intermediate to ad-
vanced hobbyists.
® Power supplies and laser tubes
retain a charge even after electricity
has been removed. Be sure to short
out the output of the power supply as
well as the terminals of the laser tube
before touching the laser or high-volt-
age leads.

Service. Alternatively, an etched and
drilied PC-board can be ordered from
the source given in the Parts List.
Install the parts on the PC board as
shown in Fig. 2. First mount RI
through RI1. If you intend to use a
laser tube rated for more than | mW,
install R16 in the extra hole that is
adjacent to R11. All resistors are in-
stalled flush on the board except for
R11 and R16, which are mounted on
end—and only one lead of each re-
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BUYING AND TESTING HE-NE TUBES

Apart from size and output power,
tubes vary by their construction, re-
liability, and beam quality. After buy-
ing a He-Ne tube, you shouid always
testit; return the tube if it doesn’t work
or if its quality is inferior.

Should you need a laser for a spe-
cific application that requires preci-
sion or a great deal or reliability, you
may be better off buying a new and
certified tube rather than one from
surplus; it will come with a warranty
and certification of power output.

He-Ne's emit a deep red beam at
632.8 nanometers because it is the
strongest wavelength produced with-
in the tube. Although other colors are
produced, they are weak or may not
be sufficiently coherent or mono-
chromatic. Yet there are some special
helium-neon lasers that are made to
operate at different wavelengths,
namely 1.523 micrometers (infrared)
and 543.5 nanometers (green).
Green and infrared He-Ne lasers are
exceptionally expensive and rare in
the surplus market.

The first step in establishing the
quality of the tube is to inspect it visu-
ally. If the tube is used, be on the
lookout for scratched, broken, or
marred mirrors. After inspection,
connect the tube to a suitable power
supply, point the laser toward a wall,
and apply power. If the laser is work-
ing properly, the beam will come out
of one end only and the beam spot
will be solid and well-defined.

Occasionally, the totally reflective
mirror allows a smal amount of light
to pass through and you see a weak
beam coming out the back end (that
is especially true if the mirror is not
precisely aligned). Usually, that
poses no serious problem unless the
coating on the mirror is excessively
weak or damaged, or if the mirrors
are seriously out of alignment.

All lasers exhibit satellite beams—
small, low-powered spots caused by
internal reflections that appear off to
the side of the main spot. In most
cases, the main beam and satellites
are centered within one another, so
you see just one spot. But slight varia-

sistor 1s connected; the other leads
remain free for now. Then mount DI
through D8; CI through Cl1; finally,
ICI and Q2. QI will be mounted on a
heat sink, but its connections to the
PC board should be made now. Sim-
ply solder insulated wires about 2V5-
inches long to QI’s terminals, and
connect the free ends to the printed-
circuit board.

tions and adjustment of the mirrors
can cause the satellites to wander off
axis. That can be unsightly and if it
matters to you, choose a tube that
has a solid beam.

Should the tube start but no beam
comes out, check to be sure that
nothing is blocking the exit mirror. If
the beam still isn't visible, the mirrors
may be out of alignment and the laser
should be returned for a replacement.

If the tube doesn't ignite at all,
check the power supply and connec-
tions. Try a known good tube if you
have one. The tube still doesn't light?
The problem may be caused by:
® Bad tube. The tube is “gassed
out,” has a hairline crack, or is just
plain busted.
® Power supply too weak. The tube
may require more current or voltage
than the levels produced by the
power supply.
® |[nsulating coating or broken con-
nection. New and stored tubes may
have an insulating coating on the ter-
minals. Be sure to clean the terminals
thoroughly. A broken lead can be
mended by soldering on a new wire.

Some “problems” with laser tubes
are really caused by the power sup-
ply. In fact, if your laser doesn't work,
expect the power supply first. One
common problem is that the tube
sputters when you turn it on. That
fault is most often caused by a tube
that isn't receiving enough current,
either because the connections from
the power supply are loose or broken,
the power supply is not producing
enough current for the tube, or the
ballast resistor is too high or too low.

Hard-to-start tubes flick on but
quickly go out. If the power supply
incorporates a trigger transformer,
the tube may “click” on and off once
every 2—3 seconds (correlating to the
time delay between each high-volit-
age trigger puise). Tubes that haven't
been used in a while can be hard to
start, so once you get it going, keep it
on for a day or two. In most cases, the
tube will start normally. Hard starting
may also be caused by age and de-
gassing, two factors you can't fix.

One support

As shown in Fig. 3, the PC board is
mounted on a mectal plate—along
with QI, S1, and T1. The plate is 2¥%-
inches wide X 5%-inches long. Sl
and Q1 are mounted at one end on a 74
-inch fold. You can’t sce it in Fig. 3,
but there i1s a Y-inch fold along the
entire length of the bracket that pro-
vides overall rigidity. If you decide to

attach the laser to the power supply as
shown in Fig. 3, use the Y4-inch fold
as the support, and secure the laser to
the bracket with plastic tie-wraps that
pass through two holes drilled along
the long folded edge. Note that the
laser tube shown in Fig. 3 is enclosed
in a metal tube. It was manufactured
that way, but it works the same as any
other He-Ne laser tube.

Using a suitable insulating washer,

PARTS LIST

All resistors are Va-watt, 5%, un-
less noted otherwise.

R1—430 ohms

R2—560 ohms

R3-R6—22 megohms

R7—3900 ohms

R8—1000 ohms

R9—200 ohms

R10—10,000 ohms

R11, R14-R16—75,000 ohms, 3
watts

R12, R13—2000 ohms, miniature
potentiometer

All capacitors rated at least 12-
volts DC unless noted otherwise

C1—0.1 uF

C2—4.7 pF

C3—10 uF, 10 volts, radial tantalum

C4—27 uF, 35 volts, axial electrolytic

C5—0.01 uF, ceramic disc

C6—0.1 uF, polystyrene

C7-C10—0.15 pF, 2-3kV, ceramic or
Mylar

C11—0.47 uF, polystyrene

Semiconductors

IC1—555 timer

Q1—TIP146 NPN power transistor

Q2—2N2222 NPN transistor

D1-D3—1N4148 diode

D4-D7—High voltage (8-10 kV, 20-
mA) diode

DB8—1N5234, 6.2-volt Zener diode

Other Components

RY1—6-volt SPST printed-circuit
relay

T1—High-voltage step-up/step-down
transformer, 12 to approximately
280 volts.

Miscellaneous: wire, tubing, metal
bracket, insulator, spacers, cab-
inet, etc.

Note: The following items are
available from General Science
and Engineering, PO Box 447,
Rochester, NY 14603 (716)
338-7001: Etched and drilled PC
board, $9; transformer T1, $15;
complete kit of parts, including
PCB and T1 (excluding project
box), $39. For each order add $3
for shipping and handling.
COD’s accepted. New York resi-
dents must include applicable
sales tax.



LASER TUBE
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FIG. 3—FULLY ASSEMBLED, the tube is held to the bracket with plastic straps.

an insulator, and heat-transfer paste,
mount QI on the folded end of the
metal bracket. Use an ohmmeter to
check for a short between the metal
tab of QI (which serves as an alternate
connection to Ql’s collector) and the
metal bracket. Remount QI if your
meter indicates a short.

Transformer T1 is mounted on the
bottom of the metal bracket. A %-
inch hole drilled in the bracket op-
posite Tl is used to pass the wires
through to the underside of the PC
board. The wires from T1’s secondary
are soldered to the pads labeled A and
B on the foil side of the PC board.
(The leads will protrude through the
board to the component side.) In a
similar way, the wires from T1’s pri-
mary are soldcred to the pads labeled
C and D.

Connections

Make two 8-inch high-voltage
leads from high-dielectric wire. Strip
and tin Y2-inch of each end and slip a
6-inch length of clear neoprenc
(aquarium) tubing over both wires.
Solder one wire into the NEGATIVE OUT-
puT hole near R7. Solder the remain-
ing wire to the top of R11. If you use
R14 and R15, cut the wire connected
to RI/R16—and its tubing—in halfl
and splice in R14 and R15; then cover
the resistors with plastic or heat-
shrinkable tubing.

If your laser tube has flying lcads
(wire leads already installed), then
just connect them to the power-supply
output leads later on. If your tube has
its power terminals on its ends, then
an electrical contact can be made by
wrapping a length of wire around
them

Before using the power supply, in-
spect it carefully for solder bridges,
loose connections, and improperly
installed components.

Using the supply

Operating the power supply is
straightforward. Sccure the power
leads to the tube and, if necessary,
wrap high-voltage putty or electrical
tape around the leads to hold them in
place, but be sure thit you don’t block
the laser’s output mirror. Position the
power supply so that you are facing
RI2’s and RI13’s adjustment “dial”
and set each potentiometer to its cen-
ter position.

Apply power and obscrve the laser
tube. Slowly adjust R12 clockwisc
until the tube triggers: You will hear
the relay click in, and possibly a high-
pitched whine. Both cflects are nor-
mal. If the relay chatters and the tube
sputters, keep turning RI12 until the
relay locks in and the tube stays on. If
even a full clockwise adjustment fails
to get the tube to ignite, adjust R13
slightly counter-clockwise.

THE PROPERTIES OF LASER
LIGHT

e Laser light is monochromatic.
Laser light coming from the output
mirror consists of one wavelength or,
in some instances, two or more spe-
cific wavelengths. The individual
wavelengths can be separated.

e Laser light is spatially coherent.
The term spatial coherence means
that all the waves are in tandem. That
is, the crests and the troughs of the
waves that make up the beam are in
lock-step.

e | aser light is temporally coherent.
Temporal coherency is when the
waves from the laser (which can be
considered as one large wave,
thanks to spatial coherency) are
emitted in even, accurately-spaced
intervals. Temporal coherence is sim-
ilar to the precise clicks of the metro-
nome, timing the beat of music.

® [ aser light is collimated. Because
of monochromaticity and coherence,
laser light does not spread (diverge)
as much as ordinary light. The design
of the laser itself, or simple optics,
can collimate the laser light into a
parallel beam.

The four main properties of laser
light combine to produce a shaft of
illumination that is many times more
brilliant than the light of equal area
from the sun. Because of their co-
herency, monochromaticity, and low
beam divergence, lasers are ideally
suited for a number of important ap-
plications. For example, the mono-
chromatic and coherent light from a
laser is necessary to form the intri-
cate swirling patterns of a hologram.
Without the laser, optical holograms
would be more difficult to produce.

Coherence plays a leading role in
the minimum size of a focused spot.
With the right optics, it's possible to
focus a laser beam to an area equal
to the wavelength of the light. With the
typical infrared-emitting laser diode,
for instance, the beam can be
focused to a tiny spot measuring just
0.8 micrometers wide. Such intricate
focusing is the backbone of compact
audio discs and laser discs.

Minimum divergence (owing to the
coherent nature of laser light) means
that the beam can travel a longer dis-
tance before spreading out. The aver-
age helium-neon laser, without
optics, can forma beam spot measur-
ing only a few inches in diameter from
a distance several hundred feet away.
With additional optics, beam diver-
gence can be reduced, making it pos-
sible to transmit sound, pictures, and
computer code many miles on a shaft
of light. The signal is intercepted by a
receiving station in the light path.
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LASER OPERATION

Some basics first. Albert Einstein
was responsible for first proposing
the idea of the laser in about 1916.
Einstein knew that light was a series
of particles, called photons, traveling
in a continuous wave. These photons
could be collected, using an appara-
tus not yet developed, and focused
into a narrow beam. To be useful, all
the photons would be emitted from
the apparatus at specific intervals.
Much of the light energy would be
concentrated in a specific wave-
length, or color, making the light even
more intense and powerful.

Photons can be created by a vari-
ety of means, including the ionization
of gas within a sealed tube, the burn-
ing of some organic material, or the
heating of a filament in a light bulb. In
all cases, the atoms that make up the
light source change from their usual
stable or ground state to a higher ex-
cited state by the introduction of
some form of energy, typically elec-
tricity. The atom can't stay at the ex-
cited state for long, and when it drops
back to the ground state, it gives off a
photon of light.

The release of photons by natural
methods results in spontaneous
emissjon. The photons leave the
source in a random and unpredicta-
ble manner, and once a photon is
emitted, it marks the end of the ener-
gy-transfer cycle. The number of ex-
cited atoms is low, so the majority of
photons leave the source without
meeting another excited atom.

Einstein was most interested in
what would happen if a photon hit an
atom that happened to be at the excit-
ed, high-energy state. He reasoned
that the atom would release a photon
of light that would be an identical
twin to the first. If enough atoms
could be excited, the chance of pho-
tons hitting them would be increased.
That would lead to a chain reaction
where photons would hit excited
atoms and make new photons—the
process continuing until the energy
source was removed. Einstein had a
name for that phenomenon and
called it the stimulated emission of
radiation.

Oncce the tube lights, adjust RI3
clockwise until the tube begins to
stutter and the relay chatters. That
marks the tube’s threshold. Turn R13

Just a smidgen counter-clockwise un-

til the tube turns back on and remains
steady. Every tube, even those of the
same size and having the same out-
put, has slightly different current re-

Raising atoms to a high-energy
state is referred to as pumping. In
common neon light, for example, the
neon atoms are pumped to their high-
energy state by means of a high-volt-
age charge applied to a pair of elec-
trodes. The gas within the tube
ionizes, emitting photons. If the elec-
trical charge is high enough, a major-
ity of the neon atoms will be pumped
to the high-energy state. A so-called
population inversion occurs when
there are more high-energy atoms
than low-energy ones. A laser cannot
work unless that population inversion
is present.

Protons scatter all over the place
and, on their own, they simply es-
cape the tube and don't strike many
excited atoms. Butassume that a pair
of mirrors are mounted on either end
of the tube, and that some photons
may bounce back and forth between
the two mirrors.

At each bounce, the photons col-
lide with more atoms. If many of those
atoms are in their excited state, they
too release photons. Remember:
The new photons are twins of the
original, and share many of their
characteristics, including wave-
length, frequency, polarity, and
phase. The process of photons
bouncing from one mirror to the next,
each time striking atoms in the path,
constitutes light amplification.

In theory, if both mirrors are com-
pletely reflective, the photons would
bounce back and forth indefinitely.
Rub a little of the reflective coating off
one mirror, however, and it passes
some light. Now, a beam of photons
passes through the partially reflective
mirror after the light has been suffi-
ciently amplified. In addition, be-
cause the mirror is partially reflective,
it holds back some of the light energy.
That reserve continues the chain re-
action inside the tube.

The combination of light amplifica-
tion and stimulated emission of radia-
tion makes the laser operate. As you
probably already know, the the word
“LASER” is an acronym for its theory
of operation—Light Amplification by
Stimulated Emission of Radiation.

quircments. You might have to
readjust R12 and R13 for every tube
you own.

Resistors RIT and R14-R16 form
the ballast for the laser tube. With the
components shown in Fig. |, the total
resistance is about 75,000 ohms. You
can safely use ballast values from 60K
to 120K; use R13 to adjust for tube-

current variations. If the laser doesn’t
trigger or run after adjusting R12 and
R13, try reducing the value of the
ballast resistance, but avoid going be-
low 60K.*If the tube begins to flicker
after warming up, readjust R13.

Most [-mW tubes draw between
750-mA to l-amp from the 12-volt DC
source. You will find that you need
higher current when operating a laser
with greater power output. For exam-
ple, atypical 5-mW laser draws 2.5-3
amperes from the 12-volt DC power
source. However, take note that the
power source must be able to deliver
an initial surge of 3—5 amps. It your
12-volt power supply cannot handle
that requirement, try powering the
laser supply with a 12-volt alkaline
lantern battery. Also, two 6-volt lead-
acid, or gel-cell batteries in scries
make a good [2-volt source.

The enclosure

Your laser power supply should
never be used without placing it in a
protective, insulated enclosure. Elec-
tronics stores sell project boxes of all
sizes. If you plan on using the supply
to power a number of tubes, usc
heavy-duty (25-amp) banana jacks to
provide easy access to the anode and
cathode leads. Keep the jacks sepa-
rated by at least one inch and apply
high voltage putty around all of the
terminals to prevent arcing. Avoid
using power leads longer than 6-9
inches especially for the anode con-
nection. f, for some reason, you in-
tend to test the supply outside of its
cover, we suggest you cover the high-
voltage section with a picce of plastic,
as shown in Fig. 3.

Experiments

With your power supply working,
it’s time to experiment with laser
light. Try doing some simple experi-
ments with optics, mirrors, and
lenses. At night, aim the lascr at the
wall of a distant building to see how
far the beam travels before spreading
out. Try to measure the width of the
beam and calculate its divergence.
Then, insert a small telescope or rifle
scope backward in the path of the
beam (the beam goes in the objective
and exits the eycpiece). With some
adjustment the beam’s divergence
should be drastically reduced.

There are many other projects you
can try, including holography, metro-
logy (the study of mcasurement), or a
light show. R-E



ELECTRONIC

DALZER

Never walk in fear with this one-evening
project. It won't kill, but it’s an
effective way to say "Leave me alone!”

By Rick Duker

[ITHE ELECTRONIC DAZER 1S A MODERN, PORTABLE, PER-
sonal-protection appliance. It generates high potential energy
to ward off vicious animals or other attackers. It is an aid to
help escape from a potentially dangerous situation. The de-
vice develops about 2.000 volts. Higher voltages may be
attained by adding additional multiplier stages, but it should
be noted that those stages will also increase the overall size of
the unit.

The Dazer is very compact, being built into a small plastic
case. [t1s powered a single nine-volt battery, either NiCad or
alkaline. The high voltage is applicd to two clectrodes which
require only light contact to be eftective. When touched with
the Dazer, the victim will receive a stunning, but non-lethal
jolt of electricity that will usually discourage any further
encounters.

The Electronic Dazer is a power supply which consists of a
micro-size regenerative amplifier/oscillator coupled to an
cnergy multiplier section. It should not be confused with
cheap induction-type cattle prods. The Dazer is more ver-
satile than other high-voltage stun devices currently being
sold. Those devices arc basically high-voltage, AC gener-
ators which jam the nervous system. However, the Dazer may
be used for heating and burning applications. or anywhere a
high voltage DC supply is required.

How It Works

Referring to the schematic diagram in Fig. 1, the two power
transistors Q1 and Q2. form a regenerative amplifier operat-
ing as a power oscillator. When QI turns on, Q2 turns on and
that shorts the power supply across the primary of T1. Thut
current pulse induces a high voltage in the secondary of TI.
As Cl charges. QI turns on again and the cycle repeats itself.
Thercfore, a rapid series of DC pulses are gencrated and

stepped up by Tt to approximately 300 volts at full battery 98\1/

Fig. 1—As you can see, although the Dazer is not comp!ex,

it contains enough doubler circuitry to pack quit a punch.

The oscillator does nothing more than send sharp current
pulses through T1. The back EMF across the secondary winding
is then pumped through the multiplier stage to produce the
very-high output voltage across the electrodes.

N\

WARNING

THIS DEVICE IS NOT A TOY. We present it for educa-
tional and experimental purposes only. The circuit develops
about 2000 volts at a respectable amperage. It can cause you
pain and even damage it you become careless and touch its
output terminals. The unit can also damage property as well
so usc it wisely.

You should never use the device on another person! [t may
not be against the law to possess such a device in your arca,
but if you use it on someone you may be deemed liable in a
civil and/or criminal action suit. Don’t just follow the golden
rule after constructing the project, instead just don’t do unto
anyone.

Included tn the article are a number of instructions on how
to build. test, and operate the Dazer; all of them must be
followed to the letter. Do not deviate from the procedure.

charge. That voltage is rectificd and increased by the voltage
multiplier section which consists of C2 and C9, and DI to
D8. The final output is approximately 2000 volts. The neon
bulb NE! is used as a charge indicator and indicates that the
unit is charged and operating properly.

Construction
As with all projects start out by laying out and identifying.
If you do not wish to make a printed-circuit board, then you
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may use a perf board as long as you remember to keep the
leads of all high-voltage components isolated. That is to
prevent sparks from arcing across your board. A4x 7.5 cm of
pertboard is suitable for that purposc.

The first components you should mount are the two tran-
sistors Q1, Q2, transformer TI. resistor R1. and neon bulb
NEL. Solder them in place (for PC construction) being sure
that the transformer and transistors are hooked up correctly.
Apply a small amount of adhesive to the base of NEI to hold it
securely in place.

Mount DI to D8 and C2 to C9 on the board and make all
solder connections. Note proper polarity of the diodes. The
off-board components come next. Solder in leads for SI, and
the output electrodes. Also solder in the battery clip for Bl.

Build the enclosure from some nonconductive material
such as plastic. Drill holes for SI. NEI, and output elec-
trodes. Be sure that the output ¢lectrodes are about a ¢cm or
greater apart. Connect the output wires to the electrodes and
insert them through holes from inside of case. Thread on the
retaining nuts and tighten them securely. Set the circuit board
in the case and mount S1. securing with nut. That completes
the construction

PARTS LIST FOR THE ELECTRONIC DAZER

C1—0.1-uF monocapacitor

C2-C9—0.01-p.F 400 volt polyester capacitors
D1-D8—1N4007 1-kVolt diode

NE1—Type NE-2 neon bulb

Q1—MJE521 NPN power transistor

Q2—MJE371 PNP power transistor

R1—3,300-ohm Va-watt resistor

R2—1,000,000-ohm Vs-watt resistor

S1—SPST monetary-contact, pushbutton switch T1—
1200 to 8-ohm audio power transformer

ADDITIONAL PARTS AND MATERIALS

9-volt battery clip, 10 x 5 x 2.5-cm plastic case, 7.5 x
4-cm perfboard or PC board, two 842 x 1-% bolts and
nuts for electrodes, adhesive for mounting NE1, circuit
board standofts (optional), hookup wire, solder, etc.

The following are available from Quantum Research,
17919-77th Avenue, Edmonton, Alberta, Canada T5T
251:

QV100K1—Complete kit without PCB (includes all
above parts except those following the electrodes in the
above list) $40.00 (includes postage).
QV100K2—Complete kit with PCB (includes ail above
parts except those following the electrodes in the above
list) $45.00 (includes postage)

Testing

Before inserting the battery and closing the case. a few test
measurcments should be made to ensure correct operation.
With the ground clip connected to the battery. connect a VOM
between the positive c¢lip and the positive terminal of the
battery. Sct the meter for current reading, and press Si. You
should measure a current of approximately 300 to 500 mA.
NEI should be glowing.

With a high voltage VOM. you should measure about 2000
volts on the output terminals. Those measurements indicate
proper circuit operation. Let the unit run for about one
minute. Transistors QI and Q2 should be warm, but not hot to
the touch. Insert the battery in the holder and close the case.
That wraps up the Electronic Dazer.
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Good parts layout is the secret to any miniature project. If
your fayout causes the battery to come too close to the high-
voltage components we suggest you insulate it with tape.

Operation and Use

Activate the unit by pressing S1. NEI will light indicating
the dazer is fully charged and ready to use. Notice also that
only one pole of NEI will glow indicating DC voltage pres-
ent. Itis important to remember that the device holds a charge
even after SIis off. To discharge. touch the electrodes to a
metal object and note the healthy spark discharge.

The Electronic Dazer was designed as a self-defense weap-
on for use against vicious dogs or other attacking animals.
The device is most effective when the electrodes contact an
arca of low resistance such as skin or flesh. Those inciude the
snout or mouth since the resistance ol those arcas are much
lower than arcas of hair or fur. The clectrodes could be
pointed to penetrate these arcas better. The dazer generates
great stopping power. One contact will give a powerful jolt
and should discourage any further attacks.

The device can burn and heat materials with low resis-
tance. Those include flesh. moistened paper or wood. etc.
That makes the unit potentially hazardous to humans. Re-
member, the dazer is not a toy but a quality electrical ap-
pliance and therefore must be treated accordingly. Use the
utmost discretion with this device.

Another use for this device is as a high-voltage DC power
supply. It may be constructed as a variable power supply it
output taps are taken from vartous stages of the voltage
multiplier section. Remember, always disconnect the battery
and fully discharge the capacitors belore working with the
circuitry. [
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A universal power source for an Eye-of-
the-Storm-like display, and other unusual
plasma and neon lighting devices.

ROBERT IANNINI

You no longer need to go to a local discotheque to see the latest in unusual lighting
effects. Whether it’s an Eye-of-the-Storm-like display, a Devil’s Furnace, or
travelling-wave neon lamps, you can now buy them for your own home at the larger
department stores and high-tech boutiques. Only problem is, they usually cost big
bucks—in the neighborhood of $200; but you can certainly can build them for much
less if you have the special kind of power supply that’s needed. And that’s where our
universal plasma power supply comes in: it can drive all three kinds of displays—you
simply connect the desired display device to the universal plasma power source.
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FIG. 1—THE POWER SOURCE USES A COMMON GROUND so make certain PL1 is a
polarized linecord plug. The dashed line indicates a shorting jumper that’s only installed
if the device is to be used only for powering a plasma bulb.

Fire in your hand

For those of you unfamiliar with
discotheque lighting, we’ll take time
out to explain. An Eye-of-the-Storm-
type plasma device is a glass bulb that
surrounds a small golf-ball-size core.
When powered, red and blue stream-
ers resembling flashes of lightning
emanate from the ball to the globe. If
you move your fingers over the globe
the streamers follow your fingers and
appear to burst and mushroom at your
fingertips.

A Devil’s Furnace is also a globe
but there is no central ball. Streamers
of flame-tipped lightning flow upward
from the base and follow the curvature
of the globe. As you move your hand
or fingers over the globe the Devil’s
Flame follows them and “explode”
against the bulb.

A travelling-wave or tracing neon
lamp is a lighting device that illumi-
nates slowly from end to end, then
extinguishes, then repeats the cycle.
The time it takes for total illumination
of the tube and the repetition rate are
determined by the characteristics of
the power source.

Since the power source for a travel-
ling-wave neon lamp is the most com-
plex, that’s the one we’ll describe—

so that you get the option of using all
three devices. The circuit that deter-
mines the spced of end-to-end il-
lumination determines the brightness
range of the plasma globes, while the
repetition-rate circuit for the neon
tube can be easily bypassed for full-
time plasma-tube display.

The usual power

The usual way to power neon and
cold-cathode gas discharge tubes is to
use a high-voltage, current-limited
transformer operating at 60 Hz that is
connected to both ends of the tube; an
approach that only allows the full dis-
charge length to be simultaneously
energized. Sequential energizing of
the display is therefore impossible,
and any display motion must be simu-
lated by using individually-seg-
mented discharge tubes, each having
a connection to an individual source
of power. Timing and power-control
circuits determine the distribution of
power to the individual segments of
the tube.

In our universal power supply, in-
stead of 60 Hz, we substitute high-
frequency energy of approximately
20 kHz as the power source, which
makes it possible to excite and re-
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energize the tube’s gas via a connec-
tion to only one end of the tube. That
1s made possible by the capacitance
between the ionized gas and the sur-
roundings, which produces a low
enough reactive impedance so the
high-frequency energy can cause
plasma ignition.

Since ignition depends on the ca-
pacitance of one end of the tube to its
surroundings, it allows the ignited
plasma display to travel along the
tube, creating a defined bright and
dark band. The degree or type of trav-
el-effect can be a pre-programmable
event that determines where the plas-
ma ignition will start, causes the igni-
tion to travel steadily to the end of the
tube, and then repeats the electrical
effect; thereby creating the visual
effect of handwriting or tracing

Varying voltage levels such as those
from the output of a radio or audio
amplifier can also be used to vary the
tracing effect or the plasma-lighting
discharge-effect in step with the
sound amplitude. That creates bizarre
and dazzling special effects.

How it works
Refer to Fig. 1. The 117 volts from
the AC powerline passes through
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FIG. 2—THE CURVED LINES IN THIS PARTS LAYOUT indicate components that span
across other components. That is possible because most of the small-size parts are end-
mounted. Capacitor C7 can be placed on top or undear the PC board.
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b

FIG. 3—THE FEEDBACK WINDING, as shown in a, is wound directly over T1’s core. Its
leads, as shown in b, are routed under T1’s mounting plate. The letters in b that identify the
wires are the same as those used by the manufacturer; they match the connections

shown in Fig. 5.

through thermal safety switch TSI
(which is mounted on the device’s
heat sink), is rectified by diode DI,
and filtered by capacitor C1. Resistor
R1 limits the surge current of DI and
Cl. Fuse Fl is a slo-blo type that al-
lows CI to charge, yet opens (at 1
amp) if a catastrophic fault exists in
the circuit. Thermal switch TS1 turns
the device off when the temperature
of Q1 exceeds 200°F (It is necessary

when operating the unit in a high-
powered mode, or may be required to
comply with local electrical codes.)
The rectified voltage across Cl is ap-
proximately 160-volts DC.
Transistor QI is connected as a
Hartley-type oscillator. It is biased
into conduction when base current is
first applied through R3. Feedback to
QI’s base is obtained by a tertiary
feedback winding on Tl that is in-

PARTS LIST

Resistors

R1—10 ohms, 3 watts

R2—10 ohms, ¥ watt

R3, R10—47,000 ohms, 1 watt

R4, R5—200 ohm, 3 watt, wirewound

R6—1000 ohms, 1 watt

R7, R14—Vs watt

R8, R15—18,000 ohms, 3 watt, wire-
wound

R9—4700 ohms, Va watt

R11—2200 ohms, Va watt

R12—5000-ohm trimmer potentiom-
eter

R13—1-Megohm trimmer potentiom-
eter

Capacitors

C1—170 wF, 330 volts, electrolytic

C2, C7—0.1 uF, 400 volts, paper

C3—.001 pF, 10 kV, ceramic,

C4—220-1000 uF, 25 volts, elec-
trolytic (see text)

C5—1 nF, 50 volts, electrolytic

C6-a, C6-b—0.01 uF, 1 kV, poly-
propylene (see text)

Semiconductors

Q1—MJ8501, NPN high voltage tran-
sistor

Q2—D40D5, NPN power transistor

Q3—2N2222, NPN transistor

Q4—2N2646, UJT transistor

D1—IN4007 rectifier diode

D2—IN914 small-signal diode

D3—1N5234, Zener diode

D4-D6—1N4749, Zener diode

Other components

F1—1-amp, slo-blo fuse

J1—Phono jack

PL1—Polarized power plug

S1—SPDT PC-mounting slide switch

TS1—Thermal switch

T1—Ferrite transformer (see text)

T2—Miniature audio transformer, 8-
ohm primary, 1000-ohm secondary
10 KV; secondary inductance, 1H;
primary inductance, 2.5 mH; feed-
back winding, 10 turns, 20 pH

Note: The following parts are avail-
able from: Information Un-
limited, PO Box 716, Amherst,
NH 03031: An etched and drilled
PC board ($5.50): Transformer
T1 ($29.50): 0.01 pF, 1 kV, poly-
propylene capacitor ($2 each): A
complete kit containing T1 and
aill other components as well as
the enclosure ($59.50). Add 5%
of the total order for for postage
and handling.

Plasma globes and custom
neon tubes are available from
Strattman Design, 791 Trement
St. No. E517, Boston, MA 02118.
Tel. 617-266-8821. Write or phone
for specific information and
prices.
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phase with T1’s primary winding. The
positive feedback is what causes QI to
oscillate. Base current is limited by
resistors R4 and RS.

The resonant frequency of TI is
such that the circuit oscillates at a
frequency of approximately 20-25
kHz. A resonating capacitor, C6,
tunes the primary of T1 to a smooth,
soft waveform, while R15 provides the
load impedance that is sometimes
necessary when the supply powers
very small display tubes and globes.

Since the power supply uses a
ground circuit that is common to the
AC powerline, capacitor C3 is
provided to prevent a hazardous con-
ditton should polarized line-cord plug
PL1 be defeated.

The gain of QI determines the out-
put voltage. The gain is controlled by
the conductance of transistor Q2,
which is determined by the bias ap-
plied to Q2’s base through the
INTENSITY control, R12. Diode D3 pre-
vents any offset voltage that may oc-
cur at the beginning of the turn-on
cycle from turning on Q2. Capacitor
C2 bypasses any high-frequency sig-
nal that might be developed across
Q2, while Zener diodes D5 and D6
limit Q2’s instantaneous collector-
emitter voltage to 48 volts.

The control signal applied to Q2’s
base—which determines the in-
stantaneous system-output voltage—
is determined by the ramp voltage
produced by unijunction-transistor
oscillator Q4. The period of the ramp
is determined by capacitor C4 and the
setting of the RATE control, R13. The
value of C4 should be in the range of
220-1000 pF. A mid-value of 500 pF
is suggested as an initial value. Al-
though 500 wF probably will work
out best for most applications, you
can experiment to determine the exact
value for the kind of display that you
prefer.

The ramp voltage is applied
through the MODE switch, S1, to emit-
ter-follower Q3, which serves as a
buffer-amplifier whose relatively high
input impedance isolates C4 from
variable resistor R12. The voltage pro-
duced by Q3 across R12 corresponds
to the ramp voltage, thereby provid-
ing a relatively linear change in QI’s
power output.

Proper biasing of Q2 by R12 is the
point of conduction just as the ramp
voltage starts to increase. That
provides a minimum or zero tube or
globe display that steadily increases

as the ramp waveform builds. If R12 is
adjusted for a “hold off”’ bias so Q2’s
conduction does not start until the
ramp is well underway, the overall
period of the output voltage, and
therefore the display, is reduced.

Audio control

An audio signal can be substituted
for the ramp control voltage by setting
S1 so that Q3’s base connects through
R9 to D2 rather than to C4. An audio
signal, say from a transistor radio,
that is applied to J1 will then provide
the control signal for Q2, and the sys-
tem’s output voltage will more or less
correspond to the amplitude of the
audio signal.

Normally, resistor R2 isn’t neces-
sary unless the audio signal is so
strong that it swamps the unit and
produces an output that appears to be
on most of the time. You only have to
install R2 if R12 has little effect on the
output when audio is used as the con-
trol signal.

As a general rule, the 1-pF capaci-
tor specified for C5 in the Parts List
will be satisfactory, but you can ex-
periment with different values to get
the plasma or neon display you prefer.

If you have no need for either auto-
matic ramp control by Q4, or audio
control via J1, then you can install the
shorting jumper indicated in Fig. 1 by
the dashed line connecting R8 to R12.
With the jumper installed, the bright-
ness of a plasma-bulb display, or the
brightness and maxtmum length of a
neon display is determined only by
R12.

The display

The plasma arc—the visual dis-
play—is created by the electric cur-
rent flowing through the gas in the
tube. In a plasma bulb, the gas can be
argon, neon, krypton, or any com-
bination thereof. The colors generated
are determined by the specific kind
and ratio of gasses. In a neon tube the
gas is, of course, neon. When electric
current is applied to the gas, the atoms
become energized to a level where
both electrons and positive-charged
atoms are produced. They emit light
spontaneously upon returning to their
initial energy state. As the electric
current is reduced, the display short-
ens because there is insufficient ener-
gy to cause further ionization.
Increasing the ionization energy
causes the end of the display in a neon
tube to lengthen because there are a
greater number of free charges. In
simple quantitative terms, the number
of charges produced in the tube is
directly related to the input energy. A
smaller-volume tube would the-
oretically produce a longer discharge
for a given ionization energy and vice
versa. (That explanation neglects the
change in the dynamic impedance of
the system due to a change in the
volume of gas.)

Construction

Although we provide details for
construction of the universal plasma
power source prototype shown, keep
in mind that a complete kit that in-
cludes the cabinet and all prefabri-
cated metal parts is avatlable from the
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FIG. 4—THIS IS THE TEMPLATE for the metal frame. The holes for Q1 should correspond

to the particular socket you use.
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FIG. 5—THE ASSEMBLY ON THE METAL FRAME should correspond very closely to the
view shown in a. Note in particular how the letter-identified wires from T1 connect to the
PC board. If TS1's mounting screws interfere with the frame’s installation in its cabinet,
eliminate the screws and secure TS1 to the frame with epoxy cement.

source given in the Parts List, which
is located on page 45.

The first step is to make the PC
board using the template shown in PC
Service. Then, using Fig. 2 as a
guide, install all board-mounted com-
ponents. But note that the compo-
nents are mounted somewhat dif-
ferently than usual: except for DI,
D3, D4, and R1, all components are
mounted on end; that is, they stand
vertically on the PC board. Although
Fig. 2 shows diodes D5 and D6 exter-
nal to the board, they actually span
across the board. They are positioned
about ¥-inch above the board and are
located between T1 and C4.

Note that although the leads from
Q2 are soldered to the PC board, dur-
ing final assembly Q2 will be folded
downwards so it can be heat-sinked to
a metal frame. Be sure to leave suffi-
cient lead length—about Y2-inch—so
the fold can be made without stressing
the leads or the board.

In reality, C6-a and C6-b do not
exist. There should be only one ca-
pacitor, C6, a 0.005-uF, 1-kV tubular
capacitor connected across Tl’s pri-
mary winding. Unfortunately, that
value isn’t among the easiest to lo-
cate, so you can substitute the more
easily obtained series-connected
0.01-wF, 1-kV capacitors, shown in
Figs. | and 2 as C6-a and C6-b. They
are both end mounted, and are con-

nected together at the top after they
are installed on the board. Finish up
by using an RTV type adhesive such
as G.E.’s Silicon II to cement a sheet
of insulating material to the underside
of the PC board.

When the PC board is completed,
you can set it aside and move on to
transformer TI.

A feedback coil

Although the TI specified in the
Parts List is supplied completely as-
sembled, it requires the addition of
feedback coil, which, as shown in
Fig. 3-a, is nothing more than 10 turns
of No. 24 solid, insulated wire wound
around T1’s core. Bear in mind that if
you substitute a different transformer
for the model specified the required
feedback winding might have more or
less turns. Also, a substitute trans-
former should have a primary induc-
tance between 2 and 3 mH. If your Tl
has pin connections that interfere with
its installation, simply cut them short.

Figure 3-b shows letter-coding for
the connections of the particular
model TI specified in the Parts List.
The letters only serve as a reference
when assembling the project; more on
that later. (The letters are the same as
those used for identification by the kit
supplier given in the Parts List.)

Take note that since Tl’s terminals
extend through its own support

PC BOARD

MICA INSULATOR

= === |
e e
BOX PLASTIC MOUNTING = METAL FRAME

HARDWARE

c

bracket, they must be insulated from
the metal frame that is used as a chas-
sis. The insulation can be a strip of
epoxy PC material from which the
copper foil has been etched. (The in-
sulator is supplied in the complete kit
of parts.)

The frame

The metal frame chassis, which is
called a mounting plate in the instruc-
tions packaged with the complete kit,
also serves as the heat sink for QI and
Q2, which is why thermal-switch TSI
is installed on the frame. If the frame
gets excessively hot, TSI opens and
turns the power supply off. Since TSI
is self-resctting, it automatically re-
stores power when the heat sink
cools.

Figure 4 shows the measurements
for a metal frame made from Ye-inch
aluminum. The indicated holes are for
the mounting screws used for Q1, Q2,
and T1. The precise layout of the dia-
mond-pattern holes for Q1 will be de-
termined by the particular kind of
socket you use; but regardless of the
kind or design of the socket, make
QIl’s holes Y-inch, and deburr them
with a knife or deburring tool before
installing the socket.

Make certain you drill all holes be-
fore bending the side flanges upwards
on the fold marks.

Figure 5 shows how the project is
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FIG. 6—THE ACTUAL PROTOTYPE. Notice that it is virtually a duplicate of the layout

shown in Fig. 5.

assembled. Figure 5-a shows that TS|
is secured to the metal frame with
screws and nuts. If you have somehow
made the frame a smidgen oversize so
the mounting screws prevent the chas-
sis from being installed in its cabinet,
you can eliminate the screws and use
epoxy glue to cement TS1 to the chas-
sis. Its location is not precise, but it
should be reasonably close to the top
of the enclosure (away from Q2).

Figure 5-b shows how QI is in-
stalled on the metal frame using an
insulating socket. However, note from
Fig. 5-c that Q2 does not use a socket;
itis insulated from the frame only by a
mica insulator, so a Nylon screw and
nut must be used as the mounting
hardware.

Finally, use RTV adhesive to ce-
ment the PC board to the metal frame.
The board must be spaced off the
frame because one end is lifted by
Q2’s mounting; use a stack of rubber
grommets for the spacers.

The enclosure

Although the project should not be
installed in an enclosure until tested,
prepare the enclosure so it is ready as
soon as the tests are completed. For
safety, the (4%2-inch wide X 4%-inch
long X 2%-inch high) enclosure
must be made of plastic; ¥32-inch
thick will be ideal. (An appropriate

enclosure is supplied with the kit.)
Fabricate a cover from perforated
aluminum that will snap onto the top
of the cabinet, but be certain to drill
access holes for R12, R13, and Sl
before bending the sides of the cover.
Also, if you plan on using a plasma
globe, assemble a base large enough
to support the globe, and place the
power supply within the base box.
Do not pre-size a plasma-globe
base before you obtain the globe.
Since plasma globes range in size
from 7 to 22 inches, you must be
certain the base has the proper dimen-
sions to fully support the globe.

Checkout

Before applying power, very care-
fully check the insulation between the
metal frame and the connections to
Ql, Q2, and T1. Also, check for con-
tinuity between PL1’s ground lug (the
larger one) and the circuit’s common
(ground) point. Make certain the cir-
cuit ground is not connected to PL1’s
“hot” terminal.

Next, set R13 fully clockwise, R12
fully counterclockwise, and S1 so its
handle points toward R10. Then con-
nect TI’s output lead to a neon tube,
bank, or sign.

Plug the unit into a variable, cur-
rent-metered AC supply, such as a
metered variac. If that kind of equip-

ment is unavailable we suggested con-
necting a 60-watt light-bulb ballast in
series with the power cord. If there is
a catastrophic failure in the device,
the light bulb will turn on and drop the
voltage at PL1 to a safe value.

Slowly turn the variac up to 120
volts and note that its ammeter should
indicate only 50-60 mA. Also note
that there should be only a faint glow
in the neon tube. CAUTION—if the
meter reads excessive current, a
fault exists that must be corrected
to prevent severe circuit damage.

Adjust R12 for a maximum sweep
reading of 200 mA. At200 mA aneon
tube should energize out to 15 feet.

Adjust RI3 counterclockwise and
note that the neon sweep speed should
increase to the point where it ceases.

Set S1 to its AUDIO input position.
Connect a transistor radio’s earphone
output to JI and note that the neon or
plasma display intensity should re-
spond to the audio sound level.

[f everything checks out, install the
unit in its enclosure, using strain re-
lief clamps or devices where the line-
cord, high- voltage, and high-voltage-
return wires pass through the en-
closure. Figures 6 and 7 show the
completed protype unit.

Special Instructions

Although the unit can power up to
30 feet of neon tubing, best results are
obtained by connecting 10-15-foot
sections in parallel because maximum
sweep travel is usually limited to 15
feet.

The high-voltage-return wire is in-
tended for connection to the end of
larger neon displays. It is not neces-
sary for single electrode-ended tubes
such as used for visual audio enhance-
ment. Do not ground the high-voltage
return if unused; simply tie-wrap the
wire and make sure there are no ex-
posed strands.

Do not allow the power-supply unit
to run without being connected to a
display tube or globe.

Neon displays
® Set R13 fully clockwise, R12 fully
counterclockwise, and S1 to INTERNAL
(so that Q3'is fed by Q4).
® Lay out the intended neon sign on a
clear non-conductive bench. (Not
necessary for pre-installed displays).
® Connect the high-voltage return
(the ground wire) to the far end of
display. Note that the wire is only
continued on page 68



SOLID-STATE
TESLA COIL

Build an updated version
of Nikola Tesla’s most-
famous experiment.

By Charles D. Rakes

greatest inventor of our modern electrical age, and

many experts consider him to be the true father of
radio. However, today he is best remembered for his fascinat-
ing wireless power-transmission experiments, using his fa-
mous Tesla coil.

The high-frequency air-core, oscillating Tesla coil is just as
exciting today as it was back in 1899, when he used it to
successfully transmit electrical energy over 25 miles, without
wires, to light a large number of incandescent lamps. The
Tesla coil is ideal for demonstrating and exploring the un-
usual phenomena that occur with high-frequency high-volt-
age energy.

Most Tesla coils designed for educational and experimen-
tal purposes use a line-operated, step-up transformer—in
setups like that shown in Fig. 1—to generate the high voltage
needed for the coil’s primary circuit. While there’s nothing
technically wrong with that approach, it can place the oper
ator in harm’s way if the coil’s primary circuit is accidentally
touched. A shock from the high-voltage winding could prove
extremely dangerous and may be fatal.

Our version, the Solid-State Tesla Coil (see photos), elimi-
nates the line-operated, high-voltage transformer, making it a
safer project to build and to experiment with. Even so, wise
operators will keep their digits out of the wiring while the coil
is under power.

NIKOLA TESLA 1S CONSIDERED BY SOME TO BE THE

Solid-State Tesla Coil

The schematic diagram for the Solid-State Tesla Coil is
shown in Fig. 2. In that updated version of the Tesla experi-
ment, an 18-volt, 2-ampere transformer (T1), a bridge rec-

_ SPARK GAP
> -

HIGH
VOLTAGE
CAPACITOR

17VAC < . SECONDARY
10KV coiL
PRIMARY
AT coiL
30mA
— ]
N STEP.UP

TRANSFORMER

Fig. 1—Shown here is a basic design for a Tesla Coil cir-
cuit, using a line-operated, step-up transformer to gen-
erate the high voltage needed for the coil’s primary.

iifier circuit (cons sting of D1-D4), and filter capac:tors (]
and C3} supply operating power for thz ¢>i circuiry.

A 555 oscillator/timer (Ul) is configured as a sel™~cscillat-
ing pulse-generator circuit. Resistors Rl and R2 make 1p a
voltage-divider net~ork, which is used to lower the 24-volt
DC output of the power supply to a sefe dperating level “or
Ul. The 555’s aarrow output pulse at pi1 3 supplies crive
current to the base of QI. Transistor Q2 supplies suffic.ent

Here s -he author’s prototype of the Solid-State Tesla Coil
with the 9-inch circular deck removed. The “wd heavy aires
running the lencth of the top and bottom of the boarc serve
as the ground and -V bus.
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Fig. 2—Our updated version of the Tesla experiment uses an
18-volt, 2-ampere transformer (T1), a full-wave bridge rec-
tifier (consisting of D1-D4), and filter capacitors (C1 and

C3) to supply operating power for the Coil’s circuitry.

current to transistors Q3 and Q4 to drive those components
into full saturation.

The primary winding of T2 (an automobile-ignition coil) is
connected in series with Q3 and Q4, and across the power
supply. Transistors Q3 and Q4 operate like a toggle switch,
connecting the coil across the power source at the rate and on-
time sct by Ul

That high-current pulse generates a rising and collapsing
field across the primary winding of T2. The field causes a
current to be induced in the secondary winding of T2. The
secondary output of T2 is fed across three 500-pF, 10-kilovolt
doorknob capacitors (collectively designated CS5) that are

parallel connected and tied across the high-voltage output of

T2 as an energy-storage device. Those capacitors charge up
to T1’s secondary voltage and are then discharged through the
spark gap and the primary (L1) of the Tesla coil, producing
higher voltage in the secondary of the coil (L.2).

The secret of producing a successful Tesla coil is in the
tuning of the primary coil to the natural resonance frequency

are about as common as Condor cggs, some other means
must be used to tune L1. The simplest method is to tap the
primary coil on every turn and select the tap that produces the
greatest voltage at the hot end of L2.

Perfboard Assembly

The author’s prototype was built breadboard style on an [1
X 1 X l-inch wooden cutting board (see photos), but any
similar non-conducting material (perhaps plastic) will do.
The majority of the small components, as shown in the
photos, were mounted on a3 X S-inch section of pertboard,
and point-to-point wiring techniques were used to complete
the connections. Refer to the schematic diagram (in Fig. 2)
and the photos for wiring and gencral parts-layout details.
Note: Components T and T2, C5.Q3 and Q4. FI, and S| are
not mounted to the perfboard (see photos).

Figure 3 shows the positioning of the perfboard and oft-
board components on the baseboard. Mount the fully-popu-
lated perfboard assembly to the baseboard using tour Ya-inch
plastic spacers and wood screws. The location of the sub-
assemblics on the baseboard 1sn’t too critical, so long as the
general layout 1s followed. Keep all wire leads as short as
possible, especially around the high-voltage circuitry.

A 2V X 2-inch picce of aluminum is formed into an “L”
bracket, which is used to hold SI and FI (sce photo), and is
mounted on one corner of the bascboard. A'5 X 3-inch piece
of aluminum mounts to the opposite corner and lunctions us
the heat sink for the two power transistors (Q3 and Q4). A
simple band is formed trom aluminum to hold T2 in place.

Recall that C5 1s really three S00-wF doorknob capacitors.

PARTS LIST FOR THE
SOLID-STATE TESLA COIL

SEMICONDUCTORS
U1—555 oscillator/timer, integrated circuit
Q1-—2N3906 general-purpose PNP silicon transistor
Q2—MJE34, ECG197 (or similar) audio-frequency PNP
silicon power transistor
Q3, Q4-—2N3055 NPN silicon power transistor
D1-D4—1N5408 3A, 100-P1V silicon rectifier diode

RESISTORS

(All resistors are 'e-watt, 5% units, unless otherwise
noted.)

R1—470-ohm

R2, R7, R8—1000-ohm

R3, R4, R6—10,000-0hm

R5—2200-ohm

R9-R12—100-ohm, 1-watt resistor

CAPACITORS

C1—2200-pF, 50-WVDC electrolytic

C2—47-pF, 25-WVDC electrolytic

C3—0.47-pF, 100-WVDC mylar

C4—0.33-pF, 100-WVDC mylar

C5—1500-pF, 10K-WVDC (three paraliel-connected
500-pF doorknob capacitors, see text)

ADDITIONAL PARTS AND MATERIALS

F1—1-ampere fuse, 3AG

L1, L2—see text

S1—SPST miniature toggle switch

T1—117-volt primary, 18-volt 2-ampere secondary
stepdown transformer

T2—Automobile-ignition coil (Ford #6525, or similar)

Perfboard, #12 wire, #26 wire, aluminum, Fahnestock
clips, spacers, solder, hardware, etc.

R-E EXPERIMENTERS HANDBOOK

of the secondary coil. Because variable 10-kilovolt capacitors
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03 & 04

ON ALUMINUM The Deck

HEAT SINK Figure 4 and the photos show the top deck of the author’s
MDUNTING prototype, where the two air-core coils (L1 and L2) are
STRAP  ~ mounted. The top deck consists of a 9-inch diameter circle
cut from Y2-inch thick fiber board. Four 3¥s-inch lengths of %
-inch dowel hold the 9-inch coil base above the perfboard.

Select a drill bit slightly smaller than the dowel rod’s

@_\ T2 o diameter and drill the four mounting holes in the 9-inch circle
to match the illustration. Position the 9-inch circle on the
T bascboard at about the center, and mark the location of each
hole. Drill each location on the bascboard with the same bit to
(o] ~ .
a depth of about Y2-inch.
04 +V BUS If the two-layer Tesla coil seems like too much bother to
D2
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NO. 12 SOLID COPPER WIRE GROUNDING
CONNECTS TO L1 GND POINT

5-1/2

Fig. 3—The author’s prototype was built breadboard style
on an 11 x 11 x 1-inch wooden cutting board, and most of the
components were mounted on a 3 x 5-inch piece of perfboard.

Two brass strips, about ¥-inch wide by 3-inches long, are
used to tie the three high-voltage capacitors together. If
doorknob capacitors cannot be located (often they can be
salvaged from older black-and-white TV's), a substitute can
be made from window glass and aluminum foil.

To fabricate C5, take a 10-inch square picce of glass, like 2'.'12"5%“[?;“%535%,;/CZL‘Q'C“T“'CK
that of a piC[UI’C frame. and glUC a 9-inch square picce of ALL DIMENSIONS IN INCHES
aluminum foil to the center of the glass on both sides, leaving Fia. 4—Shown here is the general layout of the top deck of
an equal t?ordcr'around each alummqm p]al_e. Cut two _6—mch thge'author’s prototype, whi%h suppo¥ts coils L1 ar'\)d L2. Four
lengths of #22 insulated stranded wirc. Strip about 3-inches 3% x ¥%-inch wooden dowel rods hold the 9-inch circular
of insulation {rom one end of each wire and tape the stripped base above the perfboard and other components.
end to each of the aluminum plates. s

i

. Here is what L1 (left) and L2 (right) should look like once
Shown here is the 9-inch circular deck supported by four completed. Although winding L2 may appear difficult, it can
dowel rods, and an end cap positioned at its center. be done in an hour by hand or in 15 minutes by lathe.
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duplicate, then build a single-level unit on a larger wooden
base to suit your own needs. Actually, any good layout
scheme that respects the dangers of high voltage should do
quite well.

Winding the Primary Coil

The primary-coil (L.1) is wound on a form cut from a 4-inch
diameter, plastic sewer pipe to a length of five inches (see Fig.
5). Take a 27-foot piece of #12 insulated solid-copper wire
and strip away a }&-inch section of insulation at about every 12
inches, continuing for one-half the length of the wire (12
times total). Those stripped areas serve as tap points for
tuning the coil.

ws |
v
/ I
TURN 25
P
25 TURNS x
TURN 13 NO. 12 S0LID
L. COPPER {(WITH TAP
PLASTIC INSULATION) ON 13 AND 5
ALL TURNS
ABOVE
START
7
/
TURN 1
11/4

COIL FORM (4-INCH DIAMETER PLASTIC SEWER PIPE)
ALL DIMENSIONS IN INCHES

Fig. 5—The form on which L1 is wound is a five-inch length
of four-inch diameter, plastic sewer pipe. A 27-foot length
of #12 insulated solid copper wire (with 12 quarter-inch
sections of insulation stripped away at intervals of about
every 12-inches) is then wound onto the form.

Wind the coil starting at the top of the coil form (see Fig. 5)
with the end that has the 12 tap points. In other words, turn 25
is the first winding to be made. That gives a tap on every turn
from turn number 13 to turn number 25. Drill two small holes
in the coil form where the winding starts and ends. Those
holes are used to secure the ends of the windings (see photos).

Winding the Secondary Coil

The secondary coil form (see Fig. 6) is cut from a section of
1%2-inch diameter, plastic water pipe (which actually mea-
sures 178-inches in diameter). So when selecting your second-
ary coil form. take a ruler with you and be sure to come home
with the correct-diameter pipe. You'll also need two plastic
end caps that snugly fit the ends of the tubing.

Make a mark on the coil form about one inch from each
end. That sets the starting and ending points for the winding.
Fill the space between marks with a neat solenoidal winding
of #26 enamel-covered copper wire. Winding the coil by
hand shouldn’t take over an hour, and if a lathe is handy, you
should be able to complete the job in about 15 minutes. Leave

NO. 26 SOLID-COPPER
WIRE

*’11 "/STAHTWINDING / _-|1 '<_

el Y

ALL DIMENSIONS IN INCHES

Fig. 6—Using #26 enamel-coated copper wire, L2 is wound
on a 24-inch length of 1%2-inch diameter, plastic
water pipe, either by hand or (if available) using a lathe.

about 6-inches of wire at both ends of the winding for making
connections.

Spray several coats of Krylon clear #1301 acrylic on the
coil for added insulation and protection against moisture.
Always let each coat dry completely before applying the next.
Two or three coats are sufficient.

It's Coming Together

Mount one of the [V2-inch, plastic end caps to the center of
the 9-inch circular deck with a l-inch long #8-32 screw,
washer, and nut. Take two small metal “L’" brackets and
mount the primary coil centered around the end cap on the 9-
inch base. Drill a small hole through the end cap and base-
board near the rim of the cap. Take the secondary coil and
push onc end of the coil’s lead through the hole in the end cap,
and then set the coil in the end cap.

INSULATED
ALLIGATOR
CLIPFOR
TAPPING
COIL (L1)

FAHNESTDCK

cLIp
NO. 12 COPPER NO. 26 OR 28

WIRE SOLID WIRE

fe—1-3/4—>]
5/8
DOWEL ALUMINUM
ROD I*"SPACER ™ 12

9.INCH ” o718
T /

OF TEST 9.INCH 6-32 SCREWS
WIRE CIRCLE T0 C5

ALL DIMENSIONS IN INCHES

Fig. 7—The spark gap is formed by mounting two fahnestock
clips to the 9-inch circular deck; one tied to the main
grounding point, and the other connected to an alligator

clip, which is used to change taps on L1.

Take the other end cap and drill a hole in the center to clear
a #8-32 screw, and mount a feed-through insulator (see
photo) on top. Seclect a #8-32 screw long enough to stick
through the top of the insulator by about Y2-inch, and grind
the end to a nice sharp point. Connect the top end of the
secondary coil to the bottom of the #8-32 screw with a small
solder lug and tighten in place. Place the cap on top of the
coil.

The spark gap is shown in Fig. 7. Two holes are drilled to
clear a #6-32 screw to match the drawing in Fig. 4. Two

(Continued on page 67)



In this article we explore the mysteries

of Kirlian photography and show you how you can
investigate the phenomenon yourself!

LABORING IN RELATIVE OBSCURITY.
Seymon. Kirlian (pronounced keer-
lee-an) began his work in electro-pho-
tography in 1939. Over 40 years later,
that work is still the source of much
speculation and controversy. That’s
because it has been claimed that
Kirlian was able to use auras that sur-
rounds the objects in his electro-pho-
tographs to detect illness in plants and
animals before any other outward
symptoms were visible. Whether
those claims are true or not, they spar-
ked a good deal of interest in the field
of electro-photography; so much so
that electro-photography is today
commonly called Kirlian photogra-

phy.

What is it?

In Kirlian photography, a variable-
frequency high-voltage source is use
to produce images on photographic
film. It does so without the benefit of
acamera, lenses, or light, soitcan, in
some ways, be likened to X-ray pho-
tography. The resulting photograph is
a recording of the cold electron emis-
sion created by the high-voltage
source. How the emission is modified
by the subject or object used in mak-
ing the photographs is the focal point
of Kirlian photography.

Many of the theories used to ex-
plain the effect read like excerpts
from a science-fiction novel. One the-
ory put forth by Dr. F Cope, who was

-  Kirlian
Photographs

John lovine

investigating the Kirlian aura at the
Bio-Chemistry Laboratory at :he
Naval Air Development Center, in
Warminster PA, felt that all sub-
stances and, in particular, living
organic matter, contair and are sur-
rounded by what can best be de-
scribed as a matter energy field.
When a high-voltage charge is intro-
duced into that field, it becomes or
behaves like a superconductive p_as-
ma. The laws of physics that pertain
to such a plasma are complex, invelv-
ing an extended form of Einste n’s
Theory of Relativity. It’s possible that
the aura recorded around objects may
be a physical manifestation of shat
matter field.
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FIG. 1—YOU CAN MAKE YOUR OWN Kirlian photographs using this circuit. Coil L1 is an
automotive ignition coil that can be obtained cheaply from an automotive junkyard.

FIG. 2—THE “CABINET"” for L1 can be
fashioned from a cardboard tube. The end
caps can be made of plexiglass.

Unfortunately. when Dr. Cope
died. the research unit disbanded.
While Dr. Cope was alive, though, he
was one of a few scientists with the
courage to do research into what 1s
considercd. at best, a fringe science.

It is that fringe-scicnce category
that impedes research into the field, in
addition to quickly becoming associ-
ated with the quacks, psychics, and
pscudo-scientists that permeate the
field. Itis casy to see that any scientist
wanting to seriously investigate elec-
tro-photography is going to be met
with serious opposition, and could
possibly lose their standing in the sci-
cntific community.

But is the opposition justitied? [s it
possible that the procedure has no
merit whatsoever? [ don’t think so
and, to make my point, allow me to
draw a few analogies. We analyze
light from stars to determine their
composition, and their doppler shift
to determine speed. Those two facts
have created a foundation upon which
modern cosmology in the last century
stands. We typically perform spec-
trographic and colormetric analysis to
determine a compound’s composi-
tion. It is thercfore my belief that the
Kirlian effect may provide a tool with
which we can probe nature.

BACK
SOCKET

VOUTAGE

Despite the opposition to electro-
photographic rescarch, Kirlian im-
ages have been used experimentally,
as a diagnostic tool, in medicine, and
for non-destructive testing of mate-
rials in engineering. One interesting
aspect of electro-photography is that,
while all objects appear to produce an
clectro-photographic aura, the aura of
Ianimate objects appears constant
over time, while living creatures give
off an aura that 1s time varying. In
humans, emotional stress. illness,
and alcohol or drugs all appear to have
an effect on the aura.

One of the U.S. government’s stud-
ies in the area involved using the
Kirhan aura to ascertain the physical
and mental health of military person-
nel. and to determine their level of
fatigue. That was done by measuring
the diameter of the aura or corona, at
the fingertip. At the end of the test, the
results were analyzed and two statis-
tically valid conclusions could be
drawn. Onc was that the corona of
those sutfering physical stress (cxer-
cise) was larger in diameter than the
test average; the other was that those
suffering mental stress (fatigue, ctc.)
had coronas that were smaller in di-
ameter than the test average.

It may appear obvious than those
test results could be due to the dilation
or constriction of the blood vessels.
Another study proves that assumption
incorrect. Compounds given to indi-
viduals to dilate or constrict blood
vessels do not produce a statistical
difference in the corona diameter, ac-
cording to a report.

FLEXIBLE
PLASTIC
TUBE

FIG. 3—THE AUTOMOTIVE IGNITION COIL is mounted inside its cabinet by gluing it to
one side. Make the ground connection by soldering a wire to the side of the coil housing
and connecting the other end to the cabinet-mounted binding post.
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FIG. 4—THE SPECIMEN to be pho-
tographed should be sandwiched be-
tween two sheets of thin (0.01-inch)
transparent plastic.
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FIG. 5—TO MAKE THEM EASIER TO FIND
in the dark, cluster the unit’s operating
controls around NE1.

While the results of the tests were
interesting, there is still not enough
data to hail Kirlian photography as a
“fool-proot™ diagnostic test. Al-
though other similar tests have been
reported, the results have been in-
complete. For instance, in one study,
the fingertip coronas of 120 adult hu-
mans were photographed. Of the
sample, 20% had a corona diameter
that was markedly below the average.
It was later determined that 50% of
that 20% suffered from some sort of
medical problem.

There are several obvious flaws
with that study. For one, no report was
made on the health of the 80% whose
corona diameter was not reduced; it
would have been informative to know
what percent of those, it any, also
suffered from some medical problem.
Also, no follow-up appears to have
been done on those whose corona di-
ameters were decreased and who had
no ascertainable medical problems. It
would have been interesting to see
how many of them developed some
kind of ditficulty, and in what time
tframe following the experiment.

The most dramatic experiment in
Kirlian photography, and one that has

garnered the most attentior, is the so-
called phantom-leaf phenomenon. In
that experiment, a small part (approx-
imately 2% to 10% of the total surface
area) of a leal is cut oft. Electro-pho-
tographs subscquently taken will
sometimes show the energy pattern or
aura of the missing scction. The rea-
son for that is unknown, and it is the
subject of much speculation, and al-
though the cffect is exceptionally
rare, it has been demonstrated enough
times by difterent people to prove its
existence. One important fact must be
kept in mind if you wish to attempt to
replicate the phantom-leal effect. The
leat must still be attached to the parent
plant when shooting the photograph.

Making your own

There are probably quite a few
doubters still out there. To those we
offer the following challenge: Why
not build your own Kirlian-photogra-
phy unit and prove or disprove the
existence of the effects yourself”? The
worst-case scenario 1s that you will

PARTS LIST

All resistors are Va-watt, 5%, un-
less otherwise indicated.

R1—25,000 ohms, double-ganged
potentiometer

R2-R5—2200 ohms

R6—1000 ohms

R7-—5 ohms, 10-20 watts

Capacitors

C1—2200 pF, 35 volts

C2—0.1 pF

C3—90.01 pF, 2000 volts

Semiconductors

IC1—555 timer

Q1—TIP-120 NPN Darlington
transistor

Q2, Q3—3055 NPN transistor

D1—2.5-amp, 1000-volt silicon diode

BR1—4-amp, 50-PIV bridge rectifier

Other components

NE1—red neon-lamp assembly

T1—120-volt/12-volt, 3-amp
transformer

S1—SPST pushbutton switch

S2—momentary N.O. pushbutton

L1—three-terminal, 12-volt auto-
mative ignition coil {see text)

Miscellaneous: Chassis, knobs,
4 x 5-inch single-sided copper-clad
PC-board plate, line cord, etc.

Note: Complete assembled and
tested Kirlian unit available for
$187.50 from Images Co., P.O.
Box 313, Jamaica, NY 11419.
Plastic chassis $30.00 each plus
$2.50 postage and handling.

FIG. 6—ALTHOUGH THE RESULTS are not
visually striking, Kodalith film is easy to
work with. Here is a Kirlian aura captured
on that film.

build a device that takes exceptional,
beautiful, and exotic photographs ol
the most-common items lying
around. In the balance of this article
we will present a simple set up that
will allow you to do just that. Al-
though the equipment is not on par
with that used in research labs, it is
still more than sutficient to provide
startling results. The color pho-
tographs that accompany this article
showing the Kirlian aura of some
common leaves, were produced using
the apparatus as described.

The circuit for the setup is shown in
Fig. 1. The heart of the circuitis a 555
timer in astable mode whose frequen-
cy is controlled by a double-ganged

pot. The output of the timer is fed into

Darlington-transistor T1. The
Darlington transistor controls two
TO-3 power transistors that switch the
current on and off to a three-terminal
automotive ignition coil, L1.
Construction is straight-forward,
and the circuit is simple enough that a
PC board is not required—although
you can usc one if you wish. Note that
the transistors can get hot, so they
should be heat sinked. The only other
point that merits special mention is
that a plastic chassis is essential, to
provide adequate shock protection
from the coil and is also essential to
properly mount the exposure plate on
top of the chassis (see Fig. 2).
Figure 3 shows the internal mount-
ing of the components. The ignition
coil is epoxied or glued to one side of
the chassis so that the high-voltage
continued on page 165
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If you've ever wanted a high-voltage
generator to create neat lightning effects,

perform Kirlian photography experiments or play

with neon lights, then this one’s for you!

¢ will describe a laboratory pulse generator using
Wan auto-ignition coil and capable of delivering a

train of pulses having a peak potentjglispster=¢rTTR
volts. With a couple of ig : and construction vari-
atio ! offTl is suitable for use as an electric-fence
charger, operating at a lower voltage, but capable of much
higher output current.

Applications for a high-voltage spike are numerous: elec-
tromagnetic and radio-frequency interference studies, elec-
trostatic-discharge simulation; investigation of insulation break-
down; flammability experiments; strobe effects; etc. A DC
power supply or battery is required, and pulse potential may
be varied simply by changing the supply voltage. With a
12.6-volt input, the ignition-coil model delivers its maxi-
mum pulse, but a unique multivibrator-driver circuit makes
operation possible down to a supply voltage as low as 1.5
volts, yielding an output pulse of only a few hundred volts.
Its pulse frequency is set by a front-panel control, with a
range from about 0.3 Hz to 20 Hz.

An ignition coil, however, is not well adapted to the fence-
charger application since its output resistance is so high:
typically 10,000 ohms. Thus its output pulse is strongly
dependent on loading. With a short fence, long sparks might
be struck at risk of igniting brush; while on the other hand,
with a long fence, shunting by weeds or by dirt and moisture
may reduce its output voltage below an effective value. Hence
for the fence-charger version the rare prf control must be
omitted for reasons of safety.

No-load output of the tence-charger option is typically 4
Kv pk (kilovolts peak), or about halt that value when con
nected to a l-mile fence. A car battery powers the tence-
charger modecl for about four months before recharging is
necded (at recommended pulsing rate of 20 pulses/min.)

Two lamps mounted on the circuit board and visible through
the see-through front panel are important indicators of the
unit’s performance.

Precautions

While a single jolt from an ignition coil is itself rarely
traumatic, the resulting-reflex muscle contraction could have
unfortunate consequences. If a continuous train of pulses
causes you to involuntarily grasp the high-voltage conduc-
tor, for instance, you might not be able to let go. On the

By Daie Hileman

other hand, if 3.p n circuit is not provided, an
aisiressing shock could be had by contact with the
primary circuit. Because the ignition coil is an autotrans-
former, the return circuit for the high-voltage pulse includes
the power leads. Therefore, one side of the power supply
should, if possible, be Earth grounded. That precaution,
besides preventing shock by contact with the power leads,
also precludes arcing within the power supply itself as the
high-voltage pulse seeks the shortest return path.

Applying that reasoning to the fence-charger option, we
can see why a fixed pulse rate is specified, as there is a strong
likelihood of accidental human contact with the fence wire;
a rate of 60 pulses per minute or less being considered safe.
Also, since there is a good chance of personal contact with
the power or battery leads, a good ground connection is
essential, as with any electric-fence system.

For maximum safety, we recommend a battery supply for
the fence-charger system.

If you should happen to reverse the power-supply leads
to either project, the current-limitation lamp, a large auto-
motive bulb easily seen in the photos, lights brightly to warn
you. However, the equipment must not be allowed to remain
in this condition for more than a few seconds. Even if you
never expect to make this mistake, the lamp should be in-
cluded because it limits excessive surge currents that could
otherwise occur under some operating conditions and which
could blow the power transistor.

About the Circuit

As shown in Fig. 1, free-running variable multivibrator
Q1 and Q2 drive Darlington power amplifier Q3, which
makes and breaks the primary current to coil Tl as in an
auto ignition system. Duty, or “*dwell’’ is a few miliseconds,
and the high-voltage pulse is generated at the end of the
period when the circuit is broken and the field of T1 rapidly
collapses through the winding.

An unconventional multivibrator circuit was developed
to provide high saturation currents over a wide range of
supply voltages. In this design both transistors Q1 and Q2
conduct at the same time and both cut off at the same time.
Another unique feature: For safety in the fence-charger ap-
plication, the circuit is designed to automatically shut down
if driver Q2 should fail to conduct for any reason (fluctuation




of supply voltage. intermittent connection, etc.)

Starting with both transistors cut off; C3 is discharging.
its negative plate rising toward ground at a rate determined
by various series resistances; while its positive plate 1s held
near zero volts by a relatively low-resistance path through
R6 and R7 and a resistor internal to Q3 across its emitter-
base junction.

The series combination of C5 and C6 (discussed later)
has negligible effect on the charging rate, which is therefore
determined niainly by C3 with the series combination of
raTE control RY and resistor R2 (or R2 alone, in the fixed-
frequency verston).

Capacitor C3 discharges tully, and then begins charging
in the opposite direction as its negative plate rises above

zero volts. When Q1 begins conducting, and its collector
voltage has dropped far enough to start Q2 conducting also,
then a positive-feedback action is initiated, forcing both tran-
sistors into saturation. At the same time, power transistor
Q3 is turned on by the current supplied through R7.

Dwell is determined by the time constant R6 X C3. When
the charging current of C3 diminishes below the value which
will sustain conduction of Q1, then a regenerative action is
again established, this time cutting off all three transistors.
ft 1s at that moment the high-voltage pulse is gencrated.

Further Details

Capacitors C5 and C6 torm a voltage divider which
ensures rapid cutoff of QI; while C6 acts as a bypass to
prevent QI from being retriggered by pickup of the high-
voltage pulse.

Dwell must be long enough to permit the field around
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Fig. 1—The pulse-generator version has a variable rate control and requires
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different values for C3 and R6 than does the fence charger version. The fence charger
version has a fixed rate and uses a conventionai transformer instead of an auto coil (see dashed lines).
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T1 to be fully developed to its steady-state condition un-
der all anticipated conditions of loading. Although the
period is not critical, it may be set for optimum results
with a particular coil or transformer, as described later.

A higher capacitor value at C3 is specified with the
fixed-frequency, or fence-charger version, for reasons of
safety. It allows the use of a lower resistance value for
R2, reducing the shunting effect of dirt or moisture which
might otherwise cause a significant increase in the repeti-
tion rate. That is the reason we specify an axial type for
C3, so that its pads are more widely spaced than they
would be with a radial.
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The frequency control is mounted on the see-through front
panel behind the ignition coil here. The auto lamp on the
circuit board limits current, and lights if the power leads
are connected backward. The chimney protruding through
the hole in the corner of the circuit board accommodates
the '/2-in. pipe used in the fence-charger version.

Power Amplifier

Because the field of T1, as might be supposed, collapses
through the primary as well as the secondary, the inductive
*‘kick” comprises a positive pulse on the collector of Q3.
Capacitor C4 is required, as in the conventional auto-
ignition system, to prevent excessively rapid voltage build
up. Nevertheless, that reactive voltage reaches several hun-
dred volts, and we take advantage of it to light neon indicator
NEI. Thus, each flash verifies the integrity of the power-
amplifier circuit,

If no arc is drawn, the positive pulse on the collector
of Q3 is followed by a negative-going excursion. Transis-
tor Q3, designed for inductive loads, contains a shunt
diode which prevents that ‘‘backswing’’ from being ap-
plied to the base through the base-collector junction. That
diode also protects Q3 if the power-supply leads are acci-
dentally reversed.

Automotive lamp 11, as we said, limits surge currents
occurring as a result of various normal operating conditions,
as well as accidents, such as the reversal of power-supply
polarity. Also, it absorbs the energy of the backswing.

The Transformer

Practically any 12-volt ignition coil having a primary
resistunce of around 1.5 ohms will work as T} for the
high-voltage pulse gencerator, but there’s a minor consid-
eration in the choice of a transtormer for the fence-charger
project. A common [2-volt l-amp transformer with [15-
volt primary can be used here—hooked up backward of
course. so that the T15-volt winding serves as sccondary.

The rapid collapse of its field when Q3 cuts off, as com-
pared to the relatively slow 60-Hz sinewave for which it
1s designed, explains how several thousand volts can be
developed across the 115-volt winding (E=L di/dr). That
winding will typically be found to measure 30 to 120 ohms
DC, while the 12-volt winding will have a resistance of
around 1 ohm. The author has tried many such transformers
for T1, including the Stancor P-8392 and P-8393. (The latter
provides a somewhat bigger jolt although it costs more than
the former.) The problem, however, lies in the breakdown
rating of the 115-volt winding.

In most transformers of the species, the winding is rated
for breakdown at 1500-volts RMS (corresponding to 2100-
volts pk), with a safety margin that may vary depending on
the manufacturer; the Stancor rating proving remarkably con-
servative. The author subjected the winding of a P-8393 to
40 million pulses of 4-Kilovolt amplitude without break-
down. However, he does not guarantee equally good luck
in your application.

One way to preclude breakdown with such a transformer
is to always operate the fence charger with an appropriate
load. If your fence isn’t long enough to load T1 to 2-3 Kv
pk, you could reduce the supply voltage: Say, use a 6-volt
battery instead of 12 volt. Or you could substitute for bulb
I1 a type having a lower current rating, and therefore a higher
resistance. Either of those approaches, naturally, will some-
what reduce the effectiveness of the unit.

Otherwise, the author offers a transformer specially wound
for the fence-charger option and rated at S Kv pk (see note
at end of parts list).

Other parts

A type MJE5742 transistor is specified for Q3, rated at
40C-volts under heavy inductive load. However, you can at
some risk substitute the cheaper MJES741 (350-volt rating)
or MJE5740 (300-volt rating), depending on T1. In any case,
breaking the circuit to an inductive load is tricky and so if
you plan extensive experimentation you should obtain a few
spare Q3’s.

Potentiometer R9 for the variable pulse generator project
can be any 2.5-megohm unit from the junk box. If you use
one with a linear taper, though, you will find the control
very touchy at the high end of the frequency range. The
simplest resolution of that minor inconvenience is to use an
ordinary audio-taper potentiometer connected backward; that
1s, with the high end of the frequency range at the CCW
(counter clockwise) end.

For reasons already mentioned, the time constant C3 X R6
determines dwell, or “‘on’’ time. As we have said, dwell is
not critical; but if the capacitor you use for C3 is a low-
quality part with an excessively high equivalent series resis-
tance (ESR), then dwell may turn out to be greater than
necessary to serve the needs of T1. If in doubt, use a tanta-
lum type for C3.

The Incandescent Lamp

We have emphasized the importance of 11, the current-
limiting lamp, and have specified a type 1156 auto bulb.
The merit of an incandescent bulb as a protective device
lies in the dependence of its resistance upon the value and
duration of applied current. With a cold resistance of only
about !/2-ohm, the Type 1156 degrades performance only
slightly; but in the case of a current surge or accidental
short circuit, its resistance quickly rises to a ‘‘hot’’ value



of around 6 ohms, sparing power amplifier Q3 from the
devastating requirement of breaking an excessive current
into an inductive load. Nevertheless, there is some leeway
in the selection of 11.

For instance, in the lab-generator version where the load
has a DC resistance of 1.5 ohms, a lower-resistance bulb
will give a slightly better spark at high frequencies. The
author has used a Type 1157 bulb here, connectirg its two
filaments in parallel, with satisfactory results. On the other
hand, as we have indicated above, to prolong the life of T1
in the fence charger, you may elect a lower-current or higher-
resistance bulb. Try the smaller of the two 1157 filaments,
alone before experimenting further. After the unit is built
feel free to try others.

PARTS LIST FOR THE FENCE CHARGER

SEMICONDUCTORS

D1—No D1 in project; please ignore

D2—1N914 silicon diode or similar

Q1—2N3904 NPN silicon transistor or simiiar

Q2—2N3906 PNP silicon transistor or similar

Q3—MJES742 8 amp, 400-volt, NPN Darlington power
transistor (see text)

CAPACITORS

C1-—470-uF, 16-WVDC electrolytic

C2—10-pF, 16-WVDC electrolytic

C3—For lab model: 2-uF; for fence charger: 10-wF,
both 16-WVDC electrolytic, axial (see text)

C4—0.27-nF, 400-WVDC film

C5—1000-pF disc

C6—0.01-uF disc

RESISTORS

(Al fixed resistors are'/s-watt, 5% )

R1, R7—100-ohm

R2—Selected (see text)

R3, R8—10,000-ohm

R4—100,000-ohm

R6—For lab model: 470-ohms; For fence charget.
150-ohm

R9—2.5-megohm pot (see text)

ADDITIONAL PARTS AND MATERIALS

T1—For lab model: Wells C1819 or similar ignitio™ coil,
1.6-ohm primary, 10,000-ohm secondary; For fence
charger: 12-volt, 1-amp transformer (see text)

NE 1—Neon glow lamp; Type NE-23 or equivalent
11—12-volt , 2-amp automotive buib, Type 1156 or
equivalent

Cabinet or case; circuit board; solder lugs of various
gauge, with internal teeth; cable to power supply, #14
to #18-gauge zip cord or whatever suits, spacers, screws,
nuts, lockwashers, hookup wire, cable ties, solder, etc.

Additional parts for the lab model only: 1-in. to 2-3/4-in.
radiator-hose clamp to mount ignition coil; 7-mm spark-
plug wire, coil clip, coil nipple, alligator clip, aligator
insulator; knob for R9; two banana plugs or other suit-
able terminations for cord to power supply.

Additional parts for the fence charger only: two tattery
clips, Mueller #46C or the like; /2-in. pipe, 11/2-in_large
nipple, coupling, etc., for grounding system.

All parts except water pipe, caulk, hookup wire, and
solder are available individually or in kit form from Maps
and Zaps, 1132 Roseta Dr., Topanga, CA 90290. Piease
write for price list, sending self-addressed envelor e with
45¢ postage.

This is a top view of the circuit board. Note the ample
space provided between components. That is to prevent
arcing between the leads of high-voitage components.

Circuit Construction

All parts for either version of the project are available,
including the 2-piece plastic cabinet having provisions for
mounting at the end of an ordinary '/2-in. water pipe or upon
a standard camera tripod. You may choose to build either
version of the project in whatever kind of cabinet suits your
needs. If you decide to use wire-wrap construction however,
the ground bus and all connections in the power-amplifier
circuit should be made with wire no smaller than #24 gauge.

In the author’s prototypes, power transistor Q3 stands off
the circuit board; but if space limitations permit, a slight
margin of safety is affordable by bolting it down flat so that
the circuit board provides a measure of heat dissipation.

Omit R2 from circuit board and don’t connect the supply
conductor to the plus end of Tl until ready to fire up.
Also, leave the secondary leads unconnected for the fence
charger.
In planning chassis layout, keep high-voltage output con-
ductors well away from the circuit board, especially in the
version using an ignition coil as output transformer. A me-
tallic or otherwise conductive cabinet must be connected to
the circuit common. Since a 30-kv pulse is capable of jump-
ing a l-in. gap, however, you may have some difficulty
finding a feedthrough insulator big enough to handle the
high-voltage conductor. One way to meet that requirement
is to use a spark-plug wire, which may be passed through
the cabinet wall using only a grommet to prevent chafing.
Or the neck of the coil itself may be used as a feedthrough
device, as in the author’s mode of construction.

Lab Cabinet Loading

If you are using the author’s recommended cabinet, situ-
ate the circuit board in the left end of its bottom. The board
itself can be used as a template for drilling the four mounting
holes in the bottom of the cabinet. Mount the board assembly
on four 7/16-in. metal spacers. The conductive coating in the
cabinet bottom may be grounded with a solder lug placed
under one of the screws securing the board to a spacer.

For variable-frequency or lab model, situate the RATE con-
trol R9 in the clear-plastic front panel. Bring the power cable
into the cabinet through the hole in the bottom rear, using a
suitable grommet.
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The coil mounts on a platform toward the other end and
is secured with a hose clamp. Using the coil called out in
the parts list, some filing of the platform is required. The
coil case must be grounded or internal arcing may occur.
Do not depend on casual contact between the coil case and
the conductive coating. A grounding connection can be made
by inserting an internal-tooth solder lug between the clamp
and coil case. At its base, the coil is stopped by its neck
passing through a hole drilled in the end of the cabinet top.
Hence, it’s not likely to come loose with normal handling.

At the free end of spark-plug wire install an alligator
clip or other suitable connector. At the other end, first slide
the coil nipple onto the wire, and then install the coil clip.
Important: To preclude arcing, solder the end of the wire
to the clip. Push it into coil neck and slip the nipple into
place. When the top is installed later, the nipple provides
a tight seal.

Fence Charger Version

Construction of the fence-charger version is somewhat
simplified by less-stringent needs for insulation and by the
more conventional mounting means for T1. Whatever chas-
sis layout scheme you employ, however, the Earth ground-
ing requirements described above also apply to this model:
If you use a conductive cabinet, it must be connected to the
circuit Earth, and so must the case of T1. Don’t forget that
a means must be provided to connect that common to an
external ground.

In the author’s model of the fence charger, T1 is mounted
in the cabinet bottom. To ensure a good connection to the
transformer case, first scrape any varnish or wax from the
mounting flanges. Then mount with !/2-in. metal standoffs
and 8-32 hardware. Use two or three solder lugs as required
for various grounding connections.

Mount a ceramic feedthrough insulator in middle of the
platform for fence connection. The underside of the platform
comprises a recess which, in an outdoor installation, keeps
the output end of the insulator clean and dry.

The chimney referred to earlier provides the means for
connection to an external ground. A pipe nipple and cou-
pling are required. First solder a length of hookup wire to
the inside of the nipple. A hot iron (say 200 watts) is required
for good wetting. Loosely engage the coupling to the nipple;
and passing the wire up through the chimney, screw the
nipple into the opening by turning the coupling. The nipple
may engage the coupling as it engages the chimney. Al-
though the chimney hole is not threaded, the nipple will
nevertheless seat securely. Turn the coupling until it is tight
up against the bottom of the cabinet. If desired, apply super
glue sparingly around top edge of the nipple, bonding it
permanently to the chimney. Now, if you later need to re-
move the coupling for any reason, the nipple will remain in
place. Solder other end of the wire to common at the circuit
board or at one end of the lugs on the transformer flanges.

High-Voltage Attenuator

Before proceeding with test and adjustment, you may wish
to provide yourself with some means for measuring voltage
pulses beyond the range of your oscilloscope. To that end,
you can build a 90-megohm attenuator, as shown in Fig. 2.
When used with a standard 10-megohm probe, the device
extends the vertical range of your scope by a factor of ten.

The attenuator consists of nine 10-megohm resistors con-
nected in series. A length of spark-plug wire provides sup-
port for the resistor array and also serves to introduce distrib-
uted capacitance for AC equalization. To preclude arcing,
each end should extend an inch or two beyond the terminal.

Once you have commissioned your pulse generator or
fence charger, you can fine tune the attenuator by adjusting
the bus-wire gimmicks at either end of the spark-plug wire.
That is most easily done by generating a high-voltage pulse
within the range of your oscilloscope (say 1600 volts peak),
measuring with only the 10-megohm probe; then, trimming
the length of the gimmicks to give the same defection with
the probe connected to the 90-meg attenuator (setting the
sensitivity 10 times higher, of course).

“"GIMMICK" {2}

NINE 10-MEG
1-W RESISTORS

IN SERIES

7-MM
SPARK-PLUG WIRE

3
ZA

CONVENTIONAL 10X,
10-MEG PROBE

HE.TENSION LEAD
FROM PULSE GEN

-
— e .

RETURN LEAD
’

Fig. 2—This is a high-voltage attenuator. Used with 10x probe, it extends
the scope range by a factor of 10. Spark-plug wire serves to support

resistors and provides distributed capacitance for AC compensation.



Selecting R2

We had advised you during construction to omit one con-
nection to the primary of T1 so that you can now select R2
without energizing the power amplifier. Using clip leads,
first connect typical value shown in parts list. Then connect
your 'scope to the junction of R6 and R7, and apply power.

For the lab pulse-generator version, now set the RATE con-
trol to maximum frequency and select a value for R2 which
gives a repetition rate of about 20 Hz. For the fence-charger
model, select a value which gives the desired rate, but no
higher than 60 times per minute. Remember that the slower
the rate, the longer between recharging.

Now turn the supply off and add the missing wire to the
power-amplifier circuit. In the author’s lab-generator chas-
sis layout, it is necessary to first loosen the coil in order
to free the circuit board. If you plan to test the unit witht
the circuit board loose, be sure to temporarily replace the
tugs grounding the coil case and cabinet. Place a cardboard
sheet under the circuit board to insulate it from accidental
contact with the cabinet coating, etc. The unit is now ready
for a performance test.

The fence charger model has a nipple for mounting on a
length of water pipe. It effectively grounds the system.

Testing

Connect the high-voltage output to the 90-meg probe or
whatever instrument you wish to use to observe the high-
voltage pulse. Turn the power supply on and gradually in-
crease the voltage (adjusting the lab-generator rate as de-
sired), synchronizing the ’scope to display the largest excur-
sion. (When you don’t know exactly what to expect, it’s
easy to be fooled into syncing on the backswing or some
other minor lobe.)

The unit should start working at a supply voltage of 1.5
to 3 volts, but it will shut itself down down if you vary the
voltage too abruptly. If that happens, just turn the power off
and then back on.

At a 12-volt input you should get a pulse of about 20 to
30 Kv pk from the lab generator or 3.5 to 5 Kv pk from the
fence charger. In the latter version, proceed as follows to
decide which secondary lead should be grounded:

1. Turn power off and disconnect scope from both ends.
Turn power back on, and using an insulated tool (to avoid
getting zapped), bring each end in turn to the transformer
case, leaving the opposite end free. One will probably draw
a small arc and the other won't.

2. Turn power off and ground the one which drew the
smaller arc. Connect the other to the output teedthrough.

3. Reconnect scope, apply power, observe polarity of
output pulse. If you get a positive pulse, reverse the primary
connections. A negative pulse jumps a longer gap from a
small object (the fence wire) to a larger one (the victim) than
does a positive pulse (believe it or not).

If you wish to view the current pulse, temporarily hook
0.1 to 0.2-ohm resistor in series with negative power-supply
lead, and connect a ’scope across it (being careful to avoid
ground loops, as can arise though test connections or via the
power-line safety ground). With fence-charger option, if
possible, stimulate 1-mile wire by connecting 0.015-uF,
2000-WVDC capacitor across its output. A rising waveform
characteristic of inductor charging should be obtained—the
abrupt drop at its trailing edge of course representing the
cutoft of Q3 and the generation of the high-voltage pulse.

With the lab-generator version, dwell is not critical thanks
to the relatively low inductance of the typical ignition-coil
primary. In the fence-charger option, however, primary in-
ductance will probably be much higher and will vary consid-
erably depending upon your choice of a transformer. Fig. 3
shows the current waveform typical of such a primary. If it
ends too soon, that is before the field has reached its steady-
state value (A), then maximum output capability cannot be
attained. If it ends too late (B), then average current con-
sumption is higher than necessary. To get optimum results
(C), adjust the width by changing R6 as needed.

Fig. 3—For the fence-charger option, this is a current

pulse seen across the small resistor in series with the supply:
in A the pulse width is too short; in (B) The pulse width is

too long; and in (C) the pulse width is correct.

If you know the exact value of the small resistor, given
the peak voltage appearing across it you can now calculate
peak current (I =E/R). A typical value is 4 to 6 amps.

Buttoning Up

Reinstall the circuit board, remembering to replace the
lugs which ground the cabinet, pipe coupling, T1. case,
etc., and to secure the coil. Test the unit once more, then
assemble the cabinet.

If you're using the author’s recommended cabinet with
the pulse-generator option, leave the high-voltage cable and
nipple connected to the coil, passing the other end through
the hole in the cabinet top as you bring the top into place.
Slide the front panel up into the cabinet top. Now, close
the cabinet by swinging the left side down. Moderate force
1s required to push the coil nipple into the hole. Make sure
tongues in the cabinet top engage the mating slots in the
bottom, and hold it together with one hand while installing
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the cabinet hardware with the other. Turn the five bottom
screws snug, but not tight.

Cabinet assembly of the fence-charger version is easier
cause you don’t have to cope with the coil neck or connec-
tions to the front-panel potentiometer. For outdoor use, how-
ever, you will have to caulk seams against the weather.
Silicone rubber is good for that purpose because it can later
be peeled off if servicing becomes necessary. Acrylic rubber
makes a better seal, but because it sticks more tenaciously,
it makes later disassembly more difficult.

Carefully apply a very thin bead first along the inside
edges of the opening in the top front, and install the front
panel. Then, again very carefully and sparingly, apply a
bead along the slot in the cabinet bottom; and finally, as-
semble the top and bottom. Depending on your skill in the
application, there may be some squishing around the seams.
Surplus material around the outside can be peeled off later,
after the sealant has set.

installation and Operation

For maximum safety, you should, if feasible, connect one
side of the lab-generator power supply to Earth ground. If
not, then be sure to provide a return path for the spark to
one of the power-supply leads. Set the RaTE control to get
the desired rate, and the power-supply voltage to get the
desired output potential. If the output is not excessively loaded,
the small in-circuit neon lamp flashes with each pulse. The
auto lamp may glow dimly when the rate is set near its upper
limit, but otherwise it should never light during normal op-
eration. It does light brightly to warn you when the power
leads are reversed or if there is an internal short.

If you need one pulse at a time, or bursts of pulses, con-
nect a pushbutton or momentary switch in series with one
of the power-supply leads.

If you have trouble getting lower output voltages, but not
higher, the spark-plug cable may have pulled loose. When

that happens, high voltage settings give what appears to be
normal performance because the spark path is completed
by jumping within the neck of the coil; while at the lowest
voltage settings it appears not to be working at all. If that
difficulty is encountered, pull the cable out, inspect the sol-
der joints, then simply push it back into the coil.

Fence Charger Ground

Using the author’s cabinet and construction techniques,
the fence-charger ground connection is made through the
pipe fittings sticking out of the bottom end of the chimney.
An Earth-ground means is provided by an ordinary !/2-in.
water pipe. The length should be chosen to permit the pipe
to be driven at least 3 ft deep, but the deeper the better,
depending on estimated conductivity of the soil; with enough
pipe rising above ground to place the unit at a comfortable
viewing level. Thus a pipe of at least 7 ft is required. A
more effective ground can be had by adding salt to the soil.

Temporarily screw a pipe cap onto top end so as to
protect the threads during hammering operation. Pound it
into the ground, remove the cap, and screw the fence-
charger assembly onto the end. Connect the fence and bat-
tery to the unit.

The neon lamp flashes with each pulse to assure you that
everything is working okay, except in absolute darkness,
since a few photons of light are necessary to prime the
neon. That apparent drawback, however, has the definite
earmarks of an advantage because when it’s pitch black the
unit cannot call itself to the attention of an interloper.

To test the battery it is only necessary to momentarily
reverse the battery leads and observe how brightly the pro-
tective lamp lights. Again, however, don’t leave it connected
backward.

If you are cautious in building and using this project it
can serve a wide variety of uses and provide many hours of
service. Be careful and use common sense. [ ]
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STUNGUN

continued from page 33

board is shown in “PC Service:™ alter-
natively, a PC board can be purchased
from the source mentioned in the Parts
List. If you build the circuit on a per-
fboard, 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.

Referring to the parts-placement di-
agram in Fig. 2, and the photos in Fig. 3
and Fig. 4. mount all components except
C2.TI. T2, and T3 on your board. Note
that several components mount on the foil
side of the PC board: Cl, D7, and . Do
not install those parts yet either.

After all components (except those
mentioned above) are instalied. check
your work very carefully, especially
DI1-D6. RI, and R3. because T1 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 TI with the black mark on
the windings mounted toward C2.

Foil-side components

One of 11’s tabs shares a hole on the PC
board with resistor R8, which should be

mounted alrcady. Solder the tab of J1 that
corresponds to the tip (not the barrel) of an
inserted plug to the indicated pad. Then
mount Cl and D7. Last, solder a |%-inch
piece of 18-gauge wire to the barrel pin of
11, and connect the opposite end of that
wire to the appropriate pad beneath S1,
the FIRE 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 behaves 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 SI.

If you don’t measure that voltage, con-
nect an oscilloscope to the collector of Q1
or Q2. You should see a squarewave with a

period of about 100 ws. If that waveformis
not present, the switching circuit is not
operating correctly. Remove power and
check your wiring again. Do not debug
the circuit with u battery connected!

Resistor R6 controls the rate at which
the UJT (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-voltage output. R3 can vary
from 2.2 to 4.7K. You can also experi-
ment with the value of C2. See Table 1.

After the circuit is operating correctly,
attach J1 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, paraffin, or epoxy.

Conclusion

The stun gun’s discharge is very im-
pressive. The spark is highly visible and
each 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

SOLID-STATE TESLA COIL

ing is in order:

Do not touch or make any adjustments while power is

continued from page 56

fahnestock clips are mounted to the board on Y2-inch alumi-
num spacers, using #6-32 hardware. A 17s-inch length of
#12 solid-copper wire is fitted in one end of a 1%-inch piece
of dowel rod to produce the adjustable terminal of the spark
gap. The other gap wire must be made from a #26 or smaller
wire for the gap to perform properly.

Place the four dowel rods in the baseboard, position the 9-
inch deck on top, and press down until all four dowel rods are
even with the top of the circle. Connect the bottom of LI,
using a short length of #12 wire, to the main grounding point
(see Fig. 3). Also connect the bottom end of L2 to the same
point.

A separate vertical ground rod can be positioned on the
deck (see photos) for additional experimenting. The vertical
ground was made from a 29-inch length of Y4-inch threaded
rod, and covered with a section of aluminum tubing to give a
neat appearance. At the top, a binding post was mounted for
versatility. That allows the ground rod to accept a number of
different experimental items.

Checking It Out
Before we start this stage of construction, a word ol warn-

applied to the Solid-State Tesla Coil. Remember that
you’ll be dealing with high voltages, so caution is the
watchword.

With the power off, set the spark gap for a -inch gap and
connect the tap clip to turn 15 or 16. Plug in the power cord
and turn Sl on. A loud clectrical discharge should be heard.
and a blue brush discharge should be seen at the top of the
pointed screw that’s connected to L2.

Turn the power off and move the tap wire (that's connected
to L1) up or down one turn at a time until the greatest blue
discharge is obtained at the top of L2. Form a I~ to a 2-inch
vertical gap between the ground rod and the top of the coil to
aid in tuning up the coil. When the Tesla coil is properly
adjusted, it should produce a 2-inch arc between the top of 1.2
and the ground terminal.

The coil discharge is most dramatic in a darkened room,
and you should be able to light a fluorescent lamp at a
distance of about two feet from the secondary coil. A clear
incandescent lamp moved to within a few inches of the
secondary coil will produce a beautiful blue lightning array
from the lamp’s filament to the outer edge of the glass
envelope. Neon lamps glow around the coil without wires.
Experimenting with the coil can be an almost endless adven-
ture. But remember, always put safety first! |
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AMAZING PRODUCTS

PLASMA DISPLAY

continued from page 52

EML1 Electronic Coil Gun Launcher. Pro-
pels a projectile using a pulse of magnetic energy.
EML1 Plans (kit or indv. parts available). . . .80

GRA1 Gravity Generator. Electrical
phenomena produces effect of anti-gravity. Great
for science fair.

GRA1 Plans (kit or indv. parts available) . . . 51000

RUB4 Ruby/Glass Laser. Portable unit
generates up to a 3000 watt pulse capable of
piercing the hardest steel.

RUB4 Plans (kit or indv. parts available) ..s2090

LC7 €O Laser. 35 watts continuous burning
or etching wood, cut plastics, drill, heat treat.
LC7 Plans (kit or indv. parts available) . . . .s2000

BTC3 Easy to Build Table Top Tesla Coil.
Produces 10-14” streamers.
BTC3 Plans (kit or indv.parts available) . . . $1000

TCC7 Tesla Coil. Engineering designs on 3
systems presently being operated in museums.
TCC7 Plans........................... §2500

100,000 Voit Stun Gun

Construct your own high energy personal pro-
tection unit.

e |ntimidating affect up to 20 feet away

¢ Research into muscle building

STG2 Plans.. .$700 STG2K Kit & Plans. . .$4950

Miniature FM Wireless Mike

Construct a device that transmits sound to your FM
radio, over considerable distances (up to 3 miles).
* Become your neighborhood disc jockey

¢ Monitor children/invalids

e Build a security system
FMV1 Plans ........ $6o0
Invisible Pain Field Generator
Build a pocket-size device capable of warding off
aggressive dogs, other animals and intruders.
shock waves as an in-
trusion deterent
e Experiment in acoustical
o Deter rodents and other garden pests
UAG1 Plans ..$6%° UAGIK Kit & Plans ..$4950
Simulated Laser for Beginners
Construct a low cost 3 color simulated-laser
device, variable pulsed or continuous light.
e Visible high intensity up to 3000 mcd
shooting gallery.
« Optical experiments and alignment.
LHPM1K Kit, Lens, & Plans (3 Emitters) . . . $5450
VISA, M/C, check, M.O. in US. funds Include 10%
shipping. Catalog of 100s more $100.
INFORMATION UNLIMITED

FMVIK Kit & Plans. .$34%
e Uses complex sonic
ultrasonics
(AW 1 ?
¢ Small spot is excellent for pointer or
caLL 1-800-221-1705 to order.
Box 716, Dept ER Amherst, NH 03031 (603)673-4730

CIRCLE 15 ON FREE INFORMATION CARD

used it the display does not com-
pletely ignite or is weak.

® Connect the high-voltage output
(the black HV lead) to the beginning
of the display. CAUTION: Always
route that lead away from anv con-
ductive object. The lead must be short
and direct.

® Sct RI3 fully clockwise (longest
trace time). Set R12 fully coun-
terclockwise (minimum display). Set
SI to its INTERNAL position.

® Conncct the device to a polarized
power outlet and adjust R12 for a full-
length neon display. (It will take sev-
eral trace periods to obtain the correct
setting.)

® Adjust RI3 for the desired speed of
the trace time. Note that a point on the
control will cause the system to shut
down. Maximum speed occurs right
after that point.

® Allow the unit to cycle for about an
hour. Remove power and check the
temperature of power transistor QI. It

FIG. 7—THE COMPLETED DISPLAY
should resemble this author’s prototype.
Be sure that the globe base you select can
support the size of plasma globe that you
intend to use.

should only be warm to the touch. If it
1s running hot, it may be necessary to
decrease the setting of R12.

The length of the display that can
be operated will vary considerably.
The kind of gas, the diameter of the
glass tubing, and stray capacitance
can greatly cffect operation. It might
be necessary to experiment when en-
ergizing larger displays.

Modulation effect

Set S| to its aubIO position and feed
in a signal from the 8 ohm output of a
radio or a stereo. Adjust the radio’s
volume for a display that seems to
track the intensity of the sound.

Special note

The output energy of this device
is 25 kHz at approximately 10,000
volts. For safe operation, adequate
insulation of the output lead is man-
datory for safe operation. Silicon or
teflon insulation having a rating of
at least 25 kV is recommended.
Route the output lead so it isn’t
near any conductive objects, and
splices should be sealed in high volt-
age putty or silicon rubber. R-E
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EXCITING HOME VIDEOS USUALLY RE-
quire heavy editing—leaving the
deadly-dull stuff ‘“on the cutting-
room floor.”” Unfortunately, the com-
mercial video-edit controllers needed
for pro-quality editing are usually
priced beyond the budget of most vid-
¢o hobbyists, which means that most
videos usually end up looking like
just another home movie—or worse.

But there is a low-cost alternative to
commercial video editing. It’s our
video-edit controller; arelatively sim-
ple device that requires the use of only
two VCR's, or a VCR and camcorder,
to edit video tapes electronically like
a professional.

Home videos are usually edited by
pausing the recording VCR at the
point where recording is to begin, and
pausing the source (player) VCR at
the point where the new video starts.
Once satisfied with the edit points,
both pause buttons are released simul-
taneously to allow the playback and
recording to start.

Although the procedure for
“pause-editing” is theoretically cor-
rect, real life proves that theory and
practice are not one and the same,
because machines—particularly
when dealing with precise timing—
don’t necessarily function the way we
would like them to. The variations in
the pause-timing characteristics of
VCR’s and camcorders usually result
in several seconds of lost picture at the
edit.

Editing controller

But use our video-edit controller
and you will eliminate the lost
snatches of picture when editing.
That’s because our controller allows
video editing by frames, rather than
by time periods.

To understand the operation of the
video-edit controller, it’s necessary to
understand why several seconds of
video are lost when using the simulta-
neous-pause-release method of video-
tape editing.

When the source (player) VCR’s
pause is released, the machine starts
playing slightly after the point where
the tape is positioned. The “slightly

after”” is a function of the tape getting
up to speed before the video is output.
The recorder, on the other hand, must
synchronize itself to the source. To
accamplish that, most newer
VCR’s—as well as camcorders—use
a feature known as preroll.

Preroll

Preroll means that the recorder is
rewound a predetermined number of
frames, put into the play mode, and
then shifted into record at the point
where the recording is actually to
start. When editing by dual-pause
control, the additive “true start” de-
lays of the source and record ma-
chines usually result in several
seconds of missed video from the
source.

There is also a synchronization
problem associated with the dual-
pause method of editing. Specifically,
the recorder is being asked to syn-
chronize itself to two different
sources: the video prior to the source-
VCR’s getting up to speed, and then
the video once speed is attained. That
complicates the recorder’s operation,
and can result in video-breakup at the
edit point.

Pro-quality editing
On the other hand, our video-edit
controller does not depend on pause

controls: It edits in a way similar to
some professional editors. First, it re-
winds the source-VCR for a fixed
amount of time and then switches the
VCR to the play mode. At the appro-
priate time, while the source-VCR is
playing, the controller starts the re-
cording VCR. The recording VCR
uses up its preroll, comes up to speed,
and then switches to the record mode.
If all the timings are correct, the
source-VCR is feeding the selected
edit frame at the precise instant that
the-recording VCR switches o the
record mode. :

Overall editing accuracy is depen-
dent on the ability of the source- and
recording-VCR’s to consistently re-
peat their operations in exactly the
same time periods. Since the record-
ing- VCR’s preroll is designed by the
manufacturer to always start the re-
cording after a fixed time interval, it is
the source-VCR that’s the main syn-
chronizing problem.

Review to time

But we can make the source-VCR’s
rewind timing more or less consistent
if we use the machine’s review func-
tion—rather than the rewind func-
tion—to back up the tape. That is due
to the fact that review is a capstan-
driven function that always operates
at a predetermined multiple of the nor-

VIDEO-EDIT
CONTROLLER

POWER

VIDEO EDIT CONT ROLLER

Here’s a low-cost device for
professional-quality video editing.
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FIG. 1—THE VIDEO-EDIT CONTROLLER basically consists of four similar timer circuits.
Both the opTION A and oPTIONB circuits for relay RY2 are built into the PC board. Simply plug

the relay into the appropriate socket.

mal play speed. During review, the
tape is always backed up the same
length per period of time; whercas,
during rewind, the actual amount of
tape backed up per unit of time de-
pends on how much tape is left on the
supply reel.

In addition to the edit function, the
controller also provides a switching
circuit for a special-cffects generator,
such as you might use to cause a tade
from, or to, black at the correct time.

How it works

The edit-controller, shown in Fig.
I, consists of four monostable timers.
Each timer has the capability to drive
a relay, although only three relays are
used to interface to the controlled de-
vices. To accommodate different re-

mote-control circuits, relay RY2 can
be installed at the locations labeled
OPTION A, Or OPTION B—more on that
later.

The edit operation is started by
closing switch S1, which causes a
rapid drop to ground of the voltage
across capacitor Cl. Cl’s discharge
causcs a negative-going spike through
C2, which triggers timer ICl. The
triggering of 1CI1 causes RY!’s con-
tacts to close, and they remain closed
during ICI timing period. The timing
period is determined from the equa-
tion:

time = 1.1(R4 x C3)

The source-VCR’s remote-control
review jack is connected to RY 1’s con-
tacts through PLI. The VCR will be

held in the review mode during ICI’s
timing period. At the end of the tim-
ing period, RY1 is released, its con-
tacts open, and the VCR automat-
ically switches from the review to the
play mode. Also at the end of the
timing period, ICI triggers timer IC2.
Timers 1C2-1C4 operate in a sim-
ilar manner as ICI, the major dif-
ference being that 1C2 and 1C3 have
coarse and fine adjustments for
tweaking the time-period. Also, RY2
can be driven cither by 1C2 or IC3,
depending on the requirements of the
recording-VCR. If the recorder is
started by opening its remote control,
RY2 is installed at the oprion A
location. If the recorder is started by
closing its remote control, then RY2
i1s installed at the oPTION B location.
The cditor’s timing constants are a
function of both the type and the
speed of the VCR's. While the princi-
ples can be applied to any combina-
tion of VCR’s and specds, the
prototype assumes VHS machines op-
crating at the SP speed. Should a dif-
ferent combination be desired, it will
be necessary to adjust the timing
components for the selected speed.

Construction

Before building anything, you
must make certain that your source-
VCR is compatible with the control-
ler. Place a tape in the VCR and start
the play. After about 30 seconds, de-
press the pause button. Once the VCR
has come to a complete stop—as indi-
cated by a frozen frame on the
screen—opress and hold the review (or
dual-function review/rewind) button
for about five seconds and then re-
lease it. The VCR is compatible with
the video-edit controller if it rewinds
and then automatically enters the plav
state when the review button is re-
leased. If releasing the button did not
cause the VCR to switch automat-
ically into the plav mode. then it can’t
be used with the controller.

I the VCR passes the compatibility
test, you must make a review-switch
modification. Disconnect the VCR
from the powerline, open the VCR’s
case, and locate the review switch's
contacts. Use a VOM to verify that
you have selected the correct con-
tacts. (In some VCR’s the review
switch has DPST contacts that are
wired in parallel.) Solder a pair of
thin, insulated, stranded wires (i.e.
22 gauge) to the switch’s contacts.
Then route the wire to an accessible



blank portion of the VCR'S rear ap-
ron. Carefully drill a hole in the apron
for a miniature phone jack that will
mate with PL1. If the cabinetis metal,
use two contacts of a 3-circuit jack
and change PLI to a 3-circuit mini-
ature phone jack. (The plug’s sleeve
connection—which is connected to
the VCR’'s grounded cabinet—should
not be used.)
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remains empty.

Complete the modification by sol-
dering the wire pair to the phone jack.
Then, replace the VCR's cover. At
that point, the VCR should be tested
for normal operation. Check the mod-
ification for a short-circuit if the VCR
doesn’t operate correctly.

The controller is assembled on a
PC board, for which a full-scale tem-
plate is provided in PC service.
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FIG. 2—THE CONTROLLER’S PARTS LAYOUT. Select only one location for RY2; the other

VIDEO EDIT CONTROLLER

FIG. 3—THE PRINTED-CIRCUIT BOARD is mounted in the cabinet using spacers at each
mounting screw. Make certain that there is some kind of wire between the PC board's

ground trace and the metal cabinet.

PARTS LIST

All resistors 1/4-watt, 10%, unless
specified otherwise.

R1—1000 ohms

R2—1 megohm

R3—10 megohms

R4—470,000 ohms

R5, R9, R13—10,000 ohms

R6—200,00C ohms

R7, R11—250,000 ohms, multiturn
potentiometer

R8, R12—10,000 ohm, multiturn po-
tentiometer

R10—47,000 ohms

R14—100,000 chms

All capacitors rated 10 volts, un-
less specified otherwise.

C1, C2, C5, C8 ,C11—0.001 uF, disc

C3, C9—10 pF, tantalum

C4, C7, C10, C13—0.01 pF, disc

C6—100 pF, tantalum

C12—1pF tantalum

C14, C15—0.1 pF

C16—1000 pnF, 35 volts, electolytlc

Semiconductors

IC1-1C4—555, timer

IC5—7808, 8-volt regulator

D1, D3, D6—1N4002, silicon rectifier

D2, D4, D5—1N914, rectifier

Other components

J1—male power-supply mini-jack to
match SO1

PL1, PL2, PL3—miniature phone
plugs to match VCR equipment

RY1, RY2, RY3-—SPDT DIP relay,
GORDOS 831A-4

S1—N.O. momentary switch

S$2, 83—SPST switch

SO1—power socket, part of 9-volt
wall adapter

Miscellaneous

Printed-circuit materials, WA1—9-
volt DC wall adapter, DIP sockets,
cabinet, wire, solder, etc.

The parts layout is shown in Fig. 2.
Notice that there are two locations—
labeled A and B—for RY2. If you use
DIP sockets for mounting the relay,
you will then be able to switch RY2’s
location easily to conform with the
remote-control circuit of the associ-
ated VCR.

Figure 3 shows how the prototype’s
fully assembled PC board looks when
it’s finished, and also how it is in-
stalled in its cabinet.

VCR modification

The controller requires a special,
though quite simple, modification to
the source-VCR’s review switch. But
be aware that opening the case of the
VCR and installing the modification
will void the warranty (if it is still in
cftect).
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Remote jack

The recording-VCR or camcorder
should have a camera-controlled re-
mote jack. Also, for best results the
recorder should also perform a preroll
operation prior to initiating the re-
cording action. That feature can often
be verified by the recorder’s user’s
manual.

The recording-VCR will run-rec-
ord when the camera-controlled re-
mote jack is switched by RY2’s
contacts. The location of RY2 is deter-
mined by the requirements of the rc-
mote jack. If recording is started by
opening a contact, RY2 should be in-
stalled in the opTION A location, which
is controlled by IC2. If recording is
started by closing a contact, RY2
should be installed in the opriON B
location, which is controlled by IC3.

Calibration

The only items required for calibra-
tion are two prerecorded tapes. One is
a source tape, which contains a clean
transition of scenes. The tape can
easily be made by making an off-the-
air recording of about five minute of
program up to a commercial, the

commercial, and then five minutes of
program. The commercial is only
needed so that you can easily recog-
nize a scene transition—from pro-
gram to commercial and vice versa.

The other tape is the recording
tape. It should be pre-recorded with
about five minutes of programming.

Connect PLI to the review jack that
was added to the source-VCR. Con-
nect PL2 to the recording VCR’s cam-
era-controlled remote jack.

Roll the source tape, locate the start
of the commercial as closely as possi-
ble, and place the source recorder into
the pause mode.

Then play the second tape in the
recording VCR. Locate the end of the
recording, set the recorder to pause,
then activate the record function.

Set the coarse adjustment associ-
ated with RY2 (R7 or RII) to its
smallest value and the fine adjustment
(R8 or R12) to the center of its adjust-
ment. Press S1. Each of the recorders
will do its thing—controlled by the
video-edit controller.

After the recording VCR runs for
about 30 seconds, stop and rewind its
tape to the point where the recording

was inscrted and press the pause but-
ton. Then release the pause button
and time the playing time from the
source-tape’s entry point until the
source-tape’s commercial appears.

Using the equation given carlier,
calculate the combined resistance val-
ue of R7 and R8 (or R11 and R12) that
is needed to eliminate the pre-com-
mercial timing. Set the coarse adjust-
ment to that value.

Repeat the procedure until the edit-
ing controller correctly locates the
edit point within about one-half sec-
ond. At that point, the procedure
should be repeated once more, using
the fine adjustment, until the edit
point is “on the nose.”

That completes the calibration. A
similar method is used to calibrate the
switch-in of a special-effects gener-
ator via PL3.

Now you're ready to edit some vid-
eo tapes, and it may take a few tries to
become familiar with the system.
However, in no time at all, you’ll be
getting rid of unwanted commercials,
splicing together your favorite movie
sceénes, or removing scenes that you
don’t want your kids to see. R-E
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VCR SERVICING BASICS

This quick six-step approach can help you to isolate VCR failures.

PEOPLE OFTEN HAVE QUESTIONS DEALING
with VCR problems. One of the most
frequent is: “How can [ tell which
circuit in my VCR is causing the
symptoms | see on my TV or
monitor?” This article will provide
some of the answers to that question,
and also discuss some valuable ser-
vicing tips.

One reason why it’s sometimes so
difficult to isolate a VCR failure is
that almost any circuit can cause
many different problems, and, quite
often, the symptoms are misleading.
Sometimes something unusual, such
as a shorted switching transistor or a
capstan- or cylinder-servo problem,
may confuse a servicer into replacing
a good component. Therefore, to
avoid any unnecessary procedures,
some kind of step-by-step process is
required.

A step-by-step method

One way to isolate problems is by
checking out the unit in the following
order:
1—Visual inspection

BRIAN PHELPS

2—Check microprocessor
3—Servos (cylinder and capstan)
4—L.uminance

5—Chrominance

6—Audio

Visual inspection

Looking for the obvious includes
things such as foreign objects that
may be jammed inside the VCR. (You
would be surprised what children
might manage to stick inside an ap-
pliance). The tracking control may be
out of the center-detent position, or
the consumer may have locked-up
their VCR in a program mode. At any
rate, failure to check for the obvious
problems first can send you on a wild
goose chase.

Microprocessor analysis

There are some very basic things to
check that concern the micro-
Processor.
® The B + supply for DC level, rip-
ple, and any high-frequency glitches.
® The clock input for any DC voltage
that should be there, the amplitude of

the clock signal, and the frequency.
® The data inputs and outputs. We’re
mostly concerned that there is activity
on those lines, and that the activity
changes when different functions of
the VCR are selected, rather than how
the actual signals look.

® The reset pulse; it usually occurs
between 0.5 and | second after B + is
applied to the microprocessor. If the
reset pulse is absent, the micro-
processor may start its routine at any
point, yielding some strange symp-
toms—if anything at all.

Servos

When troubleshooting servos, it is
often helpful to use a block diagram
(see Fig. 1). Before you start, however,
you must decide which servo or ser-
vos you should be looking at.

You can determine if the problem is
caused from the capstan or the cylin-
der servos by listening to the audio.
The audio quality is dependent upon
the rate at which the tape is being
pulled by the capstan across the audio
head. If the speed is incorrect, the
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FIG.1—THE BLOCK DIAGRAM of t1e servo circuits inside a VC 3. A block diagram is often
very helpful in troubleshooting because it shows you how the different sections of a
circuit are interconnected.
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FIG. 2—THE PULSE-WIDTH modulator
signal is shown in (a). The capstan fre-
quency generator, shown in (b), has a fre-
quency that changes as the tape speed
changes. The cylinder pulse generator (c)
should have a constant frequency, the
control track logic (d) should have a “re-
quency of 29.97 Hz, and the 30-Hz re-“er-
ence pulse (e) should have an extremely
steady frequency of 29.97 Hz.

audio will sound distorted. But, if the When analyzing the servo circuits, lator signal (PWM), the capstan fre-
audio sounds good, you should look  there are some key signals to check. quency-generator signal (FG), the
at the cylinder servo circuitry. Those include the pulse-width modu- cylinder pulse-generator signal (PG),
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FIG. 3—THIS BLOCK DIAGRAM shows the video-processing circuitry inside a VCR. The

circuitry inside all VCR’s is similar.

the control-track logic pulse (CTL),
and the 30-Hz reference signal. Fig-
ure 2 shows how those signals should
look tor proper servo operation.

Luminance circuitry

The luminance circuits typically
produce failures ranging from noisy
video to a lack of video. However,
failures such as those can also be
caused by anything from the vidco-
head circuitry to the RF modulator.

A good approach to troubleshoot-
ing luminance circuits is to inject a
signal that would be present at various
test points if the VCR were operating
properly. That way you can determine
which circuits arc and aren’t working
by checking every point where the
signal i1s supposed to appear.

One example of troubleshooting by
using signal injection is substituting a
known good signal in place of the one
coming from the video heads (see Fig.

3). Sencore’s VC63 VCR test accesso-
ry provides a signal to inject into the
video preamps. (You should use equal
levels for both preamp inputs and if
one of the inputs needs a greater sig-
nal level, that’s the path to follow.)
That simple procedure tells you
whether or not the preamps were re-
ceiving a good signal from the video
heads. It everything checks out after
the signal is injected, that would
probably indicate a bad vidco head.

It, after injecting a signal into the
preamps, there is still a problem, the
chances are good that the video heads
are all right. For example, suppose
that onc of the playback/record
switching transistors has a short. That
would put 10 ohms between the play-
back path for one of the heads and
ground. The resulting picture on the
monitor is similar to that of a bad
video head, and many repairmen
would prematurely clean and/or re-

place the video heads—a procedure
that is costly and time-consuming.

Chrominance

Defects in the chrominance and audio
circuits can be detected by looking at
the color or listening to the audio.
Quick checks for the chrominance in-
clude testing the 3.58-MHz oscillator,
the 4.2-MHz conversion signal, the 30-
Hz and [5-kHz reference signals, and
the 629-kHz VHS color subcarrier.

If you troubleshoot a VCR following
the procedures in the correct order, you
can quickly and accurately isolate de-
fective stages in the circuitry. After a
couple of trial runs on known-good
VCR’s, you should be able to tackle the
“Tough Dog™ problems that you may
come across. Just be sure that you learn
any new techniques and procedures on a
known good unit, so that you are not led
astray by crroneous readings and
strange results. R-E
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SUIEDREGREIES

POWERLINE
MONITOR

UNTIL RECENTLY WE SAFELY
could give little thought to the
quality of the AC power com-
ing out of our wall outlets. But
the world is changing, and so
are the power requirements of
electronic equipment. Noisy,
fluctuating, line power may
not bother lamps, irons, or
other appliances, but dirty
power can raise havoc with
sensitive electronic devices
such as personal computers. If
you have ever lost data or
“trashed” a program running
on your computer, you may
have been a victim of a power
brownout or excessive line
noise, without realizing it.
That could cause you to waste
time troubleshooting the unit
for an intermittent problem,
when all that was wrong was a
power glitch.

Power monitors

A power monitor lets you
keep an eye on the condition of
your AC power. At a glance
you can read the line voltage
and be aware of brownouts and
surges that might damage your
equipment. It even lets you
monitor the relative noise level
on the line; a feature that helps
you spot high-noise condi-
tions that cause equipment
problems. Also, as we’ll show
later, a power monitor’s noise-level
feature lets you test line filters quickly
and easily.

Although a professional-grade
power monitor having those features
is usually very clostly, this month
we’ll show you a hobbyist-grade ver-
sion of the device that can be built for
as little as $45. Even so, if precision
components are used it can read the
powerline voltage down to tenths of a
volt with an accuracy that exceeds
+0.5%. Also, relatively large 0.56-

Solve those power problems
with this power monitor!

GARY McCLELLAN

inch LED’s displays make it easy to
read the line voltage and relative noise
levels at a glance.

How it works

The schematic of the circuit is
shown in Fig. 1. The dashed lines
represent the edges of a printed-cir-
cuit board. The lettered terminals on
the dashed lines correspond to lettered
solder pads on the PC-board to which
the external components are con-
nected. For example, switch St-b

connects to solder pads on the
PC board labeled a, B, and C.

The power monitor is a sim-
ple, straightforward device
using an Intersil ICM71076
digital voltmeter (IC2), which
reads 0-1.999 volts DC. For
AC-voltage measurements,
the applied voltage is simply
rectified to DC before being
fed to the digital voltmeter. For
noise readings, a high-pass fil-
ter and peak-reading rectifier
circuit are substituted for the
conventional AC rectifier. A
regulated power supply, ICI,
provides the reference voltage
needed by IC2.

The basic digital-voltmeter
circuit is built around IC1 and
IC2. DC inputs from the volts-
or noise-measuring circuits
appear across resistor R8 and
capacitor C9. Those compo-
nents attenuate and filter the
signal from the volts- and
noise-measuring circuitry.
The signal is then applied to
IC2, pin 31, via resistor Rll
and is measured. (Resistor R11
and capacitor C10 provide
overload protection for 1C2.)
The applied voltage is convert-
ed by IC2 into driving signals
for displays DSPI and DSP2.

A key part of the digital
voltmeter is a reference volt-
age source from ICI. It deter-
mines the overall accuracy of the unit
because IC2 makes measurements by
comparing a known reference voltage
with the unknown input. In this in-
stance the reference voltage is
provided by adjustable voltage reg-
ulator ICI, a low-cost adjustable volt-
age regulator. The regulated output
voltage of 1 volt appears at the wiper
of potentiometer R6 and is applied to
IC2 pin 36. Because IC! will not reg-
ulate the output voltage if too little
current is drawn, resistor R4 ensures
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FIG.1—THE POWER MONITOR INDICATES either the applied line voltage or the powerline
noise. The noise level is determined by passing the line voltage through high-pass filter

C1/R1/C2.

regulation by providing a minimum
output current drain for ICI; the cur-
rent loading caused by R4 ensures
that IC1 will provide a constant 1.23-
volt output.

The AC-voltage circuit is simple
and easy to understand. Line voltage
appearing across the IN terminals on
the PC board is rectified by diode DI.
The pulsating DC output from DI is
scaled down to the 1.2-volt range by
resistors R2, R3, and R8&. Capacitor
C9 filters the pulsating DC so it can be
measured. For improved safety and
reliability, two separate resistors, R2
and R3, are used instead of a single

resistor. That is necessary because
small precision resistors are usually
rated at only 250 volts DC, which is
marginal for use in this application.

Noise measurements

The noise-measuring circuit con-
sists of a high-pass filter and a volt-
age-doubler rectifier circuit. Capaci-
tors Cl and C2, and resistor R1, filter
out the 60-Hz hum component, leav-
ing only line noises to be measured.
Diodes D2 and D3 rectify noise com-
ponents into DC values. The output
from D3 drives resistor R8 and
charges capacitor C9 to the peak val-

ue of the noise signal.

Understand that the noise readings
are relative because they are deter
mined by the duration, waveshape,
and peak value of the noise pulses. In
normal use, that limitation should not
cause problems for the user.

The power supply

Both regulated and unregulated
voltages are used. Diode D4 and ca-
pacitor C13 provide —4.7 volts for the
analog circuitry inside IC2. Diodes
D5 and D8 provide pulsating DC for
powering LED displays DSPI and
DSP2. Using pulsating DC for the
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FiG. 3—FOLD THE CAPACITORS FLAT AGAINST THE BOARD to ensure clearance be-

tween the board and the cabinet. To prevent strain on the leads, bend them before

soldering.

displays rather than using a stecady DC
voltage lowers IC2’s power dissipa-
tion. Finally, a regulated +4 7-volt
source for IC2 is provided via Zener
diode D9.

Parts

A few parts that might prove diffi-
cult to get are the precision resistors
and capacitors, and the plastic case.
Precision resistors tend to be tough to

PARTS LIST

All resistors Va-watt, 5%, carbon
film unless otherwise noted.
R1—100,000 ohms

R2, R3—221,000 ohms, Ye-watt, 1%
metal film

R4, R12—470 ohms

R5—3300 ohms, Ys-watt, 1% metal
film )

R6—1000-ohm cermet trimmer po-
tentiometer (Digi-Key OFA13)
R7-—15,000 ohms, Ys-watt, 1% metal
film

R8--10,000 ohms, Ys-watt, 1% metal
film

R9—100,000 ohms

R10—470,000 ohms

R11—1 megohm

R13, R14—220 ohms

Capacitors

C1, C2—470 pF, 1000 volts, ceramic
disc

C3, C4, C10—0.01 uF, 50 volts, ce-
ramic disc

C5--100 pF, 500 volts, ceramic disc
C6—0.1 uF, 50 volts, polyester film
C7—-.047 nF, 50 volts, polyester film
C8—0.22 uF, 50 volts, polyester film
C9, C14—10 pF, 16 volts, radial
tantalum

C11-C13—220 uF, 10 volts, radial
electrolytic

Semiconductors

IC1—LM317L, voltage regulator
IC2-—ICM7107CPL, A/D converter
DSP1, DSP2—Dual 0.5-inch com-
mon-anode LED display (Digi-Key
P337ND or equivatent)

D1-—1N4004 rectifier diode

D2, D3—1N4148 switching diode
D4-D8—1N4002 rectifier diode
D9—1N4732 Zener diode

Other components

F1—Fuse, Y4 ampere
PL1—Linecord plug

S1—3P3P rotary switch, see text
T1—Filament transformer: 6.3 VCT,
600 mA, Stancor P-6465 or equiv-
alent part

Miscelianeous: Cabinet, printed-cir-
cuit materials, IC socket, hardware,
wire, solder, etc.

buy in small quantities from local
sources, but several Radio-Elec-
tronics advertisers do stock them. In
a pinch, you can substitute the nearest
value Ya-watt carbon-film resistors,
but then the unit’s precision will suf-
fer. The polyester capacitors are wide-
ly available from many sources, but
the clectrolytic capacitors may prove
difficult to get. You may prefer to use
220-w.F, 16-volt units and mount them
on the foil side of the board where
there is more room. And finally, the
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plastic case is a product from LMB/
Heeger, Inc. Their products are wide-
ly available from distributors, so ask
your local dealer if it can be special-
ordered. Otherwise, you can sub-
stitute any kind of plastic case and
plastic mounting hardware.

Construction

The circuit should be assembled on
a printed-circuit board. The template
is provided in PC Service.

For ease-of-assembly, using Figs. 2
and 3 as a guide, mount the PC-
board’s components in the following
order: First, the socket for IC2, then
all other semiconductors. (Do not in-
sert IC2 into its socket until the entire
board is stuffed.) Next, all resistors
and jumper wires; then the capacitors.
To ensure clearance between the
board and the cabinet’s front panel,
install the electrolytic capacitors and
the larger Mylar/polyester types so
they lie flat on the board.

Finally, install the LED displays.
Position the displays so that their dec-
imal points (dots) are at the bottom.

As shown in Fig. 4, switch S| is
installed on the foil side of the board
and its terminals are connected by
short lengths of insulated wire that are
tack-soldered to the foils. Although
S1can be any kind of DPDT switch, a
3P3P rotary switch is recommended
because they are inexpensive and gen-
erally available. (One section of the
switch is not used.)

The cabinet

Finally, install the PC board and its
external components in a plastic cab-
inet. First, drill all the necessary holes
in the front of the cabinet and smooth
the edges of the display cutout with a
file. Then use press-on letters to label
the project. Mark a location in the
center of the rear case half and drill a
Ya-inch hole that will be use for a
hanger bracket.

To install the parts in the case, in-
stall threaded spacers on the compo-
nent side of the board and then push
the board into the case and secure it
with nylon screws. Turn S1 fully
counter clockwise and install the
knob on its shaft so it’s pointing to
voLts. Then install the fuseholder and
transformer T1 adjacent to the PC-
board with nylon screws. Push the
linecord through a hole in the bottom
of the case and knot it inside the case
for extra security.

Finish the project by wiring the

FIG. 4—VOLTS-NOISE SWITCH Si1 is
mounted on the foil side of the PC-board.
Its connections are tack-soldered to the
appropriate solder pads.

cord, fuseholder, and transformer to
the board. Double check your work to
make sure that the green secondary
wires from Tl go to the board’s Ac
solder pads and ground terminals,
while the AC linecord go to the IN
terminals.

Before closing the case, install the
fuse and cut a piece of scrap plastic so
that it fits over the PC-board, between
the switch and the sides of the cab-
inet. The material provides an extra
margin of safety by insulating the cir-
cuit from any screw or nail passing
through the back of the case. Close up
the case and you are done!

Calibration

Plug the power monitor into an AC
outlet and note that the display lights
up and indicates some value. If the
display doesn’t light, quickly turn off
the power and check for a wiring er
ror, or a solder bridge.

For best calibration accuracy you
will need a high-quality digital multi-
meter. Set the multimeter to the 200-
volt AC range and connect it to the
same AC outlet to which the power
monitor is connected. Insert a screw-
driver through the case hole that al-
lows access to caL control R6 and
adjust R6 until both meters read the
same value.

Troubleshooting

If the power monitor doesn’t work
at all, or is inaccurate, and the prob-
lem doesn’t appear to be a wiring

error, check the power-supply volt-
ages and the reference voltage at IC2
pin 36. If the voltages are good, either
IC2 is bad or installed wrong. Lastly,
if displays continually show 000,
check the position of the knob on S1’s
shaft, it is probably wrong.

Operation

The power monitor is easy to set up
and use. Simply insert a screw in the
wall where you want it, then hang the
project on the screw. Connect the plug
and you are ready to monitor power-
line conditions.

So what line voltage limits and
noise levels are acceptable? As far as
voltage is concerned, all equipment
will work on voltages from 110-125
VAC with no problems. But as you go
beyond those limits, your chances of
problems increase tremendously.

Understand that typically most ap-
pliances are erratic at 100-105 volts
and run hot at 130-135 volts. As for
noise levels, the values are highly
variable.

Generally up to a few volts of noise
will cause no problems, but if the
noise level exceeds 20 volts peak,
which will cause the display to blank,
you will probably have operating
problems. (Exactly what happens due
to an incorrect line voltage or high
line noise depends upon the equip-
ment you are using.)

You should be aware that the noise
circuitry will also respond to carrier-
current devices such as wireless inter-
coms and X/0-type home-control sys-
tems or other communication devices
such as line carrier modems or wire-
less intercoms. However, the signals
from those devices should not bother
other cquipment, despite the high
noise readings you get.

As mentioned earlier, the power
monitor is useful in testing noise fil-
ters. The procedure is simple; here’s
how to do it. Plug the power monitor
into a duplex outlet; then plug a noisy
device such as a shop vacuum into the
same outlet. Turn on the vacuum and
note the noise level’s meter reading.
Disconnect the power monitor and
connect the noise filter between the
outlet and the power monitor. If you
sce the same noise-level reading on
the meter as you did before you con-
nccted the noise filter, then some-
thing’s wrong with your noise filter.
The power monitor’s reading will be
lower if the noise filter is working
properly. R-E



BUILD THIS

omputerized voice synthesizers are turning up every-

where. Perhaps you’ve heard one at the grocery store
check-out stand, in an automobile, or from an educational
toy. Other uses include text-to-speech converters for the
visually impaired, talking clocks, calculators, radar detec-
tors, chess and other games, blood-sugar and pressure-
monitoring devices, and automotive test equipment.

It’s a lot of fun experimenting with voice synthesizers;
in fact, the author has built and experimented with four
different voice synthesizer IC’s, and has listened to at least
ten different synthesizers in all.

So that you can share in the fun too, we’ll present theory
and construction details of a stored-word speech system
that you can connect to any personal computer having a
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FIG. 1—THE PARALLEL PRINTER ﬁORT of any personal comﬁut-
er can drive the Digitalker.

DAVID A. WARD

parallel printer port. A simple BASIC program then uses
LPRINT statements to create speech output. A number of
terms relevant to electronics are included: ampere, kilo,
milli, volt, circuit, connect, farad, hertz, meg, mega,
micro, nano, ohms, pico, as well as letters of the alphabet,
numbers, and numerous others. The project can be built
for about $75.

Speech systems

Most speech synthesis systems operate in one of two
ways: the stored-speech method or the allophone method.
The allophone method uses allophones, little chunks of
sound that can be combined to form words. The stored-
word system stores entire words and phrases.

Each system has advantages and disadvantages. Al-
lophone synthesis can offer an unlimited vocabulary and
yet require very little memory. However, allophone speech
synthesis is usually artificial sounding, monotone, and
difficult for the untrained ear to understand. Probably the
best application for allophone synthesis is in converting
text to speech. Text-to-speech conversion can be a great
aid for the visually impaired, allowing them to operate
word processors and other computer programs.

By contrast, a stored-word synthesizer can offer excel-
lent speech quality with intonation or feeling. However, a
stored-word system requires tremendous amounts of
memory for just a few minutes of speech. Typically, that
limits a stored-word system to a vocabulary of several
dozen words. The best application for a stored-word syn-
thesizer is one that requires the clearest possible speech
and a limited vocabulary, such as in an automobile, or a
supermarket check-out stand. A stored-word synthesizer
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is useless for text-to-speech conversion because of the
large amount of memory that would be required.

The Digitalker

National Semiconductor’s Digitalker is a stored-word
speech synthesis system that produces an exceptionally
clear “voice.” In fact, the Digitalker’s quality exceeds
Texas Instrument’s Speak & Spell speech synthesizer. The
Digitalker’s voice has intonation or feeling, is not monoto-
ne, and even uses a female voice for the phrase “This is
Digitalker.”

The MM54104 SPC (Speech Processor Chip) is the
heart of the Digitalker system. It's a 40-pin IC having 8
data lines (pins 8-15) that can be programmed manually
with switches, or by connecting the device to a computer.
For best results, a computer should be used to control the
SPC so that sentences can be formed by stringing words
together rapidly.

The SPC also has 14 ROM address lines (AO-A13, pins
25-38) that are to address ROM’'s containing speech data.
Through those 14 address lines, the SPC can directly
access 128K bits of speech data, which is good for about
one minute of continuous speech. The SPC receives its
data from the ROM’s through eight data lines (pins 16-19
and pins 21-24). A number of other lines (pins 3, 4. and 7)
are used for handshaking with a host computer, for con-
necting an external crystal oscillator (pins I and 2). and for
speech output (pin 39)—which is connected to a filter and
an audio amplifier. For more information on the SPC, see
National’s 1982 Linear Databook.

The right words

One key to a good stored-word speech-synthesis system
is to choose the right words to store, convert them from an
analog source, and then compress them into digital data
suitable for the SPC.

National Semiconductor will convert analog tapes into
custom digital data for customers, but that’s an expensive
proposition for hobbyists. However, the company has de-
veloped four general-purpose 64K-bit ROM s that contain
data for 273 words, phrases, tones, and pauses. National’s
Linear databooks list several different ROM sets, but the
SSR1, SSR2, SSRS5, and'SSR6 provide the best selection
of words and are easy to obtain. The four ROM’s together
contain nearly two minutes of continuous speech; the
words contained in each ROM set are shown in Tables |
and 2.

Hooking it up

As shown in Fig. 1, the simplest way to use the Digi-
talker is to connect it to your computer's printer port.
There are several advantages to doing so. First, handshak-
ing between the computer and the Digitalker is automatic,
$0 it isn’t necessary to place timing loops in the software.

Second, most printer ports have a STROBE line that goes
low when data at the port is valid. The strobe line can be
connected to the SPC’s Wr line. When it is asserted, the
SPC reads the ROM data for the selected word over its
eight data lines (D0O-DS), and then delivers the word to the
audio output (pin 39).

The SPC’s INTR line (pin 6) goes high after the entire
word has been pronounced. By connecting the INTR line
(or, if necessary, the inverted INTR) to the printer port’s
BUSY input, the host computer will wait until each word has

+ 5V
D7
(FROM i
LBV {COMPUTER) 1>|0K
ll O~ >
R1 :: D7 (PIN15)
10K ¢ —
o5 _MSS:/SSR: J}/ CS (PIN 2)
<1 1/SR2 St
{PIN2) Slj__—"’“ SRE/SR6

i
I
]
1
]
)
i
1
I szj_
fo) =
AUTO MANUAL
b

FIG. 3—ROM-SELECT CIRCUITS: Use the circuit shown in (a) to
select between ROM sets manually. The circuit shown in (b)
allows manual or automatic computer control, but only the first
128 words and phrases are accessible in the auto mode.

a

+12V OC [ ICt 0
oO—NL +8V
INPUT A 7808 +I ol s
YiA T iz
125V ' 15V
| Ic2
a 1. 7805
2200.F
25V ¢

FIG. 4—POWER SUPPLY for the Digitalker. A +12-volt wall trans-
former provides the raw DC input.

been spoken before sending more data to to the SPC.

Two SPC pins provide options. First, Cs is the chip-
select linesit must be grounded momentarily when the
computer addresses the SPC. Cs is provided to allow the
SPC to share the data bus with other devices.

Second, cMs (command select) resets the interrupt and
starts a speech sequence when it is low, and only resets the
interrupt when it is high.

The PC board layout brings both s and cMs out to the
edge connector. For normal operation from a parallel-
printer port, it’s most convenient to ground both pins at the
edge-card connector.

Now let’s look at the circuit, shown in Fig. 2. The SPC’s
speech output drives IC8, which buffers the audio signal
and drives a volume control. Final audio output is provided
by 1C9.

Flip-flop 1C6 and 3-to-8 line decoder IC7 select the
speech ROM’s, depending on whether SPC address line
ADI3 is high or low, and on the state of the Cs1 signal (edge
connector pin 2). ADI13 picks the high or low ROM of a
pair, and CSi picks one pair or the other.

There are several ways to select which ROM pair you
want to use. If you have an extra output bit available on
your PC (perhaps a bit from a second parallel port), you
can program Cs1 directly. Otherwise, you can use a manual
switch, as shown in Fig. 3-a.

A combination approach is shown in Fig. 3-b. With
switch S1in the Manual position, you can use S2 to switch
between ROM’s. But with S1 in the Auto position, you can



switch betwcen ROM’s using a single eight-bit port. The
upper data bit (D7) provides the switching tunction, so
only the first 128 words (0-127) in cach ROM set will be
accessible using that approach.

The power-supply schematic is shown in Fig. 4. An
inexpensive wall transtormer provides the raw DC power.
Voltage regulators inside the project’s cabinet provide the
required voltages: + 5-volts DC for the digital circuits,
and + 8-volts DC for the audio circuitry. The entire circuit
draws about 300 mA when the volume is turned up, so use
a +12-volt DC, 500-mA power supply.

Construction

PC board patterns are shown in PC Service. An etched
and drilled PC board is also available from the source
given in the Parts List. Figure 5 shows how the parts are
mounted on the board. Note: six jumper wires must be
soldered to the circuit board before the 1C sockets are
installed. An additional jumper must be soldered from the
center INT terminal to either INT or INT, depending on the
handshaking requirements of your computer’s parallel
port. Most computers use an active-high usy signal, so
try the INT setting first if you’re not surc which one to use.

Observe normal precautions when handling the SPC
and ROM IC’s.Leave the chips in their protective “rugs”
until they are ready for use. To protect the components
against damage caused by static electricity, make sure to
ground yourself” before removing the 1C’s from from their
rugs, or when handling or moving the PC board.

After mounting all components, check your work care-
fully for solder bridges and cold joints. Fix any problems
betore applying power to the board.

FIG. 5—PARTS LAYOUT: Note that six jumpers must be installed
on the component side of the board before installing the IC
sockets. (Sockets mount over five of the six jumpers.)

DIGITALKER PARTS LIST

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

R1—1500 ohms

R2—1 megohm

R3—50,000 ohms, potentiometer

R4—620,000 ohms

R5—9100 ohms

R6, R8—10,000 ohms

R7—10 ohms

All capacitors are rated 15 volts or higher

C1-C5, C10-C13, C16—0.1 uF, ceramic disc

C6—50 pF, ceramic disc

C7—20 pF, ceramic disc

C8, C9—0.01 uF, ceramic disc

C14—0.05 uF, ceramic disc

C15—220 uF, 15 volts, electrolytic

Semiconductors

IC1—MM54104, speech processor

IC2—MM52164-SSR1, speech ROM

IC3—MM52164-SSR2, speech ROM

IC4—MM52164-SSR5, speech ROM

IC5—MM52164-SSR6, speech ROM

IC6—7474, dual D flip-flop

IC7—74138, 3-to-8 line decoder

IC8—LM346, programmable op-amp

1C9—LM386, audio power amplifiere

IC10—7404, hex inverter

Other components

XTAL1-—4.00 MHz crystal

POWER SUPPLY PARTS LIST

R1—330 ohms

IC1—7808 8-volt regulator

1C2—7805 5-volt regulator

C1—2200 uF, 25 volts, electrolytic

C2, C3—1 uF, 15 volts, tantalum

F1—fuse, 0.5 amp, 125 volts

LED1—light-emitting diode

Note: An etched and drilled PC board is available for
$15.95 from David A. Ward, 2261 W. Skyview,
Cedar City, UT 84720-2233. All orders add $2.00
shipping and handling; Utah residents add 6%
sales tax. Digitalker IC’s are available from Jam-
eco Electronics, 1355 Shoreway Road, Belmont,
CA 94002 (415-592-8097).

LISTING 1

10 REM This program will make the

20 REM Digitalker pronounce all words
30 REM in SSR1 and SSR2 (CS1 is 1low)
40 FOR X = 0 to 143

50 LPRINT CHRS(X);

60 NEXT X

70 END

LISTING 2

10 REM This program will make the

20 REM Digitalker pronounce all words
30 REM in SSR5 and SSR6 (CS1 is high)
40 FOR X=0 to 130

50 LPRINT CHRS(X);

60 NEXT X

70 END
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LISTING 3

10 REM REAL TIME CLOCK PROGRAM

20 CLS

30 PRINT"HOW OFTEN DO YOU WANT THE TIME ANNOUNCED?"
40 PRINT:PRINT

50 PRINT"ENTER 1 FOR 1 MINUTE INTERVALS..."
60 PRINT"ENTER 5 FOR 5 MINUTE INTERVALS..."
70 PRINT"ENTER 30 FOR 30 MINUTE INTERVALS..."
80 INPUT"",I

90 TIMES=TIMES

100 TS=LEFTS(TIMES,2)

110 T1$=MIDS{TIMES,4,2)

120 HS=LEFTS(TS,1)

130 H1S=RIGHTS(TS, 1)

140 H=ASC(HS)

150 H1=ASC(H1S)

160 H=H-48

170 H1=H1-48

180 H=H*10

190 HT=H+H1

200 IF HT>12 THEN HT=HT-12:P=47:GOTO 220
210 P=32

220 IF HT=12 THEN P=47

230 IF HT=0 THEN HT=12:P=32

240 MS=LEFTS(T1S, 1)

250 M1$=RIGHTS$(T1S, 1)

260 M=ASC(MS)

270 M1=ASC(M1S$)

280 M=M-48

290 M1=M1-48

300 IF M=0 AND M1=0 THEN M=68:M1=68

310 IF M=0 AND M1>0 THEN M=46

320 IF M=1 AND M1=0 THEN M=10:M1=68
330 IF M=1 AND Ml=1 THEN M=11:M1=68
340 IF M=1 AND M1=2 -THEN M=12:M1=68
350 IF M=1 AND M1=3 THEN M=13:M1-=68
360 IF M=1 AND M1=4 THEN M=14:M1=68
370 IF M=1 AND M1=5 THEN M=15:M1=68
380 IF M=1 AND M1=6 THEN M=16:M1=68
390 IF M=1 AND M1=7 THEN M=17:M1=68
400 IF M=1 AND M1=8 THEN M=18:M1-=68
410 IF M=1 AND M1=9 THEN M=19:M1=68
420 IF M=2 THEN M=20

430 IF M=3 THEN M=21

440 IF M=4 THEN M=22

450 IF M=5 THEN M=23

460 IF M1=0 THEN M1=68

470LPRINT CHRS(0Q):CHR$(138);CHRS({67);CHRS(139);CHRS(67):
CHRS(96);CHRS(71);CHRS(HT):CHRS(69); CHRS(M); CHRS(M1);
CHRS(71):CHRS({P);CHRS(44);CHRS(71);CHRS(71);

480 PRINT TIMES

490 GOSUB 510

500 GOTO 90

510 IF I=1 THEN I=60

520 IF I=5 THEN I=300

530 IF I=10 THEN I=600

540 IF I=30 THEN I=1800

550 Z=TIMER

560 Y=TIMER

570 IF Y-Z<I THEN 560

580 RETURN

Making the connection

Connecting the Digitalker to your computeris as simple
as plugging it into your computer’s parallel printer port.
For testing purposes, wire a ROM-select switch as shown
in Fig. 3-a.

It’s easy to program the Digitalker. For example, simply
by typing

LPRINT CHR$(0);

the Digitalker will say the phrase “This is Digitalker” if
csi is low, or “abort” it ¢S1 1s high.

Listing 1 and Listing 2 are test programs that sequen-
tially pronounces all words contained in the selected ROM
set. Both programs were written in GW-BASIC; they were
tested on a Kaypro PC.

More sophisticated applications are not difficult. For
example, the author has written BASIC programs that do
the following; announce the time from the computer’s real-

time clock, pronounce the corresponding letier of the
alphabet as a key is typed (great for a small child learning
his ABC’s), pronounce phone numbers as names are typed
in, and prompt the user tor input in various programs. The
talking clock program is shown in Listing 3.

There are a couple of things to be aware of when
programming the Digitalker. First, addressing a word with
a number higher than that listed in the word lists will
produce unintelligible speech, but will not damage the

v,m;gm W’B‘;ﬁ
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FIG. 6—THE ASSEMBLED SYNTHESIZER with its cover removed.

SPC or ROM chips. Sccond, the semicolons following the
LPRINT statements are essential. If they are not present
the Digitalker will pronounce thirteen and then ren after
each word is spoken. That occurs because an ASCH 13 isa
carriage return, and an ASCH 10 is a lineteed. The semi-
colon (;) eliminates the carriage return and linefeed.

Applications ideas

Computer voice synthesis can be a very natural way for
computers to communicate with people. For example, a
synthesizer could be used to warn a pilot that the planc’s
altitude 1s critically low, or that the fuel level is low. A
visually impaired person could compose documents with a
word processor, or compute math problems with a cal-
culator.

Undoubtedly, there are many other uses for comput-
erized voice synthesis in cash registers, automatic teller
machines, cmergency warning systems, automobiles,
telephone systems, ctc. Have fun finding them! R-E

s \

“The man at the pet shop said he can store up 10 20 separate
commands.”
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over a decade of frequency coverage. Instead, the
input stage (Q1) is an FET source-follower, whose
high-impedance input successfully bridges the an-
tenna’s characteristics at any frequency. Although
many different types of FET’s may be used—such
as the MPF102, 2N3819, or the 2N4416—bear in
mind that the overall high-frequency response is
set by the characteristics of the FET amplifier.
Transistor Q2 is used as an emitter-follower to
provide a high-impedance load for Q1, but more
importantly, it provides a low drive impedance
for common-emitter amplifier Q3, which pro-
vides all of the amplifier’s voltage gain. The
most important parameter of Q3 is fr, the high-
frequency cut-off, which should be in
the range of 200-400 MHz. A
2N3904, or a 2N2222 works
well for Q3.
The most important of
Q3’s circuit parameters is
the voltage drop across
R8: The greater the
drop, the greater the
gain. However, the
passband decreases
as Q3’s gain is in-
creased.
Transistor Q4
transforms Q3’s rela-
tively moderate out-
put impedance into a
low impedance, there-
by providing sufficient
drive for a receiver’s 50-
ohm antenna-input im-
pedance.
The antenna can be almost
anything; a long piece of wire, a
brass welding rod, or a telescopic
antenna that was salvaged from an
old radio. Telescopic replacement
antennas for transistor radios are
also available from most retail
electronic-parts distributors.

FOR CONVENTIONAL ALL-FREQUENCY SHORT-WAVE RECEP-
tion, the general rule is ““the longer the antenna the stronger
the received signal.” Unfortunately, between nasty neigh-
bors, restrictive housing rules, and real-estate plots not
much larger than a postage stamp. a short-wave antenna
often turns out to be a few feet of wire thrown out the
window-—rather than the 130 fect of long-wire antenna we
would really like to string between two 50-foot towers.

Fortunately, there’s a convenient alternative to the fong-
wire antenna, and that’s an active antenna; which
basically consists of a very short antenna and a high-gain
amplificr.

The concept of an active antenna is fairly simple.
Since the antenna is physically small, it doesn’t inter-
cept as much cnergy as a larger antenna. so we
simply use a built-in RF amplifier to make
up for the apparent signal *“loss.™ Also,
the amplifier provides impedance
matching, because most receivers
are designed to work with a 50-
ohm antenna.

Active antennas can be built
for any {requency range, but
they arec morc commonly
used from VLF (10 kHz or
s0) to about 30 MHz. The
rcason for that is because
full-size antennas for those
frequencies are often much
too long for the available
space. At higher frequencies,
it is quite easy to design a rela-
tively small high-gain antenna.

The active antenna shown in Fig.
1 provides 14-20 dB gain at the popu-
lar short-wave and radio-amateur fre-
quencies ot 1-30 MHz. As you would
expect. the lower the frequency the greater the
gain. A gain of 20 dB is typical from 1-18
MHz, decreasing to 14 dB at 30 MHz.

ACTIVE ANTENNA

Circuit design

Because antennas that are much short-
er than Y4 wavelength present a very
small and highly re-
active impedance that
is dependent on the
reccived frequency.
no attempt was made
to match the anten-
na’s impedance—it
would prove too ditfi-
cult and frustrating to
match impedances

When fate or nasty neighbors prevent you from stringing a long-wire receiving antenna, you'll
find that this pocket-size active antenna will give the same, or even better, reception.

RODNEY A. KREUTER
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ANT ; S e | T e o PARTS LIST
: R2 R4 SR Ri0 T 220
20 22K 233K 24 St Resistors Ya-watt, 10%
| S C7 R1—1 h
@ o | =" —1 megohm
2N3904 EXEL ¢ i T TBI R2, R10—22 ohms
< R8 = o1 tav R3, R11—2200 ohms
$4700 '( — R4—22,000 ohms
b 11 R5—10,000 ohms
B S Qs = R6, R9—1000 ohms
A 2N3%04 # R7—3300 ohms
v ] €5 ~——|(——@ OUTPUT R8-—470 ohms
e ' . cs Capacitors rated at least 16-WVDC
:E Rl R3 := RS :; R6 :b R9 Rt A C‘, C3—470 pF
T IMEG 2.2K 0K TK K 2.2K C2, C5, C6—0.01 nF
) i 4 C4—0.001 uF
= C7,C9—01 uF

FIG. 1—THIS ACTIVE ANTENNA provides between 14- and 20-dB gain over the range of

C8—22 uF, electrolytic
Semiconductors

I you decide to make provision for

1-30 MHz.
Q1—FET, MPF102 or 2N3918 (see
ouTPUT S Bl lead is returned to the PC board, out- Qtze,xtgs, Q4—NPN transistor,
a —9 o—i-——| put-jack JI has a connection to the 2N3904, or equivalent
“ér:? ’ cabinet ground. The ground connec- Other components
! tion between the PC board and the B1—9-volt battery
l cabinet is made through the metal J1—Jack to match receiver cable
FOg e standoffs or spacers that are used to /S\L“;SF_ELSSQ’VO';?Q Tednna At
VAR mount the PC board in the cabinet. = { Tl -
. Hii | 4 & Do not substitute plastic standofls or Mlsqellanequs: Cabinet, printed-cir-
3 —RI0— spacers because they won’t provide a eyt matefials, solder, efg.
as pacers because they pro Note: The following can be or-
EQC = ground connection between the PC dered from Q-Sat, P.O Box 110,
| , board, the cabinet, and J1. If you de- Boalsburg, PA 16827: A printed-
AR e cide to use a plastic cabinet to house circuit board, $6 plus $1 ship-
c’s I W - Cy= l the amplifier, make certain that JI's ping and handling; a complete
| Rg ] ground connection is returned to the kit (less case, switch, battery,
l \ ground foil running around the edge and connectors), $15 plus $2
| of the PC-board. shlpplnggnd handling. Pennsyl-
c1 ‘ A telescopic antenna mounts in the va‘nlta reslldents muctiadd dpplo-
‘ 0 center of the PC board. From the foil BiiALS sglesiax.
e R i | side of the board, pass its mounting
¢ S | screw through the hole in the PC A
€ @C ' board and then solder the head of the which the antenna passes. Ina pinch,
3 £ screw to its foil pad. For both insula- several turns of a good-quality plast{c
: | ‘ 0| C'z tion and support, use a plastic or rub-  tape wrapped around the antenna’s
‘ l c3 ! ber grommet between the antenna and shaft can be substituted for the rubber
R RJ5 | T ‘ the hole in the cabinet’s cover through grommet.

FIG. 2—THE GROUND CONNECTION for
J1is the metal cabinet. The cabinet is con-
nected to the PC board’s ground by the
metal spacers at each mounting screw.

Construction

The amplifier for the prototype unit
uscs a printed-circuit board, for
which a template 1s provided in *“PC
Service.” The amplifier can be as-
secmbled on a perforated wiring
board, but becausc there is sone sen-
sitivity to the parts layout, we strongly
suggest that you use a PC board for
best results.

The parts-placement diagram is
shown in Fig. 2. Take note that al-
though the battery’s negative (ground)

o v

FIG. 3—THE AMPLIFIER IS SO SMALL
thatit almost gets lostin a 4-inch x 4-inch
metal cabinet. The battery is held in place
with a U-clamp. The output jack is any-
thing that matches the receiver’s antenna
connection.

a wire antenna, install a 5-way bind-
ing post on the cabinet. Then, be sure
to connect a short length of wire be-
tween the antenra’s foil pad and the
binding post.

Modifications
If you are interested in a smaller
frequency range than 1-30 MHz, re-
sistor R can be replaced with an LC
circuit tuned to the center of the desir-
ed range. The LC circuit will also
improve the rejection of signals out-
side your range of interest, but re-
member that it won’t improve the gain

of the amplifier.
If your particular interest is the
very-low frequencies (VLF). the am-
continued on page 130
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IF YOU WORK WITH AUDIO, THERE MUST BE
times when you wish you had an am-
plifier and speaker system handy. If
so, the amplified speaker described in
this article is the answer to your
needs. It is a low-cost, wide-range
amplified-sound system complete
with loudness, bass, and treble con-
trols. Just connect power, and a line-
level audio source and you’re in busi-
ness! Here are some common uses for
the project:

If you would like to share the sound
of your headphone stereo with your
fricnds, all you have to do is connect
the amplified speaker system. The
project provides over 5 watts into an
internal speaker, and the sound quali-
ty is great.

The amplified speaker system is
also a great addition to your workshop
because you’ll no longer have to drag
out your stereo and speakers just to
check a tuner, tape deck, or other
audio component. You’ll be able to
troubleshoot an audio component on
your workbench rather than where
your stereo is located.

Another possible use for the ampli-
fied speaker system is as an amplifier
for an electric guitar or other musical
instrument. And, because the project
can be powered from a 12-volt car
battery (we’ll explain how later), you
can even use it outdoors.

You should enjoy building the proj-
ect almost as much as you’ll enjoy
using it. And, perhaps best of all, it’s
not going to break your bank account;
ours only cost $17.00 to build. Of
course, your cost will be determined
by the state of your junkbox, and your
ability to track down bargains.

How it works

The amplifier is based on a high-
quality audio-amplifier IC made by
Sanyo. That particular part was
chosen because of its low distortion,
high power output, and relatively low
noise. Additional circuitry is included
for loudness, bass, and treble con-
trols, which are always included in a
high-quality audio amplifier.

The schematic of the amplified-
speaker project is shown in Fig. |.
Input signals to the audio-input termi-
nals drive volume-control R2. Capac-
itor C2, resistor R1, and a tap on R2

AMPLIFIED
SPEAKER

GARY McCLELLAN

You can build this low-cost amplified speaker system
that is useful for testing audio components, or
to amplify a walkman-type stereo for “ears-free”

listening pleasure.

are a loudness-compensation net-
work , which boosts bass tones at low-
volume levels. That circuitry corrects
for human hearing deficiencies at low
volume.

From R2, the audio signal is ampli-
fied by transistor QI, which is a high-
gain, low-noise device. That stage
compensates for losses in the tone-
control circuitry. Bias-resistor R3 fur-
ther reduces noise by providing nega-
tive feedback. Capacitor C4 is
inciuded to prevent RF pickup and to
roll off high-frequency noise.

Basically, the circuit connected be-
tween capacitor C6 and resistor R12 is
a 20-dB resistive attenuator network
combined with adjustable low-pass
(bass) and high-pass (treble) filters.
The potentiometers increase or de-
crease the capacitive reactance across
various resistors, boosting or cutting

bass and treble tones. Bass-control R7
is part of a voltage divider consisting
of R6 and R8. Turning the potentiom-
eter clockwise puts more of the reac-
tance of capacitor C8 across the
potentiometer and R8, shunting most
of the high frequencies to ground, and
boosting the lows. Turning the poten-
tiometer counterclockwise puts more
reactance of C7 across the potentiom-
eter and R6, boosting most of the high
frequencies and cutting the lows.
The output from the bass potenti-
ometer (R7) goes to resistor R10,
which reduces control interaction,
and then it goes to treble-control RI11.
That potentiometer is in a series volt-
age divider with capacitors C9 and
C10. Turning RI1 clockwise puts
more of the reactance of C9 in the
circuit, shunting high frequencies
around the bass control, boosting tre-
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FIG. 1I—SCHEMATIC DIAGRAM of the amplifier board and its power supply.

and is coupled through capacitors Cl14
and Cl13 to the second amplifier in
IC1. After being amplified, the phase-
1 inverted output drives the speaker

n © from pin 9. Resistors R15 and R16,

" >y and capacitors C18 and CI9. are in-
cluded at the output of ICI to prevent

i B = ) — high-frequency oscillation. Note that
e ,(CB LB Cz2 1 BRi if you can’t find the 2.2-ohm resistors

SPKR
F1

. | - | 1AMP
e L D3 3 ,
1 : —4¢— cnl

+ -

! Rvsms; 2 Ri4 av

3F00T
3 SHIELDED
CABLE

specified for R15 and R16, 10-ohm
units may be substituted. The exact
value isn’t critical, although 2.2 ohms
1s preferred.

Rounding out the circuitry is a fair-
ly conventional power supply, con-
sisting of bridge rectifier BR1; capaci-
tors €22 and C23; and diodes D2,
D3, and D4. Since the supply volt-
age, after being rectified, is at about
17 volts, D2. D3, and D4 are required
in order to drop it down to about 15
volts. Note that power is also tapped

FIG. 2—PARTS PLACEMENT DIAGRAM for the PC board. Close attention should be paid
to the polarities of the electrolytic capacitors.

off capacitor C22 for QIl. That extra
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ble. Likewise, turning RI11 coun-
terclockwise shunts high frequencies
away from the bass control to ground,
cutting treble tones. The tone-control
output drives resistor R12 and capaci-
tor CI2, which serve as a low-pass
filter. That circuitry is included to pre-
vent oscillation in power-amplifier
IC1.

Power-amplifier IC1 is a bridging-
type amplitier. That means that there
are two power amplifiers inside the
package that drive the speaker in a
push-pull configuration for double the
power output. The input signal to pin
2 is amplified and then drives the
spcaker from the pin-7 output. A
phase-inverted output appears at pin 4

je————— 36 INCHES —— ]

2INCHES

L

T BEND 90°
0.5 INCH
MATERIAL = 0.050 INCH ALUMINUM
FIG. 3—YOU CAN MAKE A HEAT SINK for
IC1 from a piece of scrap aluminum.




Ali resistors are Va-watt, 5% unless
noted

R1, R6—10,000 chms

R2—100,000 ohms, potentiometer,
40% loudness contour tap (Radio
Shack 271-1732)

R3—2.2 megohms

R4, R10—4700 ohms

R5, R9, R14—470 ohms

R7, R11—100,000 ohms, potentiom-
eter, audio taper (Radio Shack
271-1722)

R8, R12, R13—1000 ohms

R15, R16—2.2 ohms

Capacitors

C1, C3, C8, C17, C18, C19—0.1 pF,
50 voits, radial-lead polyester

C2—0.047 pF, 50 volts, radial-lead
polyester

C4—100-pF, 500 volts, ceramic disc

C5, C14, C15—100 nF, 10 volts, radi-
al-electrolytic

C6, C13—1 uF, 16 volts, radial-elec-
trolytic

C7, C16—0.01 wF, 50 volts, radial-
lead polyester

C9—0.0022 uF, 50 volts, radial-lead

polyester

C10—0.022 uF, 50 volts, radial-lead
polyester

C11—100 pF, 16 volts, radial-elec-
trolytic

C12, C20, C21—0.001 pF, 50 volts,
ceramic disc
C22—2200 uF, 25 volts, radial-elec-

trolytic

C23—2200 uF, 16 volts, radial-elec-
trolytic

Semiconductors

IC1—LA4460 linear power amplifier
(Sanyo)

Q1—2N5088 NPN transistor

D1—1N4739 9.1-volt, 1-watt, Zener
diode

D2-D4—1N5400 3 amp, 50 P!V, sii-
icon diode

BR1—6 amp, 50 PV, bridge rectifier

Other components

S1—SPST potentiometer switch for
R11 (Radio Shack 271-1740)

T1—Plug in transformer, 12 volts AC,
1 amp (Jamenco AC1000 or equiv-
alent)

PL1—RCA plug

F1-1 amp, slow-blow, 3AG fuse and
holder

Miscellaneous—speaker, PC
board, 3 knobs, 3 feet of shielded
wire, scrap aluminum for heatsink,
hardware. Note: A PC board is
available from E2VSI, P.O. Box
72100, Roselle, IL 60172, for
$9.95 plus $0.50 shipping.

power-supply circuitry is required to
ensure amplifier stability, as it would
otherwise motorboat (low-frequency

selt-oscillation). Resistors R14 and
RY provide current limiting, while ca-
pacitors C11 and C5 provide extra fil-
tering. Zener diode DI ensures that
the supply voltage is stabilized at 9.1
volts, as required by transistor Q1.

Part selection

Now that we have covered the cir-
cuit details, let’s discuss the parts.

The speaker system may be any
decent-sounding unit you can find.
Chances are you will want to build
two amplified-speaker systems, so it
would be wise to get two identical
units for balanced sound. The Pan-
asonic two-way unit used for our pro-
totype was purchased at a flea market
for $1.50; perhaps you can do better.
It possible, test out the speaker sys-
tem you are considering, as you don’t
want to waste time on a unit that is
defective, or has poor sound quality.

You may have some trouble finding
a tapped potentiometer that is re-
quired for R2. One alternative is the

FIG. 4—YOUR BOARD SHOULD look similar to this one when it is completed.

ganged unit mentioned in the Parts
List. That unit consists of two ganged
potentiometers, but only one of them
is used. Of course, if you can find a
single-unit substitute with same spec-
ifications, you should use that.

The semiconductors are available
from a wide variety of sources. Many
Japanesc TV/stereo replacement-
parts suppliers carry the Saayo
LA4460 for IC1. And any 3-amp di-
odes can be used for D2, D3, and D4.
The bridge rectitier specified is a stan-
dard 6-amp, 0.6-inch square-cube
unit. You can also cross-reference
those semiconductors with the Phi-
Iips-ECG replacement line, as well
as many others.

Finally, transformer T1 is a plug-in
12-volt AC l-amp unit. It is available
from several sources. If you prefer, a
standard 12.6-volt AC, I-amp or bet-
ter, filament transformer may be used.
It you go with a standard filarnent
transformer, remember to pick up a
line cord and a Ya-amp tuse for FI.
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FIG. 5—A GOOD PLACE TO MOUNT the board is on the side of the cabinet, near the rear.
Note the spacers that are used between the board and the cabinet

St

{ON RN}
L o
AC LINE
TO POWER PADS 126V 120V
ON THE BOARD 1AMP

F

Vs AMP

FAST BLOW

FIG. 6—ALTERNATE TRANSFORMER de-
tails should be followed if a standard fila-
ment transformer is used.

Construction

The amplifier should be built on a
PC board for best results. Either make
one using the pattern in the PC Ser-
vice section of this magazine or you
can buy one from the source given in
the Parts List.

Start the assembly by stuffing the
amplifier PC board. Refer to Fig. 2 for
component locations and the Parts
List for values. Starting with the di-
odes, install bridge-rectifier BRI with
the case, notch, or positive terminal
as shown. Then install 3-amp diodes
at D2, D3, and D4 as indicated. Fi-
nally, install the IN4739 Zener diode
at DI near BRI. Double-check all
parts before continuing.

Next comes the resistors. Install
470-ohm resistors at R14, R9, and R5
as indicated. Then install a 2.2-

megohm resistor at R3 and a 4.7K
resistor at R4. Next, install 10K re-
sistors at R1 and R6. After that install
2.2-ohm resistors at RIS and RI16.
Continue by installing 1K resistors at
R12, R13, and R8. Finish up by in-
stalling a 4.7K resistor at R10.

Modity the three potentiometers
next. If necessary cut the shafts to
length. Measure | inch from the bush-
ing, mark it, and cut it off with a
hacksaw, and then smooth the edges
with a file. We suggest using a poten-
tiometer switch for S, and an appro-
priate unit is listed in the Parts List.
The switch, by the way, should be
installed on RI1.

Install the potentiometer and
switch combination at the RIl loca-
tion, and the tapped potentiometer in
the R2 location. Then install the last
potentiometer in location R7. Con-
nect the potentiometer terminals to
the board by passing short lengths of
solid wire through the board and
through each potentiometer terminal.
Leftover resistor leads are good for
that. Make sure that all connections
are soldered, and check for mistakes
before continuing.

Next comes the capacitors. Re-
member to pay attention to the polar-
ities of the electrolytics as you install
them. Start by installing the 2200-u.F,
25-volt capacitor at C22. Then install
the 2200-pF, 16-volt capacitor at

C23. Continue by installing 0.1-pF
capacitors at C17, C18 and C19. Now
move over to the righthand side of the
board and install 0.1-wF capacitors at
Cl and C3. Next, install a 0.047-wF
capacitor at C2 and install a [00-pF
disc at C4. Now install 1-pF capaci-
tors at C6 and CI3, and a 0.01-pnF
capacitor at C7. Next to that, install a
0.1-wF capacitor at C8. Now install a
0.0022-pF capacitor at C9, and in-
stall a 0.022-F capacitor next to it at
C10. Finish up by installing 100uF
capacitors at C14 and CI15, and check
everything before continuing.

Next, QI and ICI are installed.
Place the 2N5088 as shown at Ql, and
then install the LA4460 at ICI. Insert
the part with the metal side to your
left. Also, note that the pin-1 marking
on the board matches the pin-1 stripe
on the IC package. Double check be-
fore soldering the connections.

Continue by fabricating a heat sink
for IC1. Details are shown in Fig. 3.
We used a piece of aluminum sal-
vaged from an old chassis for the heat
sink, as it conveniently already had a
Y2-inch lip on it.

Install the heat sink. Place it
against ICl with the lip over the
board’s mounting holes. Then mark
and drill the two mounting holes for
IC1. Also, mark and drill the board’s
mounting holes. Put a dab of silicon
grease on the metal surface of IC] and
secure the heat sink to IC1 with 4-40
X Ya-inch screws. Tighten the screws
just enough to hold ICI in place, as
overtightening may damage it. The
board is now complete, and it should
look like the one shown in Fig. 4.

Set the assembled board aside for a
moment and work on the speaker cab-
inet. Determine a suitable location to
mount the board. A good location is
on the side of the cabinet, toward the
rear, as shown in Fig. 5. Using the
board as a guide, measure, and mark
the holes for the four mounting
screws, and the three knob shafts. Do
that carefully, as mistakes will be hard
to fix later on. Note that the holes for
the screws must be smaller than the
holes for the knob shafts. Drill all
holes and make sure the board fits.
You can, if you like, use rub-on letter-
ing to label the controls for a profes-
sional appearance.

Return to the assembled board and
refer back to Fig. 2 for final assembly
details. Start by wiring a shielded ca-
ble to the IN pads on the board as

continued on page 130



BUILD A

SERIAL PRINTER

PAUL RENTON

Many a small business has more computers than
printers. The reason why purchasing a separate
printer for each user is unjustified is because few users
actually print all day long. Besides, buying separate
printers can be expensive.

The biggest problem of printer sharing is how to hook
things up. Many people simply switch cables, but that’s
inconvenient, and wastes time. Others use some sort of
mechanical switch, but that’s also inconvenient, because
the user must get up and physically push a buttor: or turn a
knob.

Another approach 1s to use a device called a printer
multiplexer. The device connects the computer to the
printer automatically, eliminating the nced to switch ca-
bles or press buttons.

The multiplexer presented here allows you to connect as
many as four computers to the same serial (RS-232)
printer. The multiplexer works by scanning cach comput-
er’s output port sequentially. As soon as one computer
begins a print job, the multiplexer locks onto that comput-
er and allows data to flow from computer to printer. Mean-
while, the busy lines to the other computers’ output ports
are asserted. When the print job is done, the multiplexer
releases the busy lines. and resumes scanning.

One special feature of our printer multiplexer is the
PAUSE button, which can be used to halt data tflow from the
computer to the printer. As long as that button on the unit is
pressed, no computer wrll be able to send data to the
printer.

MULTIPL

Build a serial printer multiplexer for a fraction
of what commercial units cost.

How it works

To accomplish multiplexing the printer multiplexer uses
hardware handshaking. Handshaking is the term used to
describe what prevents the computer from sending data to
the printer when the printer is not ready for it. Generally
speaking, therc are two types of handshaking: software
and hardware. There are several varieties of cach type of
handshaking, but XON/XOFF and busy line, respectively,
are the most common.

In the XON/XOFF method, the printer sends control
characters to the computer to indicate when it is able to
accept data, and when it is not. To usc that type of
handshaking. the printer multiplexer would have to be
microprocessor controlled. We wanted a simple and inex-
pensive method of printer sharing, so software handshak-
ing is not used.

In the busy-line method, the printer controls the state of
its Data Terminal Ready line (which is usually pin 20 of a
25-pin D connector). In general, if DTR is high (+12
volts). then the printer can accept data. If DTR is low
(— 12 volts), then the printer cannot accept data. Unfor-
tunately, some printers interchange the meanings of high
and low. Our design does not allow for busy-line polarity
sclection, however, moditying the multiplexer to do so is a
relatively simple task.

In the multiplexer, if the printer holds its own DTR line
low (indicating that it’s busy), then all DTR lines going to
the computers are also held low. When the printer is ready
to accept data, the DTR linc of the currently selected
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