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The Magazine of Science and Electronics

Now's the time to see for yourself!
Because of the exciting transfor-
mation taking place in the maga-
zine-yes. But also because of the
unbeatable introductory price you
get if you subscribe right away -

1 year -
6 bi-monthly issues-

for ONLY $3.98!!!

(The regular subscription price is
$6.95 for 6 issues. $8.10 on the
newsstand.) So save by sending
the coupon at right-today!

Half a million readers know it, and enjoy it, as
ELEMENTARY ELECTRONICS.
Because it's the magazine that helps half
a million electronics enthusiasts "do their
thing"-whether it's radio, hi-fi, CB, the new
electronic games, or projects for the home.

If you're turned on by the wires and the
gadgets and the switches, knobs, cords and
meters-and by the adventure of fixing and
building with all these things-then you
probably already know you can turn to
ELEMENTARY ELECTRONICS for

 practical how-to help
 exciting project ideas
 scoops on new developments and

products
 no-nonsense lab tests to help you make

wise buying decisions
 tips on how to save time and money

and so much more to give you hours of per-
sonal satisfaction in your electronics pursuits!

And now it's growing ...
Because of the growing interest in science
throughout the country-and because science
is affecting electronics in such exciting new
ways-we've decided to grow with it.
Nothing's being lost or even toned down-
we're just adding a new element-SCIENCE.
And changing our name to reflect the new
mix. We're becoming

SCIENCE & ELECTRONICS

What kind of science? (And what does it have
to do with my favorite pastime?)
Any science with wires in it! Because, whether
you're aware of it or not, science is already
affecting your efforts in electronics. For in-
stance-just look at what a vital force the
computer is becoming in our lives! (Hi-fi buffs
-are you keeping up with the latest in digital
recording? And those of you with Home Box
Office-what about the way satellites are af-
fecting TV viewing!)

You won't want to miss a thing that's happen-
ing! Keep up with new developments in sci-
ence that will affect the technology in your
electronics projects. Not to mention new de-
velopments in electronics that will affect
scientific advances!

Some people are already calling the 80's
"The Science Decade." We want you to be a
part of it-and take advantage of all it has to
offer you!

What Can I Look Forward to in ELEMENTARY
ELECTRONICS/SCIENCE & ELECTRONICS?

When we plug in the Science, we're increas-
ing the voltage to cover subjects like

 the new consumer computer information
networks

 AM stereo
 computer voice synthesis
 music synthesis
 energy -saving electronics
 communications innovations
 more photo and darkroom projects
 electronics and automotive developments

ELEMENTARY ELECTRONICS/SCIENCE & ELECTRONICS
P.O. Box 2630, Greenwich, CT 06836

11 YES, enter my subscription for 6 issues (one year) for only $3.98-I save $4.12 off
the newsstand price.

 Payment enclosed.  Bill me. (Outside U.S.A. and possessions-$5.00)
Credit Card Users Only:
 Enter my subscription for 12 issues (two years) and charge my credit card for only

$7.96-I save $8.24 off the newsstand price. (Outside U.S.A. and possessions-$10.00)
Credit Card Number 11I

i I III 1 1 1 1 1 1

Card Expiration Date
Signature

Name

Address

City State Zip
I Please allow 6-8 weeks for delivery of your first copy.
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An Extraordinary Offer to introduce you to the benefits of Membership in

ELECTRONICS BOOK CLUB
take of these 24 unique $ 95 for
any electronics books ALL

(values to 1057°) for only SIX

with a Trial Membership in the Book Club that guarantees to
save you 25% to 75% on a wide selection of electronics books
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1225-322 p.-Master -landbook of
Electronic Tables & Formulas -
3rd Edition (51435)

Facts About Club Membership

985-280 p.-Programming Mie-
' ' roprocessors (59.95)
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1053-266 p.-Microprocessor
Cookbook (510.95)

1111111111111

1169-504 p.-The GIANT Handbook of 1205-350 p.-PASCAL (515.95)
Computer Protects ($15.95)

1086-882 p.-The Illu ed Dictionary
of Electronics (S19.95)The
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804-700 p.-Master Handbook of
1001 MORE Practical Electronic
Circuits (517.95)
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1077-304 p-Handbook of
Remote Control & Automa-
tion Techniques (812.95)

1184-616 p-The Master Guide To
Electronic Circuits ($19.95)

 The 6 introductory Dooks of your choice carry publisher's retail
prices of up to $105 70. They are yours for only $2.95 for all 6
(plus postage/handing) with your Trial Membership.
 You will receive the Club Item, describing the current Selec-
tions. Alternates. and other books, every 4 weeks (13x a year).
 If you want Vie Selection, do nothing, it will be sent to you
automatically.11 you do not wish to receive the Selection, or if you
want to order one of the many Alternates offered. you simply give
instructions on the -eply form (and in the envelope) provided,
and return it to as by the date specified. This date allows you at
least IC days in which to return the form If. because of late mail
delivery, you do not have 10 days to make a decision and so
receive an unwanted Selection, you may return it at Club ex-
pense.

 To complete your Trial Membership, you need buy only four
additional monthly Silections or Alternates during the next 12
months. You may cancel your Membership any time after you
purchase these four books.
 All books-including the Introductory Offer -are fully return-
able after 10 days if you're not completely satisfied.
All books are offered at low Member prices. plus a small

Ipostage and handling charge.
 Continuing Bonus If you continue after this Trial Membership,
you will earn a Dividend Certificate for every book you purchase.
Three Certificates plus payment of the nominal sum of $1.99 will
entitle you to a valuable Book Dividend of your choice which you
may choose from a list provided Members

/0 1101-546 p.-How to Design & Build
Your Own Custom TV Games (514.95)

1241-238 p.-How To Budd Your Own
S141 -Programming Robot (512.95)
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1088-322 p.-Illustrated Dictionary of
Microcomputer Terminology ($12.95)
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Games in BASIC (510.95)
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1055-140 p.-The BASIC Cook.
book (57.951

1123-210 p.-The Laser Experimenter's
Handbook (59.95)

/ray we send you your choice o 6 of these practical
llatime-and-money-saving books as part of an un-
usual offer of a Trial Membership in Electronics Book
Club?

Here are quality hardbound volumes, each espe-
cially designed to help you increase your know-how,
earning power, and enjoyment of electronics. What-
ever your interest in electronics, you'll find Elec-
tronics Book Club offers practical, quality books that
you can put to immediate use and benefit.

This extraordinary offer is intended to prove to
you through your own experience, that these very
real advantages can be yours...that it is possible to
keep up with the literature published in your areas of
interest, and to save substantially while so doing. As
part of your Trial Membership, you need purchase as
few as four books during the coming 12 months. You
would probably -buy at least this many anyway. with-
out the substantial savings offered through Club
Membership.

To start your Membership on these attractive
terms, simply fill out and mail the coupon today. You
will receive the 6 books of your choice for 10 -day
inspection. YOU NEED SEND NO MONEY. If
you're not delighted, return the books within 10 days
and your Trial Membership will be cancelled without
cost or obligation.

ELECTRONICS BOOK CLUB. Blue Ridge Summit. Pa 11214
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Circuits

800-602 p. -,-Master Handbook of 1001
Practical Electronic Circuits ($15.95)

1136-504 p.-Prectleal Electronics
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1203.308 p.-Handbook of Micro.
processor Applications (514.95)
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ELECTRONICS BOOK CLUB
Blue Ridge Summit, Pa. 17214
Please open my Trial Membership in ELECTRONICS
BOOK CLUB and send me the 6 books circled below. I
understand the cost of the books I have selected is
only $2.95 for all 6. plus a small shipping charge. If
not delighted, I may return the books within 10 days
and owe nothing, and have my Trial Membership
cancelled. I agree to purchase at least four addi-
tional books during the next 12 months after which I
may cancel my membership at any time.

800 801 804 971 985 1000 1050 1053
1055 1066 1077 1088 1101 1123 1136 1141
1169 1183 1184 1199 1203 1205 1225 1241
Name Phone

Address

City.

State Zip
(Valid for new Members only. Foreign and Canada add 15%.) IC -1180
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New Products
Record Care

A three-piece Record and Stylus
Care Kit from Cecil Watts record
care line, is now being offered by
Empire Scientific Corporation. De-
signed to introduce the record col-
lector to this basic non -liquid sys-
tem for record care, the kit in-
cludes the best-selling Parostatik®

CIRCLE 2 ON READER SERVICE COUPON

Disc Cleaner. Experts recommend
a humid system for record clean-
ing because the free use of liquid
cleaners can interfere with track-
ing. The Watts record cleaning de-
vices are used in a semi -dry or
slightly moist state and do not
leave a film or residue on the
record. The new three-piece Cecil
Watts Record and Stylus Care Kit
is the perfect record care starter
kit. It is popularly priced at about
$13.95 in audio shops nationwide.
For more information, write to Em-
pire Scientific Corp., 1055 Stewart
Avenue, Garden City, NY 11530.

Car Cassette Holder
Car accidents could occur when

the driver fumbles for a music
cassette. S & K Enterprises has a
better idea with its Swan cassette
holder that costs only $6.95 sug-
gested retail. The holder's back
plate bracket may be secured to
the car dash-or anywhere in the
home. The other part is the cas-
sette holder that accommodates
six cassettes. It can be locked
into the bracket and then secured

to the dashboard or elsewhere in
the car or van within driver reach.
The cassettes don't fall out. When

CIRCLE 3 ON READER SERVICE COUPON

the driver wants to take the cas-
settes into the house, he merely
lifts the cassette holder off the
bracket. S & K Enterprises offers
a 14 day money back guarantee.
Write to them at 4417 Red Maple
Court, Concord, CA 94521.

Strip Chart Recorder Kit
The Heathkit IR-5204 is the kit

version of the popular Heath SR -
204 Strip Chart Recorder, a boon
to budget conscious hobbyists, ex-
perimenters, and small shops.
Digital chart drive in the IR-5204

CIRCLE 1 ON READER SERVICE COUPON

is provided by a precision stepper
motor that is synchronized to
highly -precise internal oscillator or
external TTL-level signal. The
stepper motor provides 10 chart
speeds, either in inches or centi-
meters per minute. All speeds are
instantly selectable with a front
panel switch, and are accurate to
better than 0.5 percent. Other
standard features of the IR-5204
include a rear panel for total re-
corder operation from a remote
location, metric conversion, push-
button chart advance, electric pen
lift and rack mounting hardware.
The unit is mail order priced at

(Continued on page 4)
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New
Products

$339.95 (F.O.B. Benton Harbor,
MI). For more information on the
IR-5204 Strip Chart Recorder kit,
write for a free catalog to Heath
Company, Dept. 350-320, Benton
Harbor, MI 49022.

Magnetic Tool Holder
Super Power magnetic tool

holder for workshops, tool rooms,
maintenance departments, and

CIRCLE 4 ON READER SERVICE COUPON

home use holds heavy tools and
helps keep work areas organized.
Features heavy-duty ferrite perma-
nent magnets, rust -resistant gal-
vanized finish, and choice of
lengths: 12, 18 and 32 -inches.
Price prepaid is $10.95, $14.95,
and $21.95, respectively. Write to
Dowling Miner Magnetics Corp.,
372-D Bel Marin Keys Blvd., No-
vato, CA 94947.

5 -Bander for SWLs
A five -band receiver from Radio

Shack, the Realistic DX -200 Com-
munications Receiver, tunes long -

CIRCLE 32 ON READER SERVICE COUPON

wave from 150 to 400 kHz, 520
kHz to 1600 kHz AM broadcast
band, and 1600 kHz through 30
MHz for international shortwave,
Amateur Radio, WWV time signals
and more. The DX -200 has illumi-
nated drum -type dials for both
main tuning and bandspread tun-
ing. Bandspread covers both Ama-
teur Radio and shortwave bands.
A built-in 500 kHz quartz -refer-
enced calibrator and an adjust-
able cursor on the main dial as-
sure frequency accuracy. Other
features include LED band indi-

cators, an antenna trimmer for
best reception with any antenna,
an RF gain control that adjusts
for signal sensitivity, five-e!ement
ceramic filter for selectivity, light-
ed signal strength meter and a
built-in speaker. An adjustable
BFO pitch control permits recep-
tion of CW (code) and SSB (single
sideband) signals. The receiver
also has a standby switch and
rear panel "mute" terminal for use
in two-way "Ham" installations.
The receiver is single conversion
with a 455 kHz IF. Sensitivity is
given as 1µV for 10 dB S/N ratio,
and selectivity, ±4 kHz, -6 dB;
±8 kHz, -40 dB. Operates on 120
VAC, 60 Hz. The Realistic DX -200
Communications Receiver is priced
at $229.95. Available exclusively
from participating Radio Shack
stores and dealers.

Pocket Scanner
The Russell Industries Digi-10

H /1J channel hand-held pocket
scanner gives instant access to
police, fire, weather and other
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special interest broadcasts on
high VHF and UHF bands. Digi-10
H/U features 10 channels with a
scan rate of 15 channels per sec-
ond and LED display readout. The
Digi-10 H/U has manual/automat-
ic pushbutton stepping from chan-
nel to channel plus overpassing
switches to lock out unwarranted
monitoring. One second delay
switch holds desired channel po-
sition. Comes with rechargeable
Ni 'Cad batteries and an AC bat-
tery charger. Unit weight is 8.8
ounces. For more information,

contact Russell Industries, Inc.,
3069 Lawson Blvd., Oceanside, NY
11572.

Digital Engine Analyzer
The Heathkit Portable Digital

Engine Analyzer kit, CM -1550,
handles several tune-up measure-
ments, including dwell for 4
through 8 -cylinder engines, RPMs
to 10,000 in two ranges, DC volt-
age to 200 volts in two ranges,
resistance to 2 megohms in three
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ranges and direct current to 20
amperes. With the optional CMA-
1550-1 Shunt Accessory, the CM -
1550 will also measure starting
current and battery charging dis-
charging current, up to 400 am-
peres. The CM -1550's large liquid
crystal display shows all measure-
ments. Power is supplied by a 9 -
volt battery (not included). The
inductive pick-uo for the RPM
readings is attached to any spark
plug wire. Thermal insulation on
attachment leads resists melting
or burning under high heat con-
ditions. The CM -1550 can be as-
sembled in two or three evenings,
with just one circuit board to wire.
It is mail order priced at $94.95,
while the optional CMA-1550-1
400 -Amp Shunt Accessory se'ls
for $14.95, mail order-both F.O.B.
For more information on the CM -
1550 Engine Analyzer, send for a
free catalog to Heath Company,
Deot. 350-180. Benton Harbor, MI
49022.

Talking Clock Radio
Panasonic has introduced an

FM/AM electronic digital talking
clock radio. Model RC -6800 fea-
tures an electronic "voice" that
calls out the time automatically
at 1, 15, 30 or 60 -minute intervals.
"Voice" call can be operated
manually for current or alarm time
check. The "voice" alarm an-
nounces the time, and continues
every minute until turned off. The
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digital talking clock radio also of-
fers a "voice" volume control,
"Sure Time" battery back-up sys-
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tern that stores current time and
alarm time, even during power
failure, and a 4 -in. PM dynamic
speaker. Model RC -6800 also of-
fers a terminal for a remote con-
trol voice -activator button. Sells
for about $169.95 or less. For
more information, write to Pana-
sonic, One Panasonic Way, Se-
caucus, NJ 07094.

Fixed -Station Microphone
The new Shure Model 444D,

which retains all the performance
characteristics that made the
Model 444 popular, but also offers
added features Radio Amateurs
will find especially appealing. The
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Model 444D has a new high/low
impedance selector switch locat-
ed on the bottom of the base, in-
creasing compatibility with fixed -
station equipment. A second slide
switch provides switching be-
tween normal or VOX operation.
Also, an easy -to -use, momentary
or locking, push -to -talk switch
bar actuates the microphone and
an external relay or control cir-
cuit with fingertip action. Other
added features of the Model 444D
are a coiled cable, the availability
of a free, personalized nameplate
imprinted with an amateur's sta-
tion call letters, and a new wiring

guide with instructions for wiring
the microphone to major brands
of ham equipment. User net price
of the Model 444D is $55.50. For
more information, write to Shure
Brothers Inc., 222 Hartrey Avenue,
Evanston, IL 60204.

Safe 28-40 Pin DIP Puller
A new 28-40 pin IC extractor,

Model EX -2, from O.K. Machine
and Tool extracts ICs having
standard .600 -in. body widths, in-
cluding MOS and CMOS devices.
Unique mechanism is self-adjust-
ing, and gently lifts the IC from
its socket or board using uniform
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pressure applied simultaneously at
both ends of the IC. Designed for
easy one -hand operation, the EX -2
features heavy chrome plating for
reliable static dissipation, as well
as a terminal lug for attaching a
ground strip. The EX -2 is priced
at only $7.95, and is available
through local electronics retailers
or directly from O.K. Machine and
Tool Corporation, 3455 Conner
Street, Bronx, New York 10475.

Number, Please
An all -in -one telephone, the

Radio Shack DuoFone-16, provides
pushbutton dialing, a built-in two-
way amplifier and an autodialer
that can store up to 16 telephone
numbers for instant, one -button
dialing. A universal dial system is
said to give you the convenience of
pushbutton calling almost any-
where in the U.S. without paying
extra charges and regardless of
whether your local telephone sys-
tem is for pushbutton or rotary dial-
ing. Another feature provides one -
button redialing of the last number
called if the line was busy or did
not answer. The built-in two-way
amplifier allows "hands -free" con -

TAKE IT FROM
THE TOP

Introducing 3 top -rate books for the
electronics hobbyist, designer or ex
,perimenter.

Learning To Work With Integrated
Circuits - learn the principles and ap-
plication of integrated circuitry while
you build a digital voltmeter/frequency
counter from this collection of articles
which appeared in QST, the radio
amateur's journal.
Solid State Design - for the radio
amateur looking for a more in-depth
working knowledge of solid state
theory and application.

Radio Amateur's Handbook - the 640
page "bible" for building, testing &
refurbishing Amateur Radio equip-
ment. Thorough treatment of virtually
every phase of the hobby, plus charts,
graphs, tables & schematic diagrams.

Let these ARRL publications help
you step up to a thorough under-
standing of today's electronic world.

Just select the book that's right for
you. Enclose your remittance or use
your charge card. We'll ship your
publication postpaid.

Learning Integrated Circuits
$2.00 US
Solid State Design - $7.00 US

 '81 Handbook (softcover) - $10.00
US - available late November 1980

$ Enclosed  MC 0 Visa

Charge Number

Expiration Date

Name

City

State Zip

AMERICAN RADIO
RELAY LEAGUE

225 Main Street
Newington,CT 06111 99
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100KHZ with T.T.L. and
C.M .0.S. outputs

 Variable Function Generator to
/AA

 Six regulated supply voltages, all
short circuit proof including
5V-1 amp

 Four logic indicators and
debounce switches

THE BOOTLEGGERS BIBLE, proven by your let-
ters to be the finest publication available for
Modifying the CB Radio, above Ch. 40 Or below
Ch. 1, 77 PLL Chips listed, for Crystal, AM & SSB,
23 & 40 Ch. sets. $12.95

THE LINEAR AMPLIFIER PLANBOOK II Con-
taining plan for Mears from 2 to 400 MHZ, from 15
to 1000 watts, all transistor designs, 11 Meer
Modols? Yes $11.95

CB RADIO REPAIR Circuit discrIptIons,
trouble shooting chart, component tasting, the
latest techniques used by the Pros: 98.96

Bootlegger kite, special XSTLS, scanner XSTLS
available lull line catalog $1.00 refundable.

AP SYSTEMS
PO BOX 263 D

NEWPORT RI. 02840
Master Charge & Visa Accepted
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Electronic Design Lab CA -16

Components not included

$99.95
 Two C.M.O.S. to T.T.L. convertors

 Two large breadboards. All point-to-point, no soldering,
1.100 connecting points. Everything is at user's fingertips
More work in less time. parts can be reused over and over
again. In short order our Design Lab will pay for itself.
Free brochure. $99.95

CASCADE LABS, 4156 south Alder Avenue
Freeland, Washington 98249 (206) 221-7483

NOW

WRITEFOR McGEE'S
BIG SPEAKER CATALOG

1001 BARGAINS IN
SPEAKERS-PARTS -TUBES- HIGH FIDELITY

COMPONENTS-RECORD CHANGERS
Tape Recorders-Kits-Everything in Electronics
1901 McGee Street, Kansas City, Missouri 64108

GIVE A HOOT! DON'T POLLUTE!0 F"--1-

P.Jt, COUNC,t

New
Products
versation and features on -hook
dialing so that you need not lift the
telephane receiver to make a call.
A privacy button cuts off the micro-
phone so that you can confer with -
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out being heard by the other party,
or monitor conference calls without
interrupting. Up to 16 frequently
called or emergency telephone
numbers of up to 15 digits each
can be stored in the auto -dialer.
The Radio Shack Duo-Fone-16
Telephone with built-in auto -dialer
and amplifier is priced at $129.95
at participating Radio Shack stores
and dealers.

Tick -Free Clock
Super -long battery life, multi -

alarms, and tick -free functioning
are the major features of an attrac-
tive, compact travel clock, Model
LQ-200, introduced by Toshiba.
The battery life of 7,000 hours pro-
tects the traveller against battery
failure during a trip. Three alarms,
including a timer and a five-minute

CIRCLE 8 ON READER SERVICE COUPON

snooze feature make it easy to stay
on schedule. A large LCD display
shows six digits with day, alarm,
AM PM indicators, and there is an

added automatic calendar. Meas-
uring only 21/2 -in. wide x 21 -in.
length x 1/2 -in. thick, and weighing
1.76 oz., this travel clock fits easily
into a briefcase or purse. The unit
has a built-in stand for use on the
desk or night table, and comes in
an attractive pouch. Suggested re-
tail price: $29.95. For more infor-
mation, write to Business Equip-
ment Division, Toshiba America,
Inc., 82 Totowa Road, Wayne, NJ
07470.

Battery -Powered
Turntable Light

Now you can read the record
label and keep the romantic mode.

Just add a battery -powered phono
turntable light that turns on auto-
matically when the dust cover is

CIRCLE 9 ON READER SERVICE COUPON

raised. The battery -powered Robo-
Lite from Robins Industries oper-
ates from two D -size cells in a con-
tainer that is connected to the
turntable light through a 3 -foot
cable; there is no need to use a
spare AC outlet as the power
source. The turntable light simply
snaps onto the bottom edge of the
dust cover; no tools are needed for
the installation. Suggested list
price of the RoboLite is approxi-
mately $21, not including batteries.
For further details on the Robins
battery -powered RoboLite. contact
Robins Industries Corp., 75 Austin
Blvd., Commack, NY 11725.
CIRCLE 10 ON READER SERVICE COUPON

Space Destroyer Program
APF Electronics Space De-

stroyer is a video space game de-
signed for it's personal computer,
The Imagination Machine. The
game will put you in the comman-
der's seat as you maneuver your
field. The excitement of the action
is heightened with sound. The sug-
gested retail price for Space De-
stroyer is $19.95. Write to APF
Electronics, Inc., 444 Madison
Avenue, New York, NY 10022.
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ASK HANK,

IIE KNOWS!

Got a question or a problem with a project-ask
Hank! Please remember that Hank's column is
limited to answering specific electronic project
questions that you send to him. Personal rep ies
cannot be made. Sorry, he isn't offering a circuit
design service. Write to:

Hank Scott, Workshop Editor
99 IC PROJECTS

380 Lexington Avenue
New York, NY 10017

It Adds Up
Using an op amp, give me a simple sig-

nal mixing circuit. I've tried it using input
at 2 and 3 of a 741, but with no success.

-L.Y., Richardson, TX

You are effectively inserting a signal be-
fore mixing which is not what you want
to do when summing. The diagram shows
you how to put this together.

White's is Complete
Why doesn't White's Radio Log which

appears in COMMUNICATIONS WORLD once
a year list FM stations by call letters?

-.1.N., Long Beach, CA

DXing FM stations is just not practical.
Very seldom does one need such a listing.
If you don't find the call letters in the FM
listing for your state, then examine ad-
jacent states along the axis of the FM an-
tenna. Some signals may skip in, but don't
bet on it. Also, a few may sneak in from
behind, so always examine the state be-
hind you. The original Mr. White didn't
list FM stations by frequency, nor do we
see any reason to do so. As for errors in
White's Radio Log-it happens because
we are human (we're not blaming it on
the computer). However, most errors are
traceable to inaccurate data and changes
that occur during the year. Did you know
there are over 1000 listing changes in
White's Radio Log each year? You can
help. Should you spot an error, jot down
the old (incorrect) data and the new data.
We'll update the list.

Computer Power
Should I run a special AC line to my

PET computer as is done with commercial
computers?

-C. H., Loyalton, CA

Why? If the power fails, start all over.
Should you be working on a very long
program, constantly LOAD it into your
cassette or disk drive. Should the switch
be pulled or the power fail, you will only
lose the last 10 minutes of work. The
magnetic memory never fails. But, it is
wise to take power from an outlet that
does not share a circuit breaker with
kitchen appliances that blow breakers
more often than any other reason. Also,
the outlet should not be controlled, by a
wall switch which could accidently be
flipped to the "off" position.

Bond It
My serviceman suggested I "bond my

chassis." He meant that the engine com-
partment leaked RF which interfered with
my radio reception. How do I do it?

-W.N., Oceanside, NY

Check your auto supply outlet for bond-
ing straps. If you can't get any, use the
wire braid in an RG-8/U cable. Take off
the outer jacket, the inner insulation and
center wire. It's easy to do because you'll
need strips of about one foot each. Now,
connect the hood to the firewall with one
strap. Connect each fender to the firewall.
(The firewall is the metal between the
engine compartment and the passenger
section.) Check to see that the cable from
the battery ground to the engine makes
good connection and is not damaged. That
should do it.

Long Line Ground
My car stereo works fine on the work-

bench when I power it with a battery
eliminator, but reception is poor in the
car. I know the antenna system is O.K.
What's wrong?

-E.I., Rapid City, SD

Take a good look at your DC ground
return. Considering the amount of plastic
used in a car today, the radio may be
floating in non-metalic space with several
feet of ground wire seeking the car's frame
or body. Keep that DC return short! Con-
nect the case of the radio to the metal on
the car with one foot or less of braided
copper wire rated at #14 or #12. I once
fixed a radio in a car that had no ground
return in its plastic mounting slot. The
ground strap, a piece of cheap steel, broke
when the radio was pulled out. When I
connected the hot line and slid the radio
in place, no grounding occured. This
could be very upsetting the first time it
happens to you.

It's a Cannon
What is an XL -type connector?

-D.M., Boston, MA

It's any of several varieties of audio
connectors having 3 or more conductors
plus an outer metal shell which shields
the mating pieces and locks them in place.
The most common type is the 3 -pin XL -
type connector used to make balanced mic
and line level connections on professional
audio systems. It is not uncommon for
XL -type connectors to be connected to
unbalanced lines. Very often the XL -type
connector is called a "Cannon connector,"
so named for the original manufacturer.

FOR THE

EXPERIMENTER
INTERNATIONAL CRYSTALS and KITS

OF -1 OSCILLATOR

8493ea.

The OF -1 oscillator is a
resistor/capacitor circuit

providing oscillation over a range of frequen-
cies by inserting the desired crystal, 2 to 22
MHz, OF -1 LO, Cat. No. 035108. 18 to 60
MHz, OF -1 HI, Cat. No. 035109. Specify
when ordering.
MXX-1 Transistor RF Mixer
3 to 20 MHz, Cat. No.035105
20 to 170 MHz. Cat. No. 035106.. $6.38 es.

SAX -1 Transistor RF Amp
3 to 20 MHz, Cat. No. 035102
20 to 170 MHz, Cat. No. 035103 $6.38 es.

BAX-1 Broadband Amp
20 Hz to 150 MHz, Cat. No.035107. . $6.67 aa.

.02% Calibration Tolerance
EXPERIMENTER
CRYSTALS
(HC 6/U Holder) 74

1

Cat. No.
Lte........-44.. i

Specifications ri

031300 3 to 20 MHz-For use in n°'
OF -1L OSC Specify when ordering. II

031310 20 to 60 MHz-For use in OF -1H OSC
Specify when ordering.

ea.

Enclose payment with order (no C.O.D.). Shipping
and postage (inside U.S.. Canada and Mexico only)
will be prepaid by International.

Prices quoted for U.S., Canada and Mexico
orders only. Orders for shipment to other
countries will be quoted on request.

Price subject to change. Address orders to
M.S. Dept., P.O. Box 32497

Oklahoma City. Oklahoma 73132

WRITE FOR BROCHURE

IE
International Crystal Mfg. Co., Inc.

10 North Lee, Oklahoma City. Oklahoma 73102

CIRCLE 5 ON READER SERVICE COUPON

SEE COVER 2 FOR DETAILS

ELEMENTARY ELECTRONICS/
SCIENCE & ELECTRONICS
P.O. Box 2630,
Greenwich, CT 06836 HIAAD1

O YES, enter my subscription for 6
issues (one year) for only $3.98-I save
$4.12 off the newsstand price.

0 Payment enclosed.
12 Bill me. (Outside U.S.A. and pos-
sessions-$5.00)

Credit Card Users Only:
0 Enter my subscription for 12 issues

(two years) and charge my credit
card for only $7.96-I save $8.24 off
the newsstand price. (Outside U.S.A.
and possessions-$10.00)

Credit Card Number

Card Expiration Date

Signature

Name

City

Address

State Zip
Lease allow 6-8 weeks for delivery of first copy.

J
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ASK HANK

Presently, many companies now manufac-
ture compatible 3 -pin connectors.

Sound Off
Hank, I am writing in response to the

letter from "T.H., Great Fall, MT" in the
July -August issue -of ELEMENTARY ELEC-
TRONICS. Is your mind operating gigo, or
what? The boy didn't ask for your opinion
on what the use of home computers should
be, he asked if you knew how to inter-
face one to a BSR X-10 remote control!
I am not usually one to criticize the
opinions of others, but I had to speak up
about your reply to his letter. If you can't,
or won't, answer his, question, then give
him my name and address, and I'll be
glad to help him. A computer isn't "too
valuable for anything. In any application
where they can help people, that is where
they belong. I hope you have enough in-
testinal fortitude to publish this letter, and
send my name and address to the boy
who wrote you, so I can give him some
help. By the way, this letter was written
on my TRS-80 using a text -editing system
I wrote, called "MAX"!

-W.M., No. Platte, NE

Yep, we have "guts," so we printed your
letter. In fact, although you disagree with

AMAZING
DEVICES

itl((( PHASERS )))b.
PPF-1 PHASER PAIN FIELD - This device recently devel-
oped and patented in our labs is being evaluated by law enforce-
ment agencies tor riot and crowd control It is now available but
soon will come under the jurisdiction of weapons and internal
machine control making it unavailable to the public. The device
is hand-held and looks like a BUCK ROGERS ray gun It is hazar-
dous if not used with discretion.
PPF1 PLANS $15.00
IPG-1 INVISIBLE PAIN FIELD GENERATOR - This
amazing, simple hand-held device is about the size of a pack of
cigarettes and generates a directional field of moderate to inten-
sive pain in the lower part of the head up to a range of 50' De-
vice is simple and economical to make
IPG1 PLANS 58.00 !Palk ALL PARTS $39.50
IPG-10 ASSFMRI ED&TESTED FOR ANIMAL CONT $49.50

LASERS
RUBY LASER RAY PISTOL - Produces highly intense red
beam capable of burning A hazardous device PLANS. PARTS
SOURCES $15.00
HIGH POWERED CARBON DIOXIDE BURNING AND CUTTING
Complete plans and all parts sources $15.00
SOLID STATE IR 12 WATTS with built in power supply
plans $9.00 Complete kit with collimator $74.00
POCKET LASER pulsed. visible red plans $7.00
Complete kit $59.50 Also complete plans and parts
sources for RUBY. YAG. NEODYNIUM. HeNe ARGON. DYE.
NITROGEN and many more lasers

SECURITY
SNP -2 SNOOPER PHONE - Dial home or office phone
while on vacation activating sensitive mike without
ringing Excellent property protection and intrusion

phone
device

SNP2 PLANS S7.00
SNP2K ALL PARTS 549.50
SNP20 ASSEMBLED AND TESTED $89.50
LONG RANGE XMTR PLANS $6.00
SEE-IN-THEDARK PLANS $8.00
DIRECTIONAL SHOTGUN MIKE PLANS $7.00
SUPER SENSITIVE PARABOLIC MIKE PLANS 57.00
SOUND & TELEPHONE OPERATED TAPE RECORDER S6.00
CATALOG ON PLANS. KITS & FINISHED UNITS S1.00

Send check or money order to

SCIENTIFIC SYSTEMS, Dept A10 Boo 716
AMHERST. N H 03031

us, your views are worthy of considera-
tion. You'll note that we dropped your
middle paragraph where you qualify your
background to justify your position. I'm
impressed, but I'll stick to my guns. Please
write to us again, and everyone else who
disagrees with me. I'm not too old to
learn, or so they tell me.

Draw!
Hank, how good are you at computer

language?
-D.R., Grafton, VT

At BASIC I'm about as good as Larry
Friedman, our young editor of the Simply
BASIC column. However, he's much faster
than me. That's what youth and practice
has over us old timers.

Nice Note
I am a new subscriber to ELEMENTARY

ELECTRONICS, and just wanted to tell you
that I am enjoying this publication very
much. I really did enjoy the article "Solar
Alchemy," by T.J. Beyers. Mr. Beyers
proves he has an excellent understanding
of his material and presents it in a very
readable manner.

-D.A., Alpine, Tx

I received several complementary notes
on Author Beyers article on Solar Al-
chemy. It's good to know the Editors are
giving you what you want to read. Those
who sent story ideas and specific requests
had their letters forwarded to the Editor.
Thanks for writing.

Spend to Save
I like to build the projects in ELEMEN-

TARY ELECTRONICS, but the prices charged
for parts are just too much! How can I
break the price barrier?

-B.F., Ellwood, PA

Buy in quantity and reuse parts. For
example, never buy a resistor off the peg
board rack, buy a large assortment of
resistors that include the resistor you need.
This way you will build up your parts
supply, and somewhere down the road
you may build a project with all resistors
coming from spare parts. Also, the unit
costs for bulk resistors are anywheres
from one -quarter to one -tenth the peg
board price. Do the same with other parts.
Next, a switch to solderless breadboards.
They may seem costly, but you will be
able to salvage 100 percent of the parts
used. Think of the many 741s and 555s
you can use over and over.

Lend a Hand
Here are a few readers who need your

help, so lend a hand, boys!
p General Electric oscilloscope Model
CRO-3A; needs schematic diagram and
operational manual; Gary L. Smith, 10956
S.W. 63rd, Portland, OR 97219.
p Archer (Radio Shack) Model 28-4004,
needs schematic diagram; Joseph Greco,

9905 W. Montana Ave., Milwaukee, WI
53227.

National NC -57M receiver; would like
to get manual and know when unit was
first made; Kevin Kaff, 3803 Hilltop,
Hutchinson, KS 67501.

Hallicrafters Model S-85 receiver; needs
schematic diagram, operational manual
and alignment data; John Wilson, P.O.
Box 512, Farmerville, LA 71241.
p Fisher Stericorder open reel tape re-
corder; needs manual and/or schematic
diagram; Herbert W. Klumpe III, Box 32,
Meredith, NY 13805.

Saving Watts
The great job you did on attic ventila-

tion can be helped a great deal by better
fan control and the kind that is right up
your alley. I used two thermistors in a
bridge circuit tripping an SCR. One therm-
istor is outside in the shade. The other
is in the attic. The outside thermistor con-
tinually biases, or resets, the attic therm-
istor so that its setting, where the SCR is
tripped, is always about 5 degrees above
the outdoor temperature. This is perfect
from a heat gain point of view. It keeps
the house heat pick-up from the attic to
the bare practical minimunz. My SCR
sometimes short cycles on shut down, I
have to work on this.

-G.K.M., Kettering, OH
Good to hear you're keeping down the

watts and saving bucks. To prevent short
cycling, I suggest you use a lockout fea-
ture that prevents the fan from coming on
for a few minutes. Use a 555 IC with a
variable time control. I believe a 5 -degree
temperature differential is too small. A
well insulated attic could stand 20 to 30°F
easily before the fan comes on.

Good Application
Hank, I'd like to know if the Digital

Voltmeter project in the 1980 March -April
issue of ELEMENTARY ELECTRONICS
can be used in a variable (5-16 VDC)
power supply.

-C.A., Las Vegas, NV
You bet. In fact, that's what your car's

battery supply is when it's not charged
properly.

Mike Tip
Hank, can you give me some tips on

recording a vocalist.
-J.N., Walnut Creek, CA

Here are some simple rules for record-
ing a soloist: The mike should generally be
positioned 8 -in. to 12 -in. from the face
and slightly to the side (to avoid "popping
Ps"). If the recording is being done out-
side, a windscreen is a must. Recording a
medium to large size vocal group repre-
sents more of a problem. A little "jug-
gling" of the performers might be in order.
The best idea is to position the strongest
voices a little farther away so they won't
overpower the weaker voices. In general,
the best position for the mikes is slightly
above head level.

CIRCLE 9 ON READER SERVICE COUPON
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1981 EDITION

Enter the fascinating world
of miniature electronics
today and join the IC

generation!

YOU'VE BEEN PUTTING OFF YOUR INTRODUCTION into
the fascinating world of integrated circuit construction
for too long, and the time to get your feet wet is now.

The electroncs field is moving ahead so rapidly that you
really cannot afford to sit back and let it happen around
you. That in itself is the primary reason for the existence
of 99 Integrated Circuit Projects magazine. Contained
on the following pages is the necessary information, both
theory and construction, which will allow you to begin
utilizing the miniature marvels available right now at
your local hobbyist outlets.

No Excuses! Too expensive, you say? Wrong! Many
of the ICs used in the construction projects on the fol-
lowing pages can be had for $1.00 or less with some
sharp shopping techniques.

Too complicated, you say? Sorry, wrong again. If
you've had any experience in following schematic dia-
grams to build transistor projects, or, for that matter
vacuum tube projects, you'll have very little trouble in
adapting to the use of ICs. Again, we'll show you what
you need to know, both in circuit theory and in construc-
tion theory. And to help build your confidence, we've
included 25 Transistor Projects which are not only use-
ful in themselves, but will help you come to grips with

Here's what it is all about, a typical DIP (dual in -line package)
integrated circuit. This is a 14 -pin package, the most commonly
used in our projects, but 16 -pin units are also used. Note inden-
tation at the left end-(facing towards you), the first pin to
the right is #1. Pin numbers ascend in counter -clockwise order.
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solid state construction and circuitry techniques before
you get involved with the more complex IC projects. In
fact, you can actually "build" your own chip just to see
how the digital logic actually functions inside an IC.

Heart of the Matter. Right now, let's get to the heart
of the book, the 99 IC construction projects. Even if
electronics is your number one hobby, as it is for us,
most likely you have other pastimes as well. With this
thought in mind, we have tried to bring you a selection
of project ideas that will allow you to experience the
satisfaction of building a working project that will also
be useful to you in other areas. A glance at the Contents
page will indicate that the 99 integrated circuit projects
in this issue are grouped in categories for your conveni-
ence. Those of you who play musical instruments or
know someone who does will enjoy building projects
such as the Slide Trombone, Touch Sensitive Keyboard,
Organ -Plus Tone Generator and Multi -Input Music Syn-
thesizer. Computer operators will find the Simple 6 -Bit
D/A Converter a useful, low-cost addition to their sys-
tem and security conscious builders will find a variety of
electronic burglar alarms, locks, robot "eyes" and "ears"
to strike terror into the hearts of the uninvited. Hobby-
ists will delight in Automatic Train Sound Effects and
both photographers and experimenters will find the
Thermostatic Bath very useful. Inveterate gamblers and
others who wish to test their skills are sure to find en-
joyment among several original electronic games such
as LED Blackjack and Mini -Digital Roulette. You can
use the money saved to build more projects.

One of the most important (and least costly) expenditures you'll
make for building the IC projects is for IC sockets. They are
available in all sizes (8, 14, and 16 -pin, etc.) and have termi-
nals for solderless and wire -wrap boards, as well as for PC types.

to_1111 DO 11111

IIII 1,1

A neat, clean professional -style printed circuit board made from
a template. Nine of the ICs are not in their sockets. With the
right materials, all of your projects can be this neat and com-
pact. Take sufficient time to plan ahead for tight parts layouts.

The list goes on and on, and we're sure that you can
find many alternative uses for these projects other than
the ones which we've suggested. Additionally, you will
soon see that many of the projects are compatible with
each other. For instance, many of the burglar alarm cir-
cuits for both home and car require some sort of alarm
device, such as a bell, buzzer, etc. You can combine
them with the Two -Tone Siren to create a really formid-
able protection system.

Perhaps the major reason for taking the time to in-
form you of these possibilities is that the actual text
accompanying the projects is very brief-there's just
enough there to let you know how to build the project,
and in some cases how to operate it as well. This was
done not because we're lazy, but because we wanted to
leave as much as possible to your imagination. The
schematics and parts lists have been checked, rechecked,
and then checked again to provide you with trouble -free
construction. We've also tried our hardest to limit the
amounts of different parts you will require to assemble
the projects. You will find that both the NPN and PNP
transistors used throughout the magazine are of the
"general replacement" variety, which means that you can
pretty much substitute freely from the junk box. The
same goes for the resistors and capacitors. You'll find
that we've adhered to the most common values and
tolerances-the ones which are easily found either around
the shop or any electronic and/or TV repair supply.

Pay Attention! We would undoubtedly be remiss if we
didn't pass along some of the do's and don'ts which per-
tain to the care and handling of integrated circuits during
construction. No matter what construction format you
choose-solderless breadboarding, wire -wrap breadboard-
ing (see the articles on these at the rear of the magazine)
or even printed circuit construction, if you're so inclined,
the followng tips apply throughout, and we suggest that
you read them carefully before you begin any work.

While integrated circuits are basically composed of
groups of transistors and other standard electronics com-
ponents, some types do require special handling on your
part. CMOS types in particular are susceptible to dam-
age in the most innocuous ways. For instance, even
though many of these chips are designed with resistor/
diode protection circuits on the input leads, it is possible
for the slight static electrical charge which is normally
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built up in your body (your body, by the way, happens
to be an excellent natural capacitor) to ruin part or all
of a chip's circuitry just by touching the pins when re-
moving it from the packing. A good idea here is to
ground yourself by wrapping a few turns of wire (be sure
to strip off the insulator if you use insulated wire here-
otherwise bare wire will work fine) around your metal
wristwatch band, and connect the other end of the wire
to a good electrical ground. Alternatively, you can pur-
chase a pair of non-conductive tweezers with which to
handle the ICs. There are also IC installers/removers
made to handle the ICs when using sockets.

If You Must Solder. If you plan on soldering the IC
leads directly into the circuit, something which we do not
recommend, there are several precautions which you'll
have to take to avoid ruining your precious ICs. To be-
gin with, put your heavy duty soldering gun on the shelf.
Use no more than a 15 -watt straight iron. If the iron you
have, or the one you contemplate purchasing, does not
have a grounded, tip, then you'll have to attach a ground
lead to the coolest point on the tip, much as you did for
personal grounding, as we mentioned earlier. Stray AC
in the tip can kill a chip just as surely as stray static
charges can. The reason we specify a low power iron, is
for the simple reason that the ICs are rather sensitive to
heat as well, and you stand a much less chance of doing
damage with a smaller iron than with a larger one.

Our strong recommendation is that you invest in IC
sockets which can be soldered into the circuit directly,
and which allow you to insert the IC at such a time as
you have checked all the wiring connections and all the
voltages to assure safe operating conditions for the IC.
The first time you find a potentially damaging wiring
error in checking out a socket setup, the price you paid
for the socket will have been refunded to you by saving
a more expensive chip from destruction.

Again, refer to the articles on solderless breadboard-
ing and wire -wrap breadboarding for easy, convenient
methods of wiring up your projects. The added feature
of both these methods is that they both allow for easier
troubleshooting when de -bugging a circuit that doesn't

Solderless breadboarding is a convenient method for circuit
building, as components and jumpers can be repositioned at will.
The only drawback with this medium (and it's a minor one) is that
it's not really a permanent setup and care in handling is needed.

work quite right the first time out.
Troubleshooting. When de -bugging a circuit, or test-

ing for signal levels or voltages prior to firing up your
project for the first time, it is important that you remem-
ber to NEVER apply an input signal to a chip unless the
entire circuit is powered up. It is almost a certainty that
you will cause an overload potential within the chip that
cannot be safely dissipated without the power switch be-
ing closed, thereby completing the circuit. The damage
will usually be irrevocable. For those projects which re-
quire a separate input signal, such as a clock source, it's
a good idea to power the clock source off the main cir-
uit's power supply if at all possible. This will minimize
the possibility of applying the signal to an unpowered
chip. Alternatively, if it is impossible to utilize the same
power supply for both the signal source and the main
project, use a DPST switch which will allow you to con-
trol the power feed to both circuits simultaneously.

Of course, the same procedure should be used when
disconnecting a circuit as well. If you do not use simul-
taneous switching or a common power supply, make sure
that you remove the external signal source from the chip
before shutting down the circuit. Just try to reverse the
steps you took in hooking up the circuit in the first place,
and follow them in reverse order when shutting down.
It's simple, but also easy to forget.

In Conclusion. We've tried to make this issue of 99
Integrated Circuit Projects as self-contained as possible,
with as much construction technique and circuit theory
as is necessary for you to get the uptmost out of the
projects we've outlined. Please do take the time to read
the articles on wirewrapping techniques and breadboard-
ing. Then, try your hand with some of the 25 Transistor
Projects to develop and perfect your skills in wiring and
layout. After that, it's full speed ahead with the IC
projects.

When you're done and it works, you'll probably won-
der why it took you so long to get into IC electronics.
Don't worry though, you're not alone. You'll also no
doubt be glad you did join the IC generation. We are
certain you won't be alone in that thought either!

The most rudimentary (and least expensive) method which you
can use to breadboard a circuit is to use, well, a breadboard.
Obviously this is where the name came from. You can use Fahne-
stock clips (left, center) to secure components on the board.
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1 Slide Trombone MUSIC Frit

Li This is a novel little instrument that can he played
through your stereo system. ICI and IC2 comprise a ramp
generator, the frequency of which is adjusted by R3. The
range of adjustment spans two octaves from 150 to 600 Hz.
The ramp signal is fed to modulator IC3, which imparts a
natural -sounding attack and decay to the note the sounds
when SI is pressed. R 12 allows adjustment of the note's

decay interval, and RIO controls the volume. Maximum
signal amplitude at the output is 500 mV peak to -peak
(sufficient to drive an amp's high-level input). To play, ad-
just R3 for a particular note; press Sl: slide R3; then re-
lease SI. You can make things easy by calibratng R3 in
terms of musical notes. Either a slide or rotating pot can
be used for R3, depending on your playing preferences.

PARTS LIST FOR SLIDE TROMBONE
C1-0.15-uF mylar capacitor
C2, C3-0.1-uF ceramic disc capacitor
C4-3.3-uF, 25VDC electrolytic

capacitor
C5-0.47-uF mylar capacitor
D1, D2 -1N914 diode
IC1, IC2-741 op amp integrated circuit
IC3-3080 transconductance amp inte-

grated circuit (RCA)
Q1 -2N3904 NPN transistor
R1 -5,600 -ohm, 1/2 -watt resistor (all

resistors 10%)
R2 -33,000 -ohm, 1/2 -watt resistor
R3, R12 -100,000 -ohm linear -taper

potentiometer
R4, R5, R13, R14 -10,000 -ohm, 1/2 -watt

resistor
R6 -62,000 -ohm, 1/2 -watt resistor
R7 -3,900 -ohm, 1/2 -watt resistor
R8, R9 -100 -ohm, 1/2 -watt resistor
R10 -5,000 -ohm audio -taper potenti-

ometer
R11 -220,000 -ohm, 1/2 -watt resistor
S1-pushbutton switch, normally open

RI
5600K DI

+9V -9V

100K 3 3083 47

I-43
-9V -9V ,. RI I OUTPUT

R7
3900K

01
2N3904 D2

-9V

ESI

R14
10K

2 Organ -Plus Tone Generator
7 Musical organ -like sounds can he generated with this
CMOS circuit. The IC generates a nearly square -wave
output from pin 11 and the spacings on that output
stream of pulses can he varied by changing RI and R2.
If you change them smoothly, you can get a slide -trom-
bone effect. Outputs A, B, and C are different from the
pin 4 output in that the square wave now becomes a
sawtooth, a spike and a complex combination of both.
Rich overtones result that you can hear with the 8 -ohm
speaker.

PARTS LIST FOR ORGAN-PLUS TONE GENERATOR
C1-0.2-uF disc capacitor, 15 VDC
C2-4.7-uF electrolytic capacitor, 15 VDC
C3-6.8-uF electrolytic capacitor, 15 VDC
C4-2-uF electrolytic capacitor, 15 VDC
D1 -1N4001 diode
IC1-4011 quad NAND gate
L1 -2.5 -millihenry RF choke
L2 -2.5 -millihenry RF choke

2 13

3 lc 12

4 II

5 10

6 9

7 8

Q1 -2N4403
R1 -20,000 -ohm, 1h -watt resistor
R2 -100,000 -ohm, 1/2 -watt resistor
R3 -220 -ohm, 1/2 -watt resistor
R4 -220 -ohm, 1/2 -watt resistor
R5 -1,000 -ohm, 1/2 -watt resistor
SPKR.-8-ohm PM type

9V
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3 Guitar Tuning Aid
 By taking advantage of the frequency stability of the
555 timer IC operating in an astable mode, an oscillator
can be constructed which can be used as a tuning aid for
the guitar. The first string of the guitar, E, produces a
note with a frequency of 82.4 Hertz. The frequency of
the oscillator is set to twice this value, 164.8 Hertz, and
then followed by a divide -by -two stage to produce the
desired frequency. The purpose of the divide -by -two
stage is to guarantee that the waveform produced has a
duty cycle of exactly 50'%. This produces a note with
no second harmonic distortion. The frequency of oscilla-
tion of the circuit is set by adjustment of RI, R2, and
C2 also determine the frequency of oscillation but these
components are fixed values and need no adjustment.
The output of IC2 is fed to an emitter follower to pro-
vide current gain to drive a loudspeaker. C3 acts as a
low-pass filter to attenuate harmonics and produce a
more natural sounding note. The circuit is powered by
a 5 volt supply, and this voltage must fall within the
range of 4.75 to 5.25 volts for 1C2 to operate properly.

PARTS LIST FOR GUITAR TUNER

C1 , C4-0.1-uF ceramic capacitor, 15 VDC
C2-15-uF electrolytic capacitor, 15 VDC

C3-100-uF electrolytic capacitor, 15 VDC
IC1-555 timer
IC2-7490 decade counter
Q1 -2N4401
R1 -50,000 -ohm linear -taper potentiometer
R2, R4 -4,700 -ohm, 1/2 -watt resistor
R3 -33,000 -ohm, 1/2 -watt resistor
R5 -33 -ohm, 1/2 -watt resistor
SPKR-8-ohm PM type speaker

4 Power Mike Amplifier
 A popular accessory to a CB radio is a power micro-
phone. This circuit provides an adjustable gain of 1 to
10 which will increase the output of a dynamic micro-
phone for higher modulation levels without shouting.
The circuit has very low output impedance and will drive
the microphone input circuit of any CB radio.
ICIA provides voltage amplification and is adjustable by
potentiometer RI. ICIB is a buffer amplifier which pro-
vides isolation between the amplifier and output termi-
nal. The circuit draws about 7 milliamperes from a 9
volt supply and can be powered by an ordinary 9 volt
transistor battery.

PARTS LIST FOR POWER MIKE AMPLIFIER
C1, C2, C3-10-uF electrolytic capacitor, 10 VDC
IC1-3900 quad amplifier
R1 -100,000 -ohm audio taper potentiometer

INPUT

R2 -10,000 -ohm, 1/2 -watt resistor
R3 -220,000 -ohm, 1/2 -watt resistor
R4 -100,000 -ohm, 1/2 -watt resistor
R5, R6 -1,000,000 -ohm, 1/2 -watt resistor

C3
o

OUTPUT

5 Touch -Sensitive Keyboard
0 There's no better way to add an exotic touch to a piece
of electronic equipment than by employing touch -sensitive
switching. The set-up diagrammed here will enable you to
employ one, two or however many touch -sensitive switches

you need. Electronic musicians, for example, may wish to
use 37 units in a 3 -octave keyboard.

Each separate unit consists of a touch plate, a silicon -
diode detector system, and a 3140 op amp that functions
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as a voltage comparator. Finger contact with a touch plate
feeds 60 -Hz power -line radiation from your body, which
acts as an antenna, to the detector system. If the rectified
AC exceeds 1.2 volts, the 3140's output swings high and
remains there for as long as you touch the plate. All stages

use the .6 -volt drop across D1 as a reference voltage.
NOTE: If you're running a battery -operated device in Dog -
patch, this touch -switching arrangement may not work.
Most homes, however, have sufficient 60 -Hz radiation to
trigger these sensitive switches.

PARTS LIST FOR TOUCH -SENSITIVE KEYBOARD
C1-C4-.01-uF ceramic disc capacitor
D1 -D5 -1N914 diode
IC1, IC2-3140 FET-input op amp (RCA or equivalent)
R1-820-ohm,'/2-watt resistor (all resistors 10%)
R2, R4 -10,000,000 -ohm, 1/2 -watt resistor
R3, R5 -100,000 -ohm, 1/2 -watt resistor
TP1, TP2-touch plates (small, aluminum or copper)

RI
820

DI

+5V

TO PIN 2
OF EACH
ADDITIONAL
STAGE

TPI

R3
D3 100K

D2 CI
011-

+5V

ICI
3140

4

-1- C2I01

0

RELEASE'TOUCH

I+5V
R5 -I- C2

D5 I OOK 3 I.01
TP2

D4
01
C3 -I- R4 1C2

3140
6

10M
2

4

6 Mini Micro Metronome
n Transforming IC pulses into sound, this tiny ticker
goes both tick and tock, at a rate of about 2 seconds per
tic to 6 tocks per second. The timing capacitor, Cl,
should be a low leakage mylar type of about 2-uF or
else a quality tantalum of about 4.7-uF. Although the

reversed flow of current through the transformer's pri-
mary winding causes a different sound in the speaker
from the positive -going inrush, diode D3 and potenti-
ometer R5 can be added to make the "tock" more
definitive in its sound quality.

PARTS LIST FOR MINI -MICRO METRONOME
C1-2 to 5-uF low -leakage mylar or tantalum capacitor,

15 VDC
C2-2.2 to 10-uF electrolytic capacitor, 15 VDC
D1, D2, D3 -1N4148 diode
IC1-4011A quad NAND gate
Q1 -2N4401 transistor
Q2 -2N4403 transistor
R1 -47,000 -ohm, 1/2 -watt resistor
R2, R3 -500,000 -ohm linear -taper potentiometer
R4, R6-10-ohm,1/2-watt resistor
R5 -1,000 -ohm linear -taper potentiometer
T1-audio output transformer 500 -ohm primary/8-ohm

secondary

7 The Waveshaper
[11 This little circuit illustrates the principle behind multi-
kilobuck laboratory -style waveform synthesizers as well
as some of the more advanced music synthesizers. Into
J1 you should feed a square -wave signal swinging from
ground to almost 5 -volts. The input signal's frequency
should be ten times that of the desired output. Adjusting
potentiometers RI through R10 will enable you to literally
design the shape of the output waveform. If you can get

hold of an oscilloscope, use it to observe the effect of R1
through R10 on the output. At the same time, feed the
output to an audio amp so that you can hear the changes
in timbre that occur as the waveshape is altered. Capaci-
tor C5 can be used to smooth out the chunky shape of the
output. With a 10 kHz input, start with a value of 0.1 /IF
for C5 and experiment. Make sure at least one poten-
tiometer is set to maximum resistance and that at least
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one is set to minimum. This guarantees a full 1 -volt
peak -to -peak output. You might also try feeding some
interesting waveforms into the Musical Modulator (else-
where in this issue) and listening to the notes formed.

PARTS LIST FOR THE WAVESHAPER
C1, C2, C3-0.01-uF ceramic disc capacitor, 35 VDC
C4-0.5-uF mylar capacitor, 35 VDC
C5-see text
IC1-4017 CMOS decade counter
IC2-741 op amp
J1, J2-phono jack
R1 through R10-2-megohm linear -taper potentiometer
R11 through R20 -68K -ohm 1/2 -watt resistor, 10%
R21, R22 -15K -ohm V2 -watt resistor, 10%

RII
R 1

R2 ZLfl
R3

j.24,4
vw-

R4

R5
Js246

R6

R7

2

3

4

5

6

7

ICI

16

15

14

13

12

I

10

9

+5V TYPICAL OUTPUT
WAVEFORM

CI

^NC
f_a__,3

R8

1.,,,R4Lotvjo. +5V -5V
R9

-RZ-4"--1- RIO .-a.-
C2 -ll-C

3_L

5V
0

R21± 3

-

7

IC2
4

R22

JI
INPUT

C4I 4), rjPP2-PUT

C5 (OPTIONAL)

NOTE OUTPUT FREQUENCY. INPUT FREQUENCY -10

8 Octave Music Maker
11 This circuit will provide you with musical octaves that
are very well reproduced from the top octave that you
feed as an input. Putting in any tone, like the tone from
an electric guitar, or from an organ, or from a CMOS
oscillator, will cause C4 to be four octaves lower, C5 to
be five octaves lower, and so on. Output A is a special
waveform that is a saw -tooth made up of octaves that
are one, two, and three times lower than the input. The
sounds of these outputs can be changed with resistor and
capacitor circuits before feeding into your hi-fi.

PARTS LIST FOR OCTAVE MUSIC MAKER
IC1-4024 binary counter
R1 -12,000 -ohm, V2 -watt resistor

TONE INPUT
FROM OSCILLATOR-..

C7

C6

C5

C4

R2 -22,000 -ohm, V2 -watt resistor
R3 -47,000 -ohm, V2 -watt resistor
R4 -1,000 -ohm, V2 -watt resistor

9 Computer -Controlled Note Generator
 Computer music can be created in many different ways.
One method is to specify all of a note's parameters-fre-
quency, harmonic structure, amplitude, and attack/sustain/
decay times-as well as special effects by means of software.
Naturally, this gobbles up a lot of memory, thus making
such an approach impossible for the owner of a very small
computer. All is not lost, however. By augmenting your
system with some inexpensive hardware, the software
burden is diminished.

This computer -controlled note generator produces 5 oc-
taves of the equally tempered chromatic scale under the
control of one of your computer's 8 -bit parallel ports
(only 7 bits of which are used). Lines D6 through D4
select the octave, while lines D3 through DO select one of

the twelve notes within that octave.
The lowest octave is selected by a binary 0 on lines D6

through D4. A binary 1 selects the next higher octave, and
so on until you reach the highest octave, coded by a binary
4 (100). (Note: D6 is the most significant bit; D4 is the
least significant.) Codes higher than 4 yield no output.

The note -selection lines behave similarly, except that 12
codes are used. (Here D3 is the most significant bit, and
DO is the least significant.) Binary 0 gives you a C#. D is
produced by a binary 1, and binary 2 yields D#. This con-
tinues on up the scale until you reach binary 11, which
gives the twelfth note, C. Codes above binary 11 give no
output.

Tuning can be accomplished by adjusting RI to produce
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a 1,000,120 Hz signal at pin 13 of IC1, or you can tune
by ear against some pitch reference. The output at pin 12
of IC5 is a square wave that can be filtered and/or shaped
(see the computer -controlled keyer circuit). The software

we'll leave to you. In general, your programming burden
has been reduced to the generation of a rhythmic sequence
of 7 -bit binary codes.

PARTS LIST FOR
COMPUTER -CONTROLLED

NOTE GENERATOR
C1-30-pF polystyrene capacitor
IC1-4047 CMOS multivibrator inte-

grated circuit
IC2-4024 CMOS binary divider inte-

grated circuit
IC3-4051 CMOS 8:1 multiplexer inte-

grated circuit
IC4-50240 Mostek top -octave generator

integrated circuit
IC5-74C150 16:1 CMOS multiplexer in-

tegrated circuit (National)
Q1 -Q7 -2N3904 NPN transistor
R1 -10,000 -ohm trim potentiometer (all

resistors 10% unless otherwise
noted.)

R2 -10,000 -ohm, 1/2 -watt resistor
R3 -R9 -100,000 -ohm, 1/2 -watt resistor
R1 0-81 6 -33,000 -ohm, 1/2 -watt resistor

R2
10K

RI
10K

CI
3Opt

OCTAVE
SELECT

NOTE
SELECT

3

4 5 6 14

ICI
4047 13

7 8 9 12

01
R3

C>

R4

R5

14

IC2
4024 12

III

9

7

+12V

2_=

3 =

04
R6

4.+A.

R7
05

R8
6

R12

16

12 3

IC3 6-
1 4051 7
5 8

2 13 -
4 14

15

9 10 II

lee
14.N.

07

Nie
R3 THRU R9
ALL 100K

R13

15 4 24

2 14 -3 10

IC4 13

50240 12

11

10 -9 _
8 -
7

6

5

4
3

_L

2 IC5
74CI50

23

22 5

21 6

20 7

19 8

18 9
17 12

16

II 13 14 15

RI4

RI 5

RI6

RIO THRU RI6
ALL 33K

OUT

10 High Frequency VCO
 By varying the control voltage (a separate battery)
between 1 and 25 volts, the output frequency of this
oscillator will vary between about 500 Hz and 50,000
Hz. There are a host of experimental applications, such
as putting a microphone in series with the control voltage
and having the output frequency go into an amplifier and
speaker. Voice -like singing sounds can be made. Or run
the output of an electric guitar into the control voltage
input and listen to the music!

PARTS LIST FOR HIGH -FREQUENCY
VOLTAGE CONTROLLED OSCILLATOR

C1-0.1-pF ceramic disc capacitor, 15 VDC
C2-500-pF mica capacitor, 15 VDC
C3-0.01-uF ceramic capacitor, 15 VDC
IC1-LM339 quad comparator
R1, R7 -100,000 -ohm, 1/2 -watt resistor
R2 -50,000 -ohm, 1/2 -watt resistor
R3 -20,000 -ohm, 1/2 -watt resistor
R4 -10,000 -ohm, 1/2 -watt resistor

R5, R8 -3,000 -ohm, 1/2 -watt resistor
R6 -5,100 -ohm, 1/2 -watt resistor
R9, R10, R1 1 -30,000 -ohm, 1/2 -watt resistor

CONTROL
VOLTAGE
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Here s how to turnyour
hobby into a rewarding
career.

If you spend your
spare time tinkering
with electronics, you
must enjoy it. And,
you've probably learned
quite a bit. Now there's a
way to change a part-time
interest into a full-time career.
You can do it in your spare time,
too, at home without giving up your
present job and its income.
Find out now about CIE -Cleveland Institute of
Electronics independent home -study courses in elec-
tronics. With this specialized technical training,
you can prepare for a challenging, rewarding future in
electronics. Think of the career opportunities . . .

computers, aerospace, 2 -way radio communications,
radio/TV broadcasting, medical electronics, to name
just a few.
And all you need to do to qualify for one of these excit-
ing career fields is to build upon the technical aptitude
you already have. Just put your hands and your head
to work with a CIE Electronics Career Course.

You learn by doing
CIE's unique study methods do a lot to keep you
interested. Since electronics starts with ideas . . . CIE's
Auto -Programmed® Lessons help you get the
idea - at your own most comfortable pace. They break
the subject into bite -sized chunks so you explore
each principle, step by step, until you understand it
thoroughly and completely. Then you start to use it.
In some CIE courses, you'll perform "hands-on"
experiments and tests with your own CIE Personal
Training Laboratory. In other courses, you learn
to use tools of the trade such as a 5MHz, triggered -
sweep oscilloscope you build yourself - and use to
practice troubleshooting. Or a Digital Learning
Laboratory to let you apply the digital theory that's

Pattern shown on oscilloscope screen is simulated.

essential today for anyone
who wants to keep pace
with the technology of the
eighties. This combination
of "head and hands" learn-
ing locks in your under-
standing of the important

principles you'll use on the job
in your new career. But don't kid yourself . . .

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

Why an FCC Radiotelephone
License is important.
For some jobs in electronics, you must have your FCC
License. For others, employers often consider it
a mark in your favor. It's a government -certified proof
of specific knowledge and skills!
In continuing surveys, nearly 4 out of 5 CIE graduates
who take the exam get their Licenses. More than
half of CIE's courses can prepare you for it . . . and the
broadest range of career opportunities!

Free Catalog!
Mail the coupon. If you prefer to write, mention the
name of this magazine. We'll send you a copy of CIE's
FREE school catalog - plus a complete package
of independent home -study information! For your
convenience, we'll try to have a representative
call to help you with course selection. Mail the coupon
. . . or write: CIE, 1776 East 17th Street, Cleveland,
Ohio 44114.

CIE Cleveland Institute of Electronics, Inc.
1776 East 17th Street, Cleveland, Ohio 44114

Accredited Member National Home Study Council

YES . . . I'm interested in a full-time career in electronics. Send me my FREE CIE
school catalog - including details about FCC License preparation - plus my FREE

package of home -study information!

Print
Name

Address Apt

City State Zip

Age Phone (area code)

Check box for G.I. Bulletin on Educational Benefits:  Veteran  Active Duty
L Mail Today! NN05
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11 Musical Modulator

CI Feed this circuit a simple audio tone, and it gives you
back a musical note with selectable attack, sustain and
decay. Input impedance is 10,000 -ohms, output im-
pedance is 1000 -ohms, and the gain is unity. Best results
will be obtained with signal inputs having amplitudes of
1 -volt peak -to -peak or less. When SI is pressed, the out-
put volume rises at a rate determined by attack control
R11. As long as Si is pressed, the sound will be sustained.
Releasing SI causes the note to decay at a rate deter-
mined by decay control RIO. Try sine, square or trian-
gular wave inputs for musical notes. With a noise input
you can imitate such things as gunshots and explosions.
Trimmer R7 can be adjusted to cancel out any audible
"thumping" (noticeable with very rapid attack or decay).

PARTS LIST FOR MUSICAL MODULATOR
C1-0.33-uF mylar capacitor, 35 VDC
C2, C3-0.1-uF ceramic disc capacitor, 35 VDC
C4-0.005-uF mylar capacitor, 35 VDC
C5-2.2-uF electrolytic capacitor, 16 VDC
D1, D2 -1N914 diode
IC1-RCA CA3080 transconductance amp
J1, J2-phono jack
Q1 -2N3904 NPN transistor
R1 -9100 -ohm 1/2 -watt resistor, 10%

+5V -5V

JI
CI RI 2 7 = Ica

INPUT''
R2 ICI J2

OUTPUT

R5
+5V

R6

DI D2 9Q I
SI

R9
R7'

ATTACKR8 DECAY ¶C5
RIO

-5V

R2, R3, R4 -1000 -ohm 1/2 -watt resistor, 10%
R5-2.2 Megohm 1/2 -watt resistor, 10%
R6 -15K -ohm Y2 -watt resistor, 10%
R7-1 Megohm trimmer potentiometer
R8, R9 -5600 -ohm V2 -watt resistor, 10%
R10, R11 -250K linear -taper potentiometer
S1-normally open SPST pushbutton switch

12 Low Impedance Mike Booster
 A low -impedance microphone has the property of
being able to pass sufficient current to be directly in the
feedback path of this 741 amplifier. The gain is con-
trolled by changing RI. This circuit can feed into your
hi-fi unit to give greater power output.

PARTS LIST FOR LOW Z MIKE BOOSTER AMP
C1-68-uF electrolytic capacitor, 25 VDC
IC1-741 op amp
R1 -500,000 -ohm linear -taper potentiometer
R2, R3 -1,000 -ohm, V2 -watt resistor

LOW
IMPEDANCE
MICROPHONE

13 Computer -Controlled Keyer
 This is a good companion to the computer -controlled
note generator. Your computer should have available an
8 -bit parallel port with which to control the keyer's gain.
Feed the desired audio tone to the keyer's input, and hook
an amplifier to its output.

A binary zero on the 8 lines from your computer yields
zero output, while a binary 255 ( 11111111 ) provides max-

imum output. (D7 is the most-sinificant bit, and DO is the
least significant.) During a note's attack interval, count up-
wards from 0 to 255. Conversely, count down from 255
to 0 to make the note decay. Take tiny steps for best
results. Large steps generate thumping sounds in the output.

Let's say we want a fast attack time of 10 milliseconds.
Using all available codes, it will take 255 steps to climb
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from zero to full output. For simplicity's sake, we'll let the
note's amplitude rise linearly during attack, which means
that the code will be incremented at regular, fixed time in-
tervals. Since we wish to take 255 steps in 10 milliseconds
(10,000 microseconds), it will he necessary to increment
the code by 1 every 40 microseconds or so.

Linear attacks and decays are easy to figure, but not
very realistic-especially for decay. The notes from most

musical instruments attack and decay exponentially. This
circuit gives you unlimited potential in the specification of
a note's envelope, and it lets you change the envelope
from note to note.

The audio input should be in the neighborhood of 1 volt
peak -to -peak. When using the 12 -volt signal from the com-
puter -controlled note generaor, raise R12 to 15K ohms to
accommodate the increased input amplitude.

PARTS LIST FOR COMPUTER -CONTROLLED KEYER
C1-.01-uF ceramic disc capacitor
C2-1.0-uF mylar capacitor
C3, C4-0.1-uF ceramic disc capacitor
C5-.005-uF mylar capacitor
IC1-3080 transconductance integrated circuit amplifier

(RCA)
Q1 -2N3906 PNP transistor
R1 -15,000 -ohm, 1/2 -watt resistor (all resistors 5%)
R2 -30,000 -ohm, 1/2 -watt resistor
R3 -62,000 -ohm, 1/2 -watt resistor
R4 -120,000 -ohm, 1/2 -watt resistor
R5 -240,000 -ohm, 1/2 -watt resistor
R6 -470,000 -ohm, 1/2 -watt resistor
R7 -1,000,000 -ohm, 1/2 -watt resistor
R8 -1,800,000 -ohm, 1/2 -watt resistor
R9 -1,000 -ohm, 1/2 -watt resistor
R10, R11 -100 -ohm, 1/2 -watt resistor
R12, R13 -1,200 -ohm, 1/2 -watt resistor

MSB 1 D7>

RI
15K
w.
R2

106>
30K

R3

105> 6 2K

R4
120K

ID

R9 01
1000 Isk2N3906

R5
240KID3>
R6

T.01

470KwIO2>

ID

LSB 117C5->

R7
1M

R8
I.8M _L

C2
RI2

AUDIO I.0 1200
IN PUT0-1 I vo.
IV P -P
MAX.

CI

RIO
100

RI I
100

_L

+5V

ICI
3080

4

_I__ C3

=.1 AUDIO
e OUTPUT

R13
1200

--05

C4
.1

-5V

.005

14 Micro -Mini PA
El Designed for very private listening, this little amplifier
sports a tiny loudspeaker of 11/2 to 2 inches diameter.
The gain may be varied through the feedback resistor
from about 1 to 100. Only a single power supply, which
may be a nine volt transistor radio battery, is required.

PARTS LIST FOR MICRO -MINI PA
C1-100-uF electrolytic capacitor, 100 VDC
C2-100-uF electrolytic capacitor, 6 VDC
C3-100-uF electrolytic capacitor, 10 VDC
IC1-741 op amp
R1, R2 -5,600 -ohm 1/2 -watt resistor
R3 -1,000 -ohm 1/2 -watt resistor
R4 -50,000 -ohm 1/2 -watt resistor
R5 -100,000 -ohm 1/2 -watt resistor

HIGH
IMPEDANCE
INPUT

R6 -100,000 -ohm audio taper potentiometer
SPKR-8 ohm, 2 -in. PM type

15 Useful Noise MVP

D Noise, more or less "pure white" from some source of
uncertainty, can be filtered and shaped for various pur-
poses, ranging from radio alignment, to music, or the

simulated sounds of rain on the roof. There are various
naturally random impulse sources available to the experi-
menter, including the plasma from gaseous discharges
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occurring in neon lamps. On the semi -conductor level,
there are diodes and transistors purposely configured and
biased into noisiness. But under certain conditions, many
semiconductor junctions develop wide band RF noise
When amplified by a type 741 op amp, which has in-
ternal frequency roll -off elements, the result is a continu-

ous hiss in the output speaker, simulating rain. The
signal can also be used in the development of "elec-
tronic music" and the testing of hi-fi filters and systems.

PARTS LIST FOR USEFUL NOISE
C1-.005-uF ceramic capacitor, 15 VDC
C2, C3-10-uF electrolytic capacitor, 15 VDC
C4-75-uF electrolytic capacitor, 25 VDC
IC1-741 op amp
Q1 -2N4401
R1 -100,000 -ohm linear -taper potentiometer
R2, R6 -10,000 -ohm, 1/2 -watt resistor
R3, R4 -4,700 -ohm, I/2 -watt resistor
R5 -1,000.000 -ohm, 1/2 -watt resistor
SPKR-8-ohm PM type speaker

+10 TO I2VDC

SPEAKER

TI

T1-audio output transformer with 500 -ohm primary/8-
ohm secondary

16 Multi -Input Music Synthesizer

PARTS LIST FOR MULTI -INPUT MUSIC SYNTHESIZER
IC1-4016 quad bilateral switch
R1 through R5 -1,000 -ohm, 1/2 -watt resistor
S1 through S4-SPDT slide switch

The inputs to this synthesizer can be from any musical
instruments. C4 can be from an electric guitar, C5 from
an electronic organ, etc. Or the inputs can be from the
outputs of the "Octave Music Maker" project. The volt-
age should not exceed 9 volts at these inputs. The output
will be a combination of the inputs, where you control
the combining via the switches. The switch marked "Si"
will put the C4 input through to the output when it is
switched to the down position.

C4 0

C5 0

C6 0-

C7

CI 14

SRI C2 13

C 3 ICI 12 D
C4R2

I 1 D

C 5 10
R3

C6 9 Row.

_EC 8 D-

+ 9V

SI (C4 INPUT)
= 0----"- +9V

S2 (C5)

cr-m_

S4 (C7)

OUT

R5

17 Peak -Level Detector
 In many situations, particularly in recording, it is more
important to know a signal's peak level than its average
level. While VU meters are customarily employed for such

PARTS LIST FOR PEAK -LEVEL DETECTOR
C1, C2, C3-0.1-uF ceramic disc capacitor
D1 -D4 -1N914 diode
IC1-LM324 quad op amp integrated circuit
LED1-light emitting diode
R1, R2, R3, R6, R10 -39,000 -ohm, 1/2 -watt resistor (all

resistors 5%)
R4 -50,000 -ohm, 1/2 -watt trim -potentiometer
R5 -1,000 -ohm, 1/2 -watt resistor
R7 -100 -ohm, 1/2 -watt resistor
R8 -1,000,000 -ohm, 1/2 -watt resistor
R9 -51,000 -ohm, 1/2 -watt resistor
R11 -3,900 -ohm, 1/2 -watt resistor
R12 -270 -ohm, 1/2 -watt resistor

CI

INPUT?

RI
39K

R2
39K

R3
39K

2

R4
50K

R5
1000 10

R6
39K

9

+5V

"-C2
.1

IC a

ICIb

1112

DI
R7
00

C3

D2A .1

8

3

R8
IM

5

RIO RII
39K 3900

D3
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purposes, you'll find this circuit's LED output easier to
interpret and, as a result, more accurate. IC1 a gauges the
positive peaks, while IC1b does the same for the negative
peaks. Both the positive and negative signal thresholds are
determined by pot R4's setting. You can choose any

threshold from ±-20 mV to ±-1 V. Whenever the input
exceeds either the positive or negative threshold, LED1
flashes on for approximately one -tenth of a second. That's
long enough to attract your attention and warn you to cut
back on the volume.

18 Automatic Stereo Shut -Off
I:1 It's ironic, isn't it? Almost every cheap stereo system
shuts itself off after the last record has been played, but
just try to find a sophisticated, multi -component system
that can do the same. Well, here's a circuit that may solve
the problem for you. Plug all of your equipment into SO1. -
Touch SI and K1 closes, thereby energizing your system.
If no audio is fed from your amp's output (4-16 ohms) to
R1, the system shuts down in approximately thirty seconds.

However, if music is being fed into the shut-off circuit's
input, C4 is consantly re -charged, and the power remains
on until 30 seconds after the last record goes silent.

To set the circuit up. select the quietest passage to
which you expect to listen. Press SI; put the tonearm in
the groove, and adjust RI until LED1 begins to flicker on
and off with the music. Now relax, knowing that you finally
have all the advantages of a cheap stereo.

PARTS LIST FOR AUTOMATIC
STEREO SHUT-OFF

C1-0.2-uF mylar capacitor
C2-.002-uF mylar capacitor
C3-0.1-uF mylar capacitor
C4-22-uF, 10-VDC tantalum capacitor
C5-0.1-uF ceramic disc capacitor
D1 -D5 -1N914 diode
IC1-LM324 quad op amp integrated

circuit
K1-6-VDC, 500 -ohm relay
LED1-light emitting diode
Q1-200-VDC, 10A triac
R1 -1,000 -ohm linear taper potenti-

ometer
R2 -4.700 -ohm, 1/2 -watt resistor (all re-

sistors- 5% unless otherwise noted.)
R3, R4, R7 -10,000 -ohm, 1/2 -watt resis-

tor
R5, R13 -1,000 -ohm, 1/2 -watt resistor
R6 -1,000,000 -ohm, 1/2 -watt resistor
R8 -270 -ohm, 1/2 -watt resistor
R9 -51,000 -ohm, 1/2 -watt resistor
R10 -39,000 -ohm, 1/2 -watt resistor

TO
SPKR
(811)

C2
.002

I I --

CI R2
4700

RI
1K

jR4
10K

R3
10K

y D5

C3- RI4

1
SI

DI

R13

+5V

100K

C5 I-..1I
R5 R7
I K 10K 6

9

R6 T C4
IM T22

R16 III
27K

R1 1 -3,900 -ohm, 1/2 -watt resistor
R12 -680 -ohm, 1/2 -watt resistor
R14 -100,000 -ohm, 1/2 -watt resistor
R15 -47,000 -ohm, 1/2 -watt resistor

12 13

T -5V

RIO
39K

D4

LED I

R8
270

K I

-..+5v

117
VAC

R16 -27,000 -ohm, 1/2 -watt resistor
R17 -1,000 -ohm, 1 -watt resistor
S1-pushbutton switch, normally open
S01-AC power socket

19 Coin Toss GAMES "rill

 The continued versatility of the 4017 counter and DL -
750 digital display is demonstrated in this Odd -Even or
Coin Toss simulator. As an added feature, the decimal
point of the display is illuminated for an Odd or Even
"Low Count," 0, 1, 2, 3, or 4 count from the counter.
Even numbered counts (0 is considered even, for the
sake of symmetry) cause the display to present an E,

while odd -numbered counts result in a 0. Segments A,
D, E and F are common to both 0 and E, but they are
driven by the clock along with B, C, and G to stimulate
all the segments into "random" motion. Holding down
the pushbutton, causes C to discharge through R, giving
an uncertainty period of five or seven seconds, depend-
ing upon the size of the capacitor chosen. Good Luck!

PARTS LIST FOR COIN TOSS

C1-0.47 to 2.2-uF electrolytic capacitor, 15 VDC
C2-50 to 100-uF electrolytic capacitor, 15 VDC
D1 through D10 -1N4148 diode
1C1-4017 decade counter
Q1 through Q4 -2N4401 transistor
LED 1-DL-750 7 -segment display

R1 -500,000 -oh m, I i nea r -taper potentiometer
R2 -100,000 -ohm, 1/2 -watt resistor
R3 -1,000 -ohm, 1/2 -watt resistor
R4 -560 -ohm, 1/2 -watt resistor
R5, R6, R7, R8 -1,000 -ohm, 1/2 -watt resistor
S1-SPDT momentary -contact pushbutton switch
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20 Mini -Digital Roulette
11] A more adult form of entertainment can be obtained
from the 4026 counter and display previously described.
The clock input terminal is connected via a pushbutton
switch to the "Basic Pulse Maker" and two to nine players
select a number. Then, press the button. The input fre-

NOTE: USE ONE DRIVER
(01-71 FOR EACH
LED ELEMENT

ICI 0

8

ICIb ICIc
5

617

8

CI

quency should be 10 -Hz or higher and the Reset may
zero the display first, although there is statistically little
or no effect upon subsequent outcomes. When the switch
is released, the counter holds on one number, which is
displayed until reset or new counts arrive. If a Zero ap-
pears on the display, it may be assumed that the Bank
takes all wagers, thus keeping the system in fresh
batteries.

NOTE GROUND PINS
3,5,9,14 OF
LED I

+6V

10 12 14

13

ICId

R3$,

.,eR2

FREQUENCY TIME

+6V 0

RESET 6 PLAY

r D2

S2

I RESET
DI

16D-

15

R4
+6V

QI-7

IC2 10:
R5-11

12 B

TO DISPLAY
13 C SEGMENTS

D A -G

II]E OF LED I

F

7 G

PARTS LIST FOR MINI -DIGITAL ROULETTE

C1-0.47 to 2.2-uF electrolytic capacitor, 15 VDC
C2-100-uF electrolytic capacitor, 15 VDC
D1, D2 -1N4148 or 1N914 diode
IC1-4011 quad NAND gate
IC2-4026 decade counter
LED 1-DL-750 7 -segment display

Q1 through Q7 -2N4401 transistor
R1 -500 -000 -ohm linear -taper potentiometer
R2 -100,000 -ohm linear -taper potentiometer
R3 -10,000 -ohm, 1/2 -watt resistor
R4 through R11 -1,000 -ohm, 1/2 -watt resistor
S1, S2-SPST momentary -contact switch
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21 Common Cathode Casino
 The counter -display circuit of the "Quicker Than the
Eye" project can be adapted to a game of chance for
up to seven players, with a built-in provision to insure
that "The House Never Loses." Note that all seven dis-
play segments, like the previous circuitry, have only one
connection. Three outputs (pins 8, 9, 10) now go to the
decimal point, via isolating diodes D1, D2, and D3. This
gives "The House" a 3 out of 10 chance to take all bets.
The clock should be set to provide a rapidly flickering
display when the push-button switch is depressed. When
the player holds down the switch for a few seconds and
releases it, one of the segments, or the decimal point will
remain lighted ... and the odds are on the Point!

PARTS LIST FOR COMMON CATHODE CASINO
D1,D2-1N4148 diode
IC1-4017 CMOS decade counter
LED1-DL-750, 7 -segment display
Q1 through Q7 -2N4401
R1 through R8 -1,000 -ohm, 1/2 -watt resistor
S1-SPST momentary -contact switch

0-25 HZ
CLOCK
INPUT

RI

+ 10 V

9

10
13 8 15

+ 10 V

R2
2 LEDI

12
2O

3 411 1112

O
11

9

10

4

I I

NOTE: GROUND LED PINS 5,14

DP 6

0 3

TO
LED I
PI N6

22 ESP Tester
PARTS LIST FOR ESP TESTER

Cl, C3-0.1-uF ceramic disc capacitor
C2-.005-uF mylar capacitor
IC1-555 timer integrated circuit
1C2-4022 CMOS octal counter inte-

grated circuit
IC3-7485 4 -bit magnitude comparator
LED1-LED6-light emitting diodes
Q1 -Q4, Q6, Q7 -2N3904 NPN transistor
Q5 -2N3906 PNP transistor
R1, R2 -10,000 -ohm, 1/2 -watt resistor

(all resistors 10%)
R3 -47,000 -ohm, 1/2 -watt resistor
R4 -R11, R23 -R26 -33,000 -ohm, 1/2 -watt

resistor
R12 -R15 -4,700 -ohm, 1/2 -watt resistor
R16 -R19 -470 -ohm, 1/2 -watt resistor
R20 -R22 -15,000 -ohm, 1/2 -watt resistor
R27 -330 -ohm, 1/2 -watt resistor
R28 -R31 -1,000 -ohm, 1/2 -watt resistor

RI
10K

ICI

748 S5

R2 2
ICI3 -0-I-

10K 555
6 R3

5 I 47K
C2

C3

1
IT

El The closest encounter most of us ever have with psychic
phenomena probably comes from in-laws with the un-
canny knack for dropping by just as dinner is served. If
you'd like to delve somewhat deeper into the world of the
unknown, or if you just want an intriguing party game,
give this ESP tester a try.

Testing requires three persons-a Tester, a Sender and a
Receiver-each one of whom has access only to a part of the
circuitry. The Tester has S5, LED5 and LED6. By press-
ing and releasing S5, he causes the random lighting of one
LED out of the set consisting of LEDs 1, 2, 3, and 4.

+5V

IR16470

RI 2

16 R4I-+
R52 --wv-
R6

IC2 3
4022

4 02
4 R85 -Wo-

R9
7 -Ann-

RIO
10

8 13 15

RI8 R29 R31
470 1000 1000

RI7
4RI9470 7C*

R4 THRU RII
ALL 33K

R20
15K

R21
I5K 06

R28 R30
1000 1000

S 1 0-1-0,

ro
N CCN CC CC

+4,

S2 6-17,a.

3 _L
o of

S40 -1-0.a.

R23-26 -
ALL 33K

+5V

R22 Q5

15K LEDS0
"CORRECT"

LED 6

Q7 "WRONG"

R27
330

Each LED of this set is identified in some way-usually by
a geometric symbol like a star or triangle alongside it. The
Sender, who views only these four LEDs, seeks to tele-
pathically transmit the identity of the lit LED by mentally
"broadcasting" a picture of the symbol linked with the LED.
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The Receiver, whom we hope is monitoring the correct
channel, indicates his response by pushing one of the four
switches (Si through S4) at his displosal. SI corresponds to
LED1 and is marked with the same geometric symbol.
Likewise, S2 corresponds to LED2, and so forth. If the

Receiver makes the correct choice, the Tester sees LED5
light up. On the other hand, if the Receiver's choice is
wrong, or if he gets cute and pushes several buttons simul-
taneously, the Tester is notified of an error by the lighting
of LED6.

23 Optical Confusion
 "As anyone can plainly see, the LED ( D1) flashes
rather rapidly," you say to an unsuspecting guest. "But
in fact, the flashes are an optical illusion. Just hold this
white paper in front of the LED and look at the light
through the paper. You will see that in fact the LED is
not flashing, at least not until you remove the paper."
Your guest will be the victim of optical confusion. The
trick lies in the fact that the LED flashes only as long as
its light shines on 01. Put the paper between Dl and
01 and the LED shines continuously.

PARTS LIST FOR OPTICAL CONFUSION
C1-0.01-uF ceramic capacitor, 15 VDC
C2-0.1-uF ceramic capacitor, 15 VDC
D1-large LED
IC1-555 timer
Q1-FPT100 phototransistor
R1 -10,000,000 -ohm, 1/2 -watt resistor

R2, R3 -1,000,000 -ohm, 1/2 -watt resistor
R4 -220 -ohm, 1/2 -watt resistor
R5 -2,000,000 -ohm, 1/2 -watt resistor

9VDC

24 Quick Draw
 The object of "Quick Draw" is to test your reaction
time against your opponent's. A third person acts as
referee and begins the duel by pressing Sl, which lights
LED DI. Upon seeing DI lit, you try to outdraw your
opponent by moving S2 (or S3) from "holster" to
"draw" before he does. If you do, D2 (or D3 if you use
S3) will light first and will automatically prevent the
other LED from lighting. A clear winner every time.

PARTS LIST FOR QUICK -DRAW
D1, D2, D3-large LED
IC1-4011 NAND gate
R1 -2,000 -ohm, 1/2 -watt resistor
R2, R3 -1,000 -ohm, 1/2 -watt resistor
S1-pushbutton (doorbell) SPST switch
S2-toggle-type SPDT switch
S3-toggle-type SPDT switch

25 LED Black Jack
 The object is to see who can gt closest to 21 LED
flashes without going over. Any number of people can
play. Press S1 until D2 starts flashing (1 second on, 1

second off). Then count the number of pulses after S1
is released. You may get 5 the first time. That is like

being dealt a 5 in Black Jack. Do it again and add the
second count to the first, etcetera, until you are as close
as you can get to 21 without going over. If you go over,
you are out of the game. A fun game and easy to build.
The 9 volt battery will last for months.
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PARTS LIST FOR LED BLACKJACK
C1-4.7-uF tantalum capacitor, 15 VDC
C2-0.1-uF ceramic disc capacitor, 15 VDC
D1 -1N4001 diode
D2-small LED
IC1-4000 NOR gate
R1 -5,000,000 -ohm, 1/2 -watt resistor
R2 -30,000 -ohm, 1/2 -watt resistor
R3, R4 -10,000,000 -ohm, 1/2 -watt resistor
R5 -1,000 -ohm, 1/2 -watt resistor
S1-SPST pushbutton (doorbell) switch

26 Haunted House
 An eerie sound comes from a small box in a dark
room. As your friends shine a light toward the sound, it
whines with a higher pitch, but falls again as they drop
the light and run. The output at A can also be run into
your hi-fi system to cause a very loud witch's squeal. The
principle is a NOR -gate oscillator with a pitch controll-
able via the light-sensitive transistor Ql. Changing RI to
a higher value will give a lower -pitched wail.

PARTS LIST FOR HAUNTED HOUSE
C1-0.01-uF ceramic capacitor, 15 VDC
D1 -1N4001 diode
IC1-4000 dual NOR gate w; inverter
Q1-FPT-100 phototransistor
Q2 -2N4401
R1 -30,000 -ohm, 1/2 -watt resistor
R2 -1,000,000 -ohm, 1/2 -watt resistor
R3 -2,000 -ohm, 1/2 -watt resistor
R4 -500 -ohm, 1/2 -watt resistor S1-SPDT toggle switch

27 Magic Blinker
 Imagine a small black box that you place on a table in
front of your friends. Connected to the box with a thin
wire is a wand with a small red light (LED) on the end.
The light flashes about twice a second, but at your com-
mand, it flashes faster and faster. You hand it to your
friends, but they cannot do it. The secret? In the box is
a small hole with photo transistor 01 showing through.
As DI gets closer to 01, it flashes faster and faster but
it will take your friends a long while to catch on. It's
especially effective when all the room lights are out.
Have fun.

PARTS LIST FOR MAGIC BLINKER
C1-0.01-uF ceramic capacitor, 15 VDC
D1-small LED
D2 -1N4001 diode
IC1-4000 dual NOR gate w/inverter
Q1-FPT100 phototransistor
Q2 -2N4401 transistor
R1 -5,000,000 -ohm, 1/2 -watt resistor

I 14

2 13

3 IC 12

4 II

5 10

6 9

7 8

OFF

o ON

BUILD INTO WAND

R2 -1,000,000 -ohm, 1/2 -watt resistor
R3 -680 -ohm, 1/2 -watt resistor

+ 9V

C I

C

R2

III
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28 Mystic Fortune Teller

 In ancient times, if you needed help with a tough deci-
sion you went to the neighborhood oracle who, for a
small fee, supplied you with advice straight from the
gods. Those days are gone, unfortunately, but if you're
really desperate for advice, maybe this circuit will help.
Ask the Optical Aracle a question, press and release Sl,
and read your answer-YES, NO or MAYBE-on the lit
LED. You'll get a MAYBE 25% of the time and a
definitive YES or NO the rest of the time. If your horse
comes in a winner, simply send 10% of the purse to us.

PARTS LIST FOR MYSTIC FORTUNE TELLER

C1-0.1-uF ceramic disc capacitor, 35 VDC
C2-330-pF polystyrene capacitor, 35 VDC
IC1-4022 CMOS octal counter
IC2-555 timer
LED1, 2, 3-light-emitting diode
Ql, Q2, Q3 -2N3904 NPN transistor
R1, R2, R3 -680 -ohm 1/2 -watt resistor, 10%
R4 through R11 -47K -ohm 1/2 -watt resistor, 10%

*9V.

R12 -2200 -ohm 1/2 -watt resistor, 10%
R13, R14 -18K -ohm 1/2 -watt resistor, 10%
S1-normally open SPST pushbutton switch

29 Lightning Speed Reaction Tester RIM

111 This circuit uses the two flip-flops of the CD 4013 in-
tegrated circuit to test your eyesight. Start by moving S1
from ground to "set" and back to ground. This will light
D1 and D3. Now press S2. D1 and D3 will go off and
D2 will go on, but D3 must go off slightly later than D3
due to built-in delays in the circuit. Can you see the dif-
ference in the two LED's? This makes a great experi-
ment for kids to take to school.

PARTS LIST FOR LIGHTNING REACTION TESTER
C1-1-uF electrolytic capacitor, 15 VDC
D1, D2, D3-small LED
IC1-4013 dual flip-flop
R1, R2, R3 -2,000 -ohm, 1/2 -watt resistor
R4 -500,000 -ohm, 1/2 -watt resistor
S1-SPDT slide switch
S2-SPST momentary contact pushbutton switch

5VDC

-C. D3I 14

S2 2 13 2

3 IC 12

4 11
.11,11-11

C 5 10 RI
DI

SET 6 9
/ SI _E

7 8 CI

R4

30 Quicker Than The Eye

 The faster you can repeatedly press SI, the faster the
segments of the digit "8" will fly around the LED dis-
play. The fun of this quicker than the eye game is to see
if you can make the R look like a solid number. We have

here the basic multiplex principle used in calculator dis-
plays. In calculators only one segment of a digit is on at
a time, but the rapid change makes it appear that all are
on. Pin 6 above is used to reset to zero.

28 99 IC PROJECTS 1981



PARTS LIST FOR QUICKER THAN THE EYE
IC1-4017 decade counter
LED1-DL-750 7 -segment display
R1 through R7 -680 -ohm, 1/2watt resistor
R8 -1,200 -ohm, 1/2 -watt resistor
R9 -100,000 -ohm, 1/2 -watt resistor
S1-SPST momentary -contact pushbutton switch
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31 Sine Wave Generator TEST EQUIPMENT prim

0 Think it is possible to have a pulse stream turned into
a nice smooth sine -wave? This circuit will do it! In fact,
you can have the lowest sine -wave frequency you can
imagine by slowly pressing a button to generate your
own manual pulse stream, if you like. The IC is a
counter that has been made to divide the input pulse
rate by ten. The outputs feed through resistors RI, R2,
R3, and R4 to build up a sine wave.

PARTS LIST FOR SINE WAVE GENERATOR
C1-10-uF electrolytic capacitor, 15 VDC
IC1-4018 dividing counter
R1, R2, R3, R4 -20,000 -ohm, 1/2 -watt resistor
R5 -47,000 -ohm, 1/2 -watt resistor

9V

--C 16 D-f^ III/
2 15C

RI
-C 3

IC
14

13

PULSE
STREAM

INPUT
R2

C4
5 12

R3
C

R

6 IIE
7 1O3 OUTC

L ---C 8 9D 5
CI

32 RF Noise Generator
 The diode -generated radio -frequency noise has such a
wide spectrum of energy that it can be detected by both
long and short-wave receivers. Bringing a transistor radio
near the circuit shown below will demonstrate the power
and limitations of the generator. The noise generator may
be used in checking out a defective receiver through RF
and IF stages by injecting it at various points. In the
circuit, RF amplification was provided by running CMOS
inverters in a linear mode. To reduce heating, an oper-
ating potential of about five volts was established through
the use of a 1N751 zener diode, functioning normally,
and not a noise generator in its own right, we hope!

PARTS LIST FOR RF NOISE GENERATOR

C1, C2-0.1-uF ceramic disc capacitor, 15 VDC
D1 -1N758 or 1N759 diode
D2 -1N751 diode
IC1-4009A hex buffer
R1 -500,000 -ohm linear -taper potentiometer

12 VDC

R2 -10,000 -ohm, 1/2 -watt resistor
R3 R4 -1,000,000 -ohm, 1/2 -watt resistor
R5 -300 -ohm, 1 -watt resistor
R6 -1,000,000 -ohm, 1/2 -watt resistor

I--
R6

15

OPTIONAL
3RD STAGE
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33 Video Pattern Generator

11] Those of you with oscilloscopes might enjoy bread-
boarding this pattern generator. Feed the signal at J1 to
your scope's vertical input, and connect the horizontal
input to J2. Attach the clips to the selected pairs of test
points, then adjust potentiometers R14 and R15 to create
complex images. Output signals are about 1 -volt, peak -
to -peak.

PARTS LIST FOR VIDEO PATTERN GENERATOR
C1, C2-250-uF electrolytic capacitor, 25 VDC
C3-0.1-uF ceramic disc capacitor, 35 VDC
C4, C5-100-pF polystyrene capacitor, 35 VDC
C6, C7-1.0-uF mylar capacitor (non -polarized), 35 VDC
C8, C9-0.5-uF mylar capacitor, 35 VDC
C10-0.022-uF mylar capacitor, 35 VDC
C11-0.001-uF mylar capacitor, 35 VDC
CL1, CL2-alligator clip
D1 through D8 -1N914 diode
IC1-4024BE CMOS ripple divider
11, J2-phono jack
Q1, Q2 -2N3904 NPN transistor
R1, R4, R5, R10 -100K -ohm 1/2 -watt resistor, 10%
R2, R3-1.5-Megohm 1/2 -watt resistor, 10%
R6, R9 -68K -ohm 1/2 -watt resistor, 10%

9V

0

,c

R5® R6®

D2
C6T D3

:04

R8
R9 RIO

R7f
0

C7 C8 D D
C97

TIT

TRY CONNECTING CLIPS TO
THESE PAIRS OF POINTS

BCBB A AC

CEDBBFD

D8

14

2 13

3 12 -
4 ICI I I

5 10

6 9

CIO

RI 1 RI2

JI
VERTICAL

R14 R15

.r...=,CL 2

R7, R8 -33K -ohm 1/2 -watt resistor, 10%
R11, R12 -47K -ohm 1/2 -watt resistor, 10%
R13 -3300 -ohm 1/2 -watt resistor, 10%
R14, R15 -250K linear -taper potentiometer

R13 Tel

J2
HORIZONTAL

34 Capacitor Match Maker Mir

 This useful, but simple circuit will allow you to match
two capacitors or to tell if one has greater capacitance
than the other. Suppose you have one capacitor of known
value, say 1 uF. Put it where Cl is in the circuit. Sup-
pose you have another capacity of some unknown value.
Put it where C2 is in the circuit. Now flip SI from "set"
back to ground. Then press S2. If D1 goes off and D2
goes on, it means C2 is less than Cl, like 0.5 uF. If D1
stays on and D2 off, it means C2 is equal or greater than
Cl. You can use this circuit to help you quickly sort
through a pile of old capacitors.

PARTS LIST FOR CAPACITOR MATCH -MAKER
C1, C2-see text
D1, D2-small LED
IC1-4013 dual flip-flop
R1, R2 -30,000 -ohm, 1/2 -watt resistor

R2

-dew C2
S2

RI

CI

-C I 14

C
C
C

-C

2

3

4

5

6

7

IC

13

12

II D-
10 D--

9a-
8 D-

S

D 1

SI

R3, R4 -1,000 -ohm, 1/2 -watt resistor
S1-SPDT slide switch
S2-SPST momentary -contact pushbutton switch

35 Milliohms Adapter FRP

i=j Few experimenters have the equipment to measure re-
sistances of less than one ohm, and even fewer of them
could care to do so. But the ability to measure resistance
in the milliohm range can be very handy. For insance,
motor manufacturers routinely check their coils with mill! -

ohmmeter. Since the net resistance is proportional to the
length of wire on the coil form, measuring the resistance
provides a simple, non-destructive method for checking
the number of turns on a coil. With a milliohmmeter you
can even check the relative quality of switch contacts and
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solder joints.
Current source Q1 drives a constant 10-milliamp cur-

rent through whatever resistance lies between probes P1 and
P2. UI amplifies the voltage generated across the resis-
tance by the current flowing through it. You read the
voltage at Ul's output on your VOM and multiply by
the appropriate scale factor-10V/ohm with SI up, I V/

ohm with SI down-to get the resistance. Before reading,
short the probes together, and adjust R4 for zero output.
Use needle -type probes, since they easily pierce surface
oxide films (which can introduce significant resistance of
their own). Keep the output voltage below one volt; in
other words, the maximum resistance you can measure is
one ohm.

PARTS LIST FOR
MILLIOHMS ADAPTER

C1-1.0-uF mylar capacitor
C2, C3-0.1-uF ceramic disc capacitor
DI -5.6-VDC, 1/2 -watt zener diode
D2 -D6 -1N914 silicon diode
ICI -741 op amp
P1, P2-test probes
Q1 -2N3906 PNP transistor
R1 -1,800 -ohm, 1/4 -watt resistor (all re-

sistors 5%, unless otherwise noted.)
R2 -470 -ohm, N -watt resistor
R3 -50,000 -ohm linear taper potenti-

ometer
R4 -62,000 -ohm, 1/4 -watt resistor
R5 -100 -ohm, 1/4 -watt resistor
R6 -1,000 -ohm, 1/4 -watt resistor
R7 -100,000 -ohm, N -watt resistor
51-SPDT toggle switch

+9V

-9V

P2

DI

5.6V

RI
1800

R2
470

<r) 01
50K

R3
2N3906

10V/11

IV/n

R5
100

3) SI

R6
1000

D2 - D6

CI
1.0

R7
100K

R4
62K +9V -9V

C2 C3
7 .1 =.1

I

4
ICI
741

- VOM
IV F.S.

Q + OR LESS

36 Meter Eliminator
 This circuit introduces the principle of a digital volt-
meter and actually provides a very sensitive, high im-
pedance meter for your workbench. The LM -339 is an
IC containing four separate operational amplifiers of a
special type. These op amps compare the reference volt-
age set on one input pin with an unknown voltage on the
other. If the unknown voltage exceeds the reference, the
output goes high and lights an LED. DI lights first. With
a slightly higher input voltage, D2 will light, etc. Variable
resistor R5 allows you to set the voltage steps between
Dl, D2, D3 and D4 from about .02 volts per step to
about 0.5 volts per step.

PARTS LIST FOR METER ELIMINATOR
D1, D2, D3, D4-large LED
IC1-LM339 quad comparator

9V

R1, R2 R3, R4 -1,200 -ohm, 1h -watt resistor
R5 -1,000,000 -ohm linear -taper potentiometer
R6, R7, R8, R9 -470 -ohm, 1/2 -watt resistor
S1-SPST toggle switch

UNKNOWN
INPUT

VOLTAGE

37 Continuity Checker 11111419

 After wiring a new electronic project or troubleshoot-
ing an old one, it is often good practice to make several
continuity checks to be sure that certain connections in
the circuit are correct. In the days of vacuum tubes this
was accomplished with an ohmmeter, but for today's
solid state circuitry you can't use most ohmmeters for
several reasons. Some ohmmeters have far too much bat-
tery voltage and deliver as much as hundreds of milli-

amperes into a short circuit. This can easily damage
expensive solid state devices. Also, the ohmmeter is an
unreliable method to measure circuit continuity, since it
will read through an emitter -base or diode junction.
This continuity checker is a handy accessory for
troubleshooting circuits, and is safe to use on any solid
state device or circuit. The maximum voltage at the
input terminals is about 40 millivolts, and negligible
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current is passed through the circuit when continuity is
indicated. The circuit will not indicate continuity for re-
sistance values of about 35 ohms or greater, and will not
register through an emitter -base junction or diode.
The circuit is powered by a standard 9 volt transistor

battery and draws about 1 milliampere when the input
leads are open. Shorting the lead causes an audio tone
to be generated and draws about 15 milliamperes of
battery current.

PARTS LIST FOR CONTINUITY CHECKER
C1-.001-uF ceramic disc capacitor, 15 VDC
C2-10-uF electrolytic capacitor, 15 VDC
C3-15-uF electrolytic capacitor, 15 VDC
IC1-741 op amp
Q1 -2N4401
Q2 -2N4403
R1, R3, R4, R5, R8 -10,000 -ohm, 1/2 -watt resistor
R2 -100 -ohm, 1/2 -watt resistor
R6 -4,600,000 -ohm, 1/2 -watt resistor
R7 -100,000 -ohm, 1/2 -watt resistor
R9, R10 -10 -ohm, 1/2 -watt resistor
SPKR-8-ohm PM type speaker

0
TEST
LEADS
0

RI

R2

R6

7

ICI

R5

R3

R7
CI

R8

DIDI

C3

SPEAKER

02

c2

1
9V

38 Penny Pincher Frequency Meter
El One of the handiest instruments you can own is the
digital frequency counter, but unless you do an awful lot
of experimenting, the expense is usually hard to justify.
However, if you can spare $15, consider building this
analog frequency meter. Input impedance is 100,000 -
ohms, and frequencies up to 50 kHz can be measured,

which makes the instrument ideal for the audio experi-
menter. After construction, calibrate the instrument by
first selecting the middle range (Range B, 0-5 kHz) with
Sl. Feed a 5 -kHz signal of known accuracy to J1, and
adjust potentiometer R8 for a full-scale deflection on
meter MI. That's it.

PARTS LIST FOR PENNY PINCHER
FREQUENCY METER

C1, C4, C7-0.1-uF ceramic disc capacitor, 35 VDC
C2-5-pF polystyrene capacitor, 35 VDC
C3-100-pF polystyrene capacitor, 35 VDC
C5, C6-100-uF electrolytic capacitor, 10 VDC
C8-3000-pF polystyrene capacitor, 35 VDC
D1, D2, D3 -1N4001 diode
IC1-LM311 comparator
IC2-555 timer
11-phono jack
M1-0-50 microAmp DC meter
R1 -4700 -ohm 1/2 -watt resistor, 10%
R2, R3, R4, R5 -18K -ohm 1/2 -watt resistor, 5%
R6 -1000 -ohm 1/2 -watt resistor, 10%
R7 -10K -ohm 1/2 -watt resistor, 10%
R8 -10K trimmer potentiometer
R9, R11 -30K -ohm 1/2 -watt resistor, 5%
R10 -300K -ohm 1/2 -watt resistor, 5%
R12 -3000 -ohm 112 -watt resistor, 5%
R13-10 Megohm 1/2 -watt resistor, 10%
S1-single pole, 3 -position rotary switch

CI
D2X

R5

RANGE/FREQUENCY

TABLE

Range Frequency

A 0 to 500 Hz
B 0 to 5 kHz
C 0 to 50 kHz

11
C3

R8

R9
C2

c

I 8 -
2 IC2 1
3 6Ab5-

(4-5V
4,* .-r.C5

-4-

iRIO RI I RI2
8

C

SI

-c7

I

TC8

39 Negative Power Supply
Ei Many operational amplifiers operate from a dual -
polarity power supply. For low current applications, it

may he easier to construct this negative power supply
using one IC, rather than rectifying from the power
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line or transformer. IC1 operates in an astable mode with
essentially square wave output at pin 3. C2, C3, D1 and
D2 form a full -wave voltage doubler circuit which pro-
duces approximately minus 14 volts with no load at the
negative output terminal. The circuit will deliver 12 volts
into a load of 1000 ohms.

PARTS LIST FOR NEGATIVE POWER SUPPLY
C1-.01-uF ceramic capacitor, 15 VDC
C2, C3, C4-15-uF electrolytic capacitor, 25 VDC
D1, D2 -1N4148 diode
IC1-555 timer
R1 -1,000 -ohm, 1/2 -watt resistor
R2 -10,000 -ohm, V2 -watt resistor cl

NEGATIVE
OUTPUT
VOLTAGE

40 IC Audible Logic Probe
Here is the old familiar logic probe but with a new

twist. Instead of displaying logic status with LEDs, it
does the job aurally. The logic -1 state, 2 -volts or greater,
is signalled by a high tone. On the other hand, a low
tone sounds to indicate the logic -0 state, 0.8 -volt or less.
Inputs between 0.8 and 2 -volts produce no output. (Note
that this probe is designed especially for TTL and cannot
be used for any other logic family.) The circuit requires
a regulated 5 -volt supply, which means that it can be
powered by the same supply used by the TTL circuitry
under test. Output can be taken from a miniature speaker,
as shown in the schematic, or you may use a miniature
earphone. Potentiometer R1 1 sets the output volume level.

PARTS LIST FOR IC AUDIBLE LOGIC PROBE
C1-0.1-uF ceramic disc capacitor, 35 VDC
C2-0.005-uF mylar capacitor, 35 VDC
C3-0.1-uF mylar capacitor, 35 VDC
C4-1.0-uF tantalum capacitor, 10 VDC
CL1-alligator clip
D1, D2 -1N4001 diode
D3, D4 -1N914 diode
IC1-LM339 quad comparator
P1-metal probe tip
R1 -10K -ohm V2 -watt resistor, 10%
R2, R3 -220K -ohm 1/2 -watt resistor, 10%
R4 -30K -ohm 1/2 -watt resistor, 5%
R5 -12K -ohm 1/2 -watt resistor, 5%
R6 -8200 -ohm V2 -watt resistor, 5%

TI

+5V
II

SPKR

R4

2

R5

RI

PI

CLI

D2

5
ICI R7

3

4 IC10

7

6

NC

14

ICI b

R6

3

8
10

RI I

MA,
R9

1C1c

C2
RIO

2
Z D4

C3

R7,R7, R8, R10 -56K -ohm 1/2 -watt resistor, 10%
R9 -120K -ohm 1/2 -watt resistor, 10%
R11 -1000 -ohm audio -taper potentiometer
SPKR-8-ohm miniature speaker
T1-miniature audio output transformer -1,000 -ohm

primary/8-ohm secondary

41 Instrument Sensitivity Booster
 This tiny, high -impedance amplifier will boost the sensi-
tivity of your oscilloscope or voltmeter by a factor of 10
or 100. So, if your oscilloscope's maximum sensitivity at
present is 10mV/div, you can boost it to 1 mV/div or
.1mV/div. Signals you previously could not measure, such

as the output of your magnetic phono cartridge, will now
be visible. Note also that if all you own is a 20K -ohms -
per -volt VOM, the sensitivity booster will not only let you
measure smaller voltages, it will give you a 1-megohm
input impedance besides.
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Switch S2 selects the gain -10 if closed and 100 is open.
When you need direct coupling to measure DC voltages,
close Si. Otherwise, leave it open for AC coupling. If the
booster is to be used with a scope, feed a 20 -kHz square
wave to its input, and adjust C3 for the best -looking square
wave at the output. For use with just a VOM. C2 and C3

will have little effect; therefore, you can leave them out.
The amp can be nulled by grounding its input and adjust-
ing R4 for zero output. Sinewave response extends to 400
kHz at a gain of 10, and 40 kHz at a gain of 100. Limit
input signals to less than ± 100 mV.

PARTS LIST FOR INSTRUMENT SENSITIVITY BOOSTER
+9V

R3
-9V

4700 "- ."/SA-
C1-0.1-uF mylar capacitor
C2-30-pF polystyrene capacitor
C3-5-80-pF trimmer capacitor (Arco 462 or equivalent)
C4, C5-0.01-uF ceramic disc capacitor
01, D2 -1N914 diode

SI
C4
.01

RI
100K

7

.vtv -
R4
10K

C5
701

o
IC1-3140 FET-input op amp (RCA or equivalent) INPUT

5
4R1, R7 -100,000 -ohm, 1/2 -watt resistor (all resistors 5%

unless noted.)
R2 -1,000,000 -ohm, 1/2 -watt resistor
R3 -4,700 -ohm, 1/2 -watt resistor

C2
30pf

DI
A Y

D2

R2
MI

ICI
3140 O

OUTPUTI
R4 -10,000 -ohm, linear -taper potentiometer C3

5-80pf R6 R7
R5 -1,000 -ohm, 1/2 -watt resistor 10K 100K
R6 -10,000 -ohm, 1/2 -watt resistor

R5 t
--0--

S1, S2-SPST switch 10007. . 0-
S2

42 Pulse -Burst Generator

PARTS LIST FOR PULSE -BURST
GENERATOR

C1-.01 uF-mylar capacitor
C2, C3, C4, C5-0.1-uF ceramic disc

capacitor
IC1-555 timer integrated circuit
IC2-4017 CMOS decade counter inte-

grated circuit
IC3-4013 flip-flop integrated circuit
Q1 -2N3904 NPN transistor
R1 -6,800 -ohm, 1/2 -watt resistor (all re-

sistors 10% unless otherwise noted.)
R2 -68,000 -ohm, 1/2 -watt resistor
R3, R5 -100,000 -ohm, 1/2 -watt resistor
R4 -22,000 -ohm, 1/2 -watt resistor
R6 -4,700,000 -ohm, 1/2 -watt resistor

1

6800
RI

1R2

68K

CI
1-.01

v+

J -C2

7

2

65

-I- C3
.1

8

ICI
555

 This is a fiendishly clever circuit for the digital experi-
menter. Just press S1, and this pulse -burst generator de-
livers the exact number of glitch -free pulses you need (as
determined by the setting of S2). You can select any-
where from one to ten pulses. which the circuit furnishes
at a rate of 1 kHz. If necessary, the pulse rate can be
slowed down by using a larger value of capacitance for Cl.
With a 10 mf electrolytic unit as the timing capacitor,
pulses arrive at a one -per -second rate, which is slow
enough for visual observation (on an LED display, for
instance). Any potential (V+) between +5 and +15

OUTPUT
C4

V+

C5

14

8 13

IC2
4017

2 4 7 10 1 5 6 9 1 I

16

15

R4
22K

R3
100K

01
2N3904

4 5 63 bo od7cz

S2 10

!100K

=-

R5

3
14

IC3 4
4013

R6
4 7 M

R7
1000

volts can be used, depending on the requirements of the
circuitry you intend to drive.

43 Precision Rectifier nit
El One of the problems with the conventional silicon recti-
fier diode is its .6 -volt forward drop. Rectification cannot
occur until an input signal exceeds this voltage. So it is
impossible to rectify a signal with a 250 -millivolt peak -to -
peak amplitude because it never exceeds the diode's con-

duction threshold. The precision rectifier circuit dia-
grammed here gets around the whole problem by tucking
the rectifier into an op amp's feedback loop. Signals on the
millivolt level can now be rectified with ease.

In addition, the circuit has a gain of -10. The minus
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Now NRI takes you inside the
world's most popular microcomputer

to train you at home as the
new breed of computer specialist!

NRI teams up with Radio Shack
to teach you how to use,

program and service
microcomputers...make you

the complete technician.
It's no longer enough to be just a

programmer or a technician. With micro-

computers moving into the fabric of our

lives (over200,000 of the TRS-80' alone

have been sold), interdisciplinary skills

are demanded. And NRI can prepare

you with the first course of its kind,

covering the complete world of the

microcomputer.

Learn At Home
in Your Spare Time

With NRI training, the program-

mer gains practical knowledge of hard-

ware, enabling him to design simpler, more

effective programs. And, with advanced

programming skills, the technician can

test and debug systems quickly and easily.

4.,

Training includes TRS-80 computer, transistorized
volt -ohm meter, digital frequency counter,
and the NRI Discovery Lab with hundreds of tests
and experiments.

(TRS-80 is a trademark of the Radio Shack division of Tandy Corp.)

Only NRI gives you both kinds of

training with the convenience of home

study. No classroom pressures, no night

school, no gasoline wasted. You learn at
your convenience, at your own pace. Yet

you're always backed by the NW staff and

your instructor, answering questions, giving

you guidance, and helping you over the

tough spots.

Explore the TRS-80
Inside and Out

NRI training is hands-on training,

with practical experiments and demon-

strations as the very foundation of your

knowledge. You don't just program your

computer, you introduce and correct faults

...watch how circuits interact... interface

with other systems... gain a real insight

into its nature.
You also build test instruments and

the NRI Discovery Lab, performing over 60

separate experiments in the process. You

learn how your trouble -shooting tools work,

and gain greater understanding of the in-
formation they give you. Both micro-

computer and equipment come as part

of your training for you to use and keep.

Send for Free Catalog...
No Salesman Will Call

Get all the details on this exciting

course in NRI's free, 100 -page catalog. It

shows all equipment, lesson outlines, and

facts on other electronics courses such as
Complete Communications with CB, TV and

Audio, Digital Electronics, and more. Send

today, no salesman will ever bother you.

Keep up with the latest technology as you

learn on the world's most popular computer.

If card has been used, write to:

NRI Schools
McGraw-Hill Continuing

Education Center

3939 Wisconsin Avenue

. rl Washington, D.C. 20016.
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sign means that this is an inverting circuit: positive peaks
come out negative, and vice versa. Half -wave -rectified posi-
tive -going signals are available through DI, while D2 pro-
vides the negative rectified output. Remember, positive input
cycles are multiplied by 10 and inverted; hence, they show
up at the negative output. To keep things from going awry.
use both loops (D1 -R2 and D2 -R3) even if you want
output of just one polarity.

INPUT

PARTS LIST FOR PRECISION RECTIFIER
C1-1.0-mylar capacitor
C2, C3 -0.1 -ceramic capacitor
1:11, D2 -1N914 silicon diode
1C1-3140 op amp integrated circuit (RCA)
R1 -10,000 -ohm, 1/2 -watt resistor
R2, R3, R4 -100,000 -ohm, 1/2 -watt resistor

R3
lOOK _11

POSITIVE
OUTPUT

NEGATIVE
OUTPUT

44 TTL Power Supply
 This IC project will provide you with a flat, ripple-
free, and locked -on 5 volts for any use around the house
or on your work bench. It will prove to be very handy
for the TTL projects in this magazine, i.e., those projects
using any IC that starts with the two numbers 74. The
LM309 is a remarkable IC containing over a dozen
transistors and several diodes. It can handle up to about
1 amp without a heat sink. If you mount it on a heat
sink, a 4 by 4 inch piece of aluminum will do, it can
supply up to 4 amps without dropping its 5 volt output.

PARTS LIST FOR TTL POWER SUPPLY
C1, C2, C3-1,000-uF electrolytic capacitor, 25 VDC
D1, D2, D3, D4 -1N4003 diode
D5-large LED
F1-120 VAC V2 amp fuse, fast acting type
IC1-LM309

HOUSE
PLUG

ONNECTION TO CASE

R1 -500 -ohm, 2 -watt resistor
S1-SPST toggle switch rated at 120 VAC/15 amps
T1-120 VAC to 12.6 VAC transformer

45 Op -Latch
 The perfect op amp has yet to be invented, but if you're
looking for the next -best thing, try the 3140. It is fast,
operates with supplies as low as 4 volts, has internal fre-

quency compensation, and is happy even in very -high -
impedance circuits (thanks to its FET inputs). Here is an
offbeat application using the 3140 as a digital latch that's

PARTS LIST FOR OP -LATCH
C1-0.1-uF ceramic disc capacitor
D1, D2 -1N914 diode
IC1-3140 op amp (RCA or equivalent)
R1 -12,000 -ohm, 1/2 -watt resistor (all resistors 5%)
R2 -5,100 -ohm, 1/2 -watt resistor
R3 -82,000 -ohm, 1/2 -watt resistor
R4 -10,000 -ohm, 1/2 -watt resistor
R5 -1,000 -ohm, 1/2 -watt resistor

SET

RESET

4.5V R5
1000

SET I RESET

DI
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CMOS- or TTL-compatible. Driving the SET input mo-
mentarily low latches the output in a high state, while a
low pulse to the RESET input sends the output low once

again. When both inputs are high, the circuit rests. Don't
send both inputs low at the same time.

46 Variable Regulated Power Supply Mt"

El These are lots of good power supplies on the market,
but why not build your own and save a bundle? This
circuit can provide voltages between 5 and 15 -volts DC
at currents up to one ampere. Be sure to heat -sink the
AA78GKC regulator by bolting it to either a commercial
aluminum heat sink or to your supply's cabinet (if it's
made of aluminum ). Mount C2 and C3 as close as pos-
sible to pins 2 and 4 of ICI. If you cannot locate a
28VCT transformer, go to something slightly higher, say
32 VCT. The same goes for the transformer's current
rating; for example, you could use a 2 -amp device.

PARTS LIST FOR VARIABLE REGULATED
POWER SUPPLY

BP1, BP2-binding post
C1-2200-uF electrolytic capacitor, 40 VDC
C2-0.1-uF ceramic disc capacitor, 35 VDC
C3-100-uF electrolytic capacitor, 25 VDC

D2 -1N4003 (1A, 200 PIV) rectifier diode

FLAT

ICI
pA78GKC ,,,CASE IN CONTACT

WITH PIN 4

F1 -0.5 -Ampere slow -blow fuse
IC1---/A78GKC adjustable voltage regulator
M1 -0 -to -1 Amp DC meter
M2 -0 -to -15 -Volt DC meter
R1 -10K -ohm linear -taper potentiometer
R2 -4700 -ohm, 1/2 -watt resistor, 5%
S1-SPST toggle switch
T1-28VCT, 1.2 -Amp power transformer (see text)

47 VOM Light Meter HOBBY "It

 The beauty of this light meter is that it is almost per-
fectly linear over a wide range of light inputs. It provides
you with the basic operation of a camera light meter
and can be made to read directly in f-stops and shutter
speed. Phototransistor 01 senses the light level and
passes that on to the 741 op amp where the small voltage
is amplified. Meter M is any you currently have around
the house, or any inexpensive meter you can buy. If you
do not have a meter, see the meter eliminator circuit in
this book. R1 provides a zero adjustment for the meter.

PARTS LIST FOR VOM LIGHT METER
IC1-741 op amp
Q1-FPT100 phototransistor
R1 -10,000 -ohm, linear -taper potentiometer
R2-10,000-ohm,'/2-watt resistor

LR2I.5V

NC

R3 -30,000 -ohm, 1/2 -watt resistor
R4-100,000-ohm,'/2-watt resistor
R5 -2,000 -ohm,1/2 -watt resistor

ANY VOLTMETER

48 Diode Thermometer
El In another project, it was shown how a package of
silicon diodes could be developed into a solid-state ther-
mostat. Here is an analog version, which can be inter-
faced with a voltage -to -frequency converter for use with

a frequency counter, or can be directly read by a 10 to
20 thousand -ohms -per -volt multimeter. The circuit util-
izes a pair of 4009 inverter sections, biased into the
linear region to amplify the temperature effects upon the
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diode probe. In this application, the adjustment poten-
tiometer, RI, is set to give a mid -scale reading at room
temperature on a typical multimeter set on the 6 volts DC

scale. If a separate 0-1 DC miliampere meter is available,
it could be calibrated directly in degrees F or C, with a
suitable resistance in series with the amplifier output.

PARTS LIST FOR DIODE THERMOMETER
C1-0.1-uF ceramic capacitor, 15 VDC
D1 through D6 -1N4148 diode
IC1-4009A hex buffer
R1 -100,000 -ohm linear -taper potentiometer
R2, R3 -1,000,000 -ohm, 1/2 -watt resistor

I

I

PROBE
6 IN4148
DIODES IN SERIES

NOTE
GROUND ICI
PINS#7,9,II,I4

MULTIMETER ON
6VDC RANGE

49 Slot Car Race Referee

El Build this optoelectronic judge and end forever those
quarrels over who really won the race. Install photo -
transistors 01 and Q3 at the finish line, but in separate
lanes of your slot -car track so that the light-sensitive
face of each device is facing upwards. The best method
would be to cut a small hole into the track for each
phototransistor, and mount each unit flush with the
track's surface. Arrange for light to fall on both Q1 and
Q3; a small desklamp will work well, but ambient room
light will usually suffice. Press SI and both LEDs will go
off. The first car to cross the finish line interrupts the
light beam and causes the appropriate LED to light up.

PARTS LIST FOR SLOT CAR RACE REFEREE
C1-0.1-uF ceramic disc capacitor, 35 VDC
IC1-7474 dual D -type flip-flop
LED1, LED2-light-emitting diode
Q1, Q3-FPT-100 NPN phototransistor
Q2, Q4 -2N3904 NPN tranistor
R1, R2 -18K -ohm 1/2 -watt resistor, 10%
R3 -3900 -ohm 1/2 -watt resistor, 10%
R4, R5 -330 -ohm 1/2 -watt resistor, 10%
S1-normally open SPST pushbutton switch

+5V

NOTE NO CONNECTION TO BASE
LEAD OF 01 AND 03

LANE B
LLAENDEI ;5V

R4

50 Sobriety Tester
0 It's a curious and unfortunate fact, but many people
feel that a drink or two will improve their reflexes. Here's
your chance to prove them wrong. Imagine for the mo-
ment that SI is depressed (open circuited), S2 is closed,
and C2 has been completely discharged. On command
from someone acting as the tester, the person depressing
S1 must remove his hand from that switch and use the
same hand to open toggle switch S2. When SI is released,

charging current begins to flow into capacitor C2 through
RI and R2. This current is interrupted, however, as soon
as S2 has been opened. C2 will have accummulated a

voltage directly proportional to the reaction time, which
is the interval between SI's release and the opening of
S2. Longer times create higher voltages and cause higher-
numbred LEDs to light. For example, a sober person
might react quickly enough to light LED 2 or LED 3,
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while someone truly sloshed will light up LED 10. To run
another test, discharge C2 with S3, then press Si and,

finally, close S2 once more. RI should be adjusted so
that a sober person lights one of the low -numbered LEDs.

PARTS LIST FOR SOBRIETY TESTER
C1-250-uF electrolytic capacitor, 35 VDC
C2-50-uF electrolytic capacitor, 35 VDC
IC1-LM3914 LED display driver
LED1 through LED1 0-light-emitting diode
R1 -50K trimmer potentiometer
R2 -5600 -ohm 1/2 -watt resistor, 10%
R3 -33K -ohm 1/2 -watt resistor, 10%
R4 -47 -ohm 1/2 -watt resistor, 10%
R5 -1800 -ohm 1/2 -watt resistor, 10%
R6 -1000 -ohm 1/2 -watt resistor, 10%
S1-normally closed SPST pushbutton switch
S2-SPST toggle switch
S3-normally open SPST pushbutton switch

+ I8V

51 Plant Moisture Meter
PM"

 Talked to your houseplants recently? Well, if they
could talk back, you'd hear plenty of complaints-most
of them about water. Too much of the wet stuff is just
as bad as too little. To assist you with the watering, try
this little moisture meter. Note that you will need to
construct a probe assembly consisting of two metal spikes
mounted in a wooden or plastic block. For the sake of
uniformity, use the dimensions supplied. The spike can be
nails or pieces of heavy wire (#8). Stick the probe as-
sembly into the soil surrounding a just -watered plant and
adjust R5 for a deflection around mid -scale on Ml.
Thereafter you can use the meter to tell whether your
plants are too wet or too dry. Note that different plants
are apt to prefer different degrees of wetness.

PARTS LIST FOR PLANT MOISTURE METER
Cl, C2-0.01-uF ceramic disc capacitor, 35 VDC
D1, D2 -1N914 diode
IC1-741 op amp
M1-0-1 mA DC meter
R1 -6800 -ohm 1/2 -watt resistor, 10%

+9V.

RI

PLASTIC
INSULATOR

._METAL SPIKE

-9V.

R2 -15K -ohm 1/2 -watt resistor, 10%
R3 -1000 -ohm 1/2 -watt resistor, 10%
R4 -10K -ohm 1/2 -watt resistor, 10%
R5 -100K trimmer potentiometer
R6 -3300 -ohms 1/2 -watt resistor, 10%

R5

c2

R6

0-I mA

52 Random Sequence Generator

 A pseudo -random sequence generator is like a scrambled
counter. Instead of counting 1,2,3,4, ..., the PRSG might
yield an output of 2,9,7,1 ... The PRSG shown here sup-
plies a sequence of 255 scrambled numbers, available in
binary form at the eight outputs (Q1 through Q8). Some
applications:

First, you might hook up an LED and a 330 -ohm
resistor to each output as illustrated. Use a 5 -AF electro-

lytic capacitor for C3, and you'll have a dandy idiot box,
which will blink impressively on your desk, but do nothing.

Or, you could hook up the resistor network diagram-
med, and use a 330 pF polystyrene capacitor for C3.
You'll get a 1 -volt peak -to -peak noise voltage at Jl which
can be used to generate interesting percussive sounds in
conjunction with the Musical Modulator presented else-
where in this issue.
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PARTS LIST FOR PSEUDO -RANDOM
SEQUENCE GENERATOR

C1-0.1-uF ceramic disc capacitor, 35 VDC
C2, C5-100-uF electrolytic capacitor, 10 VDC
C3-5-uF, 10V electrolytic or 330-pF polystyrene capacitor

(see text)
C4-1.0-uF mylar capacitor (non -polarized), 35 VDC
IC1-555 timer
IC2-74164 shift register
IC3-7486 quad EX -OR gate
J1-phono jack
LED1 through LED8-light-emitting diode
R1, R2 -6800 -ohms
R3 -100K linear -taper potentiometer
R4, R6 -1000 -ohms
R5a through R5h-330-ohm 1/2 -watt resistor, 10%
R7 -2200 -ohm 1/2 -watt resistor, 10%
R8 -3900 -ohm 1/2 -watt resistor, 10%
R9 -8200 -ohm 1/2 -watt resistor, 10%
R10 -15K -ohm 1/2 -watt resistor, 10%
R11 -33K -ohm 1/2 -watt resistor, 10%
R12 -62K -ohm 1/2 -watt resistor, 10%
R13 -120K -ohm 1/2 -watt resistor, 10%
R14 -120 -ohm 1/2 -watt resistor, 10%

_c -
RI- 2 7

3 ICI
6 -

4 5

R3::-
C3 "IF
*4-

+5V

I I+
CI

TC2

ta

2 13

3 12

41C2 I I

5 10

Q4 6 9

05 07

0608.

*Cm 5uF (IDIOT BOX)
OR

330 pf (NOISE)

R4

+5V

I 14

2 13

3 12

4 1C3 11
5 10

6 9

7

R50-h 6D 1
ANY 0 --Now-W.-+5V

/01.,
USE 8 LEDS LIKE J I C4
THIS ONE FOR THE II -1
1010T BOX

01 02 03 04 05 06 07 08
/R6 1R7 IRS 1Ft9 /R101R11

11 +5V
USE RESISTOR NETWORK LIKE THIS TO
GENERATE NOISE

53 Telephone Pickup
El You can pick up and amplify the voice signals from
your telephone by using this simple IC circuit and a
small pickup coil. The circuit has sufficient output to
drive a loudspeaker. One section of a quad op amp is
used as a high -gain voltage amplifier. This increases the
relatively low output of the pickup coil (a few milli-
volts) to a sufficient level to drive the loudspeaker. The
circuit draws about 60 milliamperes from a 12 volt
power source. You can purchase a ready made pickup
coil or construct one yourself using about 200 turns of
fine enamel wire wound around an iron core. Place the
pickup coil near the telephone receiver for best results.

PARTS LIST FOR TELEPHONE PICKUP
C1-10-uF electrolytic capacitor, 25 VDC
C2-.01-uF ceramic disc capacitor, 15 VDC
C3, C4-15-uF electrolytic capacitor, 15 VDC
C5-.001-uF ceramic disc capacitor, 15 VDC
IC1-3900 quad amplifier
L1-inductance pickup coil (see text)

R2
CI

RI

LI
PICKUP
COIL

C5

R3

3

IC IA

14

R7

R5
C2 Fm

7 R6

R8

12

Q1 -2N4401
R1 -1,000 -ohm, I/2 -watt resistor
R2, R4 -1,000,000 -ohm, 1/2 -watt resistor
R3 -470,000 -ohm, 1/2 -watt resistor
R5, R6, R7, R8, R9 -10,000,00 -ohm, 1/2 -watt resistor
R10 -100 -ohm, 1/2 -watt resistor
SPKR-8-ohm PM type speaker

SPEAKER

54 Automatic Train Sound Effects
P Anyone with a model railroad layout will appreciate this
circuit. Normal output consists of the characteristic "chuff -
chuff" of a steam locomotive. Pot R16 can be used to ad-
just the chuffing rate to simulate faster or slower train
speeds, while R18 sets the volume. Feed the unit's 1 -volt

peak -to -peak output signal to an amp rated at 10 watts and
a 12 -inch PA speaker for the utmost realism. (Note: This
may not be feasible for apartment dwellers unless, of
course, you're looking for a way to break the lease.)

Mount a small, powerful Alnico magnet on your train
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so that upon reaching a certain track position, the train
triggers reed switch Si with its magnet. This causes the
circuit to produce a whistle blast that lasts between .5 and
2.5 seconds, depending on the setting of R2. If you wish

to sound the whistle at several points on the track, or if
you want to sound it manually, other switches may be
wired in parallel with Si and located at the appropriate

positions.

R2
100K

+9V

C8 1-
.1

RI
22K

R3
470K

CI R4
100 33

SI

are
01

R5
10K

0

ICI4 555

C2

R6
47K

R7
100K

C3
220pf

R9
DK

27

28 19 15 14

IC2
SN76477

16

2 4 5 6 10 II 17 18 20 21 12 13

100K 03

11.

PARTS LIST FOR AUTOMATIC
C1-100-uF, 16-VDC electrolytic capacitor
C2, C6, C8-0.1-uF ceramic disc capacitor
C3-200-pF polystyrene capacitor
C4-390-pF polystyrene capacitor
C5-.01-uF mylar capacitor
C7-1.0-uF mylar capacitor
IC1-555 timer integrated circuit
IC2-SN76477 sound generator integrated circuit
Q1 -113-2N3904 NPN transistor (all resistor 10% unless

otherwise noted.)
R1 -22,000 -ohm, (1/2 -watt resistor (all resistors 10% unless

otherwise noted)
R2 -100,000 -ohm linear -taper potentiometer

01

0

00

RI I R13
47K 150K

C5
01

RI7
47K

R20
30K

R19
12K

C7
1.0

C6 /1117-f-\--
.1

5K (1.)

TO AUDIO AMP.

I

TRAIN SOUND EFFECTS
R3 -470,000 -ohm, 1/2 -watt resistor
R4 -33 -ohm, 1/2 -watt resistor
R5, R9 -10,000 -ohm, 1/2 -watt resistor
R6, R11, R17 -47,000 -ohm, 1/2 -watt resistor
R7, R8, R12, R16-100,000, 1/2 -watt resistor
R10 -39,000 -ohm, 1/2 -watt resistor
R13 -150,000 -ohm, 1/2 -watt resistor
R14 -51,000 -ohm, 1/2 -watt resistor
R16 -1,000,000 -ohm, linear -taper potentiometer
R18 -5,000 -ohm, audio -taper potentiometer
R19 -12,000 -ohm, 1/2 -watt resistor
R20 -30,000 -ohm, 1/2 -watt resistor
S1-magnetic reed switch

55 Jogging Pacesetter
El One of the problems faced by the beginning jogger,
especially on city streets, is that of maintaining a con-
stant pace. Tractor -trailer trucks, careening cars, and ill-

mannered dogs can all interrupt your concentration. While
there is little that can be done about these nuisances, this
little pacesetter may make them less severe. A miniature

PARTS LIST FOR JOGGING PACESETTER
C1-100-uF electrolytic capacitor, 16 VDC
C2-0.1-uF ceramic disc capacitor, 35 VDC
C3-1.0-uF tantalum electrolytic capacitor, 20 VDC
IC1-555 timer
PH1-8-ohm miniature earphone
R1 -10K, 1/2 -watt resistor, 5%
R2 -220K, V2 -watt resistor, 5%
R3-1-Megohm trimmer potentiometer
T1-miniature audio output transformer -1,000 -ohm

primary/8-ohm secondary

.9v

TI

RI

RICAI8 112ICI 7111113211

3 6 R3

IC3
4 5

-C2
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earphone in your ear driven by a 555 timer produces
regularly spaced "ticks- just like a metronome. The pace
can be adjusted via R3 from a leisurely one stride per

second to a sole -blistering six paces per second. The
whole circuit complete with a 9 -volt transistor radio bat-
tery weighs only a few ounces.

56 Rain Detective
El Have some problem with water now and then? Trying
to keep rain from ruining your top -down convertible?
This circuit will sound an alarm when rain gets between
the aluminum foil strips to keep you high and dry.

PARTS LIST FOR RAIN DETECTIVE
C1-0.47-uF ceramic disc capacitor, 15 VDC
C2-0.01-uF ceramic disc capacitor, 15 VDC
IC1-4001 quad NOR gate
Q1 -2N4401
R1 -5,000,000 -ohm, 1/2 -watt resistor
R2 -1,500,000 -ohm, 1/2 -watt resistor
R3 -100,000 -ohm, 1/2 -watt resistor
R4 -2,000 -ohm, 1/2 -watt resistor
R5 -100 -ohm, 1/2 -watt resistor
SPKR.-8-ohm PM type speaker

FOIL PLATES

C2 R3

RI

C 1 14

C2 13

C 3 ICI 12

C 4 1 I

C 5 10

C 6 9

rC 7 8 n

9V
Ili

R2

R5

R4
+AA.

SPEAKER i(

57 Re -Cycling Sequential Timer
E Press SI. and relay K1 pulls in for a time interval de-
termined by the setting of R3. When ICI times out and
K1 opens once again. IC2 gets triggered. This causes K2 to
pull in for an interval determined by R7's setting. Finally
IC2 will time out and trigger IC3. thereby causing K3 now
to pull in. Once IC3 times out and K3's contacts open,
action ceases if S2 is flipped to the right. However, if S2
had been flipped to the left, ICI would have once again
been triggered as IC3 timed out, thus starting the whole
cycle over again.

With the values shown, each timer can be adjusted for
times from .1 to 1 second. If your application demands
longer timing intervals, simply increase the size of the
timing capacitors (C3. C5 and C7) and /or the timing
resistors (R2 -R3, R6 -R7, and R9 -R10). One application
of the circuit that comes to mind is in flash photography.
Let each relay fire a separate, cheap flash unit. With the
timers adjusted for rapid fire, you'll be able to take
stroboscope -like pictures that you couldn't take with a

single conventional flash unit because re -cycle times (.3-.5

PARTS LIST FOR RE -CYCLING
SEQUENTIAL TIMER

C1, C4, C6-.001-uF mylar capacitor
C2-0.1-uF ceramic disc capacitor
C3, C5, C7-10-uF, 25-VDC electrolytic

capacitor
D1 -D6 -1N914 diode
IC1, IC2, IC3-555 timer integrated cir-

cuit
K1, K2, K3-6-VDC, 500 -ohm relay
R1, R5, R8 -100,000 -ohm, 1/2 -watt re-

sistor (all resistors 10% unless other-
wise noted.)

R2, R6, R9 -10,000 -ohm, 1/2 -watt re-
sistor

R3, R7, R10 -100,000 -ohm, linear -taper
potentiometer

R4 -3,300,000 -ohm, 1/2 -watt resistor
S1-pushbutton switch, normally open
S2-SPDT switch

DI

RI
100K

R5
100K

1-9V

R8
100K

RECYCLE

R2
10K D3

CI
001

R3
100K

C2 I.1 -

4 % 8
),14-

ict
R7

AO' -A
bra

0
001
C4 100K

6 V7

C3
10 +

R4 ""--N
33M

D2

V

XI

R6
10K D5

1C2
555

7

C5
10 + D4

RIO
C6 IOCK
001

K

R9
10K

1C3
3555

7

S2

--

C7
10 +

K3
D6
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second) are too long. With three units, each flash has might also try using color film and putting a separate
ample time to re -cycle while the others arc firing. You colored filter over each flash tube.

58 Thermostatic Bath
E Maintaining a volume of solution at constant temperature
is easy if you do it electronically. Photographic processing
is the obvious application for a thermostatic bath, but if
you etch your own printed circuits, you can also use it to
keep your etchant hot. Thermistor RT1 comes packaged
as a small glass probe. Waterproof it with several coats
of epoxy, and mount it below the surface of the fluid in
your tank. The heating element. HTR1, must also be sub-
merged-preferably close to the bottom of the tank and
away from RT1. (CAUTION: Do not operate an immer-

sion heater in open air.) Heater wattage depends upon the
volume of solution you wish to heat. A 500 -watt heater
will raise two gallons of water from 70° to 120° F. in half
an hour or so. Conventional brass or stainless steel heaters
are perfect for a simple water bath, but if you plan to
heat an etchant like ferric chloride, get a quartz immersion
heater. Pot R2 sets the bath temperature at any point be-
tween 70° and 160° F. A temperature of 115° gives safe
and fast etching with ferric chloride. Do not use this bath
with flammable liquids, and always wear goggles.

PARTS LIST FOR THERMOSTATIC BATH
Cl, C2-10-uF, 10-VDC tantalum capacitor
C3-0.1-uF ceramic disc capacitor
01-1N914 diode
HTR1-200 to 500 -Watt immersion heater (see text)
IC1-LM311 comparator
K1-6-VDC, 500 -ohm relay
al-200-VDC, 10-A triac
R1 -6,800 -ohm 1/2 -watt resistor (all resistors 5% unless

otherwise noted.)
R2 -10,000 -ohm linear -taper potentiometer
R3 -6,200 -ohm, 1/2 -watt resistor
R4 -1,000 -ohm, 1/2 -watt resistor
R5 -4,700 -ohm, 1/2 -watt resistor
R6 -33,000 -ohm, 1/2 -watt resistor
R7 -6,800,000 -ohm, 1/2 -watt resistor
R8 -1,000 -ohm, 1 -watt resistor
RT1-10,000-ohm, @ 25° Thermistor (Fenwal 6B41P12 or

equivalent)

RT1
10K

+5V

RI
6800

R2
10K

R3
6200

R4
1000

TCI
10

R6
33K w.

R5 __LI C2
4700 10

5 6

ICI 311

_LC3

I= ADI

8

I 4--
R7

6 8M

K1

R8
1000

117

VAC

HTRI

59 The Whistler SECURITY pripp

CI At the push of a button, this circuit lets forth with an
attention -getting whistle, which can be tailored to meet a
variety of formats. The circuitry is built around a Twin -T
oscillator, which is triggered into action by a varying
positive potential placed on the non -inverting op amp
input. Resistors R1, R2, and R3, together with capaci-
tors Cl, C2, and C3, determine the fundamental pitch,
with R3 providing a useful variation. When S1 is push-
ed, the potential stored in C4 is placed on the non -
inverting input, causing the oscillator to function. The
duration is determined by R5. The format of the whistle
is modified by the setting of R4. At full potential, the
effect is a sharply rising tone, followed by a more gradual
decline. At about half setting, the effect is more bell -like.

PARTS LIST FOR THE WHISTLER
C1-100 to 200-uF electrolytic capacitor, 15 VDC
C2, C4-0.001-uF ceramic capacitor, 1 VDC
C3-0.002-uF ceramic capacitor, 15 VDC
C5-100-uF electrolytic capacitor, 15 VDC
IC1-741 op amp

+6-8V

R4

R1, R2 -100,000 -ohm, 1/2 -watt resistor
R3, R4, R5 -10,000 -ohm linear -taper potentiometer
SPKR-8-ohm PM type speaker
T1-audio output transformer 500 -ohm primary/8-ohm

secondary
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60 The Robot Ear, TTL
 The type 555 timer can not only see, but hear, as this
sound pick-up circuit shows. It is most apt in picking up
sudden sharp sounds. A type MPS A13 Darlington tran-
sistor provides gain to cause triggering action. With RC
time constants of 4.7 or 5-uF and 220,000 ohms, the
warning indicator LED will remain on for about two
seconds.

PARTS LIST FOR THE ROBOT EAR TTL
C1-0.1-uF ceramic capacitor, 15 VDC
C2-5-uF electrolytic capacitor, 15 VDC
01-small LED
IC1-555 timer
Q1-Motorola MPS -A13 transistor
R1-47,000 to 100,000 -ohm, 1/2 -watt resistor

+6V

R2 -470 -ohm, 1/2 -watt resistor
R3 -220,000 -ohm, 1/2 -watt resistor

61 Electronic Combination Rock
[1 The CD4016 contains four electronic switches that
can be operated with control current. The relay in this
circuit will operate only if A and B switches are on
(switched to the '-9V side) and if C and D are off. You
can experiment with different connections to make your
own combination, or substitute rotary switches with ad-
ditional contacts.

PARTS LIST FOR ELECTRONIC COMBINATION LOCK
C1-0.1-uF ceramic capacitor, 15 VDC
IC1-4016 quad bilateral switch
Q1 -2N4401 transistor
R1 -10,000 -ohm, 1/2 -watt resistor
R2 -100 -ohm, 1/2 -watt resistor
RL1-any relay w '9 VDC coil to suit application
SWITCHES (A, B, C, D)-SPDT slide type

9,

01

RL - - I

R

c

R2

4-14

C 2

C 3 IC I2D
II AC 4 D

10n-C 5

9 D-6

8

I5V

$11

9V

62 Robot Eye,TTL
D A useful chip, at home with both TTL and CMOS
logic, is the type 555 timer, which can be used both in
the mono -stable and astable or free -running modes. In
the mono -stable mode shown here, timing RC can run
from 1000 ohms to over 1 megohm, and 0.001-uF to
over 100-uF. A combination of 2.2-uF and 220K ohms
gave a delay interval of about one second. The Robot Eye
can thus extend from a tiny wink to an intent gaze!

PARTS LIST FOR THE ROBOT EYE, TTL
C1, C2-0.1-uF ceramic capacitor, 15 VDC
C3-2.2-uF electrolytic capacitor, 15 VDC
D1-small LED
IC1-555 timer
Q1-FPT100 phototransistor
R1 -250,000 -ohm linear -taper potentiometer
R2 -47,000 -ohm, 1/2 -watt resistor

+6V

R3 -470 -ohm, 1/2 -watt resistor
R4 -220,000 -ohm, 1/2 -watt resistor

LED INDICATOR

+6V DC
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63 Robot Eye, CMOS
 The Robot Ear described elsewhere can be given vis-
ual capability through a type FPT-100 phototransistor.
In this application, use is made of the negative trigger
input. Sensitivity control can he a 100K or 250K poten-
tiometer to the base connection. By-pass the base con-
nection to avoid false triggering by pick-up of electrical
noise. With the components shown, a delay interval of
about 4 seconds was obtained. The Robot Eye is always
alert to unexpected light sources and never falls asleep,
as may a watchdog or watch -person.

PARTS LIST FOR THE ROBOT EYE, CMOS
C1-0.1-uF ceramic capacitor, 15 VDC
C2-4.7-uF electrolytic capacitor, 25 VDC
IC1-4047 multivibrator
Q1-FPT100 phototransistor
Q2 -2N4401

R1 -250,000 -ohm linear -taper potentiometer
R2 -47,000 -ohm, 1/2 -watt resistor
R3 -220,000 -ohm, 1/2 -watt resistor
R4 -1,000 -ohm, 1/2 -watt resistor

64 Hands Off!
 This circuit finds the 555 timer as a watchdog ready
to cry out if an inquisitive finger comes too close. The
trigger input is terminated with a one megohm resistor,
attached to a coin or some other small metallic object.
Hand capacity is sufficient to initiate the timer for about
five seconds. The output is fed not only to a warning
LED, but to a unijunction type oscillator, whose tiny
two-inch speaker can make itself heard throughout the
room.

PARTS LIST FOR HANDS OFF
C1-0.1-uF ceramic capacitor, 15 VDC
C2-0.01-uF ceramic capacitor, 15 VDC
C3-0.1-uF ceramic capacitor, 15 VDC
C4-1-uF electrolytic capacitor, 15 VDC
D1-small LED
D2 -1N4148 diode
IC1-555 timer
Q1 -2N2646
R1 -470 -ohm, 1/2 -watt resistor
R2 -1,000,000 -ohm, 1/2 -watt resistor
R3 -220,000 -ohm, 1/2 -watt resistor

4.6V TO 8V

R3

c4

SPEAKER

R4 -15,000 -ohm, 1/2 -watt resistor
SPKR-8-ohm PM type speaker
T1-audio output transformer 500 -ohm primary/8-ohm

secondary

65 Cassette -Based Control System
 Let's say that you need a programmable control system
that can perform a timed sequence of operations. This
sounds like a job for a high-priced computer, doesn't it?
In many instances, however, just a cheap cassette recorder
can do a respectable job-provided, of course, that you
build this 2 -channel controller.

High -frequency signals (above 5000 Hz) at the control-
ler's input are amplified by high-pass filter Ula, then de-

tected and used to clock one half of a dual flip-flop
(U2). Each tone burst toggles the flip-flop, causing relay
K1 to alternately open and close. These high -frequency
audio signals have no effect on low-pass filter Ul b, but
frequencies below 500 Hz will produce the same effect
in the lower channel as high frequencies in the upper
channel, with the result that K2 alternately opens and
closes on successive bursts of low frequency audio.
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Feed the signal from your recorder's speaker output
jack to the controller's input. Record a short sequence of
tones-about 300 Hz for the low channel, and 7500 Hz
for the high channel. Play back the tape-recorded sequence,
and adjust R1 somewhat past the point where toggling of
the relays starts. The LED go on and off with the relays

and serve as convenient indicators of channel activity.
Pushbuttons SI and S2 can be used to change the status of
a channel independently of the audio input. Whistles, tun-
ing forks and electronic oscillators can all be used as tone
sources. Whichever you use, strive to keep the level of the
recorded signal constant.

PARTS LIST FOR CASSETTE -BASED
CONTROL SYSTEM

C1, C2-.002-uF polystyrene capacitor
C3-.039-uF polystyrene capacitor
C4-.02-uF polystyrene capacitor
C5, C6-0.47-uF mylar capacitor
C7, C8-0.1-uF ceramic disc capacitor
D1 -07-1N914 diode
IC1-LM324 quad op amp integrated

circuit
IC2-4013 CMOS dual flip-flop inte-

grated circuit
K1, K2-6-VDC, 500 -ohm relay
LED1, LED2-light-emitting diode
Q1 -Q4 -2N3904 NPN transistor
R1 -100 -ohm trimpot (all resistors 10%

unless otherwise noted.)
R2 -36,000 -ohm, 1/2 -watt resistor 5%
R3 -6,800 -ohm, 1/2 -watt resistor, 5%
R4 -56,000 -ohm, V2 -watt resistor 5%
R5 -8,200 -ohm, 1/2 -watt resistor 5%
R6 -5,100 -ohm, 1/2 -watt resistor 5%
R7 -24,000 -ohm, I/2 -watt resistor 5%
R8 -33,000 -ohm, 1/2 -watt resistor, 5%
R9 -240,000 -ohm, 1/2 -watt resistor, 5%
R10, R17 -1,000 -ohm, 1/2 -watt resistor
R11, R18 -220,000 -ohm 1/2 -watt resistor
R12, R15 -30,000 -ohm, 1/2 -watt resistor
R13, R16 -39,000 -ohm, 1/2 -watt resistor
R14 -3,900 -ohm, 1/2 -watt resistor
R19, R21 -100,000 -ohm, I/2 -watt

resistor

100
RI

INPUT

CI
002

R6
5100

C3 R8
039 T 33K

R18

D2 220K

2

R20, R22 -47,000 -ohm, I/2 -watt resistor
R23, R24 -22,000 -ohm, 1/2 -watt resistor

+5V

39K D4 1C2
4013

4

+5V
R22
47K

TO
LOAD

*1

I
003

._aQ4

K I

-5V

K2

TO
LOAD

#I

Si, 52-pushbutton switch, normally
open

66 The Howler
El This howler will produce a loud dog -like howl that
starts strong and slowly grows weaker and weaker until
it stops. To start it again, just press S1. Useful for
alarms, bicycle horns, a different type doorbell, or as a
Halloween trick. Changing R4 will change the frequency,
or pitch of the howl, but the main purpose of R4 is to set
the filter circuit into oscillation with the op amp. Adjust
R4 until oscillations begin. The output should go to an
amplifier rather than just to a speaker directly because
the effect is better.

PARTS LIST FOR THE HOWLER
Cl, C2-.001-uF ceramic disc capacitor, 15 VDC
C3-.005-uF ceramic disc capacitor, 15 VDC
IC1-741 op amp
R1 -10,000 -ohm, 1/2 -watt resistor
R2 -1,000,000 -ohm, linear -taper potentiometer

TO AMPLIFIER

S 1

R3, R4 -220,000 -ohm, 1/2 -watt resistor
S1-SPST momentary -contact switch
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67 Pulsed Alarm
 This circuit is great for driving alarms because it pulses
the bell or buzzer with a frequency you can select via RI
and R2. The pulsing action not only gets attention faster,
but saves battery power as well, because the alarm can
run longer. And the beauty of this circuit is its low power

consumption. In the off state, before the panic switch S1
is thrown, the circuit uses microwatts of power, so it can
sit ready for months. That's one of the beauties of
CMOS.

PARTS LIST FOR PULSED ALARM
C1-0.68-uF tantalum capacitor, 15 VDC
DI, D2 -1N4001 diode
D3-small LED
1C1-4000 NOR gate
Q1 -2N4401
R1 -10,000,000 -ohm, 1/2 -watt resistor
R2 -1,000,000 -ohm, 1/2 -watt resistor
R3 -1,000 -ohm, 1/2 -watt resistor
R4 -10 -ohm, 1/2 -watt resistor
S1-SPDT toggle switch

68 Burglar Alarm
 This burglar alarm circuit uses one integrated circuit
and operates from a 6 volt battery. It is activated upon
the breaking of a circuit. Since the sensing loop operates
in a high impedance circuit, there is virtually no limit to
the length of wire you can use. You can protect every
window and door in your house. Practical operation by
using four D cells for power is accomplished through the
use of a four -section CMOS integrated circuit which
draws only a few microamperes from the battery. Thus,
battery life will be equivalent to its shelf life unless the
alarm is activated. The heart of the circuit is a pair of
NOR gates connected in a bistable configuration called a

flip-flop or latch circuit. When the circuit is in standby,
pin 1 of ICI is held to almost zero volts by the continuous
loop of sensing wire. This causes pin 3 to assume a volt-
age of 6 volts, cutting off 01 and Q2. When the sensing
circuit is broken, CI charges to battery voltage through
R2. This causes the latch circuit to change state and
pin 3 goes to zero volts. B1 becomes forward -biased
through R4 and turns on Q2 which operates the buzzer.
The circuit will remain in an activated state once the
alarm is set off, even though the broken circuit is re-
stored. A reset switch has been provided to return the
latch circuit to its original state and shut off the alarm.

RI

SENSING
LOOP
oZ

SI
RESET

PARTS LIST FOR HOME BURGLAR ALARM
C1-0.1-uF ceramic capacitor, 15 VDC
C2-0.1-uF ceramic capacitor, 15 VDC
C3-0.47-uF ceramic capacitor, 15 VDC
D1 -1N4148 diode
1C1-4001 quad NOR gate
Q1 -2N4403
Q2 -2N4401
R1, R3 -100,000 -ohm, 1/2 -watt resistor
R2 -4,700,000 -ohm, 1/2 -watt resistor
R4, R5 -10,000 -ohm, 1/2 -watt resistor
R6 -100 -ohm, 1/2 -watt resistor
S1-SPST momentary -contact pushbutton switch
V1-6 VDC buzzer
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69 Smart Porch Light
 For convenience and security, you can't beat this smart
porch light. Whenever someone rings your door buzzer
with Si, on comes the front porch light. One to three
minutes later, depending on the setting of R3, it goes off.
If a burglar rings the doorbell while you're away (trying
to ascertain whether or not the house is empty), the light
will fool him. But even if he's smart enough not to be

fooled, he'll think twice about breaking in. After all, there
are likely to be more electronic booby traps and alarms
waiting for him inside.

You can activate the light timer without ringing the
buzzer by pressing S2. Do this as you leave the house at
night, and you'll never stumble over a skateboard again.

PARTS LIST FOR SMART PORCH LIGHT
BZ1-6-VAC buzzer
C1, C2-220-uF, 25-VDC electrolytic capacitor
C3-100-uF 25-VDC electrolytic capacitor
C4, C5-0.1-uF ceramic disc capacitor
D1 -1N4003 rectifier diode
D2-15-VDC, 1/2 -watt Zener diode
D3 -D5 -1N914 diode
1C1-555 timer integrated circuit
11-incandescent porch light
K1-6-VDC, 500 -ohm relay
Q1-200-VDC, 6-A triac
R1 -10,000 -ohm, 1/2 -watt resistor (all resistors 10% unless

otherwise noted.)
R2 -220,000 -ohm, 1/2 -watt resistor
R3 -1,000,000 -ohm trim potentiometer
R4 -470,000 -ohm, 1/2 -watt resistor
R5-68-ohn, 1 -watt resistor

22

CI
RI

0
10K

ILD5

S2H

4

2 ICI 7
555 6

5

R4
470K

D4

R6 -1,000 -ohm, 1 -watt resistor
S1, S2-pushbutton switch, normally open
T1 -6.3 -VAC transformer

R3
IM

C4 K1 C3
I '07; 100

A ., +

ID 3,2.
T

SI

0

R5
DI

T I

0
D2

("s1 + 117
VAC

70 Two -Tone Alarm
 When this circuit is triggered into action, it is hard to
ignore for very long! A 555 timer is operated in the
astable free -running mode, with its output powering both
a loudspeaker and clocking a 4017 counter. Pin 12 of
the counter provides a high -low output which changes
with every five input pulses counted. This output is ap-
plied via a resistor of from 2.2K to 10K ohms to pin 5,
the modulated input of the timer. This produces a

PARTS LIST FOR TWO TONE ALARM
C1-100-uF electrolytic capacitor, 25 VDC
C2-0.1-uF ceramic capacitor, 15 VDC
C3-1-uF electrolytic capacitor, 25 VDC
IC1-555 timer
IC2-4017 decade counter
R1, R2 -4,700 -ohm, 1/2 -watt resistor
R3 -10,000 -ohm linear -taper potentiometer
R4-2,200 to 10,000 -ohm, 1/2 -watt resistor (see text)
SPKR-8-ohm PM type speaker
T1 -audio output transformer 500 -ohm primary/8-ohm

secondary

strident warble that calls immediate attention. More
mellow, but interesting, tones can he obtained with the
addition of the RC filter shown.

71 Featherweight Foghorn
ill Despite its small size, this circuit generates an au-
thentic -sounding foghorn blast. Couple the output signal

to a good amp and loudspeaker, press switch Si, and
you'll unleash a blast that will untie the shoelaces of

50 99 IC PROJECTS 1981



anyone within hearing distance. The output signal has a

1 -volt peak -to -peak maximum amplitude, which is just
right for driving the AUX or TUNER inputs of most hi-fi
or PA amplifiers. You can change the pitch to suit your

own taste by substituting a different value of resistance
for R2; larger resistances lower the pitch while smaller
ones raise it. Be sure to use a socket with the IC.

PARTS LIST FOR FEATHERWEIGHT FOGHORN
C1, C3-0.47-uF mylar capacitor, 35 VDC
C2-0.01-uF mylar capacitor, 35 VDC
C4-1.0-uF mylar capacitor, 35 VDC
C5-0.1-uF ceramic disc capacitor, 35 VDC i

RItit
C6-100-uF electrolytic capacitor, 16 VDC 28 27 26 25

IC1-SN76477 sound generator
J1-phono jack
R1-1-Megohm 1/2 -watt resistor, 10%
R2 -470K -ohm 1/2 -watt resistor, 10%
R3 -15K -ohm 1/2 -watt resistor, 10% I 2 3 4 5
R4 -10K -ohm 1/2 -watt resistor, 10%
R5-1.5-Megohm V2 -watt resistor, 10%
R6 -180K -ohm 1/2 -watt resistor, 10%
R7 -150K -ohm 1/2 -watt resistor, 10%
R8 -47K -ohm V2 -watt resistor, 10%
R9 -5K audio -taper potentiometer
S1-SPST normally open pushbutton switch

R3

1

I it T

CI

R2

C2

24 23 22 21 20 19 18 17 16 15

ICI

6 7 8 9 10 11 12 13 14
1

C3

R5

Is'

R6 R8 1

R9 C4 T T c6

R4

R7

51
_1_,(+9V

JI
OUTPUT

VOLUME

72 Two -Tone Siren
El This circuit lets you generate an up-and-down siren
sound by varying R I, and lets you change the type of
sound by flipping S2. The output from pin 4 is a saw -
tooth waveform which causes one type of sound by
flipping S2. The output from pin 4 is a sawtooth wave-

form which causes one type of sound through the
speaker. The other type of sound, sharper and higher
than the first, comes from the square wave output of
pin 9. Flipping between the two types of sounds while
varying RI produces the sound of a French Police siren.

PARTS LIST FOR TWO-TONE SIREN
C1-0.01-uF ceramic capacitor, 15 VDC
IC1-3900 quad op amp
Q1 -2N4401 transistor
R1 -1,000,000 -ohm linear -taper potentiometer
R2 -100,000 -ohm, 1/2 -watt resistor
R3 -510,000 -ohm, 1/2 -watt resistor
R4 -120,000 -ohm, 1/2 -watt resistor
R5 -1,200,000 -ohm, 1/2 -watt resistor
R6 -1,000 -ohm, 1/2 -watt resistor
R7 -2,000 -ohm, 1/2 -watt resistor
S1-SPST toggle switch
S2-SPDT slide switch
T1-audio output transformer 500 -ohm primary/8-ohm

secondary

73 Dividing It All Up EXPERIMENTER MIT

Li The type 4018 programmable counter is a useful digi-
tal tool, especially where a basic clock frequency must
be divided down for various timing operations. With
proper connections, divisors of from 2 through 10 may
be configured. The table shown below gives the connec-
tions. The odd divisors do not give symmetrical outputs,

but close ratios, such as four -high, three -low for a divide -
by -seven setup. Digital -to -Analog Conversion may also
be studied by connecting the outputs as shown. Interesting
waveforms may be obtained by trying out the various
dividing connections, while tying an oscilloscope into
the different resistor network junctions. With the circuit

99 IC PROJECTS 1981 51



set for a divide -by -ten function, a digital sine wave may clock frequencies above 1 KHz, this output may be
be discovered at certain points along the network. With heard on an audio amplifier. Computer Music, anyone?

To Connect Pins
Divide 1&2 of IC2 To

By Pin 1 Pin 2
5-10V

16

2
3

Cl
C2

Cl
Cl

2 5 CI

4 C2 C2
3 4 C2

5 C2 C3 7 ICI 6 - C3 2

6 C3 C3 8 II C4

7 C3 C4 9 13 - C5
8 C4 C4 10

9 C4 C5
12

10 C5 C5 15 14

CLOCK
INPUT

A A

7 9

CI

C2

C3

C4

RI
R6

SAMPLE
POINTS

DIGITAL TO ANALOG CONVERSION
NETWORK

PARTS LIST FOR DIVIDING IT ALL UP
IC1-4018 dividing counter
IC2-4011A quad NAND gate
R1 through R6 -100,000 -ohm, 1/2 -watt resistor
R7 through R10 -47,000 -ohm, 1/2 -watt resistor

12

13 i II C5

5 -I0V

74 Clean Switch
0 There is nothing worse in a circuit than a noisy switch.
Even the slightest bounce will cause a double "on" and
lead to double digits on your calculator display, or extra
pulses into a million dollar computer system. So what to
do? This circuit shows the basic idea used throughout
the computer indusrty. The CD 4001 NOR gates are
hooked up in flip-flop fashion so that once they flip, they
stay that way. Double bounces still lead to a single, solid
"on" pulse at the output.

PARTS LIST FOR CLEAN SWITCH
IC1-4001 quad NOR gate
R1, R2 -870,000 -ohm, 1/2 -watt resistor
S1-SPDT slide switch

75 Do -It -Yourself Logic
Sometimes the integrated circuits taken for granted

are not always available, and one must fall back on more
basic components. We do not go quite as far as discrete
transistors here, but show how a frequency divider flip-
flop can be improvised from simple gates. The following
divide -by -two circuit was used for dividing a 60 Hz
square wave, but should work well at other frequencies.
A 7400 or 74LS00 quad NAND gate was selected, with
the two extra gates employed as buffers to keep the input
toggle clock from appearing when the flip-flop was biased
off. If the cut-off resistor R3 is the same value as R1
and R2, a lock -out will be obtained. If it is about
doubled, then the circuit will function, but will hold one
output high (or low) when the clock signal drops out.

PARTS LIST FOR DO-IT-YOURSELF LOGIC
C1, C2-0.01 to 0.1-uF ceramic capacitor, 15 VDC
IC1-7400 quad NAND gate
R1, R2-50,000 to 100,000 -ohm, 1/2 -watt resistor (see

OPTIONAL 0

Inc:2R3
1,5v si
L_ _J
SEE TEXT 0

CI

C2

INPUT=

RI

0

OUTPUT INDICATES
POSITIVE PULSE
LOGIC "L"

12

ME)*
13

+5V

OUTPUT INDICATES
R2 NEGATIVE PULSE

LOGIC "0"

text)
R3-50,000 to 200,000 -ohm, 1/2 -watt resistor (see text)
S1-SPDT toggle switch
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76 Light Into Sound
 While another project in this book illustrates how
sound impulses could be converted into light signals, via
an LED indicator, here, a type FPT-100 phototransistor
turns light into sound. When connected, the system may
be quick -checked with a flashlight, while listening to the
speaker and/or observing the op amp output on a scope.
Modulating the light source mechanically with a pocket
comb produces a buzzing tone, as the teeth of the comb
alternately gate the light source. A modulated LED can
be used, with proper optical interfacing, as a communica-
tion source. The phototransistor is at its greatest sensi-
tivity with the base lead open, though this may introduce
unwanted hum. A 100K to 1 Meg resistor (R6) may be
run to ground to check the best compromise.

PARTS LIST FOR LIGHT INTO SOUND
C1 C2-10-uF electrolytic capacitor, 15 VDC
C3-50-uF electrolytic capacitor, 25 VDC
IC1-741 op amp
Q1-FPT100 phototransistor
Rb-100,000 to 1,000,00 -ohm, V2 -watt resistor (see text)

+10V

01
CI

R2
RI

Rb

(SEE TEXT)

R5

=C2 GND

+ i C 3 TI

[SPEAKER

GND

R1 -47,000 -ohm, 1/2 -watt resistor
R2-1,000 to 10,000 -ohm, 1/2 -watt resistor
R3 R4 -4,700 -ohm, i/2 -watt resistor
R5 -500,000 -ohm, 1/2 -watt resistor
SPKR-8-ohm PM type speaker
T1-audio output transformer 500 -ohm primary/8-ohm

secondary

77 Touch 'N Flip
['Ever wonder how a touch plate, like the kind you see
on some elevator buttons, works? This circuit will give
you a good feel for how the touch plate works in a circuit
and lets you experiment further. The plate can be just a
small piece of metal or aluminum foil. Start by sliding S2
to "set" then back to R3. Now press Si. LED's D1 and
D2 will flip. Now touch the plate to flip them back. The
sensitivity of the touch plate will depend on humidity in
the room and on R3 and Cl. You can experiment with

'those in various ways.

PARTS LIST FOR TOUCH 'N FLIP
C1-4.7-uF electrolytic capacitor, 15 VDC
D1, D2-large LED
IC1-4011 quad NAND gate
R1, R2, R3 -2,000 -ohm, 1/2 -watt resistor
S1-SPST momentary contact pushbutton switch

0

SI

C 14

C2 13 M

C 3 IC 12C
-C 4 II

C 5 10

-C6 9

8

18 VDC

SET
R3

S2

C I

TOUCH PLATE

R2 D2

S2-SPDT slide switch

78 Simple 6-Bit-D/A Converter mm

o Here is a simple way to convert a digital code into an
analog equivalent. This circuit accepts a 6 -bit binary-coded
digital input. D5 is the most significant bit, and DO is the
least significant. Each one of the 64 possible digital input
codes produces a unique analog level at the output. This
analog output varies between +2 volts (input = 111111)
and +3 volts (input = 000000), with 62 discrete levels in
between.

For applications such as music generation, where you'd
like to smooth out some of the steps in the analog output,
capacitor C3 can be added. The size of C3 can be deter-
mined experimentally by feeding in a digital sequence at
the desired rate, and trying capacitors until the right effect
is obtained. This is most easily done while observing the
output on a 'scope.

If the converter is to be driven by TTL circuitry rather
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than CMOS, tie a 4700 -ohm resistor between each digital
input and the positive supply. This will raise the TTL levels
high enough to drive CMOS.

PARTS LIST FOR SIMPLE 6 -BIT DA CONVERTER
Cl, C2-0.1-uF ceramic disc capacitor
IC1-4049 hex CMOS buffer integrated circuit
IC2-3140 FET-input op amp integrated circuit (RCA)
R1 -15,000 -ohm, 1/2 -watt resistor (all resistors 5%)
R2, R7, R8 -30,000 -ohm, 1/2 -watt resistor
R3 -62,000 -ohm, 1/2 -watt resistor
R4 -120,000 -ohm, 1/2 -watt resistor
R5 -240,000 -ohm, 1/2 -watt resistor
R6 -470,000 -ohm, 1/2 -watt resistor
R9 -1,500 -ohm, 1h -watt resistor

MSB

E>
DIGITAL
INPUT oi->

LSB

E>
E>

2

R7 a+ 5V

RI
30K

15K CI

30K-NAN- R8
ICI

4
30K

4049 62K
7 6 -,\",-- , 3

R4

9 10
120K 2

R5
240K

II 12

14
8

R6
470K15 -vv-

-11-*

+ 7

IC2
3140

4

R9
1500

_L c2
.1

ANALOG
6 OUTPUT

H HC3 \
OPTIONAL

79 Basic CMOS NAND Oscillator
[1] Closing S1 causes this CMOS NAND oscillator to
flash the LED. The "ON" time is controlled by RI and
the "OFF" time is controlled by R2. This oscillator can
sit for months with Si open because, being CMOS, it
draws very little power. It is a basic oscillator useful for
driving buzzers, computer clocks, counters, various alarm
circuits, windshield wipers and uncountable other appli-
cations. The output from pin 4 can drive small loads,
even small relays, directly, or you can drive a transistor
or SCR to handle bigger loads.

PARTS LIST FOR BASIC CMOS NAND OSCILLATOR
C1-0.1-uF ceramic capacitor, 15 VDC
D1 -1N4001 diode
D2-small LED
IC1-4011 quad NAND gate
Q1 -2N4401 transistor
R1 -10,000,000 -ohm linear -taper potentiometer
R2 -100,000 -ohm linear -taper potentiometer
R3 -1,000 -ohm, 1/2 -watt resistor
R4 -10,000 -ohm 1/2 -watt resistor
S1-SPDT slide switch

80 Improvised Monostable
 Like the preceeding projects, this one is also dedicated
to the art of improvisation. While TTL and CMOS pre-
packaged monostable multivibrators are available, one
may not be at hand when such a useful device is called
for. Once again, two very common gates, the 4U01 quad
NOR and the 4011 quad NAND will equally fill the bill.

In operation, when the input is made high, the output of
the first inverter goes low, forcing the output of the

PARTS LIST FOR IMPROVISED MONOSTABLE
C1-0.1-uF ceramic capacitor, 15 VDC 
01-small LED
IC1-4001A or 4011A quad NAND gate

IN

RI - R2

CI 8 12

lab CD
13 14

+6V

Q1 -2N4401
R1, R2 -47,000 -ohm, 1/2 -watt resistor
R3 -470 -ohm, 1/2 -watt resistor

--a+ OUTPUT
+6V

R3

DI
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second high, charging the capacitor C through resistor LED indicator. In this elementary circuit, it is only
R2. For a while, the output of the third gate is driven necessary that the turn -on signal remain high for at least
low, causing the output stage to go high, activating the the duration of the timed interval.

81 Positive Into Negative

 Certain IC chips and other circuit elements often re-
quire small negative potentials of small current drain,
necessitating the construction of bulky transformer -oper-
ated supplies. Operating at 1 KHz or higher frequency,
the pulse generator shown below drives a voltage -doubler
circuit furnishing a negative potential approaching that
of the positive input supply. With a 10 volt input, an
output of about -9 VDC was measured into a 20,000
ohm load. A voltage tripler or quadrupler circuit may
also be employed for higher potentials (positive or nega-
tive) as well. For loads requiring up to 50 ma, the type
555 timer in astable mode is an ideal choice.

PARTS LIST FOR POSITIVE INTO NEGATIVE
C1-0.01 to 0.1-uF ceramic capacitor, 15 VDC
C2, C5-10-uF electrolytic capacitor, 25 VDC
C3-10 to 100-uF electrolytic capacitor, 25 VDC
C4-0.001-uF ceramic capacitor, 15 VDC
C6-25-uF electrolytic capacitor, 25 VDC
C7-0.01-uF ceramic capacitor, 15 VDC
D1 through D4 -1N4001 diode
IC1-4011 quad NAND gate
IC2-555 timer
R1 -500 -ohm, 1/2 -watt resistor
R2 -50,000 -ohm linear -taper potentiometer
R3 -33,000 -ohm, 1/2 -watt resistor
R4 -4,700 -ohm, 1/2 -watt resistor

+12V

+12V

D3
D4

OUTPUT + 22V
C5 C6:

82 Crystal Controlled TTL UUU

111 This inexpensive color -TV crystal of approximately
3.58 MHz can readily be persuaded to oscillate in the
following 7404 circuit. The resultant waveform can be
divided down, via other popular IC chips, such as the
4017 CMOS type.

PARTS LIST FOR CRYSTAL -CONTROLLED TTL
C1-75-pF mica capacitor, 15 VDC
C2-0.01-uF ceramic capacitor, 15 VDC
IC1-7404 hex inverter
R1 -1,000 -ohm, 1/2 -watt resistor
XTAL-3.58 MHz crystal (color TV carrier type)

RI

CI

-e-ICIa
XTAL

2 3
ICIb

9

ICIc

7
6

ICId

ICle

IC f

14

0+5VDC

o RF OUT

83 Single Supply Signal Shifter
0 Op amps, like the popular 741, are usually operated positive supply shown below has been found to work
with matching plus and minus power supplies. However, quite nicely. Resistors R3 and R4 may be fixed at about
for simple signal amplification applications, the single 5000 ohms each, or replaced with a 5K or 10K potentiom-
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eter, if it is desired to adjust the no -signal output level so
that high -amplitude signals will not be clipped. Sometimes,
intentional clipping is desired, so this feature may be re-

tained for general experimental applications. Note: If a
potentiometer is used for R3, R4, connect center termi-
nals of pots to pin #3 of IC1.

PARTS LIST FOR SINGLE SUPPLY SIGNAL SHIFTER
C1-0.01-uF ceramic capacitor, 15 VDC (gain=10)

-0.10-uF ceramic capacitor, 15 VDC (gain=100)
C2-1 to 100-uF electrolytic capacitor, 15 VDC (in-

crease value with frequency)
C3-100-uF electrolytic capacitor, 15 VDC
IC1-741 op amp
R1 -10,000 -ohm, V2 watt resistor
R2 -100,000 -ohm, 1/2 watt resistor (gain -10)

-1,000,000 -ohm, 1/2 watt resistor (gain=100)
R3, R4 -5,000 -ohm, V2 watt resistor or 5,000-10,000

ohm linear taper potentiometer

ci

+9V

R3

R4

RI R2

C2

OUTPUT

84 Super Stethoscope
D Auscultation is the medical term for the procedure. In
simple language, it means having your ribs ticked with
an icy cold stethoscope. Should you ever get the urge to
play doctor, we prescribe the simple electronic stetho-
scope diagrammed here. Best results will be obtained
using hi-fi or communications -type low -impedance head-
phones designed to isolate the listener from ambient
sounds. Be sure to connect the microphone cartridge to
the rest of the circuit using shielded audio cable to keep
noise pickup to a minimum. Potentiometer R3 adjusts
the gain. Use a socket when mounting ICI since it has
delicate FET inputs.

PARTS LIST FOR SUPER STETHOSCOPE
C1-0.01-uF mylar capacitor, 35 VDC
C2, C3-0.1-uF ceramic disc capacitor, 35 VDC
C4-10-pF polystyrene capacitor, 35 VDC
IC1-RCA CA3140 op amp
MIC1-crystal microphone cartridge
PH1-low-impedance headphones, hi-fi or communications

type

MICI

SHIELDED
CABLE

", CI

+9V -9V

,C2

PHI

R1, R4-1-Megohm, 1/2 -watt resistor, 10%
R2 -1000 -ohm, V2 -watt resistor, 10%
R3 -10K linear -taper potentiometer
T1-miniature audio output transformer -1,00 -ohm

primary/8-ohm secondary

85 Ignition Key Tone Generator AUTO prim

E This ignition key tone generator replaces the loud,
annoying buzzer in your car with a pleasing tone of

PARTS LIST FOR KEY TONE GENERATOR
C1-0.01-uF ceramic capacitor, 15 VDC
C2-10-uF electrolytic capacitor, 20 VDC
IC1-LM 3900 quad amplifier
Q1 -2N4401
R1 -2,700,000 -ohm, V2 -watt resistor
R2 -33,000 -ohm, 1/2 -watt resistor
R3, R4 -10,000,000 -ohm, 1/2 -watt resistor
R5 -10,000 -ohm, V2 -watt resistor

R6 -100,000 -ohm, V2 -watt resistor
SPKR-8-ohm PM type speaker

01

SPEAKER

0-12V
IGNITION
KEY
WARNING
SWITCH
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about 2000 Hertz. One section of an LM3900 quad
operational amplifier is connected as a square wave gen-
erator, which is rich in harmonics and produces a pleas-
ant sound. Current amplification to drive the speaker is

provided by 01. The frequency of oscillation is deter-
mined by Cl and R2. Total current drawn by the circuit
is about 75 milliamperes at 12 volts.

86 Go-Slo Wiper Control
E Ever have the problem of not being able to make your
car wipers go slow enough? And sometimes, would you
like to just press a button to make wipers flip one time?
This circuit does both. Set S2 to the mode you want. If
you pick "repeat", then R3 will determine the time be-

tween wipes (up to several minutes), so put R3 on a
knob you can turn while sitting in the driver's seat. R5
will control the length of the wipe; you just set it once
for your car. If S2 is set to "single wipe", then pressing S3
will kick the wipers up once. A very handy circuit.

PARTS LIST FOR SELECT -DELAY WINDSHIELD
WIPER CONTROL

C1-100-uF electrolytic capacitor, 15 VDC
C2-0.1-uF ceramic disc capacitor, 15 VDC
D1 -1N4001 diode
IC1-555 timer
R1 -10,000,000 -ohm, 1/2 -watt resistor
R2 -20,000 -ohm, 1/2 -watt resistor
R3 -500,000 -ohm linear -taper potentiometer
R4 -18,000 -ohm, 1/2 -watt resistor
R5 -50,000 -ohm linear -taper potentiometer
R6 -100 -ohm, 1/2 -watt resistor
S1-SPST toggle switch
S2-SPDT toggle switch
S3-SPST momentary -contact (pusbutton) switch
RELAY -9 VDC coil with normally open SPST switch

contacts rated at 15 VDC/25 amps

LFH r
WIRE OF
WIPER SWITCH

TO HOT CONNECTION
OF WIPER SWITCH

TO W/WIPER
FUSE(+12V)

SI o___E".

CUT HOT WIRE TO DASH SWITCH AND
WIRE RELAY LEADS AS SHOWN HERE

CHASSIS
GROUND

87 Auto Burglar Alarm

 This burglar alarm will sound your car horn if anyone
opens your car door. The timers allow you to leave and
enter the car without the horn sounding. To set, or arm,
the alarm circuit, open S2. This will give you five seconds
(R1, C1) to get out and shut the door behind you. If
anyone opens a door for two seconds (R3, C2), the
horn will sound and will stay locked on until S1 is
opened. If you open the door to enter, you have two
seconds to close S2, which is plenty of time if S2 is
conveniently located.

PARTS LIST FOR AUTO BURGLAR ALARM
C1-10-uF electrolytic capacitor, 15 VDC
C2-1-uF electrolytic capacitor, 15 VDC
C3-0.1-uF ceramic disc capacitor, 15 VDC
IC1, IC2-555 timer
Q1 -2N4403
R1 -500,000 -ohm, 1/2 -watt resistor
R2 -270 -ohm, 1/2 -watt resistor
R3 -2,000,000 -ohm, 1/2 -watt resistor
RELAY -6 to 9 VDC coil with switch contacts rated at

RI

CI

S2

C I 8 D-

2 7

ICI

-C3

4 5

ISI +

R3

2

IC2

3 6 D-
C2

-C4

NORMALLY CLOSED
TO CAR HORN

(OR HORN RELAY) NORMALLY OPEN

DOOR
SWITCHES

15 VDC/30 amps; 1 set SPST normally open, 1 set
SPST normally closed
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88 Alternate Monitor mrm

El This circuit will monitor the output of the alternator of
any car with a 12 volt electrical system and indicate if
the charging system is either undercharging or overcharg-
ing. This is accomplished by using 2 sections of a quad
voltage comparator IC and connecting the outputs in an
"OR" configuration so that the LED will become lit if
section A or section B of the comparator detects an
improper voltage level. The circuit is connected into any
circuit which is active when the car is in operation, such
as the ignition or radio circuit. This prevents drain on the
battery when the car is not in use. To calibrate the cir-

cuit, connect an adjustable DC power supply to the +
and - inputs of the circuit. Set the power supply to 13.4
volts and adjust R3 so that the voltage at pin 5 of ICI A
is maximum. Then adjust R4 so that the LED just goes
out. Set the power supply to 15.1 volts and adjust R3 so
that the LED just goes out. The LED will now become
lit if the voltage is outside the permissable range of 13.5
to 15.0 volts when the engine is running.

+I2V

PARTS LIST FOR ALTERNATOR MONITOR
C1-10-uF electrolytic capacitor, 15 VDC
C2-0.1-uF ceramic capacitor, 15 VDC
D1-9 VDC zener diode
D2-large LED
IC1-339 quad comparator
Q1 -2N4403
R1, R2, R5 -10,000 -ohm, V2 -watt resistor
R3, R4 -50,000 -ohm linear -taper potentiometer
R6-470-ohm,'/2-watt resistor
R7 -220 -ohm, 1/2 -watt resistor

89 Code Practice Oscillator COMMUNICATIONS P11119

El Boning up for your Amateur code exam? Pushbutton
Si makes a very inexpensive Morse code key. The tone
out of the circuit, at point A, can drive an amplifier or a
pair of high -impedance headphones.

PARTS LIST FOR CODE PRACTICE OSCILLATOR
C1-0 1-uF ceramic capacitor, 15 VDC
1C1-4001 quad NOR gate
R1 -91,000 -ohm, 1/2 -watt resistor
R2-220-ohm,'/2-watt resistor
R3 -500,000 -ohm, linear -taper potentiometer
R4 -50,000 -ohm, 1/2 -watt resistor
R5, R6 -2,200 -ohm, 1/2 -watt resistor
S1-SPST momentary -contact pushbutton switch

RI

13

12

10

9

8

90 Audio Bandpass Filter
 There are two different approaches to bandpass-filter de-
sign. The first involves use of a high -Q resonant network.
You'll find this type of device sold as a CW filter, an
application in which it excels. However, the selectivity of
a resonant bandpass filter is such as to favor a very few
frequencies to the exclusion of all others, and this makes
it useless in voice reception. To filter the garbage out of
an SSB transmission, you need a filter that freely passes
the band of frequencies between about 300 and 2500 Hz

but drastically attenuates frequencies outside the passband.
An audio filter of this type is constructed by cascading (i.e.,
hooking in series) very sharp high- and low-pass filters.

That's what we've done here. U 1 a and U 1 b comprise a
sharp, 4 -pole Butterworth high-pass filter with a 300 -Hz
cut-off. The two remaining stages function as a low-pass
4 -pole Butterworth filter having a 2500 -Hz cut-off fre-
quency. Overall circuit gain is 16. Insert the filter into
your receiver's audio chain at a point where the input
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signal level will be less than 100mV peak -to -peak. If the with a resistive divider. A dual supply furnishing anywhere
filter's extra gain causes problems, chop its output down between ± 2.5V and -±15V can be used to power the circut.

PARTS LIST FOR AUDIO
BANDPASS FILTER

C1-C4-0.03-uF polystyrene capacitor
C5, C6, C8, C9-.0039-uF polystyrene

capacitor
C7, C10-0.1-uF ceramic disc capacitor
IC1-LM324 quad op amp integrated

circuit
R1 -18,000 -ohm, 1/2 -watt resistor (all

resistors 5% unless otherwise noted.)
R2, R9 -22,000 -ohm, 1/2 -watt resistor
R3, R4 -47,000 -ohm, 1/2 -watt resistor
R5 -27,000 -ohm, 1/2 -watt resistor
R6 -16,000 -ohm, 1/2 -watt resistor
R7, R8, R14 -30,000 -ohm, 1/2 -watt re-

sistor

RI
18K

CI C2
03 03

2
INPUT

R2
22

R3
47K

C3 C4
.03 .03

R6
I6K,

R5
27K

C6
0039

v+

R9 RIO
22K I3K 10

7
9

R8
30K

C9
.0039

V -

4p -1C7
R13 R14
10K 304< 12-sivwvo.--

ICIc

R12
68K

R7 C5 RI I
30K .0039T 68K

_t

R10 -13,000 -ohm, 1/2 -watt resistor
R11, R12 -68,000 -ohm, 1/2 -watt resistor

C8
.0039

R15K OUTPUT
82

R13 -10,000 -ohm, 1/2 -watt resistor
R15, R16 -82,000 -ohm, V2 -watt resistor

91 Digital Modulator
 When a high -frequency oscillator is gated by a much
lower frequency, modulation is accomplished. The for -
lowing circuit provides a 1 MHz oscillator modulated or
gated by a variable frequency in the audio range. A
transistor -buffer is used for the output. The resulting
signal can be employed for a variety of AM radio testing
and each signal may be individually be taken off, in-
creasing the versatility of this little circuit. Note: Do not
use an antenna longer than 3 ft., or RF emission may
exceed allowable FCC standards and cause illegal RF
interference.

PARTS LIST FOR DIGITAL MODULATOR
C1-0.01-uF ceramic capacitor, 15 VDC
C2-100-pF mica capacitor, 15 VDC
C3-0.1-uF to 0.22-uF ceramic capacitor, 15 VDC
IC1-4011A quad NAND gate

RI

+6V

I PIN 14
C3

7

Q1 -2N4401 transistor
R1 -10,000 -ohm, 1/2 -watt resistor
R2 -100,000 -ohm, 1/2 -watt resistor
R3 -2,200 -ohm, 1/2 -watt resistor
R4 -150 -ohm, 1/2 -watt resistor

+6V

92 High Impedance Mike Amplifier
111 A high impedance microphone will drive this circuit
nicely. The output can drive a 1000 ohm earphone di-
rectly, or it can drive a transistor to, in turn, run a
speaker. The gain is determined by the ratio of R1 to
R2 and, in practice, can get up to about 50 dB.

PARTS LIST FOR HI -IMPEDANCE MIKE AMP
C1-68-uF electrolytic capacitor, 25 VDC
IC1-741 op amp
R1 -500,000 -ohm linear -taper potentiometer
R2, R4 -1,000 -ohm, 1/2 -watt resistor
R3 -910,000 -ohm, 1/2 -watt resistor

HIGH
IMPEDANCE
MICROPHONE

RI
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93 Antenna -Bearing Indicator

['Using an economy -type rotator with your TV, FM or
ham beam -type antenna? Then you probably have a
direction indicator that's hard -to -read, inaccurate, or in
the case of homebrew rotators, probably non-existent.
However, it's easy to add on a direction indicator using
LEDs for readout. Referring to the schematic, note direc-
tion -sensing potentiometer R 1. As its wiper moves away
from ground potential, first LED 1 will light, then LED 2
will come on as LED 1 extinguishes; this process con-
tinues in numerical succession until finally LED 10 is the
only lit LED. Coupling the pot to your rotating antenna's
shaft with pulleys and a belt allows the display of LEDs
to respond to antenna position. The potentiometer's pul-
ley should have a larger diameter than that of the an-
tenna shaft because most potentiometers cannot rotate
through a full 360°.

PARTS LIST FOR ANTENNA -BEARING INDICATOR
C1-100-uF electrolytic capacitor, 35 VDC
C2-5-uF electrolytic capacitor, 10 VDC
IC1-LM3914 LED display driver
LED1 through LED10-light-emitting diode

C2

NC

R1 -25K linear -taper potentiometer
R2 -3900 -ohm, 1/2 -watt resistor, 5%
R3 -1200 -ohm, 1/2 -watt resistor, 5%

+9
TO +18V

CI

BELT

ANTENNA -SHAFT
PULLEY

POTENTIOMETER
PULLEY

94 Active Low Pass Filter

II] As its name suggests, a low-pass filter passes signals
with frequencies lower than some specific value, called
the cut-off frequency, but blocks passage of frequencies
above the cut-off. Illustrated here is an active low-pass
filter having a 1000 Hz cut-off frequency. You can shift
the cut-off by changing C I and C2 together. To multiply
the cut-off by a factor of N, multiply the capacitances
of Cl and C2 by a factor of 1/N. For example, a 2000
Hz cut-off would require 0.005 AF capacitors, while a

500 Hz cut-off calls for 0.02 tiF capacitors for Cl and
C2. Drive the filter directly from the output of a preced-
ing op -amp stage for best results.

PARTS LIST FOR ACTIVE LOW PASS FILTER
C1, C2-0.01-uF polystyrene or mylar capacitor, 35 VDC
C3, C4-0.1-uF ceramic disc capacitor, 35 VDC
IC1-741 op amp
J1, J2-phono jack
R1 -12K -ohm 1/2 -watt resistor, 5%

RI
JI s R2

Ney%

c2

+9V. I 1 -9V.

--c

=C3 =c4

7

ICI

R4

R3

R2 -22K -ohm .72 -watt resistor, 5%
R3, R4 -68K -ohm 1/2 -watt resistor, 5%

J2

95 Squelched Microphone
 Here is a way to eliminate unwanted background noise
and conversation when using a microphone for communica-
tions or recording purposes. IC1, an LM370, is a preampli-

fier with squelch capability. This means that amplification
does not begin until the input signal exceeds a preset
threshold level. Since background noise is, in most instances.
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not as loud as the voice of the person speaking into the
microphone, all ouput is squelched whenever speech stops.
So, instead of noise, you get silence. The squelch threshold
can be set by adjustment of R3.

PARTS LIST FOR SQUELCHED MICROPHONE
C1-47-uF, 25-VDC electrolytic capacitor
IC1-LM370 AGC amplifier integrated circuit
M1-dynamic microphone cartridge
R1 -120,000 -ohm, 1/2 -watt resistor (all resistors 10%)
R2 -39,000 -ohm, 1/2 -watt resistor
R3 -10,000 -ohm, trim -potentiometer
R4 -220 -ohm, 1/2 -watt resistor

MI

96 Dual Polarity Power Supply
111 Many operational amplifiers require both positive and
negative supplies for proper operation. With this simple
circuit you can take a floating power supply and con-
vert it into a dual polarity supply. To provide ±15 volts
as most op amps require, you will need a 30 volt supply
to drive the circuit. The output voltages of this circuit
are set by the voltage divider action of RI and R2 and
are well regulated. Current output is limited only by the
unbalance between the loads on the positive and negative
outputs, and should not exceed the rating of the tran-
sistors, 200 milliamperes.

PARTS LIST FOR DUAL POLARITY POWER SUPPLY
C1, C2-15-uF electrolytic capacitor, 30 VDC

IC1-741 op amp
Q1 -2N4401

Q2 -2N4403
R1, R2 -100,000 -ohm, 1/2 -watt resistor
R3, R4 -10 -ohm, 1/2 -watt resistor

97 Mini -Modem Crystal Receiver
E A 741 mini -power -amplifier can update those 1N34
"cat's whiskers" crystal receivers right into the Space
Age. Depending on antenna and ground facilities, good
reception is possible with clear volume from the tiny
speaker. A 9 -volt transistor battery provides portable
radio convenience for escaping the frustrations of the IC
experimental test bench. (Continued on page 98)

PARTS LIST FOR MINI -MODERN CRYSTAL SET
C1-3650. variable capacitor
C2-0.01-uF ceramic capacitor, 15 VDC
C3-0.1-uF ceramic capacitor, 15 VDC
C4, C5-100-uF electrolytic capacitor, 15 VDC
C6-50-100-uF electrolytic capacitor, 15 VDC
D1 -1N34 diode
IC1-741 op amp
L1-loopstick coil
R1 -25,000 -ohm linear -taper potentiometer
R2 -25K to 50,000 -ohm audio taper potentiometer

ANTENNA CONNECTION

TONE

GROUND CONNECTION

R6 R3

+C5

C6

6
FLT SPEAKER

NOT' ==irjj
USED

R3-1,000,000-ohm, 1/2 -watt resistor
R4, R5 -4,700 -ohm, 1/2 -watt resistor
R6 -10,000 -ohm, 1/2 -watt resistor
T1 -500/8 -ohm audio output transformer
MISC.-8-ohm 2 in. PM type speaker; snap type 9 V

battery clip
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25 Transistsoyril;loroleucirs
ONE OF THE BEST WAYS to begin

your mastery of electronic cir-
cuitry construction is to work with
discrete components before diving
headlong into integrated circuit con-
struction. After all, integrated circuits
are nothing more than these indivi-
dual components and circuits in a
more compact package. The only
problem is that they don't come in
see-through packages to help you
identify the individual working areas.

A project such as the "Penny
Pincher's Utility Amplifier," which
requires 6 individual electronic corn-

ponents, could be purchased as a
single integrated circuit, such as a
GE IC -77, for less than the cost of
the individual components. Not only
that, but it would require only one-
tenth the physical space of the dis-
crete components setup.

We don't feel that it's of much
value to simply "plug in" black
boxes without the understanding of
what actually goes on inside them.
This then is the purpose of the 25
Transistor Projects section. If you
can learn what the circuitry of an
integrated circuit is supposed to do,

then it frees you to come up with
your own innovations, and to accu-
rately troubleshoot your creations
when you run into the inevitable
bugs or "glitches."

This brings up another point.
While some ICs are relatively sensi-
tive to miswiring and are easily de-
stroyed, these discrete components,
as a rule, are not. It's a lot better
to make your mistakes here than on
an integrated circuit project, where
ruining an IC due to a reversed diode
polarity might set you back two or
three dollars. So have fun, but learn!

'I Solar -Powered Metronome
 You'll never miss a beat because of
dead batteries with this metronome. As
long as there is a little sunlight or lamp-
light to illuminate the silicon solar

. cells, the circuit will keep ticking away

merrily. The six series -connected solar
cells provide a supply potential of 3 -
volts for the PUT relaxation oscillator.
Potentiometer R1 can be adjusted to
yield the desired pulse rate. Should you

wish to lower the output volume, a

small resistor on the order of 10 -ohms
may be installed in series with the
speaker.

PARTS LIST FOR
SOLAR -POWERED METRONOME

C1-220-uF, 25-VDC electrolytic
capacitor

C2-0.39-uF, 25-VDC mylar ca-
pacitor

PV1 thru PV6-0.5-VDC silicon
solar cells (Radio Shack =276-
120 or equiv.)

Q1 -2N6027 programmable uni-
junction transistor

R1 -2,000,000 -ohm linear -taper
potentiometer

R2 -470,000 -ohm, 1/2 -watt re-
sistor, 5%

R3 -1,500,000 -ohm, 1/2 -watt re-
sistor, 5%

R4 -2,400,000 -ohm, 1/2 -watt re-
sistor, 5%

SPKR-8-ohm PM miniature speaker

R3

R4

2 Hi -Temp Alarm
 Has a temperature -control problem
got you hot under the collar? Well, this
little temperature alarm/thermostat may
be just the thing to cool you down.
Temperature -sensing is done by ther-
mistor RR5, a negative -temperature -

coefficient device whose resistance
varies between 10K -ohms at 7T F,
and about 1000 -ohms at 200° F. Po-
tentiometer R1 sets the exact tempera-
ture at which the Q I -Q2 Darlington
pair gets turned on by the thermistor's

signal. Whenever ambient temperature
rises above the alarm setting, the tran-
sistors conduct current through the
buzzer, which then emits an attention -
getting shriek.

Note that the thermistor must be
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located away from the control circuitry
-as indicated by the dashed line in the
schematic-so that the operation of the

control circuit is not adversely affected
by temperature extremes. If a 6 -volt,
500 -ohm relay is substited for the buz-

zer, you get a thermostat capable of
turning on a fan or turning off a small
electric heater.

PARTS LIST FOR
HI -TEMP ALARM

B1 -9 -volt transistor battery
BZ1-9-VDC buzzer (Radio Shack

#273-052)
C1-220-uF, 10-VDC electrolytic

capacitor
D 1 -1 N752A, 5.6 -volt, 1/2 -watt

zener diode
Q1, Q2 -2N3904 NPN transistor
R1 -2,000 -ohm trimmer potenti-

ometer
R2, R3 -1,000 -ohm, 1/2 -watt, 5%

resistor
R4 -820 -ohm, 1/2 -watt, 5% re-

sistor
R5-thermistor rated 10.000 -ohms

@ 25°C (Fenwal part #RB41L1)
S1-SPST toggle switch

R5

RANGE 80°F TO 200°F

DI

R4

SI
BI 9 VDC

*-111111-1.

3 The Brain Teaser
El Ordinarily, we tell you how the cir-
cuit works, but this time the tables are
turned. Your job is to figure how to
make LED1 light by applying the cor-
rect combination (or combinations) of
input signals to points A and B. Sig-
nals must be either +9-VDC or 0-VDC
(gnd). Check your answer by bread-
boarding the circuit; then, present this
quiz to a friend. (HINT: You must
consider four possible combinations.)

PARTS LIST FOR
THE BRAIN TEASER

B1 -9 -volt transistor battery

LED1-light emitting diode rated
20mA @ 1.7-VDC

Q1 thru Q6 -2N3904 NPN tran-
sistor

R1 -330 -ohm, 1/2 -watt resistor, 5%
R2 thru R7 -22,000 -ohm, 1/2 -watt

resistor, 5%
S1-SPST toggle switch

R4

4 Square Wave Converter
0 Got a yen to go digital but few
bucks to spend? Well, if you happen to
have an old audio signal generator at
hand, you can convert its sinewave out-
put to a squarewave and save yourself
the expense of a squarewave generator.
The converter consists of an ordinary
saturating transistor switch which, when
driven by a large amplitude (about 10-
VDC peak -to -peak or greater) sine -
wave, yields squarewaves with reason-
ably fast rise and fall times. Be certain
to use as large an input amplitude as
possible. Certain edge -triggered ICs,

PARTS LIST FOR SINE -TO -
SQUARE WAVE CONVERTER

C1-1.0-uF, 25-VDC non -polarized
mylar capacitor

Q1 -2N3904 NPN transistor
R1 -4,700 -ohm, 1/2 -watt resistor,

5%
R2 -1,000 -ohm, 1/2 -watt resistor,

5%

ION/
P -PT

+5VDC

R2

TTL flip-flops in particular, may fail majority of ICs will clock readily when
to clock on a waveform whose rise and driven by this converter.
fall times are too long; however, the
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5 Home Made NPO Capacitor
(I From time to time, all of us encoun-
ter circuits that require large, non -po-
larized capacitors. Unfortunately, these
are scarcer than the proverbial hen's
teeth. Looking through some catalogs,
you'll soon discover that capacitors
larger than 10-pf are usually electro-
lytics, which are polarized devices.
Electrolytic capacitors cannot be used
in AC circuits, where the voltage under-
goes periodic reversals in polarity. Such
reversals destroy the insulating layer
between the plates of an electrolytic
capacitor, and the device soon fails.

So what can be done when you need
a non -polarized capacitor for a hi-fi
crossover or a motor -starting circuit,
and all that you can find are electro-
lytics? One alternative is to get some
aluminum foil and roll your own, but
there's an easier way. Just hook two

CI

+1(

DI

C2

)1+

D2

PARTS LIST FOR
HOME MADE NPO CAPACITOR

Cl, C2-identical electrolytic ca-
pacitors

D1, D2-identical silicon rectifiers

Note: Be sure to match voltage
ratings of rectifiers and capaci-
tors.

electrolytics back-to-back as we've
diagrammed here, then add two cur-
rent -steering diodes. These diodes en-
sure that each capacitor sees only
voltage of the correct polarity. Cl and
C2 should be identical, and each one
should have a capacitance equal to the

alue needed for proper circuit opera-
tion. Make sure that the capacitors
have working voltages equal to about
three times the RMS value of the AC
voltage in the circuit. Also, choose
diodes having a PIV rating greater than
or equal to the capacitor's rating.

6 Moose Call
If "Hey, Bullwinkle" is your idea of

a moose call, you're in for a surprise.
The little circuit diagrammed here pro-
duces deep, resonant grunts and bellows
when used in conjunction with a PA
or stereo amp. Q1, a programmable
unijunction transistor (PUT) func-
tions as a relaxation oscillator. The
sawtooth voltage produced across capa-

citor Cl is buffered by Q2 and fed
through level control R6 to the output
jack. The signal at J1 has a peak -to -
peak amplitude of about 1.5 -volts,
which can be fed into the TUNER or
AUX inputs of your amp.

To use the device, manipulate pitch
control R3 and level control R6 in
unison. During the sound's attack per-

iod, rotate R3 to boost the pitch as the
level increases. During decay, let the
pitch drop. The circuit is also capable
of realistic imitations of horns of all
kinds; just remember that a horn's at-
tack is usually much more abrupt -than
its decay. Finally, apartment dwellers
should note that this circuit attracts
police as well as moose.

PARTS LIST FOR MOOSE CALL

B1 -9 -volt transistor battery
C1-0.39-uF, 25-VDC mylar ca-

pacitor
C2-1.0-uF, 25-VDC non -polarized

mylar capacitor
J1-RCA-type phono jack
Q1 -2N6027 programmable uni-

junction transistor
Q2 -2N3904 NPN transistor
Note: All resistors rated 1/2 -watt,

10% tolerance unless noted
otherwise.

R1 -3,000 -ohms
R2 -1,200 -ohms
R3 -100,000 -ohm linear -taper po-

tentiometer
R4 -33,000 -ohms
R5 -10,000 -ohms
R6 -10,000 -ohm linear -taper po-

tentiometer
Sl-SPST toggle switch

RI

R2

81 9 VDC

'II
OUTPUT
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7 Three -Dial Combination Lock
 Here's an effective little combination
lock that you can put together in one
evening's time. To open the lock,
simply dial in the correct combination
on the three rotary or thumbwheel
switches. With the correct combination
entered, curent flows through R I into

QI's gate terminal, causing the SCR
to latch in a conductive state. This
sends a current through relay K1,
which responds by closing its contacts
and actuating whatever load is at-
tached. After opening the lock, twirl
the dials of SI through S3 away from

the correct combination so that nobody
gets a look at it. The lock will remain
open and your load will remain on
because the SCR is latched on. To lock
things up, it's only necessary to inter-
rupt the flow of anode current through
the SCR by pressing pushbutton S4.

PARTS LIST FOR THREE -DIAL
COMBINATION LOCK

C1-500-uF, 25-VDC electrolytic
capacitor

D1, D2 -1N4002 diode
K1-relay with 6 -volt coil rated @

250 -ohms, with SPST contacts
Q1 -2N5050 SCR
R1, R2 -4,700 -ohm, 1/2 -watt resis-

tor, 5%
Si, S2, S3-single pole, 10 -posi-

tion rotary or thumbwheel
switches

S4-normally closed SPST push-
button switch

T1 -120 -VAC to 6.3 -VAC @ 300mA
power transformer

RI

S2 .S3

D2

8 Microcomputer/AC Interface
LI Here's one of the simplest and best
ways to harness your microcomputer
for the purpose of appliance control.
Let an output line drive relay K1, a
small, 5 -volt device designed expressly
for TTL. The relay's contacts supply
gate drive to Triac Q1 which, in turn,
does the hard job of controlling the
relatively large load current. Besides
controlling the Triac, relay K1 also
isolates the logic circuitry from the AC
line. Cl and R2 prevent false turn on
of the Triac with inductive loads, and
F1 protects the Triac should the load
short out. Of course, this circuit can
be used to interface any type of logic
circuit-not just a microcomputer-to
the AC line.

PARTS LIST FOR
MICROCOMPUTER/AC

INTERFACE

C1-0.1-uF, 50-VDC ceramic ca-
pacitor

D1 -1N4002 diode
F1-3AG 10 -amp fuse (fast -acting

type only)
K1-relay with coil rated 5-VDC @

50 -ohms, with SPST contacts
(use 1/2 of Radio Shack part
#275-215). Note: For very high
speed switching applications,
use a reed relay with similar
specifications.

117VAC

F1

RI

Q1-Triac rated 200 -volts @ 10 -
Amps (Motorola part #MAC11-
4, Sylvania part #ECG5624)

R1 -1,000 -ohm, 1 -watt, 5% re-
sistor

R2 -10 -ohm, 1 -watt, 5% resistor

9 General Purpose Pulser
11] Here is a simple pulse generator that
can be useful in a variety of applica-
tions, from audio to logic. The heart
of the circuit is the familiar 1_1.1T (uni-
junction transistor) relaxation oscil-

lator, Q 1. Potentiometer R 1 adjusts the
repetition rate over a range of one
decade, while range switch SI allows
selection of one of four decade ranges.
The total range of adjustment goes

from 0.5 ppS (pulses per second) to
5000 ppS, which is more than enough
for most purposes. Voltage spikes
across resistor R4 are amplified and
"squared up" by transistor Q2. The
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output consists of 5 -volt -high pulses
that may be used to drive TTL, CMOS
(if a 5 -volt supply is used) or an audio
circuit (in which case, you can couple

the pulses through a 1.0 -AF capacitor).
Range "A" is slow enough to be use-

ful when breadboarding logic circuitry,
since slow clocking allows you to oh -

serve circuit operation easily. If you
attach a wire lead to the output and
set SI to range "D", you can generate
harmonics up to several MHz.

PARTS LIST FOR
GENERAL PURPOSE PULSER

C1-15-uF, 10-VDC tantalum ca-
pacitor

C2-1.5-uF, 25-VDC non -polarized
mylar capacitor

C3-0.15-uF, 25-VDC mylar ca-
pacitor

C4-0.015-uF, 25-VDC mylar ca-
pacitor

Q1 -2N2646 unijunction transistor
Q2 -2N3904 NPN transistor
Note: All resistors rated 1/2 -watt,

5% tolerance unless otherwise
noted.

R1 -25,000 -ohm linear -taper po-
tentiometer

R2 -2,700 -ohms
R3 -470 -ohms
R4 -47 -ohms
R5 -100 -ohms
R6 -1,000 -ohms
SI-single pole, 4 -position rotary

switch

RANGE FREQUENCY

A

B

C

D

0.5 to 5 Hz
5 to 50 Hz
50 to 500 Hz
500 to 5,000 Hz

+5VDC

10 Zener Diode Tester
 If you're at all familiar with the sur-
plus market, you know that zener
diodes presently abound in surplus-at
tremendous discounts, too. The prob-
lem with buying surplus, however, is
that many diodes are unmarked or in-
correctly marked. Consequently, these
must be tested to verify their working
voltages. Another problem crops up
when you buy so-called "grab bags" of

components. The zeners you find may
be legibly marked, but unless you hap-
pen to have a data sheet for those
particular diodes, they will require test-
ing to identify the zener voltages. You
can do your testing quickly and easily
with the circuit presented here.

TI, DI and Cl comprise a simple
half -wave rectifier system. Pressing SI
sends a DC current through current

limiter Q1 and the diode under test. Q1
regulates the current to a value of
about 10 mA regardless of the zener
voltage. You can use your VOM or
voltmeter to monitor the voltage drop
across the zener; values as high as 25 -
volts can be reliably tested in this cir-
cuit. If you get a very low reading, say
0.8 -volts, you have the diode in reverse.
Interchange the zener's connections .

PARTS LIST FOR ZENER
DIODE TESTER

BP1, BP2-binding posts
C1-500-uF, 50-VDC electrolytic

capacitor
D1 -1N4002 diode
Q1 -2N5363 n -channel JFET

(junction field effect transistor)
SI-normally open SPST push-

button switch
T1 -120 -VAC to 24 -VAC @ 300-

mA power transformer

117 VAC

TI

DI

CI

ZENER TO VOLT
UNDER METER
TEST

0 BP2

11 Penny Pinchers Utility Amplifier
 Here's high gain with just a hand-
ful of parts for a zillion audio appli-
cations. 01 and Q2 are Darlington
connected to deliver a lot of gain
and make this a really hot circuit.
Transformer T1 reduces the loading

on the transistors to help assure a
strong, clean output. This amplifier
has many test bench applications,
from signal tracing to loudness boost-
ing to checking out new sound ef-
fects.

Add it to an inexpensive record or
tape player for a quick and easy
checkout. Or tie a high output crystal
mike to the input and use it as an
electronic stethoscope.
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R2 TI

SI

PARTS LIST FOR PENNY
PINCHER'S UTILITY AMPLIFIER

B1-9VDC battery
Cl, C2-.1-uF capacitor

b

SPKR Q1-PNP transistor, 2N3904 or
equiv.

Q2-PNP transistor, 2N2222 or
01

C2
equiv.

02

R3

BI

R3 -2,700' -ohm, 1/2 -watt resistor

R1 - 1-Megohm potentiometer,
audio taper

R2-1.8-Megohm resistor, 1/2 -watt

Sl-SPST switch
SPKR-8-ohm speaker
T1 -500:8 -ohm transformer
J1-RCA phono jack (or any two -

conductor jack)

12 Basic NOR Gate
El Integrated logic is certainly a won-
derful thing, but we often lose sight
of how logical operations are performed
when dealing with integrated devices.
The circuit diagrammed here is a
throwback to pre -IC days when all
logic was implemented with discrete
devices (resistors, transistors and diodes
for the most part). This NOR gate is
typical of the circuitry used. Whenever
base drive is applied to either input A
or input B, the output drops to a low
potential. If desired, extra inputs could
be added simply by adding more tran-
sistors and tying their collector ter-
minals to R1. In high-speed applica-
tions, capacitors Cl and C2 could be
added to speed up switching of the

PARTS LIST FOR
BASIC NOR GATE

Cl, C2-optional (see text)
Ql, Q2 -2N3904 NPN transistor
R1 -1,000 -ohm, 1/2 -watt resistor,

5%
R2, R3 -10,000 -ohm, 1/2 -watt re-

sistor, 5%

+5 VDC

RI

OUTPUT

CI C2

4 tB tel ri
R2 R3

01 02

transistors, but for clock rates of less
than 1 MHz or so, you can forget about
the capacitors. Generally, if speed-up
capacitors were to he used, their values
would have to be determined experi-
mentally with a 'scope.

Is this circuitry just a museum piece?
Definit,:ly not. Try it the next time you
need something strange like a 6 -input
NOR or when there are no ICs at hand.
With the values shown, this NOR gate
interfaces directly with TTL circuitry.

13 Constant Current Ohms Adapter
(11 Ever notice how confusing it is to
read the OHMS scales on your multi -
meter? The numbers are so crowded
together at the high end that meaning-
ful readings are almost impossible to
make. Top -of -the -line meters get
around the problem by employing a
constant -current source, and so can you
with this adapter. You'll be able to
read resistances accurately and unam-
biguously on the linear voltage scales
of your meter.

In the schematic, note that the resis-
tor under test is tied between BP1 and
BP2. Whenever S2 is pressed, a regu-

lated current flows out of Q1's collector
and through the resistor. By Ohm's
Law, this current generates a voltage
across the resistor that's directly pro-
portional to its resistance. Any one of

five test currents-from 10-mA to
0.001-mA-can be selected via Sl.

To calibrate the test currents, hitch
a multimeter to the adapter's output
terminals; make sure the meter is set
to measure current. Press S2 and adjust
the trimmers one at a time to obtain
the five required currents. No resistor
should be connected to BPI and BP2
during calibration.

When measuring resistance, use the
following conversion formula:

RESISTANCE (kilOhms) =
VOLTAGE

CURRENT (mA)

For example, a resistor that produces
a 7.56 -volt reading when fed a current
of 0.01-mA must have a resistance of
756-kilOhms (756K). Use smaller cur-
rents with larger resistances, and don't
exceed a level of 10 -volts during test-
ing. If you do, switch SI to the next
smaller current. Finally, for best ac -
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curacy, make sure that the input resist- than that of the resistor under test. under test should be no larger than 1-
tance of your meter is much greater With a 10-megOhm meter, the resistor megOhm to keep errors under 105-.

PARTS LIST FOR CONSTANT
CURRENT OHMS ADAPTER

Bl, B2 -9 -volt transistor battery
BPI, BP2-binding posts
C1-10-uF, 20-VDC tantalum ca-

pacitor
DI -1 N748A, 3.9 -volt, 1/2 -watt

zener diode
QI-2N3676 PNP transistor
Note: All resistors rated V2 -watt,

5% tolerance unless otherwise
noted.

RI -2, 200 -oh ms
R2 -100 -ohm trimmer potentiome-

ter
R3 -1,000 -ohm trimmer potenti-

ometer
R4 -10,000 -ohm trimmer potenti-

ometer
R5 -100,000 -ohm trimmer poten-

tiometer
R6 -1,000,000 -ohm trimmer po-

tentiometer

RI

SI

S2

R6

RII

BPI

RESISTOR
UNDER TEST

R7 -270 -ohms
R8 -2,700 -ohms
R9 -27,000 -ohms
R10 -270,000 -ohms
R11 -2,700,000 -ohms
SI-single pole, 5 -position rotary

switch
S2-normally open SPST pushbut-

ton switch

0

BI B2
S3 9 VDC 9 VDC

.--.-11111H11111-1

TO VOLTMETER
10 VDC MAX

BP2

S3-SPST toggle switch

RANGE CURRENT

A

B

C

E

10 mA

1 mA

0.1 mA
0.01 mA

0.001 mA

14 Equipment Theft Alarm
 As an electronics hobbyist, you very
likely own one or more pieces of ex-
pensive equipment, and these can be
very tempting targets for thieves or
vandals. To protect your investment,
why not install the simple alarm pic-
tured here in some of your more valu-
able possessions? Things like Amateur
or CB transceivers, computers, oscil-
loscopes and stereo equipment are all
excellent candidates.

In the schematic, mercury switch S I
is normally open. However, should the
equipment in which the alarm has been
installed be picked up and tilted, Si
closes and thereby supplies gate cur-
rent to the SCR. Q I then latches in a
conducting state, causing current to

PARTS LIST FOR
EQUIPMENT THEFT ALARM

B1-6, 9, or 12 -volt battery
BZ1-6, 9, or 12 -volt buzzer
D1 -1N4002 diode
Q1 -2N5060 SCR
R1, R2 -4,700 -ohm, 1/2 -watt re-

sistor
S1-normally open SPST mercury

switch
S2-normally closed pushbutton

switch
S3-SPST toggle switch

SI

BI 9 VDC

flow through buzzer BZI. The buzzer
will sound until pushbutton S2 is
pushed to reset the circuit. For best

results, use an electromechanical, rather
than piezoelectronic buzzer, since it
will emit more noise.

15 Shaped Output Code Oscillator
 Most code -practice oscillators are
keyed by switching the oscillator trans-
sistor's supply voltage on and off or by
driving the transistor into and out of
saturation. This has the advantage of
being simple, and it provides tolerable
results if a speaker is to he driven.

However, the sound of a CPO is like
Chinese water torture to the uninitiated,
so public opinion usually dictates that
you practice with headphones. What
you hear then is the "kerchunk" that
occurs each time the key is opened or
closed. If you want a nice, pure tone

signal devoid of "kerchunks," you have
to shape the rise and decay of the tone.
Here's a circuit that does just that.

The basic tone is generated by a
multivibrator (Q1 & Q2) at a pitch
determined by SI; low pitch with Si
open, high with SI closed. This tone
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is fed through C4 to a clipper (D1,
D2) and FET Q3, which functions as
a signal attenuator. How much of a
signal passes through the FET is deter-
mined by its gate potential, controlled
by current source Q4 together with
capacitor C5, the associated resistors,
and your key. With the key down, the
signal from Q3's drain is available for
recording (J1) and for headphone lis-
tening (J2). R15 controls the volume.

Smaller values of C5 will yield a
more abrupt attack and decay, while
larger values can be used to produce
mellower results. If you cannot find a
2N3994 FET for Q3, substitute a
2N5461. The great majority of these
will work fine, but if you still hear a
tone with the key up, try a different
2N5461.

B1 -9 -volt transistor battery
C1-220-uF, 25-VDC electrolytic
C2, C3-0.22-uF, 25-VDC mylar

capacitor
C4-2.2-uF, 10-VDC tantalum ca-

,facitor
C5-0.22-uF, 25-VDC mylar ca-

pacitor
D1, D2, D3, D4 -1N914 diode
J1-RCA-type phono jack
J2-standard 2 -conductor phone

jack

PARTS LIST FOR
CODE OSCILLATOR

Ql, Q2, Q4 -2N3904 NPN tran-
sistor

Q3 -2N3994 or 2N5461 p -chan-
nel JFET (junction field-effect
transistor)

Note: All resistors rated 1/2 -watt,
5% tolerance unless otherwise
noted.

R1, R6 -1,000 -ohms
R2, R3, R4, R5, R8, R10 -56,000 -

ohms
R7 -4.700 -ohms

J2
8 -OHM
PHONES

R9 -22,000 -ohms
R11 -33,000 -ohms
R12 -82,000 -ohms
R13 -51,000 -ohms
R14 -22 -ohms
R15 -1,000 -ohm audio -taper po-

tentiometer
S1-DPST slide switch
S2-SPST toggle switch
T1 -1,000 -ohm to 8 -ohm audio

transformer

16 MOS-to-TTL Logic Interface
 Here is a problem encountered from
time to time by the advanced computer
hobbyist: How do you mate the signals
from MOS logic (the foundation of
many microprocessor and peripheral
ICs) to TTL logic (the most con-
venient and readily available logic form
from which to construct add-on cir-
cuitry)? The problem stems from the fact
that MOS signals swing between ground
and some negative voltage (-V in the
diagram), while signals for TTL should
swing from ground to something
greater than +2.8-VDC (+3.5-VDC

 usually). One of the easiest solutions
requires just one resistor and one n -
channel field effect transistor. Note that

Q l's source (S) lead goes to the nega-
tive supply potential of the MOS
circuitry, and its gate (G) gets driven
by the MOS input signal. TTL loads
can be driven directly by the output
signal available at Ql's drain (D).
Finally, note that R1 is tied to the
+5-VDC TTL supply and that the

level -shifted output signals have been
inverted: negative -going input pulses
swing positive at the output, and vice
versa. The ,circuit works well at data
transmission rates less than 1 or 2
MHz. To interface faster clock signals
or very abrupt pulses, use one of the
commercially available level -shifter ICs.

PARTS LIST FOR MOS-TO-TTL
LOGIC INTERFACE

Q1 -2N3971 n -channel JFET
(junction field effect transistor)

R1 -2,200 -ohm, 1/2 -watt resistor,
5%

MOS
INPUT

+5 VDC

01

RI

- - TTL I

I

+5V
0

17 Fluid Detector
 For those of you anticipating the
melting of the polar ice caps, we pre-

sent a handy device to warn you of less dramatic, applications should be
the deluge. Many other useful, though obvious as well. Basically, this a circuit
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capable of detecting the presence of
any ionic fluid, that is, any fluid that
can conduct an electrical current. Ul-
tra -pure water will not be detected
because so few ions exist that scarcely
any current can flow. However, the
water that seeps into your cellar, the
water that overflows from your wash-

ing machine and most aqueous solu-
tions are all readily detectable.

With no fluid between the probes,
AC current flows through R1 into Q1's
base, turning the transistor on at a 60
Hz rate. C2 filters the signal at Q l's
collector to a low DC potential. Should
the probes be immersed, base current is

shunted away from Q1 by the fluid's
resistance. Consequently, Q l's collector
potential rises, thereby turning on the
Q2 -Q3 Darlington pair. This causes K 1
to pull in and turn on a pump or what-
ever load you attach. Because only a
small AC voltage exists between the
probes, no troublesome plating occurs

PARTS LIST FOR
FLUID DETECTOR

C1-500-uF, 25-VDC electrolytic
capacitor

C2-0.5-uF, 25-VDC mylar capa-
citor

D1, D2, D3 -1N4002 diode
K1-relay with coil rated 6-VDC @

250 to 500 -ohms, with SPST
contacts

P1, P2-stainless steel or alumi-
num probes

Ql, Q2, Q3 -2N3904 NPN tran-
sistor

R1 -300,000 -ohm, 1/2 -watt, 5%
resistor

R2 -470,000 -ohm, 1/2 -watt, 5%
resistor

T1 -120 -VAC to 6.3 -VAC @ 300-
mA power transformer

18 The Light Latch
 Looking for a novel way to control
electrical apparatus or appliances?
Here's a bright idea: Why not use a
beam of light? This little light latch
can be readily actuated by a flashlight
beam and is capable of controlling as
much current as your relay's contacts
will allow (1 to 3 -Amps, typically).
When phototransistor Ql is momen-
tarily illuminated, relay K1 is latched
in its closed position and your appliance
is ON. To turn your load OFF, shine
a beam of light briefly on Q2's light-
sensitive face. Feedback between Q3
and Q4 via R3 and R4 is responsible
for the latching action. Be sure to
mount phototransistors Q1 and Q2 so
that room light does not fail on them.
Recessing the phototransistors within
small -diameter pieces of tubing is a
good way to exclude extraneous light.

RI

PARTS LIST FOR LIGHT LATCH

B1-6 or 9 -volt battery
D1, D2 -1N914 diode
K1-relay with 6 -volt coil rated @

500 -ohms, with SPST contacts
Ql, Q2-FPT-100 phototransistor

Ki

TO
LOAD

Q3, Q4, Q5 -2N3904 NPN tran-
sistor

R1, R2 -10,000 -ohm, 1/2 -watt re-
sistor, 5%

R3, R4 -100,000 -ohm, 1/2 -watt re-
sistor, 5%

S1-SPST toggle switch

19 Photoflood Dimmer #1
E If you dabble in photography, you
know that in addition to natural light,
there are two other light sources avail-
able: flash or photoflood. Flash units
are very popular because of their speed,
which allows action to be captured,
and their portability. However, it's ex-

tremely difficult to visualize a shot with
flash because the light appears only at
the instant of exposure. High -intensity
photofloods, on the other hand, are on
continuously; therefore, the photogra-
pher can readily comnose a shot, pay-
ing attention to details such as even-

ness of illumination across the field
and shadow placement.

As the photofloods burn, however,
they generate a great deal of heat,
which can be discomforting both to
the photographer and the subject. In
addition, it's wasteful of the photo -
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flood lamp's already limited lifetime
(about 8 hours for an EBV No. 2) to
have it on any longer than absolutely
necessary. You can use this simple
dimmer to cut down the lamp's inten-
sity during composition, thereby reduc-
ing the heat generated and extending
the lamp's useful life. With S I in its
middle position, power to the lamp is
cut in half because of rectifier D1.
When you're ready to expose, flip SI

PARTS LIST FOR
PHOTOFLOOD DIMMER

D1 -1N5404 rectifier rated 400
PIV @ 3 -amps

I1-EBV No. 2 500 -watt photo-
flood lamp

S1-single pole, 3 -position switch

II7VAC

with contacts rated 10 -Amps @
120 VAC

S I
D I."01.
.04

II

to full power. NOTE: On half -power,
the lamp's color balance is shifted to-

ward the red, so he careful not to make
exposures at half -power with color film.

20 Portable Emergency Flasher
 For camping or highway emergen-
cies, here is a solid-state light flasher
that's compact and reliable. Q I, Q2
and the associated resistors and capa-
citors comprise a conventional 2 -tran-
sistor multivibrator. Q2's emitter signal
drives the Q3 -Q4 Darlington pair,
which turns on high -current lamp II.
The light flashes on for about 0.4 -
second, then darkens for about the
same period of time before turning on
again. Power for the circuit comes from
a standard 6 -volt lantern battery. You
could probably build the entire flasher
circuit inside the housing of your lan-
tern, and actuate it only when neces-
sary. If longer battery life is desired,
and decreased illumination is accept-
able, you could substitute a less power-
hungry 6 -volt lamp for II.

B1 -6 -volt lantern (heavy-duty)
battery

Cl, C2-1.0-uF, 25-VDC non -po-
larized mylar capacitor

D1 -1N4002 diode

PARTS LIST FOR PORTABLE
EMERGENCY FLASHER

11-t-`82 lamp rated 6.5-VDC
1 -amp

Q1, Q2, Q3 -2N3904 NPN tran-
sistor

Q4-2N3724A NPN transistor

R1, R4 -10,000 -ohm, 1/2 -watt re-
sistor, 5%

R2, R3 -390,000 -ohm, 1/2 -watt re-
sistor, 5%

S1-SPST toggle switch

21 Simple Touch Switch
 Looking for a way to add a touch
of class to your digital projects? Try
this touch switch. Not only does it add
a note of distinction to a project, but
it's bounce -free as well. Whenever a
finger touches the contact plate, stray
60 Hz powerline interference is coupled
into the circuit due to the antenna ef-
fect of your body. The 60 Hz pickup
is rectified and filtered to provide a
negative bias on Q1's gate, thus caus-
ing Q1 to turn off and Q2 to turn on.
As a result, Q2's collector drops to
ground potential. When the touch plate
is released, the potential at Q2's col-
lector terminal once again jumps high.
You can use the output to drive either

PARTS LIST FOR
SIMPLE TOUCH SWITCH

C1-0.1-uF, 50-VDC ceramic ca-
pacitor

D1, D2 -1N914 diode
Q1 -2N5953 n -channel JFET

(junction field effect transistor)
Q2 -2N3904 NPN transistor
Note: All resistors rated 1/2 -watt,

5% tolerance unless otherwise
noted.

R1 -100,000 -ohms
R2 -22,000,000 -ohms
R3 -27,000 -ohms
R4 -1,000 -ohms

TOUCH
PROBE

OPTIONAL
EARTH GND

+ 5VDC

R4

OUTPUT

02

TP-copper or aluminum touch
plate
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CMOS or TTL with ease.
Note that if you do your experiment-

ing in a place devoid of 60 Hz power -
line radiation-in the middle of a field

of wheat, for example-the circuit will
not work. The average home is full of
60 Hz radiation, however, so the switch
should function well. If you have some

difficulty, connect your system's elec-
trical ground to an earth ground (the
screw on your AC outlet's cover plate).
This will boost the signal pickup.

22 Low Pass Audio Filter
 If you own an old inexpensive re-
ceiver, chances are it could use a little
extra selectivity. In that case, you
should consider adding a filter. You
could add an IF filter, but it's probably
easier, and certainly less expensive, to
tack on the simple low-pass audio filter
diagrammed here. With the constants
shown, it has a corner frequency of
1000 Hz-perfect for CW (code) rec-
ception. For voice, reduce the values
of R5, R6, R9 and R10 to 1200 -ohms.
The filter's voltage gain is unity (1)
so it won't upset things no matter
where you insert it. Input impedance
is about 30K-ohms-high enough to
cause negligible loading.

To install the filter, break into the
receiver's audio chain at some con-
venient point-preferably at a point
where the audio voltage is small, say,
1 -volt peak -to -peak or less. You may
wish to include a bypass switch, too.
This will allow you to shunt the signal
around the filter and restore the orig-
inal performance of the receiver.

B1-6 to 12 -volt battery
Cl, C3, C6-0.1-uF, 25-VDC mylar

capacitor

C2, C5, C8-22-uF, 20-VDC tan-
talum capacitor

C4, C7-0.02-uF, 25-VDC mylar
capacitor

C9-1.0-uF, 25-VDC non -polarized
mylar capacitor

Ql, Q2, Q3 -2N3391 NPN tran-
sistor

Note: All resistors rated 1/2 -watt,

SI 8 I 9 vDC

°-11111-1_

PARTS LIST FOR
LOW PASS AUDIO FILTER

5% tolerance unless otherwise
noted.

R1 -56,000 -ohms
R2 -100,000 -ohms
R3, R7, R11 -100 -ohms
R4, R8, R12 -1,800 -ohms
R5, R6, R9, R10 -3,000 -ohms
Sl-SPST toggle switch

23 Phototachometer Adapter
0 If you own a frequency counter, you
can use this nifty little circuit to mea-
sure the rate of rotation of motors,
fans and anything else that revolves
and can break a beam of light. In the
accompanying schematic, you can see
that light from the bulb is chopped by
the rotating fan blades. This chopped
light beam then falls on the light-
sensitive face of phototransistor Q I.
Transistor Q2 amplifies the photo -cur-
rent fron Q1's emitter to yield a
rectangular waveform approximately
9 -volt in amplitude at the output. Na-
turally, the frequency of the output is
related to the fan's speed of rotation.
RPM =

Freq. (Hz) X 60
# of beam interruptions per second

PARTS LIST FOR
PHOTOTACHOMETER ADAPTER

B1 -9 -volt transistor battery
Q1-FPT-100 phototransistor (or

equiv.)
Q2 -2N3904 NPN transistor
R1 -10,000 -ohm, 1/2 -watt resistor,

5%
S1-SPST toggle switch

LIGHT
SOURCE

-(1)-e-NC

SI

01

81 9 VDC

TO
FREQUENCY
COUNTER

Suppose we obtain a frequncy reading
of 100 Hz with the 3 -bladed fan illus-
trated here. Obviously, there are 3 in-
terruptions per revolution. The actual
speed is therefore 2000 RPM. For best
results, mount QI in a small, hollow

tube (an old pen barrel, for example)
with its light-sensitive face recessed
with respect to one end. This will en-
sure that only the chopped beam strikes
the phototransistor.

(Continued on page 98)
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BRWEI

rOR THE LAST FEW YEARS, there have
been two major methods of circuit

board construction dominating the
hobbyist field: etched printed circuit
boards, and solderless breadboards.
Both have their respective advantages
and disadvantages. The printed circuit
offers compactness and ease of actual
assembly of components onto the
board. However, the initial startup cost
for the hobbyist can be expensive,
when the cost of materials necessary
for the production of a printed circuit
board is added up. Additionally, there
is the time involved in the design of a
printed circuit, where component shapes
and sizes often dictate departures from
simply transferring the flow of the sche-
matic onto the board.

However, the finished product is
rugged and, if designed with care, usu-
ally compact in size.

To Solder or Not. Solderless bread-
boards, on the other hand, offer the
hobbyist the opportunity to literally
transfer a schematic on paper to a
physical working circuit by utilizing
point-to-point construction. Spring-
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loaded terminals allow the insertio,n of
component leads without trimming,
thereby extending their value in that
they remain completely reuseable in
other circuits at a later time. However,
the drawback with solderless bread-
boards is that they lack permanency in
the sense that components can become
dislodged from their terminals due to
careless handling and through exposure
to the elements, if not used in a con-
trolled environmental setting (meaning
that you'll require a heavy degree of
weather -proofing if the circuit is to he
used anywhere outside the home).

The Best of Both. This brings us to
the relative newcomer in the hobbyist
construction field, the wire -wrapped
breadboard. We use the term "relative
newcomer," because in fact wire -
wrapping as a method of connecting

An excellent example of a "basic" matrix board is this model 3662
PlugboardTM from Vector. In addition to the edge -pin terminals,
this model has hole spacing which accomodates that of DIP ICs.

PING

A survey of this method
and its special tools

components together on a circuit board
has been around for close to twenty
years, but was mainly used only in in-
dustrial applications before printed cir-
cuitry came into widespread acceptance,
bringing with it miniaturized compon-
ents. Many of you will recall the ad-
vertisements of the Zenith Television
Corporation in the early 1960's, extol-
ling the virtues of their completely
hand -wired television receivers. If you
still have one about the house, a quick
gander at the chassis will reveal the
presence of wire -wrapped connections,
running from point to point between
tube sockets and tie points for such
components as capacitors and larger
resistors. And those sets really did last.

Through the good offices of the OK
Machine and Tool Company, and
Vector Electronics, we've illustrated a
fair cross section of the tools and ac-
cessories necessary and available to the
hobbyist for wire -wrap construction.

Made for You. Perhaps the primary
reason for the emergence of wire
wrapping on the hobbyist level has been
the increase in complexity of the pro -

A basic wrap tool, such as OK's WSU-30 allows the user to wrap
and unwrap connections with ease. The built-in wire s ripper is
seen in the middle of the tool in both photographs above.
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WIRE -WRAP
jects available for the hobbyist to build.
One can literally build her or his own
microcomputer from scratch these days,
and the complexity of the circuitry in-
volved dictates that the medium upon
which the circuit is constructed be flex-
ible enough to allow rearrangement of
components and connections as modifi-
cations (and yes, sometimes mistakes)
are made, yet it must be rigid enough
to allow the circuit to be put to practi-
cal use. Let's face it-the days of the
electronics project as a conversation
piece are almost gone. Today's hobbyist
builds for more pragmatic reasons, and

If you're willing to spend a few more dol-
lars for convenience, OK's "Just Wrap" tool
has a built-in wire dispenser, allowing for
one -handed operation. Circle number 40 on
the reader service coupon for more info.

it has become necessary to apply the
latest technology to keep up with the
demands of the hobbyist builder. There-
in lie the advantages of wire -wrapping.

What You'll Need. The basics you'll
require for wire -wrapping are: the
wrapping tool, wire (usually the wrap-
ping tools can accommodate anything

A good starter kit is OK's WK -4B, which
contains all you'll need to begin to execute
your projects in wire -wrapped formats.
Make sure the terminals you buy are the
correct diameter for your boards' holes.

from #22 to #30 gauge insulated
wire), a perforated matrix board, and
the terminal posts upon which to wrap
both component leads and interconnect-
ing leads (meaning jumpers).

A basic wrapping tool, such as OK's
WSU-30, allows the user to strip insu-
lation from the wire, wrap connections
with one end, and unwrap connections
(just as quickly) with the other end. As
you can see from the photos, connec-
tions between terminals are made by

A further improvement
upon the basic ter-
minal is the "Klip-
wrap"Tm type, which
can accommodate up
to three component
leads on top of the
board, the wrapped
wire connection un-
derneath the board.
These are used on the
larget, unetched perfo-
rated matrix boards.

stopping the wrap on one terminal,
stretching the unbroken wire to another
terminal, and then wrapping again. As
your proficiency increases, you'll find
that this process can take less than a
second, and that you'll be producing
the kind of tight mechanical connection
that can stand by itself or take solder
just as easily. (Everyone who has ever
read about or been instructed on proper
solder techniques has heard about the
necessity for a "good mechanical con-
nection" underlying the solder joint.
There is no better example of that con-
nection than a wire -wrapped junction.)

The base for your wire -wrapped cir-
cuitry can be as simple as a regular,
perforated phenolic board, or some-
thing as esoteric as an epoxy/glass
copper -clad board. The simpler perfor-
ated boards require that you merely
insert wire -wrap terminals at the points
where component leads meet on the
board, and then simply wire up the
junctions. Some of the more expensive
boards available (and there are none in
the hobbyist category that would be
considered prohibitively expensive even
for the most budget -minded builder)

Vector offers push -in flea clips which are
extremely suitable for pre -wrap circuit test-
ing. They can be crimped and soldered for
permanent use as well. Circle number 79 on
the reader service coupon for more info.

have staggered hole spacing which can
accommodate the DIP (dual in -line
package) pin spacing required for inte-
grated circuits (or IC sockets) at cer-
tain areas on the boards.

Some Nice Touches. Additionally,
there are many specialized board de-
signs available for computer -type cir-
cuitry, with special end terminal acces-
sories for ,mating with standard ribbon
connectors and/or PC card 44 -pin edge
connectors. For breadboarding periph-
eral circuitry for home computers, wire -
wrap construction offers the unique ad-
vantage of having all junctions exposed
and accessible for signal tracing and
logic testing with probes. Any of you
who have ever attempted to force a
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probe tip into a standard solderless
breadboard hole in order to trace a
pulse will' no doubt appreciate this.

The more complex ,copper -clad
boards which' we referred to earlier
also allow the builder to create "hybrid"
circuit boards, utilizing the copper
traces for standard printed circuit' as.
sembly of some components, while still
being able to insert terminals through

The high -voltage circuit board of this mid -
1960's TV shows the use of wire -wrapped
terminals combined with printed circuits.
This type of hybrid can be built using the
type of matrix boards seen on this page.

the same holes or busses for the flexi-
bility of rapid changeover of certain
other components. This allows for much
experimentation with differing compon-
ent values without having to rip up an
entire board, (something of a -nuisance
if the circuit is a functional, in -use
item already installed in a cabinet or
another piece equipment) while still
maintaining the physical integrity of the
circuit's other connections.

Where to Get Them. If the possibili-
ties we've presented here appeal to you,
then by all means do some further in-
vestigating on your own, either at your
local electronics supplier, or by con-
tacting the manufacturers directly. OK
Machine and Tool Company, one of the
largest hobby supplier of wire -wrap-
ping tools and accessories, has a free
catalog available, which can be had by
writing them at: 3455 Conner St.,
Brooklyn, NY 10475, or by circling
number 40 on the reader service cou-
pon. A listing of one of the widest as-
sortments of matrix boards available to
the hobbyist can be obtained by writing
to: Vector Electronics Company, 12460
Gladstone Avenue, Sylmar, CA 91342,
or by circling number 79 on the reader
service card.

If you decide to go into wire -wrapping in
a big way, a battery -operated wrapping tool
can be a real time and work -saver. Inter-
changeable bits accommodate all wire sizes
commonly used for wire -wrap construction.

Buying your wire in a dispenser will keep
it handy and always ready for use. Some
dispensers have built-in cut/strip mechan-
isms, which make them all the more useful.
Most types of dispensers are refillable.

Vector's "Any DIP"TM
Plugboard is designed
specifically for S-100
microcomputer acces-
sory circuitry. It comes
complete with a built -
on heatsink for power
supply voltage regu-
lator chips.

This PlugboardTM (model 3682-4) has etched
copper bus strips for soldering as well as
holes for wire -wrap terminals. This allows
you to build rugged, yet flexible circuitry
for virtually any electronic application.

For safe and sure removal of delicate CMOS
(as well as other types) ICs, an insertion
tool is recommended. OK's MOS-40 has a
lug for grounding the tool, this prevents
damage caused by static electrical charges.

I
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CIRCUIT
BOARD
ETCHING
A step-by-step guide to
making project boards

BY M. W. HOUSER

WHILE PERFORATED PROJECT BOARDS,

or perf boards, are relatively cheap
and easily obtained, a circuit board
etched for its particular usage will pro-
vide neater, more professional results.
Projects with the circuitry foundation
of an etched board will be less prone
to vibration damages as well as have
greater impact resistance-in all, an
etched board provides sturdier construc-
tion and greater safeguards.

In addition to the quality of con-
struction, in contrast to perf boards,
etching lessens the chances of undesir-
able oscillations caused by crossed or
jumpered output signal wires producing
feedback in sensitive component ele-
ments. Also, electrical noise interference
caused by spurious radiations in the cir-
cuit's environment are more easily sup-
pressed as a result of the close prox-
imity of ground and voltage supply
leads. Decoupling capacitors can easily
span supply and ground distribution
lines with correct board layout.

Only the etching process will be dis-
cussed in this article. The actual circuit
board layout should be considered care-
fully and fully in advance.

Materials. The materials required for
board etching can be found in nearby
electronic retail stores, and the sup-
plies, once purchased, should last
through a number of etchings. A list
of the materials needed includes:

1. Copper Clad Board.
2. Etchant Solution.
3. Resist Pen.
4. Shallow Pan.
5. Heat Source.
6. Template.
7. Drill Bits.

1. Copper -Clad Board. For good
results on initial etchings, use boards
with copper coating on one side only.
A little experience is best before at-
tempting double -sided boards. As for
board dimensions, any convenient thick-
ness or size will do depending upon the
individual project. Copper -clad boards
can easily be cut to fit exact measure-

ments with a fine-toothed saw such as
a hacksaw.

2. Etchant Solution. There is a variety
of etchant solutions currently on the
market, both in crystal form and al-
ready mixed. An inexpensive, pre -mixed
solution of ferric chloride is good for
a starter; it conveniently provides a
uniform end product. Although the
solution used during an etching (sev-
eral boards may be etched at once)
cannot be reused, the bottles of solu-
tion commercially available contain
enough fluid for a number of board
projects.

3. Resist Pen. Most electronic retail
outlets have on stock pens specially de-
signed for circuit board etching. How-
ever, most discount or five-and-dime
stores sell the Sanfords Sharpie pen, or
one like it, guaranteed to write on
metal, plastic, etc. for one -quarter to
one-half the price of the special resist
pens. Both types give good service.

4. Shallow Pan. Do not use metal

pans to etch in, because the etchant will
act on the pan metal. Instead, use a
glass or plastic pan close to board size
to conserve the etchant solution. An
inexpensive set of plastic photographic
developing trays would be a good in-
vestment for etching projects. Photo-
graphic trays are available in a variety
of sizes.

5. Heat Source. A thermostatically
controlled heat lamp would be the
ideal heat source to be used during the
etching process. However, an ordinary
60 -watt light bulb suspended near the
solution pan will accomplish the same
thing for less expense. A droplight with
a 60 -watt bulb works well. Use a plas-
tic photographic darkroom thermometer
for temperature checking. In fact, with
warm (60°F or above) air temperature,
simply placing the plastic tray in warm
water will provide the needed heat dur-
ing the etching process.

6. Template. A template, or exact
board layout, can be hand drawn. Often
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This photo shows all of the vital items
needed to etch custom-made circuit boards.

it is provided in electronic project plans.
7. Drill Bits. For board projects, get

drill bits size 1/16 -inch and 1/32 -inch.
Bits in these sizes can be found in most
hardware or hobby stores.

Marking The Board. A board layout,
or template, provided with an electronic
project may already be drawn in re-
verse. This is necessary, since circuit
designs are drawn from the compo-
nent side of the board, leaving the cop-
per clad rear of the board an exact re-
verse.

If the design to be etched onto the
circuit board is an original hand drawn
layout, though, a reversed drawing 'can
be easily accomplished by placing a
carbon ink side up beneath the draw-
ing and retracing the lines of the lay-
out topside. When the carbon is re-
moved, an exact reverse remains on the
back of the original drawing. This car-
bon reverse is the template for etching.
Before transferring the template draw-
ing to the copper clad board, lightly
rub the copper with a steel wool pad,
then rinse and dry. Cleaning the board
in this way permits the resist ink to
adhere better.

Taking the template, punch small
holes in the paper at each connection
point. Place the template over the cop-
per and use the resist pen to mark each
connection point through the holes.
Remove the template. If the circuit is

simple, draw the rest of the template
drawing onto the board. If lines are
complicated, use a ruler as straightedge.

To get the most accurate results using

Some practice is need-
ed to etch involved
circuit boards like
this one, but even a
board of this complex-
ity is within reach of
hobbyist who is will-
ing to learn etching.

the resist pen, store the pen with its tip
down for several hours prior to use.
When drawing on the copper, use long
smooth lines and stop marking only at
connecting points, otherwise there will
be fine lines in the resist ink that will
cause hairline cracks in the finished
product. Do not back-up while mark-
ing or retrace lines for best results.
Wide lines can be drawn by using the
side of the pen point. Two lines drawn
side by side can produce a wide area,
but generally the end product is better
using one mark. When mistakes occur.
erase with a pencil eraser. Store the
resist pen point down to prevent the
point from drying between usages.

Etching. The etchant itself is an acid
and therefore handle the solution with
care. Take the same precautions neces-
sary when handling any acid. Do not
store the fluid where it is accessible to
children. If during the etching process
the solution splashes into the eyes, flush
the affected area with water immedi-
ately and see a physician. Avoid body
contact with the fluid and wash well if
the etchant touches skin.

Pour only enough etchant needed to
cover the resist marked board to a
depth of Vs -inch or slightly greater into
the shallow tray. Use the etchant solu-
tion in a well ventilated room, and
avoid breathing the fumes. Place the
heatlamp or light bulb near the solution
to raise the fluid temperature to ap-
proximately 100°F-the exact degree of
temperature is not critical. Carefully
slide the board into the etchant, copper
side up. Gently agitate the solution
every few minutes. By using the proper
temperature of near 100°F, the etching
should be completed within 15 minutes
or so. Keep a close eye on the board
and remove immediately upon comple-
tion of the etching. Tilt the pan care-
fully to one side to determine if all
unwanted copper is gone.

The etching process can be under-
taken with success using no heat source
if the etchant solution temperature is
above 60°F. The process takes approxi-
mately one hour with no applied heat,

but the results are not as certain.
Finishing The Board. After the etch-

ing process has been completed, pour
off the solution and rinse the board
well under running water. Do not pour
the used solution back into the solution
bottle with unused etchant-this con-
taminates the entire contents of the
bottle. To remove the resist ink, gently
rub with a steel wool pad. Rinse, then
dry the etched board.

Drill holes for connection wires with
a 1/16 -inch drill bit. For transistor or
other component leads, use a bit size
of 1/32 -inch. To use these tiny bits in
an ordinary hand drill, wrap the bit
shank with masking tape before insert-
Ang it into the drill.

During etching, hairline cracks may
form in critical paths on the board.
Repair these cracks with solder before
attaching components to the board.

The etched circuit board is now
ready for whatever project you have
in mind. 111

The final step is drilling holes to mount
components. Use a 1/16- or 1/32 -inch bit.
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HOUNDOG
This electronic metal detector i5 a thoroughbred

ONE OF THE PROBLEMS with the hobby
of treasure -hunting is that much

more money has been spent on looking
for it than the value of what might and
has been found gives. One of the best
ways to balance the books is to start out
as inexpensively as possible, and that
opportunity is provided by Houndog,
a relatively simple and inexpensive

metal detection device. Houndog can
sniff out metal objects as small as a
penny buried as deep as 3 to 5 -inches,
and will operate reliably for up to a
year on one 9 -volt transistor battery.

Operational Principle. Houndog's
"nose" consists of three large induc-
tance coils which, when placed in
proximity with a conductive metal will

This photo shows the
circuit board mounted
in the cabinet, and
the method used for
attaching the cabinet
cover to the handle.

Closeup of the search
head shows the posi-
tion of coils L1/L2
and L3, and their re-
spective overlaps as
described in the text.

exhibit a change in their total induc-
tance value, the change being read by
the circuitry and translated into an
audible signal. In short, when Houndog
"barks," it's time to start digging.

The Circuit. The heart of the circuit
is U1, an audio amplifier, whose dif-
ferential inputs are fed by a bridge
circuit consisting of Ll, L2, and R7,
fed through R6A and R6B. Ul's out-
put is coupled to L3 by either Cl or
Cl and C2, depending upon the setting
of sensitivity switch SI. The placement
of Ll, L2 and L3 is such that the total
field set up in LI and L2 by current
flowing in L3 is effectively zero. There-
fore, the inputs to the amplifier are
equal and opposite (zero), and it's
output will be zero.

When a conductive metal enters the
field, it changes the distribution to the
effect that the field across Ll and L2
is no longer zero, and a voltage ap-
pears across the amplifier's inputs. The
coil connections are such that when
this condition exists, the positive input
voltage is in phase with that of the
output, and the circuit oscillates. The
signal is fed to Q1, causing it to turn
on, allowing current to flow to buzzer
BZ1, creating Houndog's "bark."

Because the coils used in Houndog
are designed to be hand -wound, and
also due to the effects of stray capaci-
tance and noise generated internally in
the circuit itself, a feedback loop has
been included (through R7) which will
allow the user to keep Houndog from
sounding off due to false signals caused
by variations from the theoretically per-
fect zero field.

Construction. There are actually two
steps involved in the assembly of the
Houndog; wiring the PC board for the
control circuitry, and the construction
of the coils for the search head (which
we'll discuss later). With the exception
of C7, the potentiometers, the switches
and BZ1, all components mount di-
rectly on the PC board, as indicated in
the PC component layout guide. C7 is
soldered directly to the terminals of Sl,
and the potentiometers and switches
and the buzzer are mounted to the
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aluminum or plastic chassis. As always.
pay careful attention to the polarities
of the electrolytic capacitors during
installation. Although not completely
necessary, use of an IC socket for U1
is recommended.

The circled numbers appearing on
the schematic and parts layout guide
are for keying up the connections to
the off -board components. It is not
necessary for you to etch the numbers
onto the PC board, so long as you refer
to them during the final wiring stages.

To assist you in construction of the
coils (LI, L2 and L3), we have pro-
vided a diagram of a coil form which
may be cut from plywood. This, at the
carefully mark the position of the two
coils, and prepare to attach them per -
very least, will allow you to wind
L1 /L2 and L3 to the same basic di-

mension, which is about the only criti-
cal factor (outside of getting the num-
ber of turns of wire correct) in the
construction of the search head.

When winding LI /L2. rather than
winding two sets of 30 turns each. we
suggest that at turn 30 of LI, you
scrape away a bit of the insulation and
solder the ground tap in, wrap the
solder junction with a small bit of tape,
and then begin the next 30 turns for
L2. This provides a stronger final as-
sembly, and less of an alignment prob-
lem (you now need deal only with
aligning two coils instead of three).

When the coils are completely
wound, bind them with tape before
removing them from the form. This will
help to hold their shape until they are
installed on the search head.

Final Assembly/Calibration. Before

LI

L2

O

R6A
100 K

r

0 I

R7 R3
50K 10K

PARTS LIST

B1-9-VDC transistor battery
821-piezoelectric buzzer (Radio Shack #273.060)
C1-15-uF, 15-VDC electrolytic capacitor
C2-0.01-uF, 50-VDC ceramic capacitor
C3, C5-100-uF, 35-VDC electrolytic capacitor
C4-1-uF, 35-VDC electrolytic capacitor
C6-0.068-uF, 25-VDC mylar capacitor
C7-2.2-uF, 35-VDC non -polarized electrolytic ca-

pacitor
LI, L2-30 turns of #20 enameled copper wire

see text
L3-60 turns of #20 enameled copper wire
111-2N5210 NPN low-level transistor

R2 -12 -ohm, 1/2 -watt resistor, 10%
R3 -10,000 -ohm, 1/2 -watt resistor, 10%
R4 -18 -ohm. 1/2 -watt resistor. 10%

C3 4. C4
100pF m IPF

L3

FOR HOUNDOG

C6
0.0680F

BZI

01

BI
9VDC

R5 1,500 -ohm, 1/2 -watt resistor, 10%
R6A/R6B-dual-section 100,000 -ohm linear -taper

potentiometer
R1 -50,000 -ohm linear- taper potentiometer with

SPST switch (S2)
S1-SPDT slide switch
S2-SPST rotary switch (part of R7)
U1-LM386 audio amp integrated circuit

Misc.-battery clip, aluminum chassis, hookup
wire, solder, spacers, knobs, 100 -foot roll of
#20 enameled copper wire, weatherproofing
finisher (varnish, shellac, polyurethane, etc.),
non-metallic support rod, 10 -feet of 2 -conductor
shielded wire, 10 -feet of 1 -conductor shielded
wire, 1/4 -inch plywood stock, etc.

A complete parts kit for Houndog including pre -etched PC board and all com-
ponents (but less case) is available from Niccum Electronics, Rte. 3, Box 271B,
Stroud, OK 74079. Price for the complete kit is $24.50; a pre -etched and labeled
PC board only is $5.50. No CODs, Please.

permanently attaching the coils to the
plywood head, it is best to tack them
down temporarily with either tape or
rubber cement (for obvious reasons,
no metal fasteners can be used now or
during the final attachment).

Connect L1 /L2 to the PC board with
2 -conductor shielded wire, attaching the
inner conductors to the outside ends
of Ll and L2 (points 8 and 9), and
using the braided shield for the center
tap ground connection. The shield
should be grounded to circuit ground on
the PC board. Single conductor shielded
wire is used for the connection of L3
to the circuit, with the braided shield
used for the grounded side of the coil.
Solder the braid to circuit ground on
the PC board as you did for LI /L2.

Set R6A/R6B to a two-thirds clock-
wise position, and set R7 to its mid-
point. When you throw power switch
S2 on, the buzzer should not sound. If
it does, reverse the L3 connections at
the coil end and try again. Slowly re-
duce the amount of overlap between the
two coils until the buzzer sounds. At
this point, backing off counter -clock-
wise on R6A/R6B should cause the
buzzer to silence. If this is the case.
manently to the search head.

As a final test, return R6A/R6B to
the two-thirds position, set R7 just be-

the point where the buzzer sounds,

Houndog's control head is laid out simply;
there's an SPOT switch and two adjustments.
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TO TO TO
LI c.r. a L2

LI/L2
SHIELD

HOUNDOG
and Si to the "discriminate" position.
Bring a penny directly above the coils'
overlap, and lower it to a height of
about 3 -inches above the coils. If the
buzzer does not sound, try re -peaking
R6A/R6B and R7 for a lower threshold
(increase R6A/R6B more clockwise,
while backing off more on R7 to stop
oscillation) and repeat the procedure.
Three inches should be the minimum
distance at which Houndog detects the
presence of the penny.

Remember that when conducting
these tests, you should be in an area
free from the presence of large metallic
objects, such as radiators, pipes and
ducts, etc. Their presence may cause
you to set the sensitivity of R6A /R6B
too low, making actual measurements
against coins ineffective to the point of

believing that the unit is not working.
You may now attach the coils to the

head in a permanent manner with epoxy
or several coats of polyurethane or shel-
lac, in order to affix the coils firmly.

Conclusion. Once you get out of
doors with Houndog, it might be wise to
bury some treasure of your own, and
adjust the controls for maximum sensi-
tivity depending upon the type of soil
found in your locality. These adjust-
ments will vary from area to area, de-
pending upon soil composition, which
is why we haven't used a calibrated dial
for the potentiometers. Don't be dis-
couraged if your first few hours of
searching with Si set to the "discrimi-
nate" (coins) position don't unearth
Captain Kidd's treasure chest. With Si
set in the "all" position, you'll get a lot
more "barks." but you might find a
lot of tin cans and beer can pull -tops
for your efforts. Patience is a virtue in
this hobby.

IT
ck,o/

IG-40%

Here is the full scale etching guide for Houndog's PC board. If you purchase a Niccum
PC board, the layout may differ slightly. Follow their assembly instructions for it.

TO R6A TO R7 TO R6B TO B1 +
L3

fril® ®
® , S2

t®
TO TO

R6A R6B

t
CI

C4
8 C5

RIR3
R2

UI
C3 R4 C6

BZ I

(GND)

TO
CHASSIS
GROUND

TOO L3
a L3
SHIELD

R5

SI

A

C7

o

The component layout guide gives you the connections for the off -board components.
If you use another method of assembly, rest assured that parts layout isn't critical.

' HANDLE
I

raj HANDLE

I

I i

L, L2

DIA

The dimensioning guide for the search head
shows you how to bend round coils into
the elliptical shape necessary for instal-
lation on the search head plywood base.

ALL SECTIONS
1/4" PLYWOOD

6 DIA

5" DIA

B.DIA

COIL
BINDING
TAPES

WRAP COIL
IN THIS SPACE

Use this template for winding the coils.
The finished coils will be circular, and
you will have to bend them into an oval,
as seen in the diagram above, to fit them.
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DIGI DICE

An electronic dice

HERE IS A PROJECT for those of you
tired of rolling old fashioned me-

chanical dice. Digi Dice can be used
anywhere normal dice are used, and
has been designed to be cheap, port-
able, and fun. And, since it is an elec-
tronic device, it is probably more ran-
dom than any regular dice with their
inherent mechanical imperfections.
Construction time will vary, of course,
but we built our dice in an afternoon

0 0
 0 0 ID

0 0 el 0

This front view of the PC board shows the
arrangement of ICs and the LEDs that read
out the score. "Snake eyes" lights up first.

game with infinite possibilities

and by evening were "rolling" in a
game of craps. Total cost should run
about $12 to $15, depending on how
much spare junk you have lying about
and where you buy the needed parts.

The Circuit. Refering to the block
diagram, you can see that Digi Dice is
composed of three main blocks. Block
A, the oscillator, is made of two 74LS
inverters connected as an oscillator, us-
ing a resistor and capacitor to regulate
the frequency. The output of this os-
cillator is sent to block B, the counter.
This consists of two CD 4017 decimal
decoded counters, each wired to reset
at a count of six, such that its sequence
is 0, 1, 2, 3, 4, 5, 0, 1, etc. The first IC
(U1) gets its input directly from the
block A oscillator, while the second
(U2) receives its pulses every time its
partner resets itself to zero. Obviously,
the second 4017 only counts one sixth
as fast as the first.

The net result of all this is a two -
place base six (modulo six) counter. If
we now interrupt the count at some
point, each 4017 will contain a value
of 0 through 5. If then, and this is the
heart of the circuit, we run the counters
so fast that we don't know where they
are when we halt them, we have devised
two independent and "random" six
counters. But that is exactly what me-
chanical dice are, so now all that must
be done is to display our results in some
suitable way.

Block C, decoding and driving, does
this by interpreting the values present
in the CD 4017s and displaying them
using red LEDs arranged to give the
appearance of a pair of dice.

Now, look at the schematic diagram
for a more complete idea of how the
circuit operates. Switch SI is power on -
off. S2 is a normally closed momen-
tary -contact pushbutton which inhibits

This is the exact size of the PC board for Digi Dice, shown here with foil side up.
If you do not care to etch the board yourself, order a pre -etched and labeled Niccum kit.

99 IC PROJECTS 1981 83



DIGI DICE
counting in both Ul and U2 by hold-
1ng pin 14 at ground. Opening (push-
ing) S2 allows R14 to pull pin 14 to a
high level, thereby allowing the count-
ers to run. When this happens, the
decoder/drivers will be displaying the
contents of the Ul and U2 using the
LEDs, but so quickly that the eye can-
not follow. Releasing the pushbutton
switch (closing S2) will freeze the
count in each 4017, which can now
be seen displayed by the LEDs.

Construction. A full size PC board
layout is shown for your use. As the
pattern is very tight, we recommend

that only advanced hobbyists attempt a
reproduction. Wire wrapping is a bit
more tedious and time consuming, but
easier to correct. Anyway, if you do
choose the. PC route, carefully check
for breaks and shorts in the foil with an
ohmmeter, since they are easy to miss
by visual inspection.

Follow the parts layout guide when
assembling the PC board, and be sure
you have the correct orientation of the
chips; a small notch is preesnt at pin
#1 of each chip. Also, don't arrange
the LEDs backwards. The anode lead
(+), which is usually longer than the
cathode lead is always nearest to the
ICs on the board. Reversing this won't
hurt the LED but it won't light either.

The entire project fits neatly into a
21/4 -inch by 21/4 -inch by 41hc-inch

V+ U313 U3C

1 2 5
R13
IK

9
CI

0.05pF

S2

81 B2 83 B4

.41111H110111

v+
SI

R14
OK

U2
13

14

16

16

151=F5-8

V+

0

U3D

3 4 0
LED 4

5 7

ID
v+ LED 3

II>

U3E U3F 0
V+ 13 12 II 10

14 71P
9

10
I I

PARTS LIST FOR DIGI DICE

B1 thru B4-1.5 VDC battery
C1-0.05-uF, 50 VDC ceramic disc capacitor
LED1 thru LED 14-light emitting diode rated

20 mA @ 1.7 VDC
R1 thru R12 -470 -ohm, 1/4 -watt resistor, 10%
R13 -1,000 -ohm, 1/4 -watt resistor, 10%
R14 -10,000 -ohm, 1/4 -watt resistor, 10%
S1-SPST subminiature slide switch

RI I R12

LED 14

LED 13

S2-SPST normally closed pushbutton switch
U1, U2-CD4017 decade counter integrated cir-

cuit
U3-74LSO4 hex inverter integrated circuit
U4, U5-74LS27 three section, triple input NOR

gate integrated circuit
Misc.-battery holder/clip, suitable enclosure, IC

sockets, hookup wire, solder etc.

A complete parts kit including PC board and all components is available from
Niccum Electronics, Rte. 3, Box 271B, Stroud, OK 74079. Price for the complete
kit is $24.50; a pre -etched and labeled PC board only is $5.50. No CODs, please.

plastic box available in art supply
stores. We ran four wires out of the
main box to a smaller matching unit in
which we mounted switches S1 and S2.
Ribbon cable is perfect for this. The
battery and circuit board are stabilized
by styrofoam strips and blocks cut to
the necessary shapes and either glued
or press -fit into the large box. When
the time comes to change batteries, the
holder is easily unclipped and slid out
of the case. Incidently, any 5 -volt to
6 -volt source can be used in place of
the dry cells. The absolute maximum
voltage the 74LS chips will tolerate is
7 VDC, so be careful.

Operation. Closing switch Si acti-
vates the circuit. Don't be surprised if
an unusual combination of lights ap-
pears when the unit is first turned on.
Now press pushbutton switch S2. All of
the LEDs will illuminate, some more
brightly than others. Releasing the push-
button will force Digi Dice to display
two random values. Repeat the se-
quence for further play.

To test the theory of randomness, we
"rolled" Digi Dice one hundred times.
A summary of the results is shown. Al-
though the tabulation was not checked
using statistical analysis, you can see

.2 2. us

tel$0 talit 41511

The foil side of the completed PC board is
a gem of neat solder connections. The unit
fits into a variety of handy plastic cases.
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that the theoretical 162/3 frequency for
each level is closely approached-the
small variations are just random fluctu-
ations in this relatively few number of
trials. Digi Dice draws about 20 to 60
mA from the supply, depending on how
many LEDs are lit. Alkaline cells are
best for long life, but regular carbon -
zinc batteries will provide several hours
of "rolling." Be sure to try this circuit

in a game of backgammon. It runs
much more quickly and a third person
can get into the game as a dice roller.

Conclusion. We'll add the usual cau-
tion at this point about getting involved
with "money" games. While Digi Dice
has been designed to be as "random"
as is possible for a project of this na-
ture, we certainly do not wish to be-
come referees in arguments between

STATISTICAL BREAKDOWN OF 100 ROLLS

Face Value Die #1/100 Rolls Die #2/100 Rolls

1 18 16

2 14 18

3 18 14
4 15 17
5 18 16

6 17 19

Total 100 100

r

U4A

BLOCK A

This diagram shows the IC
arrangement that lights the
LEDs in the random pat-
tern that makes Digi Dice
the exciting game that it
is. Possibly some devious
individual will figure out
a way to load Digi Dice.

Ul
4017

RESET

BLOCK B

U2
4017

RESET II

U3 U5 U3/ U5

U4

r it
o o o -LEDSR o o o
0 0 o 0

o o o o

BLOCK C

This chart shows how
truly random Digi Dice
is, much more so than
old-fashioned"bones."
While it may be pos-
sible, we know of no
way to rig Digi Dice.

The battery pack hold-
ing the four 1.5 volt
cells that power Digi
Dice fits neatly into
one of the common
rectangular plastic box-
es which can be found
in a variety of shops.
Styrofoam or a simi-
lar material can be
used to take up room
in the box, since the
PC board and battery
pack aren't likely to
fill the entire box.

you and your friends (or your victims).
Digi Dice is intended for entertainment
only, and any other use of this project
(either with a modified circuit or not),
especially for gambling, is done against
our strongest recommendation. If you're
all that hot to really gamble. the Cham-
ber of Commerce of Atlantic City
would no doubt like you to visit the
town's casinos instead!

The parts overlay dia-
gram shows the place-
ment of components
on the PC board. As in
all projects using a

number of delicate
ICs care must be taken
with the pins and with
the use of solder-
ing irons too near
to the chips. Digi
Dice is a project to
gladden a gambler.
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SUPERBASS

AMPLIFIER
Increase the bass output of your present
instrument at modest cost!

Superbass is today's sound . . . whether
it's the driving, gut -vibrating pulsa-

tions of disco, or the solid bass line of
soft, hard, or laid-back rock. One way
to get the modern superbass sound
without running out and buying an all -
new expensive piece of equipment is
to use a Superbass amplifier between
your guitar, electronic organ or what -
have -you, and the instrument amplifier.

A Superbass strips the highs from the
instrument's output signal and ampli-
fies low frequencies, feeding on "all -
bass" sound to the instrument amplifier.
Naturally, the bigger the speakers used
with the amp, the more powerful the
bass: use 15-inchers with a Superbass
and you can rattle the windows.

The Superbass is powered by an or-
dinary 9 -volt transistor radio battery.
It is keyed in and out-switching from
superbass to standard instrument out-
put-by a foot operated switch. A level
control allows you to equalize the
superbass sound level with that of the
musical instrument, so your volume
level remains relatively constant as you
key the superbass sound in and out. Of
course, if you want tne superbass to be
louder or softer than the unequalized
sound, you can adjust the level control
accordingly.

The superbass connects between your
instrument and its amplifier through
two standard phone jacks-you can use
your regular "patch cords"

IN
JI

RI
22K

CI
2.2 uF

R2
50K

C2T.1u F

R3
470K

SI

PARTS LIST

B1 -9 -volt battery, Burgess 2U6 or equivalent
C1, C4-2.2-4.7-uF, 10-VDC electrolytic ca-

pacitor (see text)
C2, C3-0.1-uF Mylar capacitor, rated 10-VDC

or higher
11,12 -3 -conductor, 1/4 -inch phone jack
Q1-NPN transistor (Radio Shack RS -2010, or

equiv.)
All resistors 1/10 or 1/4 -watt, 10%
R1 -22,000 -ohm resistor
R2 -100,000 -ohm audio taper potentionmeter

R5
10K

01

.1uF 100K IC3 R7

R6
470a

C4
2.2 uF

S2

I OUT
J J2

01
BOTTOM VIEW

FOR SUPERBASS

(see text)
R3 -470,000 -ohm resistor
R4 -47,000 -ohm resistor
R5 -10,000 -ohm resistor
R6 -470 -ohm resistor
R7 -100.000 -ohm resistor
S1-SPST switch (see text)
S2-SPDT push On -push Off switch

Misc.-9-volt battery clip, aluminum cabinet,
screws and other hardware.

Construction. Since you're going to
stomp down on a footswitch to key the
superbass in and out, the project should
be assembled in a sturdy metal cabinet.
We suggest one of the flat "instrument -
type" cabinets which are available from
time to time. The project fits nicely
into a 11/4 -inch x 3 -inch x 51/2 -inch
cabinet such as the one shown in the
photographs. The "instrument" cabinets
are not always available; as a substitute
we suggest an aluminum "handy" or
"Minibox." Do not use a plastic cabinet
with a metal cover because it will prob-
ably fall apart after a few stomps.

Plug-in Circuitry. The amplifier itself
can be assembled on a small printed
circuit board, or on a perf-board using
point-to-point wiring. Perhaps the easi-
est construction is the one used for the
model shown: it uses a combination of
printed circuit and perf-board. The
board is an "Op -Amp IC Experimental
Breadboard," available from Radio
Shack stores. It has factory -etched cop-
per strips, ground loops and buses that
are pre -drilled in a perf-board pattern.
You simply plug the parts into the
board so the leads stick out on the foil
side and solder. When finished, you
have a printed circuit without the
bother of making the PC board itself.
(Use a 11/2 -inch x 17/a -inch piece for
this project.)

While the overall layout isn't criti-
cal, try to follow the layout shown
because it keeps cables and the level
control away from the footswitch. To
conserve space, level control R2 can be
any type of miniature audio taper po-
tentiometer.

The battery is held in place by a
small L -bracket. To prevent the battery
from sliding around, two small strips of
cork or rubber are cemented to the
bracket. The bracket should be posi-
tioned so the battery must be lightly
forced into position-in this way the

(Continued on page 99)

86 99 IC PROJECTS 1981



4

Dashboard
Digital

Voltmeter
Keep an electronic eye on
the voltage leve' of your
vehicle's electrical system
and save on expensive

repair bills later

V OU'RE MAKING TIME down the inter-
! state at three in the morning, and all
of a sudden you become aware that the
lights on the dash seem kind of dim,
and that the headlights don't seem to
be reaching out as far ahead to warn
you of darkened semis parked on the
shoulder. Are your eyes just playing
tricks on you, or is there something the
matter with your car's electrical system?
A quick glance down at the three glow-
ing LED numerals on the dash gives
you the instant answer. Either you pull
into a rest area and grab a few hours of
shuteye, or you pull into a service area
and have the battery, alternator and
voltage regulator given a good scruti-
nizing by the mechanic.

In either case, your car's digital volt-
meter has given, you the information
sought about the state of the electrical
system, and maybe saved you either a
headache, a smashup, or a king-sized
repair and towing bill. Maybe all three.

Recent advances in the design and
availability of industrial integrated cir-
cuits have opened up many doors to the
electronics hobbyists. Analog -to -digital
devices have become more complex in-
ternally, thus making the portions of
the circuitry which have to be assem-
bled by the hobbyist that much more
simple. The Dashboard Digital Volt-
meter takes advantage of these ad-
vances, utilizing three ICs and a small
handful of discrete components to give
you an instrument capable of better
than -± 1% accuracy in reading the
voltage level delivered by your car's (or
boat's) electrical system.

Two New ICs. The system is built
about three ICs: the LM340T-5 (a 5 -
volt regulator now available for several
years); a CA3162E; a CA3161E; and
a support combination of diodes, resis-

tors, and capacitors. It is the CA3161E
and CA3162E that now open the door
to new horizons in possible applications
not only because of their unique capa-
bilities, but also because they reduce
substantially the numbers and types of
formerly required support components.
The heart of this system is the CA -
3162E, a dual -slope, dual -speed, A/D
converter industrial chip. Its almost
equally important companion, the CA -
3161E, is a BCD, 7 -segment, decoder/
driver chip. It is also unique in that it
has a current -limiting feature. This
eliminates the necessity of resistors in
series with the 7 -segment displays that
were required in earlier designs.

The above feature not only reduces
circuit board space requirements, but
reduces the probability of component
failure. Power required to operate this
voltmeter is minimal (160 mA or less),
a result of the multiplexing feature of
the CA3162E. With that as a back-
ground, let's consider some of the more
important operations of this simple, but
very accurate digital instrument.

Circuit Function. Analog voltage from
000 mV to 999 mV can be applied be-
tween pins 11 (+) and 10 (-) of the
CA3162E (U2). That IC converts the

This view of the as-
sembled PC board
shows the voltage reg-
ulator, (U1) mounted
on the underside of
the PC board. This
was done in order to
accommodate a flush -
mount installation in
a smaller car. Let your
space needs dictate
placement of this
component.

voltage into a Binary Coded Decimal
(BCD) equivalent. The BCD leaves
pins 2, 1, 15, and 16 (the group repre-
sents the l's, 2's, 4's, and 8's) and en-
ters pins 7, 1, 2, and 6 respectively of
the CA3161E (U3). The latter IC
takes the BCD code, converts the out-
put, then uses it (in conjunction with
the 7 -segment display) to generate
(form) the number that correlates to
the BCD input of the CA3161E. The
multiplexing driver pins 5, 3, and 4 (5
being the least significant and 4 the
most significant) turn on that display
by means of the PNP switching transis-
tors. Concurrently, the CA3162E is
providing the BCD information to the
CA 3161E driver/decoder.

As indicated earlier, the system in-
cludes a combination of diodes and ca-
pacitors. These are required to control
or minimize the voltage spikes (posi-
tive and negative) that result from turn-
ing inductive devices on and off; e.g.
windshield wiper, air conditioner, and
electric windows, etc.

The maximum input differential be-
tween pins 11 and 10 of CA3162E is
999 mV. A resistor network (R1, R2)
is used to attenuate the applied 13.8 -
volts to 138 mV. An Ohm's Law cal -
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CAR
GROUND

D2
1N4002

Digital Voltmeter
culation would give a result of 136.6
mV. The gain -adjust .potentiometer
compensates for the slight drop. The
FND 507s display this as 13.8 -volts.

Note the point marked OPTION on
the schematic. With Pin 6 of the CA -
3162E grounded or disconnected, there
are four conversions or comparisons
made each second. Tying pin 6 to the
5 -volt line will result in 96 conversions
or comparisons per second. The 96/
second rate moves with excessive ra-
pidity, is not appealing to the eye, and
usually results in the least significant
digit appearing to be blurred. Of the
two rates, the 4/second conversion (4
Hz) is by far the more pleasing to the
eye, is easier for the eye to focus on
quickly, and is the recommended rate.
These rates could vary slightly because
of capacitor difference and manufac-
turer variance from stated values.

Assembling the Voltmeter. The unit
may be assembled quickly and relative-
ly easily using a predrilled and etched
circuit board. If a Digital World circuit
board is being used, the four corner

16MDC 1N4002
1114

Cl+1
47uF

R2

R3 50K
ZERO SET

C3
0.33uF
it

8 9 14 12

5

13 7 6

R4 OPTION

GAIN 10K

PARTS LIST FOR

C1-47-uF electrolytic capacitor, 25 VDC
02, C4-10-uF tantalum electrolytic capacitor,

16 VDC

C3-0.33-uF tantalum capacitor, 35 VDC
Dl, D2 -1N4002 diode
F1 -1 -amp fuse
LED1, 2, 3-FND-507 7 -segment LED display
0,1, 2, 3-2N2907 PNP transistor
R1 -100,000 -ohm, 1/4 -watt resistor, 5%
R2 -1,000 -ohm, 1'4 -watt resistor, 5%

holes will have been drilled. If a blank
board is being used, drill the corner
holes before starting to "stuff" the
board. It is easy at this point to scribe
the plexiglass panel and mark the cor-
ner holes on it for later drilling and
perfect alignment. Additionally, exam-
ine the recess or place where the com-
pleted unit will be mounted. Determine
how it will be secured (bolted, clamped,
or glued), doing any additional drilling
that may be required.

Get the workbench ready for solder-
ing. Use a low wattage, electrically -
isolated, fine -tipped soldering tool and
fine solder. A blunt -nosed tool could
damage or destroy the ICs and create
foil bridges between pins. This is both
expensive and frustrating. If you have
had limited experience in soldering in
small areas, it may be wise to practice
on something else before you start.

Now, locate all resistors and poten-
tiometers on the circuit board place-
ment diagram and install them in then
respective holes. Next, do the same for
all capacitors, observing polarity. In-
stall the CA3161E and CA3162E. Cau-
tion! When inserting the ICs, be careful
not to fold the pins under or bend them
in any way.

IC orientation is critical. Be sure

U3

2

6 14

3 8

13

1

11

10

9
F5-
G

FND-507

SEGMENTS

47,-\ 01
4416.&.)2N2907

CATHODE

2N2907

02
2N2907

CATHODE

CATHODE

LED 2
FND-507

DP LED 3
FND-507

R5
100A

DIGITAL VOLTMETER

R3 -50,000 -ohm PC trimmer potentiometer
R4 -10,000 -ohm PC trimmer potentiometer
R5 -100 -ohm, 1/4 -watt resistor, 5%

-LM340T-5 5 -volt voltage regulator
112-CA3162E Analog -to -Digital converter
U3-CA3161E BCD display driver

Misc.-solder, hookup wire, red plexiglass (for
display filter), IC sockets, transistor sock-
ets, suitable enclosure, etc.

Note: An etched and drilled circuit board for the Digital Voltmeter is available for $6.50
(postpaid in U.S. and Canada), and a complete parts kit, including PC bo4rd but not includ-
ing plexiglass, is available for $27.50 from: Digital World, P.O. Box 5508, Augusta, GA
30906. Please allow 4 to 6 weeks for delivery. No C.O.O.s or foreign orders, pt ease.

these chips (CA3162E and CA3161E)
are aligned as shown on the diagram.
Note the notch mark on the chips and
the corresponding notch mark on the
schematic, or the "1" on pin 1 on top
of the plastic case. All manufacturers
use one or both of these base reference
directional indicators.

If you have doubts about your solder-
ing ability or the type of solder tool
you have (grounded or not grounded),
place two 16 -pin sockets in the chip
holes. The ICs may then be placed (not
soldered) in the sockets. Next, insert
the three LEDs, noting the notch marks
on the LEDs and the notch marks in-
dicated on the diagram. For the final
action on this side of the board, insert
both diodes in their respective holes
(observing cathode markings).

Reverse the circuit board and install
the LM340T-5 regulator. Caution! This
must be correctly placed or it will de-
stroy your unit when power is applied.
The metal side of the regulator must be
facing the FND 507 pins. Recheck it
to make sure.

Now, turn the board over again. Use
a red wire for the ignition line and a
black wire for the chassis ground. De-
termine the lengths required (usually
three -feet is sufficient). Solder the red
wire to the point marked IGNITION
on the diagram and the black wire to
the GROUND.

Calibration Procedure. Correct cali-
bration determines the accuracy of your
voltmeter. Follow these steps carefully
and sequentially. Apply a known volt-
age source (above 10 and below 16 -
volts) to the IGNITION point. We
recommend a 13.8 -volt source. Next,
for zero adjustment, ground pins 11

and 10 to the circuit board ground mo-
mentarily. Using a small screwdriver,
slowly rotate the wiper arm on R3 until
there is a reading of 000. Remove the
ground from pins 10 and 11. Set the
gain control (R4) by rotating the wiper
arm until the displays are displaying
the same voltage as is being applied.

Installation. One final action is neces-
sary before your unit is ready to be
mounted in the dash location of your
choice. Secure the black wire to the
metal chassis ground and the red wire
to any accessory line that is active only
when the motor is running. Secure and
mount the voltmeter in the location of
your choice.

A colored plexiglass facing (cover)
is required and we recommend red for
most display contrast. A location which
is not usually exposed to the sunlight
will make the displays easier to read
during the brighter periods of the day.
If the unit is going into an existing re-
cess, the present glass cover may bet
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used as a template for the plexiglass
cover dimensions. One -eighth or Mf3-
inch thickness plexiglass works well and
is relatively easy to cut using a roofer's
shingle cutter knife. Place two clamps
on a straight line along the template
edge, then cut one side at a time. Scribe
it deeply with a dozen or more strokes,
then break off the excess with a pliers.
When drilling screw holes, use a small
starter bit first, then the larger bit. This
should prevent the larger bit from wan-
dering across the plexiglass.

The plexiglass must be "spaced"
away from the board by approximately
5/8 -inch, using either spacers or the
bolt/nut method. The latter method is
to insert a bolt through the plexiglass
corner hole and put a nut on the re-
verse side. Put a second nut on ti
bolt, allowing a 1/2 -inch inside space
between the two nuts. Do this on all
corners. Next, insert the bolts into the
board corner holes and put on the final
nuts. We recommend securing all four
corners, rather than just two.

Troubleshooting. If the unit does not
light up for the calibration procedure,
first check that the wiper of R3 is cen-
tered. If it still does not light up, re-
check your work. Carefully inspect for
possible solder bridges and loose con-
nections. If a solder bridge is discov-
ered, remove it carefully. It is easy to
destroy a chip during the removal proc-
ess. If it still fails to light up, start a
systematic test check to isolate possible
faulty component(s).

If the unit does not function after
installation, recheck for a good electrical
connection on the line that supplies
power from the car. Did you break or
loosen the solder connections of the
source wires during installation? If so,
this will require removal and resolder-
ing, plus a bit more care during instal-
lation the second time.

One Final Note. Some ICs, and quite
possibly the ones used in this project,
generate high frequency harmonics
which might find their way into your
car's radio. Try holding your LED
readout pocket calculator next to the
radio antenna with the radio tuned to
a blank spot on the AM dial to see
what we mean. If you experience any
interference from the voltmeter circuit,
try rerouting the antenna coax away
from the voltmeter itself. A metal case
around the voltmeter's PC board will
also aid in the reduction cf RFI. We
suggest that you avoid using the radio's
power lead as the voltage source for
your voltmeter. The power lead to the
horn (or horn relay) or the hot lead
of the windshield wiper switch (find
it at the fuse box) is probably the
best place to attach the voltmeter.

This full-scale etching guide for the voltmeter's PC hoard is one of the trickiest
we've offered. Unless you know your stuff, we suggest you use a Digital World board.

The component placement diagram for the PC board shows all IC and capacitor
polarities. Take special care to observe them during assembly phases of project.

Even the best voltmeter in the world won't help you keep your car running if you don't
take care of your battery. Check water level often and add only pure, distilled water.
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AP Products
Hobby Blox
Prefitted color -coded building
blocks make for easy
perf-board project assembly

NFLATION BUSTING begins at home,
and electronics hobbyists can help by

saving cash on the price of their solder -
less breadboards. Until now, electronics
hobbyists had to buy pro -type solder -
less breadboards and pay "profession-
al" prices to build those projects. Hob-
byists have long dreamed of a total
breadboard system which would allow
the user to customize the board to fit
his projects while being both economi-
cal and flexible. Well, it looks like the
hobbyists have what they want with
help from A P Products. Recently,
our technical editors had a sneak
preview of their HOBBY-BLOX, a new
modular circuit -building system de-
signed and produced by A P Products.

At the core of the HOBBY-BLOX
system are two starter packs; one for
discrete component projects, the other
for integrated circuit projects. Each

system comes with a number of mod-
ules which fit into a tray and an ac-
companying project booklet that de-
scribes step-by-step how to build ten
projects with the existing packaged
parts. For a suggested retail price of
under $7.00, the hobbyist has every-
thing he needs in breadboards at his
fingertips.

The Benefits! Every hobbyist (from
beginner to more advanced) who gets
his hands on the HOBBY-BLOX system
will probably make his own list of bene-
fits for this system. Just to give you an
idea of the positive features you'll dis-
cover, the HOBBY-BLOX system is
modular. It doesn't matter what pack
you start with, all the modules are inter-
changeable. A color keyed system is
very helpful to the hobbyist because
each module is grouped in a different
color as it relates to its function. This
simplifies building and eliminates two
errors in wiring common to uni-colored
solderless breadboards. The hobbyist
can quickly select the light gray struc-
tural modules or the yellow terminal
strips, etc.) Every module is easily
recognizable. Another feature which is

The Hobby Blox sys-
tem gives the project
building hobbyist an
easy vehicles for as-
sembling circuits to
a professional level
without having to re-
sort to expensive and
often complicated sol-
derless breadboards.

CIRCLE 70 ON READER SERVICE COUPON

a big plus to the new system is the
benefit of being expandable by allow-
ing the hobbyist to add modular parts
to design new projects or expand on
existing ones. The HOBBY-BLOX sys-
tem includes 14 separate modules which
can be purchased individually.

Two features, compatibility and af-
fordability, are probably the most im-
portant to the hobbyists. This system is
compatible with DIPs of all sizes and a
wide variety of discrete components.with
wire lead diameters from diode size to
1/2 -watt resistor size (.015" to .032"
diameter). In terms of affordability, it
would seem like A P Products has
thought of everything, even down to the
important aspect of costs. Here again,
the hobbyist doesn't have to be a
Rockefeller to enjoy his pastime. The
HOBBY-BLOX system costs less than
professional systems with individual
modules available to choose only what
the hobbyist needs.

The Way We See It! By offering a
variety of modules, A P's HOBBY-
BLOX system allows the electronics
hobbyist to use his imagination to build
and expand on a multitude of projects.
Our editorial staff saw this con-
cept in its developmental stages and
even at that time, the system met the
primary objectives of expandability and
affordability. The idea of color coding
and indexing as well as offering a mod-
ular system allows the hobbyist to pro-
gress and learn with each project com-
pleted. For the experienced hobbyist,
here's a fast way to modify projects,
and troubleshoot them when circuit de-
sign failures occur. To find out where
you can buy HOBBY-BLOX system call
this toll free number (800) 321-9668;
or write A P Products, Inc., 1359 W.
Jackson Street, Painesville, Ohio 44077.
For more information, circle number 70
on the reader service coupon.
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SEMICONDUCTOR ANALYSIS
THE EXAR XR-2207: A FOUR -FREQUENCY VCO

THE EXAR XR-2207 is a voltage -con -
trolled oscillator (VCO) that can

provide simultaneous triangle and
square wave outputs or simultaneous
pulse and ramp outputs. Frequency
range extends from 0.01 Hz to 1 MHz.
Four separate output frequencies can
be selected by a two -terminal binary

,logic input.
The internal arrangement, shown in

' Fig. 1, consists of the VCO and indi-
vidual buffer amplifiers for both trian-
gular and square wave outputs. There
are four internal current switches to

which four external timing resistors
can be connected. These resistors, in
conjunction with the timing capacitor
connected between pins 2 and 3, de-
termine the operating frequency. Four
individual frequencies can be selected,
as set by the logic levels applied to the
binary keying input terminals 8 and 9.

A simplified schematic of the fre-
quency control arrangement is given in
Fig. 2. The frequency -determining ca-
pacitor is connected between pins 2

and 3, while the four frequency -deter-
mining resistors are connected to pins

TIMING

v. FE 14 I

17
CAPACITOR

[2-
RI 4

R2 r 5

TIMING
RESISTORS R3

6

7

VCO

CURRENT
SWITCHES

2-2

A>.-
12

10

TR IANGLEWAVE
OUT

SQUARE WAVE
OUT

Figure 1. Block plan of
the Exar XR-2207 volt-
age -controlled oscilla-
tor. Note the four
internal switches to
which external timing
resistors can be added.

BIAS

GROUND

BINARY
KEYING
INPUTS

BY ED NOLL

4 through 7. It is these resistors that
are keyed in and out of the circuit by
the binary information applied to ter-
minals 8 and 9.

Frequency of Operation. The fre-
quency of operation is determined by
the resistor -capacitor time constants as
selected by the binary logic levels of
A and B as applied to pins 8 and 9 re-
spectively. These relations are shown in
the table.

Individual equations for fl, A
and A f9 are:

f, = 1/R3C
f., = 1 /12.2C

A fl = 1/R4C
A f2 = 1/R1C

For example, when terminals 8 and
9 (A and B) are at logic 0, the resistor
connected to pin 6 is selected. Thus
the frequency of operation is 1/R3C.
If the logic level at A is zero and at
B is 1, both resistors R3 and R4 are
selected. Therefore, the frequency of
operation is 1/R3C 1/R4C. If re-
sistors R3 and R4 were of exactly the
same value, the latter logic condition
would produce an output frequency
that is twice the frequency obtained
with the first logic condition.

Four -Frequency Oscillator. The prac-
tical four -frequency oscillator circuit of
Fig. 3 was set-up by the author on a
solderless breadboard. The logic switch-
ing is shown at the lower right. When

f2

A

B

TIMING CAPACITOR

O
2

T/2 ;

BINARY
KEYING

CONTROLS

T4

T3

2

T1

3

IT/2

0

R2

6

R3

V 10

+I2V

TRIANGULAR
WAVE
OUTPUT
SQUARE
WAVE
OUTPUT

Figure 2. Schematic of frequency control arrangement is at left.
The frequency -determining capacitor is connected as shown.

12 V-
0 Figure 3. Above is a practical four -frequency oscillator circuit

employing the XR-2207. Logic switching is shown at lower right.
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ANALYSIS
switch S I is connected to the supply
voltage, point A is at logic 1. When
switch S I is open there is a logic 0 at
point A. The same applies for the
logics at input B using switch S2.

In the schematic diagram, switch Si
is set to logic 1 and switch S2 is set
to logic 0. Therefore, A is logic 1 and
B is logic 0. From the chart note that
this pair of connections selects the re-
sistor connected to timing pin 5. Thus,
the frequency of operation is:

f., = 1/R2C = 1000 hertz
If switches Si and S2 are both set

to logic 1, the resistors at both pins
4 and 5 are selected. The frequency of
operation would be f, + p f2. Since
resistors R I and R2 are of the same
value, the output frequency would now
be 2000 Hz. The value of capacitor C I
and resistors R1 through R4 can be
selected according to the desired fre-
quencies of operation.

Precautions. Several precautions
must be observed. Terminals 2, 3, 4,
5, 6 and 7 have very low internal im-
pedance and should, under no circum-
stances be shorted to ground or con-
nected to the supply voltage. In fact,
the total current drawn from pins 4, 5,
6 and 7 should be limited to 6 milli-
amperes or less.

LOGIC SELECETED
K B PINS FREQUENCY

1 1 4 & 5 f: + A ft
1 0 5 fr
0 1 6 & 7 fi + f
0 0 6 i

This chart shows the pin connections of the
various logic configurations possible with
the XR-2207. Equations give the frequency.

Output Characteristics. The square
wave output is an open -collector stage,
and a pull-up load resistor is used. Rec-
ommended values range from 1K to
100K. The stage is capable of sinking
as much as 20 mA of load current. The
triangle wave output has a peak swing
of about one-half of the supply voltage.
It has a very low 10 -ohm output impe-
dance. Output can be monitored on a
small loudspeaker using the optional
circuit connected to pin 14, as shown
in Fig. 3.

Applications. In addition to its oper-
ation as a voltage -controlled oscillator
and waveform generator, the XR-2207
can be used in a phase -locked loop cir-
cuit, as an FM or sweep generator or
as a frequency -shift keying generator.
EXAR suggests several circuit arrange-

SAWTOOTH
OUTPUT

V

CB

XR-2207

4.7K

PULSE
OUTPUT

Figure 4. The XR-2207 set up in a pulse
and sawtooth generating arrangement is
shown in the schematic above. As the
text describes, you'll need either a split -
voltage 6 -volt supply, or 2 6 -volt batteries.

C "

m XR-2207

Vc

- SWEEP
OR
FM
INPUT

v -

SQUARE WAVE
OUT

TRIANGLE WAVE
OUT

Figure 4b. The chip set up in a frequency
sweep configuration is shown above. Out-
puts vary with changes in input voltage.

3V f2

0 f
I

CHANNEL
SELECT
KEYING
INPUT

V+(+6V)
I pF

10

4 7K

XR- 2207

14

12

IyF

V ( 6V)

FSK
OUTPUTS

Figure 5. A frequency
shift keying circuit
using the XR-2207. As
is discussed in the
text, two pairs of fre-
quency shift keying
frequencies can be
chosen as you wish.

ments. The circuit of Fig. 4A shows its
application as a pulse and sawtooth
generator. In this mode of operation
the operating frequency is:

f = 2/C(R2 + R3)
Duty Cycle = R2(R2 + R3)

A split supply connection is used.
Two 6 -volt batteries or a +6V, -6V
split -voltage power supply would do.

The second example shows how the
chip can be used for frequency sweep
operation. In this application, the
square and triangular wave outputs
vary in frequency in accordance with
the DC voltage change or waveform
change applied at the Vc input.

A versatile frequency -shift keying
circuit is given in Fig. 5. The keying
signal is applied to pin 9. When the

keying signal is a 0 level, the output
frequency is f1; at the 3 -volt level, the
output frequency is f0. Thus, as the
input keying signal changes between
space and mark, the appropriate space
and mark audio output frequencies are
made available. These frequencies can
be set precisely with the potentiometers
connected to timing pin connections 4,
5, 6 and 7.

In this versatile arrangement, two
pairs of FSK frequencies can be chosen,
using the channel select pin 8. For a
logic 1 level at pin 8 the mark and
space frequencies are determined by
resistors RI and R2. Conversely a logic
0 setting at pin 8 sets up mark and
space frequencies determined by resis-
tors R3 and R4.
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OCTAVIZER
Add a third dimension
to the sound of music

CONNECT ANY ELECTRIFIED or elec-
tronic musical instrument to Octa-
Vizer and your instrument's single

frequency output is expanded threefold.
In addition to the single frequency input
signal, square waves at fifty -percent of
the frequency and one at twenty -five -
percent of the frequency are available
at OctaVizer's output. All three signals
can be mixed in any proportion de-
sired, using the blend and prime con-
trols. The composite output signal can
be used immediately, or further pro-
cessed using filters or other such de-
vices.

The blend control adjusts the relative
magnitude of the two square wave sig-
nals, while the prime control adjusts the
amount of input signal which is fed
through to the output. The footswitch-
operated cancel function disables the
square wave outputs when activated.

OctaVizer uses readily available
linear and CMOS digital integrated cir-
cuits, is powered by a single 9 -volt bat-
tery, and can be built for less than
$15.00.

How It Works. As shown in the sche-
matic diagram, the input signal is AC
coupled through Cl and C6 to a low-
pass filter and a level control (R23)
respectively. R4 and C2 form the low
pass filter with a -3 dB point of about
350 Hz, which filters higher order har-
monics that might otherwise be detected
in later stages and cause false trigger-
ing. The filtered signal is amplified in
ICID along with the DC level set by
R2. The output of ICID is further pro-
cessed in IC1A where it is squared up
and clipped. The output of ICI A is AC
coupled through C3 and added to the
variable DC level set by R12 in the
R11, R12, R13 voltage divider. This
composite signal is used to trigger a

monostable multivibrator (one shot)
formed from IC2, R14, R15 and C4. If
pin 4 of IC2 is held low by grounding
J2, the output remains low regardless
of the input. If J2 is not grounded, pin
4 of IC2 is held high by R16 and the
pin 3 output is a pulse train of the same
freqbency as the input signal. This pulse
train is used to clock two divide -by -2
flip-flops (IC3B and IC3A) which pro-
duce square waves at one-half and one -
quarter the frequency of the input pulse
train. The two flip-flop outputs are
attenuated in the two variable voltage
dividers formed by R17, R18 and R19.
With R19 set at midrange, two equal
voltage dividers are formed which at-
tenuate the 9 -volt square wave outputs
to about 95 -millivolts each (a level
similar to that of the input signal). As

As you can see from
this almost full-scale
photograph, the cir-
cuit board is rather
compact. It would be
a relatively easy mat-
ter to build it into
an existing pre -amp.
Any suitable case can
be used to house this
board, but a "wood -
grain" type will match
the instrument's finish.

the wiper is moved toward one side,
that divider's signal level is decreased
while the other's is increased. There-
fore, blend control R19 can select either
signal alone, or any ratio of the two.
The level of the input signal provided
to ICI B is selected by the prime control
(R23). This signal, along with the out-
put of the two voltage dividers, is added
in unity gain summer IC1B. Since the
output of ICI B has a DC component,
it is coupled by C5 to output jack J3.

Construction. OctaVizer can be con-
structed using any standard technique.
Standard CMOS handling precautions
should be observed when handling IC3.
IC sockets may be used if desired. As-
semble all components onto the board,
being sure to observe polarity for the
ICs, D1, and C5. Note that C6 is not
mounted on the PC board, but is wired
directly between J1 and R23. Intercon-
nect the completed PC board with all
jacks and controls. Any suitable case
may be used to house the project.

Alignment. If the input to OctaVizer
was always a pure, mono -frequency
signal, no alignment would be neces-
sary. However, many electrified musi-
cal instruments' outputs are generated
by a non-linear electromagnetic device
(such as a magnetic pickup) and, at
such, contain non -sinusoidal and/or
harmonically related components. These
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OCTAVIZER

components can be detected and cause
false triggering. The alignment proce-
dure outlined below will minimize the
effects of these components while maxi-
mizing the overall response of the unit.

Begin by setting the wiper of R2 to
ground, and the wipers of R12 and
R15 to midposition. Connect the input
device you will be using, and patch the
output to an amplifier. Turn the unit
on and rotate the wiper of R12 towards
ground until you hear oscillation begin.
Now turn the wiper of R12 slightly
past the point where the oscillations
stop (If a VOM is handy, set the volt-
age on the wiper to about 31/4 -volts).
Set R23 (prime) to minimum and R19
(blend) to high. As you play the in-
strument, rotate the wiper of R2 until
an output is obtained. If the output is
not half the frequency of the input (as
determined aurally), back off R12 very
slightly. You will notice that when the
proper frequency output is obtained,
its duration may be short. To increase
the duration, adjust R2 slightly in the
direction that produces oscillation.
Next, play the highest note you will in-
tend to play. The output will either be
correct, very static sounding, or much
lower in frequency than anticipated. If
the output is correct, no adjustment is
required. If the output is static sound-

ing or lower than anticipated, rotate
R15 until the proper output is obtained.

The final step is a fine adjustment
which will maximize how long the sig-
nal lasts while minimizing false trigger-
ing. This adjustment consists of alter-
nately adjusting R12 and R2 until you
are satisfied you have obtained maxi-
mum duration and minimum (if any)
false triggering.

Use. OctaVizer can be used over a 3 -
octave range. As with any new device,
it is best to experiment with all controls
to determine the effects that can be ob-
tained. A standard guitar can be used
with OctaVizer to create a raspy bass
guitar effect by setting blend to "Hi"
and prime to "Min." An interesting
effect is created with blend to midvalue
and prime set so both output compo-
nents are of equal loudness. By striking
the strings forcefully, you can create
high amplitude harmonics that will
false trigger the unit and raise the
square wave outputs in frequency by an
octave. Thus, by varying your striking
force, you can play in different octaves.

When viewed on an oscilloscope, the
output signal changes shape as shown
in the diagram when the blend control
is rotated. As you can see, at midset-
ting of the blend control, a step ap-
proximation to a ramp wave is gener-
ated. This signal can be fitted to pro-
duce a realistic reed -type sound.

A standard foot switch can be used
for the cancel control. If not available,
one can be made using a push on -push

_J

R19 KNOB
POSITION

0
LO
L 0
L

LO

L fin -4
J3 OUTPUT FOR DIFFERENT
BLEND SETTINGS (PRIME SET
TO MINIMUM).

L 0
LO
LO

H 1 LO

BLEND

Here is the chart of the various waveform
configurations made possible by varying
settings on the "blend" and "prime" con-
trols. Although designed for use through a
three -octave range, if used with an electric
guitar, false harmonics can be generated
by forceful strumming, thus raising the
outputs by one full octave automatically.

off SPST switch and a length of audio
cable.

As you familiarize yourself with this
new tool, you will find it an interesting
and useful special effects device.

PARTS LIST FOR OCTAVIZER

B1 -9 -volt transistor battery
Cl, C3, C6 -0.1-µF, 25-VDC disc capacitor
C2 -0.047-µF, 25-VDC disc capacitor
C4 -0.01-µF, 25-VDC disc capacitor
C5 -1.0-µF, 16-VDC electrolytic capacitor
D1 -1N4148 diode
IC1 -LM3900 quad op amp
IC2 -555 timer
IC3 -04013 dual flip-flop
11, J2, J3-standard 2 -conductor phone jack
R1 -1,000,000 -ohm, 1/4 -watt resistor
R2, R15 -100,000 -ohm, 1/4 -watt vertical -

mount trimmer potentiometer
R3, R10 -2,200,000 -ohm, 1/4 -watt resistor
R4, R13, R14 -10,000 -ohm, 1/4 -watt resistor
R5, R6, R8, R9,
R17, R18, R20,
R21, R22, R24, R25 -470,000 -ohm, 1/4 -watt

resistor
R7 -3,900,000 -ohm, 1/4 -watt resistor
R11 -22,000 -ohm, 1/4 -watt resistor
R12 -10,000 -ohm, 1/4 -watt vertical -mount

trimmer potentiometer
R19, R23 -10,000 -ohm, 1/4 -watt linear -taper

potentiometer
S1 -SPST slide switch
Misc.-cabinet, hookup wire, knobs, etc.
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R3
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R2
100 K

R5
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R4
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0.047uF
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10K 470K
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+
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5
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6
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ICI a
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100K
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2

21 15 21 9
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IC 3o 3 13 IC3b
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S A S
8R 410R-4
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Note: A complete parts kit is available from: BNB Kits, 72 Cooper Ave., West Long Branch, NJ 07764,
for $20.95. The PC board alone is $7.00 from BNB also.
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WIRE -WRAPPING
TECHNIQUES
Streamline electronic circuit construction with
this new method. BY WALTER SIKONOWIZ

111 HAT'S THE BEST METHOD for con-
,' struction of an electronic circuit?
There is no easy answer to this ques-
tion, since the most suitable method
varies from project to project (as well
as from builder to builder). In this
article we are going to .take a look at
wire -wrap construction; in particular,
we'll focus on the OK Machine & Tool's
new WK -4B wire -wrap kit.

The OK WK -4B Kit. Each WK -4B
comes with one circuit board, a dis-
penser loaded with AWG No. 30 Kynar
wrapping wire, four wrappable IC sock-
ets, a tool for wrapping and unwrap-
ping, an IC insertion tool, an IC extrac-
tion tool, and a 22 -pin double row edge
connector that mates with the kit's
circuit board. The clear plastic wire
dispenser is an ingenious little device
with a built-in wire cutter and wire
stripper. It produces cleanly stripped
and cut wire in a matter of seconds
with a minimum of fuss. Equally in-
genious is OK's IC insertion tool. Not
only does it do a perfect job of getting
an IC into its socket, but it straightens
bent IC pins as well.

The circuit board is made of heavy
duty epoxy composition, which doesn't
bend the way paper laminates some-
times do. Each board has etched upon
it a pattern of solder -plated copper
pads and buses. During construction,

which we'll cover later, the builder uses
these pads and conductors to satisfy as
many of his circuit's connection re-
quirements as possible. Whatever con-
nections that remain are made by wire
wrapping. The board's edge has a dou-
ble -sided pattern of 22 plated fingers
that mate with the kit's edgeboard con-
nector. This is handy if the circuit

you're building is to be one module of
a larger system. Simple projects, how-
ever, will not require edgeboard con-
nections, and you can ignore them.

Also included is a double -ended, rod -
shaped tool, one end of which does the
wrapping. The other end can be used
to unwrap an incorrect connection, if
necessary. Wrapping is a quick and
simple operation that involves threading
one end of a stripped wire into the
wrapping tool, placing the tool over a
wrapping post, and wrapping about ten
turns of wire into place. Since the
wrapping wire is of light gauge, very
little force is required to make an elec-
trically secure connection.

At least, part of the credit for a
secure wrap must go to the wrapping
post. These posts have a square cross
section, the corners of which bite into
the soft wire as it is wrapped into place.
The resulting connection is mechani-
cally tight and of low electrical resis-
tance. Four IC sockets are supplied
with the kit, and all of them have
wire-wrappable square posts. When you
run out, you can buy extra sockets from
any electronics dealer. The last kit com-
ponent, an IC extraction tool, is a U-
shaped pincer that lets you pluck an IC
from its socket in much the same way
as a dentist yanks a tooth.

A Typical Application. Now let's re-
view the construction of a typical pro-
ject-in this case, the simple pulse burst
generator illustrated here. Begin by
putting the required IC sockets into
convenient positions on the board, and
tack -soldering two diagonally opposed
pins of each socket to the circuit pads.
This serves to anchor the sockets in

(Continued on page 101)

All elements of the OK wire -wrapping
kit come conveniently packaged in plastic.

The wire -wrapping tool fits over the posts
on the circuit board for fastening on wires.

OK's IC insertion tool aids in assembling
projects that use ICs in the circuit design.
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Solid State Multivibrators
By any other name there are still three basic types

When the conversation turns from
the Mets to multivibrators, you may
hear all manner of strange words
bandied about. Flip-flop, one-shot,
astable, and bistable roll off the tongue
of the all-knowing. And don't be too
surprised if you hear the words free -
running, single-step, and monostable-
to name just a few-at your next electri-
fied cocktail party. What do all these
terms mean? Are there really so many
different kinds of multivibrators? And,
for that matter, of what use is a multi -
vibrator for the experimenter?

The main job of a multivibrator is to
generate square waves and pulses.
Period. That's all!

A square wave is often used as a test
signal for audio amplifiers to reveal
frequency -response problems. In other
applications, multivibrators generate
short time constant pulses-only a few
microseconds in duration. These mini
pulses synchronize, or steady, the pic-
ture on our TV screens.

Longer pulses-those which are sev-
eral seconds in duration-control the
exposure time of photographic enlarg-
ers. Slow multivibrators can also drive
the flashing warning lights seen by mo-
torists as they approach roadside haz-
ards. And, in the radio amateur's shack,
faster multivibrators running at audio
rates train the ham's eye and ear as he
works with his code practice oscillator.
Or, the same MV, as the multivibrator
is also called, doubles duty as an audio
signal source. The list could go on and
on.

The uses of multivibrators grow daily,
limited only by the ingenuity of those

who understand their working prin-
ciples.

The imposing list of names in the first
paragraph creates the impression that
there must be almost a dozen different
types of multivibrators. Fortunately,
this is not so! There are only three basic
types. The long list of names merely
shows the existence of more than one
name for the same type of multivi-
brator.

The Circuit With an Alias. The three
basic types of multivibrators are the
free -running multivibrator, the one-
shot multivibrator, and the flip-flop.
With these three basic circuit types
under your belt, you can whip up any
of the jobs a multivibrator is capable of
doing.

The free -running multivibrator is
probably the type most familiar to the
experimenter. It is very likely that the
square wave generator or oscilloscope
on his workbench has a free -running
multivibrator buried somewhere in the
instrument's circuit. The outstanding
characteristic of the free -running multi-
vibrator-and the one from which it
earns its name-is that it runs freely. As
long as a power supply is connected to
it, the free -running MV enthusiastically
pumps out a never-ending stream of
square waves. This feature consistently
earns the title of the Most Popular Cir-
cuit whenever John Q. Electronicsbuff
needs square waves. See Fig. 1.

In contrast to the free -running MV,
the one-shot multivibrator is a very
reluctant beast. If fed DC from a power
supply, it does not react by joyously
butbling forth a stream of square waves

like its enthusiastic free -running cousin.
Instead, it sits there, doing nothing.

And, it will continue to sit there
unless kicked in the right place by an
externally generated pulse, called a trig-
ger pulse.

Under this urging, it reluctantly
makes one and only one pulse, and then
lapses back into its former sullen con-
dition. Until, of course, it's kicked by
another trigger. It derives its name-
one shot-from the fact that it gives
only one pulse in response to a trigger.
See Fig. 2.

Flip Out Forget-me-not. The third
type of multivibrator, the flip-flop, is a
forgetful fellow. It, like the one-shot.
gives no output pulse unless urged by a
trigger pulse. But its response to a trigr
ger is quite different. It starts out to
produce a pulse, but forgets to end it,
unless told to do so by another trigger
pulse. Strangely enough, this forgetful-
ness can be turned into a memory. The
flip-flop is the heart of the register
system of large computers. See Fig. 3.

How can this be? Because, as Fig. 4
shows, the flip-flop can remember for-
ever (or, at least, until the power is
turned off) that a trigger pulse has been
applied to it. Using this single basic
capability, the registers of giant com-
puters can be constructed.

Some Basic Building Blocks. Circuit
diagrams for these three basic multi -
vibrators are surprisingly similar.
They're all built trom the same basic
building blocks. These building blocks
are shown in Fig. 5.

The free -running multivibrator com-
bines these basic building blocks. The

Fig. 1

Fig. 2

OUTPUT

OUTPUT

TRIGGER -s.**\
IN

Fig. 3

OUTPUT4

TRIGGERTRIGGER
IN

1 A 1 1
START

TRIGGER

HIGH

ENO
TRIGGER

(VOLTAGE BEING HIGH'IS
A"MEMORY" OF A TRIGGER
PULSE THAT OCCURRED
SOMETIME IN THE PAST).
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component values shown in Fig. 6
will make a free -running multivibrator
which runs at 440 Hz. Musicologists
know that frequency as A above middle
C on the piano.

To double that frequency, cut the
values of both coupling capacitors in
half; to triple it, cut them to one third
the value shown, and so on. To hear
the square wave, place an ordinary
2,000 -ohm headset across either 1,500 -
ohm collector load resistor. To see the
square wave, connect an oscilloscope to
the point marked "output."

The one-shot multivibrator is very
similar. It is built from pieces stolen
from the free -running multivibrator as
shown in Fig. 7 by replacing one of the
coupling capacitors with a coupling re-
sistor, and one of the "on" amplifiers
with an "off" amplifier.

The values shown produce a pulse
two seconds long. To double the pulse
length, double the capacitor's value; to
triple it, triple the capacitor's value,
and so on. To hear the pulse, place
an ordinary 2,000 -ohm headset across
either 1,500 -ohm resistor.

Momentarily touch the point marked
"trigger in" to the the power supply. A
click will be heard in the headphones
as the one-shot begins its solitary pulse.
Two seconds later, a second click will
be heard as the one-shot ends its pulse.
(The actual time may be longer, be-
cause large -value capacitors sometimes
have twice the capacity on their case.)

To see the pulse, connect a volt-
meter to the point marked "output." It
will indicate -9 volts. Trigger the one-
shot as above, by touching "trigger in"
to the power supply. The voltmeter's
needle will drop to zero volts, remain
there for two seconds, and then pop up
to 9 volts again.

Fig. 5

A BIASED -ON PULSE AMPLIFIER
- 9V

IN

A BIASED -OFF PULSE AMPLIFIER

IN

-9V

331(

A COUPLING
CAPACITOR

gal

1500 11

2N404

OUT

OUT

A COUPLING
RESISTOR

To change the one-shot schematic to
a flip-flop schematic; both pulse ampli-
fiers must be of the biased -off type, and
both coupling elements must be re-
sistors. See Fig. 8. To see the action of
this circuit, connect a voltmeter to out-
put #1 or output #2 --whichever of
the two causes the voltmeter to register
-9 volts. Leaving the voltmeter con-
nected, short the output to ground. The
voltmeter reading will drop to zero, of
course, because there is a dead short
right across its terminals. But, the sur-
prising thing is that the reading will
stay at zero after the short is removed.

Next, short the other output to
ground. The voltmeter reading will rise
to -9 volts, and stay there after the

short is removed, showing that the flip-
flop can remember an occurrence (like
shorting one output) even after the
occurrence is ended.

Kicked by a Trigger Pulse. Of course,
shorting an output to stimulate the flip-
flop into action is not the same as run-
ning it from a trigger. Triggering cir-
cuitry can be added to the basic flip-
flop as shown in Fig. 9.

So, in spite of the abundance of
names, there are only three basic types
of multivibrators. Call the MV what
you will, but the application of. these
three types reach through to almost
every project the electronics hobbyist
is likely to conjure up on his work-
bench.

Fig. 6
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98 Magic Blinker gg lemmas (Continued mrrr
from page 61)

 Imagine a small black box that you place on a table in
front of your friends. Connected to the box with a thin
wire is a wand with a small red light (LED) on the end.
The light flashes about twice a second, but at your com-
mand, it flashes faster and faster. You hand it to your
friends, but they cannot do it. The secret? In the box is
a small hole with photo transistor 01 showing through.
As D1 gets closer to 01, it flashes faster and faster but
it will take your friends a long while to catch on. It's
especially effective when all the room lights are out.
Have fun.

PARTS LIST FOR MAGIC BLINKER
C1-0.01-uF ceramic capacitor, 15 VDC
01-small LED
D2 -1N4001 diode
IC1-4000 dual NOR gate w/inverter
Q1-FPTI00 phototransistor
Q2 -2N4401 transistor
R1 -5,000,000 -ohm, I/2 -watt resistor

I 14

2 13

3 IC 12

4 II

5 10

6 9

7 8

OFF

0 ON

BUILD INTO WAND

R2 -1,000,000 -ohm, 1/2 -watt resistor
R3 -680 -ohm, 1/2 -watt resistor

a 9V

CI

IIr

99 Rippling Wave

 The rippling effect on the ten LEDs is a beautiful and
interesting sight, especially if they are mounted atop a
nice wooden case and placed in the living room. A nice
conversation piece. The speed of the ripple is controllable
via R I and R2, where a smaller R I and R2 makes the
ripple g.) faster. The "on" of each LED overlaps per-
fectly with no momentary "off," so the ripple travels
very smothly.

PARTS LIST FOR RIPPLING WAVE
C1-0.01-uF ceramic capacitor, 15 VDC
D1 -1N4401 diode
D2 through 1)11-small LED
IC1-4011 quad NAND gate
IC2-4017 decade counter
Q1-Q10 -2N4401
R1 -10,000,000 -ohm linear -taper potentiometer
R2 -500,000 -ohm linear -taper potentiometer
R3 through R12 -1,000 -ohm, 1/2 -watt resistor
S1-SPDT slide switch
S2-SPST momentary -contact pushbutton switch
R13 -100,000 -ohm, 1/2 -watt resistor

6-8V

3

2

4

7

10

6

9

TO
PINS
ON
1C2

24 Battery Monitor Transistor Projects
(Continued from page 74)

Tired of playing guessing games voltage monitor you'll know at a glance ment. The circuit's compact size, which
with your batteries? With this battery- whether or not batteries need replace- comes about because it's a meterless
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voltage monitor, makes it easy to build
into an existing piece of equipment. To
use the device, press SI and, if LED1
lights up, your batteries are still good.
If not, throw them away.

Transistor Q1's gain makes the mon-
itor very sensitive to changes in voltage.
Consequently, LED I is either ON or
OFF with little ambiguity most of the
time. The voltage level being sensed
is determined by zener diode D I's rat-
ing and the base -emitter voltage drop
of Q1. Specifically, the switching point
is equal to the zener voltage plus 0.75 -
volts. For example, a 5.6 -volt zener
diode will set the trip level at approx-
imately 6.35 -volts. The voltage level
you choose should be less than the bat -

PARTS LIST FOR BATTERY
MONITOR

Dl-zener diode (see text)
LED1-light emitting diode rated

20-mA @ 1.7-VDC
Q1 -2N3904 NPN transistor
R1 -1,500 -ohm, 1/2 -watt resistor,

5%
R2 -680 -ohm, 1/2 -watt resistor,

5%
S1-normally open. SPST push-

button switch

+5 TO + 18 V >---
SI

tery's nominal voltage when fresh. A
9 -volt battery, for example, might be
useless when its voltage drops to 7.5 -
volts; however, the exact point at which

a battery becomes useless depends both
on the battery and on the application.
Finally, it's best to test the battery with
a normal load current being drawn.

25 Low -Power Dummy Load
E] For transmitter tune-up and testing,
you need some sort of dummy load. As
far as your transmitter is concerned,
the dummy load looks just like a nor-
mal 50 -ohm antenna. However, with a
dummy load, almost all of the trans-
mitter's output power is dissipated as
heat rather than being radiated as RF.
This makes little difference to the trans-
mitter itself, but it makes a world of

difference to nearby Amateurs or CB-
ers because they don't have to contend
with the interference generated as you
fiddle with your transmitter.

Dummy loads are available commer-
cially, but the Amateur QRP (low -
power) enthusiast or CB'er can easily
and inexpensively build his own. All
you need are four 50 -ohm, 2 -watt, car-
bon -composition resistors, a coax plug

and a minibox. (You must not use wire -
wound resistors, even though they are
capable of handling more power than
carbon resistors, because wirewounds
exhibit too much inductance.) Keep the
interconnecting wires as short as pos-
sible to minimize stray inductance and
capacitance. Used on an intermittent
basis, this dummy can safely handle
about 15 -watts.

PARTS LIST FOR
LOW -POWER DUMMY LOAD

P1-PL-259 coaxial plug
R1 thru R4 -5 -ohm, 2 -watt carbon

composition resistors

RI

R2

R3

R4

81.

PI

Superbass
(Continued from page 86)

cork or rubber will retain the battery.
You can use small cork "feet" such as
sold in hardware stores for use on the
bottom of bric-a-brac to prevent
scratching of furniture. The cost is
usually well under fifty cents and you
can cut the "feet" to the needed size.

Take extra care to get S2's wiring
right the first time. Note that S2 is
SPDT, switching only the output con-
nection. The input is permanently con-
nected to the amplifier and switch S2.

Nothing about the entire project is
really critical other than the values of
C2 and C3. Resistors need be no bet-
ter than 10% tolerance-why spend
money for better tolerance when the
project won't work any better?-and
electrolytic capacitors Cl and C4 can

be any value from 2.2-uF to 4.7-uF.
Use whatever you can get at lowest
cost. The same "lowest cost" rule ap-
plies to C2 and C3; they don't have to
be precision tolerance as long as their
rated value is 0.1-uF.

Using Superbass. Connect your elec-
tric guitar or other electronic instru-
ment to input jack J1; connect output
jack J2 to your instrument amplifier's
normally -used input. With power switch
S 1 ofl, key S2 so the instrument feeds
directly to the instrument amplifier.
With R2 set full counter -clockwise
(Off), turn power switch Si on, key
S2 once, and advance R2 for the de-
sired superbass sound level. To cut back
to natural sound just stomp down on S2
and key the superbass out.

Don't worry about leaving power
switch Si on for the several hours of
a gig. The circuit pulls less than 1-mA
from the battery, so the battery will
last many, many months.

Bread board amplifier component mount-
ing eliminates the need for etching your
own PC board.

Inside the completed Superbass. Secure
the amplifier board well to withstand
the stress and pressure.
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insertion, minimum ad $15.00 payable in advance. Capitalized words 400 per word additional. To be included
in next issue, write to: R. S. Wayner, DAVIS PUBLICATIONS, INC., 380 Lexington Ave., New York, N.Y. 10017

ADDITIONAL INCOME

MECHANICALLY INCLINED INDIVIDUALS As-
semble electronic devices in your home. Knowledge
or experience not necessary. Get started in sparetime. Above average profits. $300-$600/wk. possible.
Sales handled by others. No investment-Write for
free details. ELECTRONIC DEVELOPMENT LAB,
Box 156010, Pinellas Park, FL 33565.

$600. Weekly. Home mailing program. Goodworld,
Box 26233-JIC Tamarac, FL 33320.

MONEY multiplies if you know the "secrets"!
Write Spectron, Dept. H, 420 East 111th Street,
Suite 2908, New York, NY 10029.

MONEY Making Reports. Free details. Send
stamped envelope. Conley's, Box 581, Orange City,
Florida 32763.

AMAZING WEEKLY PROFITS! Quick and easy
home program. Free details: Evans, 12059 Juniper
A108(F3), Grand Blanc. Michigan 48439.

ALTERNATE AUTO FUEL SYSTEM

PROPANE CONVERSION - Cars - 'Ducks. The
most practical alternative to gasoline. No enginemodification. Either fuel - Propane or Gasoline -
Changes over instantly! Versatile-uses refillable cyl-
inders or permanently mounted tank. GUARAN-
TEED PROVEN-TESTED-This system WORKS!
Build with hand tools in few days for around $100
All parts locally available-plumbing, hardware
stores, etc. Satisfaction UNCONDITIONALLY GUAR-
ANTEED OR IMMEDIATE REFUND without ques-
tion. (We're mightly sure you'll be satisfied!) Com-
plete-Easily understood plans, drawings, part list-
RUSHED first class-$10-Fleming Engineering. Dept.
COM-3, Remsen, NY 13438.

AUTHOR'S SERVICE

PUBLISH YOUR BOOK! Join our successful au-
thors. Publicity, advertising, beautiful books. All
subjects invited. Send for fact -filled booklet and free
manuscript report. Carlton Press, Dept. SMK, 84
Fifth Avenue, New York 10011.

BOOKS & PERIODICALS

BORROW, LEND & GET RICH, is a book that
will show you how to build a fortune through real
estate and real estate loans. Order from your favor-
ite book store or send $7.95 to: Key To Wealth
Publishing Co., 2175 The Alameda, P.O. Box 26218,
San Jose, CA 95159:

FINANCIAL Wizard's newest discovery gets youpower to fire your Boss. Guaranteed. Dna:Is Free.
Independence House, Birmingham Dr. Burtonsville,
MD 20730.

FREE information on a new service. The Easy
Book Club, Dept. GKT, Box 483, Augusta. ME 04330.

BUSINESS OPPORTUNITIES

STAY HOME! EARN BIG MONEY addressing en-
velopes. Genuine offer 101. Lindco, 3636 -DA. Peter-
son, Chicago 60659.

MAILORDER opportunity! Start profitable homebusiness without experience or capital. Write for
free book and details. No obligation. Gil Turk, Dept.
408, Montvale, NJ 07645.

$480 Weekly Possible. Amazing New Mailing Pro-
gram. Details. Rasmussen DP1I0 P.O. Box 3394.Ogden, UT 84404.

$2000.00 Monthly mailing commission circulars.
Experience unnecessary. Free details. American. 1108
Colonial, Inkster, Michigan 48141.

FREE BOOK "2042 Unique Proven Enterprises."
Fabulous "unknowns," second inflation income.
Haylings-E12. Carlsbad, CA 92003.

$350 Weekly Mailing Letters. Free Details, Bronx-
ville House, Box 311-D, Bronxville, N.Y. 10708.

FREE Mallorder Information! BIG PROFITS. Spe-
cialty Wholesale Products. Catalog Available. JRS,
Box 626-ICP, Long Beach, NY 11561.

BUSINESS OPPORTUNITIES-Cont'd

$500 WEEKLY Possible! Commission Mailing Pro-
gram. Free Details. Pacific Publications. Box 1109
(DPi Lake Grove, OR 97034.

EASY home income mailing program. Big profits.
Free details. Write: Runnel, Box 456, Fairview. OR
97024.

$750.00 WEEKLY stuffing envelopes. Guaranteed!
Details: Enclose stamped envelope. .250: Galaxy,
Box 6364-109. Corpus Christi. 78411.

$265,000 ANNUALLY from $14.00 investment! In-
terested? Free details: Americana, P.O. Box 108(F3),
Grand Blanc, Michigan 48439.

GET Scrap Gold $10.00 ounce-Sell $291.75!! Free
Information! Bunt, 123-D Scott, Florence, SC 29501.

SELL SENSATIONAL LOW-COST BURGLAR
ALARM. Lightning seller. Exceptional margin. Sam-
ples for trial. Northwest Electric, Ave. 143 Mitchell,
SD 57301.

"8500 CASH Advance Possible!" "Work from home
mailing circulars." No experience required. Reason
27-01F, Box 1060, Orange Park, FL 32073.

FREE wholesale catalog. Rings, pendants. earrings,
watches! Northway Distributors, 31 King, Dept. A4,
St. Charles, Ont. POM 2WO.

FREE REPORT!! Fund Raising/Wholesaling Suc-
cess. FR -I0, 600 Welch, Flint, MI 49503.

BECOME an ordained ministe. Start a non-profit
organization. Many benefits! Credentials and infor-
mation $10.00. Universal Life Church, 1335 Seabright
Ave (851), Santa Cruz, CA 95062.

MAKE 3 times your cost on gift items, novelties,
toys, carded merchandise, 1001 others. $2.00 brings
giant catalog, refundable on first order. T/J Golden
Gate House, Dept. 3D-110, 1699 Altschul, MenloPark, CA 94025.

$1500 WEEKLY POSSIBLE STUFFING 2000 EN-
VELOPES! Write Immediately for $20 Gift! Pub-
lishers. X8, Broken Arrow, OK 74012.

$1200.00 MONTHLY ASSEMBLING PUZZLES at
home!!! Start now. No experience required. Valuable
free information. Send serf -addressed stamped en-
velope. Careers, Box 225-WCBK, Concord, CA 94522.

BUY IT WHOLESALE

RINGS, jewelry priced 130% below retail price.
Catalog. $1.00 (refundable), Ankaa, 95 Washington,
West Warwick, RI 02893.

400,000 BARGAINS Below Wholesale! Many Free!
Liquidations . . . Clcssouts . . . Job Lots . . .Single Samples. Free Details. Worldwide Bargain -
hunters. Box 730-10, Holland, MI 49423.

CB RADIO

GET MORE CB CHANNELS AND RANGE! Fre-
quency Expanders, boosters, how-to books, acces-sories. Catalog $1. CB City, Box 3150 ICP, Phoenix,
AZ 85046.

COINS. CURRENCY & TOKENS

BUY-Sell: Gold & Silver. Nation Galleries, 618-
847-2291, Fairfield, IL 62837.

EDUCATION & INSTRUCTION

UNIVERSITY DEGREES BY MAIL! Bachelors,
Masters, Ph.D.s .. . free revealing details. Coun-
seling, Box 389 -IC -11, Tustin, CA 92620.

UNIVERSITY DEGREES BY MAIL. Free informa-
tion write: Alternative Educational Services, 420
South Beverly Drive, Suite 207D, Beverly Hills, CA
90212.

ELECTRICAL EQUIPMENT & SUPPLIES

REPAIR ELECTRIC MOTORS! GENERATORS!
ALTERNATORS! Modelectric, Box 7266, Kansas City,
MO 64113.

EMPLOYMENT INFORMATION
EASY MONEY! Become HIGH PROFIT Commis- JOURNEYMAN CREDENTIALS GRANTED! LEGI-sion CIRCULAR MAILER. Free Application. Graham, TIMATE. Write: National Craftsman Union, 210DPBX 99371, Tacoma, WA 98499. Fifth Avenue, Suite 1102, New York, NY 10010.

GOVERNMENT SURPLUS

JEEPS $19.30! CARS $13.50! 650,000 ITEMS!
GOVERNMENT SURPLUS-MOST COMPREHENSIVE
DIRECTORY AVAILABLE TELLS HOW, WHERE
TO BUY-YOUR AREA-$2-MONEY-BACK GUAR-
ANTEE, "GOVERNMENT INFORMATION SER-
VICES," DEPARTMENT E-11, BOX 99249, SAN
FRANCISCO, CA 94109.

HYPNOTISM

FREE Fascinating Hypnosis Information! Startling!
DLMH, Box 487, Anaheim, CA 92805.

INVENTIONS WANTED

INVENTIONS, patents, wanted cash, royalty. Auto,
electro-mechanical, mechanical devices, Housewares.etc. We develop, finance, manufacture and market
from an idea to perfected product. Free evaluation
and brochure. Request Kit DP, Pixonic Corporation,
22 Walter Street. Pearl River, NY 10965.

MANUFACTURER seeking patented, unpatented in-
ventions, new product ideas. Advantek International,
1100 17th NW, Washington, DC 20066.

LOANS BY MAIL

BORROW $25,000 "OVERNIGHT." Any purpose.
Keep indefinitely! Free Report! Success Research,
Box 2926-SY, Indianapolis, IN 46229.

"BORROW by mall! Signature loans, No col-
lateral! Free Details, Write MBG-DPC11, Box 2298,
Sandusky, OH 44870.

$QUICK$ Cash Signature Loans! Advise amount
& purpose. Details Free. National, 507 -DG Fifth
Ave.. New York 10017.

BORROW $1,000-$50,000 secretly-"overnight."
Anyone! Credit unimportant. Repay anytime. In-
credibly low interest. No interviews, collateral, co-signers. Unique "Financier's Plan." Full informa-
tion, $2 (refundable). Spectrum, 79 Wall St. -I6,
New York 10005.

GET cash grants-from Government. (Never repay.)
Also, cash loans available. All ages eligible. Com-
plete information, $2 (refundable). Surplus Funds -
DG, 1629 K St., N.W. #502, Washington, DC 20006.

THE ARABS HAVE MILLIONS to Loan, Invest.
(Not Iranian) Free Details. Arab -DC, 935 Main,
Vidor, TX '77662.

BORROW $25,000 interest -free! Repay anytime.
Everyone eligible! Free report: Executive -N12, Box
996, Dundee, FL 33838.

MAGIC TRICKS. JOKER NOVELTIES & PUZZLES

AMAZE friends with easy -to-do tricks. Catalog,
$2.00 trick-both $1.00. Abracadabra-PCI, Scotch
Plains, NJ 07076.

MAILING LISTS

FRESH EAGER Names, Addresses. 375/94.00, 200/
$3.00. Markos, Inc., P.O. Box 401, Hobart, IN 46342.

MEMORY IMPROVEMENT

INSTANT MEMORY . . . NEW WAY TO RE-
MEMBER. No memorization. Release your PHOTO-
GRAPHIC memory. Stop forgetting! FREE informa-
tion. Institute of Advanced Thinking, 845DP Via-
Lapaz, Pacific Palisades, CA 90272.

MISCELLANEOUS

FULL COURSE VEGETARIAN MEXICAN DIN-
NER. Send 62.00 with self addressed stamped en-
velope to: L. B. Sherby, 117 North First, Ann
Arbor, MI 48104.

SAVE! Fabulous Gems For Jewelry, Collecting!
Gemcutter to You! Details Free. Taylor's, 113-A
Martin, Indian Harbor Beach, FL 32937.

FREE Details on Canada's Fabulous Lottery. Jim
Nicol, Box 58368, Vancouver, Canada V6P 6E4

MONEYMAKING OPPORTUNITIES

$60.00/Hundred Stuffing Envelopes (per instruc-
tions)!! Offer -details: Worldwide -P 460, X15940, Fort
Lauderdale, FL 33318.

EARN Money Collecting Names! Write: Day. 104-
HH Third, Salem, Missouri 65560.

For Greater Advertising Savings ...Results...and Profits ...
Place your ad in one of our SPECIAL COMBINATIONS: Combo #1, or Combo #2, or Combo #3. Each com-
bination is designed to give your ad the largest audience available. For further information write to
R. S. Wayner, Classified Advertising Director, Davis Publications, Inc., 380 Lexington Ave., New York, N.Y. 10017.
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Classified
Continued

MONEYMAKING OPPORTUNITIES-Cont'd

$45,000 in Three Weeks! Guaranteed! Gene San-
ders, 1316DC Lyric, Fort Worth, Texas 76134.

"$500 CASH Advance Possible!" "Work from home
mailing circulars." No experience required. Rexson
27-02F, Box 1030, Orange Park, FL 32073.

HUNDREDS weekly mailing circulars. Free sup-
plies! Details: stamped, return envelope, .25#:
Galaxy, Box 6364-10K9, Corpus Christi, TX 78411.

$800.00 WEEKLY POSSIBLE! Earn immediately
mailing our 1,500 circulars free. Rush stamped en-
velope: GOLDEN, P.O. Box 2684A, Wichita, Kansas
67201.

MAKE YOUR CLASSIFIED AD PAY. Get "How to
Write A Classified Ad That Pulls" Includes certifi-
cate worth $2.00 towards a classified ad in this
publication. Send $1.50 (plus 25e for postage) to
R. S. Wayner, Davis Publications Inc., Dept. CL,
380 Lexington Ave., New York, NY 10017.

WHOLESALE Rubber stamp outfits, supplies. Cat -
slog $1.00. Martin, 1432D Major, Jefferson City, MO
65101.

$45,000.00 in three weeks Guaranteed! Send self-
addressed stamped envelope to Arnold Lange, 246
Dayton Ave., Clifton, NJ 07011.

EARN EXTRA MONEY collecting names. Send
#10 sase for details. Lawrence, Dept. CN-1, 861
Schoolway, New Smyrna Beach, FL 32069.

MOTION PICTURE PROJECTORS, FILMS,
SLIDES & SUPPLIES

BREATHTAKING GLAMOUR SLIDES, CLASSIC
NUDES, Catalog, six samples, $3.00. Photographic
Place, Box 808 -IC, Royal Oak MI 48068.

OLD GOLD WANTED

BUYING Gold, Silver, Platinum, any form! Infor-
mation write: American Metals, Box 30009, Charles-
ton, SC 29407.

PERSONAL

HAVE CONFIDENTIAL CHICAGO MAILING AD-
DRESS or branch office. Business, Personal: Since
1944! Mall Center, 323(g) Franklin, Chicago 60606.

SINGLE? MEET sincere, beautiful people-like
YOU. Very low fees. Call DATELINE toll -free: 800-
451-3245.

UNIVERSITY DEGREES BY MAIL! Bachelors,
Masters. Ph.D.s ... Free revealing details. Coun-
seling, Box 389-DP11, Tustin, CA 92680.

BECOME ORDAINED MINISTER LEGALLY. FREE
"Reverend" Credentials. Church of the God Within,
Box 390611-A, Miami, FL 33119.

MARRIAGE only! Home -loving, traditional affec-
tionate, devoted, Oriental ladies. Cherry Blossoms,
Box 1021D, Honokaa, Hawaii 96727.

PHOTOGRAPHY-PHOTO FINISHING

SAVE HUNDREDS OF DOLLARS!!!!! Make your
own S & M Densitometer. Send $5.00 for detailed
drawings and instructions. A must for successful
photography in your darkroom. Order direct: S & M
Instruments, Dept. IC -I1, 380 Lexington Ave., New
York, NY 10017.

RECORDS & SOUND EQUIPMENT

FREE Promotional albums, concert tickets, stereos,
etc. Information: Barry Publications, 477 82nd Street.
Brooklyn, NY 11209.

RUBBER STAMPS

FREE! Illustrated Catalog. Hundreds of Stock
Cuts, etc. send 50# postage. Applicable Borst order.
Kingsborough-IC, 1571 W. 11th Street, Brooklyn.
NY 11204.

SONGWRITERS

POEMS WANTED. Songs Recorded For Radio
Promotions. Pageant Records, Box 7416 -DA, Sara-
sota, FL 33578.

SONGWRITERS: Exciting offer! Poems, songs
needed. Free evaluation. Creative Music Productions,
Box 1943-Al2, Houston, TX 77001.

UNUSUAL BOOKS

ELECTRONIC SURVEILLANCE, LOCK TECH-
NOLOGY, other unusual books & manuals. Free
brochures. Write: MENTOR, Dept. DP, 135-53 No.
Blvd., Flushing, NY 11354.

WATCHES, WATCHMAKING & REPAIRING

WATCH and clock repairing books, tools, materials.
Free Catalog, North America, Box 78, 10-72, Fox
River Grove, IL 60021.

Wire -Wrapping
(Continued from page 95)

place. Next, wire the power connection
pins of each socket to the power buses
using conventional wire jumpers and
soldering them in.

Now insert the rest of your com-
ponents, and interconnect them with a
hybrid technique: solder those connec-
tions which can be made using the
board's copper pad pattern. For in-
stance, the junction of two resistors is
easily established by inserting the wire
leads of the resistors into two adjacent
holes in a copper pad, and soldering
both leads to the pad.

Wire -Wrap Tight Spots. The great ad-
vantage of the wire -wrapping technique
is that it allows connections to be
made in tight places. There is no dan-
ger of shorts from solder bridges, and
no nicking of insulation by a hot iron.
However, a good wire -wrap joint re-
quires a square post to wrap over.
Wrapping on the round lead from a
resistor is all right as a temporary
technique, but not recommended for
more permanent construction.

Digital projects, where the ICs usu-
ally outnumber the passive compon-
ents, will require lots of wrapping. On
the other hand, projects containing
more passive components than inte-
grated circuits will demand a greater
amount of soldering. (Note: Passive
components have widely spaced leads;
hence they are easy to solder. Inte-
grated circuits, with their tightly spaced
pins, are much easier to wire -wrap.)

The Results. How did the WK -4B
kit work? Just fine, as you can see from
the neat looking pulse burst generator
illustrated here. The technique is rela-
tively fast and convenient-much easier
than perfboard. While wire -wrap may
not be as compact (nor as quick to
assemble) as a pre-fab printed circuit,
it is much faster to assemble than a
homemade PC board. Furthermore, the
wire -wrapped connections are every bit
as reliable as a solder joint, provided
that you make them properly. As testi-
mony to that fact, it should be noted
that even commercial equipment is
being wire -wrapped today-often by
computer -controlled wire -wrapping tools.

So, whether you're building a proto-
type of your own design, or assembling
a project for which no prefab PC board
is available, why not give wire -wrapping
a try? For more information on the
WK -4B Kit, write OK Machine and
Tool Corp., 3455 Conner St., Bronx,
NY 10475. Circle No. 40 on the Reader
Service Coupon.

Bob Hope
says:
"Red Cross
helps
veterans,too!
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LITERATURELIBRARY
403. PA/A Electronics gives you "Advanced Elec-
tronics For The '80s and Beyond." Brochure fea-
tures computerized music synthesizers.

402. Technical Electronics has descriptions galore
of all kinds of electrical gadgets -transistors, com-
puter power supplies, and logic probes -in its
latest (6-80 B) mail order catalog.
401. AP Products' "Faster and Easier Book" is
designed to eliminate any problems with bread-
boarding, interconnection and testing devices. All-
circu.t evaluators with power are featured.
400. Global Specialties provides new product
info in its catalog of Testing and Design Instru-
ments. A Digital Capacitance Meter and Tri-Mode
Comparator are just some of the featured protects.
399. "Firestik" Antenna Company has introduced
a new and informative product catalog on top -
loaded, helically wire -wound antennas and mounts.

398. Hamtronics, Inc. has announced a new model
R110 VHF AM Receiver Kit which employs an AM
detector and a dual -loop agc system. A complete
catalog is yours for the asking!
397. Instant Software, Inc. is offering a special
holiday catalog for all kinds of year 'round soft-
ware package gift -giving, as well as their regular
microcomputer catalog.
396. Creative Computing's first software catalog
of various education and recreation simulation pro-
grams as well as sophisticated technical applica-
tion packages is available now.
395. OK Machine and Tool explains the technology
of wire -wrapping, complete with illustrations, in
its catalog of industrial and hobby products. The
60 -page book (80-36N) is available now.
394. KEF Electronics Ltd. is offering two speaker
systems in kit form at a significant cost -savings.
The Model 104aB and the Cantata can be easily
assembled and may be auditioned before pur-
chasing.

389. You can't buy a bargain unless you know
about it! Fair Radio Sales' latest electronics sur-
plus catalog is packed with government and com-
mercial buys.
388. SWLs need Gill er's Shortwave Mail Order Cata-
log for economy one -stop armchair shopping. From
top-notch rigs to reporting pads, Gilfer supplies
all your hobby needs.
327. Avanti's new brochure compares the quality
difference between an Avanti Racer 27 base loaded
mobile antenna and a typical imported base loaded
antenna.

362. A new catalog packed full of military, com-
mercial and industrial surplus electronics for every
hobbyist is offered by B&F Industries. 44 pages of
bargains.

384. B&K-Precision has issued BK-10, a condensed
catalcg describing their oscilloscopes, semi -con-
ductor testers as well as test instruments for CB,
radio and TV repair.
310. Compumart Corp., formerly NCE, has been
selling computers by mail since '71, and is offer-
ing a 10 -day return policy on many items featured
in their latest catalog.

322. Radio Shack's latest full color catalog, "The
Expanding World of TRS-80," is out now, packed
with up to the date information on this microcom-
puter. Specifications for the new Model II as well
as the Model I are included.

386. If you're looking for books on computers, cal-
culators, and games, then get BITS, Inc. catalog. It
includes novel items.

335. The latest edition of the TAB BOOKS catalog
describes over 450 books on CB, electronics, broad-
casting, do-it-yourself, hobby, radio, TV, hi-fi, and
CB and TV servicing.

345. For CBers from Hy -Gain Electronics Corp. there
is a 50 -page, 4 -color catalog (base, mobile and
marine transceivers, antennas, and accessories).
393. A brand new 60 -page catalog listing Simpson
Electric Company's complete line of stock analog
and digital panel meters, meter relays, controllers
and test instruments has just come out.
382. Buys by the dozens in Long's Electronics super
"Ham Radio Bu,er's Guide." Good reading if
you're in the market for anything from spare fuses
to a complete station.

380. If your projects call for transistors and FETS,
linear and digital ICs, or special solid-state parts,
then look into Adva Electronics' mini -catalog for
rock bottom prices.

301. Get into the swing of microcomputer and
microprocessor technology with CREI's new Pro-
gram 680. New 56 page catalog describes all pro-
grams of electronics advancement.

306. Antenna Specialists has a new 32 -page CB and
monitor antenna catalog, a new amateur antenna
catalog, and a complete accessory catalog.
377. John J. Meshna, Jr., Inc. has a super -saver
catalog out (SP -16) featuring walky talkies, police
radar detectors, vacuum pump compressors and
other fascinating products to choose from.
330. There are nearly 400 electronics kits in Heath's
new catalog. Virtually every do-it-yourself interest
is included -TV, radios, stereo and 4 -channel, hi-fi.
hobby computers, etc.

392. The opening of the new Software of the Month
Club has been announced by Creative Discount Soft-
ware, which is giving out membership enrollment
applications now. The Club plans to have separate
branches for users of the Apple II, TR3-80, Ohio
Scientific, Exidy, PET and CP, M based systems.
390. Whitehouse & Co., your "hard to find parts
specialist," offers over a dozen parts and kits in
their latest catalogue, featuring an entire section
on gunnplexers for Amateur Radio buffs.

313. Get all the facts on Progressive Edu-Kits Home
Radio Course. Build 20 radios and electronic cir-
cuits; parts, tools, and instructions included.
320. Edmund Scientific's catalog contains over 4500
products that embrace many sciences and fields.
328. If you are into audio, ham radio, project build-
ing, telephones, CB or any electronics hobby you'll
want McGee's latest catalog of parts and gadgets'

333. Get the new free catalog from Howard W.
Sams. It describes 100's of books for hobbyists
and technicians -books on projects, basic elec-
tronics and related subjects.

354. A government FCC License can help you
qualify for a career in electronics. Send for Infor-
mation from Cleveland Institute of Electronics.

355. New for CBers from Anixter-Mark is a colorful
4 -page brochure detailing their line of base station
and mobile antennas, including 6 models of the
famous Mark Heliwhip.

391. A new software products catalog for the Apple
II Computer has just been issued by Charles Mann
& Associates. The booklet contains business ac-
counting, accounts receivable, inventory, BASIC
teaching and other special purpose business appli-
cations.

359. Electronics Book Club has literature on how to
get up to 3 electronics books (retailing at 658.70)
for only 99 cents each ... plus a sample Club News
package.

408. PanaVise Products, Inc., a manufacturer of
precision vises for holding electronics projects,
circuit boards and other devices requiring precise,
steady support is offering their new eight -page
color catalog. The PanaVise system uses a series
of interchangeable base mounts and accessories to
accommodate a variety of applications.

404. Specfronics, Inc. offers a complete line of
equipment for the shortwave listener. Their catalog
lists receivers, a complete SWL library and numer-
ous other accessories, all at discount prices.

405. The Kester Solder Company is offering a book
on soldering techniques and a handy guide to the
various types of solders and their applications. Bosh
are valuable items for the electronics hobbyist
working with conductive metals.

406. The 1980 catalog from Advanced Computer
Products, Inc. is billed as "the world's most
complete catalog of electronics, computers, hard-
ware, software and intelligent computer products
and gadgets." A copy of this catalog is yours
for $2.

407. Poly Paks Inc. carries a diversified line of
electronic equipment at bargain prices. They
cover computer products, electronic games, tools
for the hobbyist and professional, and much more.
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ITEM NO. CMOS SAFE

"7 IC INSERTION/EXTRACTION KIT
 MOS-1416 14-16 CMOS SAFE INSERTER

KIT INCLUDES  MOS-2428 24-28 CMOS SAFE INSERTER  EX -1 14-16 EXTRACTOR

 MOS-40 36-40 CMOS SAFE INSERTER  EX -2 24-40 CMOS SAFE EXTRACTOR

OK MACHINE & TOOL CORPORATION
3455 CONNER ST., BRONX, N.Y 10475 U.S.A.

PHONE 12121 994 6600 TELEX NO 125091

PRINTED IN U S A
PENDING

WK -7 COMPLETE IC INSERTER/EXTRACTOR KIT

INDIVIDUAL COMPONENTS

$29.95

MOS-1416 14-16 PIN MOS CMOS SAFE INSERTER $ 7.95
MOS-2428 24-28 PIN MOS CMOS SAFE INSERTER $ 7.95
MOS-40 36-40 PIN MOS CMOS SAFE INSERTER $ 7.95
EX -1 14-16 PIN EXTRACTOR TOOL $ 1.49
EX -2 24-40 PIN CMOS SAFE EXTRACTOR TOOL $ 7.95

MINIMUM BILLING $25.00. ADD SHIPPING CHARGE 52.00. NEW YORK RESIDENTS ADD APPLICABLE TAX.

OK MACHINE & TOOL CORPORATION 3455 CONNER ST.. BRONX, N.Y. 10475 (212) 994-6600/TELEX 125091

CIRCLE 4 ON READER SERVICE COUPON


