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SCIENCE & ELECTRONICS
ELEMENTARY ELECTRONICS

CIENCE & ELECTRONICS

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 sa.98!!!

(The regular subscription price is
$7.50for 6 issues. $8.10 on the
newsstand.) So save by sending
the coupon at right—today!

Half a million readers know it, and enjoy i, 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 atfect the technology in your
electronics projects. Not to mention new de-
velopments in electronics that will affect
scientitic advances!

Some people are already cailling 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 | 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

s communications innovations

* more photo and darkroom projects

» electronics and automotive developments

SCIENCE & ELECTRONICS
P.0. Box 1935, Marion, Ohio 43305

the newsstand price.

Credit Card Users Only:

Card Expiration Date m=

Name. — = =
Address_

[JYES, enter my supscription tor b issues (one year) for only $4.98—I save $3.12 off

[0 Payment enclosed. O Bill me. (Outside U.S.A. and possessions—$6.00)

[ Enter my subscription for 12 issues (two years) and charge my credit card for only
$9.96— | save $6.24 off the newsstand price. (Outside U.S.A. and possessions—$12.00)

Credit Card Number [ | [ | [ [ [ [ [ T
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Wind, Water and Sunshine.
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* Radio Astronomy for the Amateur.
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Please accept my Membership in Electronics Book Club and
send the 4 volumes circled below. I understand the cost of
the books selected is $1.00 (plus shipping/handling). If not
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days without obligation
* Club News Bulletins. All about current selections—mains,
alternates, extras—plus bonus offers. Comes 14 times a year
with dozens of up-to-the-minute titles you can pick from

* “Automatic Order”. Do nothing, and the Main selection
will be shipped to you automatically! But . . . if you want an
Alternate selection—or no books at all—we’ll follow the
instructions you give on the reply form provided with every
News Bulletin
¢ Continuing Benefits. Get a Dividend Certificate with every
book purchased after fulfilling Membership obligtion, and
qualify for discounts on many other volumes
* Bonus Specials. Take advantage of sales, events, and
added-value promotions
» Exceptional Quality. All books are first-rate publisher’s
editions, filled with useful, up-to-the-minute info

satisfied, | may return the books within ten days without
obligation and have my Membership cancelled. I agree to
purchase 4 or more books at reduced Club prices during the
next 12 months, and may resign any time thereafter.
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New Products

Electronic Games

0.K, Machine and Tool Corporation has
introduced a line of hobby construction
kits that will make it easier for would-be
electronics hobbyists to get started.
These kits provide an enjoyable means
of learning the basics of electronics con-
struction. Each kit comes in a compact
plastic package that becomes the pro-
ject cabinet. Included are all parts, a
printed circuit board and complete in-
structions. All you need are a few sim-
ple tools, solder, soldering iron and bat-
teries. There are five kits now available:
Quick Reaction (EK-1) tells which of two
players responds first to a flashing LED
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—$9.90; Electronic Organ (EK-2) makes
music at the touch of a probe—$11.89;
Digital Roulette (EK-3) counts so fast
that you have no way of knowing which
number it will stop on—$14.90; Elec-
tronic Dice (EK-4) replaces rolling ivory
with flashing LEDs—$13.80; and last
but not least Morse Code Practice
(EK-5) lets you build a handy code prac-
tice oscillator for would-be hams—
$6.51. Available at many electronics re-
tailers or directly from O.K. Machine and
Too! Corporation, 3455 Conner Street,
Bronx, NY 10475, or telephone 212/
994-6400 for more information.

Roof Top CB Antenna

Combining the best characteristics
of base loading, vehicle roof installa-
tion and fiber glass whip technology,
Antenna Specialists has provided own-
ers of fiber glass bodied RV’'s and other
vehicles with non-metallic roof or deck
surfaces a unique solution to the
ground plane problem with its MR480
roof top CB antenna. The antenna is
only 53 inches high, reducing overhead
obstruction clearance to a minimum
consistance with excellent performance.
The MR480 combines a base loading
coil encased in high impact white plas-
tic with a white fiber glass whip thus
requiring no metal ground plane. The

antenna also employs a slim heavy-duty
stainless steel shock spring. The
mounting base is a standard roof-type
requiring a 3-in. diameter hole. It is
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designed to mount on fiber glass roofs
up to % inches thick and is provided
with 24 feet of coax cable complete
with connector. Suggested list price is
$45.50. For further information con-
tact The Antenna Specialists Co., Con-
sumer Products Divisioh, 12435 Euclid
Avenue, Cleveland, OH 44106, or tele-
phone 216/791-7878.

Wire Dispenser
The new “‘AD” series is the latest
in the unique line of cutting and strip-
ping wire dispensers from O.K. Machine
and Tool. This heavy duty dispenser
features precision ground steel cutters
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and die stamped stripping blade for
easy and accurate cutting and strip-
ping. Particularly notable is that the
strip length is easily adjusted anywhere
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from 3%-in. to 2-in. simply by loosening
the locking cam and sliding the strip-
ping blade to the desired location. The
second unusual feature of the AD se-
ries is interchangeability of stripping
blades for 24 AWG or 30 AWG wire.
The dispenser is available in either
24 AWG or 30 AWG version complete
with blue or yellow Kynar insulated
wire, The 24 AWG version includes 50
ft. of wire; the 30 AWG version con-
tains 100 ft. The transparent housing
allows easy monitoring of wire supply,
and refill rolls are easily installed when
needed. Each AD dispenser, complete
with wire, is only $11.95; refills are
$3.98; replacement blades cost $1.98.
Available from local electronics retail-
ers or directly from O.K. Machine and
Tool Corporation, 3455 Conner Street,
Bronx, NY 10475, or telephone 212/
994-6600 for more information.

Microcomputer Autoranging DMM

B&K-Precision’s new microcomputer-
controlled, hand-held, autoranging
DMM, the Model 2845, offers con-
trolled autoranging at a price compar-
able to conventional DMMs. The micro-

computer of the 2845 automatically
selects the proper range without the
slow “hunting’’ action. The new meter
is actually a highly accurate full-func-
tion 3% digit DMM combined with a
complete microcomputer. The new
B&K-Precision 2845 autoranging porta-

AMAZING

«t(({ PHASERS )}

PPF-1 PHASER PAIN FIELD — This oevice recently devel-
oped and patented 1n our 1abs is being evaluated by law enforce-
ment agencies for riot ang crowd control It is now availabie but
soon will come under the jurisoiction of weapons and infernal
machine control making It unavailable to the public The device
is hano-he!d and tooks Itke a BUCK ROGERS ray gun. it 1s hazar-
dous if not used with discretion
PPF-1 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 mooerate to inten-
sive pain in the lower part of the head up 10 3 range of 50" De-
vice 1s simple and economical to make

IPG-1 PLANS $6.00 IPG-1K ALL PARTS $38.50
IPG-10 ASSEMBLED&TESTED FOR ANIMAL CONTROL $49.50

LASERS — 3¢

RUBY LASER RAY PISTOL Produces highly intense red
neam :aoabie 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 builll n power sup
plans  $8.00 Complete kit with colimator $74. 88
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 ——2&—

SNP-2 SNOOPER PHONE Dial home or office phone
while on vacation actwvating sensitive mike without phone
nnging. Excellent pvooeny protection and intrusion device
SNP2 LANS

$7.00
SNP2K alLPARTS $49.50
SNP20 ASSEMBLED AND TESTEL $89.50
LONG RANGE XMTR PLANS $6.00
SEE-IN-THE-DARK PLANS $8.00
DIRECTIONAL SHOTGUN MIKE PLANS $7.00
SUPER SENSITIVE PARABOLIC MIKE PLANS $7.00
SOUND & TELEPHONE OPERATED TAPE RECORDER  $6.00
CATALOG ON PLANS KITS & FINISHED UNITS $1.00

Send check or money order to

SCIENTIFIC SYSTEMS, oept. A10. Box 716

AMHERST. N.H. 03031
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ble DMM is now available at local dis-
tributors at a user price of $175. The
unit is supplied complete with safety-
designed test leads, built-in tilt stand,
detailed operating manual and spare
fuse. For additional information, write
to B&K-Precision, Sales Department,
6460 W. Cortland St.,, Chicago, IL
60635 or telephone 312/889-9087.

Dual Meter VHF Wattmeter
The Dual Meter VHF Amateur Watt-
meter Model HM-2141, monitors both
forward and reflected power simultane-
ously between 50 and 175 MHz. Of-
fered in kit form by Heath, the HM-
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2141 measures forward and reflected
average power, forward and reflected
peak envelope power (PEP), and stand-
ing wave ratio (SWR). The dual range
meter gives simultaneous readings of
transmitted output up to 30/300 watts
forward, and 10/100 watts reflected
power for complete ease of antenna
tuning. Mail order priced at $74.95,

F.0.B. Benton Harbor, MI, the HM-2141
is featured, along with other Amateur
gear and nearly 400 kits you can build
yourself, in the latest Heathkit catalog.
For a free copy write: Heath Company,
Department 350-130, Benton Harbor,
M1 43022, or telephone 616/982-3417.

Indoor Scanner Antenna

Antenna, Inc. is offering a new an-
tenna for monitors and scanner receiv-
ing radios. The All-Band Persuader Scan-
ner indoor Base Station Antenna ap-
proaches the high performance of an
outdoor scanner antenna with a unit
that can be installed inside a home
or apartment. The All Band Persuader
consists of a 7-ft. wire which is at-
tached vertically to an inside wall, a

e Now Usigns

'BWA[‘E‘D gﬂﬂ' aiTENA
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small black box on the baseboard (a
self-adhesive pad is provided), a short
2-ft. wire is connected to a convenient
ground and a 10-ft. interconnect cable
with pin plug is connected to the an-
tenna receptical of the scanner. The
entire installation takes only 1 minute
and a screw driver is the only tool re-
quired. The All Band Persuader Anten-
na operates on all frequencies between
25-900 MHz. The suggested resale
price of model 60502 is $11.95 and
is available from most electronic deal-
ers. For further information, contact
Antenna Incorporated, 26301 Richmond
Road, Cleveland, OH 44146, or tele-
phone 216/464-7075.

Computer Training

Paccom has a new Microprocessor
Training Unit, called the 8085AAT. The
8085AAT MTU hardware includes a
fully tested and assembled 8085A
microcomputer with 1K RAM, 1K
PROM, and 1K EPROM memory, pro-
grammable 1/0, keyboard unit, CPR
card, display and operatory system, 44
pin edge connector that allows con-
figuration to any bus structure, area on
the CPU card for custom wire-wrap de-
sign or user defined interface circuitry,
completely expandable, and a 20 mA
asynchronous port. The 8085AAT MTU
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software includes a complete step-by-
step instruction manual, a complete
User's Manual with programs included,
a 352 page 8085A Cookbook which
takes the user from basic microproces-
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sor concepts to actual design of an
8085A Microcomputer, and a 334 page
8080/8085A Software Design Book 1
with over 190 executable program ex-
amples, plus detailed examination of
all 244 Instructions and typical assem-
bly language for the 8080/8085A Mi-
croprocessor. The complete Microproc-
essor Training Unit is $299.95. A kit
version is also available for $249.95.
Write to Paccom, 14905 N.E. 40th
Street, Redmond, WA 98052, or tele-
phone 206/883-9200.

Acoustic Modem

The new 300 baud acoustically cou-
pled LEX-11 modem from Lexicon has
originate or answer capability, full and
half duplex modes, and a self test fea-
ture, all switch selectable. LED indica-
tors display power and ready status.
All switches and indicators are highly
visible and accessible allowing operat-
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ing ease and assurance. The modem
can communicate with Bell System
103A models as well as other LEX-11
modems. The RS-232 interface of the
LEX-11 makes the modem compatible
with most terminals, and small and
personal computers. The LEX-11, with
its battery option, can be used with
battery powered handheld terminals to
allow data interchange anywhere a
telephone exists, even from a phone
booth. In the self test mode the out-
put of the modem is looped back into
its receiver. This test feature allows the
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terminal operation as well as the
modem operation to be tested locally.
The LEX-11 is in molded plastic case
and is priced at $175. Write to Lexicon
Corporation of Miami, 8355 Executive
Center Drive, Miami, FL 33166.

Clamp-On Goes VOM

The hand-size Model 30 Clamp-on
AC Voltmeter/Ammeter from Triplett
Corporation, Bluffton, Ohio, now has ex-
tended versatility with the new Model
32 Ohms probe accessory. The plug-in
probe permits fast-in-the-field or lab
continuity checks -on fuses, switches,
circuit wiring, indicators, motor wind-
ings, checking open and shorted junc-
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tions of many semiconductor devices
and a myriad of resistance checks on
electronic/electrical components or cir-
cuits. The Model 30 probe features
handy thumbwheel zeroing and meas-
ures from 0-1000 ohms with 10 ohm
center. It's overload protec’ted up to
600 volts with a % Amp/600V fuse.
Price of the probe is $14.00 and the
Model 30 is $65.00. For further infor-
mation on this versatile addition for
Mode! 30 capability, write to Triplett
Corporation, One Triplett Drive, Bluff-
ton, OH 45817, or telephone 419/
358-5015 for more information.

Micro Kits

Edmund Scientific is the exclusive
domestic distributor of Josty Kit elec-
tronic kits of Denmark. Offered for the
first time through the Edmund Scien-
tific Fall/Winter 1980 catalog, Josty
Kits are ideal for use in classroom
demonstrations, science fair projects,
home study projects, or for anyone in-
terested in building useful instruments
with électronics. Electronic projects by
Josty Kit are available for building Elec-
tronic Dice, Portable Alarm, a McCloud-

INTERNATIONAL [
CRYSTALS

and KITS l

1.
L] %4 I

~ OF-1 OSCILLATOR

SE542

The OF-1 oscillator is a
resistor/capacitor circuit
Eroviding oscillation over a range of frequencies

y inserting the desired crystal, 2 to 22 MHz,
OF-1 LO, Cat. No. 35108. 18 to 60 MHz, OF-1
HI, Cat. No. 035109. Specify when ordering.

MXX-1 Transistor RF Mixer
3 1o 20 MHz, Cat. No. 035105

20 to 170 MHz. Cat. No. 035106 ....... .. $7.02 ea.
SAX-1 Transistor RF Amp

3 to 20 MHz, Cat. No. 035102

20 to 170 MHz, Cat. No. 035103 . ........ . $7.02 ea.
BAX-1 Broadband Amp

20 Hz to 150 MHz. Cat No 035107 ...... .. $7.34 ea.

.02% Calibration Tolerance

EXPERIMENTER oo 88 \,

CRYSTALS

(HC 6/U Holder) . i
1
Cat. No. Specifications v :
031300 3 to 20 MHz — For use in
OF-1L OSC Specity when ordering n
031310 20 to 60 MHz — For use in OF-1H OSC

Specify when ordering

Enclose payment with order (no C.0.D.) Shippm%and post-
age (inside U.S. Candad 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.

WRITE FOR BROCHURE

1EIm

International Crystal Mig. Co., Inc.
10NorthLee. Okiahoma City. Oklahoma 73102
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New
Products

Sound Siren and an FM Tuner and Am-
plifier. Each kit includes a schematic
diagram, printed right on the circuit
board. All parts are included and en-
closed in a'handy 3 x 1% x 2-in. con-
tainer which later becomes the housing
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for your project. All that is needed are
wire cutters, drill and soldering gun.
Each unit operates on a 9V battery
(not included). Josty Kits ave available
by mail from Edmund Scientific, 7082
Edscorp Building, Barrington, New
Jersey 08007. The Electronic Dice Kit,
no. 42,949, is $16.95; Alarm Kit, no.
42,950, is $12.95; McCloud Siren Kit,
no. 42,951, is $14.95, and the FM
Tuner & Amplifier Kit, no. 42,952, is
$29,95; each kit F.0.B. Barrington,
New Jersey. For information on a com-
plete line of educational aids and kits,
write for the free Edmund Scientific
catalog at the address listed above.

Concealable CB

The new 40-channel citizens’ band
two-way mobile transceiver introduced
by RCA can be installed in a concealed
location to deter theft and conserve
space. In Model 147280, all controls,
along with LED digital readout, are
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located on the microphone, which can
be disconnected and removed or hid-

den when not in use. The main chassis
can be installed in a concealed loca-
tion, such as firewall, side panel or
under the seat, since it contains no
switches or other controls that require
access. A built-in speaker relay permits
use of existing radio speakers with the
RCA CB, or separate speaker (not sup-
plied) may be used through external
speaker jack. The CB radio is designed
with ‘“‘channel memory' that gives you
the last channel used when you turn
it on; electronic channel selector for
convenience in changing channels up
or down; channel 9 switch to select
that emergency channel fast for receiv-
ing or transmitting; and channel lock
switch that prevents accidental channel
change. Suggested list price for RCA
Model 14T280 citizens’ band radio is
$199.95. Further information on these
new units is available through RCA
Custom AutoSound Distributors or RCA
Distributor and Special Products Divi-
sion, Deptford, NJ 08096.

Resistor Organizer

Century Electronics offers a wide
assortment of fixed resistors in an at-
tractive and convenient storage case.
The GL-25 Econo-Pak Organizer con-
tains 840 top quality Ya-watt resistors
in 42 of the most commonly used re-
sistance values for the home hobbiest
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as well as for the shop and laboratory
repairman. Each resistor value is pre-
packaged in its individual compartment
thus assuring fast and accurate selec-
tion of any desired value. The compact
Econo-Pak Resistor Organizer measures
only 7%-in. x 6%-in. x 3-in. and is
priced at only $29.95, FOB: Factory.
Order directly from: Century Electron-
ics Corporation, 3511 N. Cicero Ave-
nue, Chicago, IL 60641, or telephone
312/777-9700.

Calendar/Clock Module for Apple Il

The Model 7424 Calendar/Clock
Module provides Apple Il users with
accurate real time counting for a broad

range of applications. The module, fea-
turing a crystal-controlled MSM5832
clock chip, counts seconds, minutes,
hours, days of the week and month,
months, and years. A battery may be
installed to maintain uninterrupted
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time counting during power-down or
power outages. The 7424 includes
three separate, jumper-selectable CCS
driver programs, plus space for user-
written drivers, on-board in 1K of
EPROM. One driver transfers data and
time in the Mountain Hardware format
to the Apple’s input buffer. Another
driver uses interrupts to write the cor-
rect time into an Applesoft string, from
which it may be called by software. A
third driver uses interrupts to maintain
the correct time in the corner of the
CRT screen. The Model 7424 is avail-
able completely assembled and tested
for the list price of $125.00 (battery
not included). For more information,
contact California Computer Systems,
250 Caribbean Drive, Sunnyvale, CA
94086, or telephone 408/734-5811.

Tutor Micropro

The TM990/183-1 Microcomputer by
Texas Instruments is a singleboard mi-
crocomputer that can be used as an

aid in learning highlevel languages,
16-bit microprocessor fundamentals
CIRCLE 51
ON READER

SERVICE COUPON

and interfacing techniques, as well as
demonstrating TMS9900 family mem-
ory-to-memory architecture. It comes
with the University Basic ROM Kit. The
packaged University Board is available
now from TI distributors at a suggested
retail price of $399. For more informa-
tion, write to Texas Instruments In-
corporated, P.O. Box 225012, M/S 308,
Dallas, Texas 75265. w
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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 replies
cannot be made. Sorry, he isn’t offering a circuit
design service. Write to:

Ask Hank,
He Knows!

Big Amp
Recently I purchased an old Radio
Engineering Labs Inc. Model 518-B-DL
1000 watt FM broadcast transmitter with
Model 710 10,000 watt amplifier and
power supply. All for personal, nonbusi-
ness use. I need the schematic diagram
and manuals for the Model 710 amplifier
and power supply. Can anyone help me?
Also, I'd like to get in touch with Radio
Engineering Labs, or anyone who has
ever serviced the 710 or 518-B-DL rigs.
—Jerrv Kautz, KWNB-TV
Box 37
Hayes Center, NE 69032
Tel: 308/286-3664

Sounds like you have the makings of
a hot-dog amateur station. Good luck,
Jerry.

On the Level
Hank, I was all set to buy a TRS-80
Level I, when I heard disturbing news
that Radio Shack was going to drop the
Level I from its line of hobby computers.
Is this true?
—W.N., Syracuse, NY

My two local Radio Shack stores
(within a short drive) both claim they
sell only personal and small business
microcomputers. It seems that the word
“hobby” does not exist for them even
though the TRS-80 is probably used
more in hobby applications than any
other computer type sold. As for the
Level T model, both stores did not have
the Level T in stock, and suggested I
buy the Level II, since “everybody who
owns a Level I steps up to the II.” My
view is that the TRS-80 Level I will
soon take its honored spot next to the
Model T and the Wright airplane in the
Smithsonian.

Wrap Up
Is wire wrapping all it is cracked up
to be?
—J.N., Huntsville, AL

It sure is, if you are an experimenter
or fool with circuit designing. Wire
wrapping is a method of making elec-
trical connections by winding the bare
end of a wire around the connecting pins
of an electronic part or its socket pin.
These pins are square posts that bite into
the copper wire forming tiny spotwelds
at each contact forming an excellent me-
chanical connection without heat and a
perfect electrical connection. I find that
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Hank Scott, Workshop Editor
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380 Lexington Avenue
New York. NY 10017

wiring mistakes and modifications can be
made quickly and 100% of the parts
salvaged, when the circuit or project is
junked. I use an OK Machine and Tool
wire wrapper that holds a spool of wire.
You know, I've yet to make a cold solder
joint with it!

Modification
I would like to use the Digital Volt-
meter that appears in the March/April
1980 issue of ELEMENTARY ELECTRONICS
(now changed to SCIENCE & ELECTRON-
Ics) to indicate voltage output front my
0-40 VDC variable power supply. Can it
do the job?
—A.W., Columbia, SC

Modifications are necessary. First, dis-
connect diode D1 and connect the top of
C1 where it connects to Ul to a 12-13.8
VDC source. This way when the voltage
drops to zero, or very low, the unit will
be powered. Now power up the circuit
and align it as the text instructs with a
15 VDC input. Then slowly increase the
test voltage input until you reach 40
VDC. If the meter circuit functions cor-
rectly by supplying the correct indica-
tion—QO.K. If not, you may have to in-
crease R1 to 150,000 ohms.

Manual Supplier
Hank, if any of vour readers have
questions concerning military electronic
communication equipment, we have thou-
sands of technical manuals covering just
about all military equipment.
—Col. Wayne D. Russell
Surplus Communications
9410 Walhampton
Louisville, KY 40222

You can get a quote on any manual
you need by sending a stamped self-
addressed envelope to the Colonel. He
specializes in military gear—not con-
sumer goods.

DX Club Forming
Ij you're a teen-aged DXer, and are
looking for a DX club especially de-
signed for voung listeners, one is being
formed right now—TEENDX. If you are
interested in helping to form it, or just
being a casual member, write to:
—Josh Cherry
3217 Wynsum Avenue
Merrick, NY 11566

Good luck!
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Ask Hank, He Knows!

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

Bond It
My serviceman suggested 1 “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 parts supply outlet for
bonding straps. If you can’t get any, use
the wire braid from an RG-8/U cable.
Take off the outer jacket and inner insula-
tion and center wire. It’s easy to do, and
you'll need strips of about one foot in
length. 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 a good connection
and is not damaged. That should do it.

Disc—oh!
What is the difference between a “direct
disc” and a “digital disc?”
—C.E., Reno, NV

A “direct-to-disc” recording is a tech-
nique whereby live performances by art-
ists are recorded directly on to the master
disc. No tape recording is utilized. The
entire performance must be recorded con-
tinuously. It is impossible to over dub on
errors. “Digital-to-disc” recording process
uses a digital master tape on which the
sound 1s broken down into its digital
counterparts greatly reducing the effect
tape has on a recorded performance like
reduced dynamic range and increased
noise level. Overdubbing is possible, and
second, third and higher generation tapes
are indistinguishable from each other with
respect to effect in performance and in-
creasing noise level.

An Upsidedown World
Whart is meant by “susceptance”?
—W.Y., Redmond, WA

Impedance (Z) consists of a real part
called resistance (R) and an imaginary
part called reactance (X). Admittance
(Y) is the reciprocal of impedance. Con-

ductance (G) is the real part of admit-
tance and is the reciprocal of resistance.
Susceptance is the imaginary part of Ad-
mittance (B) and is the reciprocal of re-
actance. This detailed terminology is
seldom used. We usually talk about im-
pedance and its two parts, and the recip-
rocals of all three. (Now I know some
high school science teacher will write say-
ing that I'm working against him.)

Tough to Hear
I have a Bearcat Scanner. My outside
antenna is 30 feet above the ground. Base
stations come in well but mobile trans-
missions are weak. I live in a mountain-
ous area. Will a preamplifier be the an-
swer?
—J.H., Blaireville, GA

I doubt it! We’re talking about signal
loss due to terrain. If the signal can’t get
to you, there’s nothing to amplify.

Help Wanted

Lend a Hand. Here is a super long list
of readers asking for help. Some requests
come from readers of SCIENCE & ELEC-
TRONICS, and others from electronics
handbooks like BUDGET ELEC-
TRONICS, 99 1C PROJECTS, and ELEC-
TRONICS THEORY HANDBOOK-—to
name a few. All these magazines are pre-
pared by the SCIENCE & ELECTRONICS
editors, and I assist with the question and
answer columns. So lend a hand, if you
can. And, if you need assistance, let me
know, and maybe one of our readers will
drop you a note.

Hallicrafters HT-17 transmitter; requires
oscillator and power amp output coils;
Larry Jessip, 1112 Whitcher, Sioux City,
1A 51109.

Computer Gans Programs—any lan-
guage; Andy Herman, 115 Federal St.,
Belchertown, MA 01007,

Philco radio with 307459 on bottom of
cabinet; needs schematic diagram and
owner’s manual (11 years old); James
Wildman, 34 Raymond Ave., Shelby, OH
44875.

Hickok Model 534 dynamic mutual
conductance tube tester and analyzer; op-
erating manual needed; A. V. Everett, Rt.
#1, Box 48, Ramer, TN 38367.

General Radio Telephone Model M. C.
3 CB (vacuum tube) transceiver; needs
schematic diagram; E. }. Weselek, Sr., 71
So. Main St., Middleport, NY 14105.

RME-84 (Radio Mfg. Engineers, Inc.);
requires tube layout, info—anything!; Rob-
ert Rasussen, 9 Whitehall Way, RD#1,
Coatsville, PA 19320.

Hallicrafters S-38 Shortwave Receiver;
require owner’s manual and schematic dia-
gram to put in tip-top shape; S. Merr,
Box 303, Yonkers, NY 10710.

Bruiser 100-watt Linear Amplifier, 2-
30 MHz; needs schematic diagram to wire
up remote jack plus any other info avail-
able; Peter Garde, 21 Leicester Ave.,
Timperley, Altrincham, Cheshire WA1S5-
6HR, England, Tel: 061-973-8006.

Atwater Kent Model 206 Receiver;
urgently request schematic diagram and
alignment information; Robert Payne, 806
California Blvd., Ridgecrest, CA 93555.

Hallicrafters Model 5SR10A radio; needs
glass dial to restore; Harry E. Smith, 2254
Dora St., Fort Myers, FL 33901.

Atwater Kent Model 20 receiver; needs
all the data he can get to restore 100%:;
Edwin Phelps, Box 553, Mandan, ND
58554.

Allen B. Dumont Type 208B oscillo-
scope; instruction book and schematic
diagram urgently needed; Allan Madsen,
4608-38th Ave., NE, Salem, OR 97303.

Hallicrafters S-210 Shortwave Receiver;
needs schematic diagram, alignment in-
formation and manual; Roy Patterson,
P.O. Box 2085, Spring Valley, CA 92077.

Video Brain Computer, Model 101A
made by Umtech; needs info on CPU
3850, and associated IC’s; Donald Crumly,
P.O. Box 2732, Kailua Kona, Hawaii,
96740.

Tempo One SSB Transceiver; needs
schematic diagram and operating manual;
Lewis Horn, 13 Spinning Wheel Lane,
Tamarac, FL 33319.

RCA Oscilloscope Model WO056A; Ser-
vice manual and schematic diagram ur-
gently requested; M. Wahl, W4NRF, 2250
Bay Drive, Miami Beach, FL 33141.

Hoffman Color TV, Model W7340A,
Chasis 913-000617; needs service data and
schematic diagram; Wm C. LeDuc, SC112,
3 House Ave., Troy, NY 12180.

J. C. Penny Model 6806-1901 AM/FM/
TV Receiver; need schematic diagram and
service data; Shawn Harrison, 11 Edgett
St., Bath, ME 04530.

Sanyo Model RD4550 Stereo Cassette
Deck; needs specs and schematic diagram;
Andy Yero, Rt. 1 Box 127, Highland, WI
53543,

Dynoptimum Test (Radio City Prod-
ucts) Model 309 Tube Tester; needs wir-
ing diagram, schematic diagram, and
manual; Hervy Glover, Rt. 1, Box 37,
Bokehito, OK 74726.

Freed-Eisemann Serial 37862 table radio
with six tubes—80, 42, 77, 77, 78 plus
one unknown; need identification sche-
matic diagram, and anything else; Fred
Paul I1I, 138 E. Bacon Street, Plainville,
MA 02762.

DeVry Instrument Model 34 Oscillo-
scope made for Bell & Howell Schools;
need schematic diagram; Walter M.
Thode, 903 Benton Street 5, Allentown,
PA 1?103.

Radio Shack Science Fair Globe Patrol
4-band Shortwave Receiver; urgently needs
schematic diagram and manual for opera-
tion; Stanley R. Garcia, 415 Akers Rd.
#81, Visalia, CA 93277.

Webcor Model WFX-239 Stereo; needs
schematic diagram for necessary repair;
Howard A. Rosine, 1401 Ashland Ave.,
Claremont, CA 91711.

Hickok Model 670 Oscilloscope; sche-
matic diagram urgently needed; Woodie
De Byle, 4129 Dundee Rd., Apt. C, Co-
lumbus, OH 43227. ]
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project—some of them good, and some of them down-

right awful. Before you start building any of the
projects in this handbook, please take a few moments to
read this introduction. We have compiled a small but
worthy collection of project-building tips that should bene-
fit both the novice builder and the old hand, too.

Planning. The first stage of construction, one that is
usually overlooked by the inexperienced builder, shouid
involve careful planning of what’s to be done, and how
to do it. Be certain that you understand your project’s
schematic completely. If you know what to expect in terms
of circuit performance, voltages, and component charac-
teristics, inadvertent damage and mistakes during con-
struction are less likely to occur. Furthermore, final testing
and troubleshooting will be impossible without adequate
prior knowledge of your circuit’s electrical characteristics.

Next, decide on whether permanent or temporary con-
struction is desired. Temporary construction, usually on a
solderless breadboard, is fine when you just want to try
out a circuit to see how well it works. For those projects
you wish to keep and use, more permanent construction
methods involving printed-circuit or wire-wrap techniques
are warranted.

Another important step in the planning process is to
review all anticipated construction steps and set up a plan
of attack. Naturally, this becomes easier after you’ve built
several previous projects, since experience is still the best
teacher. However, there is no need to plan every step of
construction; a rough outline will do nicely. Too many
people waste time trying to set up the quickest and most
efficient procedure when, in fact, there are probably few
significant differences between the various possible alterna-
tives. Just plan the high points—the rest will fall in place.

Finally, before beginning the actual construction, make
sure that you have collected all the parts required by the
project. It makes little sense to have drilled and punched
a cabinet only to find that some crucial part is either un-
available or so expensive that you cannot afford it. (Let’s
note right here that all the projects in this book use inex-
pensive, readily available components. In fact, most of the
components you purchase can be used in four or five
different projects.)

Construction Methods. The method employed to build
a project will depend to a certain extent on how you in-
tend to use the finished device. Projects will generally fall
into one of two categories: temporary or permanent. Tem-
porary projects should be wired up on one of the new,
solderless breadboards. These consist of ceramic plates
with numerous, recessed contact points, into which com-
ponent leads and wires may be inserted. If solderless
breadboards are unfamiliar to you, take a walk to your
local electronics supply store, or consult a catalog from
one of the mailorder electronics firms. Breadboards of this
type are both inexpensive and easy-to-use. We highly
recommend them to those of you who wish to quickly
evaluate a wide variety of circuits.

Permanent projects, which will not be dismantled after
experimentation, can be constructed by a number of meth-
ods. Perfboard is the oldest and cheapest mode of construc-
tion. It requires that contact pins be staked into a
perforated phenolic sheet, and that component leads and
wires then be soldered to these contact pins. This method
works, but it requires quite a bit of manual dexterity.

Wire-wrapping is a newer method of construction that
is faster and neater than perfboarding. Actually, wire-
wrapping is probably best suited to integrated-circuit pro-
jects, where the large number of closely spaced IC pins

There are many ways to go about building an electronic

101 ELECTRONIC PROJECTS 198t

Electronic
Projects

1981




makes it especially attractive. The wire-wrap process re-
quires either a manual or battery-powered tool that wraps
thin-gauge wire around contact posts having square cross-
sections. Wrapped joints need not be soldered, vet they are
every bit as reliable as conventional soldered joints. Wire-
wrap kits are available from many electronic suppliers.

Perhaps the most professional and neatest way to build
a project is to use a printed circuit. Unfortunately, fabri-
cation of the printed circuit itself can be time-consuming,
but many constructors feel that the professional-looking
results and compact size of the finished product justify the
extra effort. Printed-circuit kits are readily available for
those so inclined. The rest of us, who may not be as
talented or ambitious, can take advantage of printed-
circuit construction by purchasing printed circuit boards
that have been etched in a pattern similar to a solderless
breadboard so you can easily convert a breadboard design
to a permanent PC board with soldered connections.

Tools. There are a lot of tools that could be employed
in the construction of a project, so rather than tackle the
whole boring list, we’ll simply highlight some of the more
indispensable ones. Of course, a soldering iron is manda-
tory most of the time—with the possible exception of
breadboarding and wire-wrapping. Even here, a soldering
iron is sometimes handy. For the majority of electronic
projects, a light iron drawing between 15 and 25 watts is
ideal. A soldering gun (100-250 watts) might be useful
when soldering heavy wires and terminals, but for general-
purpose electronic construction, it’s a white elephant. By
all means, use only rosin-core solder, since acid-core sold-
ers leave residues of HC1 and other activators that will
corrode wires and contacts.

You will also be needing plier/grabber tools, such as
diagonal cutters, needle-nose pliers, wire strippers and
tweezers. Devices designed for the electrician won’t do,
because they are too large and clumsy. Miniature tools
are what you need. If you cannot find them locally, re-
quest a catalog from Jensen Tools Inc. (1230 S. Priest
Dr., Tempe, AZ 85281).

Another handy device to have around is the nibbler,
which can be used to make burr-free cuts in aluminum,
light-gauge steel or printed-circuit stock. While shearing
would curl sheet metal into the shape of a potato chip,
nibbling will leave it flat. Furthermore, a nibbler allows
you to execute more intricate cuts than would be pos-
sible with any other tool.

An electric drill is always welcome. You can use it to
drive the usual drill bits and special hole-cutting devices,
too. One such hole-borer, with the appearance of a tooth-
laden ice-cream cone, is capable of cutting a wide variety
of hole sizes in light-gauge sheet metal. Cutting heads of
this sort are fairly expensive (about $30), but for speed
and convenience, they can’t be beat.

Testing and Troubleshooting. Once you’ve accomplished
the mechanical fabrication (if any) and wiring of your
project, it’s testing time. If the project does not perform as
intended, troubleshooting will be necessary to find the
cause of the problem and correct it. The most valuable
tool of the troubleshooter is knowledge. You may possess
$1,000 worth of test equipment, but without a clear un-
derstanding of how the circuit operates, your chances of
locating a fault are slim indeed.

Each circuit will require its own unique testing and
troubleshooting procedures; there is no single prescription
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Wire wrapping is one of the Mishandling ICs often re-

fastest and easiest ways to sults in bent pins. An

wire up a circuit board. IC insertion tool is safer.

that works for every ailing circuit. However, a thorough
understanding of proper circuit operation plus a little
deductive logic will often effect a cure. For example, let’s
consider a simple circuit consisting of an oscillator, a
counter IC, and a 7-segment display. Suppose that when
the circuit is turned on, we see the number 2 and no
other activity. Since we expect to see a sequence of num-
ber flashing (0, 1, 2 . . .), something must be wrong.

From our knowledge of the circuit, we conclude that
either the oscillator is not working, or the counter is stuck
at 2. If we now check the oscillator and find a healthy
output signal, the logical deduction is that the counter is
stuck. Maybe the integrated circuit is defective, or per-
haps it was wired incorrectly. In any event, further check-
ing will isolate the fault, either directly or by the process
of elimination. Similar reasoning can be applied whenever
a circuit misbehaves, but let us stress one more time that
in order to troubleshoot a circuit, you must understand it
thoroughly. To that end, you will find fairly complete de-
scriptions attached to the projects in this book. Read them
carefully before you reach for a soldering iron.

Test Instruments. Obviously, in order to do any mean-
ingful testing and troubleshooting, you are going to need
some form of electronic instrumentation. The first acquisi-
tion of most experimentors, and rightfully so, is the multi-
meter or VOM (Volt-Ohm-Milliameter). As its name
implies, this device measures voltage, resistance and cur-
rent. An important consideration in the purchase of such
an instrument is its input impedance. In short, to get an
accurate reading the input impedance of the instrument
must be significantly greater than that of the circuit being
tested. For that reason, electronic multimeters with field-
effect transistor (FET) inputs are extremely popular.

These FETVOMSs have typical input resistances of 10-
megohms and, unlike the less sophisticated VOM, they

The easiest way to prototype a circuit is with a solderiess
breadboard. They are made by dozens of companies.
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One of the most important aids in circuit design, construction
and troubleshooting is the volt/ schmmeter (VOM). When a circuit
doesn’t work properly the first time through, a VOM can be used
to check voltage levels at any point in the circuit to detect
either taulty components or wiring (and PC foil) errors or both.

exhibit the same high input impedance on all measure-
ment ranges. Electronic multimeters are available with
either digital or analog (i.e.. needle-on-a-scale) readouts.
Digital types arc more rugged, potentially more accurate,
and easier to read. On the other hand, analog meters fol-
low up-and-down voltage trands more readily.

Without a doubt, the most important instrument you can
own besides a multimeter is an oscilloscope. This instru-
ment provides graphic display of AC waveforms on the
face of a small cathode-ray tube. With a ’scope, you can
see the shape of a waveform and measure its instantaneous
amplitude or time duration.

If your interest in electronics is serious, but your cash
flow is merely a trickle, you right consider buying a ’scope
in kit form. The Heath Co. (Benton Harbor. M1 49022)
offers a variety of kits starting at $200. 1t would be wise,
however, to have some previous kit-building experience
before tackling an oscilloscope. For the beginner, an oscil-

Pertboard construction has the advantage of allowing you to
cut a board to exactly the size needed for a particular project.
Larger components are accommodated easily where they might
prove troublesome to moun! on solderless breadboards or
printed circuits. Wirewrapping can be used for interconnections.
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The most versatile troubleshooting aid available is an oscilli-
scope such as the one shown here. With a 'scope you can
measure AC and DC voltage levels or combinations of both.
For signal tracing they are unbeatable; you see the wave
form. A dual-trace 'scope shows two signals simultaneously.

loscope with a 5-MHz bandwidth should fill the bill nicely,
although the advanced experimenter with an interest in
digital circuits should probably opt for a minimum band-
width of 10- to 15-MHz. The higher the bandwidth, the
more faithful the reproduction of high-frequency signals
and, naturally, the higher the cost of the instrument.
The more experienced hobbyist could eventually add a
frequency counter, a capacitance meter, a signal generator,
and maybe even a logic probe to his arsenal of equipment.
However, to build and test the projects in this volume, you
can fare quite well with only a multimeter. If you have
access to a ’scope, so much the better, because it will
afford you the chance to see what’s really going on in
these circuits. But remember, your most important piece
of equipment is between your ears. If you follow the
advice offered here, and temper it with a little common
sense, you should have little difficulty with any of the
projects in this book. .

< f
jb%,g.

If you do a lot of digital troubleshooting but can’t atford a
oscilliscope then a logic probe is the next best thing. It will
indicate whether a point has a high, low, off or pulsing logic
state. You'll find plans for a simple logic probe in this issue;
commercially manufactured probes usually work better.
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1. Solar Battery Charger

[ Tired of charging your NiCd cells?
Then let Old Sol do the work for you
free-of-charge. In this circuit, photo-
voltaic cells supply the charging cur-
rent, which is limited to a safe level
by R1. Diode D1 prevents the battery
from discharging through the solar
cells during periods of darkness.

NiCd cells of different sizes require
different maximum charging currents
for best results. Currents in excess of
the recommended values result in
rapid evolution of oxygen gas within
the cell. When this happens, oxygen-
gas pressure is relieved through vents,
and a significant portion of the cell’s
chemical contents may be lost in the
process. The net effect is reduced cell
life; therefore, resistor R1 should be
selected to limit the charging current
to a safe level.

To do this, break the circuit and
insert a DC milliameter in series with
B1. (Watch those polarities!) Expose
the solar cells to the brightest sun-
shine they can expect to receive, and
make note of the charging current.
The recommended charging rates for

PARTS LIST FOR
SOLAR BATTERY CHARGER

B1-1.25V rechargeable NiCd bat-
tery

D1—-1N4001 rectifier diode

PC1 thru PC6-.5-volt silicon
photovoltaic cell (see text)

R1—current-limiting resistor (see
text)

PCI
S RI

PC2

PC3 o1
]

PC5

PC6

pca G—i

various NiCd cells are: 50 mA for
AA cells, and 100 mA for C or D
cells. To obtain these currents, the
suggested values of Rl are approxi-
mately 18 ohms (for AA cells) and
9.1 ohms (for C or D cells). With
your milliameter, measure the actual

charging current produced by your
circuit with the resistor appropriate
to your chosen cell size. If the current
exceeds the safe level, replace R1 with
a larger resistance. As a final note, be
sure to select solar cells capable of
supplying the desired charging current.

2. Frequency Divider

] Mention the topic of frequency di-
vision, and immediately most of us
start thinking in terms of TTL, CMOS
or some similar family of digital inte-
grated circuits. In fact, surprising
though it may seecm, frequency divi-
sion can be readily accomplished
without ICs using common discrete
semiconductors—in this case, a uni-
junction transistor.

Capacitors C1 and C2 together
with diodes D1 and D2 constitute a
simple charge pump, which feeds the
emitter of UJT Q1. Normally, CI is
chosen to be smaller than C2, and in

12

this circuit values of C1 between .02
and .1 mf should be satisfactory. With
each positive-going transition of the
digital input signal, C1 transfers a
small amount of charge to C2, which
acts as a reservoir. This accumulated
electronic charge is prevented from
leaking away by D2. As successive
input pulses transfer more and more
charge to C2, the voltage across C2
naturally rises.

Eventually, the voltage on C2 will
become high enough to cause QI’s
emitter to break down and discharge
C2 through R2. When this happens,

Q2 amplifies and inverts the voltage
pulse appearing across R2. This am-
plified pulse may then be used to
clock a subsequent circuit. Q1I’s emit-
ter reverts to a high-impedance state
once again after C2 has been dis-
charged. Thus, the whole process can
repeat itself.

The ratio of C2 to Cl will deter-
mine the number of positive-going in-
put pulses needed to accumulate the
necessary threshold potential on C2.
With C2 equal to ClI, the frequency
will be divided by a factor of 1. The
higher the C2:C1 ratio, the more in-
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PARTS LIST FOR
FREQUENCY DIVIDER

Cl—mylar capacitor, .02-1 uF

(see text)

put pulses needed and, as a result, the
greater the frequency division ob-
tained. This circuit is sensitive to the
magnitude of its input pulses, so keep

the input amplitude at 9 volts, o1
thereabouts. Satisfactory performance
with input signals as high as 10 kHz
will be obtained with the parts listed.

C2—.1 uF mylar capacitor

D1, D2—-1N914 silicon diode

D3—-1N751A 5.1V, %W zener
diode

Q1—-2N2646 unijunction transis-

tor
Q2—2N3904 NPN transistor
R1—-1,000-ohm, Y-watt resistor,
10%

R2, R3-220-ohm, Y -watt resistor,
10%

R4—1,500-ohm, Y:-watt
10%

R5-22,000-ohm, Y.-watt resistor,
10%

resistor,

R ¢l (SEE TEXT)

R4 vV
1500 9

1—_9,98—‘0?_%2 l
S |
I

9V p-p INPUT

OUTPUT

3. Stereo Speaker Protector

[] The advent of the superamplifier,
capable of supplying 100 to 200 watts
per channel on a continuous basis,
has been both a blessing and a curse
to the audiophile. The blessing is that
a recording’s dynamic range can now
be more faithfully reproduced, even
with inefficient loudspeakers. Unfor-
tunately, these amps are so powerful
that loudspeakers can often be over-
driven, and eventually destroyed, if
sufficient care is not exercised. If your
amp lacks provisions for speaker pro-
tection, you may want to build the
speaker protector diagrammed here.
The contacts of relay KI1 are

hooked in series with your right- and
left-hand speakers in such a way that,
when K1 is unenergized, its contacts
close and complete the circuit to each
loudspeaker.

Inputs to the protection circuit
come from your amp’s outputs (the
same outputs that drive the speakers).
If the signal feeding the ‘right’ input
is sufficiently large to charge C1 to a
potential greater than the breakdown
voltage of QIl’s emitter, a voltage
pulse will appear across R7. Similarly,
excessive inputs to the ‘left’ channel
will also produce a pulse across R7,
this time due to the discharge of C2

by Q2. The pulse across R7 triggers
SCR Q3, which latches in a conduct-
ing state and energizes K 1. This inter-
rupts both speaker circuits, and the
resulting silence should alert you to a
problem. Cut back on your amp’s
volume; then, press and release Sl to
reset the circuit and restore normal
operation.

The circuit can be adjusted to trip
at lower levels from 15 to 150 watts
rms. To calibrate, feed a deliberately
excessive signal to the ‘right’ input,
and raise R3’s wiper up from ground
until K1 pulls in. Disconnect the sig-
nal from the ‘right’ input, and apply

+9V

€1, C2—.22 uF mylar capacitor

D1, D2, D3—1N914 silicon diode

K1—6-volt relay, DPDT contacts
(see text)

Q1, Q2—2N2646 unijunction tran-
sistor (Radio Shack RS2029)

R8
A 1000
100 5 . "
- >
RIGHT INPUT _L BI
cl RS
T .22 220K
l A
< 7 _]_ R7
c2 R6 100
22 220K
LEFT INPUT T £ |
D2 Q2 B2

PARTS LIST FOR
STEREO SPEAKER PROTECTOR

Q3-2N5060 sensitive-gate SCR

R1, R2—100-ohm, Y2-watt resistor,
10%

R3, R4—-100-ohm linear-taper po-
tentiometer

R5, R6—220K-ohm, Y2-watt resis-

TO SPEAKERS

-Eg :LEFT

tor, 10%

R7, R10—-100-ohm, Y.-watt resis-
tor, 10%

R8, R9—1,000-0hm, Y2-watt resis-
tor, 10%

S$1—-N.0. pushbutton switch
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it to the ‘left’ input. Press S1 to reset
the circuit, and raise R4’s wiper up
from ground until K1 pulls in again.

The circuit is now calibrated. Your

calibration signal should preferably be
a continuous tone, but a musical pas-

sage of fairly constant loudness will
probably suffice. K1’s contacts should
be rated to carry a 3- to S-amp load.

4. Neon Audio Oscillator

[J Here is a circuit that may be some-
what surprising to newcomers, though
old-timers should recognize it right
away. This is an audio oscillator that
exploits the unique characteristics of
the neon lamp. Basically, a neon bulb
consists of two electrodes surrounded
by neon gas plus, if the lamp is in-
tended for use in total darkness, a
small quantity of radioactive material.
(Radiation serves to partially ionize
the neon gas. Bulbs designed to oper-
ate in room light will have their neon
gas partially ionized by ambient elec-
tromagnetic radiation; therefore, no
radioactive material need be added.)

So little of the neon gas is ionized
initially that, for all practical pur-
poses, the neon lamp behaves electri-
cally like a very high resistance. How-
ever, if the voltage between its elec-
trodes is raised sufficiently high, the

PARTS LIST FOR
NEON AUDIO OSCILLATOR

C1-.01 uF, 250V mylar capacitor

C2-.1 uF, 250V mylar capacitor

N1—-NE-2 neon lamp

R1-180K-ohm, Y2-watt resistor,
10%

R2-500K linear-taper pot

R3—-390K-ohm, Y2-watt resistor,

10%

R1 R3

c2
5l

NI OuTPUT

neon gas within the lamp will ionize
completely. This causes the lamp to
revert to a low-resistance state and
glow with a bright orange color. To
turn the lamp off, the voltage across
its electrodes must drop several volts
below the potential that originally trig-
gered the lamp.

In the relaxation-oscillator circuit
shown here, C1 charges through R1

and R2 to a potential of roughly 65
volts. At this point, the neon lamp
fires and discharges C1. After firing,
the neon lamp reverts to a high impe-
dance, which allows Cl to charge
once again. The frequency of the saw-
tooth-shaped oscillation developed
across C1 can be adjusted by means
of R1. As a final note, beware of the
high voltages present in this circuit.

5. Diode Puzzle

[1 This innocuous-looking little cir-
cuit will provide a good indication of
how well you really understand the
rectifier diode and the light-emitting
diode. Your task is to determine
which of the five LEDs will light up
when 6.3 volts AC is applied to the
circuit. We won’t give you the answer,
to find that out, just breadboard the
circuit. However, we will supply you
with a couple of hints. First, the for-
ward voltage drop of a rectifier diode
is approximately .8 volt, while that of
an LED is about 2 volts. Naturally,
rectifiers conduct current in one direc-

tion only. LEDs will light up only
when their anodes (arrows) are 2-
volts more positive than their cathodes

(bars). Finally, you can expect to
find 3 LEDs lit and 2 LEDs dark.
Pencils sharpened? OK, begin.

PARTS LIST FOR
DIODE PUZZLE

D1, D2, D3—-1N4001 rectifier
diode

LED1 thru LEDS5—red light-emit-
ting diodes

R1-180-ohm, Y2-watt resistor,
10% .

6. Photoelectronic Annunciator

(1 Momentarily interrupt the beam of
light shining on Ql, and you get a
one-second ‘‘beep” from this circuit.
Most likely you've encountered cir-
cuits of a similar naturec in retail
stores, where the buzzing sound sig-
nals your entrance and alerts sales-
men to their prey. Obviously, a great
many other applications are possible
as well.

14

With light shining on Q1’s sensitive
face, the phototransistor conducts
heavily and shunts current away from
the base of Q2. But when the beam
of light is interrupted, Q1 ceases to
conduct—thus allowing current to flow
through R1 and R2 into Q2’s base.
The collector of Q2 then conducts
current and rapidly discharges capaci-
tor Cl. This allows Q3's gate lead

(G) to swing high, thereby turning
on Q4, Q5 and the buzzer.
Assuming that the interuption of
the beam was only temporary, Q2’s
collector will now have ceased to con-
duct current. This allows C1 to charge
until it reaches a level sufficient to
trigger Q3, a programmable unijunc-
tion transistor (PUT). When that
happens (in about 1 second), Q3’s
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gate potential drops, which turns off
Q4, QS5 and the buzzer. Another inter-
ruption will repeat the whole process
and yield one more “beep.”

PARTS LIST FOR
PHOTOELECTRONIC
ANNUNCIATOR

BZ1—piezoelctronic buzzer, 6-9
vDC

C1-22 uF, 16V electrolytic capac-
itor

D1—-1N914 silicon diode

Q1—FPT-100 NPN phototransistor

Q2, @4, Q5—-2N3904 NPN transis-
tor

Q3—-2N6027 programmable uni-
junction transistor

R1-22,000-ohm, %-watt resistor,
10%

R2 R5-220K-ohm, Y2-watt resis-
tor, 10%
R3—-62,000-ohm, Y2-watt resistor,

+9V
3 ,
e - 1
62K 470K o (>
| BZl™
RS
220K
[ ——AN
Q2 2l /G >
Q4
22 Q5
T C
: —y—

10%
R4—470K-ohm,
10%

Y-watt resistor,

7. Magnetic Latch

[J Here is a circuit that enables you
to turn a device oN and OFF using a
small, permanent magnet. Bring your
magnet close to S2, and the reed
switch will close. This shunts all cur-
rent away from Q2’s base and sends
its collector potential high. As a re-
sult, base drive is available for QI
and Q3. Transistor Q3 obliges by con-
ducting and thereby causing relay

K1’s contacts to close. Q1 conducts
too, and this sends Ql’s collector to
ground potential. Therefore, when
you remove your magnet from S2, Q2
remains latched in a non-conducting
state, since Q1’s collector is low.
Now, suppose you approach Sl
with your magnet. Once the reed
switch closes, it shunts base current
from Q1, thus causing Ql’s collector

potential to go high. As a result, Q2
receives base current that causes it to
conduct, which sends its collector to
ground potential. This removes base
drive from Q3, so K1 is no longer
energized. When you remove your
magnet, the circuit remains latched in
this oFF condition, since Q2’s ground-
ed collector cannot supply base cur-
rent to transistor Ql.

PARTS LIST FOR
MAGNETIC LATCH

D1—1N914 silicon diode
K1—6-volt, 500-ohm relay
Mag1—small permanent magnet
Q1, @2, Q3—-2N3904 NPN transis

tors

R1, R2—3300-ohm, Y2-watt resis-
tor, 10%

R3, R4, R5-33,000-ohm, Y2-watt
resistor, 10%.

S1, S2—magnetic reed switches

+9V

!

TO LOAD
-

lRZ
Ra  $ 3300

33K

Kl

o]

R5

52
ON

t
33K
——AAA /;7 Q3

Qﬁ

EE MAG 1

=

8. TTL-to-RS232C Converter

J If you happen to be a computer
hobbyist, no doubt you are familiar
with the EIA’s RS-232C standard,
which governs certain aspects of the
communication between a computer
and its peripherals. By peripherals, of
course, we mean things like a CRT
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terminal, a printer, a modem or what-
ever else you could dream up. By
convention, a high signal is defined
by RS-232C as being greater than +3
volts, but no greater than +15 volts.
Low signals, on the other hand, must
be less than —3 volts, but no less than

—15 volts. The region from —3 volts
to +3 volts is a limbo area, and sig-
nals within this range do not qualify
as valid input/output (I1/0).

The problem that confronts many
an experimenter is one of interfacing
a project to his computer. In most

15



instances, digital devices will be based
on TTL circuitry, the maximum sig-
nal excursion of which is from ground
to 45 volts. However, a more typical
TTL signal would swing from +.4
volt to +3.5 volts. How do you con-
vert such a signal to levels acceptable
to the RS-232C convention?

It's easy, and requires just two
transistors. Common-base stage QI
acts as a level-shifter that couples the
TTL signal to Q2, a saturating switch.
Q2’s output swings between —12 volts
and +12 volts, levels compatible with
RS-232C. Note that this is an invert-
ing circuit: High inputs yield low out-
puts, and vice-versa. Since computer-
to-peripheral communication usually
requires several I/O lines, you will
need to build one converter for each
line in use. Also, see the companion
converter that follows.

+2v

R3
4700 +2

°H
-12

=

PARTS

Q2

I—o

R2
Ql $ 10K

-l2v
LIST FOR

TTL-TO-RS232C CONVERTER

Q1, Q2--2N3904 NPN transistors
R1-6800-ohm, %Y-watt resistor,
10%

R2—-10,000-ohm, Y%-watt resistor,
10%.

R3-4700-ohm, Y-watt resistor 10%

9. RS232C to TTL Converter

[0 There are two sides to the inter-
facing problem introduced by the
previous project. Not only must TTL
signals be converted to RS-232C lev-
els, but RS-232C signals may have to
be converted to TTL, too. Fortunate-
ly, the latter problem is even simpler
to solve than the former. All that’s
needed is a simple saturating switch,
QI, with its base protected by a diode.
(This prevents the negative excursion
of the RS-232C signal from breaking
down the emitter/base junction of

R2
1000

+5 ;———W;BIK - 5

o o o LI

5 I s I
PARTS LIST FOR

RS232C-TO-TTL CONVERTER

Q1.) As was the case in the previous D1-1N914 silicon diode 10% )
project, you must build one converter Q1-2N3904 NPN transistor R2-1000-ohm, Y2-watt resistor,
for each signal line to be interfaced. R1-33,000-ohm, %:-watt resistor, 10%

10. Dual-Output Regulated Control

[] Those of you who experiment with .

op amps know that them little critters s £l D! THRU D4

demand a split power supply in most T

instances. If you’ve been making do 17 VAC *93/

with batteries, you might like to step
up in class with the simple, dual-out-
put, regulated power supply dia-
grammed here. Not only will you be
able to experiment with op amps, but
you can also use either the positive
or negative half of the supply by it-
self when dual outputs are not needed.

Center-tapped transformer T1 feeds
four rectifier diodes arranged in the
familiar full-wave-bridge configura-
tion. Opposing taps on the bridge
furnish positive and negative rectified
current to filter capacitors C1 and
C2. Conventional shunt-type zener-

16

PARTS LIST FOR

DUAL-OUTPUT REGULATED[ {

POWER SUPPLY [

C1, C2—-1000 uF, 25 V electro-

lytic capacitor

C3, C4—-100 uF, 16V electrolytic
capacitor

D1 thru D4--1N4002
diodes

D5, D6—9-volt, 1-watt zener diodes

F1—1% A, slow-blow fuse

rectifier

R1, R2-100-ohm, 1-watt resistor,
10%

S1-SPST switch

T1-24 VCT, 300 mA transformer
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NOW! Learn to repair

video cassette and
discsystemswith

NRI's at-home
miv

fraini
and Audio
Servicng.

Keep up with opportunity by
keeping up with the state of the art.
Learn to service and repair color TV,
audio systems, video cassette and
disc systems with NRI training. Pre-
pare for extra income, a new career,
even a full- or part-time business
of your own.

Learn at Home
in Your Spare Time

You learn right at home, at
your convenience, without quitting
your job or going to night school.
NRI “bite-size” lessons make learn-
ing easier...NRI “hands-on” train-
ing gives you practical bench experi-
ence as you progress. You not only get
theory, you actually build and test
electronic circuits, 2 complete audio
system, even a color TV.
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Build Color TV
with Computer
Programming
As part of your training in
NRI's Master Course, you assemble
and keep NRI's exclusive, designed-
for-learning 25" (diagonal) color TV,
the only one complete with built-in
computer tuning that lets you pro-
gram an entire evening'’s entertain-
ment. As you build it, you introduce
and correct electronic faults, gain un-
derstanding and practical experience.
You also construct a solid-state
stereo amplifier and tuner, complete
with speakers. You even assemble pro-
fessional test instruments, so you know
what makes them tick, too. You
build a transistorized volt-ohm meter
...a CMOS digital frequency counter. ..
integrated circuit TV pattern generator
...even a solid-state triggered-sweep
5" oscilloscope. You use them in your
course, keep them for actual TV and
audio servicing work.

Free Catalog...
No Salesman Will Call

Send today for the 100-page
catalog that shows all the lessons, all
the equipment and training material
you get. The catalog will show you
other NRI opportunity fields like the
new course in Microcomputers &
Microprocessors, Complete Com-
munications, and more. With the
addition of video cassette and disc
systems, television has taken on an
exciting new dimension. NRI train-
ing can put you right in the center
of that dimension.

If card has been removed,
write to:

NRI Schools
McGraw-Hill Continuing
1,

Education Center
3939 Wisconsin Avenue
. Washington, D.C. 20016
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diode voltage regulators (D5 and
D6), fed by current-limiting resistors

R1 and R2, provide output voltages
of +9V and —9V. You can draw be-

tween zero and 40 mA from either
half of this supply with no ill effect.

11. UJT Tester

[] Having read this far in the book,
you must certainly have noticed that
a number of our projects feature uni-
junction transistors. The unijunction,
or UJT to you abbreviators, cannot
be used in linear circuits (such as
amplifiers) in the same way that a
conventional bipolar transistor can.
Instead, you will find the UJT in tim-
ing and oscillating circuits for the
most part. In order to test a UJT,
therefore, it appears logical that a
representative timing circuit should be
used to do the job.

To operate the UJT tester present-
ed here, begin by plugging your uni-
junction into SO1. This circuit is simi-
lar to the classical UJT relaxation
oscillator, except that an LED and
current-limiting resistor (R3) have
been inserted in series with the emit-
ter lead. Initially, capacitor Cl1 will
charge up through R1, and the volt-
age on C1 will gradually rise.

Once the potential on Cl becomes

PARTS LIST FOR
UJT TESTER

C1-47 uF, 16V electrolytic capac-
itor

LED1—red light-emitting diode

R1-10,000-ohm, Y%-watt resistor,
10%

R2-2200-ohm, Y2-watt
10%

R3—-100-ohm,
10%

R4—-470-ohm,
10%

S01—transistor socket

resistor,
Y2-watt  resistor,

Yo-watt  resistor,

|\}—<

large enough to force the UJT’s emit-
ter to break down, C1 gets discharged
through LEDI1, R3 and the UJT's
emitter. After discharge, the emitter
terminal returns to a high-impedance
state, and the capacitor charges once
more.

Each time the capacitor discharges

through the LED, a flash of light is
produced. This serves as a simple co/
No Go indication of the UJT’s ability
to oscillate. Resistor R2 is used to
swamp the LED’s high impedance in
the OFF state, thus enabling the UJT
to break down more readily.

12. Sawtooth Generator

[1 This simple sawtooth generator
should be useful as a general-purpose
source of audio test signals. Here we
have a basic UJT oscillator, but in-
stead of using a resistor to charge the
timing capacitor, a transistor constant-
current source (Q1l) is employed in-
stead. This results in a sawtooth that
rises linearly as a function of time,
since the capacitor’s charging rate is
constant. When a simple resistor is
used to charge a capacitor, the wave-
form produced is curved like a shark
fin, since the charging current falls off
as the voltage on the capacitor in-
creases.

The charging current available from
constant-current source Q1 is adjust-
able by means of R3. The higher the
current, the quicker C1 gets charged,
and the higher the frequency of the
resultant sawtooth voltage developed
across the capacitor. Therefore, de-
creasing R3 increases the frequency.
With the values shown, the generator’s
output frequency can be varied from
roughly 100 to 1000 Hz.

Since unijunction Q2 breaks down
and discharges capacitor C1 very
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Q3—-2N3904 NPN transistor
R1, R5—620-ohm, Y2-watt resistor,

+|Izv
¢ R3 $ RS
[f» 20K 620
RI
620
£ g2 93
R2 \EE
3000 Q2
-+ %
R6
5K }_—f,/l/]
PARTS LIST FOR
SAWTOOTH GENERATOR
C1-.1 uF mylar capacitor 10%
C2—.47 uF mylar capacitor R2-3000-chm, Y2-watt resistor,
Q1-2N3906 PNP transistor 10%
Q2—-2N2646 unijunction transis- R3-20,000-ohm trimmer
tor R4-1800-ohm, Y-watt resistor,

10%
R6—-5K audio-taper pot
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quickly, we get a near-perfect saw-
tooth shape: slow, linear ascent, and
rapid, vertical decline. Emitter follow-

er Q3 acts as a buffer between C1
and whatever load you connect. Max-
imum peak-to-peak amplitude s

roughly 6 volts, which level control
R6 allows to be cut down to any con-
venient voltage level needed.

13. Battery

Back-Up

[ Sometimes, it is advantageous to
supplement a conventional AC power
supply with battery back-up. In case
of a power failure, the battery cuts in
so that the circuit in question can
function without interruption. Burglar
alarms, computer memory boards, and
timing or control systems are a few
of the circuits that can benefit from
battery back-up.

The accompanying schematic shows
how easy it is to add battery back-up
to an existing AC supply. Under nor-
mal conditions with AC power intact,
voltage Vs on the supply’s filter ca-
pacitor exceeds the voltage of battery
B1. As a result, diode D1 is reverse-
biased, and it prevents supply current
from flowing into battery B1.

PARTS LIST FOR
BATTERY BACK-UP

B1—Battery of appropriate size
(see text)

D1-1N4001
diode

silicon  rectifier

BT T e
10! : J:
| e T
Lol
Bl = :
Lo_)--1
: 1

When the line voltage fails, Vs
starts to drop. Once it reaches a level
about 1-volt less than the battery
voltage, it stops dropping. At this
point, battery B1 is powering the cir-
cuit through D1.

Let’s suppose Vs equals 11 volts.
We could choose a battery voltage

somewhat less than this—for example,
9 volts. Once the power fails, our cir-
cuit will be running on about 8 volts
(9V minus 1V for the diode drop).
Many circuits can tolerate a dimin-
ished supply potential with no ill ef-
fect. Make sure your choice of battery
can supply all the current demand.

14. The Obnoxillator

[ This little audio oscillator emits a
sound that’s obnoxious to both man
and beast, which is why we call it an
obnoxillator. The tone starts out at a
relatively high pitch which, over a
period of about one second, swoops
downward in frequency. Then, the sig-
nal jumps abruptly to its initial pitch
and commences its downward plunge
once more. The effect is approximate-
ly as pleasant as running your nails
over a blackboard, and as such it
will get people’s attention—if not their
admiration.

Q1 together with R1, R2, R3 and
C1 comprise a conventional UJT re-
laxation oscillator with a period of
approximately one second. The rough-
ly sawtoothed voltage developed
across C1 drives current source Q2,
the output of which charges capacitor
C2. Adjustment of R4 affects the
magnitude of the current and, hence,
the rate at which capacitor C2
charges. Unijunction transistor Q3 dis-
charges C2 when the voltage on the
capacitor reaches 4.2 volts, or so. The
rate at which the voltage on C2 os-
cillates is in the audio range and is
much faster than that of the wave-
form developed across C1.

After C2’s discharge, the capacitor
once again gets charged up by cur-
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rent from Q2. Since Q2’s charging
current is a function of the voltage

charges will vary (in fact, diminish)
over the 1-second interval it takes for

across C1, the rate at which C2 C1 to charge. Once Q1 discharges C1,
+l2v
%
.
R6
1500
AN
Qa
RS
22003 3
.47
R9
5 iy
T .22 OUTPUT
| I L9
PARTS LIST FOR
OBNOXILLATOR
C1-22 uF, 25V electrolytic capac- 10%
itor R3-18,000-ohm, Y-watt resistor,
€2—.22 uF mylar capacitor 10%
C3—.47 uF mylar capacitor R4-10,000 trimmer
Q1, Q3—-2N2646 unijunction tran- R5—10,000-ohm, Y2-watt resistor,
sistor 10% )
Q2—-2N3906 PNP transistor R6, R7—1,500-0hm, ¥2-watt resis-
Q4—-2N3904 NPN transistor tor, 10%
R1-680-ohm, Y:-watt resistor, R8--2,200-ohm, Y-watt resistor,
10% 10%
R2—30,000-ohm, Y%-watt resistor, R9-2,000-ohm audio-taper pot

21



Q2’s charging current returns to a
high value, and the frequency of the
sawtooth waveform across C2 jumps
back to its initial high value.

Emitter follower Q4 reads the sig-
nal developed on C2 and provides a
buffered audio output with a maxi-
mum peak-to-peak amplitude of about

1-volt. Volume control R9 can be
used to vary the magnitude of the
output, which should drive an audio
amplifier through its high-level input.

15. Electrolytic Capacitor Tester

[ In conjunction with a watch or
clock capable of resolving seconds,
this simple circuit can be used to
measure the value of any electrolytic
capacitor. With the capacitor in ques-
tion connected to the binding posts
(watch polarities), press and release
S2; then, time how long it takes for
LEDI1 to come on.

Multiply the time by the appropri-
ate scale factor, and you have the
capacitance. For example, suppose Sl
is in position B, and that 19 seconds
have elapsed before the lighting of
LED1. The capacitance is then equal
to:

19 sec X 10 uF/sec = 190 uF.

Circuit theory is quite simple. As
the capacitor charges (through R1, R2
or R3), the voltage on the capacitor
rises. Darlington pair Q1-Q2 buffers
the capacitor voltage and feeds it to
the anode terminal of Q3. When' the
capacitor voltage reaches a certain
threshold level, determined by the set-
ting of R8, the anode of programma-
ble unijunction transistor Q3 breaks
down and allows current to flow
through R6, which lights LED1. The
amount of time necessary for the volt-
age on a capacitor to rise to a speci-
fied level through a given reasistance
is directly proportional to the size of
the capacitor. So, by measuring the
charging interval, we also measure
the capacitance. To reset the circuit
and discharge the capacitor, just press
and release S2.

To calibrate the circuit, you will
need a 22-uF tantalum electrolytic

junction transistor

R2-100K-ohm, %Y-watt resistor,
5%

R3-10,000-ohm, Y.-watt resistor,
5%

R4—-47-ohm, Y2-watt resistor, 10%

12v

L 1

RI R3 RS A= luF/SEC.
M 10K Ps 4700 B= IOuF/SEC.
8 ’y C= 100uF/SEC.
A ot  R7
s 15K
p BPI | s2 > R8
i CAPACITOR 10K
= UNDER
! apy  TEST
. B 2 ok
L
PARTS LIST FOR
ELECTROLYTIC CAPACITOR
TESTER

BP1, BP2—binding posts R5-4700-ohm, Y-watt resistor,

LED1-light-emitting diode 10%
Q1, Q2—-2N3904 NPN transistor R6—820-ohm, Y2-watt resistor,

Q3—-2N6027 programmable uni 10%

R1—-1 Megohm, %-watt resistor 5%

R7-15,000-ohm, Y.-watt resistor,
10%

R8-10,000-ohm trim pot

R9—-12,000-chm, '2-watt resistor,
10%

S1-SP3T rotary switch

S$2—N.0. pushbutton switch

capacitor. Set S1 to position A (1
uF /sec), and set R8 to its midpoint.
Connect the capacitor to the binding
posts, then press and release S2. Time
how long it takes before LED1 lights.
If it takes longer than 22 seconds,

move R8’s wiper downward slightly.
If less than 22 seconds elapse, move
R8s wiper upward slightly. Repeat
the process until it takes exactly 22
seconds for LED1 to light. Calibra-
tion is now complete.

16. Audio Power Meter

[0 This tiny power meter will enable
you to measure the output of any
audio amplifier over the range from
1 to 100 watts rms. Resistor R1 acts
as a dummy load for the amp being
tested. If you cannot locate the 8-ohm,
100-watt resistor specified in the parts
list, a series-parallel combination of
smaller resistors could be lashed to-
gether as a substitute. However, the
100-watt resistor in question is avail-
able from several mailorder electron-
ics distributors and from a number of

22

surplus dealers as well.

The audio voltage impressed across
R1 is rectified by D1 and stored as a
DC potential on capacitor C1. Meter
M1’s deflection will be directly pro-
portional to this voltage. Note that
two power ranges, 0-10 and 0-100
watts, are available.

Because M1’s deflection is directly
proportional to voltage, readings will
not be a linear function of power.
Instead, M1’s deflection will be pro-
portional to the square root of the

power, so a conversion scale must be
used to transform the reading orn M1
into watts. For example, from the ac-
companying chart it can be seen that
a meter reading of 71 corresponds to
a power level of 50 watts rms. The
only point where the meter reading is
identical with the power is at the 100-
watt mark.

When the 0-10 watt scale is being
used, simply divide the wattage figures
in our conversion table by 10. For ex-
ample, a reading of 90 on the 0-10
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watt range corresponds to an audio
power of 8 watts rms. Readings on
the 0-10 watt range will not be as ac-
curate as those on the 0-100 watt

range because the .8-volt diode drop
across D1 will assume greater signifi-
cance. For most purposes, however,
this small error (10% worst case)

can be ignored, since relative power
levels are usually of greater interest
than absolute levels.

WATTS READING
10 31
20 44
30 54
40 63
50 71
60 78
70 84
80 90
90 96

100 100

PARTS LIST FOR
AUDIO POWER METER

€C1-1.0 uF, 100V mylar capacitor

D1, D2—1N914 silicon diode

R1—8-ohms, 100-watt (see text)
resistor

R2-220-ohm,
10%

R3-390,000-ohm,
tor, 10%

R4-120,000-ohm,
tor, 10%

1,-watt resistor,
Yo-watt resis-

Yy-watt resis-

R3
330K

100w
r—@ﬁ

Ra  low
120K

220 DI

D2

<>
INPUT 3
b

M1—0-100 uA DC microameter
S1-SPDT switch

17. Sneaky Combination Lock

[] Now you can lock up your valu-
able electronic equipment and prevent
tampering with this handy electronic
combination lock. Press S4, S5 and
S6 in sequential order (the switches
can be mounted in any physical
order), and you latch K1 in the oN
state, thus turning on your load in
the process. Hitting S7 momentarily
will reset the circuit.

When $4 is pressed, gate current is
supplied to Q1, which causes this SCR
to latch in a conducting state. This
pulls current through R3 and turns on
current source Q2. Consequently,
when S5 is later pressed, Q2 is able to
supply a pulse of gate current to Q3,
thereby latching this SCR. At the
same time, current source Q4 is acti-
vated by the latching of SCR Q3.
Thus, when S6 is pressed, Q4 sup-
plies a pulse of gate current that
latches Q5 in a conducting state. As a
result, relay K1 pulls in.

Whenever one of the dummy
switches—S1, S2, S3—is pressed, Ql
and Q3 are reset to their non-conduct-
ing states. Therefore, whenever a po-
tential intruder hits one of these dum-

D1—-1N914 silicon diode
K1—6-volt, 500-chm relay
Q1,

gate SCR

S7  +9v
oI Kl
/0———>‘
Q5 TO LOAD
T +
PARTS LIST FOR
SNEAKY COMBINATION LOCK
10%
R9-100-ohm, v-watt resistor,
Q3, Q5-2N5060 sensitive- 10%
St thru S6—normally open push-
Q2, Q4—-2N3906 PNP transistor button switch
R7, R2, R4, R5, R7, R8-4700- S7—normally closed pushbutton
ohm, Y;-watt resistor, 10% switch
R3, R6—-560-ohm, Y-watt resistor,

mies, he defeats his own attempt at
picking your lock. Pressing S7 re-
moves power from the circuit and un-

latches all the SCRs—QS5 included.
Relay K1 therefore gets de-energized,
and your circuit is locked up tight.

18. Timer

[] Need an inexpensive means of tim-
ing events from 10 seconds to 2 min-
utes in duration? If so, then this cir-
cuit is for you. With switch S1 closed,
capacitor C1 is completely discharged,
and the gate potential of programm-
able unijunction transistor Q! is high.
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Thus, Q2 is turned on, Q3 is turned
off, and LED! is extinguished.
Once S1 is opened, capacitor Cl
begins to charge through R2 and R3.
The larger the resistance of R2, the
more slowly C1 charges. As the volt-
age on CI climbs, it eventually ex-

ceeds the threshold potential of QI’s
anode: about 5.3 volts. When this
happens, Q1’s gate drops low—thereby
turning Q2 off and Q3 on. LED1 then
lights up to indicate the end of the
timed interval. (Sharp-eyed readers
may note that QI’s configuration is
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similar to that of a relaxation oscilla-
tor. Although this is true, Q1 does
not oscillate; it merely latches, since
the resistance of R2 and R3 is so low

as to preclude oscillation.)

To reset the circuit, you must dis-
charge CI1 by closing S1. With the aid
of a clock equipped with a second

hand, it is possible to calibrate a dial
scale for R2 using increments of 10
seconds, or so.

+9V

!

RI
27

22K

R2
250K

[
&, 470 g

I+

C1-470 uF, 25V electrolytic cap.

LED1—red light-emitting diode

Q1-2N6027 programmable uni-
junction transistor

Q2, Q3—2N3904 NPN transistor

R1—27-ohm, Y-watt resistor, 10%

PARTS LIST FOR TIMER

R2-250,000 linear-taper poten-
tiometer

R3-22,000-ohm, Y;-watt resistor,
10%

R4, R5-2.2-megohm, ls2-watt re-
sistor, 10%

R6—-82,000-chm, Y2-watt resistor,
10%

R7—-680-ohm,
10%

S1-SPST toggle switch

Y-watt resistor,

19. Simple AND Gate

0 If you want to build an AND gate
without resorting to ICs, here is the
way to do it. As can be seen from the
schematic, all that’s necessary is a
handful of resistors and transistors.
Although we would not recommend
that you forsake ICs entirely, it’s nice
to know how to make do when inte-
grated logic is unavailable.

The accompany truth table con-
cisely describes the AND gate’s opera-
tion. The 1s denote a high voltage
level, while the Os denote a low level
(i.e., ground potential). Note that
the only way to obtain a high output
from an AND gate is to send both in-
puts high simultaneously.

PARTS LIST FOR
SIMPLE AND GATE

Q1, Q2, Q3—-2N3904 NPN tran-
sistor

R1, R2, R5, R6—39,000-ohm, Y-
watt resistor, 10%

R3, R4—-2,200-ohm, Y%-watt resis-

tor, 10%
R7-1,000-ohm, Y2-watt resistor,
10%
A B C
0 1 0
1 0 0
0 0 O
1 1 1

20. Differential Thermometer

0 In some instances, we are more in-
terested in the temperature difference
between two points than in the abso-
lute value of the temperature at either
point. Making such relative tempera-
ture measurements calls for a differ-
ential thermometer like the one dia-
grammed here.

To zero this instrument, place the
two thermistors in close proximity,
and allow a minute or two for them
to reach thermal equilibrium. With R2
set for minimum resistance, adjust R3

24

to obtain a zero (center-scale) indi-
cation on meter M1. Now, leave the
reference thermistor, RT2, right where
it is, but move RTI to a point at a
different temperature.

If RTI’s new environment is
warmer than the environment of RT2,
RT1’s resistance will decrease, and
M1 will deflect upscale. Conversely,
if RT1 is now colder than RT2, M1
will deflect downscale from zero. R2
may be used to vary the meter’s sen-
sitivity.

A note about components: Just
about any negative-temperature-coef-
ficient thermistor having a resistance
of 10K ohms at 25° C. will do. Note
that meter M1 should have its zero
position at center scale, thus allowing
for temperatures greater or less than
the reference. Always re-zero the in-
strument when changing the reference
temperature.

A possible application for this ther-
mometer lies in estimating the effec-
tiveness of forced-air cooling within
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a piece of equipment. Since the flow
of cooling air within a computer or
other piece of equipment is drastically

altered once the cover is removed, an
electronic differential thermometer of
the sort described here is really the

only practical way of identifying hot
spots with the cover in place.

B1—-9-volt transistor battery

D1-1N746, 3.3V, Y2-watt zener
diode

M1-50-0-50 uA DC microameter

R1-10,000-ohm, Y-watt resistor,
10%

R2, R3-10,000 linear-taper pot.

R4—-4,700-ohm, Y-watt resistor,

PARTS LIST FOR
DIFFERENTIAL THERMOMETER

10%
R5-820-ohm, Y:-watt resistor,
10%

RT1, RT2-—negative-temperature-

coefficient thermistor, 10,000-
chms @ 25°C. (Fenwal UUT-
41J1 or equivalent)

S1—-SPST switch

RT2

21. Logic Probe

[J As most digital experimenters are
aware, a logic probe is nothing more
than a convenient tool to indicate
whether the voltage at a circuit node
is high or lew. The simple probe pre-
sented here will do just that using
two LEDs for output. If the input
voltage exceeds approximately 1.5
volts, the Q1-Q2 Darlington pair is
biased into conduction, and LEDI is
illuminated.

On the other hand, if the input
voltage is below Q1-Q2’s switching
threshold, QI and Q2 stop conduct-
ing. As a consequence, LED! extin-
guishes, Q3 gets turned on, and LED2
lights. If you find that both LED1 and
LED2 light during a test, it means
that the input signal is oscillating be-

tween high and low levels. The 1.5-
volt switching threshold of QI1-Q2 is
a good match for TTL circuits.

PARTS LIST FOR
LOGIC PROBE

LED1—green light-emitting diode

LED2—red light-emitting diode

@1, @2, @3—-2N33904 NPN tran-
sistor

R1—-47,000-ohm, Y%-watt resistor,
10%

R2, R5-470-ohm, Y2 -watt resistor,
10%

R3-4,700-ohm,
10%

R4-39,000-ohm, Y.-watt resistor,

| 10%

Y5-watt resistor,

22. Schmitt Trigger

7] A Schmitt trigger is an interesting
switching circuit with a wide variety
of applications. Because of positive
feedback—in this case, through R5—a
Schmitt trigger exhibits switching hys-
teresis: The input signal must exceed
some upper threshold voltage before
the output goes high. Subsequently, in
order to send the output low, the
input signal must drop below some
lower threshold value.

The difference between the lower
and upper threshold potentials is call-
ed the hysteresis voltage. The higher
the hysteresis, the larger the voltage

swing needed at the input to make the
output change state. This property
makes the Schmitt trigger useful in
digital systems as a sort of noise
filter. If the magnitude of the inter-
fering noise voltage appearing at the
input is less than the hysteresis voltage,
no false triggering due to noise will
be possible. Play around with this
circuit by feeding it potentials between
ground and 412 volts (using a pot,
for example), and see if you can iden-
tify the upper and lower switching
thresholds.

Q1-2N5950 n-channel JFET
@2—2N3904 NPN transistor
R1, R4-12,000-ohm, Y-watt re-

PARTS LIST FOR
SCHMITT TRIGGER

sistor, 10%
R2—15,000-ohm, Y -watt resistor,
10%
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+2V
R4
12K
RI
R2 —o
2K 15K ouTPUT
R3 Q2 ___L
= 2700_
s
INPUT éRs
? 2 560
R3—2,700-ohm, Y;-watt resistor,
10%
R5-560-ohm, Y2-watt resistor
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23. Battery Tester

[ Perhaps you have seen the adver-
tisements for battery testers and had
a good chuckle at the ridiculously in-
flated prices being demanded. If you
had the opportunity to disassmble one
of these electronic marvels, all you
would find would be a very cheap
meter and a couple of resistors. In
just a few minutes’ time, you can lash
together a battery tester yourself.
Resistors R1 through R4 provide
suitable loads for the various battteries
to be tested, while a VOM or an elec-
tronic multimeter is used to read the
cell voltage. If the indicated voltage
is much below the nominal battery
potential, give your battery the heave-

PARTS LIST FOR
BATTERY TESTER

R1-62-ohm, Y2-watt resistor, 10%

R2-22-ohm, Y2-watt resistor, 10%

R3—10-ohm, ¥;-watt resistor, 10%

R4—-1,000-ohm, Y:-watt resistor,
10%

S1-SP 4-position rotary switch

\4
J" .
BATTERY
UNDER 1 T0
|

=L sl VOLTMETOER
AA 1
o
Ri & R2 R3 ¢ R4
623 22 10 3 (K
-

ho, and buy another. Resistors R1, R2
and R3 have been selected as loads for
ordinary 1.5-volt, zinc-carbon AA, C
and D cells, respectively, while R4 is
appropriate for the standard 9-volt,

zinc-carbon, transistor-radio battery.
When a 1.5-volt cell registers 1.2
volts, it is relatively weak. By the
time it reaches 1.0-volt, it’s done for.

24. High-Input-Impedance Amp

[J If you need a really high-imped-
ance amplifier, you can’t do better
than this little circuit. Its input im-
pedance is essentially 10 Megohms in
the audio range, and the voltage gain
is approximately 20. For best results,

keep the input signal small-50 milli-
volts or less. You can vary the gain to
some extent by changing the value of
resistor R3. Higher values increase the
gain, while lower values diminish it.

C1—.01 uF mylar capacitor

C2—.47 uF mylar capacitor

Q1-2N5950 n-channel JFET

Q2-2N3906 PNP transistor

R1-10 Megohm, Y-watt resistor,
10%

PARTS LIST FOR
HIGH-INPUT-IMPEDANCE AMP

R2, R4, R5-1,500-ohm, Y2-watt
resistor, 10%

R3-30,000-ohm, Y2-watt resistor,
10%

R6—100-ohm,
10%

-watt resistor,

+15vV

RS

1500 100

ci
Ol c2
47
INPUT QUTPUT
R4
o 1500 I

25. Power Failure Indicator

] The purpose of this little device
may seem a little obscure. After all,
when the lights go out, there must
have been a power failure, so who
needs a special circuit to detect the
obvious? It just so happens, however,
that many failures are either momen-
tary or incomplete, so we are never
aware of them. To certain types of
electronic circuits, unfortunately, even
a brief power outage can be disaster-
ous. Control systems, computer sys-
tems, even your AC-powered digital
clock can all go awry when the juice
is cut off.

To the rescue comes our little
power-failure indicator. It will alert

26

PARTS LIST FOR
POWER FAILURE INDICATOR

LED 1—red light-emitting diode
Q1-2N5060 sensitive-gate SCR
@2—-2N3904 NPN transistor

R1-4,700-ohm, Y2-watt resistor,
10%
R2—-330-ohm, Y-watt resistor,
10%
R3—-220-ohm, l-watt resistor,
10%
S1—normally open pushbutton
switch

+5v

R
4700
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you to even the briefest power failure so
that you can take whatever corrective
action is necessary. The indicator is set
by pressing S1, which injects gate cur-
rent into SCR Q1. Consequently, Ql

latches in a conducting state with its
anode potential low. If the power is in-
terrupted, then Q1 will be in an un-
latched state once normal power is
restored. Since Q1 is not conducting,

base current flows into Q2, and LEDI
lights up. This alerts you to the fact
that power was off. To reset the circuit,
just press S1 again. LEDI will be off
unti]l the next power interuption.

26. Lo-Hum Power Supply

(] Just a handful of components are
needed for a line-powered low-voltage
low-current supply for powering audio
preamplifiers.

The values for different voltage
and current outputs are given in the
Parts List. Pick the set you need and
wire up. D1 and D2 are silicon rec-
tifiers rated at a minimum of 200 PIV
at any current.

b
5

17 VAC

T 1,
1 i

QUTPUT

PARTS LIST FOR
LO HUM POWER SUPPLY

D1, D2—Silicon rectifiers rated
200 PIV minimum
|Output v | max* R1 c1 R2
12 1 mA 43,000-ohm, Y2-watt 250-uF, 15-vDC 180,000-ohm, Y2-watt
12 2 mA 22,000-ohm, Y2-watt 250-ufF, 15-vDC 100,000-ohm, Y2-watt
25 2 mA 18,000-ohm, Y2-watt 250-ufF, 30-vDC

180,000-0hm, Y%2-watt

* For lower current, decrease value of R2

27. Zener Regulator

7] When the output from an AC
power supply is too high for a solid-
state project, chop it down to size
with a zener diode voltage regulator
and keep it on the button.

To calculate R, first add the load
current and 1/20 of the load current
for the zener’s idling current. Then
use Ohm’s Law (R = E/I) to calcu-
late R. The resistor’s power rating

should be twice the calculated power

The power rating for the zener
diode is determined by the voltage
across the diode squared, divided by
diode’s nominal internal resistance.
You can calculate the internal resis-
tance by working backwards from the
zener's power rating. As an example:
a 9-volt, I-watt zener would have a
nominal internal resistance of R —

RI (SEE TEXT)

HIGH
OCIN

+
oI LOW DC OouT

(ZENER)

T

4

E2'W. 81/1, or 81 ohms. It’s not
precisely accurate, but close enough.

28. LED Telephone Ring Indicator

{J Know what makes your phone
ring? A 20 Hertz AC signal at any-
where from 60 to 120 Volts, depend-
ing on your phone company. That
sume bell-ringing signal can be used
to light an LED with the circuit
shown here, without significantly
loading the telephone line. Cl pro-
vides DC isolation to help foolproof
this project. The .1 value shown
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works, but you may want to increase
it to .5 microfarads. Use a mylar
capacitor (like the Sprague *“Orange
Drop’ series) rated at 250-450 work-
ing volts or more.

Why so high? The telephone com-
pany keeps its lines clear of ice and
trouble by daily sweeping a pulse of
high voltage throughout the system.
Too low a working voltage could

mean trouble for them, and that is
absolutely the last thing you want to
cause. We might even suggest con-
necting to the telephone lines only
temporarily to verify circuit opera-
tion. This will help avoid accidents
and trouble. D1 through D4 act as a
full wave bridge to deliver the AC
ringing voltage as DC to LEDI. Rl
limits the current through the circuit.
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PARTS LIST FOR
LED TELEPHONE RING
INDICATOR

Cl1—.1-uF capacitor

D1, D2, D3, D4—Diode, 1N914 or
equiv.

LED1—Light emitting diode

R1—82,000-ohm resistor, Y2-watt

| (
AN
Ct D D3
+ i //
LED |
TO PHONE LINE @
. D2 D4
o— AAA- N* B

29. LED Bar

Graph Display

(] This circuit takes advantage of the
forward voltage drop exhibited by
silicon diodes. Each leg of the circuit
shows a light emitting diode in series
with a current limiting resistor and a
different number of diode voltage
drops, from 0 to 5. You may use any
kind of diode you wish, including ger-
manium, silicon, even expensive hot
carrier types (although they won’t
exhibit quite as much drop, they’re
very expensive, and too large a cur-

rent could burn them out).
Depending on the diodes you
choose, each will exhibit a forward

voltage drop between 0.3 and 0.7
volts. For consistency, stay with di-
odes of the same type, or at least the
same family. Those twenty-for-a-dol-
lar “computer” diodes will do just
fine. To expand the range of this LED
“meter,” use two resistors as a volt-
age divider at the input. Connect one
across the 4 and — terminals, the

other from the 4 terminal to the
voltage being measured. The LEDs
will then be monitoring a range de-
termined by the ratio of those resis-
tors, as determined by this formula:

The voltage across the input equals
the resistance across the output, di-
vided by the sum of the resistances
and multiplied by the voltage being
measured. Or:

. Rin
Ein = Em X Rsim

2/
RI 4/!\ LED |
-
R2 4@/{502
LR *’
' b2
| R3 4659//LED3> - |
+ \ + 4¥
 Re )‘)‘L_ED4~ B D4 | DSI 06 |
_— //LEDS N o7 | DBIY D9 DlO*
| S + + +| + 3
| re N //LEDG DIl DI2 013* o|4+ Dl§¥
T
(-5 VDC l L J

PARTS LIST FOR
LED BAR GRAPH DISPLAY

D1-15—Silicon diodes (such as
1N914)

R1, R2, R3, R4, R5, R6—120-270-
ohm resistors, Y2-watt

LED1, LED2, LED3, LED4, LEDS5,
LED6—Light emitting diodes

30. Stereo Beat Filter

[} Many carly stereo tuners, and quite
a number of modern budget priced
stereo tuners, have considerable out-
put at 19 kHz und 38 kHz from the
stereo  pilot system. While these
frequencies aren’t heard, they can
raise havoc if they leak through to a
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Dolby noise reduction encoder, or if
the frequencies beat with a tape re-
corder’s bias frequency or its har-
monics. Normally, Dolby-equipped
units have a 19 kHz filter specifically
to avoid the problem of pilot leakage
from the tuner, but often the pilot

interference is so high it still gets
through.

This filter, which can be powered
by an ordinary transistor radio type
battery, is connected to the output of
the FM stereo tuner, and provides
approximately 12 to 15 dB additional
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attenuation at 19 kHz and about 25
dB attenuation at 38 kHz. It has vir-
tually no effect on the frequency re-
sponse below 15 kHz, the upper limit
of frequencies broadcast by FM sta-
tions.

The only really critical components
are CI, C2 and R4, and no substi-
tutions should be made.

A signal generator is required for

alignment. Feed in a | kHz signal and
note the output voltage. Then change
the generator to 10 kHz and adjust
RS so the output level at 10 kHz is
the same as for 1 kHz. You might
have to check the measurements sev-
cral times to get RS set correctly
When properly adjusted there will be
perhaps 1 dB loss at 15 kHz.

The input signal should be in the

range of (.1 to 1 volt—typical level
from a tuncr’s tape output jack.

PARTS LIST FOR
STEREO BEAT FILTER

Resistors Y2-watt, 10%, unless
otherwise specified
R1-470,000-ohms
R2-220,000-0hms
R3-33,000-ohms

¢

I .

._C1-‘L__+ R3 R4 E_/—’*T*_ — 11 )
1 | e £‘fé 1/ H@ —%
R

— =< + 9V, IOMA
e
" |ca
3

\ =

Us

o

- L 1

OUT (TO RECORDER)

R4-33,000-ohms, 5%

R5-5,000-ohm linear taper
potentiometer

R6--3,300-o0hms

Capacitors rated 10-VDC or higher

C1-0.047-uF

C2, C3-220-pF, 2% silver mica
or equiv.

C4-25-uF

C5—-1-uF

Q1 -Transistor, Radio Shack
276-2009

Q2-Transistor, Radio Shack
276-2021

31. Remote Flash Trigger

[ Even if you spend $18 or $20 for
a super-duper professional remote
flash tripper, you’ll get little more
than this two-component circuit. Price
is important if the results are equal.

Transistor Q1 is a light-activated
silicon-controlled rectifier (LASCR).
The gate is tripped by light entering a
small lens built into the top cap.

To operate, provide a 6-in. length
of stiff wire for the anode and cathode
connections and terminate the wires
in a polarized power plug that match-

es the sync terminals on your elec-
tronic flashgun (strobelight). Make
certain the anode lead connects to
the positive sync terminal.

When using the device, bend the
connecting wires so the LASCR lens
faces the main flash. This will fire the
remote unit.

No reset switch is needed. Voltage
at the flash’s sync terminals falls be-
low the LASCR’s holding voltage
when the flash is fired, thereby turning
off the LASCR.

PARTS LIST FOR
REMOTE FLASH TRIGGER

Q1-200-V light-activated silicon-
controlled rectifier (LASCR)

R1-47,000-ohm, Y2-watt resistor

-4
9 Qi
LASCR TO SYNC
Ri TERMINALS
C
———

32. Quick Draw Game

[] Okay, podner, the fust one to push
the button lights the light on his side,
and blocks the other light from turn-
ing on.

You can yell “draw” by closing S1.
But instead of a switch, you can find
a trickier way of closing the contacts.

Try rolling a steel ball bearing
down a channel with the contacts on
the bottom. When the ball complctes
the circuit, go for your trigger but-
tons. Or you can just leave S1 closed.
Once both “triggers”™ (S2 and S3)
are released, this game is automati-
cally set to be played again.
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PARTS LIST FOR
QUICK DRAW GAME

B1—6-15 VDC battery

LED1, LED2—Light emitting diodes

Q1, Q2—NPN transistors (2N2222
or similar)

R1, R4—150-390-ohms resistors,
Y2 -watt

R2, R3-—-22,000-56,000-ohm re-
sistors, V2 -watt

S1—SPST switch (see text)

S2, S3—Normally open momentary,
or micro, switches
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33. Idiot’s Delight

{] Sometimes the dashboard idiot
lights aren’t warning enough that
something’s gone awry. Bright sun-
light, a burned-out lamp or simply
a lack of attention can obviate De-
troit’s brilliant efforts. But this sim-
ple gizmo adds a buzz to their blink.
plus a luxurious extra. R1, CI and
QI give you about 7 seconds when
you first get into the car to get your-
self going and let the idiot lights
douse before the buzzer can sound.

DI1-D5 can be added to or sub-
tracted from to fit the number of
dashboard dimwits on your car. You
can use something other than a buz-

PARTS LIST FOR
IDIOT'S DELIGHT

C1—15-uF capacitor

D1, D2, D3, D4, D5, D6—Diode,
1N914 or equiv.

Q1—FET (Field Effect Transistor),
2N5458 or equiv.

R1—470,000-ohm resistor, Y2-watt

— - o — ]
RI |
Q
!o/ga_‘
\_/é'fh_
1 —
¢ BUZZER |
v 06 4
TO DI
UNGROUNDED 14" —
SIDE OF o + 02
DASHBOARD O—_N:D_Z’ .
IDIOT LIGHTS ¢
o D4 g
D5

zer, if you wish, to help you keep
from getting confused about your

door being ajar, your key being in
or your lights being left on.

’

34. Wire Tracer

7] Problem! You've just snaked a mul-
ti-wire computer and/or intercom cable
through two floors, five bends, and two
“pull” boxes, and you have the creepy
feeling that one of the wires broke in
the process. Then. you discover upon
trimming away the outer jacket, that all
of the wires are the same color. What
to do? Simple, just check ‘em all with
this simple wire tracer. Clip one end of

the LEDI/LED2 circuit to the same
ground source and touch the other end
to cach wire. When you find the wire
being tested, onc of the two LEDs will
light.

It doesn’t matter which LED lights.

We use two only to prevent confusion
in the cvent a polarity gets reversed.
This way, one LED is certain to light.
The LEDs can be any “general pur-
pose” type available. Battery Bl is a 9-
volt transistor radio-type.

PARTS LIST FOR WIRE TRACER

B1-9-volt transistor radio battery

LED1, LED2-—general purpose LED,

0.02 mA

R1-560-ohm, Ya-watt resistor

Misc.—3 alligator clips, 1
probe

test

R
5600
——AM———

Bl + CLiP

CLIP TO (¥
COMMON GROUND §1’
I |

=)

MULTI-CONDUCTOR WIRE

AE N N
9vVDC — ——— kD l\ ~(¥)Lep 2
-I:—_‘ 4"’\\\ L__

PROBE

} CLIP TO
COMMON GROUND

35. Automobile Ignition Maze

(] Install a combination lock on your
car’'s dashboard and a thief would
have a better chance playing Russian
roulette,

Switches S1 through S5 are spdt
rather than spst only to keep all ex-
ternal switch markings the same.

Tracing the circuit will show that
only if switches S2 and S4 are down
is the siren disabled. The siren sounds
if any other switch is down or if S2
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or S4 is up when the ignition is
turned on. A simple wiring change
lets you set any combination.

The switches can be “sporty” auto
accessory switches sold individually
or in switch banks such as G.C. 35-
916. Provide labels such as “Car-
buretor Heater,” “Window Washer,”
etc. and no one will know the car is
wired for “sound.”

+12vDC
FROM
IGNITION

SYSTEM g l

WHEN ON &) g2 #8s3 54355
*—

1218 L

SIREN
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36. 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
casier, 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 RS, R6, R9 and RI10 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
C1, C3, C6—0.1-uF, 25-VDC mylar
capacitor

Sl 819vDC

I/'oii||||};

"‘[-_CT "Les 1
i L7 e R9 RloI 103
{ |
IN ¢ l | &X co
INPUT c3 p— ce | .
A { OUTPUT

i

) lR? %RII

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

Q1, Q2, Q3—2N3391 NPN tran-
sistor

Note: All resistors rated Y2-watt,

PARTS LIST FOR
LOW PASS AUDIO FILTER

59, tolerance unless otherwise
noted.
R1—-56,000-ohms
R2—-100,000-0hms
R3, R7, R11—-100-ohms
R4, R8, R12—1,800-ohms
R5, R6, R9, R10—3,000-ohms
S1—SPST toggle switch

37. Signal-Operated Switch

[] If a VOX is a voice operated
switch, is this signal operated switch
a SOX?

You can take a signal, like the ear-
phone jack output from a radio or
tape player, and use it to trigger the
relay operation. If used with an FM
wireless mike, an FM radio and a
cassette recorder, for example, this
circuit could start the recorder when-
ever the FM radio receives the wire-
less mike signal. D1-R1-C1 form an
R-C delay network that delays the
turn-off of the relay until some time
(the number of seconds of delay is
roughly the number of ohms of Rl
times the number of microfarads of
C1 divided by a million) after the
signal stops.

The signal charges C1 through D1,
which keeps it from discharging back
through the signal source. C1 then
holds the base of Q1 high until it dis-
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PARTS LIST FOR
SIGNAL OPERATED SWITCH

B1—6-1 VDC

C1—2.2-150-uF capacitor
D1—Silicon diode (1N914 or
equiv.)

K1-—-Small, sensitive relay (reed re-
lays are ideal); voltage compati-
ble with Bl; coil impedance
greater than Bl voltage by Q1
collector current rating

Q1—NPN switching transistor; col-

lector current rating greater
than relay current (2N2222
handles 800 mA and most small
relays)

R1—4700-470,000-0ohm resistor,
Y2 -watt

charges enough through R1 and the
base-emitter circuit of Q1 to reach a
turn-off point. Q1 completes the cir-
cuit for K1’s coil, and you can do

whatever you want with the contacts
(turn on a light, start a motor, honk
a horn, fire up a computer, light up
your TV).
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38. Slide Show Stopper

] Soundless slide shows are dull,
dull, dull! But a stereo recorder can
automate the whole show so slides
change automatically in step with
the commentary.

Record your commentary on the
left track. At the instant you want
slides to change, record a one-second
noise or tone burst on the right track.
Connect the programmer between the
recorder’s right speaker output and
the projector’s remote control cable.
Make a test run to determine the
right-track volume setting to make
noise or tone bursts activate relay K1.
No fancy tone generators needed here.
Just give a hearty Bronx cheer into
the mike of the left channel only!

Then start the tape from the begin-
ning. The audience will hear your
commentary or spectacular music-
and-sound reproduction through a
speaker connected to the recorder’s
left channel, while the signal on the
right channel automatically changes
the slides.

PARTS LIST FOR
SLIDE SHOW STOPPER

C1-25-uF, 50-VDC electrolytic
capacitor

D1, D2-1-A/400-PIV silicon
rectifier, Motorola 1N4004

K1-2500-ohm coil plate-type

relay
D! T1-5000-ohm CT audio output
T - transformer
T0 I ésooon cl
+
RECORDER an y-———>|~—ﬂp— — o710
SPEAKER PROJECTOR
ouTPUT CONTROL
! 02
' r Kl

39. AC Adaptor

[] It seems that just about everything
these days is battery powered, and
when something goes bad and you're
ready to check it out more than like-
ly the size batteries needed are not in
your stock, and it’s two hours past
store-closing time. But with this uni-
versal AC adaptor you can handle
just about any battery powered repair
job that gets on your test bench. Pro-
viding up to 300 mA, you can ar-
range the output leads of the adaptor
to deliver the required polarity con-
nections.

Keep in mind, however, that this
AC adaptor is for radios, cassette re-
corders, and the like. It is not for
calculators. Some calculators require

an adaptor with an AC output (the
rectitier and filter are in the calcu-
lator) and this fact isn’t indicated
anywhere in the instruction manual or
on the calculator. Connect an adaptor
with a DC output to a calculator re-
quiring an AC input and you prob-
ably will be buying a new calculator.

PARTS LIST FOR AC ADAPTOR
T1-—-Adaptor transformer, Calectro
D1-743
D1-D4-—-Any silicon rectifier rated
at least 25 PIV at 0.5 A.
C1-2000-uF, 15 VDC capacitor
S1-Any switch that can provide

So don’t claim later you weren’t 4PST.
warned.
T
-~ S
S ‘ |
{;J*\ % | Dl 4 D2
17 VAC 2 ‘ J’H >
° 4 E:—' ! ‘ 4,5,6,7 OR 9 VDC
= = i e @ 300Mma

al
CI/]\ [
. l 1

40. Add An Antenna Trimmer

{] One part? That’s all, but it can
make a big difference in your short-
wave listening. The American Radio
Relay Lcague’s ARRL Handbook,
the ham operator’s “bible,” can help
you understand the complex nature
of radio waves and how this circuit
(is one part a circuit?) helps your
antenna match your receiver at any
given frequency.

But for right now, all you need to
know is that when you add this trim-
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mer (or connect it to these leads
through coax, but only a very short
length), you can adjust it to make
your receiver really hot wherever it’s

tuned. It works by helping your re-
ceiver take advantage of all the sig-
nal your antenna can pick up. Try
it and see.

Al Cl A2

C1—60-pf trimmer
GND

PARTS LIST FOR
ADD AN ANTENNA TRIMMER
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41. Latching Burglar Alarm

[] Open a fancy commercial burglar
alarm and all you’ll find inside is this
ordinary relay latching circuit.

The input terminals are connected
to parallel-wired normally open
(N.O.) magnetic switches, or wire-
type security switches stretched across
a window that close a bell contact
circuit when the wire is pushed or
pulled.

When a security switch closes the
series battery circuit, relay K1 pulls
in. One set of contacts closes the
alarm bell circuit, while the second set
“latches” the battery circuit. Even if
the security switches are opened, the
alarm remains on. To disable the
alarm, or for reset, install a con-
cealed switch in series with one bat-
tery lead.

B1-6-V lantern battery
BELL-6-VDC atarm bell

L .5
TO
ADDITIONAL sl { o
SWITCHES
+
Bl BELL
————— — 6V DC
. |

PARTS LIST FOR
LATCHING BURGLAR ALARM

K1-6-VDC dpst relay
S1-Spst n.o. switch

42. Turn-on Delay

| Turn the switch on and the cir-
cuit you’re controlling (LOAD)
won’t turn on until 10 seconds later
with this UJT delay. The SCR is the
“switch” that eventually permits cur-
rent to flow through the load. But the
SCR won’t turn on until the UJT
timer circuit delivers a pulse to its
gate. This happens after a time delay
determined by the product.

Choose a value for SCR1 that can
easily handle the maximum current
the load will draw, plus a margin for
safety, and the voltage of the power
supply, plus a margin for safety. For
a 9-12 Volt circuit drawing up to %2
amp or so, a 20 Volt 1 Amp SCR
should do nicely. Since S1, when
turned off, interrupts the flow of cur-
rent through the SCR, turn-off for
the load happens immediately.

C1—220-uF capacitor

2N2646 or equiv.

Sl
+V o

Q1—UJT (Unijunction Transistor),

R1—47,000-ohm resistor, 12-watt

PARTS LIST FOR TURN-ON DELAY

R2-—-22-ohm resistor, V2-watt
SCR1—See text
S1—-SPST

R

B |

(+)

LOAD:
THE CIRCUIT
YOU ADD THIS
TO.
. =)
e S— S—
al
SCRI
cl b2
R2

43. SWL’s Low Band Converter

L] Ever listen in on the long waves,
from 25-500 kHz? It’s easy with this
simple converter. It'll put those long
waves between 3.5 and 4.0 MHz on
your SWL receiver.

Q1 acts as a 3.5 MHz crystal oscil-

101 ELECTRONIC PROJECTS 1981

lator, mixing the crystal frequency
with the long wave input from the
antenna and forwarding the mix to
your receiver.

L1 is a standard broadcast loop-
stick antenna coil. The crystal is

available from many companies by
mail order, or is likely to be at a
ham radio store near you. You could
also use a 3.58 MHz TV color crystal.

Adjust the slug of L1 for your best
signal after tuning to a strong station.
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Ccs

#% 0 ouTPUT TO RECEIVER
USE COAX

PARTS LIST FOR
SWL'S LOW BAND CONVERTER

B1—9VDC battery

C1, C4—470-pf capacitor

C2—.1-uF capacitor

C3—.001-uF capacitor

C5—50-pf capacitor

L1—Loopstick coil

Q1—PNP transistor,
equiv.

R1—470,000-ohm resistor, V,-watt

R2—330-ohm resistor, 14-watt

RFC—2.5 mH choke

S1—SPST switch

XTAL—3.5 MHz crystal

2N3906 or

44. Wide Range Voltage Pilot

{71 Believe it or not, this simple tester
will verify voltages between 2 and
120 Volts, AC or DC—and tell you
which!

It’s easy to understand if you can
think of the filament of a small night-
light bulb as being a wirewound re-
sistor. It provides the current limiting
that LED 1 and LED 2 need to op-
erate safely. And, of course, when
the voltage at the probe tips is high
enough, 11 lights as well.

You can choose different colors
for LED 1 and LED 2 and the probe
tips for very quick polarity indica-
tions in the case of DC voltages. And
secing both LEDs glow is quick con-
firmation of an AC voltage.

PARTS LIST FOR
WIDE RANGE VOLTAGE PILOT

11—Bulb, 7Y% watts at 120-volts
LED1, LED2—Llight emitting diode

g A o

—= =
— ]

45. Stereo Balance Meter

[] One sure way to be certain your
sound system is in perfect electrical
balance is to use a power amplifier
stereo balance meter to substitute for
guesswork.

Meter M1 can be a zero-center DC
milliammeter rated 1-0-1 mA or less.
Alternately, you could use a standard
meter but the pointer might be driven
off-scale to the left while making ad-
justments, though the meter won’t
be damaged—it will just be an incon-
venience.

Play any stereo disc or tape and
then set the amplifier to morno. Adjust
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the left and right channel balance
until meter M1 indicates zero, mean-
ing the left and right output level are
identical—that’s balance.

PARTS LIST FOR
STEREO BALANCE METER

D1, D2—Silicon rectifier rated 100
PIV at any low current

M1—Zero-center DC mA meter (see
text)

R1, R2—1000-ohm, ¥2-watt resistor,
5% or 1%

Hi-Fi AMPLIFIER

LEFT RIGHT
+ - - +

D1 D2
‘@TO-I mA
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If you like to make things work...and
then find out why they work—

you cou

yuld be getting p:
fordoing so

Learn electronics...right on up to an
Associate Degree...in your own home
without giving up your present job

or income.

People who really like their work get ahead
faster. And, when your natural abilities
match the job requirements, you have an
extra advantage. When you use

practical training to sharpen your

skills, your odds are better for
keeping your job even if others
are losing theirs. So, if you find
satisfaction and interest in
making things work, a career

in electronics may be for you.

WHY ELECTRONICS
IN THE 80’s

Opportunity.

The field of electronics simply offers more
career opportunities — and more job se-
curity — than most other fields today. Take
digital technology, for example. Much of the
new telecommunications, data processing,
and production equipment depends upon
sophisticated microprocessors to receive,
sort, and send digital signals in micro-
seconds. Two of CIE’s newest home study
courses combine digital electronics theory
with actual experience on digital equipment.
Successful completion of either one of those
courses is creditable toward CIE's Associate
Degree program. That’s right...you can earn
an Associate Degree without attending a
single class session.

MAKING THINGS WORK

Many of CIE’s Career Courses stress ‘‘hands-
on”’ training. We believe textbook knowl-
edge is important — but it’s just as important
to know how to apply your book learning

in practical situations. From basic circuitry

in CIE’s Personal Training Laboratory in
several Career Courses, through the
Microprocessor Training Laboratory in the
Associate Degree program, CIE helps chan-
nel your desire to ‘‘make things work’’ into
skills you can sell.
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IN A CLASS BY
YOURSELF

One of the great benefits of home study is
the independence it gives you. You study
where and when you want to. You move as
fast as you can handle it. There’s no class-
room to go to because with CIE, the
classroom comes to you! But, you're never
alone. When you request help, the CIE
electronics expert best qualified will
personally respond in writing.

SET YOUR OWN GOALS

CIE’s wide selection of courses gives you
many options. You start with a Career
Course that suits your talents. Then, since
more than half of CIE’s courses include a
series of optional lessons to prepare you to
pass the government-administered FCC
License exam, you can get an FCC License
...a requirement for some electronics jobs
and a credential for all electronics jobs. You
may then go on and earn an Associate in
Applied Science Degree in Electronics
Engineering Technology. It’s all up to you!

START MAKING

T ™. THINGS WORK

FOR YOU

Send today for the CIE school
catalog and complete package of career
information. It’s all FREE, and it will help
you decide where you want to start and how
far you want to go. For your convenience,
we’ll try to have a school representative con-
tact you to review the various educational
programs and assist in course selection. Just
mail the postage-paid card or write, men-
tioning the name and date of this magazine.
We want to help you make things work, so
send for your FREE school catalog today!

CIE’s Microprocessor Training Laboratory,
an integral part of the Associate Degree
program, lets the advanced student apply
digital technology in many of the same
ways electronics professionals do.

Cleveland Institute of Electronics, Inc.

Cl

1776 East 17th Street, Cleveland, Ohio 4414
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46. Audio Utility Amp

{7 This circuit may look familiar if
you're in the habit of glancing at the
schematics of your portable radios
and recorders. This is a very popular
way of getting a signal to a speaker.
Transistor Q1 acts as a driver for
complementary pair Q2 and Q3. Q2
and Q3 take turns conducting as they
follow the input signal, so they can
deliver a healthy signal through C2 to

T1. T1 is suggested to reduce the
loading that a low speaker impedance
would cause if connected directly be-
tween C2 and ground; a higher im-
pedance speaker or headphone could
connect directly.

You can also use this circuit as a
signal tracer to listen in on what's
happening inside some of the other
circuits on these pages. Just clip a

lead between the minus leads of both
projects and use one lead of a .01
microfarad capacitor in series with the
input as a probe.

w

o

@

i

SPKR

PARTS LIST FOR
AUDIO UTILITY AMP

B1—9 VDC battery
C1—15-uF electrolytic capacitor,

15 VDC (or greater than
needed)

C2—100-uF electrolytic capacitor,
15 VDC (or greater than
needed)

Q1, Q2—NPN transistor, 2N3904
or equiv.

Q3—PNP transistor, 2N3906 or
equiv.

R1—1-Megohm potentiometer

R2—270,000-0hm resistor, ¥2-watt

R3—1200-ohm resistor, Y2-watt

R4—100-ohm resistor, Y2-watt

S1—SPST switch

T1—-500:8-ohm matching trans-
former

SPKR—8-ohm speaker

47. High Performance Transistor Radio

[J Here’s a neat way to update your
crystal set, assuming you can still find
it. Or use these few inexpensive parts
to build from scratch. Instead of
using a cat’s whisker or a diode, this
radio uses the very sensitive junction
of a junction FET as its detector.
This makes it a very “hot,” very sen-
sitive high impedance detector. Then
the JFET does double duty by con-

verting the high input impedance to a
lower output impedance—low cnough
and with enough drive to power a sct
of high impedance headphones or a
high impedance earphone (about 1K
orso).

The antenna coil is onc of those
simple loopsticks you’ve seen at the
parts stores. (Or you might want to
wind your own on an oatmeal box.)

The broadcast variable capacitor is
onc of the tuning capacitors taken
from an old, defunct radio. You can
usc any long wire for the antenna, but
if you string it outdoors, be sure to
use a lightning arrestor. You can also
clip an alligator clip to your bed-
spring, a windowscreen, or the metal
part of a telephone.

PARTS LIST FOR
HIGH PERFORMANCE
TRANSISTOR RADIO

B1—6-15 VDC battery
Cl—Approx. 356-pF broadcast-
type variable capacitor
C2—300-600-pF capacitor
C3—.05-.5-uF capacitor
C4—.22-1.0-uF capacitor
L1/L2—Ferrite loopstick, or ferrite-
bar BCB antenna coil
Q1—N-channe! JFET (Junction
Field Effect Transistor) (2N-
5458, MPF102 or equiv.)

ANT at R3 Si
< 5 ra — AN~
Lhte O . g/ N ca
; ; ) T L
—
+
U\ HE ADPHONES B L
3 c3 K) =
_ —% J:

R1—18,000-47,000-ohm resistor,
12 -watt

R2—20,000-100,00-ohm poten-

kL b
7

tiometer
R3—4700-10,000-ohm resistor,
12 -watt
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48. Photoelectric Tattletale

[[] How would you like to know
whether or not the postal person
brought you any post? Or how about
a circuit to start something going
whenever you put a card in a slot?
That’s what this little photorelay is
all about. Whenever the phototran-
sistor sces the LED, it pulls up the
base of relay driver Q2 and pulls in
the relay. Stick something between
the LED and Q1 and the relay re-
leases. D1 shunts out the relay’s in-
ductive kickback.

If you point the LED and Q1 in
the same direction, they will act to-
gether as a reflective sensor. Then if
anything comes close enough to

PARTS LIST FOR
PHOTOELECTRIC SOMETHING'S
THERE TATTLETALE

B1—12VDC battery

D1—Diode, 1N914 or equiv.

K1—SPDT relay, 12VDC

LED1—Light emitting diode

Q1—Phototransistor, FPT100 or
equiv.

Q2—NPN transistor, 2N2222 or
equiv.

R1—150-0hm resistor, Y2-watt

R2—2700-ohm resistor, Y2-watt

S1-—SPST switch

| R2
LED
e
QSl eOI
Q2
%
.
| ¥ iT\o
____B|
R DI H W
:
P

bounce the light from the LED back
into Q1 (assuming both are kept in
the dark—any light will trigger Q1),

the relay will pull in. The circuit can
also be used without R1 and LEDI
as a light- or no-light-operated alarm.

49. High Impedance Mike Amplifier

[] This high-to-low impedance
converter will let you use a high
impedance crystal, ceramic or dy-
namic microphone with conventional
(around 5K) microphone inputs. It
will also let you usc a high impe-
dance mike over a longer run of
cable with less danger of introducing

hum.

Q1 is a general purposc N-channel
JFET, like the Siliconix 2NS5458,
Motorola MPF102 or similar. Choose
R1 to match the impedance of your
microphone.

If you choose to mount this circuit
in or near the microphone case

(where it will do the most good),
and the microphone is a push-to-talk
type, investigate using the PTT switch
in place of S1. This may work better
if S1 is placed in the negative battery
lead rather than the positive (as
shown).

MIC Ci

[ __( Swi
B A i

L
RI R2 lcz
/ / /77

PARTS LIST FOR
HIGH IMPEDANCE
MIKE AMPLIFIER

R3

o
A% 0 "o

|11} -

B!

B1—6-15 VDC battery
C1, C3—.001-.01-uF capacitors
C2—25-100-uF

Q1—N-channel JFET (Junction
Field Effect Transistor) (2N5458
or similar)

R1—1-10 Megohm resistor, ¥2-watt

R2—1800-330-ohm resistor, V2-
watt

R3—4700-10,000-ohm resistor, ¥2-
watt

S1-—SPST switch (see text)

50. Highway Nightfall Alert

[] When it gets dark out, you don’t
always notice the change. So it isn’t
hard to get caught driving in the dark
without your headlights on. This little
project buzzes a friendly reminder
until you turn the lights on, turn the
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car off, or morning comes.

K1 turns on with your headlights.
When it’s on, it disables the rest of
the circuit. So a warning can only
sound with your headlights off. As
long as light strikes Q1, Q2 remains

on, holding Q3 off. Voltage divider
R5-R7-R8 determines the turn-on
point for Q3. Q3 drives K2, which
triggers a buzzer or other signalling
device. A photoconductor may be
substituted for R1-Q1, if desired.
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PARTS LIST FOR
HIGHWAY NIGHTFALL ALERT

D1, D2—diode, 1N914 or equiv.

K1—SPDT relay, 12VDC

K2—-SPST relay, 12VDC

Q1-Phototransistor, FPT100

Q2—NPN transistor, 2N3904

Q3—-NPN transistor, 2N2222

R1, R4, R7-4700-ohm resistor,
Ya-watt

R2-560-ohm resistor, Y2-watt

R3, R8-10,000-ochm resistor, Y-
watt

R5-10,000-ohm trimmer potenti-
ometer

R6—-220-ohm resistor, ¥%-watt

IGNITION 5?
b

R4
D2 K2

THRESHOLD +

| =

R2

R7 5i BUZZER

8

+
W
I

R8 e

91. 5535 Switch Hitter

[7] The “555” is a very versatile timer
when you need a time delay or any
kind of regular timed event, But if
you try to draw more than 100 or
200 milliamps through it, you’ll soon
be drawing a blank and a new 555
from your parts drawer. With these
simple additions, you can draw as
many amps as your relay’s contacts
will carry. Q1 acts as a relay driver,
triggered by the output of the 555
(pin 3) through a 1000 Ohm re-
sistor (R1). Relay K1 can be driven
from the 555’s power supply (choose
an appropriate coil voltage for K1)
or from a separate positive power
supply if the 555’s supply can't

PARTS LIST FOR
555" SWITCH HITTER

D1—Diode, 1N914 or equiv.

Q1—NPN transistor, 2N2222 or
equiv.

R1—1000-ohm resistor, Y2-watt

K1—Relay, (rated at least equal to
system voltage)

+ | 0=

555 :
OUTPUT (PIN 3)
o— AAA b Ql
RI
e
- o 1

handle the extra load. Q2 can handle
up to 800 milliamps itself, so any
relay coil that draws less than that

(100 Ohms or so moie than satisfies
this) will work fine. Similarly, other
loads can be substituted for K1-D1.

52. Attache Alarm

[ ] Who knows what evils lurk, ready
to pilfer the Twinkies out of your
attache case when you’re not looking?
This squealer does. Because when
you arm the alarm by turning on S1,

the lightest touch will set it off. More
accurately, the touch of light. Light
striking Q1 turns on transistor switch
Q2, which energizes oscillator Q3-Q4.
And that blows the whistle.

PARTS LIST FOR
ATTACHE ALARM

B1-9 VDC battery
C1-.01-uF capacitor
Q1—Photoelectric transistor, FPT

e .
ARM c R2 Q4 e
D f}\ b
| | Ql _
Lt e y o i
= )\
= B 03 ol
Sl RI 5 Cl
T , —
C
| — Q2
L \ / SPEAKER
— J

100 or equiv.

Q2-NPN transistor, 2N2222 or
equiv.

Q3—-NPN transistor, 2N3904 or
equiv.

Q4—PNP transistor, 2N39Q06 or
equiv.

R1-2200-chm resistor, ¥2-watt

R2—100,000-ohm resistor, Y2-watt

S1-SPST switch

SPKR—8-ohm speaker
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53. Budget Lamp Dimmer

"] Using almost all “junk box” parts,
or those easily found at local parts dis-
tributors, this budget-priced lamp dim-
mer can be assembled directly inside a
lamp socket, lamp base, or electrical
outlet box (replacing a wall switch).
Triac Q1 can handle up to 75-watts
without a heat sink. Over 75 watts, sink
Q1 to the metal enclosure, or a small
heat sink insulated from the socket (if

you build the dimmer into a socket).
If you mount Q1 on th¢ enclosure,
make certain _none of the Triac's lcads
“short” to the enclosure. Use silicon
heat sink grease between Q1 and the
sink.

Il is an ordinary NE-2 neon lamp.
If it will somchow be exposed to light,
paint the lamp black, or some other
opaque color. (I1's *“trigger” voltage

threshold is affected by light.)
Because the neon lamp has a firing
threshold above zero volts, the lamp
cannot bc turned fully off with the con-
trol. Rather, switch S1 snaps the lamp
on to a very subdued brilliance which
can be faded up to almost maximum
lamp brilliance. Make certain Rl is
wired so it is a maximum resistance just
before Si switches from on to off.

PARTS LIST FOR
BUDGET LAMP DIMMER

C1, €3-0.02-uF, 50-VDC ceramic
disc capacitor

€2, C4-0.05-uF, 50-VDC ceramic
disc capacitor

I1—-NE-2 neon lamp

12—-75-watt or smaller standard
lighting fixture

Q1-HEP-R1723 Triac

R1-50,000-ohm, linear taper po-
tentiometer

R2—-15,000-ohm, Y2-watt resistor

S$1-SPST switch (part of R1)

R2
15K

oL ol ol Lo
OZT .05T OZT 1\

(U120 VAC

|

54. Remote Thermometer

] With this electronic thermometer
you can be sitting by a nice, cozy fire
and reading the temperature outdoors,
however frigid it may be, without ever
catching a chill yourself. The circuit is
a simple one based on a readily avail-
able Fenwal thermistor (Burstein-Ap-
plebee, among others, sells them). For
the sake of accuracy, only thermistor
R1 should be exposed to temperature
extremes; the rest of the components
should be kept indoors in an environ-
ment where the temperature is reason-
ably constant.

To calibrate, you’ll need a ther-
mometer of known accuracy and ac-
cess to temperatures near 0° and 100°
F, the lower and upper limits respec-
tively of this thermometer’s range. Set
R4 and Ré6 to their midpoints. Subject
R1 to the hot temperature and adjust
R4 until M1 reads the correct temper-
ature. Now subject R1 to the cold
temperature and adjust R6 to get the
right reading on M1. Because the two
adjustments interact, repeat the entire
procedure two more times.
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RS S| Bl 3vDC
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B1-—9-voit transistor battery

C1-50-uf, 16-VDC electrolytic
capacitor

D1—-1N746A, 3.3-voit, lao-watt
zener diode

M1—0 to 100 microamp DC am-
meter

Note: All resistors rated l4-watt,
59% tolerance uniess otherwise
noted.

PARTS LIST FOR
REMOTE THERMOMETER

R1-—theérmistor rated 1,000-ohms
@ 25° C (Fenwal part #JB31.J1)

R2, R3—1,800-ohms

R4—10,000-ohm trimmer potenti-
ometer

R5—12,000-ohms

R6—5,000-ohm trimmer potenti-
ometer '

R7-3,900-ohms

R8—820-chms

S1—SPST toggle switch
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55. Sensitive Squelch

(] The high sensitivity of this circuit
is due to the use of a JFET at QI.
With R2 at just 47K, the high impe-
dance input JFET is just loafing
along. (If you need more sensitivity.
try values up to 10 Megohms for
R2). The signal input frem a detector
or other audio signal or noise source
within your circuit is applied through

voltage divider R1 and C1 to the gate
of Q1. Q1 amplifies this signal and
passes it through C2 to D1-D2, which
convert it to a DC voltage. This is
used to drive switch Q2 on, with a
delayed turn-off provided by R7-CS.
R6-C5 delay turn-on. These delays
prevent picket-fencing.

FM squelches are noise operated,

where the more noise there is, the
less signal. So an FM squelch must
disable with increasing input. In an
FM system, Q2 would shunt the
audio signal to ground at the first
audio stage. An AM system would be
designed to enable with increasing
input. In an AM system, Q2 would
be used.

PARTS LIST FOR
SENS ITIVE SQUELCH

C1—33-pF capacitor

C2—.05-uF capacitor

C3—4.7-uF capacitor

C4—10-uF capacitor

C5—.22-uF capacitor

D1, D2—Diode, 1N914 or equiv.

Q1—FET (Field Effect Transistor),
2N5458 or equiv.

Q2—NPN transistor,
equiv.

R1-—-100,000-ohm potentiometer

R2—47,000-ohm resistor, V2-watt

R3—12,000-ohm resistor, Y%-watt

R4—3300-ohm resistor, Y2-watt

R5—3.3-Megohm resistor, 1%-watt

R6, R7—1000-ohm resistor, Y2-
watt

2N2222 or

+VOo *>
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SIGNAL INO—

c2 |
e

Q
cl Ql
RI 9,
SQUELCH =P —
LEVEL

! SWITCH
OUTPUT

D2 ?
IN9I4

INSI4

Y

+D, | |
, R6
+
L
al RS | 02,4
b/ \
R7 /
[ 4
5

JES

S

-VvO

56. A VOM Thermometer

[ ] Almost all electronic components
change characteristics as temperatures
change. In the case of silicon diodes,
like the 1N914, the characteristic that
changes is the amount of forward
voltage drop.

Diodes aren’t perfect conductors,
you see, because they must take ad-
vantage of the bias (voltage) across
a semiconductor junction (the place
where the two different kinds of semi-
conductor material, p and n, mecet)
in order to operate.

Almost every semiconductor device
shows a junction voltage drop of
about Y2 Volt when forward biased,
as the diodes here are.

So if you string ¢ight diodes in
series, like these, and measure the
voltage across the string on the 5 Volt
scale of your VOM, you'll see the
voltage varying up and down around
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4 Volts as you change the tempera-
ture the diodes are exposed to.

You could calibrate a separate
meter to give you actual degree read-
ings, but for many purposes, just
knowing the temperature is changing
is enough.

PARTS LIST FOR
A VOM THERMOMETER

B1—9 VDC battery

D1, D2, D3, D4, D5, D6, D7, D8,
D9—Diode, 1N914 or equiv.

R1—4700-ohm resistor, Y2-watt

S1—SPST switch

Rt

+

VOM D5
5 VOLT RANGE N
£ D6

+
D7

+
D8
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57. Poor Man’s Hold Switch

[] This is just one step more sophis-
ticated than holding your hand over
the telephone mouthpiece. We all
find occasions when we would like
to discuss something with the people
in the room without sharing it with
the party on the phone. This circuit
provides dc continuity for the phone
line to keep from losing a call when
you hang the phone up. There is
some danger, though, of putting the
phone on “terminal hold,” if you
forget. Because as long as you are
switched to hold, it’s just like leaving

a phone off the hook: no one can
call in, you can't call out.

Only two of the lines that reach
your telephone are really part of the
phone line, and these are most often
the red and green wires that are in
the cable between your phone and
the wall. Other wires in the cable
may carry power for lighting your

phone, or may carry nothing. Check
carefully. Also understand that if
you make a connection to the phone
line that inhibits the phone com-
pany’s ability to provide service, they
have the right to disconnect you for
as long as they like. This is a proven,
simple circuit that should cause no
difficulty. But be careful.

TELEPHONE

LINES

S1—DPDT switch

PARTS LIST FOR'POOR MAN'S
PHONE HOLD SWITCH

R1—650-ohm resistor, Y2-watt

1O
Ay

ey’

NORMAL

HOLD

58. Tom Thumb’s Timer

[] We're found a timer circuit that
little. Tom would have approved of—
i’s small both in size and in cost. With
S1 in contact with +9VDC, capacitor
C1 gradually charges through Rl and
R2. When the potential across C1
rcaches 5.5-volts, base drive flows into
the QI1-Q2 Darlington pair through
zener diode D2. This causes the transis-
tors to conduct collector current and
activate buzzer BZ1, a miniature device
that emits a pleasant, shrill tonc to sig-
nal the end of the timed interval. To
reset the timer. flip S1 so that it con-
tacts R3. which functions to discharge
timing capacitor C1 through diode D1,

Using trimmer R1. you can adjust
the timed interval to any value between
30 and 120-seconds. We use this timer
to control the development of Poluroid
instant films, but you can prohably find
dozens of other uses. too.

PARTS LIST FOR
TOM THUMB'S TIMER

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

#273-052)

C1—470-uF, 25-VDC electrolytic
capacitor

D1—1N4002 diode

D2—1N748A, 3.9-volt, lsh-watt
zener diode

Q1, Q2—2N3904 NPN transistor
R1—200,000-chm trimmer poten-

tiometer

R2—62,000-0hm, 4,-watt, 5% re-
sistor

R3—-330-ohm, le-watt, 59% re-
sistor

S1—SPDT slide switch

Bl 9VDC

L

R3S

59. Level Detector

[[] There are times when voltages are
allowed to vary widely in a given
system, so long as they do not exceed
some preset limit. This might happen
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in speed or temperature controls, for
example, or even simple R-C timers.

This circuit is based upon a two-
transistor comparator. An input volt-

age (which must not exceed Bl in
either positive or negative value) at
Q3 is compared to a preset divider
R3-R4 at Q2. When the input volt-
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age equals or exceeds the preset volt-
age, QI turns on, driving pilot lamp
I1 on. Resistor R1 permits the use of
a #47 type lamp with a standard 9
volt battery.

PARTS LIST FOR
LEVEL DETECTOR

B1—-9VDC battery

Cl—.1-uF capacitor

D1—Diode, 1N914 or equiv.

I11—Bulb, #47-type

Q1—NPN transistor, 2N2222 or
equiv.,

Q2, Q3—PNP transistor, 2N3906
or equiv.

R1—27-ohm resistor, Y2-watt

R2--5600-ohm resistor, Y2-watt

R3—100,000-ohm resistor, Y2-watt

==

R5

R3
= ¢

R4 7/ B INPUT
LEVEL 03 E,—————o
"

R4—1-Megohm potentiometer
R5—3300-ohm resistor, Yz2-watt

R6—1000-ohm resistor, Y2-watt
S1—SPST switch

60. Fox Hunt Transmitter

PARTS LIST FOR
FOX HUNT TRANSMITTER

B1—9 VDC battery

C1, C3—.001-uF capacitor

C2—90-pF variable capacitor

Q1—NPN transistor, 2N2222 or
equiv.

R1—10,000-ohm resistor, Y2-watt

R2—470-ohm resistor, ¥2-watt

R3—47,000-ohm resistor, Y2-watt

RFC1—2.5 mH radio frequency
choke

S1—-SPST switch

XTAL—crystal cut for the 49 MHz
band

Y ANT RFC |
T VYTY T
L1 xmaL " c2
T (e
3 FREQ
Qi

g

R —

R2

] Ever been to a radio foxhunt?
Everyone brings a portable radio and
a very directional antenna and tries
to find where a small transmitter has
been hidden. First one to find it wins.
And here’s just the transmitter to
bring this-old ham radio game to the
rest of us. Transistor QI acts as a

crystal oscillator in the new 49 MHz
walkic-talkie band. The output of this
oscillator is very low, and no license
is required if you keep your antenna
down to just a few inches in length.

Trimmer capacitor C2 lets you
tweak the frequency of this transmit-
ter right into the middle of the chan-

nel. Use a walkie talkie and listen for
carrier; when you hear it best, you're
on. frequency. This same circuit can
be used as a wireless mike. Connect
a carbon microphone, like an old
telephone handset mike, in series with
R2 and ground.

61. Sidetone Oscillator

[J CW (continuous wave, the form of
modulation involving a simple turn-
ing on and off of the RF carrier) is
the simplest way for a beginning ham
to transmit to his fellow hams. And
the famous Morse Code is how he
gets his message across. But Morse is
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a lot casier to send if you can hear
what you're sending. This circuit lets
you do just that.

A short length of wire near the
transmitter picks up RF as it's trans-
mitted and acts as the antenna for our
circuit. This RF is detected by DI

smoothed by C2. and used to turn Q1
on and oft. following the transmitted
signal exactlv. Q1 switches the posi-
tive supply threcugh R2 to beep os-
cillator Q2 through the center tap of
Tt. The values shown produce a
pleasant. casily distinguishable tone.
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PARTS LIST FOR
SIDETONE OSCILLATOR
B1—9VDC battery
C1—50-pf capacitor
C2—470-pf capacitor
C3, C4—.01-uF capacitor
D1—Diode, 1N914
Q1, Q2—NPN transistor, 2N2222
or equiv.
R1—470,000-ohm resistor, V2-watt
R2—5000-ohm potentiometer
R3—4700-ohm resistor, ¥2-watt
R4—100,000-ohm resistor, ¥2-watt
R5—100-ohm resistor, 2-watt
RFC1—2.5-mH choke
T1—1000;, 8-ohm transformer,
centertapped
SPKR—8-ohm speaker

62. Battery Monitor

{7 Tired of plaving guessing games
with your batteries? With this battery-
voltage monitor vou'll know at « glance
whether or not batteries need replace-
ment. The circuit’s compact size. which
comes about because it's a meterless
voltage monitor. makes it easy to build
into an existing piece of equipment. To
use the device. press S1 and, if LED!
lights up, your batteries are still good.
If not, throw them away.

Transistor Q1’s gain makes the mon-
itor very scnsitive to changes in voltage.
Consequently, LED1 is either ON or
OFF with little ambiguity most of the
time. The voltage level being sensed
is determined by zener diode DI's rat-
ing and the base-emitter voltage drop
of QI. Specifically, the switching point
is cqual to the zener voltage plus 0.75-

PARTS LIST FOR BATTERY
MONITOR

D1—zener diode (see text)

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

Q1—2N3904 NPN transistor

R1—1,500-ohm, Y;-watt resistor,
5%

R2—680-ohm, %-watt resistor,
5%

Sl—normally open SPST push-
button switch

e
+5 TO +I1BV >—— ._T
Sl

L
RI ¢
1

o1 2

volts. For example, a 5.6-voit zener
diode will set the trip level at approx-
imately 6.35-volts. The voltage level
you choose should be less thun the bat-
tery's nominal voltage when fresh. A
9-volt battery, for cxample, 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

63. Computer Recording Attenuator

[C] Most personal computers use a low-
cost cassette recorder as the data stor-
age medium, the data generally being
stored on tape as alternating audio fre-
quencies. There is no standard output
level for personal computer data signal
levels, and the computers rely on the
recorder’s automatic record level con-
trol to prevent tape overload and satura-
tion. The auto-level control generally
works well. Unfortunately, the signal
level from many computers is often suf-
ficiently high to overload the recorder’s
input before the level. control gets a
chance to work, and thus the storage of
data becomes intermittent, or even im-

101 ELECTRONIC PROJECTS 1981

TAgLoED PARTS LIST FOR
\ e e S 3 COMPUTER RECORDING
Pl S — tr=—r2 ATTENUATOR
1 R 1 P1, P2-plugs to match existing
J equipment
e R1-100,000-ohm, Va-watt resistor
0K R2-10,000-ohm, Ya-watt resistor
possible. right value to prevent overload of the

If you have trouble recording your
programs, try installing this attenuator
cable between the computer’s “output
to recorder” and the recorder’s auxil-
lary or high-level input. The 10:1 volt-
age ratio of the cable represents a 20
dB signal attenuation, usually just the

recorder.

Resistors R1 and R2 should be in-
stalled directly behind plug PL2. Shield-
ed audio cable must be used between
PLi and PL2. Plugs PL1 and PL2
should match your existing computer
and recorder jacks.
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64. Disguised CB Antenna Matcher

[] If you're tired of your CB antenna
acting like a beacon to every creep and
hoodlum in your neighborhood (or
wherever you travel) simply install a
disguised CB cowl mount antenna in
place of your car’s existing auto an-
tenna. and then use this matcher to
connect the antenna to both your auto
radio and CB. without nced for any
switching  system  between the two
radios. The matcher automatically con-
nects the antenna to the proper radio.

When transmitting on CB, the C1 /LI
series-tuned circuit passes the RF to the
antenna, while R keeps the RF out of

the radio. When receiving broadcast
stations, the C1,/1.1 combination repre-
sents a high impedance, keeping the
signals out of the CB where they would
be “shorted” by the receiver's “front
cnd.”  The broadcast signals pass
through R1 to the auto radio.

Build the matcher in a metal en-
closure. Jack J1 and plugs PL1 and
PL2 should match your existing equip-
ment. The matcher must be adjusted to
your antenna system for maximum CB
performance. Connect an SWR meter
between the CB rig and the matcher
(PL2), adjust C! for minimum SWR.

RI
JKL 5609 .
7 iy
Ll ¢!
L A~ — P2

300R50pF L

PARTS LIST FOR DISGUISED
CB ANTENNA MATCHER
C1-30-pF or 50-pF trimmer capa-

citor
L1—-RF choke

equivalent)
R1-560-ohm, 1.2-watt resistor

(Ohmite Z-144 or

65. Tone Control Network

[] Since there are no active devices
in this circuit, like transistors or ICs,
it can provide no amplification on its
own to offset the very lossy character-
istics of these networks. Fortunately,
most audio systems have more than
enough oomph to accommodate this
network loss.

Once you have learned, by experi-

menting with the effects of various
component values, just how you can
alter the characteristics of these net-
works, you may want to construct
your own graphic equalizer. Just in-
clude more stages similar to the two
basic types of filters you see here: R1,
R2, R3, R4, C1, C2 and C3 form one
of the filters, the rest of the compo-

nents the other. Just remember, the
more stages of passive filtering you
add, the more loss you introduce into
your system. For that reason, most
commercial graphic equalizers include
built-in amplifiers. And, of course,
you will have to duplicate your fil-
ter(s) for each channel if you're
working in four or more tracks.

INPUT FROM PREAMP

OUTPUT TO POWER AMP
—0

T ¢
ca
-
T c2 R4 R5
I —{¢ ANA AAA- [
- A R6
Re BASS TREBLE oo
——] L A
R7
R3 & 3 4
] !
4

PARTS LIST FOR
TONE CONTROL NETWORK

C1, C5—.068-.2-uF capacitors

C2—.033-.068-uF capacitor

C3—.33-.68-uF capacitor

C4—.005-.02-uF capacitor

R1, R4, R5—1500-ohm resistors,
V2 -watt

R2, R6—50,000-200,000-ohm po-
tentiometer, logarithmic or audio
waper

R3, R7—820-1500-ohm resistors,
Y2 -watt

66. Shaped OUtput Code Oscillator

(J 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 be driven.
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Howecver, 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 cach time the key is opened or
closed. If vou 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 gencrated by a
multivibrator (Q! & Q2) at a pitch
determined by Si; low pitch with SlI
open, high with S! closed. This tone

101 ELECTRONIC PROJECTS 1981



1is fed through C4 to a clipper (DI,
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 CS. the associated resistors,
and your key. With the key down, the
signal from Q3’s druain is available for
recording (J1) and for headphone lis-
tening (J2). R1S controls the volume.

Smaller values of CS 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-
pacitor

C5—0.22-uF, 25-VDC mylar ca-
pacitor

D1, D2, D3, DA—1N914 diode

J1—RCA-type phono jack

J2—standard 2-conductor
jack

phone

BI9VDC s
"
= CIT
Sla Sib

—
Ri

c2

_+

Qi

TO KEY

J2

|
8-0HM
i% PHONES

T

PARTS LIST FOR
CODE OSCILLATOR

Q1, Q2, Q4—2N3904 NPN tran-
sistor

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

Note: All resistors rated l4%-watt,
59% tolerance unless otherwise
noted.

R1, R6—1,000-ohms

R2, R3, R4, R5, R8, R10—-56,000-
ohms

R7—4.700-ohms

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

67. Zener Diode Tester

(7] If you're at all familiar with the sur-
plus market, you know that zencr
diodes presently abound in surplus—at
tremendous discounts, too. The prob-
lem with buying surplus, however, is
that many diodes arc 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 uniess you hap-
pen to have a data shcet 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.

T1, DI and Cl comprise a simple
half-wave rectifier system. Pressing Sl
sends a DC current through current

limiter Q1 and the diode under test. QI
regulates the current to a value of
about 10 mA regardless of the zener
voltage. You can use your VOM or
voltmcter 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

(junction field effect transistor)
Sl—normally open SPST push-
button switch
T1—120-VAC to 24-VAC @ 300-
mA power transformer

C1—-500-uF, 50-VDC electrolytic

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

e )

1+ ZENER & TO VOLT
» UNDER METER
TEST | )
BP2
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68. Portable Emergency Flasher

] For camping or highway emergen-
cies, here is a solid-state light flasher
that’'s compact and reliable. Q1. 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 11.
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 batterv. You
could probably build the entire flasher
circuit inside the housing of vour lan-
tern, and actuate it only when neces-
sarv. If longer battery life is desired.
and decreased illumination is accept-
able. you could substitute a less power-
hungry 6-volt lamp for It.

B1—6-volt
battery
C1, C2—1.0-uf, 25-VDC non-po-
larized mytar capacitor
D1—1N4002 diode

lantern  (heavy-duty)

Bi
S|T/’T'|‘M__]__
T
Rl RZ% R3 %R‘i
Cl c2 1)
A
AN |

—1

PARTS LIST FOR PORTABLE
EMERGENCY FLASHER

11—#82 Jamp rated 6.5-VDC @
l-amp

Q1, Q2, Q3—2N3904 NPN tran-
sistor

Q4—2N3724A NPN transistor

R1, R4—10,000-ohm, Y -watt re-
sistor, 5%

R2, R3—390,000-chm, V2-watt re-
sistor, 59,

S1—SPST toggle switch

69. Record Restorer

(J Old 78-rpm collector’s-item rec-
ords cut back in the early days when
performers sang in front of a large
horn usually have a peak in the mid-
band that drives the sound into your
mind like a fingernail scratched
across a blackboard. The overall
sound quality is easily tamed, and
made more natural and modern, by
attenuating the shrill peaks with a
Record Restorer, a device that sup-
presses, by hi-fi standards, the mid-
band frequencies.

The Record Restorer should be as-
sembled in a metal cabinet to prevent
hum pickup. Connect the output of

PARTS LIST FOR
RECORD RESTORER

C1, C3—0.25-uF mylar capacitor

C2-0.02-uF mylar capacitor

R1-270,000-chm, Y2-watt resistor

R2, R3-50,000-ohm potentiometer,
linear taper

Rl
270K
AN\
Ct c2 c3
0.2uF .02uF 0.2uF
—d | {
IN \

R2 R3
50K 50K

your phonograph to the restorer in-
put. Connect the output of the re-
storer to your tape recorder. Set po-
tentiometer R2 to maximum resist-
ance and adjust potentiometer R3 for

the most pleasing sound. If R3’s ad-
justment is too little, or too much as
evidenced by a “hole” in the sound
quality, trim the restorer with R2 un-
til you get the optimum equalization.

70. General Purpose Pulser

{T] 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 UJT (uni-
junction transistor) relaxation oscil-

48

lator, Q1. Potentiometer R1 adjusts the
repetition rate over a range of one
decade, while range switch S1 allows
selection of onc of four decade ranges.
The total range of adjustment goes

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

the pulses through a 1.0-4F capacitor).

Range “A™ is slow cnough to be use-
ful when breadboarding logic circuitry,
since slow clocking allows you to ob-

serve circuit operation easily. If you
attach a wire lead to the output and
set S1 to range “D”. vou 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-ufF, 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 lz-watt,
59% tolerance unless otherwise
noted.

R1—25,000-ohm
tentiometer
R2—2,700-0hms
R3—470-ohms
R4—47-ohms
R5—100-ohms
R6—1,000-0hms
S1—single pole, 4-position rotary
switch

linear-taper po-

RANGE FREQUENCY

A 05t05Hz

B 5 to 50 Hz

C 50 to 500 Hz

D 500 to 5,000 Hz

AN L
T

+5vDC

R
R2 R3
C b2
S| Ql
bi
R

5

ouTPUT

4

71. Power Tool Torque Control

H7vac L

SCR-1

D2 -
TO DRILL
———

DI

D1, D2—1A, 400 PIV siticon
rectifier (Calectro K4-557 or
equiv.)

F1—-3-A “Slo-blo" fuse

R1-2500-ohm, 5-watt resistor

PARTS LIST FOR
POWER TOOL TORQUE CONTROL

R2-250-ohm, 4-watt potentiometer
R3—-33-0hm, Y2-watt resistor

SCR1-8-A, 400-PIV silicon

r—iq—

controlled rectifier (HEP R1222)

[] As the speed of an electric drill is
decreased by loading, its torque also
drops. A compensating speed control
like this one puts the oomph back in-
to the motor.

When the drill slows down, a back
voltage developed across the motor—
in series with the SCR cathode and
gate—decreases. The SCR gate volt-
age therefore increases relatively as
the back voltage is reduced. The “ex-
tra” gate voltage causes the SCR to
conduct over a larger angle and more
current is driven into the drill, even as
speed falls under load.

The only construction precaution is
an extra-heavy heat sink for the SCR.
The SCR should be mounted in a
Ya-in. thick block of aluminum or
copper at least 1-in. square; 2-in. if
you drill for extended periods.

72. Cigar Lighter Power

] When you want to run your radio
or some other low-power 9 volt de-
vice in your car, here's a way you can
do it and save on batteries. This is a
simpic shunt reguiator using a 2N-
2222 and 9.1 Volt Zener. With a
2N2222, you can power devices re-
quiring as much as 800 ma; to drive
devices requiring more current, use a
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PARTS LIST FOR
CIGAR LIGHTER POWER

C1—100-uF capacitor
D1—Zener diode, 9.1 V at Ya-watt
Q1—NPN transistor, 2N2222 or

CAR

+i1-16 |
FROM RI J

equiv. ! vosﬁ
R1—-560-ohm resistor, Y2-watt T CI {ol
f
n———*L——~- — ~* —_—0
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2N3055. With cither device, unless
the equipment you are driving is very
low power, use a hecat sink.

There arc two easy ways to deter-
mine how much current your transis-
tor radio or whatever draws (more to
the point, whether or not the amount

of current it draws will necessitate
heat sinking). One is to connect your
VOM in series between one of the
battery posts and its associated clip
connector. You will want to check
the naximum amount of current
drawn. Another way is to connect

this circuit for only a few scconds
and touch Q1 with your finger. If it
gets too hot to hold your finger on,
use a heat sink. You may want to use
a heat sink in any case. You may also
want to include a small fuse (try %2
amp).

73. Scope Calibrator

{7] One thing which all lab-grade scopes
have, and which is usually missing from
general purpose scopes, is a vertical in-
put calibrator. Inexpensive scopes usu-
ally have a variable vertical input at-
tenuator with some form of stepped
10X multiplier, but because of the vari-
able control, most experimenters have
no idea what the graticule calibrations
represent in terms of voltage at any
given moment.

With this easy-to-build circuit, you
can instantly calibrate your scope, be-
cause you will have a positive peak-to-
peak reference of 10, 1, and 0.1-volts.
Using ardinary 5% tolerance resistors
will give you more than adequate accu-
racy. If price is no object, you can use
1% resistors, but they won’t afford
much of an advantage.

To calibrate your scope, simply ad-

INPUT o
12-20 Nv
VAC

PARTS LIST FOR

10Vp-p

WAVEFORM TO SCOPE

I,

IVp-p

O.IVp-p

SCOPE CALIBRATOR
D1-10-volt, 0.25 to 1l-watt Zener
diode
R1-1,000-ohm, Y2-watt resistor
R2-39,000-ohm, Y2-watt resistor,
5% tolerance

o TO SCOPE GROUND

R3-3900-ohm, Y-watt resistor, 5%
tolerance

R4—-470-ohm, Y2-watt resistor, 5%
tolerance

just the variable attentuator for a con-
venient reference. For example, if you
connect the vertical input to point A
(10V  peak-to-peak) and adjust the
variable attenuator so the ‘“square
waveform” fills one vertical division,

the scope is calibrated for 10-volts-per-
division. (Get the idea?) The input to
the calibrator can be any AC trans-
former, of virtually any current rating,
with a secondary rating of 12 to 20
volts RMS.

74. 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 RI1 into

Q1I's gate terminal, causing the SCR
to latch in a conductive state. This
sends a current through relay KI.
which responds by closing its contacts
and actuating whatever load is at-
tached. After opening the lock, twirl
the dials of S1 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, 4-watt resis-

tor, 5%

S1, 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

TO LOAD
A=

—3}

T
K
o ” "z
VAC
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75. Microcomputer/AC Interface

[T] 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 KI, 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. C1 and R2 prevent false turn on
of the Triac with inductive loads, and
Fl 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, of Radio Shack part
#275-215). Note: For very high
speed switching applications,
use a reed relay with similar
specifications.

TTL INPUT &
DI

+

_—

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-chm, 1-watt, 5% resistor

76. Fluid Detector

[T] For those of you anticipating the
melting of the polar ice caps, we pre-
sent a handy device to warn vou of
the deluge. Many other uscful, though
less dramatic. applications should be
obvious as well. Basically, this a circuit
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 sceps into your cellar, the
water that overflows from your wash-
ing machine and most aqucous solu-
tions are all readily detectable.

With no fluid between the probes,
AC current flows through R1 into Q!'s
base. turning the transistor on at a 60
Hz rate. C2 filters the signal at QI's

collector to a low DC potentiul. Should
the probes be immersed. base current is
shunted away from QI by the fluid’s
resistance. Consequently, Q1's collector
potential rises, thereby turning on the
Q2-Q3 Darlington pair. This causes K1
to pull in and turn on a pump or whut-
cver load you attach. Because only a
small AC voltage cxists between the
probes. no troublesomie 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

Kl—relay with coil rated 6-VDC @
250 to 500-ohms, with SPST
contacts

P1, P2—stainless steel or alumi-
num probes

Q1, 02, Q3—2N3904 NPN tran-
sistor

R1—300,000-ohm,
resistor

Y -watt, 5%

e 10
| DN NS Ny  Weol.1)
|
02k ”K |
RI R2S Q2 D3
— e
Ql Ti
'T—— o St
b — Q3 [[217vac
01 % ICZ T j; A%
— ; : N G -

R2—470,000-ohm,
resistor

Y2-watt, 5%

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

77. Vari-Rev Motor Control

{7] Old universal appliancc motors
and shaded-pole induction motors
salvaged from inexpensive turntables

can be casily converted to slow-speed
hobby drills, chemical stirrers,  vari-
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speed  turntables, movceable display
drives, cte. It's done with a full-wave
Triac speed controller.

Unlike other speced  controllers.
which require an external trigger de-

vice, Q1 combines both the Triac and
Diac trigger diodes in the same case.
The motor used for the load must

be limited to 6 amperes maximum
(or 740 watts). Triac Q1 must be
51



provided with a heat sink, which can
be the metal cabinet. Build up a
marblesize mound of epoxy on the
cabinet and insert Ql’s case into the
epoxy. When the epoxy hardens the
Triac’s heat is dissipated to the cab-
inet. Make certain Ql's case is not
shorted to the cabinet and is insulated
by the epoxy.

With the component values shown

Rl

6A(MAX)

Q =

4043| 17 VAC

Cl ce2

PARTS LIST FOR
VARI-REV MOTOR CONTROL

C1, C2-0.1-uF, 200-VDC capacitor

Q1-RCA 40431 Triac-Diac

R1-100,000-ohm linear taper
potentiometer

R2-10,000-ohm, 1-watt resistor

on the parts list, the Triac controls

motor speed from full off to full on.

78. Photoflood Dimmer #1

] Professional quality photographic
lighting requires complete control of the
studio lights, and that's just what you'll
get with the pro-type, full-range 500-
watt dimmer. Each one can handle one
500-watt #2, or two 100-watt #1
photoflood lamps, and the lighting range
can be adjusted from full off to full on.

Triac QI must be mounted to a large

tain you insulatec Q1 from the cabinct.

Fuse F1 rust be used, otherwise, the
surge current that occurs when 500-
watt photofloods burn out will instantly
destroy Q1. F1 must be a fast-acting
fuse such as the type 8AG. The slower
fuses such as the 3AG and the slo-blo
offer no protection. Switch S1 is part

of intensity adjustment R1, and Rl
should be wired so it represents maxi-
mum resistance just before S1 switches
off. (While S1 cannot normally handle
a 500 watt load, in this circuit, it
switches when the lamp is off and has
no trouble handling any size photo-
flood.)

heat sink, preferably the metal cabinet £
used to house this dimmer. Make cer- agclm FaST Aé’{&"é"FUSE
L] T
PARTS LIST FOR . , »
PHOTOFLOOD DIMMER #1 . | -
C1, €2-0.01-uF, 50-VDC ceramic | TNz | ofss
disc capacitor t PHOTOFLOOD
D1—-HEP-R2002 bi-directional trig- R2 2
. IK N
ger diode ,gl‘ S|I723
F1-8AG 5-Amp fast-acting fuse \a
Q1-HEP-R1723 Triac B Gt T rovac
R1-100,000-ohm, linear taper po- — @ — r N
tentiometer w/SPST switch i B
R2-1,000-ohm, Y2-watt resistor Cl == €&~ R2002
R3-15,000-0hm, Y2-watt resistor 001 © I
S1-SPST switch, part of R1 = % - d é|'
-
79. Equipment Theft Alarm
{] As an clectronics hobbyist, you very PARTS LIST FOR 819 VDC
likely own one or more pieces of ex- EQUIPMENT THEFT ALARM _53,/’__4 =
pensive equipment, and these can be L. il
very tempting targets for thieves or | B1—6, 9, or 12-volt battery s2 l i
vandals. To protect your investment, | BZ1—6, 9, or 12-volt buzzer - (o
why not install the simple alarm pic- | D1—1N4002 diode IR T xB'_)
tured here in some of your more valu- | Q1—2N5060 SCR | — A
able possessions? Things like Amatcur | R1, R2—4,700-ohm, 15-watt re- QI
or CB transceivers, computers, oscil- sistor l 3
loscopes and sterco equipment are all [ S1—normally open SPST mercury S S

cxcellent candidates.

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

S2—normally closed pushbutton
switch

S$S3—SPST toggle switch

flow through buzzer BZ!. The buzzer
will sound until pushbutton S2 s
pushed to reset the circuit. For best

results, use an clectromechanical, rather
than piczoelcctronic buzzer. since it
will emit more noise.
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Noise Generator

— ————— - —
|
A . | Q!
\ = O
W

£R3
e
¢ - )
S R4
R2 2 ‘

A 3 OUTPUT
b ——— ? +}—fvv«r —0
Q2 R6

i
> R5
't T ce
. -

PARTS LIST FOR
NOISE GENERATOR

B1—9 VDC battery

C1—.05-uF capacitor

C2—220-uF capacitor

C3—.005-uF capacitor

R1—1-Megohm resistor, Y2-watt

R2—1.8-Megohm resistor, Y2-watt

R3, R5—150-ohm resistor, Y2-watt

R4—120,000-ohm resistor, Y2-watt

R6—56,000-ohm resistor, Y2-watt

Q1, Q2—NPN transistor, 2N3904
or equiv.

S1—SPST switch

Audio buffs often refer to their
systems as having color or tempera-
ture. One that is rich in low end
response is said to be warm and red;
a bright high end on a system means
it’s cool and blue.

The mixture of all these character-
istic colors is white, and white noise
generators produce a  whooshing

shound that is randomly distributed
throughout the spectrum. Likewise,
pink noise gencrators are just a bit
warmer. This simple noise generator
is onc we might call off-white. It
takes advantage of the junction noise
generated in a reverse-biased semi-
conductor junction (here, a base-to-
emitter junction in NPN transistor

Q).

The noise generated by current
through Q1 is amplified by Q2 and
made available at the output. For a
simple demonstration of tonal color-
ing, patch this noise into your sound
system and see how manipulating
your tone controls alters the nature
of the noise your hear.

81. Photo Print Meter

[ Every print a good print! That’s
what you get with the photo print
meter.

Meter M1 can be just about any-
thing up to 0-1 DC mA. But if you
prefer low light levels and long ex-
posures, install a sensitive meter of
500 uA or less.

When light from the enlarger falls
on the solar cell (PC1), a voltage is
generated that is in proportion to the
amount of light. Sensitivity control
R1 allows the user to set the meter
indication to a convenient value.

To use the meter, first make a
good normal print in your normal
manner from a No. 2 or No. 3 nega-

tive. Then, do not disturb the en-
larger setting, but integrate the light
by placing a diffusing disc or opal
glass under the lens. Place the solar
cell on the easel and adjust R1 for a
convenient meter reading, say, full
scale. The meter is now calibrated.

When using it, focus the enlarger,
use the diffuser, and adjust the lens
diaphragm until you get the reference
meter reading. Then use the exposure
time previously found for the calibra-
tion print. Suggested reading: Ilford
Manual of Photography, obtainable
from any photo store. Also, check
Kodak publications available at the
same place.

PCI Mi

S

RI

PARTS LIST FOR
PHOTO PRINT METER

M1—-100, 250, or 500-uA DC meter

PC1-—Solar cell (Calectro J4-801)

R1-5000-ohm potentiometer linear
taper

82. 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
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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
vield 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.
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PARTS LIST FOR
SOLAR-POWERED METRONOME

C1—220-uF, 25-VDC electrolytic
capacitor

C2—0.39-uF, 25-VDC mylar ca-
spacitor

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, lo-watt re-
sistor, 5%

R3—1,500,000-ohm, l,-watt re-
sistor, 5%

R4—2,400,000-ohm, Y45-watt re-
sistor, 5%

SPKR—8-ohm PM miniature speaker

83. Phototachometer Adapter

{71 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 sce
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 Q1.
Transistor Q2 amplifies the photo-cur-
rent from QI’s emitter to vyield 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-—-10,000-0hm, 15-watt resistor,
5%

S1—SPST toggle switch

Bl 9vDC

o—1||||}j_:

S

LIGHT
SOURCE

@—C—ég»wc

T0
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
spced is therefore 2000 RPM. For best
results, mount Q! 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.

84. Photoflood Dimmer #2

{1 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; thercfore, the photogra-
pher can readily compose 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 gencrate 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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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
with contacts rated 10-Amps @
120 VAC

si_a O
< P |
117 VAC 6 Il
'
Lo

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 usc 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 S1 in its

middle position, power to the lamp is
cut in half because of rectifier DI.
When you're ready to expose, flip St
to full power. NOTE: On half-power,
the lamp's color balance is shifted to-
ward the red, so be careful not to make
exposures at half-power with color film.
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85. EVM Timing Adapter

[] If, like many other experimenters,
you own an electronic voltmeter—
VTVM, FETVM or whatever—you
might like to try this timely circuit.
Connected to a high-impedance volt-
meter set to rcad 10-volts DC full-
scale, the adapter permits the measure-
ment of time intervals up to 100-sec-
onds long. Either analog or digital read-
outs are acceptable, although digital
meters do have an edge as far as reso-
lution ts concerned. To convert voltage
to time in seconds, just multiply by ten.

Referring to the schematic, it is ap-
parent that when TIME button S1 s
pressed, constant-current source Q!
will begin to charge timing capacitor
C1. Since charging 1s being done by a
constant current, the voltage across Cl
rises linearly with time. Once S1 is re-
leased, the voltage on Cl remains
“frozen™ long enough for you to take

PARTS LIST FOR
EVM TIMING ADAPTER

B1, B2—9-volt transistor battery
C1—10-uF, 20-VDC tantalum ca-

pacitor

D1—1N748A 3.9-volt, lY,-watt
zener diode

D2—1N759A 12-volt, 15-watt

zener diode
Q1—2N3906 PNP transistor

R1—2,700-chm, V;-watt resistor,
5%

R2—10,000-ohm trimmer potenti-
ometer

R3—27,000-chm, l%-watt resistor,
5%

R4—100-ohm, lh-watt resistor,
5%

S3 BI9vDC B2 9VvDC

e
#

| -

4
QI 7 SI TIME
— .\
- -
RI R4 TO
% . ELECTRONIC
o 4 * VOLTME TER
Cl 10-VOLT
RESET 1 ﬁz ]‘ SCALE

7,1 , -

S1, S2—normally open SPST push-
button switch

S3—SPST toggle switch

a reading. Press S2 to discharge C!
before taking another measurement.

Trimmer R2 can be adjusted so that
10-volts 1s recached in 100 scconds.

86. Rocker’s

Mike Booster

[] Between the lead and rhythm gui-
tars, and the organ or synthesizer, the
lead vocalist’s mike often gets buried
under the instruments if they all use a
common amplifier. One way to get the
vocalist up and out front is to give the
mike some extra sock with a preamp.
This one, specifically designed to handle
most of the impedances commonly used
by rock-group mikes, will give enough
extra gain to project the singer's voice
out to the last row of the balcony! Build
it any way you wish, just as long as it’s
inside a metal cabinet,

BI
9vDC S|

[+

5
|

C2 0l

R2
430K
Jl

|NPUTT——{(——A 8

C

Q
5002

R
43K

RS

39049

-

PARTS LIST FOR
ROCKER’S MIKE BOOSTER

B1-9-volt transistor radio battery,
C1-10-uF capacitor
C2-0.1-uF, 10-vDC mylar capac-

itor
J1, J2—jacks to match existing
cables
Q1—-HEP-S0025 NPN transistor
R1—43,000-ohm, Y2-watt resistor
R2-430,000-chm, Y2-watt resistor

1§

J2
QUTPUT

5

R3-10,000-0hm, Y2-watt resistor
R4—-100,000-ohm, audio taper po-
tentiometer w/SPST switch
R5—390-ohm, Yz-watt resistor
S1-SPST switch, part of R4

87. Pro Burglar Alarm

] Almost without exception, profes-
sional burglar alarms are the so-called
“supervised” type, meaning a closed
circuit loop in which current, no mat-
ter how low a value, always flows so
that cutting any of the wiring causes
the alarm to sound. Early closed cir-
cuit alarms werc entircly relay opcrated,
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and a high resistance which developed
anywhere in the circuit usually caused
the alarm to false-trip, which always
seemed to happen in the wee hours of
the morning. Solid-state supervised cir-
cuits, such as this Pro Burglar Alarm,
are relatively insensitive to the high re-
sistance developed in contacts through

normal aging.

The switches shown as “N.C. (nor-
mally closed) Switch” can be any nor-
mally closed or continuous device, such
as window foil. Battery Bl is a 6-volt
lantern battery which will give service
for almost as long as its shelf-life be-
causc the continuous current drain is
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only about 100 uxA. Once the alarm is
tripped, it can be turned off only by
opening master power switch S1, or
“bell stop” PBl, a normally-closed
pushbutton switch. (Both switches
should be concealed.)

To adjust: Open the protective cir-
cuit. While measuring the voltage across
R1, advance R2 so the meter reading
riscs from zero towards 1-volt. At less
than I-volt, the alarm bell should trip.
It it doesn’t, you have made an as-
sembly error. Finally, adjust R2 for a
1-volt reading, disconnect the meter and
restore the protective circuit.

A1-6-VDC alarm bell or siren

B1-6-volt lantern battery

C1-50-uF, 6-VDC electrolytic ca-
pacitor

Q1-2N2222A NPN transistor or

BREAK WIRE
HERE TO
INSTALL  —e o
EXTRA
PROTECTION
SWITCHES

NC NC
SWITCH SWITCH

PARTS LIST FOR PRO BURGLAR ALARM

equivalent
R1-1,000-ohm, Y:-watt resistor_
R2-250,000-ohm linear taper po-
tentiometer
R3-47,000-ohm, Y;-watt resistor

SCR1-GEMR-5 silicon controlled

S1-SPST switch
S2-—-normally-closed SPST pushbut-

||iﬂ

rectifier

ton switch

88. 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 betwcen 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 casicst solutions
requires just one resistor and onc n-
channel field effect transistor. Note that

QI'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 dircctly 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: ncgative-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, !4-watt resistor,

5%

| N
al .______f’r*rl_\
MOS o {4 L
INPUT )——Q:—
1mro s
| M +5v
U -y
e TRIL 3

+5vDC

%RI

89. Constant Current Ohms Adapter

] 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 meuning-
ful rcadings 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 uble to
read resistances accurately and unam-
biguously on the lincar voltuge scales
of your meter.

In the schematic, note that the resis-
tor under test is ticd between BP! and
BP2. Whenever S2 is pressed, a regu-
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lated current flows out of QI'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 onc of
five test currents—from 10-mA to
0.001-mA—can be sclected via SI.

To calibrate the test currents, hitch
a multimeter to the adapter's output
terminals: make sure the meter is set
to mcasure current. Press 82 and adjust
the trimmers onc at a time to obtain
the five required currents. No resistor
should be connected to BP1 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 o current
of 0.01-mA must have o resistance of
756-kilOhms (756K). Usc smaller cur-
rents with larger resistances, and don't
exceed a level of 10-volts during test-
ing. If you do, switch St 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 107 .
BI B2
S3 9 VDC 9VOC
- AN AN
PARTS LIST FOR CONSTANT A {iallo]
CURRENT OHMS ADAPTER R2 “=3IR3 =3R4 =3RS R6 =
+
B1, B2—9-volt transistor battery q[ol C' Sr7 Smre SR9 SRIO SRN
BP1, BP2—binding posts
C1—10-uF, 20-VDC tantalum ca-
pacitor
D1—1N748A, 3.9-volt, Y2-watt
zener diode 52
Q1—2N3676 PNP transistor apn
Note: All resistors rated Y2-watt, +
[o) i RESISTOR TO VOLTMETER
:Of,edtolerance unless otherwise NGBS TESTA vt o
3 L = ~ -
R1—2,200-chms R e o
R2—100-ohm trimmer potentiome-
ter R7—270-ohms .
R3—1,000-ohm trimmer potenti- R8—2.700-ohms S3—SPST toggle switch
ometer ) R$—27,000-ohms
R4—10,000-ohm trimmer potenti- R10—270,000-ohms RANGE CURRENT
ometer R11—-2,700,000-ohms A 10 mA
R5—100,000-ohm trimmer poten- S1—single pole, 5-position rotary B iy
tiometer switch C 0.1 mA
R6—1.000,000-ohm trimmer po- S2—normally open SPST pushbut- D 0.01 mA
tentiometer ton switch E 0.001 mA
- -
90. Simple Touch Switch
[1 Looking for a way to add a touch PARTS LIST FOR
of class to your digital projects? Try SIMPLE TOUCH SWITCH +5VDC
this touch switch. Not only docs it add .
a note of distinction to a project, but Cl——O._l-uF, 50-VDC ceramic ca-
it's bounce-free as well. Whenever a pacitor ) TOUCH R3  3R4
finger touches the contact plate, stray D1, D2—1N914 diode PROBE o ol ¢
60 Hz powerline interference is coupled Ql""2N5'953' n-channel ‘JFET Rl é o) ouUTPUT
into the circuit due to the antenna ef- (junction field effect transistor) Dik c|_I_ GRZ o
fect of your body. The 60 Hz pickup Q2—-2N3904 NPN transistor
is rectified and filtered to provide a Note: All resistors rated 12-watt, T
negative bias on QI’s gate, thus caus- 5% tolerance unless otherwise rr =
ing Q1 to turn off and Q2 to turn on. noted. S:%%Nélﬁo

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 cither
CMOS or TTL with case.

Note that if you do your experiment-
ing in a place devoid of 60 Hz power-
line radiation—in the middle of a field

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

TP—copper or aluminum touch

plate

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 clec-
trical ground to an carth ground (the
screw on your AC outlet’s cover plate).
This will boost the signal pickup.

91. Hi-Temp

Alarm

[[7 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.
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Temperature-sensing is done by ther-

mistor RRS., a negative-temperature-
coefficient  device  whose  resistance
varies between 10K-ohms at 77" F,

and about 1000-chms at 200° F. Po-
tentiometer R1 sets the exact tempera-
ture at which the Q1-Q2 Darlington
pair gets turned on by the thermistor’s
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signal. Whenever ambient temperature
rises above the alarm setting, the tran-
sistors conduct current through the
buzzer, which then cmits an attention-
getting shriek.

Note that the thermistor must be
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 advérsely affected

by temperature cxtremes. 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
clectric hcater.

PARTS LIST FOR
HI-TEMP ALARM

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

#273-052)

C1—220-uF, 10-VDC electrolytic
capacitor

D1—1N752A, 5.6-volt, Y2-watt
zener diode

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

ometer .
R2, R3—1,000-ohm, l;-watt, 5%
resistor
R4—820-ohm, Y;-watt, 59% re-
sistor

R5—thermistor rated 10,000-ohms
@ 25°C (Fenwal part #RB41L1)
S1—SPST toggle switch

Bl 9 vDC

S'réw@

4

A

- ———— ¢

RANGE =80°F TO 200°F

DIE

8y
+

92. Home Made NPO Capacitor

{"] 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-uf 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-
Iytics? One alternative is to get some
aluminum foil and roll your own, but
there’s an easier way. Just hook two

C1l, C2—identical electrolytic ca-
pacitors
D1, D2—identical silicon rectifiers

Cl CZ’

K D
- »>
DI D2

PARTS LIST FOR
HOME MADE NPO CAPACITOR

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

clectrolytics 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. C1 and
C2 should be identical, and each one
should have a capacitance equal to the

value 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 cqual to the capacitor’s rating.

93. Bounce-less Digital Switch

{] When it comes to feeding informa-

tion to a digital circuit, the simplest .

way to accomplish the job is with a
switch of some sort. Unfortunately,
except for the mercury switch, every
other commonly available switch
bounces like a bad check. When you

58

press a “bouncy” switch expecting just
one closure, you get surprised with a
multitude instead. Since the reaction
time of digital logic is so swift, cach
bounce is treated as a separate input—
often with disastrous results.
Conscquently, it's usually necessary

to de-bounce switches in logic circuits.
The circuit diagrammed here is a
simple and cffective way to do the job.
Press SI, and about 30-milliscconds
later you get one and only one pulse
at Q1I's output. This bounce climinator
is well suited for any TTL circuit.
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C1—2.2-uF, 10-VDC tantalum ca-
pacitor

Q1—2N6027 programmable uni-
junction transistor

Note: All resistors rated 15-watt,

PARTS LIST FOR
BOUNCE-LESS DIGITAL SWITCH l

+ 5vDC

]
s o §R3
R1—10,000-ohms
R2—47-ohms
R3—390,000-chms
R4—1,200,000-ohms
S1—normally open SPST pushbut-

59% tolerance unless otherwise ton switch I 4
Ct 1~
noted.
L o
L
94. S Fi
. Scratch Filter
[] Next time you're dubbing some “old- = "o =
ies but goodies” to tape, there’s no need 100K xoox{ 47K T0
to put up with the scratches and noise S AL M Paia RECORDER
that have accumulated over a good SOURCE c2

number of years of usage. Just pass the
signals from the records through this
scratch filter, and you'll get rid of much
of the noise without too much loss of
music frequencies.

The filter connects between the signal
source, such as a record player or an
amplifier’'s tape output, and the line
input of a tape recorder. It's cut-off
frequency is slightly higher than 5000
Hz, with attenuation increasing as the
frequency goes up. Potentiometer R2
permits you to vary the “corner” fre-
quency slightly to attain more or less
high frequency attenuation as required

C1, C2-260-pF silver mica capaci-
tor, 5% or better tolerance

R1-100,000-ohm, Y2-watt resistor

270(;:):7 1\ 270pF /f

PARTS LIST FOR SCRATCH FILTER

R2-100,000-ohm, linear taper po-
tentiometer
R3-47,000-ohm, Y2-watt resistor

by the individual record. (Or, you can
just set the control to the approximate
center and forget about it.) For proper
operation, the input impedance of the
recorder should not be less than 40.000
ohms—a common minimum value for
most recorders. Do not eliminate R3 in

an attempt to increasc the output level
of the filter. because it provides part
of the filter's output impedance match-
ing in conjunction with the recorder’s
input impedance. A metal enclosure is
suggested. with RCA-type phono jack
connectors.

95. Adjustable Crowbar

{1 This crowbar circuit takes advan-
tage of the electrically well-defined
switching point of UJT (unijunction
transistor) Q1. Q1’s actual trip point
voltage is set by trimmer R4. The
Q1 circuit is isolated from the load
by D1. When Q1 conducts, it trig-

gers SCR1, shorting the supply and
blowing the fuse. Choose SCR1 to
handle more than the rated fuse cur-
rent at the maximum supply voltage.

To test for your trip point (when
setting it, for example), disconnect
the LOAD. Substitute a lamp of the

proper voltage (the supply voltage or
a little more) for the fuse. Set the
voltage at the supply voltage termi-
nals for the trip point you desire,
then adjust R4 until the test lamp just
lights.

PARTS LIST FOR
ADJUSTABLE CROWBAR

C1—.02-uF capacitor

C2—2.2-uF capacitor

D1—Diode, 1N914 or equiv.

R1—47-ohm resistor, Y2-watt

R2—330-ohm resistor, Y2-watt

R3—3300-ohm resistor, Yz2-watt

R4—10,000-ohm trimmer poten-
tiometer

Q1—UJT (Unijunction Transistor),
2N2646 or equiv.

SCR1—See text

-

1

FUSE

]
o

SUPPLY

O

R3
~ C2

Ay

R4 TO LOAD

ADJ.
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96. Low Impedance Mike Mixer

(] There’s no reason to limit yourself
to using just one mike at a time when
you have this circuit to help you with
your recording—or any other purpose.
You can set up a small microphone
mixing console. For pizzazz, you

could use slide-style controls for R1-
4; for miniaturization, you could use
tiny trimmer resistors.

Each control adjusts the level of its
associated microphone as they are
mixed together. This gives you the

versatility of making one’ mike louder
or softer without upsetting the level
of any of the others. Transistor Q1
provides a bit of amplification to com-
pensate for losses in mixing, and to
assure good level at the input.

cl
O ) LEVEL
MIC | RI

c2
0—% LEVEL
MIC 2 R2 =
S R6

ca
o—p—— LEVEL
MIC 4 R4

b
y_—g Qi
c3

R9 2
St

PARTS LIST FOR
LOW IMPEDANCE MIKE MIXER

B1—9 VDC battery

C1, C2, C3, C4—.1-uF capacitor

C5—10-uF capacitor

Q1—PNP transistor,
equiv.

R1, R2, R3, R4—1-Megohm po-
tentiometer, audio taper

R5, R6, R7, R8—100,000-0hm re-
sistor, Y2-watt

R9—15,000-ohm resistor, Y2-watt

S1—SPST switch

2N3904 or

97. Transistor Checker

[ It’s pushbutton-easy to check tran-
sistors with this tiny marvel. Just plug
the transistor in and push S2. If it’s
good and you set the PNP-NPN switch
S1 properly, the appropriate LED

will light.

Don’t know the type? That’s okay.
Plug it in and try both S1 switch
positions while you watch for the
appropriate LED to light. You can

even test diodes using the collector-
emitter leads on the socket. The col-
lector-emitter leads can also be used
to check continuity.

PARTS LIST FOR
TRANSISTOR CHECKER

B1—9 VDC battery

LED1, LED2—Light emitting diode

R1—1000-ohm resistor, Y;-watt

R2—470-ohm resistor, Y2-watt

S1—DPDT switch

S$2—Momentary push button
switch

SO1—Transistor socket

|

|

o |
—— BI )
- 9V |
!

NPN PNP

98. Square Wave Generator

(] Here is a versatile square wave
generator capable of surprising per-
formance. It can deliver clock or
switching pulses, act as a signal
source, and more. And becausc the
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outputs take turns switching, it can
be used as a simple sequence gen-
erator or as a multiple-phase clock.

The component values indicated
will support a range of output fre-

quencies from a few pulses per second
up into the high audio range. And
this square wave ouput is rich in har-
monics. If you use a 5-volt power
supply, this circuit can trigger TTL.
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: OUTPUT A
i ; 1 )
Lo
. ' OUTPUT B
o
: OUTPUT €

112313;

1) =1p =13 WHEN RI= R2 -R3
Ci=C2=C3 AND R4 :=R5:R6

B1—6-15 VDC battery

C1, C2, C3—.5-uF capacitor

Q1, Q2, Q3—NPN general purpose
transistor (2N2222, 2N3904 or

R2

RI

OUTPUT A

OUTPUT C

PARTS LIST FOR
SQUARE WAVE GENERATOR

equiv.)

R1, R2, R3—500-2700-ohm resis-
tors, V2-watt

R4, R5, R6—10,000-47,000-ohm

resistor, 12 -watt
S1—SPST switch

99. Speaker System Expander

{7 This neat arrangement lets you
connect multiple speakers to your
system’s speaker terminals without
upsetting the impedance match. This
series-parallel arrangement of speak-
ers exhibits the same impedance as a
single speaker, assuming all speakers
are of equal impedance and individ-
ually match the rating of the system.

And inasmuch as the bass response of
arrayed speakers is somewhat addi-
tive, you will find more bottom to
your sound than any one of the
speakers could have delivered alone.
Of course, it takes more power to
drive an array than a single speaker,
but most modern music systems have
plenty to spare.

I

B

/

100. Speaker-Mic

101 ELECTRONIC PROJECTS
(Continued on page 114)

PARTS LIST FOR SPEAKER-MIC

B1-9-volt transistor radio battery

C1-4.7-uF, 10-VDC electrolytic ca-
pacitor

€2-0.22-uF, 10-VDC mylar capa-
citor

Q1—general purpose NPN transis-
tor, see text

R1-270,000-ohm, Y2-watt resistor

R2-27,000-ohm, Y2-watt resistor

R3—audio taper potentiometer, see
text

S1-SPST switch

[ A “junk box” speaker and a gcneral

c2
022
\
el >
[ £ c -k ]
3| Qi |
SPKR NPN
P 3
— B3
R2 K é
BI A1 27K T0
9VDC — I MEG
+ . c T
270k T a7 ‘
G - = I
S|

purpose transistor, plus a few other
“general purpose” components arc all
that are required for a high-output
microphone substitute. While not hi-f
quality by any stretch of the imagina-
tion, the Speaker-Mic handles voice fre-
quency signals very well,

Transistor Q1 can be just about any
general-purpose NPN wtih a Beta of

101 ELECTRONIC PROJECTS 1981

about 50 to 150. The speaker can be
anything you have lying around of vir-
tually any impedance rating in the
range of 3.2 to 42-ohms. If the entire
circuit, including battery, is assembled
in a small metal enclosure, you'll end
up with a hand-sized “amplified micro-
phone.”

The volume level is adjusted with po-
tentiometer R3, which can be any audio
taper unit from 50,000-ohms to 1-meg-
ohm. You can substitute a linear taper
potentiometer if you have one lying
around, but you’'ll find the adjustment
range is scrunched together on one end
of the shaft’s rotation.
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BARGAIN

LOGIC
PROBE

Inexpensive logic probe duplicates

its more costly counterparts

L ol

HEN WE ARE DEALING with varying
W voltages, that is called analog data.
In the digital world we do not find a
variable signal. It is either on or off,
just as a switch would be either on or
off. Another way of saying this is high
or low, or 1 or 0. Each high or low bit

= Sl oy S
=TI

Here’s the extra-small printed circuit
board template for Bargain Logic Probe.

Vee

R

g % lef
m{\/ o

INVERTER A INVERTER B
I1/6 74L04 176 74L04

PARTS LIST
L1—light emitting diode, red
L2—light emitting diode, yellow
R—1,000 ohm, Y4-watt resistor, 5%
U1-74L04 hex inverter
Misc.—probe tip, syringe cover, pc board, ali-
gator clips, wire.

Vee
- o r‘_"— B : /
%4@*@{ 1§01 % _‘UR
INPUT PROBE *+ * &H5&+ "
TIP 14 _
GND
This will give you a good idea of parts
layout on PC board. There are few parts.
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is put together to make up a basic char-
acter or Byte. Sometimes these Bytes
are called words.

If we have 1001, then we can call
that a 4 bit Byte. That is the smallest
Byte ever to be encountered in the
computer world. It can be used where
the data accuracy is not critical and the
amount of data is small. To illustrate
this, if 1001 were sent and interference
generated a pulse at the moment of the
third bit, then we have been left with
false data of 1011. Its meaning would
be completely differcnt. To increase ac-
curacy and handle more data, we could
go to 8 bit Bytes. Such as 10101010. A
logic probe allows us to look at a par-
ticular point in the circuit to determine
if a low (0) or high (1) is present.

For most of our electronic experi-
ments, we don't need expensive
logic probes costing upwards of $40.
Here is a cheap unit which can signal
high level (1), low level (0), and oscil-
lation. No pulse detection fecature was
included thus kecping the size small
and the price low, around $2. The
probe is designed for TTL signal levels
and can be used for 5 volt CMOS cir-
cuits although loading may occur.

Theory of operation: Bargain Logic
Probe uses only one IC, a 74L04 hex
inverter shown in the schematic. The
input to inverter A normally floats high.

making its output low so as to light L1.
The output of inverter B is high so L2
is off. If you now make the input of
inverter A zero volts, L1 will turn off
and L2 will illuminate. When oscilla-
tion is present at the input, both LI
and L2 will light at some intermediate
brightness depending on the duty cycle
of the signal being observed.

Using a 74L.04 is important, the “L”
series only requires the driving signal to
sink 180 zA max, much below the 7400
serics 1.6 mA max or even the 74LS00
series 400 zA requirement.

Construction: A full scale PC board
layout is shown in addition to the parts
layout on the component side. I slid the
cntire PC board inside a used syringe
cover (available at hospitals for free),
and attached a recadily available test
probe tip. Using diffcrent color L.LE.D.s
to signal high or low will help to
quickly distinguish the signal level.
Power is supplied by the circuit under
test, and runs around 10 mA. Note,
voltage requirements for the “L’ series
are 5 *=.25 V nominal.

So far, Bargain Logic Probe works
great. It fits in my pocket and gives me
a quick handle on circuit performance.
It can also be used to show oscillator
output in low power transmitter stages,
SW converters & receiver local oscilla-
tors. |

This photo of the Bargain Logic Probe will give you some idea of the simplicity of the
unit. It's small, bui there aren’t very many components. When done, just cap it up.
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40 INTEGRATED
CIRCUIT PROJECTS

1. Super Stethoscope

T

{1 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 IC1 since it has
delicate FET inputs.

PARTS LIST FOR SUPER STETHOSCOPE
C1-0.01-uF mylar capacitor, 35 VDC
€2, €3—0.1-uF ceramic disc capacitor, 35 VDC
C4—10-pF polystyrene capacitor, 35 VDC
IC1—RCA CA3140 op amp
MIC1—crystal microphone cartridge

type

PH1—[ow-impedance headphones, hi-fi or communications

SHIELDED
CABLE

b cl
MICI

I
'\‘) 6 PHI
I
I
I

ca

R1, R4—1-Megohm, Y2-watt resistor, 10%

R2—-1000-ohm, Y2-watt resistor, 10%

R3—-10K linear-taper potentiometer

T1—miniature audio output transformer—1,00-ohm
primary/8-ohm secondary

2. Mini-Modern Crystal Receiver Wil

[J 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.

PARTS LIST FOR MINI-MODERN CRYSTAL SET
C1-365-pF variable capacitor
C2-0.01-uF ceramic capacitor, 15 VDC
C3—-0.1-uF ceramic capacitor, 15VDC
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

Ti

=

GROUND CONNECTION

R3—-1,000,000-ohm, Y-watt resistor

R4, R5—4,700-ohm, Y2-watt resistor

R6—10,000-ohm, Y2-watt resistor

T1-500/8-ohm audio output transformer

MISC.—8-ohm 2 in. PM type speaker; snap type 9 V
battery clip

SPEAKER

101 ELECTRONIC PROJECTS 1981

63




3. Slot Car Race Referee

] Build this optoelectronic judge and end forever those
quarrels over who really won the race. Install photo-
transistors Q1 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 S1 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, @4—-2N3904 NPN tranistor
R1, R2—18K-ohm Y:-watt resistor, 10%
R3—-3900-ohm Y:-watt resistor, 10%

R4, R5--330-ohm Y-watt resistor, 10%
S1—normally open SPST pushbutton switch

+
—p
<

R I R3 R2

o
‘_/_’é
l||—T

Y
I

N o 0 s WoN
(=]

IC!
+5v

il

z

-+ 5V

Q3
9 —NC
Q4

.J—1

LED | +5V LANE B
LANE A 4
4

R

RS W

NOTE:NO CONNECTION TO BASE
LEAD OF QI AND Q3

LED 2
Y ARE B

4. Micro-Mini PA

T

[] Designed for very private listening, this little amplifier
sports a tiny loudspeaker of 1¥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 Y%-watt resistor
R3-1,000-ohm Y-watt resistor
R4-50,000-0hm Y2-watt resistor
R5-100,000-ohm Y-watt resistor

2
L=} e €3 gpEAKER

R4 3| 1CI -

HIGH

IMPEDANCE
INPUT

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

5. Useful Noise

U Uy

(O 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
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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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oceurring 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 anip, 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
€2, C3—-10-uF electrolytic capacitor, 15VDC
C4-75-uF electrolytic capacitor, 25 VDC
IC1-741 op amp
Q@1-2N4401
R1-100,000-ohm linear-taper potentiometer
R2, R6—10,000-ohm, Y2-watt resistor
R3, R4—4,700-ohm, Y.-watt resistor
R5—1,000,000-ohm, Y2-watt resistor
SPKR—8-ohm PM type speaker

+10 TO 12VDC
Ri +10-12V
R2 c2 e RS
1
ol il L . SPEAKER
LRe «
2 |
L Tl

+
R3
R4

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

6. Power Mike Amplifier

ohm secondary

[C] 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.
IC1A provides voltage amplification and is adjustable by
potentiometer R1. IC1B 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.

—O0 +
Qv

—Eo-

R6

Cc3

10 | +

QUTPUT

_L—O

PARTS LIST FOR POWER MIKE AMPLIFIER
C1, C2, C3—-10-uF electrolytic capacitor, 10 VDC
1C1-3900 quad amplifier
R1-100,000-ohm audio taper potentiometer

R2-—10,000-0hm, %-watt resistor
R3-220,000-0hm, ¥z-watt resistor
R4—100,000-0hm, Y2-watt resistor

R5, R6—1,000,000-0hm, Y2-watt resistor

7. Octave Music Maker

[J 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. Qutput 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
1IC1-4024 binary counter
R1-12,000-ohm, Y%-watt resistor

TONE INPUT

FROM OSCILLATOR —e0—

c7 e [~}
C6 o——]
C5 o——]
C4 o0——(

R2—-22,000-ohm, Y2-watt resistor
R3—47,000-chm, Y2-watt resistor
R4—1,000-ohm, Yz-watt resistor
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8. Dual Polarity Power Supply

{J 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 R1 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

@1-2N4401

O —0 -
’rﬂ' + |
SRI
Ql
R3 COMMON
INPUT 4 —0 OUTPUT
R4
Q2
R2
-:CZ
2 T gt
Q2-2N4403

R1, R2—-100,000-chm, Y2-watt resistor
R3, R4—10-ohm, Y2-watt resistor

9. Variable Regulated Power Supply

[J 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
A78GKC 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 IC1. 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
D1, D2—-1N4003 (1A, 200 PIV) rectifier diode

Si Fl o]} | 2 B BPI

4 3 +

117 vAC ] e ' *cs3
02 3 CZF <
R2
8P2
3 —@—
FLAT

ICI \O ]
MA7BGKC “.CASE IN CONTACT
WITH PIN 4

F1-0.5-Ampere slow-blow fuse

IC1—1A78GKC 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, %-watt resistor, 5%

S§$1-SPST toggle switch

T1-28VCT, 1.2-Amp power transformer (see text)

10. The Waveshaper

bl
BAINR!
vV v L

[[] 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 R1 through R10 will enable you to literally
design the shape of the output waveform. If you can get
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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 ¢F
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
162—741 op amp
J1, J2—phono jack
R1 through R10—2-megohm linear-taper potentiometer
R11 through R20—68K-ohm Y2-watt resistor, 10%
R21, R22-15K-ohm ¥-watt resistor, 10%

+5V TYPICAL OUTPUT
WAVEFORM
o |
RI el B 1 NORMAL
RI2
R2 p-bIn—A] 2 15— /‘\/\
3 RI3 = SMOOTHED
R3 ¢-6JA—AA 3 14 v
R4 1
R4 W—ArM— 4 B 0
RIS ICI = L Ayl
RS ¢ Ir—ama 5 12— NC glNPUT
RI6 | =
RG)—M 6 1 B‘v‘e#..‘ﬁ R8
RI7 RI9 +5V -5V
R7 eI 7 oSS d4re *3
R20
_r 8 9 v‘v‘f#vm c3
R21 3
L | J2
- 2 "}@Q;TPUT
R22 =X "V P-P
C5 (OPTIONAL )

NOTE: QUTPUT FREQUENCY = INPUT FREQUENCY +10

11. High Impedance Mike Amplifier ™

[J 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-chm linear-taper potentiometer
R2, R4—1,000-ohm, Y%2-watt resistor
R3-910,000-ohm, Y2-watt resistor

RI

HIGH
IMPEDANCE
MICROPHONE

R2 ICt

R3 C

0000
0000
w
2]
+
II}_OOJ
i1+

12. Peak-Level Detector

O 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, €2, C3—0.1-uF ceramic disc capacitor
D1-D4—1N914 diode
1C1—-LM324 quad op amp integrated circuit
LED1—light emitting diode
R1, R2, R3, R6, R10-39,000-ohm, Y2-watt resistor (all

resistors 5%)
R4-50,000-0hm, Y2-watt trim-potentiometer
R5—1,000-0hm, Yz-watt resistor
R7-100-ohm, Y2-watt resistor
R8—1,000,000-0hm, Y2-watt resistor
R9—-51,000-ohm, Y2-watt resistor
R11-3,900-ohm, Y2-watt resistor
R12-270-ohm, Y:-watt resistor

+5V

<2 RI
$39K

Ay
ﬁ =
| e
% 5> 39K
|NPUTi ____1
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purposes, you'll find this circuits LED output easier- to
interpret and, as a result, more accurate. ICla 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, LEDI
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.

13. 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. Whemw the circuit is in standby,
pin 1 of IC1 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 Q1 and Q2. When the sensing
circuit is broken, C1 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

O
SENSING
Loor

PN

S|
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
IC1—-4001 quad NOR gate
Q1-2N4403
Q2-2N4401
R1, R3—-100,000-0ohm, Y-watt resistor
R2-4,700,000-0hm, Y2-watt resistor
R4, R5—10,000-ohm, Y2-watt resistor
R6—100-ohm, Y%-watt resistor
$1-SPST momentary-contact pushbutton switch
V1-6 VDC buzzer

14. Lightning Speed Reaction Tester ™

[ This circuit uses the two flip-flops of the CD 4013 in-

tegrated circuit to test your eyesight. Start by moving S1 SH
from ground to “set” and back to ground. This will light ‘xslvoc L
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
1C1-4013 dual flip-flop
R1,R2, R3-2,000-chm, Y,-watt resistor
R4-500,000-ohm, ¥2-watt resistor
S1-SPDT slide switch
$2-SPST momentary contact pushbutton switch

R2 ol
Ic 12

SET o]

R4
i g

1 [%)
1

~N O ;bW N
® O O

AL
o )

TE

L
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15. Alternator Monitor

o

[] 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 IC1A
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.

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
1C1-339 quad comparator
Q1-2N4403
R1, R2, R5—10,000-o0hm, Y2-watt resistor
R3, R4—50,000-ohm linear-taper potentiometer
R6—470-ohm, Y2-watt resistor
R7—220-ohm, Y2-watt resistor

16. Code Practice Oscillator

[ Boning up for your Amateur code exam? Pushbutton
S1 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, ¥:-watt resistor

R2—-220-ohm, Y2-watt resistor

R3-500,000-ohm, linear-taper potentiometer
R4—50,000-0hm, Y-watt resistor

R5, R6—2,200-o0hm, Y2-watt resistor

S$1-SPST momentary-contact pushbutton switch

RI

AA

17. Cassette-Based Control System T

[J 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-
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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 Ulb, 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-D7-1N914 diode

IC1—LM324 quad op amp integrated %0
circuit )
102—-4013 CMOS dual flip-flop inte-
grated circuit INPUT

K1, K2—6-VDC, 500-ohm relay
LED1, LED2-light-emitting diode
@1-G4—-2N3904 NPN transistor =i
R1—-100-ohm trimpot (all resistors 10%
unless otherwise noted.)
R2-36,000-0hm, Y-watt resistor 5%
R3-6,800-ohm, ¥z-watt resistor, 5%
R4-56,000-ohm, ¥2-watt resistor 5%
R5-8,200-ohm, ¥2-watt resistor 5%
R6-—5,100-0hm, ¥z-watt resistor 5%
R7-24,000-ohm, Y%-watt resistor 5%
R8-33,000-ohm, Y.-watt resistor, 5%
R9-240,000-0hm, Y.-watt resistor, 5%
R10, R17—-1,000-0hm, Y-watt resistor
Rt%, R18-220,000-0hm Y%-watt resistor
R12, R15-30,000-0hm, Y;-watt resistor
R13, R16-39,000-ohm, Y%-watt resistor
R14-3,900-ohm, ¥:-watt resistor
R19, R21-100,000-ohm, Y;-watt
resistor

R20, R22—-47,000-0ohm, Y2-watt resjstor
R23, R24-22,000-0hm, Y;-watt resistor open

§1, $2—pushbutton switch, normally

18. VOM Light Meter

(] 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 Q1 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--10,000-0hm, ¥z-watt resistor

o T | HTTED Sk
Ql Y
—— 2 s, )|
1C
o M]3 6
RS
4 5
ANY VOLTMETER

R3—-30,000-ohm, Y2-watt resistor
R4--100,000-ohm, ¥2-watt resistor
R5—2,000-ohm, Y2-watt resistor
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19. ESP Tester

T

PARTS LIST FOR ESP TESTER
C1, C3—0.1-uF ceramic disc capacitor

R29 R31
1000 1000

C2—.005-uF mylar capacitor

IC1-555 timer integrated circuit

162—-4022 CMOS octal counter inte-
grated circuit

IC3—7485 4-bit magnitude comparator

LED1-LED6—Ilight emitting diodes Rl

Q1-Q4, @6, Q7—2N3904 NPN transistor &K

Q5—-2N3906 PNP transistor

R1, R2-10,000-ohm, ¥;-watt resistor a8
(all resistors 10%) 7 el

R3-47,000-0hm, Y-watt resistor B2 12 555 3

R4-R11, R23-R26—-33,000-0hm, Y2-watt 6 5 |
resistor

R12-R15—4,700-0hm, Y%-watt resistor +88

R16-R19—470-0hm, Y2-watt resistor

R20-R22—-15,000-0hm, Y2-watt resistor c3

R27—330-ohm, Y-watt resistor 'T

1

R28-R31—-1,000-0hm, Y-watt resistor

[] 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
yowd 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, LEDS 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.
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.

R30
1000,

The Receiver, whom we hope is monitoring the correct
channel, indicates his response by pushing one of the four
switches (S1 through S4) at his displosal. S1 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 LEDS
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.

20. Negative Power Supply

AR

[0 Many operational amplifiers operate from a dual-
polarity power supply. For low current applications, it
may be easicr to construct this negative power supply
using one [C, rather than rectifying from the power
line or transformer. IC1 operates in an astable mode with
essentially square wave output at pin 3. C2, C3, DI 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
1C1-555 timer
R1—1,000-ohm, Y2-watt resistor
R2-10,000-ohm, Y2-watt resistor

J_ o+I5V
+*
,IC4 ¥,
2RI =
l cz b2
4 8 3_—A\——'|( ’ - —o
l’”_z TR ok NEGATIVE
‘ OUTPUT
5 R2 +le3
> 1 s j ol VOLTAGE
il
T
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21. Milliohms Adapter

i

O 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 milli-
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 millichmmeter you
can even check the relative quality of switch contacts and
solder joints.

Current source Q1 drives a constant 10-milliamp cur-

rent through whatever resistance lies between probes P1 and
P2. Ul amplifies the voltage generated across the resis-
tancé 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 S1 up, 1V/
ohm with S1 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 +9V 2
C1-1.0-uF mylar capacitor
€2, C3-0.1-uF ceramic disc capacitor DI
D1-5.6-VDC, Ys-watt zener diode 5.6V
D2-D6—1N914 silicon diode 4
ICI1-741 op amp Rl ¢
P1, P2—test probes 1800 2
Q1-2N3906 PNP transistor -9V

R2

470
Ql R3 "
2N3906 50K

R4
62K

R1-1,800-ohm, Ys-watt resistor (all re-
sistors 5%, unless otherwise noted.)

R2—-470-0hm, Ys-watt resistor

R3-50,000-ohm linear taper potenti-
ometer

R4-62,000-0hm, Y-watt resistor -

10v/Q) ¢
—m—
100

IviQp——r—F S

R6
1000

R5—-100-ohm, Ya-watt resistor
R6—1,000-0hm, Y4-watt resistor
R7-100,000-0hm, Ya-watt resistor

IV FS

S$1-SPDT toggle switch as

||}—<

22. Telephone Pickup

[J 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)

@1-2N4401

R1-1,000-0hm, Y2-watt resistor

R2, R4-1,000,000-ohm, Y2-watt resistor
R3-470,000-ohm, Y2-watt resistor

RS, R6, R7, R8, R9—-10,000,00-0hm, Y%:-watt resistor
R10—100-ohm, Y% watt resistor

SPKR—8-ohm PM type speaker

SPEAKER

74

101 ELECTRONIC PROJECTS 1981



23. Re-Cycling Sequential Timer

vl

[J Press S1, and relay K1 pulls in for a time interval de-
termined by the setting of R3. When IC1 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, IC1 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
second) are too long. With three units, each flash has
ample time to re-cycle while the others are firing. You
might also try using color film and putting a separate
colored filter over each flash tube.

PARTS LIST FOR RE-CYCLING
SEQUENTIAL TIMER

. R
C1, €4, C6—.001-uF mylar capacitor |00'K

+9V

RECYCLE

C2-0.1-uF ceramic disc capacitor
€3, €5, C7-10-uF, 25-VDC electrolytic
capacitor DI

R2
10K

°{52

IC1, 1C2, IC3—555 timer integrated cir-
cuit =

K1, K2, K3—6-VDC, 500-ohm relay

R1, R5, R8-100,000-ohm, Ys-watt re-

D1-D6—1N914 diode 4

Icl
2 555

3

sistor (all resistors 10% unless other- <L
wise noted.)
R2, R6, R9-10,000-ohm, lYe-watt re- c3
sistor 10

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

potentiometer

K3

i

D2

R4—3,300,000-ohm, Ys-watt resistor
S1—pushbutton switch, normally open
S2-SPDT switch

24. Plant Moisture Meter

[] 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 M1.
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
€1, C2—0.01-uF ceramic disc capacitor, 35 VDC
D1, D2-1N914 diode
1C1-741 op amp
M1—0-1 mA DC meter
R1-6800-ohm Y:-watt resistor, 10%
R2-15K-ohm Y2-watt resistor, 10%
R3-1000-ohm Y-watt resistor, 10%

(A —

|

R4—10K-ohm Y-watt resistor, 10%
R5—100K trimmer potentiometer
R6-—3300-ohms Y2-watt resistor, 10%

2
\PLASTIC o

8 INSULATOR

«——METAL SPIKE

v
"
=
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25. Instrument Sensitivity Booster

m

[ 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 1mV/div or
.ImV/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.

Switch 82 selects the gain—10 if closed and 100 is open.

When you need direct coupling to measure DC voltages,
close S1. 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; thercfore, 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

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

D1, D2—-1N914 diode

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

R1, R7-100,000-ohm, Y:-watt resistor (all resistors 5%
unless noted.)

R2-1,000,000-ohm, Y-watt resistor

R3-4,700-0hm, Y2-watt resistor

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

R5-1,000-0hm, Y2-watt resistor

R6—-10,000-0hm, Y;-watt resistor

S1, S2-SPST switch

INPUT

Di| D2

26. Thermostatic Bath

{7] 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 S00-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

Ct, C2-10-uF, 10-VDC tantalum capacitor

€3-0.1-uF ceramic disc capacitor

D1-1N914 diode

HTR1-200 to 500-Watt immersion heater (see text)

1C1-LM311 comparator

K1-6-VDC, 500-ohm relay

Q1-200-VDC, 10-A triac

R1-6,800-ohm Y2-watt resistor (all resistors 5% unless
otherwise noted.)

R2-10,000-ohm linear-taper potentiometer

R3-6,200-ohm, Ys-watt resistor

R4—1,000-ohm, Y2-watt resistor

R5—4,700-ohm, Y2-watt resistor

R6—33,000-ohm, Y-watt resistor

R7-6,800,000-0hm, Y2-watt resistor

R8-1,000-ohm, 1-watt resistor

RT1-10,000-ohm, @ 25° Thermistor (Fenwal 6B41P12 or
equivalent)

RTI
10K

RI Ty 2 n7
6800 KDI ; Kl
C@ R2 1 AN
S 10K

» |

1000

N

HTRI
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27. Diode Thermometer

TTTTy

{1 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
diode probe. In this application, the adjustment poten-
tiometer, R1, 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
1C1—-4009A hex buffer
R1-100,000-ohm linear-taper potentiometer
R2, R3—1,000,000-ohm, Y2-watt resistor

+ev R2 R3
RI

— |b b—o
-——:17-—3 ICla 3 5 IC 7}
Cl

'_[ 1y, 18 18

Di-6 ~ +6v

MULTIMETER ON
PROBE 6VDC RANGE
6 IN4I48

DIODES IN SERIES

TE
GROUND ICI
PINS & 7,9,11,14

28. Automatic Stereo Shut-Off

i

[0 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 SO!.
Touch S1 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 S1; put the tonearm in
the groove, and adjust R1 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 [
€2-.002-uF mylar capacitor 61
C3—0.1-uF mylar capacitor SPKR
C4-22-uF, 10-vDC tantalum capacitor (8q)
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
ometer
R2—4.700-ohm, Y2-watt resistor (all re-
sistors 5% unless otherwise noted.)
R3, R4, R7—10,000-ohm, Y.-watt resis-
tor
RS, R13—1,000-ohm, ¥2-watt resistor

potenti-

1"n7

SOl

R6—1,000,000-0hm, Y2-watt resistor
R8-270-ohm, ¥2-watt resistor
R9-51,000-o0hm, 2-watt resistor
R10—-39,000-0hm, 12-watt resistor

R11-3,900-0hm, Y2-watt resistor
R12—680-ohm, Y2-watt resistor
R14—-100,000-ohm, Y2-watt resistor
R15—47,000-ohm, Y2-watt resistor

R16—27,000-0hm, Y2-watt resistor
R17-1,000-ohm, 1-watt resistor
S$1—pushbutton switch, normally open
S01-AC power socket
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29. Smart Porch Light

il

[0 For convenience and security, you can’t beat this smart
porch light. Whenever someone rings your door buzzer
with S1, on comes the front porch light. One to threc
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, €2—-220-uF, 25-VDC electrolytic capacitor
€3—100-uF 25-VDC electrolytic capacitor
C4, €5-0.1-uF ceramic disc capacitor
D1—-1N4003 rectifier diode
D2-15-VDC, Yz-watt Zener diode
D3-D5-1N914 diode
IC1-555 timer integrated circuit
I1—incandescent porch light
K1—-6-VDC, 500-ohm relay
Q1-200-VDC, 6-A triac
R1-10,000-ohm, Ys2-watt resistor (all resistors 10% unless
otherwise noted.)
R2-220,000-ohm, Y%-watt resistor
R3-1,000,000-ohm trim potentiometer
R4—-470,000-ohm, Ys-watt resistor
R5-68-ohn, 1-watt resistor

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

R3
los IM

220K<
R4
470K
R ¢ B
. > ICI
555 ¢
GZD g ||+7
4q
b Cl g ,gg - i
S2 I 8
N T |

)
I i
l

30. Penny Pincher Frequency Meter

m

[] 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
S1. Feed a 5-kHz signal of known accuracy to J1, and
adjust potentiometer R8 for a full-scale deflection on
meter M1. 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
1C2-555 timer
J1—phono jack
M1-0-50 microAmp DC meter
R1-4700-ohm Y2-watt resistor, 10%
R2, R3, R4, R5—18K-ohm Y2-watt resistor, 5%
R6—1000-ohm ¥2-watt resistor, 10%
R7—-10K-ohm %2-watt resistor, 10%
R8—10K trimmer potentiometer
R9Y, R11-30K-ohm Y2-watt resistor, 5%
R10—-300K-ohm Y-watt resistor, 5%
R12—-3000-ohm Y2-watt resistor, 5%
R13-10 Megohm Y:-watt resistor, 10%
S1-—single pole, 3-position rotary switch

RANGE /FREQUENCY
n Rlon %RZ TABLE
'—éll-w Range Frequency
02::%“3 A 0 to 500 Hz
i B OtoS5kHz |
B! c 0 to 50 kHz cqr‘l? i
RIO Rll RI2
I L ,}
227
3 6
4 5
J cs

IﬂJ
+
~C6 =
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31. Slide Trombone

[
vEUGGJG

[J This is a novel little instrument that can be played
through your stereo system. IC1 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 S1 is pressed. R12 allows adjustment of the note’s

decay interval, and RI0 controls the volume. Maximum
signal amplitude at the output is 500 mV pecak to-pcak
(sufficient to drive an amp’s high-level input). To play, ad-
just R3 for a particular note; press S1; slide R3; then re-
lease S1. You can make things easy by calibrating 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

1C3—3080 transconductance amp inte-
grated circuit (RCA)

Q@1-2N3904 NPN transistor

R1-5,600-0hm, Y2-watt resistor (all
resistors 10%)

R2-33,000-0hm, Y2-watt resistor

R3, R12—-100,000-ohm linear-taper
potentiometer

R4, R5, R13, R14—-10,000-0hm, Y.-watt
resistor

R6—62,000-0hm, Y2-watt resistor

R7-3,900-ohm, Y2-watt resistor

R8, R9-100-ohm, ¥-watt resistor

R10-5,000-ohm audio-taper potenti-
ometer

R11-220,000-0hm, Y-watt resistor

S1—pushbutton switch, normally open

2
uox‘g

32. Antenna-Bearing indicator

J\JLJtGE!G

[J 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
LED:s for readout. Referring to the schematic, note direc-
tion-sensing potentiometer R1. 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 uniil 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—1.M3914 LED display driver
LED1 through LED10—light-emitting diode

+9

N \ TO +18V

LED | /o
)
S LED 2
8@ AN
7| LED3GQ
6 L RQILED 4
Iel LED 525
NP
RLED 6
LED 72N

7
VA\LEDS
/1 L__LED 9%y

10L_1a\ LED IO
K24

Cl

ﬂF—%F:ﬂ

3
O ® N D W =
-

u}—]

NC

ANTENNA-SHAFT
PULLEY

POTENTIOMETER
PULLEY
R1-25K linear-taper potentiometer
R2-3900-ohm, Y%-watt resistor, 5%
R3-1200-ohm, ¥2-watt resistor, 5%
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33. Go-Slo Wiper Control el

] 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 82 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
€2—0.1-uF ceramic disc capacitor, 15 VDC
D1-1N4001 diode
1C1-555 timer
R1-10,000,000-0hm, ¥2-watt resistor
R2-20,000-ohm, Y2-watt resistor
R3-500,000-ohm linear-taper potentiometer
R4—-18,000-ohm, Y2-watt resistor
R5-50,000-ohm linear-taper potentiometer
R6—100-ohm, %-watt resistor
S1-SPST toggle switch
S2—-SPDT toggle switch
S$3—-SPST momentary-contact (pusbutton) switch
RELAY—9 VDC coil with normally open SPST switch

contacts rated at 15 VDC/25 amps

TO W/WIPER
FUSE(+12V)
T 1 s n
LT‘:?'—V—BD—__‘/
o=
”
s3
CHASSIS
GROUND
DI
v I
coi c2
R6 s2
oy (R REPEAT
~—AAA—————0
L—o—‘ SINGLE WIPE
TO HOT
WIRE OF 5= ———nibow. | [
WIPER SwiTcH RS R4 RE Re
CUT HOT WIRE TO DASH SWITCH AND
TO HOT CONNECTION  WIRE RELAY LEADS AS SHOWN HERE
OF WIPER SWITCH

34. High Frequency VCO il

(1 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
€2-500-pF mica capacitor, 15 VDC
C3—0.01-uF ceramic capacitor, 15 VDC
1C1-LM339 quad comparator
R1, R7-100,000-ohm, Y2-watt resistor
R2-50,000-ohm, Y2-watt resistor
R3—-20,000-ohm, Y2-watt resistor
R4—10,000-ohm, Y2-watt resistor

R8
i I
c2
18V, g2 e =
I 3 2 CONTROL
Byl F da . RI VOLTAGE
]S 10 ‘
6 9 R L
i 8

R5, R8—-3,000-0hm, Y%-watt resistor
R6—-5,100-ohm, Y.-watt resistor
R9, R10, R11-30,000-0hm, V2-watt resistor

35. Mini Micro Metronome !

(] 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,

80

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-
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mary winding causes a different sound in the speaker
from the positive-going inrush, diode D3 and potenti-

ometer RS 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, Y2-watt resistor

R2, R3-500,000-ohm linear-taper potentiometer

R4, R6—10-ohm, Y2-watt resistor

R5—1,000-ohm linear-taper potentiometer

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

+9vDC
R6
Ql
‘
C
cz |
JVRs TI
= 7k03 SPKR

36. 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
€3-0.1-uF ceramic disc capacitor, 15 VDC
IC1, IC2-555 timer
Q1-2N4403
R1-500,000-ohm, Y2-watt resistor
R2-270-ohm, Y2-watt resistor
R3-2,000,000-ohm, Y2-watt resistor

RELAY—6 to 9 VDC coil with switch contacts rated at

— e]
RIS
) 2 =)
» IC
[+ 3 6
4 50
1l
L4 ifcs
i 6-9V COIL
- LYY
ﬁ '\: :JORMALLY CLOSED ]
TO CAR HORN SETEHES
(ORHORN RELAY) NORMALLY OPEN

15 VDC/30 amps; 1 set SPST normally open, 1 set

37. Improvised Monostable

SPST normally closed

[J Like the preceeding projects, this one is alsc 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 4001 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
D1—small LED
IC1—4001A or 4011A quad NAND gate

OUTPUT

Q1-2N4401
R1, R2—47,000-0hm, Y2-watt resistor
R3—470-ohm, ¥2-watt resistor
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second high, charging the capacitor C through resistor
R2. For a while, the output of the third gate is driven
low, causing the output stage to go high, activating the

LED indicator. In this elementary circuit, it is only
necessary that the turn-on signal remain high for at least
the duration of the timed interval.

38. Computer-Controlled Keyer N

v

[ 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 O 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
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 be 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)

@1-2N3906 PNP transistor

R1-15,000-0hm, Y2-watt resistor (all resistors 5%)

R2--30,000-ohm, Y-watt resistor

R3--62,000-ohm, Ys-watt resistor

R4—120,000-ohm, Y2-watt resistor

R5-240,000-0hm, Y2-watt resistor

R6-470,000-0hm, Y-watt resistor

R7--1,000,000-0hm, Y.-watt resistor

R8-1,800,000-ohm, Y-watt resistor

R9—1,000-0hm, Y2-watt resistor

R10, R11-100-0hm, Ys-watt resistor

R12, R13-1,200-ohm, Y2-watt resistor

470K
T
P —
S
LSB
c2
RI2
AUDIO 1o
INPUTO—] |—'3&0
IVP-P
MAX.

39.Computer-Controlled Note Generator T Y

[0 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

82

the twelve notes within that octave.

The lowest octave is selected by a binary O on lines D6
through D4. A binary | 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 O 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 R1 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.

I+|2v
RI l
10K [_I‘ r s a4 24
2 14 3 1OF
!
1ce 3 2 1c5 [ouT
PARTS LIST FOR R2s o 30240121—1 74050 | |
COMPUTER-CONTROLLED S0pt U 3
NOTE GENERATOR H o322 5
C1-30-pF polystyrene capacitor S 2l &
IC1-4047 CMOS multivibrator inte- 8 20 7
grated circuit 7 9 8
IC2-4024 CMOS binary divider inte- == 6 18 9
grated circuit 5 17 12
IC3—-4051 CMOS 8:1 multiplexer inte- 4 )
grated circuit 3 11131415
IC4-50240 Mostek top-octave generator L =
integrated circuit
IC5—-74C150 16:1 CMOS multiplexer in- OCTAVE
tegrated circuit (National) SELECT
Q1-Q7—-2N3904 NPN transistor
R1-10,000-chm trim potentiometer (ali
resistors 10% unless otherwise
noted.)
R2-10,000-ohm, ¥2-watt resistor
R3-R9-100,000-0hm, Y,-watt resistor
R10-R16—33,000-0hm, Y;-watt resistor
[D2>
NOTE
SELECT
D b i+12
a7 = %RIS
Y
R3 THRU R9 B RIO THRU RI6
ALL 100K ALL 33K

40. Single Supply Signal Shifter

i

[J Op amps, like the popular 741, are usually operated
with matching plus and minus power supplies. However,
for simple signal amplification applications, the single
positive supply shown below has been found to work
quite nicely. Resistors R3 and R4 may be fixed at about
5000 ohms each, or replaced with a 5K or 10K potentiom-

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

1C1-741 op amp

R1-10,000-ohm, ¥2 watt resistor

R2-100,000-ohm, %2 watt resistor (gain=10)
—1,000,000-0hm, ¥2 watt resistor (gain=100)

R3, R4-5,000-ohm, ¥, watt resistor or 5,000-10,000
ohm linear taper potentiometer

CII_‘RI R2
aimaa
+9V
+ lCZ +
R3S 1§ BE
1 OUTPUT
R4 3 i
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CIRCUIT
BOARD
ETCHING

A step-by-step guide to
makingproject boards

y WHILE PERFORATED PROJECT BOARDS,

or.perf boards, aré relatively cheap
and easily obtained, a cirtuit board
efched for.its particilar usage will pro-
wide (meater, more professichallresults.
Projects with the circuitry foundation
of an etched board will'be less prone
to vibration damhages as well as have
' greater impact resistance—in all, an
etched board provides sturdier construc-
tion and greater sgafeguards.

In addition to the quality of con-
struction, in contrast to perf boards,
étching lessens the chances of undesir-
able oscillations caused by ¢€rossed or
jumpered output signal wires producing
feedback in semsitive component. ele-
ments. Alsos electricaf noise interference
‘caused by spurious radiations in the cir-
Qit’s environment age more €asily sup-
pressed as a result of the close prox-
imity of ground and voltage supply
leads. Decoupling capacitors can easily
span supply and groun istribution
lines with correct board ldyolt.

Only the etching procebs 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, ani’ the syp-
plies, once purchased, should last
through a number of etchings. A hst
of the materials needed includes:

1. Copper Clad Board.
2. Ftchant Sofftion.
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 experiencesis best before at-
tempting double-sidedboards. 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-
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ments with a fine-toothed saw such as
a hacksaw.

2. Etchant So]ution. There is a variety
of etchant solutions currently on the

.market, both in crystal form and al-
ready mixed. An inexpensivy, preJmixecf

solution of ferric chloride is good for
a starter;iit conveniently provides a
uniform end producttd Although  the
solution used during lan cfching (sev-

eral_boards may be etched 4t once)
cannot be remseid,athe bottles of solu-

tion  commercially available contain
enough fluid for a number of board

projects.

3. Resist Pen. Most clectronic retail
outlets have on stock pens specially de-
signgd 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 i
one-half the price of the special resist
pens. Both types give good service.

4. Shallow Pan. Do not use metal

pans to gich in; because the elchant will
act, on the pan metal. Instead,.use a
glass or plastic pan close to board size
fo conserve the etchant solution. An
inuxpensive/set of plastic phetographic
developing 4rays would be a good in-
vestment for etching projects. Photo-
graphic trays are available_in a wvariety
of sizes.

S« Heat Source. A thermostatically
controlled heat lamp would be the
ideal heat source to be used duriiig the
etching process. However, an ordinary
60-watt light bulb suspended near the
solution pan will accomplish the same
thing for4ess 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) airgemniperature,
simply placing the plastic tray in warm
water will pfovide 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 alj of the vital items
needed to etch customi-made circuit boards.

it is provided ¥n electronic project plans.

7. Drill Bits. For board projects, get
drill bits sizé 1 /16-inch and 1/32-inch.
Bits in these sizes can be found inymost
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 sidc 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 ind use the resist pen to mark each
connection point through the holcs.
Remove the template. If the circuit is
simple, dray 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
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Some practice is need-
ed to etch involved
gircuit  boards like
this one, but even a
board of this coniplex-
ity is within reach of
hobbyist who \is will-
ing to leam etching.

the resist pen, store thc pen with_its tip
down ' for several hourg.prior to use.
When drawing ofi the copper, usc Tong
smooth lines afd stop markifig only at
connecting points, otherwise there willl
be fine lines in the resist ink that will
cause hairlihe cracks in the finished
product. Do not back-up while mark-
ing or retrace lines for best. resuits.
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 occyr,
erasc with a pencil eraser. Store the
resist pen point down to prevent the
point from drying between usages.

Etching. The ctchant itself is an acid
and therefore handle the solution with
carc. 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 immedis
ately and see a physician. Aveid, body
contact with the tluid and wash well if
the etchant‘touches skin.

Pour only enough ctchant needed to
cover the resist marked board to a
depth of Ya-inch or slightly greater into
the shallow tray, Use the etchant soh¥
tion in a well ventilated room. and
avoid breathing the fumes. Place the
hcatlamp or light bulb near the solution
to raise the fluid temperature to: ap-
proximately 100°F—the exact degree of
temperature is not critical. Careful}y
slide the board into the ctchant, copper
side up. Gently agitate the solution
every few minutes. By using the proper
temperature of near ¥00'F, the etching
should be completed withip 1S 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 resiilts are not as tertaim

Finishing The Board. After thea.;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, genrly
rub with a steel wool pad. Rinse, then
dry the etched board.

Drill holes for connection wires wit
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-
ing it into th¢ dnll.

During etching, hairline cracks may
form in crifical paths on the board.
Repair these cracks with solder befoize
attaching components to the board.

The etched circuit board is now
Teady for whatever project you have
in mind. F

The final step is drilling holes to mount
components, Use a 1/16- or 1/32-inch bit.
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TROUBLESHOOTING WITH
A DIGITAL MULTIMETER

Check out your ignition system for fun and profit

BF YOU WANT to measure the large
current from your car’s alternator or
starter, here are a few tricks on how
to do it with your digital multimeter.

Digital multimeters (DMM) are sen-
sitive and accurate devices. They have
a much greater range than common
analog multimeters; with a little help,
they can measure very large currents.

The help is from a low resistance shunt.

A Small Resistance. A one milliohm
shunt is a very small resistance, but it
still behaves as a resistor and every
ampere through it causes a one milli-
volt drop. Digital voltmeters can recad
millivolts and most will read and dis-
play tenths of millivolts. This extreme
voltage sensitivity allows them to work
as ammeters when connected across a
one milliohm shunt.

A DMM connected across the
ground cable thus becomes a high-cur-
rent ammeter. Similarly, a charging
current of 40 amps into the battery
produces a voltage drop of .040 volts
across the cable.

The key is to calibrate your battery
cable. It’s easy. Most car low beams,
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including the running lights, use about
12 amperes. With the headlights on,
measure the voltage drop across the
ground cable. Suppose this turns out
to be .020 volts.

Therefore, a starter draw of .192
volts across the cable means that 12+
20 or .6 of 192 amperes are flowing:
about 120 amperes. Approximately .6
of the millivolts read on a DMM are
the amperes through it.

If the 12 ampere headlight had
caused a .005 volt drop across the
cable, 12+5 or 2.2 times the DMM
reading of millivolts across the cable
represents the amperes through it.

Needs A Strong Battery. This cali-
bration is best done with a strong
battery. Check the cable on the posi-
tive term‘nal, running to the solenoid.
It might be more convenicnt to use.

If you do not like the mental arith-
metic involved in converting millivolts
into amperes, connect taps to the bat-
tery cable to produce a 12 millivolt
drop when the low beams are on.

Puncture the cable insulation with a
sharp pin. Place the tap in the middle

of the region of the cable where the
voltmeter reads 12 millivolts.

The taps are combination jacks ac-
cepting probe tips, banana plugs, or
alligator clips (GC F2-883 or Allied
920-0222). Make the electrical connec-
tion with a small sheet metal screw,
#4, " long. It will separate the
strands of wire in the cable and be held
snug to the taps.

Tape it securely. This is a more sat-
isfactory way to measure all currents
in the car, even down to tenths of am-
peres for small lights or electronic sys-
tems, provided your DMM reads to
tenths of millivolts.

Even a 20% error is acceptable
when looking for trouble and will tell
the difference between a shorted starter
motor and a solenoid that isn’t closing.

A third way to read currents in your
car with a DMM is to build or buy a
one milliohm shunt that can be
clamped in between the battery ground
cable and the negative terminal.

With this value of shunt the milli-
volts on the DMM connected to the
shunt read accurately as amperes. H
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OR THE LAST FEW YEARS, there have
F 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 insertion 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 be
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

3 . & 1]

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-

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

s T 1S R R e e e
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WSU-30 allows the user to wrap

and unwrap connections with ease. The built-in wire stripper 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.
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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

49113018480

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”™ 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
larger, 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

& I.\ . o
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. 7]
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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.

This Plugboard™ (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.

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.

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.

Vector’s “Any DIP”TM
Plugboard is designed
specifically for $-100
microcomputer acces-
sary circuitry. It comes
complete with a built-
on heatsink for power
supply voltage regu-
lator chips.
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helps avoid missing those
important phone calls

SlMPLEX—A—THlNG;@

Remote telephone signaling

¥

0 i

OU WON'T MIss any more phone calls

when out of hearing range of your
telephone, if you add this simple re-
mote signalling unit which alerts you to
incoming calls by mecans of cither a
buzzer or blinker light. The unit is self
powered for easy placement in any
room in your home, or even outdoors
where there are no AC outlets.

Now that you are permitted to own
your own phone, you don’t have to
worry about the legality of add-on con-
venience devices, so long as you don’t

upset the phone company’s circuits.
This unit won't bother Ma Bell one bit
because it is not electrically hard-wired
to the telephone lines, and therefore
cannot possibly cause voltage drops
that could be detected at the phone
company switching station. This gadget
simply senses the normal ringing of the
tclephone with a magnetic reed switch
placed near the telephone ringer arma-
ture. When the phone rings, the arma-
ture generates a strong electro-mag-
netic field, which trips the reed switch.
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TELEPHONE RINGER

DESIRED
LENGTH

PARTS LIST FOR SIMPLEX-A-THING

B1, B2—1.5-volt “D"-cell battery

J1—subminiature phone jack
2-conductor

K1—miniature reed switch, SPST

— — L L, L1—15.volt flashlight lamp
i | P1—subminiature phone plug,
| | 2conductor

|

|

|

|
Phes
| 3y

|

|

| S1—SPDT toggle switch
MISC: suitable mounting cabinet,
3-volt buzzer or screamer

|
ARMATURE ' module, ' length of 2-.conductor
| wire for extension,
BUZZER o | hookup wire, solder, tape, etc.
l _4 E } —
e T e = ¥ S PSS
TELEPHONE SIGNALLING UNIT
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The switch is triggered even if you turn
the regular telephone bell off to pro-
vide completely silent signalling by
means of a blinker light.

Construction. Solder a 14-inch-long
insulated wire to cach end of the reed
switch and terminate these leads with a
phone jack. Insulate the switch body
before installation in the telephone, by
means of a plastic sleeve or with elec-
trical tape.

Open the telephone and remove the
bell-clapper arm back to where it joins
the armature-coil assembly.

Have somcone call you on another
dialer mechanism by gently lifting it off
its mount. Find the ringer armature
located just behind the dialer. You can
recognize the armatur by following the
telephone so that the regular bell rings.
With the reed switch plugged into the
signalling unit, and the selector switch
thrown to the buzzer position, gradually
move the reed switch close to the ringer
armature. When the buzzer beeps in
time with the telephone bell, the reed
switch is correctly placed. If the buzzer
sounds continuously, even when the
phone stops ringing, back the reed
switch off a little. In the telephone
shown here, mounting was achieved
casily by simply faping the reed switch
to a large capacitor. ]
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Electronic Pendulum

- Simulate the sensuous swi

101 ELECTRONIC PROJECTS 1981

VERYONE LIKES THE GRACEFUL SWING
E of a grandfather clock’s pendulum.
The motion and tick-tock sound are
pleasing to the senses and reinforce the
idea that the clock is working. Here is a
quick and easy project which duplicates
the motion of a pendulum electronically
and if desired, the sound as well. Parts
cost should run about $4-5 and if you
use the PC layout in this article con-
struction time will be a couple of hours.

The Circuit. The pendulum operates
by having an LSTTL oscillator drive a
CMOS 4017 decade counter with de-
coded outputs. The CMOS chip has ten
output lines, 0 through 9, each in turn
going “high” after a clock pulse ap-
pears on pin 14. Now if you took those
outputs and used them directly to light
LEDs the result would be a series of
bulbs illuminating in sequence 0 to 9
and then going back to 0. But a pendu-
lum doesn’t work like that, it swings to
the right then to the left. Its electronic
counterpart would retrace its path
somethirig like O, 1, 2, 3, 4, 5, then 5,
4,3,2,1,0, 1, ... 0ne could use an
up-down counter, changing its direction
at each end of the count to achieve the
above pattern, but there is a simpler
way to approximate a pendulum’s mo-
tion for the hobbyist.

Let’s use six bulbs, labelling them A
to F. Remember, the counter chip has
ten output lines. If we allow some of
the lamps to be lit by two outputs in-
stead of just one, we can get oscillatory
motion for free, so to speak. Let’s see
how. Look at Fig. 1. If we let bulb A
be turned on by output line 0, bulb B
by output 1 or 9, C by 2 or 8, D by 3
or 7, E by 4 or 6, and F by output line
5, the desired result is produced. You
can see this easily if you count from 0
to 9 and repeat this modulo ten (base
ten) sequence over and over using Fig.
1 for your guide.

Be sure to notice that LI is inserted
in its PC board holes the reverse of the
since the LEDs are activated by a
“low” or ground signal. Also note that
pins 15 and 13 of the 4017 must be at
0 volts for the CMOS chip to count.

Construction: The two boards on
the other page show the respective
orientation of the parts. C2, C3
and S are optional, depending on
an audible elick with the pendulum
swing. This circuit can also easily be
wire-wrapped, beginners may wish to
do this since the PC layout is somewhat
tight and could be difficult for you to
reproduce easily.

The schematic shows how this is done.
Note the use of the circuit’s NOR gates
other LEDs. Failure to invert it will
not harm anything, but it won’t light.
Sound output for the unit is provided
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Electronic Pendulum /Swing to the beat of this LED metronome

Six LEDs are the center of the Electronic Pen-
dulum. Watch polarity when you install them
otherwise you could ruin hours of hard work.

A small printed circuit board, such as the
one given for Electronic Pendulum requires
good soldering skills. Try to be careful.

by a crystal earphone fed by LED! and
LEDS6. This arrangement gives plenty of
noise in a quiet room, but if desired,
more volume can be obtained using an
audio amp like the LM386. You will
have to experiment with the circuit
components to get the proper loudness.

Operation: Simply connect power
and ground and Electronic Pendulum
should start up. It should be easy to
add this project to an existing clock or
incorporate it into a new design. Volt-
age to the board should not exceed
7 V, as the 74LS chips will fail, but

V+ can dip to about 4.5 V if you don’t
mind dim lamps. The circuit draws
less than 10 mA so drain from existing
supplies will be minimal. Adding a red
plastic filter in front of the lamps will
improve the illusion of oscillatory
pendulum motion. -
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Bench Testing
The Work Grab

CIRCLE 101 ON READER SERVICE COUPON

RYING TO REFINISH antique radios in
Tan apartment can be fun provided
you don't mind sawdust in your salad,
varnish stains on your rug, and tool
scratches on the furniture. The Editors
saw an easy solution to the house polu-
tion problem in Work Grabber, a
unique all-metal saw horse with a
swivel-jaw vise on a crank assembly
that holds the project as you work on
it. It can be set up anywhere and stored
flat in a closet.

Work Grabber is an ideal portable
clamping vise and saw horse for an-
tique radio buffs, and project builders
who can safely use both hands to con-
trol hand tools and paint brush. The
swivel jaws of the vise are removable,
or can be installed on top or side of the
Work Grabber’s load bar. Just set the
swivel jaws to fit the work piece, radio,
speaker cabinet, whatever, and tighten
the hand crank securely. Work up to
24-inches wide can be clamped.

ber

Checking Dimensions. The portable.
fold-away Work Grabber is 30-in. high.
32-in. long and has an open leg spread
of 19 inches. It's all solid-steel constuc-
tion except for plastic floor guards,
swivel-jaws, crank and jaw carrier. Like
lawn furniture, junior’s bike and other
consumer products, the Work Grabber
comes knocked down for you to as-
semble. The owner’s manual surpasses
in clarity and illustrations the kit build-
er’s dream step-by-step instruction book-
let. We put the Work Grabber together
in 20 minutes. All assembled it weighed
about 16 pounds and held two editors’
combined weight of 345 pounds.

Work Grabber sells for $39.95 post-
paid from Distributor-Sales, P.O. Box
363, Woodstock, IL 60098. We see
Work Grabber as an excellent multi-
purpose saw horse for our readers. Get
more information direct from Distribu-
tor-Sales by circling number 101 on the
Reader Service card. ]
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ENERGY
SENTRY

Monitor your power
consumption to save energy
and reduce your electric bill

F YOU PAY the electric bill, you know
I only too well what has happened to
that bill over the past few years. In ad-
dition, you have been bombarded
through radio, television, newspapers,
and magazines on how important it is
to conserve energy, wherever possible.
Part of energy consérvation includes
the electricity used in your home. With

the help of Energy Sentry you can de-

termine just how much it is costing you
to operate that appliance or T.V. set.
This will help you to minimize your
electric bill, while saving precious fuel.

Energy Sentry is an easy to con-
struct circuit; built in a small enclosure,
with a built-in receptacle into which the
appliance is plugged. Ten separate
LED’s provides an indication of the
power consumption of the appliance.
Energy Sentry is calibrated in “cents
per hour” over a range of 1 to 10 cents.
Depending upon your electric rate, this
will provide a useable power range of
up to 1500 watts. This is near the maxi-
mum power which can be delivered by
an ordinary 115 volt power receptacle.
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A simple calibration procedure is pro-
vided at the end of this article allowing
you to compute the average cost of a
kilowatt hour of electrical power in
your home ar office.

About The Circuit. The heart of En-
ergy Sentry is current transformer, T2,
which produces an output voltage across
its seconaary winding corresponding to
the magnitude of current flowing in the
AC line. A current transformer follows
the same turns ratio relationship as does
the more common voltage transformer,

0006 o
ol lol ool 6l

except that secondary current, not volt-
age is determined by the number of
turns of both primary and secondary.
In the case of Energy Sentry, the pri-
mary of the current transformer consists
of just 6 turns of wire wound by your-
self around the core. The secondary is
the existing 115 volt winding of the
transformer, resulting in a turns ratio of
perhaps 100. The existing 12 volt wind-
ing of the transformer is not used.

The primary of the transformer is
connected in series with the power line
and the appliance under test. The cur- °
rent drawn by the appliance induces a
proportional current in the secondary.
Since a current transformer must oper-
ate into a load to provide a path for
secondary current, a voltage across R1
is produced which is proportional to
the magnitude of the current (and
power) drawn by the appliance. This
voltage varies linearly with primary cur-
rent and therefore linearly with power.
This is true since the voltage fed to the
appliance under test is a fixed power
line voltage that is well regulated by the
power company.

A bridge rectifier circuit converts the
secondary voltage of T2 to pulsating
DC which is filtered by Cl1. The re-
sulting DC voltage is fed to input ter-
minal 5 of Ul through calibrating po-
tentiometer R3. It can be seen that the
drive voltage to Ul will be determined
by the current drawn by the appliance
you are checking out.

Ul is a LED driver chip which has
been designed to drive a series of 10
LED’s in response to the voltage ap-
plied to its input terminal, pin 5. When
the voltage applied to the input is zero,

93




Energy Sentry

no LED will be illuminated. As the
voltage is raised each succeeding LED
will light, one at a time, until the 10th
LED is illuminated. Thus, it can be
seen that the circuit will provide a vis-
ual indication of the current drawn by
the appliance under test.

A fascinating display can be seen
when a light bulb load is being ob-
served. As soon as the light bulb is
flicked off, LEDs representing full cur-
rent to no current, will light in rapid
succession in an interesting display.

Power to operate the circuit is pro-
vided by T1, which feeds a half wave
rectifier and capacitive filter composed
of CR 5 and C2. The resulting DC volt-
age, about 8 volts, is sufficient to op-
erate Ul. Since Ul has a built-in regu-
lator, the circuit will hold calibration
regardless of changes or fluctuations in
power line voltage.

Construction. Most of the circuitry
of Energy Sentry is contained on a

printed circuit board. At lower left is a
full scale layout of the foil layout as seen
from the copper side of the board.
At right is the parts layout as seen from
the component side.

Note that the set of 10 LED’s is
placed on the copper side of the board.
This will permit the printed circuit
board to be assembled into a cabinet
with the LED’s protruding through a
set of 10 holes drilled in the cabinet. A
drilling template for the cabinet front
can easily be obtained by making a
photocopy of the printed circuit lay-
out and placing it on the front of the
cabinet. The printed circuit board can
be mounted in the cabinet with a set
of four 3" long spaces used for clear-
ance and #6 machine screws.

Transformer T2 has been selected
for ease of adding the additional wind-
ing. This transformer has ample room
between the laminations and winding
to easily fit 6 turns of #14 enamel

wire. Do not use wire of smaller gauge.
Place sufficient insulating tape around
the laminations to prevent a short cir-
cuit between the enamel wire and core.
If you substitute another transformer
for T2 it may be necessary to remove
the existing low voltage winding to pro-
vide sufficient room for the new pri-
mary. The additional winding placed
on the transformer is connected to pads
E and F of the printed circuit board.
In a similar manner, use pads marked
A, E, F, G and H for the 115 volt
and transformer connections as shown
in the schematic diagram. Except for
pads G and H, use #14 gauge wire.
It is recommended to use a socket
for Ul. This will prevent damage to the
IC or printed circuit board in the event
Ul has to be removed for service.
Double check the polarity of the LED’s,
diodes, and electrolytic capacitors be-
fore soldering them in place. These
(Continued on page 117)
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Seen above is the component side of the Energy Sentry PC board.
T2 provides power coupling, and T1 provides power for circuit.

o To the left is the PC board, with the etched side up. The row
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of LED connection terminals can be seen on the right.

101 ELECTRONIC PROJECTS 1981



eco000060800
00000000

00000000 |

% —

ELTA FLIGHT 759 TO KNOXVILLE

TOWER . . . what is your local
weather? We’re experiencing a lot of
turbulence.”

“Cessna 616 to Miami Center . . .
we’ve spotted what looks like a boat in
trouble. Would you notify the Coast
Guard?”

The VHF band is filled with in-
triguing listening. Privafe aircraft, com-
mercial airliners, military and govern-
ment flights fill the skies 24 hours a day,
seven days a week. Many scanner listen-
ers are discovering the fun and excite-
ment of tuning in on aircraft in flight.

But aircraft scanners are expensive;
even pocket aircraft radios command
premium prices. There is another way.

Any inexpensive pocket AM/FM
portable radio may be converted into
an effective aircraft band monitor. The
receiver’'s AM band will remain un-
touched, so that you will still be able
to listen to your favorite local broad-
cast stations. While the changes to the
FM band will allow aircraft band re-
ception, the procedure may be easily
reversed to restore the set to FM band
reception if desired.

Absolutely any AM/FM portable,
even the larger multiband radios, may
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Convert your AM/FM

pocket radio into
an aircraft scanner

Monitor the skies with this simple receiver conversion

be converted. Our illustrations happen
to use the Radio Shack 12-609. You
may wish to check local discount houses
for advertised specials on similar radios;
flea markets and garage sales are also
excellent sources of pocketable AM/
FM radios. These are frequently found
for $5 to $10.

The Conversion. Before beginning
the changeover process, it is a good
idea to check the radio completely to
determine that it is in good working
order. Use a fresh battery and tune it
through its FM range to be sure that it
is functional, sensitive, and that its
audio is loud and clear.

Next, remove the back carefully and
locate the IF transformers, as shown in
Fig. 1. Some of the IF transformers
are used for AM and some for FM. It
is virtually impossible to predict accu-
rately which are which without a dia-
gram. Fortunately, only one of them is
of interest to us for this conversion
project: the FM discriminator trans-
former; and it is easily located.

If you examine the parts layout of
your radio carefully, you will note that
one of the IF transformers, probably
the one farthest removed from the tun-
ing capacitor, will have two or three

glass diodes alongside it (see Fig. 2).
That is the discriminator transformer;
the diodes are the detectors which ex-
tract audio from the IF circuitry. Switch
the radio on and adjust it to receive the
background hiss between FM stations.

Using an appropriate non-metallic

fiber, wood or plastic tool, adjust the

slug slightly until the background hiss
peaks to a maximum. You have now
converted the radio to receive AM!
This step was necessary because all
VHF aircraft transmissions are AM.
The next step is to increase the tun-
ing range to receive the 108-136 MHz
aircraft band. Since the receiver already
tunes 88-108 MHz, we are nearly there!
Changing Frequency. Inspect the cir-
cuit board and locate two open-wound
coils each consisting of four or so turns
and positioned next to the tuning ca-
pacitor shown in Fig 3. Tune in an FM
broadcast station (it will probably
sound distorted now) and touch each
coil lightly with your finger. When you
touch one of them, the station will be
detuned off-frequency; this is the oscil-
lator coil. The remaining coil is in the
RF amplifier circuit. Both coils will be
altered to change the receiver’s tuning
range. To raise the frequency of the
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AM/FM into aircraft scanner

circuit we need to decrease the induct-
ance of the associated coils.

There are several ways to decrease
the inductance of a coil: spread the
turns father apart; pinch each turn to
flatten it slightly; twist the turns at
right angles to each other; insert a brass
slug inside the windings; remove one
or more of the turns; short-circuit two
adjacent turns with solder.

The first step in changing the tuning
range of your radio will be to spread
the turns of the oscillator coil widely
apart with a small screwdriver. Be sure
to spread them evenly and do not allow
the coil to touch any adjacent metal
part or wiring. Spread the turns of the
RF coil similarly.

Now attempt to tune through the
range of the dial, noting the locations
of the FM broadcast signals. Chances
are you'll find them cutting off below

(Continued on page 118)

CUSTOM MFD. IN JARAN FOR RADIO SHACK

*A Ow. of Tandy Corp., fiort Worth, Texss 76102 .
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Fig. 1. The IF trans-
formers are shown in
this photo. Since it
is virtually impossi-
ble to tell which are
for AM and which are
for FM, a process of
trial and error will
be employed in retun-
ing the frequency.

The open radio gives
an idea of the over-
all parts placement.
It is important to
work  methodically,
going from one area
of the conversicn to
the next in the right
order. You will find
most layouts similar.

IF
TRANSFORMERS

DISCRIMINATOR
TRANSFORMER

DETECTOR
DIODES

Fig. 2. The discriminator transformer, shown here, has several
glass diodes beside it. These take audio from the IF stage.

FM RF COIL

FM RF TRIMMER

FM OSCILLATOR
TRIMMER

FM OSCILLATOR
CoiL

Fig. 3. The two open wound coils located next to the tuning ca-
pacitor must have their inductance raised to raise the frequency.
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HEN THE TAPE recorder or public
Waddress (P.A.) system is situated
away from your microphone, it’s incon-
venient and a waste of time to go back
and forth checking and adjusting vol-
ume levels. Unless there’s an equipment
operator, someone must scramble when
the system’s level is too high, too low,
or if feedback occurs.

But with a Combo-Amp you elimi-
nate all level problems by having a
microphone level control and a volume
level meter next to you.

If the audience yells for more vol-
ume, the gain is easily cranked up. If
a P.A. system breaks into howling, the
speaker simply turns down the volume.

Quite A Combination. The Combo-
Amp is a combination microphone pre-
amplifier, line amplifier, and volume
level meter. It takes mike level input
and provides a line level output of 0.5
volts. An ordinary 0-1 DC mA meter
within the feedback loop of the ampli-
fier serves as a volume indicator;
cheaper method than using a VU meter.

A 741 operational amplifier inte-
grated circuit (Ul) provides all the
gain (approximately 15 dB). Ul is an
internally compensated op-amp that’s
free of self-oscillation. The internal
compensation, however, results in a
high end that’s —3 dB at 12 kHz.

Flat Response. For a flat response to
20 kHz a wideband op-amp requiring
compensation is necessary, but they are
difficult to find; the 741 is universally
available at low cost. The PC board
and circuit have been specifically de-
signed for the mini-dip (8-pin) ver-
sion (available from Radio Shack).

The input impedance is determined
by level control R1, which is itself de-
termined by the type of microphone
you will be using. For a low imped-
ance (50-600 ohms) mike, a 5000-ohm
value is suggested for R1. If you use
a high impedance microphone (up to
50,000 ohms), R1 should be a 50,000
ohm resistor.

For a Combo-Amp capable of han-
dling any microphone (other than crys-
tal and/or ceramic), or a line level

The PC board of the Combo Amp is quite
simple. Be careful when soldering. Do not
bridge connections with excess solder.
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COMBO AMP

Equalizing levels is a snap with this quick project
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PARTS LIST FOR COMBO AMP

B1, B2—9-voit battery

C1—15 to 30 xF non-polarized capacitor, 10
VDC or higher, see text

£2—0.1 xF Mylar, 10 VDC or higher

€3, C4—100 uF electrolytic capacitor, 15VDC
or higher

01, D2, D3, D4—Germanium diode, type IN60

1, J2—Jacks to match existing equipment

LED1-Light emitting diode

M1—Meter, 0-1 mA

R1-5,000 or 50,000-ohm audio tape poten-
tiometer, see text

{Resistors, Y watt, 10% unless otherwise
noted)

R2—470-chm resistor

R3--10,000-0hm resistor

R4--470 or 560-ohm resistor

R5—3300-ohm resistor

$1—Switch, DPST, part of Rl

U1—Operationial amplifier type 741 integrated
circuit

Misc.—Cabinet, battery terminals, wire, sol-

der, hardware, etc.
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Combo Amp/Balance your group’s sound with this do-it-yourself equalizer

To SI

\ TO Bl AND B2

If you don’t have the tools or the ability to etch out the printed circuit
board, you may want to try to wire wrap your project. It's easy to do.

The Combo Amp is an excellent
addition to any recording or PA
system. The PC board allows
easy soldering. When installing
the light emitting diode, the 741
operational amplifier, the meter
and the diodes, check polarity.
Be sure to cut the leads of the
various components short to in-
sure snug fit next to PC board.

device, use 50,000 ohms for R1. Using
a lower value for R1 for low imped-
ance mikes doesn’t affect the sound
quality all that much but it does reduce
the possibility of noise and hum pickup
on long microphone lines.

The output level is indicated by a
0-1 milliammeter. The PC board is de-
signed to fit directly on the terminals of
a Radio Shack meter. If your meter
has different connections, you must
modify the PC template accordingly or
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use the PC assembly external from the
meter. One corner of the PC board has
a triangular copper foil that can be
drilled to secure a mounting foot.

Diodes Are Critical. The only critical
parts of the circuit are diodes DI
through D4. They must be the ger-
manium 1N60 type. Do not substitute
silicon diodes as their higher breakover
voltage will result in excessive distor-
tion to the output signal.

The PC board is designed to fit an

aluminum cabinet approximately 3 x
2¥8 x 5% inches. If you want to sub-
stitute a different meter or a larger
cabinet modify the PC template.

Provision is made on the PC board
(R5) for an LED power indicator that
draws little battery current (about 6
mA). Eliminate R5 if you don’t want
a power indicator.

Because the holes for the meter ter-
minals must be 34¢ inches large, solder
pads are used for the PC connections.
Don’t hope to use standard component
circles and drill-thru with precision; it
probably won’t work. Make the pads
at least 38 inch.

There is a boss on the back of the
meter that will prevent the PC board
from fitting flat on the back of the
meter unless the board is drilled to
accommodate the boss.

Keep Them Straight. Install all PC
components except the meter connec-
tions before plugging in Ul. If you use
a mini-dip Ul, just plug it in. If you
get a can (TO-5) type 741 install it
in the following manner: Using long
nose pliers fold out leads one through
four so they form a straight line. Cut
the leads about % inch from the body
of Ul so they are straight across the
bottom. Do the same for leads four
through eight.

(Continued on page 118)
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ITRAT IS AN ELCTRONIC thermometer
S that requires six components. and a
battery. The parts are readily available.
You may already have them in your
junk box. All you nced to build the
SITRAT is one NPN silicon transistor
a potentiometer, 2 resistors, a zener
diode, a battery and a 0-1 milliampere
panel meter. There's a good chance you
can salvage the meter from some previ-
ous project. Maybe that neutrino moni-
tor you designed that was to estimate
the rate of energy conversion of a
Quasar! If you purchase a brand new
panel meter it should set you back be-
tween five and nine dollars. Other parts
combined, if purchased new, should
cost less than three bucks.

The author’s prototype model of
SITRAT is just as accurate with a
weak battery as with a brand new one.

The Circuit. In the circuit diagram,
the current flowing through the meter
is the transistor’s collector current. Col-
lector current increases when the tran-
sistor’s temperature does. This means
that the meter’s ncedle goes up when
the temperature does. That's basically
all the theory you nced, to understand
how SITRAT works!

For those who desire a little more
insight into this thermometer, notice
that the basce current tlows through R1.
Since R1 is a potentiometer we can set
the transistor’s base current to some
specific value by just turning R1’s knob.
By definition, a transistor's collector
current is just its base current times its
DC current gain, usually abbreviated
BApc. Collector current is equal to the
DC current gain times the base current
plus Iceo, which is the collector cut
off current with the base open. How-
ever, Iceo is negligible in silicon tran-
sistors so we don’t even mention it
here. This means, if we squirt a tiny
current into the transistor’s base, out of
the collector comes Abc times the cur-
rent we squirted into the base.

Inside view of SITRAT.
Note component sim-
plicity. There is ho
need for printed circuit
board here! The ball-
bearing potentiometer
is very classy—but you
can use a regular one
meg pot in this circuit.

101 ELECTRONIC PROJECTS 1981

TEMPERATURE

Buri  moder 750

Let’s supposc we have a transistor
with a DC current gain, at room tem-
peraturc of 100. We apply 10 micro-
amperes to its base. We get 10 micro-
amperes X 100 = 1000 microamperes
— 1 milliamperes at the collector. Let’s
warm the transistor to 100°F. At this
temperature, the current gain has risen
to 110. Collector current is now 10
microamps X 110 = 1100 microamps

1.1 milliamps. These calculations as-
sume base current always remains the
same. In real life, base current will in-
crease due¢ to a temperature increase,
causing an even greater increase in col-
lector current. The base current in-
creases with temperature because the
base-to-cmitter voltage, VBE, decreases
with increasing temperature. The reason
that a decrease in VBE causes an in-
crease in the base current is easy to
visualize. R1 see 9 VBE. As VBE de-
creases, the voltage across R1 increases.

SITRAT

Build this highly accurate
electronic thermometer

As the R1 voltage increases, its current
also increases. The current that flows
through R1 is the same current that
flows through the base. In fact, it is
the base current.

A simple voltage regulator circuit
consists of R3 and zener diode D1. This
voltage regulator provides a constant
voltage source for Q1’s base bias cir-
cuit. Voltage regulation insures that the
battery’s voltage won't affect I and
thus the meter’s current.

Picking The Transistor. You can use
any NPN slicon transistor you find
laying around in SITRAT-—even that
free one that came with that surplus
company’s “bonus pack.” The author
has determined the DC current gain at
room temperature for 10 different tran-
sistors picked at random. The list below
includes two unmarked surplus tran-
sistors.

You may have noticed that the au-
thor chose the transistor with the least
DC current gain to use in his prototype.

 TABLEONE

i E i i Dc i

Transistor ~ Current Gain
. 2N5088 710

HEPS002 110
2N5089 - 625

~ 2N3860 200

- 2N2222A « 153
RS2031 * 167
2N5129 47
20N2897 "85 .

. Surplus “A" 100

‘Surplus “B" A
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SITRAT

The reason he did this is that he found
that when the transistors are placed in
the circuit (see schematic), it appeared
that the lower the current gain, the
more sensitive the thermometer. Since
the author was seeking a relatively
sensitive thermometer he chose the low-
est gain transistor he tested. However,
you can use any transistor you have,
although the author does not recom-
mend those extremely high gain tran-
sistors. say with gains over 500. If the
thermometer docsn’t scem as sensitive
as you would like. just plug a different
transistor into the circuit. If you have
a data sheet available, choose one with
a relatively small Bpc, which is the
DC current gain.

Construction. Because of its extreme
simplicity. the actual construction is a
no-sweat job. Use a 2 lug terminal
strip to mount R2, R3 and DI and use
point-to-point wiring between them and
R1. S1 and MI1. which are all mounted

on the front panel. See line drawing
and the photo. In the parts list, R2 is
listed as a 100K resistor. If you use a
high gain transistor, R2 may have to
be increased to 470K or even 680K.
For details on making the transistor
probe, see line drawings on this and
the next page. First cut a 3-conductor
cable, shown in drawing. Strip away
the outer cable and push spaghetti
sleeving up the three inner leads as
shown. Next, using a heat sink such as
an alligator clip. solder the cable’s wires
to the transistor leads, as in detail.
Make sure you record on a sheet of
paper which wire (usually color coded)
is connected to each lead of the tran-
sistor {emitter, base. collector)—this is
done to avoid any possibility of error
when connecting the probe’s cable to
the rest of the circuit. Next. spray the
bare leads. connections and transistor
with acrylic plastic. After the acrylic
dries, pull up the sleeving over the

SITRAT line drawing
shows simple place-
ment of the few com-
ponents. Cable to the
probe can be almost
any length; no elec-
trical problems to wor-
ry about. A quick kit!

RED
YELLOW

PARTS LIST FOR SITRAT

B1-—9-VDC transistor radio battery

D1—6.8-volt zener diode, V2 watt

M—01-mA panel meter

Q1—any type NPN silicon transistor (see text)

R1-1,000,000-0hm potentiometer

R2—-100,000-ohm, Y4 watt resistor, 10%

R3—150 ohm, ¥ watt resistor, 10%

$1—-SPST switch

Misc.—2 lug terminal strip, an appropriate
length of a 3 conductor cable, spaghetti
sleeving, acrylic plastic spray, E-POX-E
Ribbon or Epoxy Putty, Dry Transfer Let-
tering, graph paper, suitable case, small

NOTE: BE SURE TO MARK DOWN WHICH
WIRE IS CONNECTED TO EACH LEAD
OF THE TRANSISTOR. FOR EXAMPLE;

BLACK TO EMITTER

YELLOW

BLACK

RED TO COLLECTOR,YELLOW TO BASE,

plastic pail, good quality thermometer,
wire, solder, hardware, etc.

TRANSISTOR

This is the only tricky
part of SITRAT. Follow
the directions in the
text carefully, and you
will not have a
single bit of trouble.

SOLDER
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connections and leads as shown in the
drawing. To completely waterproof the
probe, take Epoxy Putty or E-POX-E
RIBBON and encasc the transistor
assembly in it. Try to fashion a rcason-
able looking. pointed probe, by using
your fingers. See Figure 8. For that
final, semi-professional touch, wet your
hands and roll the rough-looking probe
between them like dough. You should

be able to fashion a smooth. cvlindrical
probe out of the putty, as in drawing.

This completes the actual construction

Data For Meter Dial. The first step
here is to ‘make like a scientist’ and
take a number of meter readings when
the transistor probe is placed in differ-
ent temperature water baths.

Obtain a small plastic container. You
also will need a fairly accurate ther-
mometer. This thermometer will be kept
submerged in the pail. The pail itself
will be about half filled with water. For
good accuracy. you will have to take
at least 10 difTerent readings. each read-
ing at a different temperature.

Start out with exactly 120°F water.
This can be casily done by first filling
the pail with hot water—say 125-135°F
—and then waiting until it cools to ex-
actly 120°. Be sure you have the probe
in the water for at Jeast a few minutes
before you make any adjustments or
take any readings. Once you have ex-
actly 120° water. set R1 so that the
meter reads exactly .9 milliamperes. If
you wish, place a drop of Plastic Rub-
ber or similar glue at the pot's®shaft so
it can’t be turned by mistake or acci-
dent. Mark this point down as .9 ma
at 120°F. Next, replace the 120° water
with some slightly cooler water. Be sure
you stir the water. After a minute or
two. again take both SITRAT’s and
the thermometer’s readings. Also mark
the information down. Similarly, you
should take at least six more readings at
different temperatures. Make sure each
of the six separate temperatures diifer by
at least 5°F. Another reading should
be taken at the freezing point of water.
To take this reading, empty the bucket
and then half fill it with small ice cubes
or compacted snow. Then. pour cold
water into the bucket until it is about
25 full. Finally, place the probe in the
middle of the bucket and stir the icy
mixture frequently. Wait several min-
utes or until the meter’s necedle stops
moving. Then mark down 32°F and
next to it place the meter’s reading—
for example 32°F @ .3 ma. (Notice
that in Table 2, which is the reading
the author recorded, 32° corresponds to
exactly .32 ma. This is entircly a coin-
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cidence!) You should also take at least
one reading below freezing. To do this,
make a mixture of salt and icc cubes
and place both the probe and thermom-
eter in it. Record both the thermom-
cter’'s and SITRAT’s reading and jot
it down in the table.

Table 2 lists the readings from the
author’s prototype. While the general
appearance of your table should be
similar, your actual readings will differ,
except for the .9 ma at 120°F reading
which should be identical. (Quickie
Quiz: Do you know why this reading
is identical o the author’s and will al-
ways to be the same for all transistors
regardless of DC current gain? HINT:
Read this section over.)

TABLE 2 .
MEASUREMENTS TAKEN WITH
AUTHOR'S PROTOTYPE OF SITRAT

Temperature of -
Water Bath Current
(°F) (milliamperes)
120° .9
108 g 78 e
98 735
91 67 -
85 .63
77 .58
68 el
61 - .48
54 445 -
40 .36
32 .32
’ 9 ] .22
NOTE: This Table is to be used as a
guide ONLY. Your readings will differ,
perhaps substantially.

We have the data. Now what? If we
tried to label a meter’s dial directly
from our data we would have a funny
looking thermometer indeed. Only the
various temperatures measured would
appear on the dial.

A far better way is to obtain a sheet
of graph paper. Then mark the vertical
axis with milliamperes (0, .1, .2
9, 1.0) and the horizontal axis with
temperature measured in degrees Fah-
renheit. See chart below. Now plot the
data points you obtained (as in Table
2) on the graph paper, as in the chart.
Then draw a SMOOTH curve through
the points. To draw this smooth curve
use a ‘french curve’ or if you are care-
ful, you can draw it free hand. Refer
to chart. Notice that this curve has
been extended quite a bit above and
below the known data points. This pro-
cedure enables you to use SITRAT
over a greater range of temperatures
than you actually measured. This pro-
cedure is known as extrapolation.

So now you have a beautiful curve.
What now? If you are acquainted with
curves on graph paper, simply read off
the current readings that correspond to
every temperature that is divisible by
10 ¢e.g. 120, 110, 100, 90 etc.) and
mark the information down in a table.

Photo of probe just
before = encapsulating
in putty. Don’t forget
to use the insulator
sleeves, and spray
with acrylic, as the
text directs you to.

We assume, that you aren’t acquainted
with this technique. For this reason,
we will describe it.

First you should determine the maxi-
num temperature your SITRAT will
measure. To find this ‘maximum’ tem-
perature- draw a horizontal line (this
line is marked (a) in the chart) paral-
lel to the temperature axis starting at
the 1.0 ma marking on the curtent axis.
Determine the point where this line in-
tersects the curve, then draw a straight
line directly down (parallel to the cur-
rent axis). This line is labeled (b) in
the chart. Mark down where this ver-
tical line intersects the temperature axis
—this will be the maximum tempera-
ture your SITRAT will measure. Note
that the author’s prototype can measure
a maximum temperature of 130°F.

Now to find how low a temperature
your SITRAT can measure. Finding
the minimum temperature is a bit sim-
pler. First, make sure you have con-
tinued extrapolating the smooth curve
until it hits the horizontal axis (0 ma
point). Mark down the temperature
where this extrapolated curve hits the
horizontal axis. In the chart, this point
is —SO°F. This is the lowest tempera-
ture your SITRAT can measure and

(Continued on page 114)

Drawing of the probe aiter is has been
coated with the epoxy putty. The idea is
to mold the putty until it is fairly smooth
all around he transistor and leads. Make
sure that there are no holes or openings.

%0 50 60 70 80

TEMPERATURE
°F

NOTE: SMALL NUMBERS
ARE MILLIAMPERES

The dial plate of milliammeter, converted
to degrees Fahrenheit. Of all the aspects of
assembling SITRAT, this is the most time
consuming, since you will have to cali-
brate dial according to your own specific
components. Follow text with real care!
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This is the graph that you will need to calibrate the temperature reading meter scale.
Make a couple of trial runs on graph paper until you get the knack of drawing smoothly.

# DATA POINTS
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Calculator
Power

Supply

Build this handy,
multi-voltage power

source for your calculator. %

|8

e

HEN WAS THE LAST TIME the bat-
Wteries in your calculator went dead?
Perhaps the night before an important
school assignment was due. Or when
you were balancing your bank account
and found out that you would have to
do all of the calculations on paper-
again! Such heartbreaking events can
be frustrating, and take up much of
your valuable time.

Of course, we can do arithmetic
manually or in our heads, but it is
faster and easier to use a calculator. As
one can see, if the batteries are dead
and no external power supply is avail-
able, the calculator is of no value. This
is why the inexpensive power supply
described here will be useful.

Batteries are not cheap. It costs
roughly one dollar for two AA batteries,
or for one 9 volt transistor battery.
Supplying approximately 0.3 watts of
power, a battery will last for about five
hours. This amounts to about one third
of a cent per minute to operate. What
about cost per year? Here is an ex-
ample: Say that someone uses his cal-

AR

TOSHIEBA

culator five minutes per day on the
average for an entire year. Calculating
the battery cost over a year, we discover
that we have spent over $6 for batteries.
Six dollars could buy another calculator
or pay for part (or all) of the power
supply. The cost of batteries may seem
trivial, but by eliminating the nced for
batteries, money is saved.

The power supply described in this
article, will save money, and it can be
used to power other devices. Cost of
the power supply will run from five to

Tl gl
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N
D2
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€1—2,000uF capacitor

D1, D2—1N4001 diode rectifiers
D3—9-volt zener diode

Q1—NPN 2N1893 or similar
R1-—-200-0hm resistor
R2—-43,000-ohm resistor
R3—25,000-0hm resistor

PARTS LIST FOR CALCULATOR POWER SUPPLY

R4—10,000-0hm resistor
T1—12-volt center tapped transformer, 200mA
Ul-741 Op Amp IC

Misc.—22-gauge wire, adaptor case, IC socket,
4-40 machine screws and nuts, heat sink
and P.C. board.
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fifteen dollars depending on cost and
availability of parts. In fact, the calcu-
lator supply could be made completely
from parts found in your junk box!

Ratings. The design of the power
supply is flexible. You can change the
design to fit your needs more fully; for
example, different voltage outputs, cur-
rent, regulation, etc. The prototype has
the following ratings:

1. 3 volt regulated output

2. 9 volt regulated output (via Jump-

er 1)

3. Maximum

150mA

4. Uses a transformer, from an adap-

tor, that has this approximate rat-
ing: 12 volt @ 200mA

As mentioned before, you can alter
these ratings to fit your needs. The
phototype will regulate to at least ten
percent or better. Its zener diode has a
zener break down of about 9 volts.

Before building your power supply,
define what it's going to be used for;
i.e,, the calculators voltage and ampere
ratings. Another good question; is the
transformer available, at reasonable
cost. Once these questions are answered,
it is time to proceed to the design and
construction of your power supply.

Theory. Basically this power supply
is a simple voltage regulator with a
filtered and rectified input of about
twelve volts. The block diagram in Fig.
1, gives a clear picture of how the
circuits interact.

The transformer that will be used,
should have a voltage rating of at least
three to four volts higher than the regu-
lated output voltage. The voltage output
of the transformer is dependent on the
load current. If the transformer has a
high output current rating, the output
voltage will be higher. Remember, rip-
ple may play a part in how you choose
your transformer. The current rating of
the transformer should be at least fif-

(Continued on page 118)

current output of

The Calculator Power Supply is designed so
that the circuitry can be mounted flexibly.
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OSCAR,
The Audio Freak

A handy audio oscillator for the electronics hobbyist

here’s nothing quite as useful as an
Taudio oscillator for testing defective
audio or amplifier circuits. An audible
signal, or the lack thereof, is proof posi-
tive as to whether or not a circuit is
behaving as it should. Unfortunately, a
good, stable variable oscillator can run
into hundreds of dollars—far more than
all but the wealthiest hobbyist can af-
ford to spend.

Oscar is an inexpensive, easy-to-build
oscillator with a frequency range from
30-Hz all the way up to 25-kHz and
an almost flat response over the whole
range. It uses a unique circuit: a Wien
network with a photocell and 1.5-volt
bulb coupled to maintain frequency sta-
bility. A compact unit (ours fits easily
into a 53%-inch by 4-inch by 2-inch
box) Oscar will drive into a low im-
pedance load, and is powered by a 9-
volt transistor radio battery. Those parts
that you don’t have in your junk box
can be found at the local Radio Shack
or other well-stocked electronics sup-
ply house convenient to you.

Easy Assemply. Assembling Oscar
is quite simple. All of the components
—except for the variable potentiom-
eters R2a, R2b and R3, the switch,
LED and 9-volt battery—are mounted
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on an etched PC board. Our Oscar
is rather fancy, mounted in a two-
toned enameled aluminum box with
vents and rubber feet, but any Bud
or other box of approximately 6-inch
by 4-inch. by 2-inch dimensions will
serve as a housing.

Oscar’s heart is a Radio Shack
LM386 low-voltage audio amplifier, an
IC “bug” giving 20dB of gain without
external components. Amplifier output
feeds directly into a Wien network
which determines the output frequency.
From there the signal is fed back into
the positive input of the amplifier.
The 150-kohm resistor (R6) is series
with the input serves two purposes: it
reduces the signal from the Wien net-
work to the amplifier input to a satis-
factory level. And, together with the
input impedance to the amplifier, it
provides an impedance which doesn’t
affect the audio frequency determined
by the Wien network components. The
oscillator’s frequency is varied by
changing the setting of the ganged po-
tentiometers R2a, R2b.

The 5,000-ohm switched variable po-
tentiometer serves as an ON-OFF
switch in the circuit and volume
adjustment control.

Thus far we have listed the com-
ponents for a pretty straightforward
amplifier circuit. The following com-
ponents—a photocell (R4), 1.5-volt
bulb (L1) and a 100,000-ohm preset
linear potentiometer are what make for
Oscar’s uniqueness.

Circuit Theory. The photocéll (R4)
is a Radio Shack RS 276-116 or equiv-
alent, with a 5-megohm to 100-ohm re-
sistance range. It will be coupled to a
Radio Shack 1.5-volt at 15ma. minia-
ture bulb. The theory behind this cir-
cuit is that the light output of a bulb
filament varies proportionately to ap-
plied voltage. The light output from
this bulb is closely coupled to the
photocell, the resistance of which var-
ies in proportion to the light shining on
it. This circuit ensures that, with proper
setting of R1, the output of the oscilla-
tor is held constant over its entire fre-
quency range, despite frequency gain
variations in either the amplifier or
Wien network.

The capacitor C5 blocks DC from
getting to the photocell, and C6 blocks
DC from the output. The LED lets you
know that the oscillator is running.

The thermal time constant of the
bulb filament is sufficient to prevent
the light output from “following” the
waveform output, except at the lowest
frequencies. And, if R1 is carefully set,
the circuit will be stable even at the
lowest frequencies.

Make it Light-Tight. The only tricky
spot in assembing Oscar is making
the bulb/photocell unit. While the
sketch should make this procedure
clear, there are several points worth
stressing.. One—the most important—is
that the unit must be absolutely light-
tight when assembled. The fit between
the bulb base and sealing grommet,
and of the heat-shrinkable tubing over
the entire assembly, is critical. Also, the
tip of the bulb should just clear the
surface of the photocell. The whole as-
sembly then mounts on the PC board,
supported on the photocell leads.

This photo shows the soldering connections
at the rear of OSCAR’s front cabinet panel.
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OSCAR

While there are very few compo-
nents on the PC board, it is necessary
to pay close attention to the mounting
and placement of these. Make sure that
the polarities of the electrolytic capaci-
tors are correct and that the amplifier
IC “bug” is the right way around.

The PC board itself should be raised
Ya-inch or so above the bottom of the
housing to prevent the soldered joints
from shorting. This can be done by
drilling two pieces of squared-off plastic
to pass the shafts of the bolts attaching
the PC board to the housing.

The frequency adjusting potentiom-
eters R2a, R2b should be wired so
that rotating the shafts clockwise RE-
DUCES the resistance in the circuit.
Reducing the resistance causes the os-
cillator frequency to rise in accordance
with the formula:

T
= 27RC

where R = R2+R3 and C =Cl or C2,
as selected by the range switch S1.

Turning it on. At this point Oscar
is just about ready to be buttoned up
and turned on. The final step is turning
the center rotor of R1 all the way to
ground. Now connect the battery, put
the top cover on, attach a pair of 1000-
ohm or greater headphones and turn
Oscar on.

With S1 on the upper frequency
range, turn the ganged pots R2a, R2b
all the way counterclockwise for maxi-
mum resistance in the circuit. A sound
—a distorted 600-Hz—should be heard
in the headphones.

Let Oscar run for a minute or so to
condition the photocell to the light.
Now adjust R1 until the distortion just
disappears. Anh oscilloscope makes this
easier: adjust R1 for an output wave-
form that is just short of clipping.

To make life easier for yourself, re-
member to drill a ¥-inch hole in the
oscillator housing opposite the center
rotor of R1 to allow a screwdriver
blade access for adjustments.

Vary the output frequency by turn-
ing the ganged potentiometers R2a,
R2b. Turn to the upper end of the fre-
quency range—25-kHz, well beyond
your hearing range—and allow a few
seconds for the oscillator to stabilize
there. Turn back to the audible signal
range to make sure that the circuit is
still oscillating. If it’s not, turn R1 care-
fully towards ground until the oscilla-
tion starts up again.

Now that the upper frequency range
is adjusted, switch to the lower range.
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This is the circuit board template, appearing here in its exact size. For those who
feel that their skills are not up to board etching, there is a complete kit listed below.
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The parts placement is such that hearly any available cabinet which can easily hold the
PC board is suitable for OSCAR. This cabinet leaves plenty of room for all components.

RUBBER LAMP

GROMMET \ LEADS
HEAT
SHRINKABI_E
TUBING

SHOTO

RESISTOR I[ PHOTO

LEADS RESISTOR

NOTE : GROMMET AND HEAT
SHRINKABLE TUBING
MUST BE BLACK.

Trace this exact size oscillator range dia-
gram or cut it out and use on the face of
the oscillator. It is calibrated exactly
for the dual frequency ranges available.

It is very important that the photocell and
bulb tandem arrangement be light free.
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This foil side down parts overlay shows the exact placement of all the components on
the circuit board. Care is required in soldering and placing components with precision.
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PARTS LIST FOR OSCAR
R4—Photoresistor, 5-megohm tc 100-ohm

B1—9-volt transistor radio battery
€1, C3—0.47-uF, 50-VDC capacitor

€2, €4—0.022-uF, 50-VDC capacitor
C5—-200-uF, 16-VDC electrolytic capacitor
C6—100-uF, 4-VDC electrolytic capacitor

€7—-0.1-uF ceramic capacitor
J1—Shielded phono jack (Radio Shack 274-346

or equivalent)

L1—Miniature bulb, 1.5-volt 15-mA
LED1—Smatl red Light Emitting Diode
R1-100,000-ohm linear preset potentiometer
for PC board mounting
R2a, R2b—10,000-ohm linear ganged potenti-

ometers

R3/582—-5,000-ohm linear potentiometer with

ON-OFF switch

range (Radio Shack 276-116 or equiv.)
R5—120-ohm, Ya-watt resistor
R6—150,000-0hm Ya-watt resistor
R7, R8—220-0hm, Va-watt resistor
R9—680-ohm, Ya-watt resistor

R10-470-0ohm, Ys-watt resistor

$1—DPDT slide switch

U1—LM 386 Op amp Integrated Circuit (Radio
Shack 276-1731 or equiv.)

MISC.—Box, PC board, 2 l-inch roundhead
machine screws with nuts and washers, IC
socket (8-pin), 9-volt battery clips, wire,
knobs, sheet metal screws and assorted

hardware as needed.

A complete parts kit (less case) is available from Niccum Electronics, Rte. 3 Box 2718, Stroud OK,
74079, for $18.50. For the pre-etched, drilled and labeled PC board alone send $5.50. A drllled
and labeled case is available for $7.00. Please incude $1.50. for postage and handling
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At the bottom end, about 30-Hz, the
frequency amplitude may vary at a very
stow rate. If that is the case, give the
circuit a little more negative amplitude
by turning R1 up slightly from ground.
Some experimentation with R1 settings
should yield a compromise position giv-
ing the best overall performance for
both frequency ranges. When this is
attained. the oscillator output should
be constant within *=1dB over the
whole frequency range.

Troubleshooting Oscar. If this out-
put stability cannot be achieved, the
ganged potentiometer R2a, R2b is prob-
ably at fault. The cheaper varieties
track poorly; some may have worse
than a 509, difference between the
tracks in places. Before throwing out
the old one and replacing it, try swap-
ping the R2a and R2b leads around to
see if this improves performance.

If the output frequency response is
still unsatisfactory, change the 120,000-
ohm resistor (RS) in series with the
bulb one value up or down. Readjust
R1 as before.

While you were making all those ad-
justments in the lower frequency range
the LED should have been winking
away at you. This indicates that the
oscillator is running and that it has
stabilized after a frequency change.
You will notice that, in the upper range,
the LED stays on steadily. This is be-
cause the human eye can’t assimilate
light oscillations above a certain fre-
quency, so the high-speed flashings ap-
pear as a steady light.

Oscar is somewhat sensitive to varia-
tions in voltage, especially to low volt-
age. Serious clipping will result if the
voltage drops below eight volts, but the
oscillator will operate at up to 14 volts
with only an adjustment of R1. If left
with the power off for long periods of
time, the R1 setting will probably have
to be adjusted.

Oscar is a handy piece of test equip-
ment well within the budget and build-
ing capabilities of any electronics hob-
byist. It’s a natural for shooting a signal
into misbehaving audio or amplifier cir-
cuits: just attach a probe or even two
leads to the output jack and you're
ready to delve into the innards of re-
calcitrant circuits.

Other possible—and somewhat more
farfetched—uses for Oscar are: as an
audiometer, offering the bored hobbyist
a hearing test at the bench; or, hooked
to a high-powered amplifier and speak-
er, as a device to scare crows off the
backyard garden patch.

Usefulness, low cost and ease of as-
sembly makes Oscar both an interesting
project and a welcome addition to any
hobbyist’s workbench. ]
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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 wam the 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”

N 1
M——o/'o——
81

B1—9-volt battery, Burgess 2U6 or equivalent

C1, C4-2.2-47-uF, 10-VDC electrolytic ca-
pacitor (see text)

€2, €3-0.1-uF Mylar capacitor, rated 10-VDC
or higher

J1, J2—3-conductor, Y4-inch phone jack

Q1—NPN transistor (Radio Shack RS-2010, or
equiv.)

Ali resistors 1/10 or 1/4-watt, 10%

R1-22,000-ohm resistor

R2—100,000-ohm audio taper potentionmeter

e Qv & S2
0 [ e
RI RS o
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PARTS LIST FOR SUPERBASS

(see text)
R3—470,000-0hm resistor
R4—47,000-ohm resistor
R5—10,000-ohm resistor
R6—470-ohm resistor
R7—-100,000-0hm resistor
S1—SPST switch (see text)
$2—SPDT push On-push Off switch

Misc.—S-volt battery clip, aluminum cabinet,
screws and other hardware.
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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 1V-inch x 3-inch x 5%-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 1%-inch x 17-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 117)

101 ELECTRONIC PROJECTS 1981



—

HERE 1S 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
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This front view of the PC board shows the
arrangement of 1Cs and the LEDs that read
out the score. “Snake eyes” lights up first.
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An electronic dice game with infinite possibilities

S

0

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 nceded 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 sont to block B, the counter.
This consists of two CD 4017 decimal
decoded counters, cach wired to reset
at a count of six, such that its sequence
is0.1,2,3,4,5,0, 1, etc. The first IC
(U1l) gets its input directly (rom the
block A oscillator, while the sccond
(U2) receives its pulses cvery 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 O 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 ideca of how the
circuit operates. Switch S1 is power on-
off. 82 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.
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DIGI DICE

counting in both Ul and U2 by hold-
ing 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
2Va-inch by 2Y-inch by 4%g¢-inch
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B1 thru B4—1.5 VDC battery

€1—0.05-uF, 50 VDC ceramic disc capacitor

LED1 thru LED 14—light emitting diode rated
20mA@ 1.7 VDC

R1 thru R12—470-0hm, Ys-watt resistor, 10%

R13-—1,000-0hm, Ya-watt resistor, 10%

R14—-10,000-ohm, Ya-watt resistor, 10%

S1_SPST subminiature slide switch

PARTS LIST FOR DIGI DICE

$2—-SPST normally closed pushbutton switch

U1, U2—CD4017 decade counter integrated cir-
cuit

U3-—-74LS04 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 S!1 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, soms more
brightly than others. Releasing the push-
button will force Digi Dice to display
two random values. Repecat 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 sce

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 1623 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
mucli 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

- RI-RI2
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~ 53

K~
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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! n

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-

A T

STATISTICAL BREAKDOWN OF 100 ROLLS

This chart shows how

Face Value Die #1/100 Rolls Die #2/100 Rolls truly random Digi Dice
1 18 1 is, much more so than
2 14 18 old-fashioned“’bones.”
3 18 14 While it may be pos-
4 15 17 sible, we know of no
5 18 16 way to rig Digi Dice.
6 17 19
Totai 100 100
——————————— TP = = — = — —
: I : : The battery pack hold-
| RESET RESET ing the four 1.5 V(')I!
l . [l w7 vz | cells that power Digi
| 1] 4o atl | Dice fits neatly into
| L1 TTT | one of the common
| X | rectangular plastic box-
, o Bocka BLOCK B ] , es which can be found
7 T 7 7 7ITIT1 T — i a variety of shops.
it ST ¥ S | R Styrofoam or a simi-
This diagram shows the IC | | lar material can be
arrangement that lights the l YA used to take up room
LEDs in the random pat- | U%Jf’ | in the box, since the
tern that makes Digi Dice | va | PC board and battery
the exciting game that it | - OL IHO | pack aren’t likely to
is. Possibly some devious | |coo-LEDS+o000 | fill the entire box.
individual will figure out | AR o |

a way to load Digi Dice.
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ing irons too near
to the chips. Digi
Dice is a project to
gladden a gambler.
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TELECHIRP

Make your home an
aviary with this new
telephone ringer.

N EXTRA RINGER in the bedroom or

living room is always a good idea
but the thought of waking up to a
klaxon or having guests jolted out of
their seats by a clanging bell is a bit too
much for anyone.

However, if you would like a peace-
ful way to announce that your phone
is ringing, use Telechirp. This device
produces a low level chirp (or warble)
instead of a clang or bong.

Easy To Build. The Telechirp is a
simple device requiring few compon-
ents and is easy to piece together. It is
powered by the ringing signal of your
telephone.

Electronic buzzer BU1 will produce a
high frequency whistle (approximately 5
kHz) when 2-12 volts DC is applied to
its wires. Normally, the output of the
buzzer is a continuous tone because
the applied voltage is continuous (DC).
As used in the Telechirp, however, the
buzzer chirps in step with the 20 Hz
ringing current.

The 20 Hz ringing current passes
through capacitor C1 to the diode
bridgeé consisting of D1-D4. Partial fil-
tering of the bridge’s output is pro-
vided by C2. The resultant pulsating
DC is applied to the buzzer, producing
a high frequency chirp each time the
phone rings.

All components are critical. Any
change in values produces improper
operation. Make only those chariges or
substitutions we specify. A silicon recti-
fier or full-wave bridge rated 200 PIV
or higher can be substituted for D1-D4.

While the PIV can be lower, 200
PIV provides a good safety margin.
For most applications C1 should be a
.1 uF Mylar capacitor rated 500 VDC.
(Again, a lower rated capacitor of 100
VDC could be used but 500 VDC pro-
vides greater protection.)

If C1 is made larger, say 0.47 uF,
the output of the buzzer will be louder
but you will also get kickback, meaning
the buzzer will pulse in step with the
telephone dial’s pulses. If your phone
has Touch-Tone® dialing, kickback is
not a problem, but line static might
cause the buzzer to tick.

Capacitor C2 is also critical. If made
larger than 10 gF, it will produce a
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smooth, non-pulsating, DC and the
output of the buzzer will be a con-
tinuous high frequency tone, which is
not an attention-getter. If C2 {s smaller
than 10 mF there will be too much AC
and the buzzer will tick instead of
chirp; a nice sound but not loud enough
for general use.

The Telechirp can be connected to
your telephone circuit with ordinary
zip-cord or speaker wire.

Telephone circuits do vary. Keep in
mind that Telechirp is intended for a
quiet location, but if the chirp pro-

duced by your telephone’s ringing sig-
nal is too low, connect capacitor Cx,
0.05 uF disc, across C1.

The Telechirp can be used as a quiet
warning that someone is dialing out on
the phone circuit. If capacitor Cx is
raised to 0.1 or 0.2 mF, the device will
produce chirps in step with the dial
pulsations each time someone dials out.
(It works with rotary dial telephones.)
The total value of capacitors C1 and
Cx should never exceed 0.47 mF, nor
should the value of R1 be changed by
more than 10%. a

To make Telechirp, it
doesn’t take a lot of
parts or a PC board.
Just hook up the few
parts with a terminal
strip and Telechirp will
sing away. Be very
careful when you put
together the diode
bride. Make sure the
diodes are properly
polarized.

TO TELEPHONE
CIRCUIT
NO POLARITY

BU1—solid state buzzer, Radio Shack 273-060
C1—0.1-uF, 500 VDC mylar capacitor
C2—10-uF, 25-VDC electrolytic capacitor
Cx—see text

D1-D4—silicon diodes on small silicon recti-

PARTS LIST FOR TELECHIRP

D2

3
c2 BU I
1OuF

fier rated 200 PIV
R1—1500-0hm, Y2-watt, 10% resistor

Misc.—cabinet, terminal strip, wire, solder,
hardware, etc.
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HE MONEY spent on heating and cool-
Ting your home represents your larg-
est energy expenditure. As you are well
aware, this cost can easily amount to
over $1000 a year at today’s prices for
energy. With the dramatic increase in
energy costs, it behooves everyone to
do everything possible to reduce his
energy consumnption. This will help re-
duce oil imports, while keeping your
personal expenses as low as possible.

Many of our utility companies are
instituting a program of energy surveys
for homeowners to pinpoint the various
sources of cnergy loss in our homes.
One way this is done is to pressurize
the home under test with an air blower
and use smoke generators to detect the
passage of air from within the home to
the outside. These passageways repre-
sent points of heat loss (or gain) in
winter and summer.

With the help of Heat Loss Sentry
you can perform the same tests for
heat loss, using not smoke as the de-
tecting mechanism but temperature
change. These tests can be made in
winter or summer. All that is required
is a temperature difference between the
inside and outside of your home.

Heat Loss Sentry is a low cost quality:

instrument, sensitive enough to detect
changes in temperature as low as one
degree Fahrénheit. It is self contained
in a small cabinet and powered by a
readily available 9 volt transistor radio
battery which provides many hours of
operation. An easy to construct, probe
contains a temperature sensing device
used to locate sources of air leaks
throughout the home. A built-in bat-
tery monitor circuit in the instrument
alerts the user when the battery is near
the end of its useful life. Although
Heat Loss Sentry has been designed as
a heat loss detector, it is accurate
enough for use as a thermometer over
its range of 20 degrees Fahrenheit.
Circuit Theory. Heat Loss Sentry has
been made possible by the development

Looking inside a Heat
Loss Sentry. There’s
plenty of room for the
nine volt transistor
battery, as well as for
the components. Note
series of wires coming
from pads “A” to “I.”
The wiring is discussed
in detail in the text.

EGREES
F AHRENHEIT

®
LOW BATTERY

Heat Loss
Sentry

locate home heating
losses and
reduce your energy costs

of an accurate low cost temperature
sensor integrated circuit, LM335. This
is a three terminal IC, designed to look
like a 3 volt zener diode with an ac-

1
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curate temperature coefficient of 10 mil-
livolts per degree Kelvin. (The Kelvin
temperature scale is identical to the
more familiar centigrade or Celsius
scale with zero degrees Kelvin equal to
—273° C, or absolute zero.) The IC
can be accurately calibrated to any de-
sired temperature. Typically, the
LLM335 will provide one degree C ac-
curacy over its entire operating range
when it’s calibrated at any temperature.

Refer to the scematic diagram. Ul
and U2 are each an LM 335 IC, con-
nected in a differential amplifier cir-
cuit to detect a temperature difference
between these two devices. Ul is
mounted in a probe assembly, used to
detect temperature changes, and U2 is
contained in the instrument cabinet and
acts as the reference. The adjustment
lead of U2 is connected to a potenti-
ometer (not panel mounted) so the
meter reading can be set to center scale.

In energy leak detection, center scale
becomes the nominal or average tem-
perature being measured.

When Heat Loss Sentry is calibrated
to center scale, the voltage across U2 is
adjusted to be sufficiently below the
voltage of Ul so that the output voltage
of operational amplifier U3A drives
the meter to center scale. Since U3A
has an accurate gain of 18 determined
by the ratio of resistors R6 and RS, the
10 millivolt per degree Kelvin sensi-
tivity of Ul is amplified to 180 milli-
volts per degree Kelvin. This is equiva-
lent to 100 millivolts per degree Fahren-
heit. Resistors R7 and R8 are multiplier
resistors which convert the one milli-
ampere meter movement to a voltmeter
of 2 volts full scale. This provides a
total meter range of 20 degrees Fahren-
heit, or a relative scale of =10 degrees
with zero at center scale. Once cali-
brated to center scale, placing the sensor
probe in any environment with a dif-
ferent temperature, will produce an in-
dication. A meter deflection downward
occurs for colder temperatures, and an
upward deflection occurs for warmer
temperatures. If the total temperature
change is 10 degrees or less, the actual
differential can be read directly from
the meter scale.

IC U3B is operated as a voltage com-
parator to constantly monitor battery
voltage when the instrument is oper-
ating. This is accomplished by feeding
a reference voltage across zener diode
DI1-to the positive input of U3B. A
portion of the battery voltage is fed to
the negative input of U3B. Voltage
from a new battery is sufficient to de-
velop a higher voltage at pin 9 of U3B
than the DI reference voltage. As a
result, the U3B output is at zero poten-
tial and LED 1 is extinguished. As bat-
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Heat Loss Sentry

tery voltage decreases a point is reached
when voltage at pin 10 of U3B exceeds
pin 9 voltage. This results in U3B out-
put rising to battery potential, and il-
luminating LED 1. The user is thus
alerted that the battery is near the end
of its useful life and should be replaced.

Construction. The entire circuit, with
the exception of the sensing probe anc
front panel components, is contained
on a printed circuit board. On other
page is a full size illustration of the foil
layout as seen from the copper side of
the board. On page also is the compon-
ent side, showing the parts layout. The
printed circuit board has been designed
to mount directly on the back of the
meter, using the meter screws for both
mechanical and electrical assembly. Be-
fore constructing your printed circuit
board, take into account the center to
center distance of the studs of the
meter, if you decide to use a different
one milliampere movement than that
specified in the parts list.

It is recommended that you use a
socket for U3, rather than soldering it
directly into the printed circuit board.
This will permit ease of service should
it ever be required. Be sure that the
orientation of U3 is correct. Pin 1 of
U3 is clearly marked on the parts lay-
out and foil layout by a small dot. The
same precautions hold for U2, the
diodes, and electrolytic capacitor. These
parts are polarized and must be placed
into the circuit in the proper direction.
A bottom view of Ul and U2 is seen
on the schematic diagram.

Connections between the printed cir-
cuit board and external components
are made through a series of pads
marked with letters A through I. These
connections are clearly shown on the
schematic diagram. It is best to use
wires of different colors to help pre-
vent wrong connections. The sensing
probe is connected to terminals A and
B of the printed circuit board. Make
this connection with a convenient length

B1-—9-VDC transistor alkaline battery
G1-—10-4F, 15-VDC electrolytic capacitor
D1—4.7-volt zener diode, IN5230 or similar
LED1 —red LED

M1-—0-1-mA, DC meter

10% unless otherwise noted)
R2--8,200-0hm, Ya-watt resistor

R4—15,000-0hm, Va-watt résistor
R5—15,000-0hm, Ya-watt resistor
R6—270,000-0hm, Ya-watt resistor
R7—2,000-0hm, Ya-wat resistor, 5%

R1-8,200-0hm, Ya-watt resistor (all resistors

R3--50,000-0hm potentiometer, panel mounted

Sl
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PARTS LIST FOR HEAT LOSS SENTRY

R8—39,000-ohm, Ya-watt resistor

R9—-2,200-ohm, Ya-watt resistor

R10—-27,000-ohm, Ya-watt resistor

R11-39,000-ohm, Ya-watt resistor

R12—470-chm, Va-watt resistor

$1-SPST toggle switch

U1, 2-LM335 temperature sensor, National
Semiconductor or equivalent

U3—LM324 operational amplifier, Nationai
Semiconductor or equivalent

Misc.—Cabinet, GC Electronics H4-726 or
similar, wire, solder, battery clip, etc.
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of flexible shielded wire. Maintain the
correct polarity when connecting Ul.
The shield connection of the cable
should be tied to the negative lead of
Ul, and to terminal B of the printed
circuit board. Feed the probe cable
through a front panel grommet.

Power to operate the circuit is ob-
tained from a 9 volt transistor radio
battery, mounted directly to the printed
circuit board. Connect the battery to
the circuit with a battery clip made for
this purpose. The layout easily pro-
vides room on the board for this. The
battery can be secured to the board with
a homemade clamp constructed from a
piece of sheet copper, or by any other
means you care to use. The parts list
specifies a normally open, spring return,
power switch. This was chosen to pre-
vent the unit from being left on when
not in use, and depleting the battery.

LED 1 is mounted on the front panel
of the instrument using a small amount
of epoxy. Use a pair of different colored
wires to make the connections between
the LED and printed circuit, and be
careful not to bend the stiff leads of the
LED where they enter the plastic body.
This might render the LED defective.

Refer to the illustration of a typical
probe assembly. If available, you may
use a short piece of plastic or synthane
tubing for the probe. You can even
construct a probe from a piece of wood
doweling. It is not recommended to use
metal tubing for the probe, since the
heat conduction from your hand may
affect the temperature sensing perform-
ance of the sensor, Ul.

Connect the shielded wire to Ul,
using the 4+ and — terminals of the IC
as shown on the schematic diagram.
The adjustment terminal of Ul is not
used. Insulate the connections carefully,
and insert the IC and wire into the
probe. Secure the IC and wire inside
the probe with epoxy or silicon rubber
compound. Allow part of the case of
Ul to protrude outside the probe so
that it is more sensitive to temperature
change. Allow the assembly to harden
before placing it in use.

For a professional looking instru-
ment, you can use the meter scale
shown which fits the meter specified in
the parts list, as well as others. The
existing meter scale can easily be re-
moved by prying the plastic cover off
the meter and removing two small
screws. Be careful not to disturb the
delicate needle. Paste the new scale on
the back side of the meter scale, and
reassemble it into the meter.

Checkout and Use. When the unit is
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fully wired, check for wiring errors.
Then, connect a 9 volt transistor battery
to the power input terminals. Activate
the power switch and rotate the zero
adjust control over its full range. You
should be able to adjust the meter read-
ing from zero to full scale, with some
extra range left in the potentiometer.
Set the control so that the meter. reads
half scale. While holding the power
control on, place your fingers over the
sensing tip of thé probe. The meter
reading should increase to beyond full
scale. If the unit performs as specified,
it is operating properly.

You may wish to check the Low Bat-
tery indicator circuit to determine if it
is operating properly. To do this, you
must substitute a variable voltage DC
supply for the battery. Set the supply to
9 volts and connect it to the power
input terminals observing correct po-

larity. Turn the power switch of Heat
Loss Sentry on, and observe the Low
Battery indicator as the power supply
voltage is reduced. The Low Battery in-
dicator should become illuminated as
the power supply voltage approaches
approximately 62 volts. Due to varia-
tions in zener diodes, you may wish to
change the value of R11, if necessary,
so that the LED lights at approxi-
mately 6.5 volts battery voltage. Once
this is done, the checkout of the in-
strument is complete. Reconnect the
battery to the instrument.

When Heat Loss Sentry is operated,
you may notice that the Low Battery
indicator blinks as the power is turned
on and off. This is a normal reaction,
which occurs as the circuit voltage
passes from zero to battery voltage
then back to zero.

To operate, hold the power switch

on and adjust the meter to center scale.
Holding the probe, search out any area
where you suspect an air leak between
inside and outside of your home. The
meter will give an immediate indication
if there is a change in temperature. In
the case of very small leaks, allow
sufficient time for the unit to react. This
may take several seconds. Once a
change of temperature has been de-
tected, it is best to remove the probe
from the leak and allow its tempera-
ture to stabilize to room temperature
before searching out another leak. It
takes a few minutes to familiarize your-
self with this instrument.

Another interesting use for this de-
vice is in troubleshooting defective elec-
tronic circuits. When the probe is held
close to defective ICs, resistors, etc. a
higher than normal temperature will be
indicated. [

This is the foil side down view of Heat Loss Sentry’s
PC board. Care must be exercised in etching board.

Sl

of the heat sensing

|
j To the left is a drawing
! probe. Follow the set-
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up closely, and use the
glue! At right is an ex-
act size drawing of the
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meter face. Cut it out
and paste it right on.

The foil side up diagram illustrates parts placement on the top of
the PC board. Heat Loss Sentry requires relatively few components.
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101. Add-A-Tweeter corieiron s

[J Any single-voice coil speaker is
hard pressed to handle both low and
high frequencies simultaneously—and
it’s the highs that suffer most. A
much cleaner sound can usually be
obtained from speakers 6 inches or
larger if the highs are pumped
through a tweeter. It can be any small
speaker rated 4 to 6 ohms of approx-
imately 2 to 3 inches in diameter.
The back-to-back capacitors, Cl1
and C2, permit only the highs from
about 1500 Hz up to pass into the
tweeter. By keeping the lows out of
the tweeter, the highs come out clean-

PARTS LIST FOR
ADD-A-TWEETER

C1, C2—-22-uF electrolytic
capacitor, 50 VDC

R1-50-chm wirebound
potentiometer, 1 or 2 watts.

Misc.—Cone type tweeters are suitable for use with this circuit.

TO EXISTING
AMP WOOFER

Rl + ( ) +
e Ct c2 NEW
25uF  25uF TWEETER

er, and there’s no chance of the great-
er low frequency power “blowing”
the tweeter. Potentiometer R1 is used
to match the tweeter’s output level
to that of the woofer—because small

speakers are generally much more
efficient than large speakers. If you
eliminate R1, the highs will literally
scream in your ears. ]

Sitrat
(Continued from page 101)

corresponds to 0 ma on your meter.
When your SITRAT is complete, you
will have labeled the 1.0 ma mark on
the meter’s dial with the maximum
temperature and the O ma point with
the minimum temperature.

Next, draw a vertical line directly up
from the temperature axis at the 110°
mark. This line is labeled (c) on the
chart. Determine the point on the curve
this line meets, then draw a horizontal
line (1abeled d) to the current axis and
make a note of the current reading.
The author marked this point as .82 ma
at 110°F. He did the same for the fol-
lowing temperatures; 100, 90, 80, 70,
60, 50, 40, 30, 20, 10, 0, —10, 20,
—30 and the minimum temperature
(—50). All the information is given in
Table 3. The reader should construct a
table similar to Table 3. However, the
exact numbers will differ (except for
the 120°F, .9 ma point) from Table 3.
This is due to the fact that no two
transistors (even two 2N5129) have
exactly the same characteristics.

Alternative Method. If graphs and
curves aren’t your bag, you can still
build SITRAT. All you have to do is
take measurements at exactly 10 de-
gree intervals. While this isn’t easy, it
can be done. Your table should be
similar to Table 3, although it probably
won’t go much below 10°F because of
the difficulty of easily obtaining tem-
peratures below this value.

Drawing The Meter's Dial. After you
construct the final table (which should
be similar to the author’s Table 3), the
final step is to label the meter’s dial
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TABLE 3
Temperature Current
(°F) (milliamperes)
130°F (Max.) 1.0ma
120 9
110 .82
100 .74
90 .67
80 .60
70 .54
60 475
50 .42
40 .365
32 .32
30 31
20 .265
10 .22
0 .18
-10 .145
-20 11
-30 .07
—50 (Min.) .00

NOTE: Table 3 was derived by the au-
thor from measurements taken with his
prototype of SITRAT. Your Table will be
similar, although it will differ in actual
readings as well as the minimum and max-
imum temperature.

plate. Remove the meter’s clear face-
plate. For meter’s with plastic face-
plates, this is done by gently prying it
off with your fingers. Better meters
have two small screws holding it in
place. Use a pencil eraser and remove
the ‘D.C. MILLIAMPERES’ label as
well as all numbers.

Applications. This thermometer has
many applications. Remote-reading out-
door thermometer and freezer ther-
mometer are just a few of the possibili-
ties. To catch lots of fish, find the spe-
cies water temperature. Drop the probe
to the water depth indicating that tem-
perature. Then, drop your fishing line
to the same depth. While the author
hasn’t tested SITRAT for cable’s longer

than 15 feet, the reader should experi-
ence no problem with very long cables.

Final Comments. Your SITRAT is
unique. No one has another one ex-
actly like it. The reason for this should
be obvious now. The transistor you used
is one of a kind. The higher the tran-
sistor gain, the less sensitive your SIT-
RAT will be. However, this isn’t neces-
sarily bad. The less sensitive your
SITRAT the greater the range of tem-
peratures it will measure.

Your SITRAT’s accuracy depends
upon how carefully you labelled the
meter’s dial plate. The quality of panel
meter you use is also a factor. SIT-
RAT’s accuracy is diminished at bitter
cold temperatures; below about —20°F.

While SITRAT is about as cheap an
electronic thermometer it is possible to
build, you actually substitute your time
for dollars. There is no such a thing as
a free lunch. However, most of the
time used in completing SITRAT is
fun time. You will soon dream up
applications that the author has never
even thought of. ]

“You know, by the time you
finish this thing, they probably
won’t make the tubes for it
anymore.”
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LITERATURE

403. PAIA 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-
circuit 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 projects.

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. s 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 Comrputing'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, iIn
its catalog of Industriai and hobby products. The
60-page book (80-36N) is available now.

409. Connecticut MicroComputer Inc., has issued
a new catalcg describing their computer interfaces
for PET, APPLE, TRS-80, KiM and others as well
as data acquisition modules and accessories in-
cluding a variety of connectors.

389. You can’'t buy a bargain unless you know
about itl Fair Radlo Sales' latest electronics sur-
plus catalog is packed with government and com-
mercial buys.

388. SWLs need Gilfer'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.

384. B&K Precision has issued BK-81, a test in-
strument catalog featuring over 50 products includ-
ing oscilloscopes, frequency counters, digital and
analog multimeters and accessories.

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. Radlo 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 1l as well
as the Model | are included.

386. If you're looking for books on computers, cal-
culators, and games, then get BITS, /nc. catalog, It
includes novel items.
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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-Galn 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, controliers
and test Instruments has just come out.

382. Buys by the dozens in Long's Eiectronics super
""Ham Radio Buyer's Guide."” Good reading |f
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 1Cs, or special solld-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. Meshne, 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.

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 Inciuded.

320. Edmund Scientific's catalog contains over 4500
products that embrace many sciences and flelds.
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.
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Please arrange to have the literature whose numbers | have circled below sent to me as
soon as possible. | am enclosing 50¢ tor each group of 10 to cover handling. (No stamps,

300 [] Enter my subscription to SCIENCE & ELECTRONICS for 6 issues at $4.98.
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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
Il Computer has just been issued by Charies Mann
& Associates. The booklet contains business ac-
counting, accounts receivable, inventory, BASIC
teaching and other special purpose business appti-
cations,

359. Electronics Book Club has literature on how to
get up to 3 electronics books (retailing at $58.70)
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 thelr new eight-page
color catalog. The PanaVise system uses a series
of interchangeable base mounts and accessories to
accommodate a variety of applications.

404. Spectronics, Inc. offers a complete line of
equipment for the shortwave listener. Thelr 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. Both
are valuable items for the electronics hobbylst
working with conductive metals.

410. Howard W. Sams book publishers have started
publishing personal computer software. Many of
their programs are related to electronics construc-
tion. Send for brochure.

407. Poly Paks Inc. carries a diversified line of
electronic equipment at bargain prices. They
cover computer products, electronic games, tools
for the hobbylst and professional, and much more.
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ADDITIONAL INCOME

TEN Clues to MAGNIFICENT LIVING $5.00, in-
cluding 60% dealership. Commonsense Books, Box
287-D3, Redford, MA 01730.

BUSINESS OPPORTUNITIES—Cont'd

LOANS BY MAIL—Cont'd

1000% Profit Bronzing or Chinakoting Baby Shoes.
Free Exciting Detalls: NBC, Box 1%304-DB, Sebring,
FL 33870.

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. SMP, 84
Fifth Avenue, New York 10011.

POOR Credit? Enjoy AAA Credit in 30 days. No
investigation. Any credit card. Free details. Research
2CCIO, 1101 Park Ave., Garner, NC 27529.

FANTASTIC $9 Profits! Each $10 Sale. Mail Com-
mission Circulars. Detalls: Direne's, Box 4552, El
Paso, TX 79914.

GET cash grants—from Government. (Never repay.
Also, cash loans available. All ages eligible. Complete
mformat.lon, $2 (refundable). Surplus Funds-DG,
1829 K St Washlngton, DC 20006.

THE ARABS HAVE MILLIONS TO LOAN, IN
VEST! $25,000-$10,000,000 Possible! FREE DETAILS'
Arab-DC, 935 Main, Vidor, TX 77632.

$200,000 in 24 hours. . . . No collateral necessary!!!
Write FDC, Box 27447-1, Raleigh, NC 27611.

AVIATION

ANTIGRAVITY PROPULSION DEVICE! Free Bro-
chure. RDA, Box 873, Concord, NC 28025.

BLUEPRINTS, PATTERNS & PLANS

BUILD YOUR OWN SOLAR HOT WATER
HEATER. System designed and tested by SOLAR
ENERGY EXPERT. Detailed plans $14.95. DRC En-
tex;%x;lses, Box 114, State Road 1827, Stanley, NC
28164.

BOOKS & PERIODICALS

FREE Catalog of unusual Books. Thomas Gxdley
P.O. Box 6706 (DP) (4) Ft. Worth, TX 7611

WHAT do you 'want to know? I rent books: Taxi-
dermy, Locksmithing, Etc. Whaley's, Box 210, At-
talla, AL 35954.

BOOK Sale. ‘'Spare Time Profits for Women."
**Wall Street Guide for Women.” "You Too Can
Cut Your Electric Bill 50%.’ $2.00 Each Postpaid.
Limited Supplies. Cargen-D, 1829 Euterpe, New Or-
leans, LA 170113. Call Toll Free 800 327-9009 Ext.
13¢. Catalog available for 25¢.

BURGLAR/FIRE ALARMS

QUALITY Burglar/Fire Alarms and Accessories for
Home, Office, Auto. LOW PRICES Catalog. RAM
Securlty P.O. Box 163, Oak Lawn, IL 60454.

BUSINESS OPPORTUNITIES

MAKE money mailing circulars from home. No
experience needed. Enoki, 520'%G So. Berendo, L.A.,
CA 80020.

CB RADIO

CB TUNEUP/MODIFICATION REPORTS! $6 each,
specify model. Free cﬂtalox CB CITY, Box 1030D,
Woodland Hills, CA 91365

EDUCATION & INSTRUCTION

UNIVERSITY DEGREES BY MAIL! Bachelors,
Masters, Ph.D.s . . Free revealing detalls. Coun-
seling, ‘Box 389 EP4 Tustin, CA 92680.

EMPLOYMENT INFORMATION

JOURNEYMAN CREDENTIALS GRANTED!
LEGITIMATE. Write: National Craftsman Union,
210 Fifth Avenue, Suite 1102, New York, NY 10010.

GIFTS THAT PLEASE

FREE gzift catalog! BEAUTIFUL
from around the world.
Spokane, WA 99211.

imported gifts
Showco, Box 11588-EP,

HOW to become a sub-wholesaler. Materials' sup-
plied to start immediately. Send $10.00 '‘Refund-
able." Polar Sales Company. 329 N. Reno Street,
Los Angeles, CA 90026.

FREE Catalog. Brand New Gifts of Distinction.
Write H. Proctor, Route 1, Walnut, MS 38683.

STAY HOME! EARN BIG MONEY addressing en-
velopes. Genuine offer 10¢. Lindco, 3636-DA, Peter-
son, Chicago 60659.

MAILORDER opportunity! Start profitable home
business without experlence or capital. Write for
free book and details. No obligation, Gil Turk, Dept.
704 Montvale, NJ 07645.

FREE BOOK ‘2042 Unique Proven Enterprises.’’
Fabulouws ‘‘unknowns,”” second Inflation income.
Haylings-E12. Carlsbad, CA 92003.

GOVERNMENT SURPLUS

SURPLUS JEEPS $19.30! CARS $13.50! 650,000
ITEMS! GOVERNMENT SURPLUS—MOST COMPRE-
HENSIVE DIRECTORY AVAILABLE TELLS HOW,
WHERE TO BUY-YOUR AREA—$2—-MONEY-BACK

NTEE, “*GOVERNMENT INFORMATION
SERVICES,”” DEPARTMENT E-4, BOX 99249, SAN
FRANCISCO, CA 94109.

MAIL-ORDER OPPORTUNITIES

MAILORDER BEGINNERS! Sell information by
mail! Our complete program and newsletter service
can gulde you quickly and easily to an independent
and lucrative future. FREE BROCHURE! Cargen,
1829 Euterpe, Box 52752, New Orleans, LA 70152,
800-327-9009 extension 134.

2000% Profit selling 20 Different Reports by mail.
Refundable $10.00 includes Reproduction rights. R.
Hutt, 241 Washington Sq.. Syr. NY 13208.

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 $2.00 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 )

‘OLDTIME Radio programs on quality Lape.s Free
catalogue. Carl D. Froehlich, Route One, New
Freedom, PA 17349.

NEW report guarantees reduced taxes! Dstails
$1.00. Satellite Publishing, 503-DP4 Scuthland Drive,
Birmingham, AL 35226.

PRINTED circuit boards from your sketch or art
work. Affordable prices. Also fun Kkit projects. Free
details. DANOCINTHS, INC., Box 261, Westland,
MI 48185.

MONEYMAKING OPPORTUNITIES

HYPNOTISM

$500 per 1000 envelopes stuffed according to in-
structions. Free details: Runnel, Box 456, Falrview,
OR 97024.

$1 per Addressed Envelope. FREE DETAIL. Bronx-
ville House, Box 311-D, Bronxville, NY 10708

$500 WEEKLY Possible! Commlssxon Malling Pro-
gram, Free Details. Pacific Publications, Box 1109
(DP)} Lake Grove, OR 97034.

BECOME MODERN MAIL MERCHANDISER. Our
EXCLUSIVE DEALERSHIP PROGRAM works!?
Grahams Modmail, DPBX 99371, Tacoma, WA 98499.

$75.00/HUNDRED POSSIBLE STUFFING ENVEL-
OPES! GUARANTEED PROGRAM. Send stamped
envelope: Natlonwide, Box 58806, Dallas, TX 75258.

''$500 CASH Advance Possible!” *“Work from home
malling circulars.”” No experience required. Rexson
51-01F, Box 1060, Orange Park, FL 32073.

BEAT inflation! Work at home! Proven mailorder
program. Details: Helen Glen, 405-DP Phillips, Yel-
low Springs, OH 45387.

$600.00 WEEKLY MAILING ENVELOPES! New
Guaranteed Program! Free Proof: SUNRISE, Box
415-D, Lewiston, NY 14092.

FREE Fascinating Hypnosis Information! Startling!
DLMH, Box 487, Anahelm, CA 92805.

INVENTIONS WANTED
MANUFACTURER seeking inventions. offering gen-

erous cash royalties. Advantek International, 1100
17th NW, Washington, DC 20036.

LOANS BY MAIL

BORROW $25,000 "OVERNIGHT."
Keep indefinitely! Free Report!
Box 29070-SP, Indianapolis, IN 462

Any purpose.
Success Research.
29.

“BORROW by mail! Signature loans, No col-
lateral! Free details. Write MBG-DP481, Box 2298,
Sandusky, OH 44870.

QUICK $CASH$ SIGNATURE LOANS! Advise
amount & purpose. Details Free. ELITE, Box 454-DG,
Lynbrook, NY 115863.

BORROW $1,000-$50,000 secretly—'‘overnight.’”’ Any-
one! Credit unimportant. Repay anytime. Incredibly
low Interest. No interviews, collateral, cosigners.
Unique *“‘Financier's Plan.” Full information, $2
(refundable). Spectrum, 120 Wall St.-16, NY 10005

$60.00/Hundred Stuffing Envelopes (per instruc-
tions)!! Offer-details: Worldwide-P 460, X15940, Fort
Lauderdale, FL 33318.

EARN Money Collecting Names! Write:
HH Third, Salem, Missour! 65560.

$300 WEEKLY SPARE TIME-Mailing Salesletters.
Details: Delta, Dept.-D, Box 2802-CRS, Rock Hill,
SC 29730. -

580/100' Stuff Envelopes. No Limit. Free Details
Greenwood, Box 776(DP), Tualatin, OR 97062.

Day, 104-

BECOME a Self-Publisher and make Big Profits.
Free Dctails. FIE-DPC481, Box 2133, Sandusky, OH
44870.

$60. 000 in FOUR WEEKS! GUARANTEED!' ‘‘FREE
details.”” R. HELLER, 1223 Chestnut, Suite 1508
(I0A), Philadelphia, Pa 19107.

“‘$500 CASH Advance Possible!”” *Work from home
mailing circulars.”” No experience required, Rexson
51-02F, Box 1060, Orange Park, FL 32073

IMMEDIATE $CASH$. Quick, Easy Method. De-
tails $2.00. Sutton, 59 White Street, Dept. DV, Sara-
toga Sprmgs NY

MORE g

Place your ad

For Greater Classified
Savings...Results...and Profits...

in one of our SPECIAL COMBINATIONS:
Each combination is designed te give your ad the largest audience available, For further information write
to R. S. Wayner, Classified Ad Director, Davis Publications, Inc., 380 Lexington Ave,, N.Y,, N.Y. 10017.

Combo #1,

Combo #2,

or Combo #3,




Classified
Continued

MONEYMAKING OPPORTUNITIES—Cont'd

How To Write @
Clossified Ad
Thot Pulls

what 10 50Y ond
How to-50Y !

Worth Its
Weight In Gold

MAKE YOUR CLASSIFIED AD PAY
Get ‘““How to Write A Classified Ad That Pulls.’”
Includes Certificate worth $2.00 towards a classified
ad in this publication. Send $1.50 (plus 25¢ postage)
to R. S§. Wayner, Davis Publications, Inc., Dept. CL,
New York, N.¥. 16617

380 Lexington Ave.,

PLEASE Be sure to include your zip code when
ordering merchandise from classified advertisments.
You'll receive faster delivery.

HUNDREDS $$$$$ weekly stuffing envelopes! Guar-
anteed program. Send stamped envelope: Nuway, Box
546, Woodinville, WA 98072.

Superbass
(Continued from page 106)

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 C! 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
S1 off, key S2 so the instrument feeds
directly to the instrument amplifier.
With R2 set full counter-clockwise
(Off), turn power switch S1 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 S1 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. [

$900/1000 ENVELOPES YOU PROCESS and mail
Fantastlic commission program from home. For de-
talls, self address stamped large envelope to: HSW,
©O. Box 21152, San Antonio, TX T78221.

STUFFING envelopes at Home. $50 Profit per hun-
dred. Guarantee. Free Brochures. Dept. CJ, 5211
47 Ave. N, St. Petersburg, FL 33709.

Energy Sentry
(Continued from page 94)

MOTION PICTURE PROJECTORS,
FILMS, SLIDES & SUPPLIES

BREATHTAKING Glamour Slides, Classic Nudes.

Catalog, six samples, $3.00. Photographic Place,
Box 806-EP, Royal Oak, MI 48088.
OF INTEREST TO ALL
UNIQUE Alarm Lite. Use as_ Flashlight. Pull the

Actlvator Pin and it sets off a Blasting Shriek. Carry
in Pocket, Purse, Glove Compartment. Protect Your-
self and Loved Ones with New Emergency Alarm
Lite. Runs on inexpensive pen-lite batteries. $5.95
plus 10% P.P. and handling. E. Benroth and Son,
419 North Main St., Bluffton, OH 45817.

PERSONAL

HAVE CONFIDENTIAL CHICAGO MAILING AD-
DRESS or branch office. Business, Personal; Since
1944! Mall Center, 323(g) Franklin, Chicago 60606.

UNIVERSITY DEGREES BY MAIL!
Masters, Ph.D.s . . . Free reveallng details.
seling, Box 389-DP4, Tustin, CA' 92680.

Bachelors,
Coun-

MEET sincere, beautiful
low fees, Call DATELINE toll-free:

people—like YOU. Very
800-451-3245.

BECOME A Legally Ordained Minister. Free De-
tails. ULC-DPM481, Box 2133, San\dusky. OH 44870.

SINGLE? Lonely? Free Mm.rlmomal Magazine,
Sixteen Pages. Rush Stamp! Merit Enterprises, Box
74758-DP, Los Angeles, CA 90004.

MARRIAGE Minded Ladies from the Far East.
Thousands of Photos. Cherry Blossoms-DAV, Hon-
okaa, HI 96727.

DIVORCE. Save Thousands of Dollars. For infor-
mation write: M and B Research Co., 512 South 5th
West, Brigham, UT 84302.

PRINTING, MIMEO & MULTIGRAPHING

DISCOUNT PRINTING! Fast Service. Free De-
livery. Free iInformation kit! Discount Printing-B,
3318 Cleveland Avenue, Fort Myers, FL 33901.

RADIO & TELEVISION

CABLE TV Descramblers and converter Microwave
antennas and downconverters. Plans and parts. Bulld
or buy. For Information send $2.00, C&D Company,
P.O. Box 2!, Jenison, MI 49428.

TV TUBES 36¢ each. Send for Free 48 page color
catalog. Cornell, 4217-W University, San Diego, CA
92105.

RECORDS & SOUND EQUIPMENT

FREE Promotional albums, concert tickets, stereos,
etc. Information: Barry Publications, 477 82nd Street.
Brooklyn, NY 11209.

SONGWRITERS
POEMS WANTED, Songs recorded and published.

Radio-TV promotions. Broadway Music Productions,
Box 7438-DA, Sarasota, FL 33578.
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components are polarized and the cir-
cuit will not work if any of these are
placed incorrectely on the board.

Before inserting Ul into its socket,
apply power to the circuit and measure
the DC voltage across C2 to ensure
that the circuit is operating properly.
Once this is done, disconnect line pow-
er before inserting Ul. Be sure the IC
is plugged in facing the correct direc-
tion. Pin 1 of the IC is indicated by a
small dot on the foil layout.

Test And Calibration. For best ac-
curacy, the circuit should be calibrated
somewherc near the middle of its range.
A set of six 100 watt incandescent
lamps, connected in parallel, will pro-
vide an excellent 600 watt load to cali-
brate the unit.

Before the calibration can be per-
formed, determine the actual cost of
electricity in your area. The easiest and
best way to do this is to obtain a re-
cent electric bill which shows the num-
ber of kilowatt hours of electricity used,
and the total cost during one billing
period. Divide the electrical cost by
the number of kilowatt hours. The re-
sulting quotient will be the average
cost of one kilowatt hour of electricity.

Once you have determined the cost
per KWH, multiply this by the wattage
of your test load. In this case it would
be 8¢ times .6 KW (600 watts) for six
100 watt lamps connected in parallel.
Thus, in our example:
8¢ per KWH X 0.6 KW=—=4.8¢ per hour.

4.8¢ can be rounded off to 5¢ strictly
for calibration purposes.

Connect the test load to the recep-
tacle on Energy Sentry. Plug the line
cord into a 115 volt receptacle and ad-
just R3 so that LED #5 (5¢) is illu-
minated. This completes calibration of
your cost saving Energy Sentry.

Use of the Instrument. You may use
Energy Sentry on any 115 volt appli-
ance in your home. Although this unit
will generally be accurate to within 1¢
per hour, it does not take into account
the power factor of the load. In the
case of appliances which generate heat,
such as toasters, irons, and coffee
makers, the power factor of these units
is 1 and no correction factor is neces-
sary. Other appliances which use in-
ductive components, such as motors,
have power factors of possibly 0.8 or
0.9. In this case Energy Sentry will
indicate a cost per hour greater than
true cost. A correction can be obtained
by multiplying the indicated cost per
hour by the power factor of the ap-
pliance or load being tested.

Note. Be sure to insulate the trans-
former case of T2 from the metal case.
If not, an AC leakage current to the
case will make the case hot, creating a
shock hazard. =

PREVENT
CHILD ABUSE.WRITE:

S National Committee for
SMS Prevention of Child Abuse,
Box 2866, Chicago, IIl. 60690.

A Public Service of This Magazine §f} i

& The Advertising Council C(‘)U‘KI




Combo Amp
(Continued from page 98)

Bend the groups of four leads so
they correspond to the pin spacing of
the socket. Plug Ul into the socket.

Install all the cabinet components,
then place the completed PC assembly
on the terminals of M1. Locate the po-
sition for LED1 on the cabinet directly
under the PC board terminal holes and
mark the cabinet.

If you want the LED at some other
location make the change now, but keep
in mind you must connect wires to the
LED if its position is relocated.

Remove the PC board and the meter,
drill the hole for LEDI, replace the
meter and the PC board and solder the
meter’s terminals to the foil pads. Then
install LED 1.

The PC board has some give so you
can work the wires into the PC board,
push the LED against the panel and
solder its leads to the PC foils.

Switch Both Leads. The positive and
negative battery leads must be switch-
ed: S1 must be DPST. Twist the red
wire from one battery connector with
the black wire of another conncctor.
This is the common or ground connec-
tion and is soldered to the PC board’s

ground foil. The remaining wires con-
nect to switch S1.

Doublecheck the polarity; if it’s re-
versed Ul gets instantly zapped.

The meter indicates onc-half the out-
put voltage. (We provide the informa-
tion to avoid possible damage through
unnecessary experimentation.)

Connect your mike to J1 and the line
from your recorder to J2. Speak to
the mike and advance level control R1
so meter M1 peaks at any convenient
reference value: 0.8 is recommended.
Adjust your recorder’s control level so
the 0-VU or 0-dB record level occurs
when the Combo-Amp’s meter peaks
at the 0.8 reference value.

If you’re using the device for a P.A.
system, adjust the P.A. gain so the de-
sired volume occurs when the meter
indicates 0.8.

As long as the meter peaks at 0.8
you know the recorder or P.A. is get-
ting the correct level. If the meter value
rises above or below 0.8 simply adjust
R1 for the optimum 0.8 value.

If you want to paint over the meter
scale to show a 0-VU reference do so.
The only reason we did not use a
meter with a VU scale is that they arc
very expensive and difficult to obtain.
Also a VU meter’s internal diodes
would have to be removed to work in
this circuit, a somewhat difficult task. ga

Calculator Power
(Continued from page 102)

Aircraft Scanner
(Continued from page 96)

the upper setting of the tuning dial.
Ideally, you will adjust the oscillator
coil so that the highest frequency FM
station (near 108 MHz) will now be
heard at the lowest dial setting (marked
88 MHz).

If the turns of the oscillator coil are
fully spread and yet the tuning range
is still not high enough to cover the air-
craft band, carefully solder two adja-
cent turns together at one point. It is a
good idea to scrape the wire at that
point before soldering. Use a sharp
blade or sandpaper cautiously.

Another way to increase the tuning
frequency of the receiver slightly is to
decrease the trimmer capacitance on
the tuning capacitor (see Fig. 3). The
four small adjustments are the oscilla-
tor and RF trimmers for the AM and
FM band. Be sure to select the trim-
mers next to the FM coils! It would be
wise to mark the original settings of all
trimmers with a felt tip pen in case the
wrong trimmers are turned.

A tiny screwdriver will be used to
adjust the trimmer capacitors. Note as
you turn the trimmer that there will
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be one setting where the two metallic
surfaces of the trimmer will be fully
visible. This is the minimum capacitance
(highest frequency) setting.

Fine Tuning. Now for the final ad-
justment! Tune in a weak station near
the low frequency (88MHz) portion of
the dial and adjust the turns of the RF
coil with a non-metallic tool for maxi-
mum signal strength. If your particular
receiver has sufficient background hiss,
you may use that sound for peaking
the coil. Tune the receiver dial near
its upper setting (108 MHz) and peak
the RF trimmer capacitor for maxi-
mum background hiss.

By carefully repeating the last two
steps (RF coil and RF trimmer capaci-
tor), you will have completed the con-
version of your AM/FM receiver into
a useful aircraft band monitor. If you
live near large airports, the radio will
be extremely active. Even if you don’t
live near an airport, reception over long
distances will be heard because of the
altitude of the aircraft.

While the radio may not be as good
as a receiver designed specifically for
the aircraft band, it will give a good
accounting of itself. And if you grow
tired of aircraft band monitoring, you
can always return the radio to its
original state as an AM/FM set. |

teen hundredths of an ampere (150-
mA), which will be adequate for most
calculators. Try to get a transformer
that has a higher current rating (in this
case 200mA or greater) and at least
three volts higher than the regulated
output voltage.

One can apply this data to other
power supply designs as well. It is very
important to pick a transformer that
has a current rating beyond what is
necessary to supply a particular circuit.
It is good practice to use a transformer
with a current rating ten percent higher.

The block diagram shows in simple
form how the inexpensive power supply
works. As they say, a picture is worth
a thousand words! The schematic
shows how the circuit works in detail.

The pass regulator is an NPN tran-
sistor with a high current rating. This
component should be able to easily
handle the output current. The transis-
tor should have a heat sink.

The 741 operational amplifier (U1),
acting as the error detector/amp, has
its negative input (pin 2) coming from
the emitter of the transistor through a
10,000 ohm resistor. Its positive input
(pin 3) comes from the reference volt-
age; either a 9 volt reference (via
Jumper 1) or a 3 volt reference via a
43,000 ohm dropping resistor. The ref-
erence voltage originates across the
zener diode.

Now, the output voltage regulation,
or swing, for a variable load is approxi-
mately 10%. This is good enough for

most calculators.

Construction. The printed circuit
board layout is not included in this
article because of design changes and
other variations. It is a good project to
practice printed circuit board designing,
and to get the feel of fabricating PC
boards. The prototype was designed so
that the board could be piggybacked
onto the adaptor’s case. Thus, mount-
ing schemes will dictate your PC board
layout and design.

The board was mounted using 4-40
machine screws. These screws were
placed through four holes that were
drilled in the adaptor’s plastic case
and through the PC board.

The transformer was left inside the
plastic case and the secondary wires
were sent to the externally mounted
PC board. In this way, the 120 VAC
is isolated inside the plastic case and
thus there is no chance of getting a
shock. The rest of the construction is
left up to the hobbyist. L]
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Educator, Entertainer, Accountant.

Your Challenger
Personal Computer.

Through the miracle of modern
technology, a complete computer as
powerful as the multimitlion dollar
room-sized computers of a few years
ago can be put in a package the size of
a typewriter and sells for as little as a
color television set!

Through its years of microcomputer
experience, Ohio Scientific has effec-
tively channeled this tremendous
computer power into a “'friendly”’
computer with hundreds of personal
uses, via a huge software library

of programs for a broad range of
personal, home, educational and
business use.

This available software allows you to
use and enjoy your computer without
becoming an expert. The Challenger,
however, is a powertul, general
purpose computer which can be pro-
grammed in several languages by
those who choose to.

Here are just a few of the popular uses
of an Ohio Scientific
Challenger
Computer:

Education

The personal
computer is
the ultimate

educational aid because it can enter-
tain while it educates. Software
available ranges from enhancing your
children’s basic math, reading and
spelling ability, through tutoring high
school and college subjects, to
teaching the fundamentals of com-
puters and computer programming.

Entertainment

Many of the Challenger's games
educate white they entertain, from
cartoons for preschoolers to games
which sharpen mathematical and
logical abilities. But, entertainment
doesn't stop here. The Challenger’s
graphics capabilities and fast opera-
tion allow it to display action games
with much more detail than the best
video games, providing spectacular
action in games such as Invaders,
Space Wars, Tiger Tank and more! All
popular sports such as golf, baseball
and bowling are available as simulated
computer games as well-as many
conventional games such as chess
where the computer plays the role of a
formidable opponent.
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Accounting

Your Challenger computer can keep
track of your checkbook, savings
account, loans, expenses, monitor your
calone intake and your biorythms.

If you are involved in a business, you
can use it to do word processing: ac-
counting, Inventory control, order pro-
cessing, customer lists, client records,
mailing labels and planning.

And more:

This may seem like a lot of uses, but it's
only the tip of the iceberg for a general
purpose computer. For example, your
Challenger can be expanded to control
lights and appliances, manage your
energy usage and monitor for fire and
break-ins. Furthermore, it can commu-
nicate with you, with other computers
and the new personal computer infor-
mation services over the telephone.

In fact, the uses of general purpose,
personalized computers are expand-
ing daily as more and more people
discover the tremendous capabilities
of these new
technological
wonders.

Ohio Scientific
offers you four
personalized
computer sys-
tems starting
at just $479.

For a free

catalog and

the name of the

dealer nearest you, call
1-800-321-6850 toll free.

a MCC-‘&-‘- Company
1333 SOUTH CHILLICOTHE ROAD
AURORA, OH 44202 « [(216]831-5600



