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WHITHER WE GO

Not too long ago, | happened to visit a local new car dealer in our community to have some
necessary repairs made on our familimobile to make it serviceable for the coming summer. As |
waited for the mechanics to do their thing, | did what | invariably do, | wandered into their
showroom and gazed with wide eyes at their new models...truly a sight to behold.

It so happened that there was another “window-shopper” browsing about and | observed that,
as he studied the sticker of each car that he examined, he mumbled something that sounded very
much like, “Give a guy a break!”

Well, you and | know that if a break is coming your way, it will be mostly due to the effort that
you made to make it possible! | reflected on the multitude of letters we have received in the past
few years, telling us of savings that readers of the ELECTRONICS HANDBOOK have been able
to achieve by assembling projects from one or more circuits they found in the “Handbook”. The
most popular circuits seem to be the relatively simple ones: audio amplifiers, intercoms, power
supplies, etc. It appears to me that these readers are giving themselves a break!

If it were possible to tabulate the cost savings made possible to readers who assembled
projects from the “Handbook” to do useful work in place of expensive purchased components, or
followed the instructions found in our “service” articles, for the repair and maintenance of
valuable equipment that they own, the amount would be significant. In many cases the savings
cannot be evaluated since the project developed does not have a comparable component in the
marketplace. Think of the service and comfort electronics hobbyists have come to enjoy from the
projects they build...and the satisfaction and fun they had building them.

As | was about to depart from the automobile showroom, a salesman approached and asked,
“Can | help you?”; to which | replied, “Yes, have you ever written an article on an electronic
project?”

To each of you | say, roll up your sleeves, have some fun and save some money with the

projects in this issue of the ELECTRONICS HANDBOOK.
.Db\s. Q&&veg

Don Gabree, —Publisher

WANTED: WRITERS

ELECTRONICS HANDBOOK is looking for some alert Electronic Hobbyists to add to our staff
as part-time or regular authors. Whether you have just one short project, or several, wewould like
to hear from you...

You don't have to be an accomplished author. If you want assistance, send us a S.A.S.E. with
your request for a copy of our “Editorial Guidelines”...

We are looking for active hobbyists with an interest in Hands-on, Do-it-Yourself electronic
projects. If you have had some experience in putting your own projects together, there’s a good
chance we can do a little editing to your manuscript and it will appear in a future issue of the
ELECTRONICS HANDBOOK.

We can use projects suited to absolute beginners, as well as intermediate or more advanced
projects. Any level of project building will be considered.

Here’s your chance to see your article or idea, long or short, with your name on it...and you’ll
get paid for it when it is accepted. Write to the publisher at the following address:

ELECTRONICS HANDBOOK
P.O. BOX #5148
NORTH BRANCH, N.J. 08876
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THE SHOCKING TRUTH
ABOUT ELECTRICITY

By Dereck Williamson

The following article from our local newspaper
(Somerset, N.J. Messenger Gazette) attracted our
attention since it involved a subject that was close to
home and it appealed to our sense of humor.
Since the ELECTRONICS HANDBOOXK claims to be “The
Fun Way To Learn Electronics”, we felt that this article
should be shared with our readers. Fortunately, the
author agreed to let us reprint it.

stand, but now they’re making it difficult to use.
If that sounds confusing, let me try to explain.

(Did you think for a moment that | wasn’t going to
elaborate, and planned to stop the column right here?
Come on, now.)

Electricity is a big mystery. First of all, we can’t see
it,, and this is a major consumer problem that should
have been corrected centuries ago. Although we have
a National Electric Code, there is absolutely nothing
in it about being able to see electricity; in fact, there
aren’'t even any recommendations about achieving
this essential step. Isn't that amazing?

Not being able to see electricity is scary. We can see
water leaking, and we can smell gas leaking. In fact,
they add something to gas so it can be detected. Why
don't they add something to electricity to make it
visible? As it stands, we have no idea what the hell our
house current is doing from one moment to the next.

A consumer revolt is past due. The next time the
Power Company wants to raise rates, we should take
this stand: “If we have to pay more for it, we want to
see it! After all, how do we know that they’re not taking
it away during the night, leaving just enough to run
the clocks?

Oh sure, they bill us after reading the meter. But
sometimes they don’t read the meter, and bill us
anyway, making an “adjustment” next time they read
it. But have you ever read your meter and compared it
with their reading? Do you know anybody that did?
When we changed the time last month, did they set
the kilowatt hours back by one and give us a rebate?
The defense rests.

When | was a little kid | thought | had electricity all
figured out. | assumed that wires were hollow, like
water pipes, and that “lectric” ran through them. Then
someone showed me a solid copper wire, and blew
my whole theory.

Since electricity is a mystery to us all, it's not

Electricity has always been difficult to under-

surprising that some people develop unconventional
notions. A friend’s aunt was convinced that electricity
leaked from sockets, so she made sure that a lamp or
appliance was plugged in every socket in the house.

It makes a lot of sense to me.

What doesn’t make sense is “alternating current”
and “direct current.” People who've tried to explain
electricity always use these absurd terms. Where
does direct current go to? By now, there should be a
huge pile of it at its destination. Couldn’t this be
recycled?

And the idea of alternating current is ridiculous.
Think about it. How can current go first one way, then
the other? If current really alternated, what would
happen when you switched on your vacuum?

Ask an electrical expert about these things and he
brings out a piece of paper, draws wavy lines and talks
about 60 cycles. You know something's fishy when he
quickly shifts the subject to a bike race.

And that brings me to my original point (aren’t you
glad you waited?) which is that electricity is not only
hard to understand, but now they’re making it harder
to use.

Remember when you just plugged something in,
and that was that? No more. Now one of the prongs is
wide, and Ohm’s Law states: “No matter which way
you pick up a plug it won’tfitin the socket the first try.”

Older sockets won't take a wider plug at all, and the
same goes for extension cords. I've got three perfectly
good extensions that modern plugs won't fit. And
today’s three-prong plugs won't fit anything but
three-hole sockets. As soon as | have an electrician
install the latter they’ll probably be superceded by
four prong sockets.

It's a frustrating situation, and when | can't fit all the
plugs in all the sockets, that could mean expensive
electricity is leaking all over the house.

If | could only see it, I'd know for sure. [ |
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THE FUN WAY TO LEARN ELECTRONICS

In case you're not all that familiar
with us, we're not a publication for
electrical engineers and other
wizards. No way, ELECTRONICS
HANDBOCK is expressly for people
who like to build their own projects
and gadgets— and maybe get a
little knee-deep in tape, solder and
wire clippings in the process.

In fact, we have a sneaking
susplcion that our readers like us
because they think we're just as
bug-eyed and downright crazy over
great new project ideas as they are.
And | guess they're right!

ELECTRONICS HANDBOOK thinks of
you who dig electronics as the last
of a speclal breed. It's more than
just the “do-it-yourself’ angle — it's
also the spirit of adventure. In this
pre-packaged, deodorized world,
building your own stereo system,
shortwave receiver, darkroom timer
or CB ouffit is like constructing a
fine-tuned little universe all your
own. And when it all works
perfectly — it really takes you to
another world.

ELECTRONICS HANDBOOK
knows the kinds of projects
you like — and we bring ‘'em
fo you by the truckload!
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Of course, we can’t make you a
master electrician ovemight. But we
can show you the fundamentals of
repair plus maintenance tips.

IF YOU'RE NEW TO ELECTRONICS YOU
GET A “BASIC COURSE"!

It gives you a complete, ground-
floor lowdown on a varlety of
important electronic subjects. For
example — Understanding
Transistors..How Radio Receivers Pull
in Signals...Cathode Ray Tubes
Explained...How Capacitors
Work..Using Magnetism In
Electronics, and much, much more!

TRY A FEW ISSUES AND EVALUATE OUR...

® HOW-TO-DO-IT HELP. Tips and
pointers that add up to money
saved. For example — tuning up your
tape player...all about radios ..whys
and hows of turntables...care and
feeding of speakers.

o EXCITING DISCOVERIES. Whatever
your particular interest in electronics,
you'll be entering a world of
discovery in the pages of the
ELECTRONICS HANDBOOK




New! NRI course in
Cellular T eleph(me Includes
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Installation and — ~Eesinm

telephone

Servicing prepares Yois keep!
you to succeed in
today’s fastest-growing
communications field

Now you can get the skills you need to cash in on today’s
booming cellular industry as you install and test your own
state-of-the-art cellular telephone.

Cellular business is big business!
In the few short years since the first commercial cellular telephone

system went on-line, over 1,000,000 people have signed up for service

in more than 120 cities nationwide. Today, the industry is growing at an

incredibly fast 4% a month, and experts predict that by 1991, at least

85% of the United States will be

covered for cellular service. Better

yet, by 1993 total industry revenues

will exceed $10,000,000,000—making

cellular the fastest growing electronics \

communications field today.

For you, that means extraordinary
career and money-making opportunities.
Get a fast start today with NRI's hot new course
in Cellular Telephone Installation and Servicing, "\

10-digit luminescent display ~ Cellular coverage, NRI will help you
with 24-digit number actually go on-line with up-to-date,
Gty regten expert advice on choosing the best and

most affordable cellular service available.
Ignition sense

“;{;;;;’;;;’g;’e'ym';';;g Send for your FREE
off with car’s catalog today

ignition

See how far you can go! \ For all the details about NRI's
\ Electronic lock exclusive new training, send the
Help wanted! Urgent demand for . prevents coupon today. You'll receive a
field technicians who can install and test 2% ot v complete catalog describing
new cellular telephone equipment! : phone NRI's Cellular Telephone
Installation and Servicing course

Get the skills, knowledge, and confidence to install and test :
cellular telephone equipment, and you can name your price in
this exploding new job market. Cellular system developers,
retailers, and service providers—all on the ground floor of an X
industry that’s still so young and growing so fast—are all willing to pay
a premium for anyone trained to service this brand-new equipment.

Now, with NRI, you can take full advantage of every exciting
opportunity in today’s—and tomorrow’s—booming field of cellular
communications.

22 memories PLUS NRI courses in other high-

including  tech, in-demand fields.

b oy o
ltz:t"r;;m o If the coupon is missing,

write to NRI School of
Electronics, McGraw-Hill
Y d ,
diaul[i:; le::iiez Continuing Education Center,
digit recall  440] Connecticut Avenue,
Washington, DC 20008,

\

Exclusive hands-on training includes high-performance ", ]
o e For career courses
mobile cellular telephone you keep MIFRE school of Electronics  1¥A|ff approved under G Bil
. ; I McGraw-Hill Continuing Education Center it I
Your NRI course starts with the electronics fundamentals you need to I 4401 Connecticut Ave, Washington, DC 20008 I
understand and service all telephone systems, then walks you step by ¥ CHECK ONE CATALOG ONLY
step through the installation, troubleshooting, and repair of popular | O Cenutar Telephone O Data Communications |
telephone systems in use today. | S (Ticvnlr\l/pgtcr/ flgctronics 8 Security Electronics I
o e . g ] /IVideo/Audio Servicing Robotics

.B‘UI that's ]USF the be_gmmng- Wltl? asolid conveptlonal phone [ Electronic Music Technology [ Basic Electronics
servicing foundation behind you, you're ready to build your expert | I
understanding of the cellular telephone systems moving fast into I Name Age I
communities all over the U.S.

Following complete, easy-to-read guidelines, you install a full- I Street I
featured mobile cellular telephone in your own car, then take it | cityssiaterzip |
through a series of diagnostic tests to become fully acquainted with its | Aceredited Member National Home Sy Courci 2060
operating functions. Best of all, if you live in an area already offering e e e e e { s e e e e _I



FROM

THE EDITOR'S DESK

Ask The Editor,

He Knows!

him. Personal replies cannot be made. Sorry,

MYSTERIOUS CHIRPS

For the past few months, I've
been picking up weird transmis-
sions that sound like the chirps of
high-speed crickets. On the
surface, these sounds are
monotonous, but if | listen
carefully, | can detect a subtle
rhythm to them. Do you suppose
I've tapped into the Venusian Top
40, or is this a government
experiment in mind control?

—Dexter G., Silver Springs, MD

Well, Dex, if you've been picking
up these sounds without the
benefit of a radio receiver,
professional help is definitely
recommended. However, if we
assume that your question relates
to shortwave radio transmissions,
its a fairly safe bet that these
signals did not come from
extraterrestrials or Big Brother.
What you have been hearing are
probably high-speed radiotele-
type transmissions, which can
originate with amateur radio
operators or commercial wire
services. A good shortwave guide
like the World Radio TV Handbook
(Billboard Publications, One Astor
Plaza, New York, N.Y. 10036) or
the Top Secret Registry of U.S.
Government Radio Frequencies
(CRB Research, P.O. Box 586,
Commack, NY, 11725) will help
you identify other strange signals
on the shortwave bands.

By the way, you are not the first
person to be baffled by weird
noises in the ether. Back in 1899,
before the days of commerical
radio transmission, the world-
famous inventor Nikola Tesla
picked up what he described as
“three fairy taps” on his
experimental wireless receiver.
Tesla postulated that these taps
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were signals from intelligent life on
Mars or Venus, but later came to
realize that they may have come
from intelligent life in Europe—
namely, Guglielmo Marconi who
was experimenting with wireless
telegraphy at the time.

e ————

We’'re Blushing

First, | would like to congratulate
you guys for turning out what is
probably the best magazine for
people who are beginners in the
field of electronics. Your mixture
of construction projects and
articles on electronic theory is
great, and that’s not just my
opinion, because Electronics
Handbook often sells out before |
have a chance to grab a copy at the
newstand. To prevent that from
happening again, I've deciced to
subscribe. You will find my check
for $12.00 enclosed.

My second reason for writing is
to request that you publish more
articles on photography and R/C
modeling, which are two of my
favorite hobbies.

—Glenn Halsted, Canoga Park,
CA

Thanks for the kind words,
Glenn. We try to provide a mixture
of projects and articles that will
appeal to readers of all kinds, from
beginners to experts, but as you
have noted, we are especially
committed to helping the
newcomer. As for your suggest-
ions regarding construction
projects, we do publish articles on
photographic equipment when-
ever we get them. R/C modeling,
however is a different story.
Twenty years ago, electronics
magazines regularly published
articles on radio-control transmit-

Got a question or a problem with a project— he isn't offering a circuit design service. Write
ask The Editor. Please remember that The to:
Editors’ column is limited to answering specific
electronic project questions that you send to

The Editor
C&E HOBBY HANDBOOKS INC.
P.O. Box #5148
North Branch, N.J. 08876

ters and receivers, but today the
hobbyist can buy a ready-made,
FCC-approved, multi-channel
proportional R/C system for less
than it would cost to assemble one
from scratch. Thus, there is little
demand for R/C construction
projects. Some companies do
offer R/C kits whose critical
circuits have beeh preassembled
and tested. You should check out
the advertisments in the various
model aviation magazines for
further details.

L=___________ __ __ __— 1

Fear of Flying

My job as a salesman requires
that | travel extensively by air. |
don’'t mind admitting that the
threat of a hijacking or bombing by
terrorists worries me greatly. That
worry is compounded by the
knowledge that the X-ray
equipment used to screen
passengers and luggage is not
100% effective. Would you happen
to know what steps, if any, are
being taken to improve the
detection of weapons and
explosives in our nation’s airports?
— Fred Golding Beaverton, OR

Your assertion that the current
crop of X-ray machines is not
100% effective rings true, Fred. X-
rays are principally used to detect
metallic weapons like handguns
and assault rifles. They are
woefully inadequate where
explosives are concerned.
Modified X-ray machines capable
of detecting explosives have been
developed, but it now appears that
two new technologies, thermal
neutron activation and vapor
analysis, will be our first line of
defense against the bomb-toting
terrorist.



Thermal neutron activation
(TNA) will be used only on
baggage, not on passengers.
Closed luggage is drawn by
conveyor belt into the TNA
machine, where it is bombarded
by neutrons from a 300 - micro-
gram sample of Californium-252.
As a result of neutron bombard-
ment, chemical elements emit
gamma radiation. The TNA
machine looks for a gamma-ray
“signature” that is charateristic of
the elements, such as nitrogen,
which are commonly found in
explosives. When that signature is
detected, an alarm goes off, and
the bag is removed and searched
thoroughly by hand. By the time
you read this, the first TNA
machine in the United States
should be in operation at the Pan
Am terminal in New York's JFK
International Airport.

Vapor analysis can be applied to
passengers as well as baggage. A
handheld vapor detector will be
passed along the seams of aparcel
or piece of luggage and will sniff
out the tell-tale vapors of
compounds commonly found in
explosives. Passengers will have
to walk through a booth, where air
will be swirled around them and
analyzed. Not only can vapor-
analysis technology be used to
check for explosives, it can also be
modified to ferret out illicit drugs.

The major drawback to TNA and
vapor analysis is the expense
involved, which means that it may
take years before every airline
terminal is equipped with this new
technology. In the meantime, the
only consolation | can offer is that
it is probably safer to fly in an
airplane than it is to go for a drive
with your teenager at the wheel.

Whither Solar?

Back in the bad old days of the
energy crisis, President Carter
initiated government-supported
research into a wide variety of
alternatives to fossil fuels. One of

those alternatives was solar
energy. Because solar-generated
electricity is inherently “clean”
energy, a lot of us saw solar power
as our best hope for the future, yet
now, more than a decade later, we
still don’t have large-scale power
generation using photovoltaic
cells. What’s happened. Has solar
energy been allowed to die a quiet
death by the Reagan and Bush
administrations?

— Bob Griffin, Tucson, AZ

It’s true, Bob, that U.S.
government support for solar
research has dropped: it was down
to $35 million last year, compared
to $54 million in Japan and $47
million in West Germany. Still, our
solar industry is far from dead.
Last year it produced over $400
million worth of photovoltaic cells,
which were used to generate
electricity for isolated villages in
Third World nations, and also to
power irrigation pumps, com-
munication and navigation
equipment, and consumer pro-
ducts like calculators right here at
home.

The big stumbling block to
large-scale commercial exploita-
tion of solar power in the United
States has been its expense. Right
now solar-generated electricity
costs about $4-$6 per peak watt
(i.e., in the noonday sun). That
figure will have to be reduced to
$1-$2 per peak watt for solar power
to be competitive with electricity
generated by hydroelectric,
thermoelectric, or nuclear means.
Perhaps the brightest hope of
achieving that goal is provided by
thin-film, amorphous-silicon
photovoltaic cells. These are
among the cheapest cells to mass
produce and have a conversion
efficiency of 5-6% at the present
time. Through the use of improved
photovoltaic materials and a
multilayer topology, in which
different layers are sensitive to
different wavelengths of light,
engineers hope to raise the

efficiency of amorphous-silicon
photovoltaic cells to 15-25%.
When that goal is attained—
probably within 5 to 10 years —we
should begin to see increased
exploitation of solar power by
utility companies and private
individuals.

As a footnote, you may find it
interesting to learn that my Uncle
Jack was among the first to
commercially exploit solar power
back in the 1960s. He invented the
solar bikini, which looked like any
other bikini except that it was
covered with hundreds of
sparkling solar cells. Using his
natural charm, Jack persuaded
women sunbathing at resorts all
along the French Riviera to slip
into his bikinis and plug into the
power grid he had established. |
guess the French reverence of
beautiful women got the better of
common sense, because Jack had
no trouble selling all the power he
could collect. But then came the
topless revolution, and overnight
Uncle Jack’s revenues fell by half.
Sensing the winds of change, Jack
abandoned the solar-bikini
business before the bottom fell
out.
Pe==—=s— ——_—— "

Useless Capacitors?

I have noticed that the power
supplies of many digital projects
have small ceramic capacitors
connected between V+ and
ground. Since these capacitors are
always in parallel with a much
larger electrolytic capacitor, |
don’t understand what good they
do.

— Doug Gilfus, Jr., Spokane, WA

Electrolytic capacitors have a
relatively large internal induct-
ance, Doug, that effectively
prevents them from behaving like
capacitors at high frequencies —
hence, the need for0.01 or 0.1 mfd.
high-frequency bypass capacitors
in the power supply of a digital
project.
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NEW

PRODUGTS PARADE

TEMPERATURE METERS

A series of handheld digital
temperature meters has been
announced by B&K-PRECISION.
All models feature 3-% digit LCD
display, standard 9V battery and a
high perfomance to price ratio.

The Model 900 Digital Thermo-
meter features selectable internal
or external operation. The internal
mode selects a self-contained
extendable probe with a semi-
conductor type sensor, which
covers the -58° to +302° F range.

The unit automatically turns on
when the probe is extended and
turns off when retracted. In the
external mode, a socket accepts
an external Type K thermocouple
probe for 0° to 1500° F measure-
ments. The mode 1900 is
extremely compact and the case
includes an integral pocket clip.
This unit is intended for HVAC,
building maintenance, and
general purpose application.

The Model 910 Digital Tempera-

ture Meter offers greater precision
and versatility for industrial and
laboratory applications. This
model features Type K thermo-
couple sensor probe, selectable 1°
or 0.1° resolution, and selectable
°C or °F measurement. lIts
measurement range is -50° to
+1300° C or -58° to +1999° F.

Manufactured by Maxtec
International Corporation, 6470
Cortland Street, Chicago, IL
60635, (312) 889-1448.

WAVEBOX 100

Teledata Systems announces
the WAVEBOX 100 Synthesized
Frequency Source. The key
feature of this low cost benchtop
instrument is 10ppm or 0.001%
accuracy and stability over its 1Hz
to 100kHz frequency range. This is
typically three orders of mag-
nitude better than most signal
sources at this price level. The
output frequency is dialed up
directly on thumbwheel switches
making the instrument excep-
tionally easy and foolproof in use.
Resolution is 1Hz over the entire
range. The sine wave output is
variable up to 20v p-p with a +10v
offset. Total harmonic and non-

12/ ELECTRONICS HANDBOOK

harmonic distortion is better than
40dB. An auxiliary TTL/CMOS
level square wave output is also
provided.

Priced at $325, applications
include power, audio, telecom-
munications and ultrasonic
frequency testing, with it s ease of
use making it especially suitable
for production and educational
applications.

For further information, call or
write to Teledata Systems, 68
Reservoir Road, New Milford, CT
06776 (203) 355-8285.

a0
STATIC DISSIPATIVE WORK
SURFACE

This rigid, static-dissipative
work surface was developed as an
alternative to both soft table mats
and high pressure laminate work
surfaces. This work surface has
the conductivity needed for proper
drainage of static charges, yet is
not conductive enough to serve as
a path for dangerous levels of
current, or to cause short

circuiting of powered-up com-
ponents. It has rounded corners,
smooth, non-cutting edges, and
will resist abrasion, staining,
scorching from hot solder and
flux, and the effects of solvents
common to the electronics
hobbyists. Work surface is %"
thick, comes complete with two
installed female snap fasteners
compatible with model 3048
common point grounding system
(included), and is available in two
sizes and three colors. Contact
East, PO Box 786, 335 Willow St.
So., North Andover, MA 01845,
(508) 682-2000.
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THERMAL WIRE STRIPPERS

From HMC (Hub Material
Company), we are informed that
they are introducing a new line of
thermal wire-strippers that are
small, lightweight low-power, AC
line-operated tools that will
surpass previous devices in safety,
versatility and economy. Their
patented design incorporates a
uniguely shaped nichrome
heating element which heats up
quickly (less than 5 seconds) to its
optimal temperature for efficient
wire-stripping. The low mass,
guarded element minimizes the
risk of burns, eliminates nicks and
broken strands of conductors, and
reduces lead pull on sensitive
components.

These Patco thermal wire-
strippers offer many advantages
over mechanical-type strippers.
The new, very thin heating element
consistently produces excellent
quality strips while eliminating
damage to the conductor.

While the AC line-operated
models may be more practical for
commercial purposes, recharge-
able battery powered models are
also available upon request for
field service technicians who don’t
have access to line power. For
further information, contact HMC,
Box #526, Canton, MA — (617)
821-1870.

[E=——  _=ae———— e

MINIATURE MICROPHONES

MFJ Enterprises, Inc. announ-
ces the release of several new
miniature speaker/microphones
that fit most handheld radios and
are available with regular or “L”
connectors and measure just 2" X

1-1/4" X 1/4”. You just can't get
much smaller than that.

In this tiny package you get a
first-rate electret mic element and
a wide range speaker that provide
superb audio on both transmit and
receive.

These feature-packed speaker/
mics also give you an earphone
jack for private listening, push to
talk button, swiveling lapel/pocket
clip and a lightweight retractable
cord.

MFJ-285 and MFJ-285L (with
“L” connector) fit Icom, Yaesu,
and Santec HTs; MFJ-287 and
MFJ-287L fit Kenwood. All four
models come with MFJ's one year
guarantee.

For more information contact
any MFJ dealer or MFJ Enter-
prises, Inc., P.O. Box 494,
Mississippi State, MS 39762, or call
(601) 323-5869, Telex: 53 4590
MFJSTKV, FAX: (601) 323-6551, or
order toll free at 800-647-1800.

WORK HOLDER/POSITIONER

When you are working with
components that are small and
delicate and you feel like you have
ten thumbs, this PanaVise work
holder/positioner may be the
answer to your problem. It allows
you to position, tilt and rotate your
work without removing it from its
holding device. Each unit’'s
patented “split ball” joint allows
the vise head to be positioned
through three planes with just the
turn of a knob. It tilts, turns and
rotates. One quick turn of the
control knob and you can securely
position your work exactly where
you want it.

This easy-to-use vise has
remarkable strength, yet it is
gentle enough to firmly hold the
most delicate electronic parts and
PC boards. Hobbyists should find
the PanaVise invaluable. It has a
multitude of interchangeable
heads, bases, base mounts and
accessories which are adaptable
to an endless choice of configura-
tions to fit your exact needs. For
more details, call or write to HMC,
HUB Material Company, 33
Springdale Avenue, Canton, MA
02021 (617) 821-1870.
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NEW
PRODUCTS

HAM RADIO LICENSE TUTOR

MFJ Enterprises, Inc. announ-
ces the release of the new MFJ
ham license Theory Tutor for iBM
compatible computers.

MFJ’S new Theory Tutor
practically guarantees you'll pass
the theory part of any FCC license
exam.

This versatile and fun new IBM
compatible software is the best
computer tutor ever tailor-made
for ham radio.

You get the FCC question pool.
However, what makes this tutor so
special is not that it contains the
guestion pool. It is the uniquely
effective, fun way it gets you ready
for your test!

You can study the entire
question pool, concentrate on
selected areas or try taking sample
tests. There’s no better way to
make sure you know the material.
Each study session is automati-
cally saved and you can returnto a
previous session at any time. Or

print a test (suitable for official The model numbers are: MFJ - order toll free at 800-647-
PROGRAMMABLE SOLDERINE -M

STATION
From Weller, a futuristic,

microprocessor controlled,
soldering station representing a
major advancement in soldering
technology and efficiency. All
relevant thermodynamic proper-
ties for its interchangeable irons
and tips are programmed into the
unit to allow for superior tip
temperature accuracy and stabil-

PARADE

MFJ Enterprisss

PO Box 494

M|55|55|pp| State, MS
o 23 39762

Fress any key to continue —-—:
Press H for Help?

testing) on any Epson or IBM 1610-Novice: MFJ-1611-Techni-
compatible printer. cian; MFJ-1612-General; MFJ-

You also get excelient graphics 1613-Advanced; MFJ-1614-Extra.
with appropriate questions, The retail price is $29.95 per class.
complete scoring analysis, color For more information contact
change options, an on-line any MFJ Dealer or MFJ Enterpri-
calculator, explanations of difficult  ses, Inc., P.O. Box 494, Mississippi
questions plus much more. State, MS 39762, or call (601)

The MFJ Theory Tutor is 323-5869; FAX (601) 323-5869;
available for each license class. TELEX: 53 4590 MFJSTKV, or

ity. With the LCD display showing the set tip temperature, actual tip
temperature, iron style, and tip parameters are stored and
style, the user can see selected retained in memory, even when
operating parameters at a glance. the station is turned off or power is
The power unit's interactive removed..no reprogramming is
menu provides the user with an required.
easy-to-understand method of The Weller MC5000 is the
selecting tip temperature (from ultimate in soldering stations and
350°F to 850°F), tip style, display may be a little more than the
mode, (°F or °C) and calibration average electronics hobbyist
constants. These operating requires for construction of his

N
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projects but as any experimenter
knows, good soldering technique
and soldering equipment make a
world of difference in the final
construction of an electronics
project.

Two versions of the MC5000 are
available: Model MC5000-1 comes
with a macro 42-watt iron that uses
ET Series tips; Model MC5000-2
comes with a micro 20-watt iron
that uses EPH Series tips. For
more information contact HMC
(Hub Material Company), P.O.
Box 526, Canton, MA 02021 (617)
821-1870.
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FREQUENCY COUNTER

All new hand held frequency
counter with low frequency
coverage down to 10 Hz and
microwave coverage up over 2.2
GHz. This is the hand counter with
the widest range of applications
because of its wide frequency
coverage. Important frequency
counter features such as a metal
cabinet and precision quartz time
base oscillators are included as
well as high quality internal Ni-
Cad batteries. A full line of
accessories include antennas,
probes, and carry case.

The 2210 features dual crystal
oscillator and dual input amplfier
design. The low frequency range

has a FET input high impedance
amplifier circuit. The high
frequency range uses microwave
miniature integrated circuit
amplifiers for excellent sensitivity.
Picking up more transmitter
frequencies from greater ranges
than ever before is now possible.

Input sensitivity is less than 10
mV from 10Hz to 2GHz with 3 mV
typical. Accuracy is 1PPM with
temperature compensated crystal
oscillators. Size is 3.9" H x3.5" W x
1" D and weight is 9 oz. Resolution
is 1Hz below and 100Hz above
12MHz. Two hour battery opera-
tion is typical after 16 hour
recharge. Operation from AC
adapter/charger is possible during
recharging.

Manufactured in the United
States by OPTOELECTRONICS
INC., 5821 N.E. 14TH AVENUE,
FORT LAUDERDALE, FL 33334,
(800) 327-5912 OR IN FL (305)
771-2051. The model 2210 sells for
$189 complete with NiCad
batteries and charger. Model TA-
100S telescoping whip antenna is
$12. The vinyl carry case is $10.

SWEEP/FUNCTION
GENERATOR

B&K-Precison has announced
its new Model 3026 Sweep/
Function Generator. This highly
versatile 0.5 Hz to 5 MHz signal
source includes a built-in
frequency counter. The 5-digit
LED display indicates the output
frequency or may be used to
measure external signals to 10
MHz. The external counter mode
offers four selectable gating times.
Other features include internal or
external AM modulating internal
or external gated burst operation,
and three step attenuators. The
sweep generator offers fully
variable sweep width and rate and
a sweep ramp output. The sine
wave, square wave, and triangle
wave outputs are given added
versatility with normal or inverted
polarity selection and variable

duty cycle control. Aseparate TTL
output provides the correct level
without set-up adjustments.

Manufactured by Maxtec
International Corporation, 6470
Cortland Street, Chicago, IL
60635, (312) 889-1448.

STATIC-FREE
DESOLDERING
PUMP

Model AS196 is a high-vacuum
desoldering pump that is made
from special static conductive
materials for safe removal of
solder around static-sensitive
components. Operator simply
heats solder joint with conven-
tional soldering iron, and when it
melts, just presses the pump
trigger button for an instantane-
ous vacuum through the tip.

Solder is sucked out, leaving the
hole clean and ready for easy
component removal. The pump
has a heavy-duty spring for long-
lasting performance, and features
easy, one-hand loading. Tip self-
cleans each time plunger is
depressed. Comes complete with
conductive tip. Contact East, PO
Box 786, 335 Willow St. So., North
Andover, MA 01845, (508) 682-
2000.
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NEW

BOOK REVIEWS

IC MASTER

To bring our readers up-to-date,
our last issue (Volume #7)
reviewed an outdated issue of the
IC MASTER The publisher (Hearst
Business Communications, Inc.)
has graciously provided us with
up-to-date information on the IC
MASTER, now expanded to 3
separate volumes with a price tag
of $145 for the set, with a $10
shipping and handling charge for
each purchase.
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The new IC MASTER, scheduled
for release in February 1990 (we
can’t get any more up-to-date than
that) provides the engineer types
with extensively updated and all
new sections and categories in
each of the 3 volumes with the only
comprehensive data base in the
industry that references, cross-
references and organizes product
information on 80,000 standard
ICs, including 14,000 new ICs.

Volume 1 is a complete
functional guide to ICs, grouped
by basic category...Digital,
Microprocessor, Linear, and
Memory. In the Microprocessor
section there are new categories
on CISC processors, RISC
processors, and microcontrollers
divided according to processor,
data word size and increasing
clock frequency. The memory
section includes new categories
on NVRAMs, EPROMSs, video
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RAMs, multiport devices, and
modules sorted by configuration
and access time. Three new tables
cross-reference MIL-38510, DESC
Drawing and Commercial equiva-
lents. The Alternate Source
Directory, with over 155,000
listings, includes second source
information on obsolete as well as
current parts.

Volume 2 is an entire “stand
alone” volume with over 1,000 new
and updated manufacturer's data
pages. The Product Index cross-
references the IC listings in
Volume 1 and the data pages in
Volume 2 on all products. The
Application Note Directory is a
library to all available application
literature issued by the manufac-

' turers. The addresses and

telephone numbers of every
manufacturer in the IC industry
are listed in the Manufacturers and
Distributors Directory.

Volume 3 is a complete Systems
Level Volume. This guide to
Custom/Semicustom ICs includes
gate array and cell-based ASICs. A
complete new section is devoted
entirely to Programmable Logic
Devices sorted parametrically
according to function and
performance. The Design Auto-
mation Section features the
industry’s most extensive listings
of CAE and CAD design tools and
includes a complete guide to
Microprocessor Development
Systems organized by supported
CPUs. The newly revised section
on Microcomputer Boards lists
boards by the bus or system
supported.

To order or get further details,
contact Marie Botta, Book Sales
Manager, Hearst Business Com-
munications, 645 Stewart Avenue,
Garden City, N.Y. 11530 (516)227-
1300, FAX (516) 227-1901.

HANDBOOK OF REMOTE
CONTROL & AUTOMATION
TECHNIQUES

By John E. Cunningham and
Delton T. Horn

Ordinarily we think of auto-
mation as being of use in an
industrial setting, and, indeed,
industrial automation is the prime
concern of most academic
textbooks. But the Handbook of
Remote Control & Automation
Techniques is different because it
focuses on applications of
automation and remote control in
the home. The book evolved from
Mr. Cunningham’s efforts to make
life easier for a wheelchair-bound
girl by providing electronic control
of doors, windows, and other
features of her home environment.

Hands-on practicality is the
watchword here; you don’t need
an extensive mathematical
background to understand this
book. The authors begin with a
discussion of sensors and
indicators, and then proceed to
give a quick, painless introduction
to the laws of mechanics. Next
comes an excellent discussion of
hydraulic actuators, electric
motors, and solenoids—the
“muscles” of an electronic control
system.

Remote control requires the
encoding and transmission of
data, which can be done in a
variety of ways. The authors deal
mainly with tone encoding/de-
coding, and light-beam, uitra-
sonic, audio, and carrier-current
transmission. Their treatment of
radio control is limited to a
discussion of how commercial
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equipment can be adapted for use
in the home—a sensible approach,
given that most hobbysts are ill-
equipped to satisfy the stringent
demands of the FCC regarding
radio emissions. Two chapters are
devoted to the use of computers in
a control system, and there are
numerous examples throughtout
the book of practical home
automation systems.

Readers interested in applying
the principles of automation will
find the Handbook of Remote
Control & Automation Techniques
by John Cunningham and Delton
Horn to be an excellent intro-
duction to the subject. Check your
bookstore or send $18.95 plus
$2.50 for shipping to TAB Books
inc., Blue Ridge Summit, PA,
17214-9989.

CUSTOMIZE YOUR PHONE
by Steve Sokolowski

When asked to identify the home
appliance they understand the
least, a great many hobbyists
would reply: the telephone. Ma
Bell was never one to divulge
phone secrets or encourage
tinkering, and even after the
historic Supreme Court decision
that gave customers the right to
own and install their own
telephone equipment, electronics
magazines devoted precious little
space to telephone-related
matters. Now, Steve Sokolowski’s
new book, Customize Your Phone,
lifts the veil of secrecy surround-
ing the telephone and allows the

reader to configure his home
phone system to suit his own
needs. No, you will not find “blue
boxes” or any device that even
remotely smacks of illegality in
this book. What you will find are 15
interesting, easy-to-build circuits
that will improve the performance
of your phone system at little cost.
Among the projects featured are
a phone “bug” detector, a melody
ringer, a tone ringer, an automatic
telephone recorder (careful with
this; remember Richard Nixon), a
call indicator, a ring detector, a
conference caller, a telephone
lock, a telephone intercom, a
phone-line tester, a phone
amplifier, a speaker phone, an
appliance controller, and an
animated stuffed-animal tele-
phone ringer. In addition, there is
an introductory chapter on the
internal circuitry of telephones, as
well as chapters on electronic
components, reading schematics,
making PCBs, and soldering for
the benefit of beginners.
Customize Your Phone by Steve
Sokolowski is 160 pages of
information and project-building
fun. It can be obtained for $12.95
plus $2.50 for postage from TAB
Books Inc., Biue Ridge Summit,
PA, 17214-9989, and also from

most bookstores.
Ieese_—=- - —————1

TROUBLESHOOTING AND
REPAIRING SOLID-STATE TVs

by Homer L. Davidson

Foranyone involved inthe repair
and maintenance of electronic
equipment, the latest book by
veteran author Homer Davidson is
must reading. Mr. Davidson has
written a 450-page distillation of
the experience gained from nearly
40 years in the TV repair business,
and he has done so in a way thatis
easy to read and understand.

From the start, the book
assumes that the reader is familiar
with the basic theory of television
operation and with the subsystems
that make up a modern TV, i.e,, the
horizontal oscillator, the tuner,
and so forth. Each of the book’s

fifteen chapters then addresses
itself to one of these subsystems
and the ailments that can afflict it.
An abundance of schematic
diagrams and clear photographs
makes the discussion easy to
follow. At the close of each
chapter, the author supplies a
selection of actual case histories
that illustrate how theory relates to
practice. Special attention is given
throughout to the “tough dogs,”
those difficult-to-diagnose prob-
lems that cause a serviceman to
lose money as well as his temper.
An excellent book for self-study
or classroom use, Trouble-
shooting and Repairing Solid-
state TVs by Homer L. Davidson is
available for $17.95 (softcover) at
your local bookstore or direct from
the publisher, TAB Books Inc.,
Blue Ridge Summit, PA, 17214-
9989. Add $2.50 for postage and
handling.
—_—
PROGRAMMING MACINTOSH
PASCAL

by John J. DiElsi and Elaine S.
Grossman

Programming Macintosh Pascal
was written to serve the needs of
an introductory high school or
college course in Pascal pro-
gramming. It assumes that the
reader has little or no experience
with Pascal, and only a modest
familiarity with the Macintosh.
Since this is a book for beginners,
no attempt is made to teach the
tricky business of programming
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the Macintosh Toolbox. Struc-
tured programming concepts are
introduced early on, and rein-
forced through the use of IPO
(input/process/output) and Nassi-
Schneiderman charts.

The standard programming
issues such as date structures,
flow of control, 1/O, functions,
procedures, graphics, modularity,
and data files are covered
thoroughly and illustrated by
means of numerous programming
examples. Program listings are
highlighted in blue and well-
commented, making them easy to
follow. Advanced concepts like
enumerated data types, pointers,
linked lists, and recursion are
introduced near the end of the
book; sets and set operations,
however, are not covered. Each
chapter ends with a set of
exercises and solutions appear in
an appendix.

In summary, this excellent
introduction to Macintosh Pascal
reinforces my conviction that the
best programming books are
written by authors with teaching
experience. Programming Macin-
tosh Pascal by John DiElsi and
Elaine Grossman is lucid and well-
organized, an ideal book for the
newcomer to Mac Pascal or its
descendant, Lightspeed Pascal.
To get a copy, see your local
bookseller, or contact the
MacMillan Publishing Co., 866
Third Ave., New York,NY, 10022,
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ELECTRONIC TEST
INSTRUMENTS: A USER’S
SOURCEBOOK

by Robert Witte

Most of us acquire a knowledge
of test instrumentation in a hap-
hazard way, usually by reading
magazine articles or the manuals
that accompany test gear. A more
thorough, and perhaps more
accurate, grounding in the basics
of test instrumentation can be
gained by reading Electronic Test
Instruments: A User's Source-
book. In the space of 250 pages,
author Robert Witte covers the
theory and application of just
about every type of electronic
instrument the average reader is
likely to encounter. He begins with
a discussion of the theory of DC
and AC measurements, explains
the significance of average, rms,
and peak-to-peak readings, shows
how complex waveforms can be
treated as the sum of harmonically
related sine waves, and provides a
clear, concise explanation of the
errors that plague all measure-

The remainder of the book is
devoted to detailed discussions of
how specific test instruments
operate. The king of test
instruments, the oscilloscope,
gets a two-chapter treatment that
includes excellent examples of the
kinds of measurement problems a
scope is most often called upon to
solve. Other less complicated

kinds of test gear get treatments
that are briefer but no less
thorough. The list of instruments
covered includes ammeters,
voltmeters, chmmeters, sine-wave
signal generators, function
generators, pulse generators,
arbitrary waveform generators and
synthesizers, frequency counters,
logic probes, power supplies,
bridges, attenuators, filters,
spectrum analyzers, wavemeters,
gain/phase meters, network
analyzers, and distortion ana-
lyzers. The only important
instrument not covered here is the
logic analyzer, which is under-
standable, since a thorough
treatment of that particular
instrument would require a book in
itself.

In summary, anyone seeking a
first-rate introduction to the theory
and application of test gear will be
well-served by Robert Witte's new
book. You can obtain a copy for
$14.95 plus $2.50 for postage from
Howard W. Sams & Co., P.O. Box
7092, Indianapolis, IN, 46209-
9921, or look for it at your local
bookstore.
s ————— — i}

SOLID STATE PROJECTS YOU
CAN BUILD

by Rudolf F. Graf and George J.
Whalen

The title of this book says it all.
We have here a collection of 26
electronic projects that will appeal
to everyone from the beginner to
the expert. Each project is accom-
panied by a thorough description
of how it works, construction
details, a parts list, and, where
necessary, tips on where to buy
components. Voltage and resis-
tance charts accompany the sche-
matics and enable the builder to
test his circuit before applying
power to it, thus avoiding the
anguish of a project that goes up in
‘smoke.

Projects featured in this book
include sequential turn-signals for
autos, a wireless video-camera
link, a metal detector, an auto-
mobile burglar alarm, a proximity



sensor, a signal injector/tracer, a
mobile CB converter, a shortwave
RF preselector, an automotive
safety flasher, a music box, a
television remote-sound system, a
programmable automotive speed-
minder, a brakelight safety pulser,
the Rally-mate timepiece, elec-
tronic dice, a sing-along light
controller, an electronic stethos-
cope, a time-delay light switch, an
emergency light source, a tele-
phone call-timer, a computing
thermometer, a liquid-level detec-
tor, a delayed-action turn-signal
minder, an indoor/outdoor ther-
mometer, an explosion-proof fluid
monitor, and a variable-rate horn-
blower for boats.

Solid-State Projects You Can
Build by Rudolf F. Graf and
George J. Whalen is 172 pages of
project-building adventure. It can
be purchased for $10.95 plus $2.50
for postage from Howard W. Sams
and Co., P.O. Box 7092, Indiana-
polis, IN, 46209-9921, or from your
local bookseller.

_————-———_———— =,
THE MASTER HANDBOOK OF
IC CIRCUITS
by Thomas R. Powers

The Master Handbook of IC
Circuits is a huge, six-part compi-
lation of circuits that perform a
variety of different functions.
About the only thing that any of
these circuits have in common is
that they all consist of one, two, or
three ICs.

Part |, the biggest section of the
book, is devoted to linear circuits.
It contains such useful items as

precision rectifiers, differential
amplifiers, oscillators, and filters,
Part Il is all about voltage regula-
tors—some with fixed outputs, the
rest adjustable. Part Il is a brief
collection of circuits built around
CMOS logic ICs, while Part IV is
much the same but features TTL
logic instead. The logic circuits
featured here do such useful
things as debounce a switch,
generate clock pulses, or divide
the frequency of a square wave.
Radio and television circuits
make up Part V, where we find
such items as crystal oscillators,
simple radios, and video amplifiers.
Finally, Part VI consists of circuits
built around special-function ICs,
which may convert temperature to
frequency, generate pink noise, or
simulate the sound of a Star Trek
phaser.
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With 532 pages of schematics,
The Master Handbook of IC
Circuits by Thomas R. Powers
certainly delivers the goods. Un-
fortunately, no explanations ac-
company the schematics, which
means that beginners may have a
tough time figuring out what some
of the circuits do. You can buy this
book for $18.95 (softcover) in
bookstores or direct from the TAB
Book Co., Blue Ridge Summit, PA,
17214-9989. Include $2.50 for

postage.

ONE-EVENING ELECTRONICS
PROJECTS

by Calvin R. Graf and Richard
S. Goss

This is a book of projects that are
inexpensive, easy-to-build and
simple-to-understand. As such,
the book will appeal most strongly
to the beginner just starting out in
electronics. Sixteen projects are
featured here; authors Graf and
Goss provide thorough, careful
descriptions of how each one
operates and how to construct it.
They then proceed to suggest
novel ways in which the circuit
might be adapted to perform other
tasks. For example, they suggest
using their Sonalight project, an
audio oscillator whose frequency
varies with the intensity of incident
light, for such thought-provoking
applicaticns as intrusion detec-
tion, observing distant lightning,
“listening” to the image on a TV
screen, taking one's pulse, and
sensing the level of a liquid. The
same spirit of fun and curiosity
pervades the whole book and
makes it an excellent choice for
youngsters in particular, since
they frequenctly have an abun-
dance of imagination but little
cash to spend on equipment.

One-Evening Electronics Pro-
jects by Calvin R. Graf and Richard
S. Goss contains 174 pages and is
an excellent book of projects for
the beginner. It can be obtained
from Howard W. Sams & Co., P.O.
Box 7092, Indianapolis, IN, 46209-
9921, for $8.95 plus $2.50 for
postage, or check your local

bookseller.
et e e
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A TRIPLE-OUTPUT

REGULATED
POWER SUPPLY

By Walter Sikonowiz

Batteries are all right for beginners, but the
experienced hobbyist knows there is no substitute for a
good regulated power supply. To be useful, a power
supply should consist of three independent sections, two
of them continuously variable and providing positive
and negative outputs of 0-15 VDC, and the third having
a fixed output of +5 VDC for digital logic. Regulated DC
power supplies of this kind are available commercially,
but by building your own using the plans presented
here, you can save money and have fun at the same
time. The circuit is a simple one that can be
constructed without the aid of expensive test
equipment. Furthermore, by choosing from among a
variety of circuit options, you can build a supply that
suits your needs and makes use of components you
have on hand.
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ou will find that many of the components called
Y for can be purchased at tremendous discounts

on the surplus market. Suggestions on how to
do this are provided for those of you unfamiliar with
surplus buying. Please note that surplus components
need not be used components, although used items
do make up a small percentage of the surplus market.
For the most part, surplus consists of new items that
someone manufactured or bought and then decided
to sell at a sacrifice, perhaps because of a change in
design or marketing strategy, or because of a
bankruptcy liquidation. Whether you take advantage
of surplus bargains or stick exclusively with standard
retail parts is entirely up to you. Either way, you will
end up with a high-quality power supply that will see
you through years of experimenting.

Theory of Operation

To see how the circuit works, let’s first look at the
schematic in Fig. 2. Transformer T1 converts 115 VAC
to 36 VAC center-tapped. Bridge rectifier BR1
changes AC to pulsating DC, which is then filtered to
nearly pure DC by electrolytic capacitors C3 and C6.
This kind of power-supply configuration is known as
a dual complementary rectifier circuit or, equivalent-
ly, as a center-tapped bridge. You'll note that it
produces positive and negative voltages simulta-
neously. The positive potential appears across C3,
the negative across C6.

Our positive adjustable supply is built around IC2,
an LM317K voltage regulator. C4 and C5 are solid
tantalum electrolytic capacitors which stabilize the IC
and improve regulation. Diodes D3 and D4 are there
to protect IC2. Output voltage is set by means of
potentiometer R4, which will be mounted on the front
panel of the supply. Trimmer R3 is used to set the
maximum output voltage of the supply to +15 volts.

Figure 1. Author's regulated power supply has a
single meter for voltage and current, but you can
easily build the circuit with dual meters for added

convenience.

7805 ON o2
IN ouT a1 °‘\._ﬂ' o—0 p_' (o) +5
GND 180 o, F2 pBp1
c1 i -3 v %D2 STANDBY , 1A
1.0 c2 < !
10 LED1 '
& '
D3 = !
L4
L] I
Ic2 '
P1 s1 F1 ]
LM317 1 S2b
115 - IN outT— 1 2 .'M\,_.v»
yae ADJ z5e °, PR BR2
" 1 o ' RA
e b >R3 —— t
ci| cal +svTRIM 00 g5 K04 .
4700 1.0 - 10 :
POS VOLTAGE [*%1000 7
ADJUST : SaND
NEG. VOLTAGE| | _L ' ¥
ADJUST > RS - 1
1000 = \
. [+ [ tre== &XDs :
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4700 10 — Lpy |0 !
o 756 -
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° F4 BP4
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FIGURE 2 POWER SUPPLY SCHEMATIC

Figure 2. Schematic of triple-output regulated DC supply. If you need more than half an amp at +5
volts, omit the 5-volt section (IC1, etc.) shown here and substitute the high-current version in Fig. 3.

Points A, B, C, and D connect to meters (see Figs. 4 and 5).
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PARTS LIST FOR FIGURE 2

BP1-BP4—binding posts (four different colors)
BR1—bridge rectifier, 200 PIV, 3 amps or greater
C1, C4, C7—1.0 mfd, 50 V solid tantalum electrolytic
Wcapacitor

C2, C5, C8—10 mfd., 35 V solid tantalum electrolytic
capacitor

C3, C6— 4700 mfd., 50 V computer-grade electrolytic
capacitor (Mepco/Centralab Series 3120 or
equivalent)

D1-D6— 1N4003 1-amp 200 PIV rectifier diode
F1—3 amp slow-blow fuse (increase to 1%.-amp if
optional 3A/5V section is used)

F2-F4—2-amp fuse

IC1—7805K +5-volt regulator

1IC2—LM317K adjustable positive voltage regulator
1C3—LM337K adjustable negative voltage regulator
LED1— light-emitting diode

P1—AC line plug and cord

R1—180-ohm, :-watt, 10% resistor

R2, R7— 56-ohm, >-watt, 5% resistor

R3, R6— 100-ohm trim pot

R4, R5— 1000-ohm linear-taper potentiometer
§1—SPST toggle switch

§2—3PST toggle switch

T1—36-volt center-tapped 1.5-amp power transformer
(Signal Transformer Co. #241-7-36 or equivalent)
Misc.— heat sinks, hookup wire, fuse holders, knobs,
decals, cabinet, mica insulating wafers, and terminal

strips.

The points labeled A and B connect to a meter-and-
switch arrangement which we will discuss in detail
later. For now, we will simply note that output current
flows from IC2 to point A, and then through a meter to
point B. From there it travels through STANDBY
switch S2b and fuse F3 to whatever load we attach.
The STANDBY switch allows us to disconnect the
load from the supply so that the output voltage can be
set to the level desired without danger of damaging
the load.

Note that the negative adjustable supply, built
around IC3, is the mirror image of the positive
adjustable supply. Capacitor and diode polarities are
reversed, and the regulator in this case is an LM337K.
Other than that, everything that was said about the
positive adjustable supply applies to the negative
supply as well.

A fixed, regulated potential of +5 volts is provided
by IC1, a 7805K voltage regulator. The circuit
configuration here is similar to what we have seen
before, except that there is no provision for voltage
adjustment. LED1 functions as a pilot light. The
7805K regulator can safely supply a maximum of half
an amp in this circuit. (In theory, the 7805K could
supply up to 1.5 amps, but the input voltage on C3
would have to be lowered, and that would com-
promise the operation of IC2.) For most experi-
menters, half an amp at +5 volts will be sufficient.
However, if you are a diehard digital enthusiast, you
may need a heftier +5-volt supply. In that case, just
eliminate IC1 and all its associated components (C1,
C2, D1, D2, R1, LED1, F2, BP1) and build instead the
alternate +5-volt supply shown in Fig. 3.

The alternative +5-volt supply has its own 10 VAC
transformer, T2. Connect the primary side of T2 in
parallel with the primary side of T1 (see Fig. 2) so that
it sees 115 VAC. The secondary of T2 feeds a bridge
rectifier (BR2) and a filter capacitor (C9). Regulation
is provided by 1C4, and LM323K, which cansupply up
to 3 amps when adequate heat sinking is provided.
Switch S2a is one section of the STANDBY switch
shown in Fig. 2. If you build the alternate +5-volt
supply, boost the rating of AC-line fuse F1 in Fig. 2
from % amp to 1.5 amps. The heavy-duty supply of
Fig. 3 will add about $25 to the cost of this project if
new components are used, or about $15if you find a
suitable transformer in surplus.

PARTS LIST FOR FIGURE 3

BP5—binding post

BR2— bridge rectifier, 200 PIV, 6 amps or greater
C9— 18,000 mfd., 25 V computer-grade electrolytic
capacitor (Mepco/Centralab Series 3120 or
equivalent)

C10— 1.0 mfd. 25V solid tantalum electrolytic
capacitor

C11—10mfd 10 V solid tantalum electrolytic capacitor
D7, D8— 1N5402 rectifier diode, 200 PIV, 3A
F5—3-amp fuse

1C4—LM323K +5-volt regulator

R8— 180-ohm, Y.-watt, 10% resistor

S§2a— part of S2 from schematic in Fig. 2

T1— 10-voit, 5-amp power transformer (Signai
Transformer Co. #241-7-10 or equivalent)

T2
1oV

S A\ BR2
CONNECT IN PARALLEL
WITH PRIMARYOF T4 A N 3 -
(SEE FIG. 2)
&/ +
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18000
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— 3A

C10 ci1 F D8
1.0 10 LED2

L

FIGURE 3 ALTERNATE FIVE- VOLT SUPPLY

Figure 3. This fixed +5-volt supply puts outahefty 3 ampsand canbe substituted for the +5-volt supply

in Fig. 2, if desired.
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priced at about $13 each. If you check the surplus
outlets, you will find similar meters selling for less
than five dollars. Meter M1 should read 0-15 VDC,
while M2 can be either 0-500 mA or 0-1amp DC. The
latter may be easier to find on the surplus market.

a|[}—

To
Fig. 2-ﬁ

FIGURE 4 DUAL-METER HOOKUP
PARTS LIST FOR FIGURE 4

M1—0-15 volt DC meter (Circuit Specialists #20-1120
or equiv.)

M2—0-500 mA DC meter (Circuit Specialists #20-
1116 or equiv.)

S§3—6PDT rotary switch

Figure 4. Dual meters allow voltage and current tobe
measured simultaneously. The positive variable
supply is monitored when $3 is up, the negative
supply when S3 is down.

Dual-meter Hookup

We need some means of measuring the voltage and
current provided by the adjustable sections of our
power supply. Fig 4. shows the preferred method,
which uses dual meters that measure voltage and
current simultaneously. With switch S3in the position
shown, the positive adjustable supply is monitored;
flipping S3 the other way allows us to monitor the
negative adjustable supply.

Dual meters may at first seem extravagant, but you
will appreciate the convenience of simultaneous
voltage and current measurements. In addition, the
dual-meter arrangement is easier to build than a
single-meter arrangement, and it need not be
expensive if you shop for meters carefully. Circuit
Specialists Co. has 2-inch panel meters reasonably

Single-meter Hookup

Fig. 5 shows an alternative arrangement that uses
just one meter. You will not save any money by using
a single meter, and construction will actually be more
difficult. The only advantage of a single meter is that it
takes up less space. Note that S4 is a four-position

<A}~
I+
R9 V+ S4a
0.4 V>
i=°
] ——o

To
Fig. 2

—

S4d

FIGURE 5 SINGLE-METER HOOKUP
PARTS LIST FOR FIGURE 5

M3—0-1 mA DC meter (Circuit Specialists #20-1112
or equiv.)

R9, R10—0.4-ohm (two 0.2-ohm 1% 1-watt wirewound
resistors in series; see text for details)

R11, R12—14.7K 1% "%-watt metal-film resistor (see
text)

$4—4PAT rotary switch

Figure 5. This alternative to the metering scheme in
Fig. 4 uses just one meter but may actually be harder
to build. As S4 is rotated counterclockwise from the
position shown, positive current, positive voltage,
negative voltage, and negative current are measured
in succession.

switch because the single meter is used to measure
four separate quantities: positive voltage, positive
current, negative voltage, and negative current. The
meter you use for M3 should have a full-scale
deflection of 1 mA or less and a voltage drop at full-
scale deflection of approximately 0.1 volt or less. For
example, Circuit Specialists Co. carries a 0-1 mA DC
meter (stock #20-1112) that has an internal resistance
of 200 ohms. The voltage drop across this meter at full
deflection is 0.2 volt (0.001 amp x 200 ohms), which is
satisfactory for our purposes. We must now calculate
the value of voltage-dropping resistors R11 and R12
(see Fig. 5) using the formula

15V
R:L_

I &
where Rm is the internal resistance for our meter (200
ohms) and I is the current required for full-scale
deflection (1 mA). Carrying out the calculation, we
obtain

15

R =5001 14800

- 200 = 15000 - 200 =
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The nearest 1% value is 14.7K ohms, and so this is the
value we will use for both R11 and R12. Incidentally,
Digi-Key Corp. is a good source for low-cost 1%
metal-film resistors.

Our final chore is to calculate the values of current-
shunt resistors RS and R10 in Fig. 5 using the
relationship

Im X Rm
R - Imax . Im
where Imn and Rm are defined as before and Imax is the
maximum current we wish to draw from the supply
(500 mA, in this case). Carrying out the calculation,
we obtain
R - 0001 x200 0.2
~ 05-0001 - 0.499

This is the nominal resistance to be used for both R9
and R10. Unfortunately, this is not a standard value of
resistance. We can either use a 0.5-ohm 1%
wirewound resistor, in which case our full-scale
sensitivity will become 400 mA, or we can use two 0.2-
ohm wirewound resistors in series to obtain 0.4 ohm.
The latter is probably the better course of action. Digi-
Key Corp. is a good source for low-resistance 1%
wirewound resistors. You may very well want to use a
surplus meter for M3. In that case, you will have to
redo the calculations outlined above using the
characteristics (I, Rn) of the meter you have chosen.

We are not through yet. There is still the problem of
applying two scales (0-15V and 0-500 mA) to the face
of the meter. Let us save the details of that tedious
task for later.

= 0.4 ohm

Shopping for Components

Right now is a good time to say a few words about
where to buy components. As noted at the beginning
of this article, many of the components are readily
available at reduced prices on the surplus market.
You will find that switches of all kinds abound in
surplus. Note that the meter-range switches (S3 and
S4) specified in this project are described as rotary
units in the parts lists. This is because rotary switches
are common and cheap. In the prototype, however, |
used an interlocking pushbutton-style switch for this
purpose. Ordinarily, a pushbutton switch of this kind
would be too expensive to consider, but | picked one
up cheap as surplus. When shopping for S2, the
STANDBY switch, make sure the unit you choose can
handle 3 amps DC if you build the heavy-duty +5 - volt
supply shown in Fig. 3. If only an AC-current rating is
given for a particular switch, divide that figure in half
for a conservative estimate of the switch’s DC-current
capability.

Transformers T1 and T2 are available from the
Signal Transformer Co. Their cost was about $16
each at the time this article was written. Be sure to
obtain a copy of the Signal catalog and price list
before ordering, as prices may change. Even though
the Signal transformers specified are well made and
reasonably priced, you can probably strike a better
deal in surplus. For T1, you can use any transformer
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with a secondary rating of 32-36 VCT at 1.5 amps or
greater. Transformers rated at 34 VCT are quite
common as surplus and should work well here. For
T2, a transformer with asecondary rated at 10-12 volts
AC will work fine. Do not go higher than 12 volts,
however. The current capability of T2 should be at
least 4 amps. Greater current capability will not do
any harm, but as the current rating goes up, so do the
size and weight of the transformer. Unless you want
your power supply to double as a boat anchor, keep
T2 in the 4-6 amp range and T1 in the 1.5-2.5 amp
range.

Many of the less expensive components —like AC
line cords, knobs, hardware, terminal strips, etc. —are
also available as surplus, and if you buy them in
quantity, the savings can be substantial. There are
actually only two kinds of components that | would
advise against buying on the surplus market:
electrolytic capacitors and semiconductors. My
reason for not buying electrolytic capacitors is that
you never know how long they have been languishing
in storage. Since electrolytics have arelatively limited
lifetime, especially if stored under less-than-ideal
conditions, it is better in the long run to spend a little
extra for a brand-new component.That is especially
true when building a power supply; since filter
capacitors are usually the first components to break
down. Buy good computer-grade electrolytic
capacitors for C3, C6, and C9. Capacitors of this kind
usually have screw terminals, as can be seen in Fig.7.

As noted above, | am also reluctant to buy
semiconductors on the surplus market. There is a
nagging suspicion | have—probably unfounded in
many cases—that surplus ICs are “seconds” that
have failed a crucial test and been dumped. Call me a
cynic if you like, but the peace of mind that comes
form using prime-grade semiconductors in a project
is something | am willing to pay extra for.

On other hand, | have no qualms at all about buying
meters on the surplus market. You will find the
surplus catalogs jammed with analog meters at
ridiculously low prices. Take advantage of the
savings. A list of surplus dealers appears at the end of
this article, along with a list of some reliable standard
retail dealers.

Construction

Before beginning construction, you must decide
whether to use the heavy-duty +5-volt supply in Fig. 3
or the standard +5-volt supply in Fig. 2. You must also
decide whether you want two meters or just one.
Having made those decisions and purchased the
necessary parts, you are ready to begin construction.
Note that a printed-circuit board was not used in the
construction of the prototype, since most of the
components were not PC-mountable. Terminal strips
were used where necessary to hold components that
were not self-supporting. You could as easily use
perfboard for that purpose.

The prototype is housed in a 6x8x5-inch “N” series
cabinet manufactured by LMB. Its costis roughly $20.
If you build the optional 3-amp +5-volt supply or use
two meters, a larger cabinet will be needed. A less
elegant cabinet will save money without affecting the



performance of the circuit.

Potentiometers R4 and R5 mount on the front
panel. Be sure to use linear-taper devices, and wire
them so that maximum resistance is obtained when
they are rotated fully clockwise. R3 and R6 can be
small trimpots mounted on perfboard or large-size
potentiometers with slotted shafts that accomodate a
screwdriver rather than a knob. If you do use large-
size pots for R3 and R6, mount them on the rear panel
of the supply. Put R2 and R3 relatively close to IC2,
and R6 and R7 close to IC3. The stabilizing
capacitors— C1, C2, C4, C5, C7, C8, C10, C11—
should also mount close to their respective IC
regulators (right on the pins, if possible). LED1 can be
mounted wherever convenient on the front panel.

Computer-grade electrolytic capacitors require
special mounting clamps, which do not come with the
capacitors; you must buy them separately.

The current ratings of BR1 and BR2 in the parts list
are the minimum acceptable values. Rectifiers of the
size specified generally are intended for PC mounting
and come with wire leads. If you do not use a PCB or
perfboard, you may find it advantageous, though a bit
more costly, to use 200-PIV 25-amp bridge rectifiers.
These high-current devices come with heavy solder-
lug terminals and mount directly on the chassis with a
single bolt. They will be easier to work with in the
absence of a PCB, and, of course, the more generous
current rating does no harm.

Use 16-gauge stranded-copper hookup wire for
any lead that may be expected to carry high current.
This includes the leads between the transformers and
the bridge rectifiers, and between the bridge rectifiers
and the filter capacitors. It also includes leads
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