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ICOM’s commercial
quality scanning
receiver...Top
quality at a gem
of a price.

ICOM introduJces the
IC-R7000 advanced technol-
ogy 25-2000MHz* continu-
ous coverage ccmmunications
receiver. \With 99 owner pro-
grammable memories, the
IC-R7000 covers low band,
aircraft, marine, business, FM
broadcast, amateur radio,
emergency services, govern-
ment and television bands.

Keyboard Entry. For
simplified operation and quick
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tuning, the IC-R7000 features
direct keyboard entry. Precise
frequencies can te selected by
pushing the digit keys in se-

quence of the frequency or by
turning the main tuning knob.

99 Memories. The
IC-R7000 has 99 memories
available to store your favorite
frequencies, including the
operating mode. Memory
channels may be called up by
simply pressing the Memory
switch, then rotating the
memory channel knob, or by
direct keyboard entry.

Scanning. A sophisticated
scanning system provides
instant access to most used
frequencies. By depressing
the Auto-M switch, the

IC-k 7000 automatically memo-
rizes frequencies in use while
the unit is in the scan mode.
This allows you to recall

frequencies that were in use.

Other Outstanding

Features:

® FM wide/FM narrow/AM/
upper and lower SSB
modes

® Six tuning speeds: 0.1, 1.0,
5,10, 12.5 or 25KHz

e Dual color fluorescent dis-
play with memory channe!l
readout and dimmer switch

e Compact Size: 4-3/8"H
x N%a"W x 107%"D

e Dial lock, noise blanker,
combined S-meter and
center meter
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e Optional RC-12 infrared
remote controller

e Optional voice synthesizer.
When recording, the voice
synthesizer automatically
announces the scanned
signal frequency.

*Specifications guaranteed

from 25-1000MHz and 1260-
1300MHz. No coverage from
1000-1025MHz. No additional
module required for coverage

to approximately 2.OGHz.

See the IC-R7000 receiver
atyour local authorized [(COM
dealer. Also available is the
IC-R71A 0.1-30MHz general
coverage receiver.

ALL THIS AT A PRICE
YOU'LL APPRECIATE.

ICOM

nicatio

ICOM America, Inc., 2380-116th Ave NE, Bellevue, WA 98004 / 3331 Towerwood Drive, Suite 307, Dallas~IX 75234

All stated specifications are approximate and subject to change without notice or obligation. All ICOM radios significantly exceed FCC reguiations limiting spurious emissions. K7000985




Where's Your ELECTRONICS Career Headed?

The Move You Make Today Can Shape Your Future

Yes it’s your move. Whether on a chess board
or in your career, you should plan each move
carefully. In electronics, you can move ahead
faster and further with a

B. S. DEGREE

Put professional knowledge and a COLLEGE
DEGREE in your electronics career. Earn your
degree through independent study at home,
with Grantham College of Engineering. No
commuting to class. Study at your own pace,
while continuing your present job.

The accredited Grantham non-traditional
degree program is intended for mature, fully
employed workers who want to upgrade their
careers . . . and who can successfully study
electronics and supporting subjects through

INDEPENDENT STUDY, AT HOME

Free Details Available from:

Grantham College of Engineering
10570 Humbolt Street
Los Alamitos, California 90720
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Independent Home Study Can Prepare You

Study materials, carefully written by the Gran-
tham staff for independent study at home, are
supplied by the College, and your technical
questions related to those materials and the
lesson tests are promptly answered by the Gran-
tham teaching staff.

Recognition and Quality Assurance

Grantham College of Engineering is accredited
by the Accrediting Commission of the National
Home Study Council.

All lessons and other study materials, as well as com-
munications between the college and students, are in the
English language. However, we have students in many
foreign countries; about 80% of our students live in the
United States of America.

S .- A WS
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Grantham College of Engineering
10570 Humbolt Street, Los Alamitos, CA 90720 |

Please mail me your free catalog which explains your
B.S. Degree independent-study program.

|

|

|

‘ |
Name Age '
|

Address |
|

City State Zip |




|/

ELECTRONICS

THE MAGAZINE FOR ELECTRONICS & COMPUTER ENTHUSIASTS

OCTOBER 1986

CAPACITIVE-
DISCHARGE SYSTEM

=
=]
3]

16

26

34

38

44

33

56

60

62

68

76

80

6
12
67
92

VOLUME 3, NUMBER 10

FEATURES

Understanding and Using Dual-Trace
Oscilloscopes

The basics, comparing two waveforms and a primer
on probes. By TJ Byers

A Programmable Ni-Cd Recycler

Safely recharges and reconditions nickel-cadmium
batteries and up to 10 cells of any capacity.
By Peter A. Lovelock

The (Car) Thief Chaser

Painfully loud high-pitched sound drives off thieves
before they can steal anything of value.
By Desi Stelling

First-Answer Selector
A games-playing ‘‘judge’’ whose decisions are im-
partial and totally accurate. By Mike Rigsby

Digital Tachometer Module

First DMS module measures rpm in cars, vans and
boats. By Charles R. Ball

How to Rejuvenate Printer Ribbons

Increase the useful life of printer ribbons.
By Ralph Tenny

Solid-State Audio Circuits (Conclusion)
Analyzing audio preamplifiers and tone-control cir-
cuits. By Joseph J. Carr

New Developments in Video Technology
By Alexander W. Burawa

COLUMNS

Electronics Notebook
The versatile NAND Gate. By Forrest M. Mims IIT

Hardware Hacker

Author answers readers’ questions.
By Don Lancaster

Communications

The Antenna Noise Bridge: A Forgotten Tool.
By Joseph J. Carr

PC Papers

First Impressions: Leading Edge Model D computer;
Ability and Able One Software. By Eric Grevstad
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By Art Salsberg
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CABLE-TV
|

T SINGLE | DEALER

ITEM UNIT 10-UNIT
PRICE PRICE

RCA 36 CHANNEL CONVERTER (CH. 3 OUTPUT ONLY) | 2995 | 18.00 ea.
PIONEER WIRELESS CONVERTER (OUR BEST BUY) 8895 | 72.00 ea.
LCC-58 WIRELESS CONVERTER 9295 | 76.00 ea.
JERROLD 450 WIFELESS CONVERTER (CH 3 OUTPUT ONLY) | 10595 | 9000 ea.
SB ADD-ON UNIT 10995 | 58.00 ea ]
| BRAND NEW — UNITS FOR SCIENTIFIC ATLANTA Call for specmcs ]
| MINICODE (N-12) | 10995 | 5800 ea.
| MINICODE (N-12) VARISYNC - 119.95 | 6200 ea |
[ MINICODE VARISYNC W/AUTO ON-OFF J 17995 11500 ea |
M-35 B (CH. 3 OUTPUT ONLY) 113995 | 7000 ea
M-35 B W/AUTO ON-OFF (CALL FOR AVAILABILITY) | 19995 |12500 ea)|
MLD-1200-3 (CALL IF CH. 2 OUTPUT) I 10995 | 5800 ea.
INTERFERENCE FILTERS — CH. 3 2495 | 1400 ea.

JERROLD 400 OR 450 REMOTE CONTROLLER . 2995 T 18.00 ea.

ZENITH SSAVI CABLE READY (DEALER PRICE BASED ON 5 UNITS) 22500 [185.00 ea.
SPECIFY CHANNEL 2 or 3 OUTPUT Other products available — Please Call

— Output Price
Quantity Channel Each

California Penzl Code #593-D forbids us SUBTOTAL
from shipping zny cable descrambling unit Shipping Add
to anyone residing in the state of California _ $3.00 per unit
Prices subject t3 change without notice Cac,gg & %:i%dgvo

PLEASE PRINT [_ToTAL
Name
Address City
State Zip Phone Number (
Cashier's Check Money Order COD Mastercard
Acct # Exp. Date

Signature
FOR OUR RECORDS:

DECLARATION OF AUTHORIZED USE — |, the undersigned, do hereby declare under
penalty of perjury thztall products purchased, now and in the future, will only be used on cable
TV systems with proper authorization from local officials or cable company officials in
accordance with all applicable federal and state laws.

Dated § Signed:

Pacific Cable Company, Inc.
7325% RESEDA BLVD., DEPT. #.20_ « RESEDA, CA 91335
(818) 716-5914 + ‘No Collect Calls » (818) 716-5140

IMPORTANT: WHEN CALLING FOR INFORMATION

Please have the make and model # of the equipment used in your area. Thank You |

X
X
X
x
X
X
X
X
X
X
X
X
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Authorized Liquidator

COMPUTER FURNITURE

® Discontinued Contemporary Models.

® Openwork Design with Rolled Edges.

® Slate-Look Work Surface. OAK Frames.

Functional Printer Table (Shown).

@ Roomy Work Surface Is 20%" W x
24%" D.

@ Slotted Top for Smooth Paper Feed.

® Size: 28" H x 23%" W x 24%" D.

M#r. List: 115.00 $
Liguidation 49
Priced AtOnly . .. ..

Item H-1505-4963-013 Ship, handling: $9.00
NOT SHOWN

Computer Desk

® Hutch is 7%” H x 31” W x 10" D.
® Desk is 37" Hx 31" W x 23" D.

mir. List: ¥121.00 $ 59
Liquidation Price . . .
Item H-1505-4963-005 Ship, handling: $9.00

Mobile Posture Chair

® Fully Padded Brown Seat and
Knee Rest.

® Chair Swivels. Rolls on Casters.
Oak Base. Natural Oak Finish.

mir. List: ¥°110.00 $49
Liquidation Price . ..

Item H-1505-8150-005 Ship, handling: $9.00

Credit card customers can order by phone,

e, —C e SR
Toll-Free: 1-800-328-0609

Sales outside the 48 contiguous states are subject to
special conditions. Please call or write to inquire.

C.0.M.B. Direct Marketing Corp. Item H-1505
1405 Xenium Lane No./Minneapolis, MN 55441-4494

Send the items indicated below. (Minnesota residents add

6% sales tax. Sorry, no C.O.D. orders.}

Send.__ Computer Desk(s) tem H-1505-4963-005 at $59

each plus $9 each for ship, handling.

Send.___Printer Table(s) Item H-1505-4963-013 at $49

each plus $9 each for ship, handling.

Send___Posture Chair(s) item H-1505-8150-005 at $49

each plus $9 each for ship, handling.

O My check or money order is enctosed. (No delays in
processing orders paid by check).

Charge:OVISA® O MasterCardg O American Express®

Acct No. Exp.

PLEASE PRINT CLEARLY

Name

Address

City

State 2IP
Phone —. L

Sign Here
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Home Base

More and more people work at
home. Full time, part time and as an
adjunct to their main business-loca-
tion work.

This might entail an independent
work operation, say, a part-time
electronic servicing business or a
small mail-order sales; electronic de-
sign and prototyping work for one’s
self (perhaps a pet circuit you want to
sell, manufacture, or submit to Mod-
ern Electronics as part of a construc-
tion-project article); writing a novel
or whatever; doing research by tap-
ping computer information services
via telephone line; working on a
spreadsheet or project schedule on a
home-based computer that’s compa-
tible with an office computer system,
and so on.

Whichever route(s) are taken for
working at home, it’s an endeavor
that’s expanding. In my case, it al-
ways required a bevy of test instru-
ments, and appropriate tools for
electronics work, and a typewriter
(now a computer), all ensconced in a
separate home room that serves as an
office and shop away from company
facilities.

I’m sure that many of you, like
me, are continually upgrading and
adding to your store of professional
equipment. Thinking back to com-
puters alone, I started with a MITS
Altair machine, a Teletypewriter and
BASIC on paper tape about ten years
ago. This was supplemented by a
Netronics Elf computer, followed by
a Radio Shack TRS-80 Model I com-
puter. I enhanced the latter to the
point of an inherited high-speed digi-
tal tape system.

The foregoing equipment allowed
me to enjoy a nice learning exper-
ience, but the tedium of working
with tape limited their usefulness. It
wasn’t until I got a Heath H-89 all-
in-one desktop computer with a sin-
gle disk drive (hard sector) and a
CP/M operating system disk that
some computing in earnest could be
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achieved. After upgrading this sys-
tem with a soft-sector floppy-disk
drive/controller, I got a Kaypro
computer with its separate keyboard
and dual floppy drives. From there 1
went to an IBM PC that I upgraded
to an XT with a hard-disk drive, and
a Zenith IBM-compatible portable.

As you might imagine, each ma-
chine was constantly refined with in-
ternal modifications and a host of
external devices, from various prin-
ters to modems, from one piece of
software to another.

The point is that, though a full-
time operation isn’t met at home,
there’s plenty of merchandise
bought for home business use. Many
times this equipment is chosen to
complement what’s being used at
one’s main work station, of course.
Our editors here are presently using a
Tandy 1000 and an ITTXtra, for ex-
ample, both IBM-compatible. More-
over, the additional experience gar-
nered at home, aside from increasing
productivity, helps in making equip-
ment and material buying decisions
in the office.

So reports that the home computer
market is dead are premature. It’s
burgeoning (not for game-playing,
though)! A study by Computer Deal-
er magazine reveals that 53% of
computer dealers sold equipment to
people with at-home businesses,
which tied for third place out of 22
categories. Underscoring this, it’s es-
timated that about 23-million people
earn part or all of their living by
working at home, and more than
200,000 people have arrangements
with their employers for home tele-
computing.

This is an interesting phenome-
non, don’t you think?

it duttog
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Pluses
¢ A note of thanks for Modern Electron-
ics! I have enjoyed your mix of articles
very much, especially those on construc-
tion, communications, and international
broadcasting. Forrest Mims’ articles are
especially appreciated.
William T. Hole, M.D.
Barrington, RI

* [ am a long time electronics hobbyist,
as well as electronics engineer. I did not
know of your publication until a few
weeks ago when I ran across it on a news-
stand in the Pentagon. I immediately sent
in a subscription, and am happy with
what I see.

I am particularly gratified that you
have Forrest Mims as one of your contri-
butors. He certainly has the ability to ex-
plain, relatively simply, some rather
involved concepts and circuitry. I have
attended some of his IEEE-sponsored
classes here in the Washington area and
have the highest regard of his ability as a
teacher and ‘‘explainer.”’

William Winters
Bethesda, MD

Copy Worldwide Short-wave Radio h

W LETTERS ||/

And Minuses
e A couple of errors were made during
printing of my ‘‘A Dual Video Ampli-
fier” article (August 1986). Both are in
the Parts List, which should read
“LM359” for IC1 and ¢‘7806”’ for IC2.
The Fig. 6 schematic diagram shows the
correct component numbers.
Michael J. Keryan
* The schematic diagram in Fig. 1 of my
““RS-232C Breakout Box’’ article (Aug-
ust 1986) shows LED2 connected in the
circuit backwards. Proper wiring of the
circuit is shown in Detail B of Fig. 3.
Cass Lewart
» With reference to the ““Solar Cell Con-
verter’’ (August 1986), please note that
hot-carrier diode D2 should be number
5082-2835 and that the IN4001 shown in
Fig. 3 can be omitted. Also, the “P1”’
and “‘P2” labels for T1 should be
transposed. Dan Becker
» In “HF Op Amp”’ (June 1986), label-
ing of inputs to the voltage comparator in
Fig. 7 is the reverse of what they should
be. If V1 and V2 are swapped, the sche-
matic and caption would be correct.

;WELL, | SPECIALIZED IN GROCERY STORE ‘HEISTS' EXCLUSIVELY "

Duane M. Perkins

Signals on Your Computer

Remember the fun of tuning in all those foreign broad-
cast stations on the short-wave radio? Remember those
mysterious sounding coded tone signals that baffled
you? Well, most of those beeps & squeals are really
digital data transmissions using radioteletype or Morse
code. The signals are coming in from weather stations,
news services, ships & ham radio operators all over the
world. Our short-wave listener cartridge, the “SWL”,
will bring that data from your radio right to the video
screen. You'll see the actual text as it’s being
sent from those far away transmitters.

The “SWL” contains the program in ROM
as well as radio interface circuit to copy

MICROLOG

INNOVATORS IN DIGITAL COMMUNICATION

Morse code and all speeds/shifts of radioteletype. It
comes with a cable to connect to your radio’s speaker/
earphone jack, demo cassette, and an excellent manual
that contains a wealth of information on how to get the
most out of short-wave digital DXing, even if you're
brand new at it.

For about the price of another “Pac-Zapper” game, you
can tie your Commodore 64, 128 or VIC-20 into the
exciting world of digital communications
with the Microlog SWL. $64. Postpaid, U.S.
MICROLOG CORPORATION,
18713 Mooney Drive,
Gaithersburg, Maryland 20879.
Telephone: 301 258-8400.

Say You Saw It In Modern Electronics
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W/ MODERN ELECTRONICS NEWS |//in

AUDIO ROYALTY TAX ATTACKED. A proposed royalty for record companies on
audio tape recorders was attacked by Tandy Corp. chairman John V. Roach
before a Senate panel. He said that "A subsidy to the recording indus-
try...is absurd." The record companies, he noted, are asking for a sub-
sidy from the industry that contributed to its sales growth.

FORREST MIMS' DOINGS. Modern Electronics columnist Forrest Mims got an
award for his book on computer projects from the Computer Press Associ-
ation this past spring. At the same time, he was informed that his
application for the Space Shuttle Journalist-in-Space Projects was turned
down. He was among 1,700 applicants. Walter Cronkite got the nod.
Following the good news and bad news (though the latter might be deemed
good by many) comes good news again. The prominent author just finished

a taping session with a major cable TV company, HBO, in which he displayed
electronic surveillence equipment. Expected showing is February 1987.

FCC PROPOSES NOVICE VOICE PRIVILEGES. Though pressured to turn down a
proposal for a no-code Novice license a while back, the FCC now has
proposed giving Novices voice privileges. Hopefully, this would stem

the tide of declining numbers of Novices. As of year-end 1985 there were
a total of about 76,000, which represents an attrition of more than
10,000 in a three-year period.

MULTILINGUAL WORD PROCESSOR. According to Computers Anywhere, McLean,
VA, its new "Interword: The International Word Processor" for IBM-PC
and compatibles permits switching from one language to another with a
single keystroke. One version provides word processing in English and a
second language (Arabic, Farsi or Russian), while two other versions let
one write in up to either 5 or 11 languages and combine two or more on
one page. The five-language set (Latin Languages) will likely be the
most popular. An EPROM chip that accompanies software must be installed
in the computer.

FREE 8-MM VIDEO INFO. A hot line for anyone interested in getting infor-
mation about 8-mm VCRs has been announced by the recently organized

8MM Video Council, New York City. It's 1-800-843-8645, 8 a.m. to 6 p.m.
Eastern Time, The New York state number is 212-986-3978.

CHEAPER ELECTRONICS LABOR. While the dust is still settling on a semi-
conductor trade agreement with Japan, and griped about Korea, Taiwan
and Sigapore chip makers with too-low prices for the U.5. to remain
competitive, Japan's Fujitsu is trying to work a deal with the People's
Republic of China to manufacture their products for export to the U.S.,
including refrigerators and color-TV sets.

ELECTRONICS EMPLOYMENT TOPS ALL. The American Electronics Associ-
ation reports that the electronics industry in the U.S. employed

more people in 1985 than any other manufacturing segment--more than
2L-million. Transportation-product employment was next with 2.03-
million employees. California dominated the industry with almost
600,000 employees in electronics companies. Next was New York with
226,000, followed by Massachusettes with 214,000 and Texas with 157,000
electronics workers.

N
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absorb

RCA's Power Safe surge suppressors
voltage surges before your

customers electronics get damaged.

Now you can help your
customers protect their
expensive electronic equip-
ment from sudden shock
with two new surge suppres-
sors from RCA.

The Power Safe (SK406)
protects TVs, computers,
microwaves and more by
absorbing transient voltage
surges resulting from near-
by lightning strikes, load
switching and other causes
before the surge hits the
equipment. Handsomely
designed and easy to in-
stall, this handy six-outlet
strip simply plugs into any
grounded wall outlet.

The Power Safe Plus
(SKF406) protects every
way the Power Safe does,
plus it filters out electronic
noise interference. The sup-
pressor's high-frequency
bi-directional filter senses,
absorbs, and dissipates
noise interference before it
can reach the equipment.

Together, they have the
potential to become powerful
profit builders for you.

To learn more about this
shock-absorbing team, see
your RCA Distributor. Or con-
tact RCA Distributor and Spe-
cial Products Division, Dept-
ford, NJ 08096-2088.

Distributor and
Special Products Division

CIRCLE 50 ON FREE INFORMATION CARD




Only NRI gives you a 27" high-resolution
stereo color TV you build to prepare you for
today’s video servicing careers.

Become one of America’s most sought-after technicians .. . .
put your talents and spare time to work for you in the

“explosive-growth” world of home entertainment electronics.

Train in state-of-the-art video/audio
servicing and become a fully qualified
service professional the uniquely suc-
cessful NRI way. It's hands-on train-
ing, at home . . . designed around the
latest electronic equipment you build
and keep as part of your training. You
start from scratch and “discover by
doing.” You conduct key experiments
... perform vital tests . . . build your
own systems . . . and do it all at the
pace that suits you best.

There’s no stopping the inceedible
boom in consumer electromcs. Soaring
sales, new and improved video prod-
ucts, entirely new technologies have
opened up new opportunities for the
trained technician as never before.

Now at $£26 billion in annual sales,
the consumer electronics industry is
creating a whole new servicing, instal-
lation, and repair market. This year, TV
sales alone are expected to hit 16.2
mullion units. Every day; sales of home

VCRs, a product barely conceived of
10 years ago, reach 20,000 units. Every
day!

And the revolution has spread to the
business sector as tens of thousands
of companies are purchasing expen-
sive high-tech video equipment used
for employee training, data storage,
even video conferencing.



The Video Revolution
Is Just Starting

Already, disc players can handle audio
CDs and laser video discs. And now
there are machines that will accom-
modate laser computer disks as well.
Camcorders are becoming smaller,
lighter, and more versatile . .. 8 mm
video equipment produces high-
resolution pictures and digital audio.
By 1990 our TVs will become inter-
active computer terminals, giving us
entertainment, information, and com-
munications in one sophisticated
video/computer/audio system.

Join the Future or
Be Left Behind

Can you sec the opportunity? The serv-
icing and repair market that’s there
already . . . and the enormous future
need created by the millions upon mil-
lions of electronic devices yet to
come? If you're looking for a high-
potential career . . . if you'd like
to get started in a field that’s still o
wide open for the independent
businessperson . . . even if you'd

like to find a way to make extra money
part-time, look into NRI at-home train-
ing now.

Start Right and
There’ll Be No Stopping You!

NRI training in video/audio serv-
icing is the perfect way for you
to profit from the new explosive
growth in consumer electronics.
You study at home in your spare
time at your own pace. No class-
room pressures, no night school
grind.

Even if vou've never had elec-
tronics training, NRI prepares you
properly with a thorough ground-
ing in the fundamentals . . . a foun-
dation that you build on to achicve
advanced electronics skills. With
this kind of understanding and
practical bench experience built
into NRI’s exclusive training meth-
ods, you're on vour way to take
advantage of the new opportuni-
tics opening up every day.

Totally Integrated
Hands-On Training

Since NRI training is built around
“lcarn by doing,” right from the start
you conduct important ¢xperiments
and tests with your professional dig:
ital multimeter. You asscmble the
remarkable NRI Discovery Lab and per-
form a complete range of demonstra-
tions and experiments in the process.
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Hands-On Training As You Build
a 27” Stereo TV

In just hours you assemble an excep-
tional state-of-the-art TV receiver using
casy to follow; step-by-step instructions.
During this assembly process, you learn
to identify and work with components
and circuits used in actual commer-
cial circuitry Then through tests, adjust-
ments, and experiments you quickly
master professional troubleshooting
and bench techniques.
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NRI's commitment to you goes beyond
providing you with equipment appropri-
ate to the latest technology. Of equal
importance is our dedication to training
techniques that let you master TV, video
and audio troubleshooting and repair
quickly and easily. Best of all, we ensure
that in the learning process you acquire
the very skills that will make you a pro-
fessional service technician on the job.

NRI has purposcly designed your
training around equipment that has the
sam¢ high-tech circuitry you'll encoun-
ter in commercial equipment. That
means your training is real-world train-
ing. And thal’s unique.

Inside Your TV
This new state-of-the-art Heath/Zenith
27" TV included with your triaining
has all the features that allow you to
set up today your complete home
video center of the future. Flat screen,
square corners, and a black matrix to
produce dark, rich colors. Cable-
compatible tuning, built-in sterco
decoder to give you superb reproduc-
tion of stereo TV broadcasts . . . even
a powerful remote control center that
gives you total command of video and
audio operating modes.

Your NRI Training Has
Another Special Element

Also built into vour training is the enor-
mous c¢xperience of NRI development
specialists and instructors. Their fong-
proven training skills and enthusiasm
COmMe 10 you 0on a one-10-one basis.
Available for consultation and help

whenever vou need it, your instruc-
tors cnsure your success both
during vour course and after
"‘,5, graduation.

Step Into the Future Today

The richest reward you gain

from your NRI video/audio

training is a firm grip on the

future. Your knowledge and know-
how provide vou with the soundcest
possible foundation for keeping up
with the rapidly evolving, highly inno-
vative video industry

Send For Free Catalog

Now is the time to act. Send the post-
paid card to us today. You'll receive
our 100-page catalog free. Its filled
with all the facts vou'll want to know
about our training methods with full
details on the equipment vouw'tl use
and keep as part of your hands-on train-
ing. You'll see how our more than 70
vears of experience in uniquely suc-
cessful at-home career training makes
us the leading technical school today.
(If someone has already used the card,
write to us at the address below:)

”ﬁl School of Electronics

McGraw-Hill Continuing
Education Center

3939 Wisconsin Avenuce, NW :ﬂ(r

Washington, DC 20016 Hll|
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For more information on products
described, please circle the appropri-
ate number on the Free Information
Card bound into this issue or write to
the manufacturer.

permits exiting from DeskMate II,
entering a different applications pro-
gram and returning to DeskMate II
with just a few keystrokes. $1,199.
CIRCLE 43 ON FREE INFORMATION CARD

PC-Compatible Computer

Real-Time Oscilloscope

Tandy Corp.’s Model 1000 SX (re-
places the popular 1000) business
computer is said to run 50% faster
than the IBM PC with which it is
compatible. Built around the 8088
microprocessor, it runs most MS-
DOS software at 7.16 MHz and is
software switchable to 4.77 MHz.
The 1000 SX features two disk drives
and comes with more memory and
10"-maximum expansion slots than
the 1000. The keyboard has 90 keys
with 12 programmable function keys.

Standard features include: 384K
of RAM, expandable to 640K on the
main board; two 360K 5.25-in. flop-
py drives; printer and joystick ports;
and monochrome and color (compo-
site and RGBI) video capability. It
also supports the ViaNet™, Net-
work 4 and PC Net® networks.
There’s a socket for an 8087 math co-
Pprocessor.

Included with the computer are
MS-DOS 3.2, GW-BASIC and
DeskMate® II. DeskMate II soft-
ware is an updated version of Tan-
dy’s six-in-one applications package,
which consists of word processing,
spreadsheet analysis, electronic fil-
ing, calendar/alarm, telecommuni-
cations and electronic mail func-
tions. A new task-switching feature

Gould Electronics’ new Model 3060
60-MHz oscilloscope offers 3-chan-
nel, 6-trace delayed sweep and diag-
nostic self-check in a bench-top/por-

table instrument. Its auto/normal
triggering modes include TV-V/TV-
H. cursor measurements include
voltage difference, time difference,
and frequency. Displayed on-screen
vertical deflection settings include
V/div., MAG, UNCAL, INVERT (CH2),
ADD and Probe Attenuator (X 10).
Displayed horizontal deflection set-
tings are s/div, MAG, UNCAL and De-
lay Time. Featured is a square CRT
with illuminated integral graticule.
The adjustable carrying handle, with
moulded plastic hand grip, doubles

as a tilt stand on the bench. $1,490.
CIRCLE 44 ON FREE INFORMATION CARD

Audio Volume Reducer

Technetwork’s (San Jose, CA) new
Volume II accessory electronically
reduces the sound level of any home
stereo system when the telephone

rings or is in use. With Volume II in-
stalled between the output of the
stereo system and the speakers, with
a connection to the telephone line,
lifting the telephone’s receiver auto-
matically reduces the sound to a low
level. The accessory also alerts the
user to incoming calls by lowering
and raising the volume in step with
the ring of the telephone. Sound re-
turns to its original level when the re-
ceiver is replaced on the telephone.

The Volume II accessory has two
selectable volume levels that can
bring the sound down to a whisper
when used with amplifiers rated at
up to 100 watts rms. $34.95.

CIRCLE 45 ON FREE INFORMATION CARD

Video Character Generator

Sansui’s Model VC-G99 portable
video character generator profes-
sionally titles amateur and commer-
cial video tapes. It has a typewriter-
style keyboard that can be separated
from the main character generator
unit. The character generator itself
provides 124 characters in English,
French, German and Spanish. Char-
acter size is variable line-by-line with
four sizes available. Up to eight
pages can be stored in memory, each
containing up to seven lines of 20
characters per line.

Portability and the VC-G99’s abil-
ity to work directly with a video cam-
era permit on-site titling as original
video tapes are shot. Titling can be
informational for future use in edit-
ing, or part of an on-the-spot pro-
duction. Calendar date can be dis-
played along with lap time. Included
are zoom and positioning functions
for titling, cursor and scroll functions.
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Power can be obtained from the
camera with which the title generator
is being used, an ac adapter (in-
cluded) or six AA cells (not in-

cluded). The character generator
unit measures 5% " X 2" x 17, the
keyboard unit 9” x 6" x 234 ". $350.

CIRCLE 46 ON FREE INFORMATION CARD

Half-Slot 1200-Baud Modem

Hayes’ Smartmodem 1200B™ inter-
nal auto-dial/answer modem board
works in full- and half-card slots in
IBM PCs and compatibles. It fea-
tures: call progress monitoring, ro-
tary and 16 DTMF or PABX dialing,
built-in test modes, 1200- and
0-t0-300-baud transmission rate, full
Hayes Standard ‘““AT’’ Command
Set implementation, CCITT V.22
compatibility, voice/data transmis-
sion, two phone jacks, and redial.

Bundled with the Smartmodem
1200B is the Smartcom II communi-
cations software.

Four DIP switches (two fewer
than in the previous model) are pro-
vided for configuring the modem.
Internal uses controlled by the extra
two switches in the previous version
are implemented in the new modem
using ““AT”’ commands. The switches
are accessible at the back panel
without having to remove the com-
puter’s cover. $549.

CIRCLE 47 ON FREE INFORMATION CARD
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Theft-Proof Car Radio

Denon’s Model DCR-5420 receiver
is designed for those people who
want to prevent theft of their car
stereo equipment. This receiver/cas-
sette player easily slides out of the
dashboard, leaving a conspicuous

hole that informs thieves of lean
pickings. Featured in the DIN E-size
unit are: a frequency-synthesized
AM/FM tuner with 18 FM and 6 AM
presets; an auto-reverse cassette deck
with Dolby B and C noise reduction;
a flexible preamp/power amplifier;
and the anti-theft slip-case.

The Denon Optimum Reception
System (D.O.R.S.) in the tuner auto-
matically adjusts muting, high-cut
filtering and stereo separation ac-
cording to signal strength. A Music
Sensor in the auto-load/eject cas-
sette deck automatically finds and
plays the next or previous selection
on tape. The 18-watt/channel inter-
nal amplifier can drive two pairs of
speakers and features a front-to-rear
fader control. The latter also bal-
ances between the internal amplifier
and the line-level outputs to an exter-
nal amplifier.

Tuned frequency and time appear
in an LCD display, and front panel
illumination is adjustable via the ve-
hicle’s dashboard instrument dim-

mer control. $429.95.
CIRCLE 48 ON FREE INFORMATION CARD

Personal Control
Computer System

The A-II Personal Control Comput-
er System from DataBlocks, Inc.
(Alamo, GA) is designed for real-
time personal ‘‘process’’ control and
measurement of real-world devices.
The minimum system consists of
stacking power-supply and central-
processing unit ‘‘blocks.’’ The latter
interfaces with the real world
through a variety of different user-
selected stackable blocks. CMOS
technology in all circuitry makes it
possible to battery power or back up
the CPU block.

Each block is designed to provide
a separate function, such as PROM/
RAM memory, parallel 1/0, serial
1/0, disk drive, drive control, voice
synthesis, voice recognition, CRT
control, A/D and D/A control, etc.
The Central Processor block uses the
NSC-800 CMOS microprocessor
that includes the complete 8080 and
780 instruction sets (making it fully
CP/M compatible) and operates at 8
MHz. Twin 60-pin connectors on
each block directly plug into the oth-
er blocks, eliminating the need for
cables. Any combination of the more
than 30 different special-purpose
blocks currently available can be im-
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plemented in a single system, de-
pending on the needs of the system,
with an upper control limit of 65,000
different devices. Hence, each sys-
tem’s configuration can be unique.

The software is designed for con-
trol and robotic applications. ART-
DOS (A-II Real-time Disk Operating
System, resident in the CPU system
PROM) specifically handles person-
al control applications. SB-80- and
CP/M-based software will operate
under ARTDOS. The A-II also sup-
ports a variety of languages, includ-
ing XYBASIC, C, Assembler and
PCL (A-II Process Control Lan-
guage).

CIRCLE 49 ON FREE INFORMATION CARD

Home Security System

General Electric’s Door Monitor™
closed-circuit TV surveillance system
is designed primarily for installation
in new construction. It allows home-
owners to answer the door using a
built-in camera/intercom that works
in concert with an existing TV re-
ceiver. The system can be expanded
to cover up to three camera and three
TV control locations.

In operation, the homeowner can
switch from a TV program to view a
visitor at an entrance covered by the
camera/intercom by pressing a but-
ton on the Master Controller. Push-

ing a second button then activates
the intercom function.

GE’s Door Monitor system con-
sists of three units. The one-piece
Door Camera incorporates camera,
intercom, bell button and light. The
Door Monitor Control is used to
switch between closed-circuit and
TV program viewing and includes

the intercom function for two-way
conversation. The master Controller
is a central processing unit that
mounts anywhere and acts as the dis-
tribution point for a master antenna
or cable TV hookup. An optional
high-sensitivity Mini Cam™ camera
is available.
CIRCLE 50 ON FREE INFORMATION CARD

Variable DC Power Supplies

A new family of low-power lab-
oratory and industrial variable dc
power supplies featuring user select-
able constant-voltage/constant-cur-
rent and constant-voltage/current-
limiting operation with full line and
load regulation has been announced
by VIZ Test equipment. Each of the
six models is IEEE-488 bus-compati-
ble with the WP-790 interface.
CV/CC and CV/CL operation selec-
tion is via a recessed front-panel

= ¢ Power SupPlY 8%
H
}
i
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switch that prevents inadvertent
changing from mode to mode. Two
models each are available with out-
puts of 25, 40 and 50 watts. Line and
load regulation are specified at
0.015% + 2 mV.

Featured are: 3Y2-digit LCD dis-
play that can be switched to separate-
ly indicate voltage and current; sepa-
rate voltage and current setting con-
trols; 5-way binding-post output
connectors; a reset button; an over-
load LED; and a lighted power
switch. All models are rack-mount-
able and comply with UL and CSA
safety specifications.

CIRCLE 51 ON FREE INFORMATION CARD

Security Device

Technalock from Business Security
Systems Corp. (St. Louis, MO) of-
fers a low-cost way to secure
moveable equipment from theft.
Pressure-sensitive adhesive bonding

(Continued on page 75)
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COMPUTING POWER

FROM FLOPPY DISK SERVICES

XT-tutbo systems

add on diives

mona Jdapter

caiot odaptor

nhollers

PRICES AN

Foppy Disk Services
has been supplying stor-
age systemstothe hobby
and professional com-
puter community for 7
years now. You can buy
with confidence from a
supplier that is in for the
long haul. Whether you
need advice ortechnical
help, our staff is here to
sefve you.

Zomplete line of drive enclosures

The ‘Service' in Floppy
sk Services stands for
the confidence you'llhave

in dealing with us. We

ago not make you wait
when g problem comes
Lp. We will be there to
relp, and more import-
antly support and guide
you. Inthe unlikely event
w2 cannot answer your
questions, a staff member
vl return a call to you
in a timely and profes-
sional manner with the
answer.

adaptors

Al rails

SPECS SUBJECT TC: CHANGE WITHOUT NOTICE.

Warmranty is a term
that sometimes istaken
for g-anted. At Floppy
Disk Services, we support
one of the strongest war-
ranty policies in the bus-
iness. Our policy is to
replace any equipment
foundto bedefectivein
any way during the war-
ranty period. ftsas simple
as that! No waiting for
the merchandise to be
sent back to the factory.
If we find a problem,
(other than abuse), we
simply ship a new unit
back to you.

CIRCLE 29 ON FREE INFORMATION CARD

480 watt supplies

XIFAT

external diive cases

WD cantiotier

The XT-clone system pic-
tured above isour Super
System VIl XT clone. It
contains a turbo pro-
cessor, a 20mb hard disk
formatted RLL to 31mb,
640K RAM, two 360K flop-
pies, 1 AT 1.2 mb drive,
mono amber monitor,
par port, ser port, clock
and AT type keyboard!
You might expect fo pay
thousands for this system,
but Hoppy Disk Services,
inc. will supply it ready
to un with a 1 year war-
ranty. Cali for latest quotes
on your custom system
needs. . .




Understanding and Using
Dual-Trace Oscilloscopes

I |_. i

»
\
|

e
2

Loy R

l(&_fl‘

3148 0y

i

8 B

The basics, comparing two waveforms and a primer on probes

By TJ Byers

odern waveform measurs-

ments are so critical that

they often exceed the ca-
pabilities of the conventional oscillo-
scope, particularly in digital elec-
tronics. Accurate time comparisons
between two waveforms is possible
only when the two events can be ob-
served simultaneously in real time.
For most of us, this means using a
dual-trace oscilloscope.

True dual-beam scopes exist, but
the vast majority of the scopes in use
employ digital switching techniques
to display two traces on a convem-
tional single-beam CRT. To obtain
two or more traces from a single
beam, two switching methods are

used. These are identified as the al-
ternate and chopped modes.

Switching Modes

Both the alternate and chopped
modes use an electronic switch with
two vertical preamplifiers and one
vertical driver amplifier, as shown in
Fig. 1. The electronic switch, which
1s sometimes called a chopper, is akin
to an ultrafast relay that toggles be-
tween the outputs of the vertical pre-
amplifiers, alternately feeding the
two input signals to the vertical driv-
er amplifier.

In the alternate mode, the elec-
tronic switch toggles between the
preamplifier outputs following sub-
sequent sweep periods. For example,

16 / MODERN ELECTRONICS / Ccrober 1986

the switch feeds the channel A signal
to the vertical driver during the first
sweep period. (The vertical driver
displays the signal on the screen.)
This gives the first waveform.

During retrace, the electronic
switch flips position and feeds the
signal on channel B through the ver-
tical driver amplifier for the next
sweep period. This gives the second
waveform. Because the phosphor on
the CRT screen has a persistence that
is longer than the sweep time, both
images appear to be on the screen si-
multaneously.

To keep the images separate, each
preamplifier has an offset voltage
that forces the trace above or below
the center line of the scrzen. Individ-
ual panel adjustments conirol the

Say You Saw It In Modern Electronics
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CHANNEL
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Fig. 1. Most dual-trace oscilloscopes use digital switches to display two traces on
a single-beam CRT. An electronic switch alternates between outputs of vertical

VERT ICAL
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AMPL IF1ER

ELECTRONIC
SHITCH

preamplifiers and feeds signals to a vertical driver amplifier for aisplay.

offset voltage and subsequent screen
positions of the traces.

In the chopped mode, the elec-
tronic switch alternates between
channels A and B at a rate consider-
ably faster than the sweep frequency
(generally 100 kHz or better). This
technique is known as sampling.

As the sweep begins, the switch
first takes a sample from channel A
and passes it through the vertical
driver amplifier. Quickly, the elec-
tronic switch toggles to take a sample
of the signal on channel B, passing
this along, with a corresponding off-
set voltage, to the vertical driver for
display. Another sample is then tak-
en from channel A, another from
channel B, etc. A typical display
looks like that shown in Fig. 2.

When the samples are displayed
onthe screen, though, the human eye
is tricked into believing that two sol-
id traces exist—one above the other.
The missing portions of each trace,
which actually amount to 50% of the
total information, are so small that
the brain’s integration system fills in
the blanks so that the waveform ap-
pears to be solid and continuous.
This same filling is what makes view-
ing a television picture a success.

The disadvantage of the chopped
display is that short-lived transients

Say You Saw It In Modern Electronics

may be cut out of the picture entirely
during the switching period, which
can lead to a false impression of the
waveform. This problem does not
occur in the alternate mode because
each sweep is carried to the finish be-
fore transfer between channels.

The only limitations to the number
of traces that can be simultaneously
displayed in the alternate mode are
the persistence of the phasphor and
screen area. Many oscilloscopes
boast eight traces, and scme digital
scopes offer as many as 14 traces.

Chopped displays, on the other

hand, are limited in number. As
more and more time is devoted to
sampling alternate inputs, less time is
available for each input. In a dual-
trace system, a full 50% of the wave-
form is lost on each trace. Displaying
four traces causes 75% of the infor-
mation to be lost, leaving only 25%
of the waveform to be sampled and
displayed per input. Hence, a lot of
the waveform is unaccounted for. As
input frequency increases, fewer
samples are taken per cycle, and the
image becomes coarser and more dif-
ficult to distinguish. The trick is to
run the sampling oscillator much
faster than the input signal frequen-
¢y so that samplings are closer to-
gether and the display is more repre-
sentative of the waveform.

There is a limit to how fast the
switch can sweep the input preampli-
fiers and still return a true display of
the input. Factors like slew rate and
settling time place an upper frequen-
cy limit on the sample rate, which
limits the number of traces the
chopped mode can faithfully dis-
play. At the present time, four seems
to be the practical limit.

Which display mode is best for an
application? The answer depends on
the complexity of the waveforms in-
volved and the accuracy of the mea-
surement required. Chopped images

Fig. 2. In chopped mode, electronic switch alternates between channels A and 8
at a rate considerably faster than sweep frequency, producing a broken wave-
form. the eve is tricked into seeing solid traces.

CHANNEL »

CHANNEL B

cecesmcmem=ay
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are less faithful because portions of
the waveforms are missing. Alter-
nate displays, on the other hand,
produce objectionable flicker when
the sweep rate is too slow.
Generally, it is a good idea to use
the chopped mode for sweep rates of
1 millisecond or more and the alter-
nate mode for anything faster than
that. In some instruments, you make
the choice. By and large, though, se-
lection is made automatically by the
oscilloscope as sweep rate is adjusted.

Sweep Triggering

As with any display, the sweep must
begin at a precisely defined time for a
stable waveform to appear on the
screen. When working with more
than one trace, this can get tricky.

Sweep triggering is handled by a
trigger generator that is responsive to
several trigger input sources. Typical
trigger sources include internal, ex-
ternal and line, each designed to suit
its own range of applications.

On internal triggering, the trigger
generator obtains its drive from the
vertical input amplifier. On external,
the trigger pulse comes from an ex-
ternal source. Line sync triggering is
unique in that it receives its trigger
from the 60-Hz ac line, a source that
is used when the waveform conforms
to ac line timing.

Most scopes offer automatic
(auto) and normal synchronization
modes. Automatic triggering is the
most frequently used. In this mode, a
trigger signal is generated whenever
the vertical input passes through an
imaginary baseline reference, usual-
ly zero volt, set by the horizontal
sweep. With this arrangement, a
trace is displayed whether or not a
vertical input is present. It is most
useful when the signal amplitude is
too low for triggering.

In normal triggering, the trigger
pulse is generated after the input sig-
nal passes through a preset voltage.
Because this mode does not have the
imaginary baseline reference of the

auto mode, it is important that the
vertical waveform does cross this
preset level or the circuit will not trig-
ger. Most scopes have a level control
that shifts the voltage of the trigger-
ing point above or below zero volt so
that even negatively-biased wave-
forms can enable the sweep.

Generally, the trigger is taken
from the channel A input. Just where
on the signal the sweep is to begin is
determined by the trigger control set-
tings and the triggering mode select-
ed. Alternatively, the trigger can be
taken from channel B. Since the trig-
ger input is independent of the elec-
tronic sampling switch, trigger selec-
tion is simply a matter of monitoring
one channel or the other.

Finally, the trigger can be taken al-
ternately from channels A and B. In
this mode, the trigger is derived from
the output of the electronic switch.
This mode is most often used when
two unrelated waveforms are simul-
taneously displayed.

As an example of alternate chan-
nel A/B triggering, say you wish to
view the ac line voltage going into a
TV receiver and the receiver’s verti-
cal sweep on the two channels. Since
these frequencies are similar but un-

related, there is no common denomi-
nator. Therefore, one or the other
signal will appear to drift on the
screen. To eliminate this drift, place
the oscilloscope in the alternate-trace
mode and initiate alternate trigger-
ing. Here the trigger is first taken
from channel A, then channel B.
Each trace is synchronized with its
representative input, so both images
appear stable even though they are
unrelated.

Time/Phase Measurements

Dual-trace scopes are at their best
when comparing two waveforms in
real time. In many applications, it is
important to know either the time or
phase relationship between two sig-
nals, especially in digital circuits
where clock pulses must fall within
specific timing slots with reference to
other events.

Time relationships between two
waveforms can be viewed directly on
a dual-trace oscilloscope simply by
adjusting the vertical and sweep con-
trols to obtain a stable display on the
CRT screen. Best results are ob-
tained when the sweep is triggered
from the leading edge of the signal
on channel A.

Fig. 3. With a scale factor of 1 microsecond per division, events depicted here
are 3 microseconds apart.
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START WITH CIE.

Microprocessor Technology. Satellite Ccmmunications.

Robotics. Wherever you want to go in electronics...
start first with CIE.

Why CIE? Because we're the leader in teaching
electronics through independent study. Consider this.
We teach over 25,000 students from all over the
United States and in over 70 foreign countries. And
we’ve been doing it for over 50 years, helping
thousands of men and women get started in
electronics careers.

We offer flexible training to meet your needs.
You can start at the beginner level or, if you already
know something about etectronics, you may want to
start at a higher level. But wherever you start, you
can go as far as you like. You can even earn your
Associate in Applied Science Degree in Electronics.

Let us get you started today. Just call toll-free
1-800-321-2155 (in Ohio, 1-800-362-2105) or mail in

CIRCLE NO. 171 ON FREE INFORMATION CARD
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The CIE Microprocessor Tramer he ps you to learn how circuits with
microprocessors function in computers.

the handy reply coupon or card below to:
Cleveland Institute of Electronics,
1776 East 17th Street, Cleveland, Ohio 44114.

c' E World Headquarters

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

[0 Please send your independent study catalog.
For your convenience, CIE will try to have a representative
contact you — there is na obligation.

Print Name.

Address_ Apt
City. _____ State Zip
Age. Area Code/Phone No.

€Check box for G.1. Bill bulletin on Educational Benefits
7 Veteran [0 Active Duty ~ MAIL TODAY!

Just call toll-free 1-800-321-2155 (in Ohio, 1-800-362-2105)
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Fig. 4. Outputs of preamps can be combined to produce unique results. In sum

mode, inputs are mixed in-phase and complement each other. In difference

mode, inputs are 180° out-of-phase and cancel. This can be used to emphasize
differences between apparently identical signals.

Once the display has been stabil-
ized, you count the number of grati-
cule lines between identical points on
the waveforms and multiply by the
scale factor. In Fig. 3, for example,
the leading edge of input B begins
three divisions after channel A has
started. If the scale factor is 1 micro-
second per division, the two events
are separated by 3 microseconds.

Phase angle, on the other hand, is
a calculated value determined by the
duration of the clock cycle as it re-
lates to time displacement. For ex-
ample, if a shift of 250 nanoseconds
is noted between two 1-MHz signals,
the displacement is 0.25 times the
whole, or 90 degrees, 360 degrees be-
ing the whole. A shift of 0.5 (ex-
pressed as 1:2) is 180 degrees; 3:4 is
270 degrees; and so forth.

Digital phase measurements are
not as confusing as they may at first
appear. A simple way to relate two
waveforms is to look for phase inver-
sions in which signals are 180 degrees
out-of-phase and leading or lagging
clock pulses in which the signals are
generally 90 degrees out-of-phase.
These are the most prominent. It is
seldom that digital clocks use odd-
ball phase angles.

Sum and Difference

Another interesting aspect of dual
inputs occurs when the two signals

are mixed together rather than
viewed separately. In this mode, the
outputs of the preamplifiers are
combined in a mixer circuit. The
phase shift of the two signals is pre-
cisely controlled so that predictable
results are obtained.

In the sum or add mode, for in-
stance, the inputs are in-phase and
complement each other (upper por-
tion of Fig. 4). Two sine waves of the
exact same frequency, for example,
reinforce to produce an output that
has twice as much voltage swing as
either does individually. The sum

mode can be used to produce suitable
displays of signals otherwise too low
in amplitude for regular viewing.

The difference (or sub) mode
places the two inputs 180 degrees
out-of-phase with each other (lower
portion of Fig. 4). This is done inside
the preamplifier by sending the sig-
nal through an inverter before rout-
ing it to the mixer. In this mode, like
voltages cancel. If identical sine
waves are applied to the inputs, the
voltages oppose each other, causing
a straight line to be displayed on the
oscilloscope’s screen.

The difference mode is most use-
ful for detecting small differences in
a processed signal, as would be the
case if you were comparing the input
of an amplifier to its output. Since
the original waveform cancels itself
out, small amounts of distortion and
phase shift are readily visible—and
are, in fact, the only images seen on
the screen.

Pulse Measurements

A digital pulse contains five impor-
tant parameters: pulse rate, duty cy-
cle, pulse width, rise time and fall
time. The test setup for measuring
digital pulses is shown in Fig. 5. Rise

Fig. 5. Test setup for measuring digital pulses.
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Expanded
view of

Pulse width

Rise time

(tr)

Fig. 6. Rise and fall times are mea-

sured between 10% and 90% points

on vertical axis, pulse width is mea-
sured between the 50% marks.

and fall times are measured between
the 10% and 90% points along the
vertical axis, as shown in Fig. 6.
Pulse width is measured between the
50% marks, and duty cycle is calcu-
lated as pulse width divided by the
time required to complete a cycle.

In most digital and computer cir-
cuits, rise and fall times are the most
important pulse parameters. When
measuring rise and fall times with an
oscilloscope, it is desirable to adjust
sweep rate and triggering controls so
that the leading (or trailing) edge fills
a large part of the screen.

For rise time measurements, the
trigger is set to begin on the rising
edge of the waveform. Sweep rate is
then adjusted so that the slope of the
leading edge fills as much of the
screen from left to right as possible
without overscanning. The 10% and
90% points are identified on the ver-
tical axis and a time measurement is
made along the horizontal axis be-
tween these two points.

A similar method is used to mea-
sure fall time. Fall times are general-
ly longer than are rise times by a fac-
tor of about three and vary consider-
ably, depending on the load placed
on the output of the device under
test. Hence, fall times are measured
using a slower sweep rate.

Unfortunately, waveform aberra-
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tions make it difficult to trigger the
sweep on the falling edge, which is a
critical requirement for displaying
the parameter. The delayed sweep
feature found on most dual-trace os-
cilloscopes offers a simple method
for measuring fall time with very
good results. You simply stabilize
the image by triggering on the lead-
ing edge and activate the delay func-
tion. Using the horizontal position-
ing control, you then position the
waveform on the screen so that the
trailing edge of the pulse is visible.

In some cases, though, the width
of the pulse may be too large for the
time delay. When this occurs, it is
possible to trigger the sweep from
another source. This is where the
dual-trace oscilloscope has an advan-
tage over the single-trace scope.

Single-trace scopes require an €x-
ternal trigger source when operating
in this mode—which includes addi-
tional external circuitry. A dual-
trace oscilloscope, though, can take
its cue from an alternate input. To do
this, you simply search through the
various waveforms available in the
circuit and select one that allows you
to trigger your sweep from channel B
at the time desired.

Probes

Probes are critical to the proper mea-
surement of pulses with an oscillo-
scope. In fact, the probe can very
well be the most critical component
in the system because it interacts with
both the scope and the signal source.
Choosing the wrong test probe can
lead to false readings, and may even
damage the circuit under test.

The need for a probe arises from
the need to combat the electromag-
netic noise pollution that is constant-
ly with us. Unless the vertical input is
insulated from this external ‘‘inter-
ference,”” whatever noise that may
be in the vicinity, including stray
60-Hz ac-line hum, will be fed into
the scope’s input along with the sig-
nal. The obvious result is inaccura-

cies in the displayed waveform’s
shape, amplitude, etc.

One effective solution to the pollu-
tion problem is to shield the scope’s
input from external radiation by en-
casing its input wire in a metal
shroud. Common coaxial cable of-
fers the simplest approach. Coaxial
cable consists of a single conductor
surrounded by a wire braid or metal
foil shield. Grounding the shield,
which intercepts any electrical noise
in the vicinity, routes to ground the
noise before it can reach the signal-
carrying inner conductor.

Several types of coaxial cable are
used for scope probes, the most pop-
ular being RG58/U, RG59/U, and
RGI188A/U. Unfortunately, coax
suffers from noticeable attenuation
that is both frequency and length
sensitive. As the frequency of the in-
put signal increases, so too does the
cable’s attenuation characteristic.
Similarly, the longer the cable, re-
gardless of frequency, the greater the
attenuation. Figure 7 shows the rela-
tionship between attenuation, length
and frequency for three types of
coaxial cabie.

Part of the coaxial cable’s attenua-
tion is due to dielectric absorption,
the remainder to capacitive loading.
Capacitive loading gives the oscillo-
scope the most problems. Dielectric
absorption can be compensated for
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Fig. 7. Coaxial cable suffers from
noticeable attenuation of signal as
input frequency increases. Cable
length is also a cable-loss factor.
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Fig. 8. Attenuator probe has series resistor that isolates cable capacitance from
device under test. Series capacitor compensates for frequency attenuation.

with standard calibration measures.
The effect of capacitance loading,
which affects the shape of the wave-
form, however, is a bit more difficult
to deal with.

A good example of the problems
encountered in dealing with digital
measurements can be found in a
square wave. The square wave, by
definition, consists of the summa-
tion of an infinite number of odd-
harmonic frequencies. The lowest
frequency determines the oscillation
period, the highest the sharpness of
the corners of the waveform.

As a signal passes through a length
of coax, the cable attenuates the
higher frequencies more than it does
the lower frequencies. If a perfectly
square waveform were fed into the
input end of the cable, it would have
rounded corners when it exited the
output end. This is obviously unac-
ceptable for critical scope work. The
problem is compounded by the cable
capacitance, which loads the circuit
under test and causes further distor-
tion the waveform.

Isolating the Load

To solve the distortion problem, a
two-fold approach is used. Firstly,
the circuit must be isolated from the
capacitive loads imposed by the
coaxial cable and the oscilloscope.
This is done by inserting a resistor in
series with the cable’s center conduc-
tor, as shown in Fig. 8. The resistor is

R R R SRS e . ——— ]

placed at the very tip of the probe,
where it has the most effect. The load
now appears to the oscilloscope to be
resistive rather than capacitive.

Selection of a value for the resistor
is based on a compromise between
isolation characteristics, signal at-
tenuation, and bandwidth. The larg-
er the value, the greater the isolation.
On the other hand, signal attenua-
tion, increases as resistance in-
creases, while bandwidth decreases.
Obviously, then, the value selected
must provide a compromise that will
provide acceptable overall perfor-
mance results.

Probe bandwidth is closely related
to rise time response. It is calculated
using the formula: BW = 0.35/(tp),
where BW is bandwidth in Hz and
(ty) is rise time in seconds.

Rise time response is a factor of
isolation resistance and cable capaci-
tance and is defined as the amount of
time it takes to charge the RC (resis-
tive and capacitive) components of
the test probe to the nominal voltage
value. The resistive component con-
sists largely of the series resistor,
while the capacitive component con-
sists of the combination of distribut-
ed cable capacitance and oscillo-
scope input impedance.

As input resistance increases, the
RC time constant also increases.
This reduces bandwidth, evidenced
by rounding of the corners of square
waves, and attenuates high-frequen-
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The Bandwidth Issue

The quality of a digital pulse mea-
surement depends heavily on the band-
width of the oscilloscope and the
probe(s) used with it. The frequency re-
sponse of the vertical amplifier deter-
mines the bandwidth.

Oscilloscopes fall into two general
categories: low frequency and high fre-
quency. Low-frequency scopes have a
frequency response from dc up to 10
MHz and are generally used in service
applications, such as TV repair. Gener-
ally, these scopes are low-budget instru-
ments with few features.

High-frequency scopes, on the other
hand, have bandwidths as wide as 350
MHz and are used primarily in labora-
tory environments. These instruments
normally include many features that
enhance the performance, including de-
layed sweep and sweep magnification.

Every increase in bandwidth and
added frill adds to the cost of the instru-
ment. Even so, high-frequency scopes
are being increasingly used in digital
testing because of their quick rise-time
response.

cy sine waves. Both situations lead to
an inaccurate representation of the
waveform under test.

A compromise value of 9 meg-
ohms is typical for the series resis-
tance. An input impedance of 10
megohms effectively reduces the
shunt capacitance to a low 10 pF
while maintaining a respectable 10:1
attenuation ratio.

Equalizing the Bandwidth

Effects of frequency-selective signal
attenuation within the coaxial cable
must be dealt with next. In essence,
you want to accentuate the highs
while maintaining the lows. This is
accomplished with a high-frequency
boost to overcome the losses caused
by the coaxial cable. Ideally, the
boost should increase with frequency
to offset the frequency-sensitive at-
tenuation characteristic of the cable.

A series capacitor offers a virtual-
ly ideal solution. Capacitive reac-
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Fig. 9. Probe compensation is done
using square waves. At ‘op is exam-
ple of perfect compensation, center
and bottom show distortion that re-
sults with too much and too little
compensation, respectively.

tance (the amount of effective resis-
tance a capacitor exhibits to the pas-
sage of an ac current) is an inverse
function of frequency. That is, the
higher the frequency, the less resis-
tance a capacitor represents. By pro-
viding a capacitive path for the sig-
nal, the high frequencies can be pro-
portionally boosted.

Compensation is most effective

when the capacitor is placed across
the isolation resistor, as shown in
Fig. 8. Because the compensating ca-
pacitor is typically very low in value
{on the order of 10 pF), it has little ef-
fect on the lower frequencies that
must make their way through the iso-
lating resistor. Higher frequencies,
however, find the capacitive path
easier going and bypass the isolation
resistor altogether. The higher the
frequency, the less the resistance en-
countered. By the time both compo-
nents reach the input of the scope,
though, the high-frequencies have
been attenuated to the level of the
iow frequencies and the waveform
appears in its original form.

Cable length complicates the pic-
ture. For the compensating capacitor
to put all frequencies back in bal-
ance, the exact distributed capaci-
tance of the scope probe must remain
constant from unit to unit. Standard
manufacturing practices, however,
prohibit such precision. A variable
capacitor is placed across the line to
allow the user to compensate for dif-
ferences in cable capacitance.

Before the probe can be used,
therefore, the trimmer capacitor
must be adjusted. Not surprisingly,
adjustment is done using a square
wave. Most quality oscilloscopes
provide an internal square-wave cali-
brator for such purposes. With the
probe attached to the voltage cali-
brator output, you adjust the capaci-

tor until the waveform is as square in
appearance as you can get it. What
you are actually looking for is a very
square corner at the leading edge of
the waveform.

If a probe is undercompensated,
the leading-edge corner will appear
rounded; while too much compensa-
tion causes the signal to overshoot

and result in leading-edge ringing.

Figure 9 shows typical waveforms
for a properly compensated probe,
along with those for an over- and an
undercompensated probe.

After a probe has been adjusted, it
is ready to use. Just keep in mind that
the probe’s internal network is in
series with the input and, thus, at-
tenuates the signal by a factor of 10.
Hence, always remember to make
the appropriate mental adjustment.

Special-Purpose Probes

In addition to the low-capacitance
probe, the oscilloscope has a rather
large family of special-purpose test
probes. These are designed to en-
hance the versatility of the oscillo-
scope. The most popular is the de-
modulator probe, which is used to
convert an r-f signal into dc voltage.

Inside the demodulator probe is a
small-signal diode that converts the
r-f input to a voltage that is propor-
tional to the peak r-f signal. An RC
network inside the probe, shown in

(Continued on page 92)

Fig. 10. Demodulator probe converts r-f signal into dc voltage.

)

DEMODULATOR
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Project

A Programmable
Ni-Cd Recycler

Safely recharges and reconditions nickel-cadmium
batteries and up to 10 cells of any capacity

By Peter A. Lovelock

S

0 many articles have been
written about the care and
feeding of rechargeable nick-
el-cadmium batteries that it is proba-
bly difficult to imagine anything new
in this subject. As a heavy user of Ni-
Cd batteries and cells, however, two
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Fig. 1. The basic constant-current charger circuit.

Fig. 2. Overall schematic diagram minus power supply.
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problems have always plagued me.
One was the need to have a number
of chargers around for the various
voltage/capacity power packs I use.
The other was the need to regularly
“‘exercise’” my Ni-Cd cells and bat-
teries to eliminate the ‘‘memory”’
phenomenon that affects them when
their charges are constantly ‘‘topped
up’’ after partial discharge.

What I needed was a charger that
could be programmed to the desired
charge rate and a maximum voltage
shutdown equal to one to ten cells.
The solution was the Programmable
Ni-Cd Recycler described here. Re-
charging Ni-Cd cells and batteries
was only one of the design objec-
tives. Another was a switch that
could be used to discharge the Ni-
Cds after completing a full-charge

cycle to reduce and eliminate the
dreaded memory effect. In this proj-
ect, the battery can be switched back
to charge when its discharge voltage
drops to a preset 1 volt per cell and
automatically recycles between
charge and discharge within con-
trolled limits. One cycle keeps Ni-
Cds healthy. Repeated cycling eli-
minates the memory effect.

A final design objective was to in-
corporate into the project a ‘‘zap-
per’’ mode. The zapper clears inter-
nal ‘‘whiskers’’ that cause Ni-Cds to
short circuit between their terminals
and prevent them from taking on a
charge. It also allows cells that have
become reverse-charged to be re-
stored to normal polarity. Though
the zapper circuit is part of the proj-
ect, it can be assembled and used

separately as a stand-alone recondi-
tioning device.

Problems & Solutions

A number of effects can result in fail-
ure of nickel-cadmium cells and bat-
teries. Chief among these are the
following:

¢ Frequent shallow discharge before
recharging that results in the dreaded
““memory phenomenon,”’ mani-
fested as an apparent loss in a Ni-
Cd’s ampere-hour capacity;

¢ Charging to less than 1.4 volts per
cell (not replacing the required 30%
more energy than was discharged
while the Ni-Cd was in service),
which contributes to the memory
phenomenon;

¢ Short circuiting, caused by chemi-

* i
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PARTS LIST

Semiconductors

D1—5.1-volt, 1-watt zener diode

D2,D3—1N4003 rectifier diode

D4—volt, 1-watt zener diode

D5 thru D8—1N4001 rectifier diode or
50-volt, 1-ampere bridge rectifier

IC1—7815 + 15-volt regulator

1C2—7805 + 5-volt regulator

IC3—LM339 low-power quad
comparator

LEDI1—S5 volt flashing light-emitting
diode (Radio Shack Cat. No. 276-036
or similar)

LED2—Panél-mount light-emitting
diode

QI1, Q4—TIP42 pnp transistor

Q2,Q3,Q5—2N2222 npn transistor

SCR1—2N5610 1-ampere (50-volt or
more) silicon controlled rectifier

SCR2—6-ampere, 200-volt silicon con-
trolled rectifier (Radio Shack Cat.
No. 276-1027 or similar)

Capacitors

C1—47-uF, 50-volt electrolytic

-C2—10,000-xF, 50-volt computer-
grade electrolytic

C3—1,000-uF, 50-volt electrolytic

Resistors (Y4 -watt, 5% tolerance)

R2—6,800 ohms

R4—33,000 ohms

RS,R6,R18—5,600 ohms

R7,R10,R15—3,000 ohms

R8,R9—680,000 ohms

R14,R16—20,000 ohms

R17,R20,R24—1,000 ohms

R26—560,000 ohms

R27—150,000 ohms

R28—220,000 ohms

R11—100 ohms, 1 watt (10%
tolerance)

R19—470 ohms, 1 watt (10%
tolerance)

R25—100 ohms, 1 watt (10%
tolerance)

R12—20 ohms, 5 watts (10%
tolerance)

R13—50 ohms, 5 watts (10%
tolerance)

R21—20 ohms, 10 watt (10%
tolerance)

R22,R23—See text

R1—10,000-ohm, 10-turn otentiometer
with vernier dial

R3—10,000-ohm flat-mount pc
trimmer potentiometer

Miscellaneous

F1—0.5-ampere slow-blow fuse

K1—12-volt dc relay with 1-ampere
contacts (Radio Shack Cat. No.
275-241 or equivalent)

S1—DP3T, center-off toggle switch
(Radio Shack Cat. No. 275-1545 or
similar)

S2—SPDT toggle or slide switch

S3-—3-position nonshorting rotary
switch

S4—DPDT slide or toggle switch

S5—SPST slide or toggle switch

T1—25-volt power transformer
Suitable enclosure (see text); printed-
circuit board or perforated board
and soldering hardware; socket for
IC3 (optional); bayonet fuse holder
for F1; 4-lug terminal strip (see text);
ac line cord with plug; rubber grom-
mets; control knobs for R1 and S3;
9-volt battery snap and cell holders
(see text); lettering kit; clear acrylic
spray; insulating tubing; No. 6
ground lug; spacers; machine hard-
ware; hookup wire; solder; etc.

Note: An etched and drilled pc board is
available for $8.00 ppd from: R&R
Associates, 3106 Glendon, Los Angeles,
CA 90034. California residents, add state
sales tax.

cal ‘‘whiskers®’ growing inside Ni-
Cd cells that prevent the cells from
taking on a charge;
¢ Reversed polarity of a cell in a ser-
ies string, which is fully discharged
first and then reverse charged by cur-
rent flowing from the other cells in
the string.

Fortunately, these effects are usu-
ally curable, allowing most Ni-Cds

to be restored to full health. A cell or
battery that has dried out due to a
ruptured internal seal resulting from
overheating, though, can not be
cured by any known means. (The
small crystals visible around their
terminals easily identify a cell that
has been ruptured and is beyond
salvage.)

Solutions to the above effects as

well as the ability to recharge Ni-Cds
are provided in the Ni-Cd Recycler.
The basic element of this project is its
charge mode whose programmable
charger can accommodate from one
to ten cells. It charges each cell with a
sufficient voltage to assure restora-
tion of 30% more energy than was
drained from it while in service.

A recycle mode can automatically
switch fully charged cells and bat-
teries to a discharge load, draining
them until their charge drops to 1.0
volt per cell and then back to the
charge mode to restore full charge.
Inthe recycle mode, Ni-Cds are recy-
cled continuously between full
charge and discharge over their full
capacity range to eliminate the mem-
ory effect. Recycling can be done
just once every so often to keep Ni-
Cds healthy, or it can be allowed to
run as many times as needed to elimi-
nate the memory condition.

Finally, the zapper function’s
high-current pulses are applied to
shorted cells to burn away internal
shorts and to repolarize reverse-
charged cells.

About the Circuit

Constant-current charging was chos-
en over constant-voltage charging as
the fastest means of restoring the
charge on a spent battery or cell with-
out the attendant heat generated by
an initial higher current. The circuit
shown in Fig. 1 is the heart of the
constant-current  charger.  Built
around the common 7805 5-volt reg-
ulator, this circuit shows a single re-
sistor, R, between the chip’s output
and common pins. The resistor sets a
constant-current output that is deter-
mined by the equation: R = 5/1. For
example, for a 50-mA charge rate, R
= 5/0.05 = 100 ohms. Using a ro-
tary switch as shown, different-value
resistors can be connected to the var-
ious switch positions to provide dif-
ferent charge rates.

Supply voltage to the 7805’s input
terminal must be at least S volts
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Fig. 3. Internal details and pinouts for LM339 quad comparator.

greater than the highest voltage re-
quired. To avoid life-reducing un-
dercharging, the circuit should be de-
signed to put back 30% more energy
than was drawn by the cell or battery
while it was in service. Therefore, the
voltage on each cell must rise to 1.4
volts under charging conditions. For
a 10-cell, 12.5-volt battery pack,
maximum charge must be 14 volts.
Therefore, minimum supply voltage
to the regulator chip must be (10 X
1.4) + 5 =19 volts. To be onthe safe
side, it is best to use 20 to 25 volts dc.

Figure 2 shows the final design of
the charger circuit. Here, + 15-volt
regulator IC] is referenced 5.1 volts
above ground by zener diode DI to
supply a regulated 20 volts dc to
S-volt regulator IC2. The 20-volt
output from IC1 also supplies power
to the control circuitry. Cells and
batteries to be charged connect to the
circuit viathe + and — BATTERY ter-
minals shown at the far right.

Only three current-control resis-
tors are switched in this circuit to
provide 50, 150 and 300 mA viaRI],
RI12 and RI13, respectively. Any
number of current-control resistors
can be switched to furnish a range of
currents up to the 1-ampere ratings
of ICI and IC2 (Fig. 1). These resis-
tors should have a wattage rating de-
termined by the I’R formula; for a
100-ohm resistor at 50 mA charge,

which actually calls for a V4-watt re-
sistor, use a 1-watt rating.

In Fig. 2, R11 is always in the cir-
cuit, regardless of the position to
which CHARGE RATE switch S/ is set.
To obtain the 300- and 150-mA
charge rates, RI2 and RI3 are
switched in parallel with R11.

In the charge/discharge control
circuit, two sections of quad compa-
rator IC3 (see Fig. 3 for internal de-
tails and pinouts for this quad com-
parator) separately detect the pro-
grammed full charge and full dis-
charge voltage limits. In the charge
mode, v MAX control R1 sets a refer-
ence voltage on the inverting (—) in-
put of the first comparator in IC3 at
pin 8. This reference voltage is equal
to 1.4 times the number of cells. The

noninverting (+) input at pin 9 of
this comparator monitors the output
voltage across the cell or battery be-
ing charged. When the charge ex-
ceeds the reference set by RI, the
comparator’s output at pin 14 goes
high, producing 20 volts that biases
off QI and disables the charge cur-
rent to the cells. The 20 volts also
turns on Q2 and END OF CHARGE
light-emitting diode LEDI.

A 10-turn precision potentiometer
with vernier dial is recommended for
RI. However, a single-pole rotary
switch and a number of fixed-value
resistors can be substituted for the
voltage reference portion of the cir-
cuit (Fig. 4). Figure 4A employs an-
other 7805 to supply a constant 1 mA
to resistors of selected fixed values.
The values of these resistors are cal-
culated according to the formula R
= Vi£/0.001. For example, for V ¢
= 8.4 volts, R = 8,400 ohms.

If you have a problem finding re-
sistors of the exact calculated values,
various standard values can be wired
in series or/and parallel configura-
tions as needed. Alternatively, you
can wire into the circuit separate
10,000-ohm trimmer potentiometers
for each switch position, as in Fig.
4B, and set them for the desired ref-
erence voltages.

Returning to Fig. 2, resistor RS
sets up conditions so that when the
battery (off charge) drops down
about 0.2 volt, output pin 14 of IC3

Fig. 4. Alternative voltage references.
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Fig. 5. Power supply for Fig. 2.

goes low, QI switches on the charg-
ing current, cutting off Q2 and ex-
tinguishing LEDI. Circuit status
then remains unchanged until the
voltage across the cells or battery be-
ing charged rises above the reference
level set by RI. This cycle then re-
peats, with the charge pulsed on and
off, rather than tapering down, with
decreasing charge pulses as the bat-
tery tops off. The pulsing final
charge is very effective in bringing
the battery to full charge without
creating an overvoltage condition.

In operation, even when cells are
left for several hours on pulsating
charge, there will be no discernible
heating of the cells. With S2 set to
CHARGE, LEDI will flash when the
battery is fully charged.

With S2 set to RECYCLE, the first
time the battery voltage causes IC3
to switch to a high output at pin 14,
SCRI turns on. This closes KI’s low-
er contacts, completing a circuit
from the battery or cell to ground
through R17. This resistor then dis-
charges the battery until the voltage
drops below the reference at the pin 4
inverting input of the second com-
parator in IC3, set by vV MIN control
R3 (v MIN is equal to 1 volt times the
number of cells being charged).

When output pin 2 of IC3 is high,
03 conducts. When battery voltage
monitored by the noninverting input
at pin 5 of IC3 drops below the v MIN
reference at pin 4, output pin 2 goes
low. This deenergizes K1 and switch-
es the battery back to the charge out-
put. Interruption of relay coil cur-
rent also switches off SCRI.

Trimmer R3 and resistors R2 and
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R4 can set the discharge limit to 70%
of the charge limit. Since R3 is sup-
plied from the wiper of RI, the dis-
charge limit will always track the
charge limit set by R/. Hence, R3
must be adjusted only once and is,
therefore, a hidden set-and-forget
trimmer control.

Shown in Fig. 5 is the simple ac-
line-operated power supply for the
Fig. 2 circuit. This circuit delivers an
unregulated 22 to 35 volts to the
charger circuit. Regulation is accom-
plished by IC1 and IC2 in Fig. 2.

Burning away internal whiskers by
discharging a large capacitor like the
10,000 uF specified for C2 in Fig. 2
through the ‘“bad”’ cell is effective,

though it can require a considerable
number of discharges to fully clear a
short. Connecting one or more good
Ni-Cd cells across the shorted cell
may work but could result in destruc-
tive venting if a heavy current is sus-
tained for too long a time.

Repeated short-duration, high-en-
ergy pulses delivered to a shorted cell
clears whiskers without attendant
potential damage to the cell being
treated. Short clearing in this project
is accomplished with the automatic
zapper circuit consisting of C2, R4,
Q5 and SCR2inFig. 2. (Warning: Be
sure to use the zapper function with
only one Ni-Cd cell at a time!)

With S4 set to ZAP, regulated 20
volts dc¢ charges C2 through Q5.
When the charge reaches 15 volts,
zener diode D4 conducts and triggers
on SCR2, causing CI to discharge
through the cell connected to the out-
put terminals of the project in a short
burst of high energy.

Feedback to the base of Q5 causes
this transistor to disable the charging
current until C2 is fully discharged
and SCR1 stops conducting. Then

Fig. 6. Actual-size etching-and-drilling guide.
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when Q5 conducts again, C2 charges
once more. The cycle repeats as long
as needed to restore the shorted cell.

CONDITION light-emitting diode
LED? is normally off, since the cell is
a direct short circuit across it, but it
flashes each time a pulse is applied to
the cell. When the cell’s internal
short is cleared, LED? lights contin-
uously to signal that the cell has been
cleared of whiskers.

In addition to clearing internal
short circuits, the zapper function
will repolarize cells that have become
reverse charged. Bear in mind,
though, that not all such cells can be

rejuvenated in this manner. Some
are just plain worn out from use.
Just connect the cell across the proj-
ect’s output terminals in proper po-
larity and run the zap function until
LED3 lights continuously and then
switch over to normal charging until
the cell’s potential on charge mea-
sures the full 1.4 volts.

Construction

Most of the circuitry shown in Fig. 2
can be assembled on a small printed-
circuit board you can make yourself
using the actual-size etching-and-
drilling guide shown in Fig. 6. If you

Fig. 7. Wiring details for pc board and potentiometer RI and switches.
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wish, you can purchase a ready-to-
wire board from the source given in
the Note at the end of the Parts List.
Alternatively, you can assemble the
circuit on perforated board with the
aid of suitable soldering hardware.

Light-emitting diodes LEDI and
LED2, 10-turn potentiometer RI
and the various switches mount on
the front panel of the box in which
the project is housed. Wire the Fig. 2
circuit exactly as shown in Fig. 7,
starting with the resistors and diodes
and working up to the largest com-
ponents. Note that D3 mounts on the
bottom of the board, affer installing
K1. A socket for IC3 is optional but
recommended. Make sure as you in-
stall Cl, the diodes, transistors and
ICs that they are properly oriented
before soldering their leads into place.

Mount all power resistors with
1-watt or higher rating so that there
is 4" to %" of space between them
and the board’s surface to allow for
air circulation. Finish board wiring
by installing and soldering into place
suitable lengths of prepared hookup
wire at the locations that are to inter-
connect with off-the-board compo-
nents. Use heavy-duty color-coded
stranded hookup wires for the lines
to the power supply and output ter-
minals and for the wiring between
S4B and KI’s toggle contact.

For convenience, it is a good idea
to use a pair of front-panel-mounted
color-coded jacks or 5-way binding
posts, connected to the project’s out-
put terminals, to allow you to moni-
tor battery voltage during charging
with an external meter. The battery
connectors and holders can be in-
stalled in the project case, along with
the rest of the circuitry. If you decide
to use a separate box in which to
house the battery connectors and
holders, mount a suitable jack on the
rear panel of the main project to pro-
vide a means for connecting the ex-
ternal box to it.

Drill all required mounting holes,

(Continued on page 86)
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MANUFACTURER’S REPRESENTATIVE
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BAKMTF“O'K.... e $74 Printer Stand, Big . ........... ... ... ... ... $8
640K Ram “O"K ... ... .. i $38 Printer Stand, Small ...................... $7
CloCK Cards s ai e ws wat & msmm o B o @ pros € 3 258,77 oe $25 Power Strip (6Qutlets) . ................... $5
GameCards ................ I—— P $15 Power Strip w/Surge Protector .. ........... $6
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Project

The (Car) Thief Chaser

System emits painfully loud high-pitched sound that drives
off thieves before they can steal anything of value

By Desi Stelling

ith the high cost of cars
and high insurance pre-
miums for them, install-

ing a theft alarm system in them is a
necessity nowadays. Unfortunately
even a high-priced deluxe alarm sys-
tem won’t always prevent your car or
anything in it from being stolen with
today’s savvy thieves. Even if a thief
does trip an ordinary alarm, passers-
by are likely to ignore it. If the fore-
going makes you feel helpless, you’re
just one of millions of worried car
owners in the same predicament. A
solution to this problem is installing
the (Car) Thief Chaser described
here. This simple device actually
drives thieves away before they can
rip you off.

It does this by pumping out 40
watts of raw 10-15-kHz sound that’s
likely to drive away any but a/ deaf
thief when he’s inside the car. It’s the
combination of high-power, high-
frequency sound and the car’s small
interior that does the trick, even if
one plugs up his ears. (Only ten feet
away outside the car the sound
becomes bearable.)

About the Circuit

As shownin Fig. 1, a state-of-the-art
power MOSFET, QI, is switched on
and off to deliver a large amount of
power to the supertweeter connected
to terminals A and B. The choice for
the particular power MOSFET for
Q1 was dictated by the need for the
source-to-drain resistance to switch a
4-ohm load consisting of two 8-ohm
supertweeters. If only one super-
tweeter is used, 20 watts of 15-kHz

sound power is generated by the cir-
cuit, which is adequate to protect an
average-size car. The ability of the
circuit to deliver 40 watts to two su-
pertweeters adds a wide margin of
safety to the system.

Timer IC! is operated at 15 kHz,
with a 50% duty cycle. The frequen-
cy controlling RC network for the
555 timer IC is comprised of R/, R2,
R3 and C2, with R2 used as a trim-
mer control that fine tunes the circuit
for the most effective sound.

Zener diode D4 prevents tran-
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sients at the gate of QI that exceed
approximately 14 volts from appear-
ing at the pin 1 output of ICI. (These
transients occur as a result of the
drain-to-gate capacitance of the
MOSFET.) Diode D3 clamps QI’s
drain to prevent the MOSFET from
exceeding its maximum drain-to-
source voltage. The need for D3 is
dictated by the inductive nature of
the supertweeter(s). Switching an in-
ductor tends to build current that
must be discharged back to the bat-
tery. The discharge path that pro-
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PARTS LIST

C1—10-uF, 50-volt electrolytic capaci-
tor

C2—0.001-4F disc capacitor

C3—0.01-4F disc capacitor

D1,D2,D3—1N4001 rectifier diode

D4—14- or 15-volt zener diode

F1—3-ampere fuse

IC1—555 timer

K1—Dpdt 12-volt dc relay

Q1—IFR511 power MOSFET

R1—15,000-ohm, Y4-watt, 5% toler-
ance resistor

R2—35,000-ohm, Y4-watt, 5% toler-
ance resistor

R3—50,000-ohm linear-taper potentio-
meter

S1—Spst keyswitch

Misc.—8-ohm supertweeter (see text);
printed-circuit board or perforated
board and soldering hardware; 4.5"
x 2.5" x 1.125" plastic project box;
phono jacks and plugs (3 sets); con-
trol knob for R3; pc-mount fuse

holder; two-conductor cable (see
text); machine hardware and plastic
cement or double-sided foam tape;
stranded hookup wire; solder; etc.

Note: The following items are available
from DDS Systems, P.O. Box 5715,
Glendale, AZ 85312: Complete kit
(less enclosure, supertweeter and
keyswitch) for $19.95; pc board for
$4.95; warning decal for $1.50 plus
$3.50 P&H. Arizona residents,
please add 6% sales tax.

tects QI from being damaged by ex-
cessive current is provided by D3.
Power for the system is provided
by your car’s electrical system. It’s
taken from the dome-light circuit as
shown in the drawings at the left in
Fig. 1. Note that there are two differ-
ent wiring arrangements for the
dome-light circuit in modern cars.
The circuit is armed by closing
keyswitch S1. It is tripped by closing
the unlabeled switch, which is the pin
switch that normally turns on the
car’s dome light when a door is op-
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ened. With SI closed, if a door is
opened and the other switch is closed
even momentarily, current from the
car’s 12-volt battery energizes K1.
With K1 energized, its armature is
pulled down to the lower contact.
This simultaneously latches K7 in the
closed position by current flowing
back to its coil through D2 and de-
livers 12 volts dc to the Chaser’s cir-
cuit. Diode DI protects the circuit
from voltage spikes generated by the
collapsing magnetic field when K1
deenergizes. As long as keyswitch S/

is closed and the circuit has been trig-
gered, K1 will be latched and the su-
pertweeter will sound until SI is
opened with a key.

Construction

The best way to assemble the circuit
is on a printed-circuit board and
housing it in a small plastic or metal
project box. You can fabricate your
own pc board using the actual-size
etching-and-drilling guide shown in
Fig. 2, or you can purchase a ready-
to-wire board from the source given

#
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Fig. 2. Actual-size etching-and-drill-
ing guide for pc board.

in the Note at the end of the Parts
List. Wiring of the board is simple
and straightforward, as shown in
Fig. 3. Just be sure to properly orient
Cl1, D3, D4 and IC1 before soldering
their leads and pins to the copper
pads on the board. Do not forget to
solder short wires from the lugs on
the fuse holder to the FI holes in the
board. Use of a socket is not recom-
mended in this project because road
vibration might work the IC loose.
After the circuit board is wired as
shown in Fig. 3, solder 2" lengths of
hookup wire to points A and B. Simi-
larly, solder 5" lengths of wire in the
holes labeled C, D, + 12V and GND.
Use only stranded hookup wire
throughout to wire the project.
Components that do not mount on
the board include DI, D2, K1, R3
and S]. Diodes DI and D2 wire di-
rectly across the appropriate lugs on
therelay. These diodes must be wired
to the relay lugs according to the type
of dome-light circuit in your car. For
cars with grounded dome-light cir-
cuit, as in circuit A in Fig. 1, wire the
diodes anode to anode. Those with
+ 12-volt dome-light circuits, as in

circuit B, wire cathode to cathode.
Then connect and solder 2" lengths
of stranded hookup wire to the lug to
which both diodes are connected and
the lug that goes to the relay’s arma-
ture contact.

Because ordinary phono jacks are
used for the dc¢ power input, con-
nection of the SI keyswitch and the
output to the supertweeter, it is im-
portant that you use a plastic—not
metal—project box to house the
project. Drill holes in the box to ac-
commodate control R3 and the
jacks. Then mount the jacks and
control in their respective locations.
Label the jacks according to func-
tion) TWEETER, KEYSWITCH and
+ 12V DOME LIGHT SWITCH).

Strip an extra 2" of insulation
from the wire coming from hole D on
the pc board. Twist together the fine
wires and lightly tin them with sol-
der. Now loop this wire from the left
to the center lugs (viewed from the
rear) of the potentiometer and solder
both connections. Then connect and
solder the free end of the wire com-

Fig. 3. Wiring guide for pc board.

+12V

F1
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ing from hole C to the potentiome-
ter’s right lug.

Connect and solder the wires com-
ing from the pc board to the appro-
priate points in the circuit. Refer to
Fig. 1 for details for your particular
dome-light circuit configuration.

You can mount the relay and pc
board assembly with plastic cement
and machine hardware, respectively.
Alternatively, you can use double-
sided foam tape to secure the two in-
to place. Then mount the jacks in
their respective holes. Connect and
solder the free ends of the wires com-
ing from the holes labeled A and B on
the circuit board to the TWEETER
jack. Locate the wire coming from
the armature contact of the relay and
connect and solder its free end to one
lug on the KEYSWITCH jack. Wire the
other lug of this jack to the point in
the system that corresponds to your
type of dome-light circuit.

Assemble the project’s case.

Installation

Mount the keyswitch in an external
front-end location where it will be
relatively well hidden from view and
protected from the elements. Route a
two-conductor cable from inside
your car through the firewall to the
keyswitch. Dress the cable neatly
around the engine compartment,
and use plastic cable ties to hold it in
place. Connect the cable’s conduc-
tors to the switch’s lugs.

Select a location for mounting the
project box where it will be invisible
and relatively difficult to get at inside
the passenger compartment. Once
you have selected an appropriate lo-
cation for the project box, determine
how long the cable from the key-
switch must be, cut to length, and
terminate with a phono plug.

Now find a suitable location in
which to mount the supertweeter(s).
Keep in mind that high-frequency
sound energy tends to be quite direc-
tional. Therefore, select a mounting
location that beams the sound energy
to cover the front seat, particularly
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the driver’s area. Under the
dashboard is a good location. If your
car is a compact sport model, one
supertweeter may be enough to
assure adequate coverage. However,
if your car is a full-size model, it may
be better to use two supertweeters,
mounted on opposite sides of the
passenger compartment and angled
inward to cover the front-seat area.

Select unobtrusive mounting loca-
tions for the supertweeters. Then
connect and solder two-conductor
cable to the lugs of each. If you are
using two supertweeters, wire them
in parallel with each other, properly
phased. That is, tie together the cable
conductors that go to the ‘‘hot”
(may be identified witha + signora
painted dot or both). Similarly, tie to-
gether the conductors that go to the
“neutral”’ (identified with a — sign).
Then run a two-conductor from the
junction to the project box. Termi-
nate the other end of the cable in a
phono plug.

Connect another cable into your
car’s dome-light circuit (see Fig. 1)
and terminate it with a phono plug at
the project box end.

As you route the cables inside the
passenger compartment, hide them
from view as much as possible.

Once the system is completely in-
stalled, arm it by closing the key-
switch and trigger it by opening a
door. If everything is okay, you
should immediately hear a painfully
high-pitched sound. Closing the
door should not silence the sound.
Disarm the system with the key-
switch. Repeat the procedure to
make sure everything is okay. Then
trigger the system once again and ad-
just the setting of the control for the
most unpleasant sound. Disarm the
system and mount the project box in
its final location.

To use the (Car) Thief Chaser, all
you do is get out of your car, lock the
doors and arm it with your key-
switch. When you return, disarm it
with your keyswitch—before open-
ing any doors! ME
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Project

First-Answer Selector

A games-playing ‘‘judge’’ whose decisions are
impartial and totally accurate

By Mike Rigsby

rivia-style and other types of
I games have become very
popular. In such a game,
players are asked a question and are
required to respond as fast as possi-
ble with the answer. The first player
to respond correctly wins the round.
If two or more players claim to have
responded first, there can be an argu-
ment. The judge must decide who
was the first to respond. If the judge
is a person, his decision is frequently
questioned by the players who lost
the decision. So the solution is to use
a totally impartial judge whose deci-
sion is impossible to question.

Enter the First Answer Selector,
an electronic ‘‘judge’’ whose deci-
sion isimpartial and totally accurate.
Similar to those devices used on TV
game shows, the First Answer Selec-
tor responds to only the first player
to press a button. Even if two or
more players press their buttons
within a fraction of a second of each
other, only the first response will reg-
ister by lighting that player’s LED in-
dicator and sounding a buzzer.
Other players can press their buttons
as much as they like without affect-
ing the play decision. With no argu-
ments to slow things down, games
proceed at a faster pace and with
more competitive spirit on the part
of the players.

About the Circuit

In Fig. 1, timer ICI operates as an
astable multivibrator that serves as
the clock pulse generator for the sys-
tem. Its pulse repetition rate is deter-

® ¢ @ @

mined by the values of R/, R2, and
C1. Oscillator frequency is not criti-
cal; it just has to be greater than a few
hundred pulses per second.

When reset pin 4 is brought high,
IC1 oscillates and delivers a train of
pulses to pin 14 of decade counter/di-
vider /C2. (With pin 14 high and low,
IC1 oscillates and stops oscillating,
respectively.) As JIC2 counts the
pulses, its output lines are sequential-
ly brought high, one at a time. When
pin 7 of IC2 makes a transition from
high to low, reset pin 15 is activated.
Thereafter, the next clock pulse
causes pin 3 to go high to initiate a
new cycle.

Output pin 3 of IC2 provides the
clock pulse for one of the two flip-
flops in /C3. When the Setl line at
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pin 6 of /C3 is low and the Reset1 line
at pin 4—which is normally held low
by RI2—is low, the flip-flop is pre-
pared for normal action. The status
of the D1 input at pin 3 of /C3, nor-
mally held low by RS, is passed to the
Q1 output at pin 1 when a clock sig-
nal appears at the pin 3 clock! input.
This puts a low on both sides of
LEDI so that it does not light.

Since none of the S7 through S4
switches has been pressed, all Q lines
in IC3 and IC4 are maintained at a
low level. Therefore, no LEDs will
light, and pins 10 and 11 of IC5 will
be high because pins 8, 9, 12 and 13
are all low.

Outputs at pins 10 and 11 of ICS
are inverted by IC6 and are passed to
input pins 1 and 2 of IC5 at low
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D1—1N914 switching diode

LED! thru LED4—Light-emitting di-
ode (Radio Shack Cat. No. 276-068
in chrome holder or plain LED
mounted in rubber grommet—see
text)

IC1—556 timer

[C2—4017 decade counter/divider

1C3,1C4—4013 dual D flip-flop

1C5—4001 quad 2-input NOR gate

1C6—4049 hex inverter

C1—0.01-4F metal-film

Resistors (V4-watt, 5% tolerance)

R1—500,000 ohms

R2—1,000 ohms

R3 thru R12—1,500 ohms

Miscellaneous

B1—9-volt battery

S1 thru S5—Spst momentary action
normally open pushbutton switch

S6-—Miniature spst slide or toggle
switch
Perforated board and Wire Wrap

R
500K R6 LED1
1 1% 1 1.5K -
4 5 " 3 3 1 —AMN————P——
R7
e Ic1 ic2 " ic3 15K GEs
LS 556 s 4017 4 4013 1 4 S
2 13 . ——4 5 — e
i el
6 - 15 p——4 10 '] —0 O—=
@1 7 a4 6 7 8 S2
0.01FT R4 > R5
ie _ 1.5K 1.5K
Llad
= D1 o e
1N914 R12 =
R3 15K _l S5 +
1.5K j
R8 LED3
S6 1 14 14 1.5K Y
° 3 3 4 3 —AANA—
+] B1 10 R9 LED4
9V ice © oy ¥ Ic4 15K Y
4049 s 1 4001 3 4013 13 & S3
2 1 9 1 5 —0 Ot
P |
10 a 2 8 9 O o—
8 7 6 7 8 S4
R10 R11
Buzzer __! 1.5K 1.5K
gt +
PARTS LIST
Semiconductors Capacitors hardware or printed-circuit board

(see text); 4-to-28-volt dc (5-mA at 12
V) buzzer (Radio Shack Cat. No.
273-060); suitable enclosure (see
text); separate boxes for S1 thru S4
(see text); connector for Bl; 14-pin
(5) and 16-pin (1) sockets for ICs;
flexible 2-conductor cable; rubber
grommets; small-diameter heat-
shrinkable tubing; dry-transfer let-
tering kit; clear spray acrylic; ma-
chine hardware; hookup wire; sol-
der; etc.

Fig. 1. Overall schematic diagram of the First Answer Selector.

levels. Therefore, pin 3 of IC5 will
deliver a high to ICI pin 4, which
continues to generate clock pulses.
Pin 3 of ICS is also tied to pin 9 of
IC6, resulting in a low at pin 10 of
IC6; the buzzer will not sound.
Pressing S/ (we will use this switch
to explain circuit operation, though
any of the S/ through S4 switches
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could be wused in like manner)
changes operating conditions. Pin 1
of IC3 is pulled high, resulting in a
high output at Q1 output pin 1 and
causing LED]1 to light. The high sig-
nal on pin 1 of IC3 travels to pin 13
of IC5 and causes pin 11 to go low.
The low at pin 11 of IC5 goes to
pin 4 of IC1, where it stops the timer

from generating clock pulses. With
no more pulses being generated,
there can be no further effect on the
circuit by pressing any of the S/
through S4 switches. Because the low
on pin 3 of ICS creates a high at pin
10 of IC6, the low-current buzzer is
powered and sounds.

At this point, the moderator

M
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Fig. 2. Perforated board and suitable Wire Wrap hardware were used in proto-

type. A home-made pc board can be designed and used if desired.

knows that someone has pressed a
button by the sound of the audible
alert. Furthermore, he knows which
person has pushed the button by the
fact that that person’s LED is lit
(LEDI in this example). Conditions
remain in this state until RESET
switch S5 is pressed and released.

Whenever S/ is pressed and re-
leased, a high is applied to pin 4 of
IC1. This starts the clock pulse gen-
erator operating. Simultaneously,
the high delivered to the reset lines at
pins 4 and 10 of both IC3 and IC4
causes Q output pins 1 and 13 of both
ICs to go low and turn off all LEDs.
The circuit is now ready to capture
the response of the first person to
press his switch.

Diode DI is included in the circuit
to assure proper operation. Under
normal operating conditions (none of
the S7 through S4 switches pressed),
pin 4 of ICI is high and the reset lines
of IC3 and IC4 are low.

Use of CMOS ICs makes it possi-
ble for the project to run for a long
time on a single 9-volt battery (BI).
The only time the circuit is drawing

more than a few milliamperes is
when any of the LEDs is on and the
buzzer is sounding.

Construction

The prototype circuit for the First-

Answer Selector was assembled us-
ing perforated board and Wire Wrap
hardware (Fig. 2). However, if you
wish, you can design and fabricate a
printed-circuit board on which to
mount the components that make up
the circuit.

Wire the board as shown in Fig. 1.
Keep in mind that the LEDs and
switches all mount off the board,
with S7 through S4 completely exter-
nal to the box in which the main pro-
ject is housed. Use sockets for the
ICs, and make sure you properly in-
dex the ICs and diode. Also, mark
the cathode connection points for
the LEDs with the letter “K’’ for
easy identification when the time
comes to wire them into the circuit.

Any type of enclosure that will ac-
commodate the circuit board and
battery with its holder will serve well
for the project, though one with a
sloping panel will probably look
most attractive (Fig. 3). Machine the
enclosure to permit mounting the
board in place and to accommodate
the RESET switch and the chrome
holders or the small rubber grom-
mets in which the LEDs mount. Ad-
ditionally, drill holes for the cables
to the player switchboxes and line

Fig. 3. Project is best housed inside enclosure with a sloping front panel.
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them with rubber grommets. If you
prefer, you can have the player
switches interface to the project via
phono jack/plug pairs. In this case,
you might want to use a 4-jack strip
mounted on the rear of the enclosure.

Before mounting any components
in or on the enclosure, paint it if nec-
essary. Otherwise, use a dry-transfer
lettering kit to label the LED positions
and POWER and RESET switches. (If
you do paint the enclosure, wait until
the paint has dried before labeling
it.) Incidentally, one way to avoid
having to label the enclosure is to use
a different-color LED for each
player. Fortunately, there are four
distinct LED colors: red, orange (or
amber), yellow and green. Since
POWER and RESET switches S5 and
S6 are slide or toggle and pushbut-
ton, respectively, there is really no
need to identify each. Spray two or
three light coats of clear acrylic over
the lettering (if you go this route) to
protect it.

Clip the leads of the LEDs to
about % " long and form each into a
small hook. Carefully solder about
3" lengths of hookup wires to the
LED leads. Then slip over the cath-
ode connection of each LED a 1"
length of small-diameter heat-
shrinkable tubing. Push the tubing
up against the bottom of the LED
cases and gently shrink it.

Mount each LED on the front
panel, either via its chrome holder or
by pressing it into a rubber-grom-
met-lined hole, and connect and sol-
der the trailing hookup wires to the
appropriate points in the circuit.
Trim the wires as needed and make
sure theidentified cathode leads con-
nect to the K-identified points.

Mount RESET and POWER switches
S5 and S6 in their respective holes
and connect and solder to their lugs
lengths of hookup wire. Then, if you
are using the jack/plug arrangement
for the cables to S/ through S4,
mount the individual jacks or 4-posi-
tion jack strip in place and connect to
it short lengths of hookup wire.
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Connect and solder the free ends
of the wires from S/ and S2 and the
jacks to the appropriate points in the
circuit (Fig. 1). Label each jack ac-
cording to the player number to
which it applies and spray on the
clear acrylic to protect it. Then
mount the circuit board in place with
spacers and machine hardware. If
you plan on wiring the player switches
directly to the circuit board, pass the
free ends of the four flexible cables
(these should be about 10- to 12-feet
long) through the rubber grommets,
tie a knot about 6” from the ends in-
side the enclosure, and connect and
solder to the appropriate points in
the circuit before mounting the
board in place.

Player switches S7 through S4 can
mount in any convenient boxes or
cases that will comfortably fit in a
hand. Typical boxes inciude the
small hinged type plastic ones that
are readily available in hardware and
housewares stores; mini project
boxes available from electronics
parts stores; plastic 35-mm film
cans; and even aluminum cigar
tubes. The last are probably the most
comfortable for players to handle,
but you will have to use miniature
pushbutton switches and line the
tubes to insulate the switches.

Whichever housing you use for the
player switches, be sure to tie a knot

Order Back Issues of

_/

in the cables going to the switches to
serve as strain reliefs. Also, identify
each switch with a number or color.
If you are using different-color
LEDs to identify each player, use
matching colors on the switch cases.

Additional player switches, uptoa
maximum of 10, can be incorporated
into the project with relative ease,
thanks to the fact that /C2 has 10
separate output lines. When adding
switches, each LED/resistor net-
work must be connected to a flip-
flop (half of a 4013). NOR and in-
verting circuits, some of which can
be the spares in /C5 and /C6, must be
used to insure that a low signal ap-
pears on pins of /C6 and pin 4 of ICI
if any LED is on.

Checkout and Use

When the First Answer Selector is
first powered up, one or more LEDs
and/or the buzzer may come on.
This is normal. Therefore, always
follow a power-up with a quick oper-
ation of the RESET pushbutton
switch to initiate play.

The improved response and moti-
vation of players makes a useful
games-playing tool. The first Answer
Selector is completely impartial. Its
only purpose is to indicate the first
player to respond. It does this with
the unerring accuracy of a machine
whose decision is beyond question ME
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Automotive Project

Digital Tachometer Module

First of a series of add-on modules for the Digital Measuring
System displays engine rpm in cars, vans and boats

By Charles R. Ball

ommercial precision digital
tachometers for cars, RVs,
boats or any other powered

vehicle are usually expensive. ‘‘Digi-
tach’ is a versatile digital tachome-
ter you build yourself for only a frac-
tion of the cost for a commercial
tachometer.

Designed to be used with the Digi-
tal Measuring System described last
month, Digitach offers a range from
0 to 9999 rpm. With the proper sen-

sor and scaling resistors, Digitach
can also function as a digital speed-
ometer, and internal switchable cir-
cuitry allows the project to be used as
a dwell meter for tune-ups.

You can use Digitach with 4-, 6-

and 8- cylinder, 2- and 4-stroke en-
gines. Build the project into a case
and add a battery pack, and you have

a portable field-service instrument.

About the Circuit

This discussion is based on the prem-
ise that the Digitach is to be connect-

ed to and used with the Digital Mea-
suring System’s decoder/display and
power supply modules described last
month. However, it will also work
with other basic digital panel meters
that have the same input impedance
and sensitivity as the DMS. If it is
used with a DPM with different in-
put impedance and sensitivity, the
scaling network’s accuracy will be
adversely affected, throwing off the
accuracy of the readings.

Though Digitach was designed

primarily as a tachometer/speed-
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ometer, it can also serve as a dwell
meter to make it useful for tune-ups.
The tachometer and dwell circuits
share a common conditioning stage
consisting of C3, CR2, RI and R2 in
Fig. 1. This stage filters and stan-
dardizes the height and shape of the
electrical signals from the engine
distributor or speedometer sensor.
In the tach/speedometer mode,
the signal from Q1I’s collector is sent
to one half of dual nonretriggerable
monostable (one-shot) multivibrator
U2. This signal triggers U2 with each
input closure that brings the input
low. Extraneous noise and point
bouncing are eliminated with the sec-
ond multivibrator in U2, which dis-
ables the first multivibrator when the
points open to present a high input.
A CMOS one-shot multivibrator is
used in the Digitach because it does
not have the inherent Ve(sar) offset

that bipolar devices exhibit and,
thus, permits true zeroing.

Output pulses from U2 are routed
via DIP switch SWI to the resistor
scaling network for the cylinders se-
lected. From here, the signal is
routed to the DMS module through
header J2 to provide a numeric dis-
play of revolutions per second (rpm).
The TACH LED is also selected with
SW1 and passed through J3.

In the dwell mode, U2 is not used.
Instead, the shaped and standard-
ized waveform is routed to SWI,
which is used to select the proper cyl-
inder configuration via scaling resis-
tors R13, R14 and R15. The scaled
signal is then averaged by C6 for de-
livery to the DMS via J2.

Power for both the tach/dwell cir-
cuit and the DMS are provided by the
vehicles’s 12-volt battery. Rectifier
CRI protects the system against acci-

dental polarity reversal, and Ul pro-
vides regulated 5-volt dc power for
the system via J4.

PARTS LIST

Semiconductors

CRI—1N4004 or equivalent rectifier
diode

CR2—1N914 or 1N4148 switching
diode

LED1,LED2—Light-emitting diode

Q1—2N2907A transistor

U1—7805 + S-volt regulator

U2—74C221

Capacitors

C1,C3—0.1-uF, 25-volt ceramic

C2—100-¢F, 16-volt electrolytic

C4—0.05-yF, 50/100-volt Mylar

C5—0.1-pF, 50/100-volt Mylar

C6—1.0-uF, 100/200-volt metallized
Mylar or polyester

Resistors (/4 -watt)
R1,R2--22,000 ohms, 5%
R3—470 ohms, 5%
R5—300,000 ohms, 5%
R6—7,500 ohms, 5%
R8,R9—10,000 ohms, 5%
R10—56 ohms, 10%
R11—1 megohm, 1%
R12—100,000 ohms, 1%
R13—2 megohms, 1%

R14—665,000 ohms, 1%
R15—1.33 megohms, 1%
R4—50,000-ohm pc-type trimmer
potentiometer
(Bourns No. 3352H-1-503 ot similar)
R7—10,000-ohm pc-type trimmer
potentiometer
(Bourns No. 3352H-1-103 or similar)

Miscellaneous

SW1—8-position DIP switch (see text)
Header (AP Products No.
929834-04—cut to size needed); Ter-
minal board (OK Industries No.
TS-4); socket for U2; heat sink for
U1; printed-circuit board (see text);
front panel (see text); Y4 ” spacers;
machine hardware; solder; etc.

Note: The following items are available
from Ballco Inc., P.O. Box 1022, Snell-
ville, GA 30278-1022: Solder-plated silk-
screened pc board No. DTH-PC for $8.95
ppd; complete kit (less headers and TB1)
No. DTH-K for $22.95 plus $2.50 PH.
Headers and TB1 are available from Digi-
Key Corp., P.O. Box 677, Thief River
Falls, MN 56701.

Fig. 1. Overall schematic diagram of tachometer module used with Digital
Measuring System’s decoder/display and power-supply modules.
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Construction

Digitach’s component count is low
enough to permit perforated-board
construction. However, if you plan
to use the project with the Digital
Measuring System’s decoder/dis-
play module and power supply, it is
best to assemble the circuit on a
printed-circuit board. This will pro-
vide the compact dimensions re-
quired and precise mating between
the DMS and Digitach.

You can fabricate your own p¢
board using the actual-size etching-
and-drilling guide shown in Fig. 2.
Alternatively, you can purchase a
ready-to-wire pc board from the
source given in the Note at the end of
the Parts List.

Wire the board exactly as shown in
the component installation guide
given in Fig. 3. Pay careful attention
to the orientations of C2, CRI1, Ul
and U2’s socket. (Do not install U2
in the socket until instructed to do so
later on.) Headers are not required in
th JI and J5 locations since they are
not used in this circuit. Headers at J2
through J4 should be cut for the
numbers of pins as needed. Install
these from the component side of the
board, with the longer pins going in-
to the board’s holes. Capacitor C6 is
large and oval shaped. To conserve
board space, mount C6 on edge.

Make sure to use a small heat sink
on UI. Bend one fin of the heat sink
slightly outward. A socket is recom-
mended for U2 to facilitate testing
the system after assembly. A photo
of the wired tachometer board is
shown in Fig. 4.

Carefully recheck installation of
all components and all soldered con-
nections. If everything appears to be
okay, thoroughly clean away all
solder flux from the board with flux
solvent or alcohol. Failure to do this
will cause leakage that can result in
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$395° 128K Apple $395°
Compatible Computer

The moment you buy it the Laser 128 computer is compatible with virtually all software for the Apple® II,
Apple®Ile, and Apple®IIc. All the equipment is here. Plus the Laser 128 gives you the features Apple® forgot.

® 5%' Disk Drive * Additional Disk Drive Interface ® Serial Printer Interface
* Parallel Printer Interface ®* Modem Interface * RGB 80 Column Color Interface
* Mouse Interface ® Hi-Res Graphics ® 32K Rom ® 128K RAM ¢ Expansion Slot for
Apple® Peripheral cards * Battery Pack Interface ®* Numeric Keypad

Limited ime only © Programable Function keys ® Carrying Handle
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shown, Plus for a limited time only, you get the Professional Magic Window lle Wordprocessor all for
only $395.00. We have tested this machine with over 500 software titles from our comprehensive catalog
and the Laser 128 runs them all perfectly. (it even runs Appleworks®) This is a must buy for new and old
computer buyers. List $648.95. Sale $395.00.

List Sale Accessories List Sale
Centronics cable (for Centronics Printer) ... ... $2995 $19.95 2nd Disk Drive. . .............. .. $299.95 $129.95
Seriol Cable (for Modem hookup) ............ $34.95 $19.95 Professional Anolog Joystick ............ ... . $39.95 $19.95
9" 80 Column Hi-Res Green Monitor. . ......... $199.00 $59.95 RGB cable (RGB Monitor hookup) ............. $2495 $19.95
Apple and Commodore aré registered trademarks of Apple Comp Inc. and C dore Busi Machines Inc. respectively EXPONSION BOX [ af 3 awe fudis d Eis e € 5 b AE Hi it s ko $99.00 $79.00

Add $10.00 far shipping. handling, and insurance. lllinois residents please odd °
6% % sales tax. Add 20.00 for CANADA, PUERTO RICO, HAWAII, ALASKA, om er Ir
APO-FPO orders. All orders must be in U.S. Doliors. WE DO NOT EXPORT TO

OTHER COUNTRIES EXCEPT CANADA. Enclose Cashier Check, Money Order or

Personal Check. Allaw 14 doys for delivery, 2 to 7 days for phone orders, 1 day We Love Our Customers
express moil. Prices & Avallability subject to change without notice. 22292 N. Pepper Rd., Barrington, lllinois 60010
VISA — MASTER CARD — C.O.D. C.0O.D. on phone orders only. 31 2/382_5244 fo order
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Complete Apple® Compatible

Word Processing System
¢ Business ® Word Processing

* 15 Day
Free Trial

¢ 90 Day
Warranty
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Look At All You Get For Only $499.00

List Price

Laser 128 Apple Compatible Computer

9" Samsung Green Screen Manitor
Magic Window lie Word Processor

Big Blue 82" Letter Size 80 Column Printer

$499.00
199.00
129.95
150.00

Magicalc Spreadsheet
Magic Memory Data Base

2 Rolls of Paper

Comparab e Apple System ($2495.00)

Magic Window lle Word processing is
easy and more efficient because of a
simp e-to-read menu syst2m and editing
commands. Many power-ul features of
protessional quality programs and more.
Supports virtually all major printer
functions. Operates with most 80-cclumn
video cards or 40/70 column no-hardware
modes.

VISA — MASTER CARD - C.O.D.

Laser 128 Printer Interface

Add $30 00 for shipping. handling. and insurance. lllinois residents please add
6':°% sales tax. Add $60.00 for CANADA. PUERTO RIZO HAWAIL, ALASKA
APO-FPO orders All orders must be in U.S. Dollars. WE DO NOT EXPORT TO
OTHER COUNTRIES EXCEPT CANADA. Enclose Cashier Check. Money Order or
Personal Check. Allow 14 days for delivery. 2 to 7 days for phone orders, 1 day
express mail. Prices & Availability subject to change without notice.

C.0.D. on phone orders only. |

150.00
60.00
19.95
19.95

1227.85

Magicalc Rated as the best electronic
spreadsheet on the market for
Appe®. The speed with which
fAagicalc  solves number problems
allovs you to accurately analyze
decisions beforehand. Supports
mul'iple  RAM  cards of most
marufacturers in any combinaticns up
to afull 512 K.

Say You Saw It In Modern Electronics

All 8 Pieces only *499°°

Magic Memory File anything, any way
you want to: names, addresses,
imgortant numbers, dates and notes.
Your information is organized simply,
easy to maintain, and available
inssantly. Supports all popular printers
anc videc cards.

Apple = is a registered irademark of Apple Computer Inc.

We Love Our Customers
22292 N. Pepper Rd., Barrington, {llinois 60010
312/382-5050 to order

October 1986 / MODERN ELECTRONICS / 47



Digital Tachometer Module
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Fig. 2. Actual-size etching-and-drilling guide for basic tachometer.
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Fig. 3. Components location/orientation guide for basic tachometer.

severe errors in readings because of
the tach’s high input impedance.

When using Digitach with the
DMS board, the latter requires a
small LED board to be wired to it.
The LED circuit is shown schemati-
cally in Fig. 5. The actual-size etch-
ing-and-drilling guide and compo-
nents-placement diagram for this cir-
cuit’s board are shown in Fig. 6.
Note that the pc board is very small.
If you plan to fabricate your own
boards, it is best to etch and drill
both on the same pc blank and then
cut them apart. Otherwise, to simpli-
fy handling during construction, you
might want to use a piece of per-
forated board the same size as the pc
board for the LED circuit.

Install LED! and LED2 with
enough lead length to permit them to
be bent flat against the board’s sur-

Tt T T TN e R S AN TR M RS e e e e e e DS S

face and overhang the respective
edges. Strip % ” of insulation from
both ends of three 2” lengths of
hookup wire, preferably color coded
for easy identification. Solder one

end of each of these wires to the three
pads on the LED board. Then, using
machine hardware and a Y4 ” spacer,
mount the LED board on the DMS
board. Solder the free ends of the
three wires to pins 6, 7 and 8 of J3 on
the DMS board, referring back to
Fig. 5 for which to connect where.
The finished assembly is shown
mounted on the DMS in Fig. 7.

Test & Calibration

Before attaching Digitach to the
DMS, and with U2 still not in its
socket, connect a 12- to 15-volt dc
power source to the +12vand GND
points of TBI. Use a voltmeter to
check the voltage between pins 1 and
4 of J4. If you obtain a reading of 5
volts +5%, remove the power
source from Digitach. Install U2 in
its socket, making sure it is properly
oriented before pushing it home.
Then align the headers on Digitach
with those on the DMS and use %"
spacers and machine hardware to se-
cure the two to each other.

Once again, connect the 12- to
15-volt dc power source to the +12v
and GND points on TBI. With no
connection to the POINTS terminal on
TBI, the DMS display should in-
dicate zero. Set SWI position 3 (4
cylinder) and positions 6 and 7
(dwell) to on. Temporarily jumper
POINTS to GND at TBI. Adjust

r

a
«
b
“»
o
L4
&

Fig. 4. Assembled tachometer module board.
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Fig. 5. LED display circuit.

LED2 (Lower)
+ K -4
'\- ToDMS J3
Pin6
° Pin7
./Q (- Pin8
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Fig. 6. Actual-size etching-and-drill-
ing guide for LED circuit (left) and
wiring diagram (right).

DWELL CAL trimmer R4 for a display
0f 90.0 + 1 count.

Disconnect the power source and
set position 3 of SW1 to off and posi-
tion 2 (6 cylinder) to on. Reconnect
the power source and observe that
the DMS now displays 60.0 =1
count. Power down once again and
set position 2 of SW1I to off and posi-
tion 1 (8 cylinder) to on. Reconnect
the power source and now note that
the DMS displays 45.0 + 1 count.
Any deviation from these counts can
be traced back to the R/3/15 divider
network.

You need a square-wave signal to
test the tachometer function of Digi-
tach. If available, use a square-wave
generator with 50-ohm output im-
pedance to calibrate and check the
circuit’s linearity. Otherwise, you
can put together the circuit shown in
Fig. 8 to provide 60-Hz square
waves. Make sure you connect the
zener diodes back to back as shown
and use a transformer with a 15- to
25-volt secondary.

Say You Saw It In Modern Electronics

Fig. 7. LED board mounted on DMS board.

Set all dwell switches in SW1 (posi-
tions 4 through 7) to off. Then set
position 1 to on to select 8 cylinders.
(Positions 2 and 3 should be off at
this time.) Apply a 60-Hz square-
wave signal from the generator or
Fig. 8 test circuit between the POINTS
and GND terminals of TBI. Adjust
TACH CAL trimmer R7 for a display
of 80 on the DMS.

Since all readings in the tach mode
are multiplied by 10, indicated by the
TACH x10 (upper) LED coming on,
actual rpm is 900. Displayed values

470
W
17Vac -~y
60Hz " 1B-2Vae W L gomz
ZENERS
< —0

Fig. 8. Square-wave signal circuit
used for testing tach function.

are derived from the formula:
display = (600 X test signal frequen-
cy)/sparks per second at 600 rpm for
an 8-cylinder, 4-stroke engine. The
Table shown elsewhere in this article
gives pertinent engine ignition
information.

After calibrating Digitach, place a
small drop of plastic cement or nail
enamel on the adjust slots of trim-
mers R4 and R7 to prevent vibration
from changing the settings.

Installation

Digitach lends itself well to a variety
of installation options. For example,
you can install the project in a box
mounted under the dashboard or in
place of your vehicle’s present
tachometer.

Digitach’s electrical connections
are relatively simple. The GND termi-
nal of TBI connects to any conven-
ient chassis point that is at ground

Parameter Two-Cycle Four-Cycle
Number of cylinders 2 4 6 2 4 6 8
Sparks/revolution 2 4 6 1 2 3 4
Sparks/second at
600 rpm 20 40 60 10 20 30 40

6000 rpm 200 400 600 100 200 300 400
Cam degrees/spark 180 90 60 180 90 60 45
Crank degrees/spark 180 90 60 360 180 120 90
For 2-cylinder engines, multiply rpm displayed by 2.
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tach inside a box, you may want to

D m 5—@|G|TAL>—(MEASUR|NG>._@@_

equip it with the front panel shown

"
W MODERN
ELECTRONICS

actual-size in Fig. 10. You can make
this panel from a piece of % "-thick
Lexan or Plexiglas with a nameplate
overlay using the overlay procedure
described in ‘“Dress Up Your Pro-
jects’” in the September 1985 issue of
Modern Electronics. Of course, to
do this, you must obtain a same-size
film negative of the artwork from a
print shop or lithographer.

A less expensive alternative is to

TACH

1~
)

DWELL

Fig. 9. Actual-size front-panel artwork for DMS with tach module installed.

potential. (Keep in mind that a metal
piece on a Corvette or a boat is not
necessarily at ground potential. To
be certain that you have the proper
ground in such situations, you must
connect TBI’s GND terminal to the
negative post of the battery.)

Connect the +12v terminal of 7B/
to any point in the electrical system
that is powered only when the igni-
tion is switched on. Consult your
vehicle’s shop manual or use a volt-
meter to find an appropriate tie-in
point. Connect the POINTS terminal
of TBI to the points (or their elec-
tronic equivalent) terminal in your
vehicle.

Speedometer Applications

Speedometer applications for Digi-
tach require a bit more work than the
tach/dwell applications do. You must
first determine the number of revolu-
tions of the speedometer cable at a
given speed, say 60 mph. This informa-
tion is usually available from shop
manuals, or you can determine it
experimentally  using a  hand
tachometer and a dynamometer.

Once the rpm-to-mph ratio is de-
rived, a transducer can be fabricated
using magnets and Hall-effect devices
or asmall permanent-magnet dc motor.
The output of the selected device is then
fed to the scaling resistor network.
Some scaling modification may be nec-
essary. In the case of 60 mph, the DMS
wants to ‘‘see’’ 600 mV at its input with
the decim{l point placed using the DIP
switch,

cut out the Fig. 10 artwork and then
the areas for the numberic displays
and LEDs and cement it to the plastic
sheet. If you go this route, protect
the artwork with two or more coats
of clear acrylic spray before you ce-
ment it to the plastic sheet. ME

Three popular wiring schemes for
Digitach are shown in Fig. 9. Select
the one that matches your vehicles’s
electrical system.

If you decide to install your Digi-

See note
+12v J

DIGITACH ers BB

To

—A—) + terminal on

Ballast Ignition 12V battery

+
GND !
\ I \_/ resistor switch
To points on
distributor
(A) CONVENTIONAL KETTERING SYSTEM
CAPACITIVE-
DISCHARGE SYSTEM
b O 2 >
See note =lE g
+12v Y To
B{GITACH TS _c/o——) + terminal on
GND Ballast lgnition 12V battery
X resistor switch
= To points on
distributor
(B) CAPACITIVE - DISCHARGE SYSTEM NOTE:

To ignition switch as shown or
any circuit that comes on

See note when ignition is on.

1 Tach Ignition
+12v

DIGITACH prs J—@
q
GND | =
| i
g k

= DISTRIBUTOR
(bonom view) .

(C) GM HEI SYSTEM

Fig. 10. Connect project to points indicated in your vehicle. Select appropriate
arrangement for your vehicle’s particular ignition system.
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Computers

How To Rejuvenate
Printer Ribbons

Increase useful life of printer ribbons

By Ralph Tenny

omputer printer ribbons can
‘ be rejuvenated to save on

the cost of replacements.
There are at least two ways to do this.
The most reliable one is to re-ink it.
For the home computerist and low-
volume user, however, this may not
be the most economical solution.
The typical commercial re-inker
costs about $60, meaning that you
would have to refresh 20 to 30 rib-
bons just to break even.

For the low-volume user, the
cheaper alternative is to treat them
with a solvent like common WD-40
spray lubricant. Though at least one
manufacturer cautions against this,
claiming it can damage printers,
many people have used WD-40 with
no ill effects. In this article, we will
tell you how to rejuvenate worn com-
puter printer ribbons using WD-40.

How Rejuvenation Works

Ribbons designed for use in Epson’s
MX-80 and similar printers are illus-
trated here in describing the rejuve-
nation procedure. This method can
be adapted as necessary for other rib-
bon types.

Ribbons for computer printers are
commonly used up along a “‘track”’
that measures only %,” wide, offset
from the center of a % "-wide fabric
strip, as shown in Fig. 1. Normally,
less than 20% of the ribbon’s area is
used; the other 80%-plus area is gen-
erally wasted, even though the full
width of the ribbon is always inked at
the factory.

& 3
frees Stidky Mec

HET WEIGHT 3

Aslong as the ink does not dry out
while a ribbon is in service, some of
the ink in the areas outside the nor-
mal print track migrates to the track
area. However, not all the ink on the
ribbon will migrate to the track area
before printed characters become
too light for easy reading.

Since the print track is not cen-
tered on the ribbon, a second track
area can be created by flipping over
the fabric ribbon. This is accom-
plished with a half-twist of the rib-
bon as shown in Fig. 2. Put the half-
twist in the ribbon just before it en-
ters the takeup slot in the cartridge
and then cycle the entire ribbon
through the cartridge. Begin by slow-
ly rotating the takeup knob until the
ribbon enters the slot and is about 1”
past it. Then use a variable-speed
drill operated at low speed, a low-
speed motor or a cassette rewinder

A

Fig. 1. Ribbons are “‘used up’’ along
a narrow track (off-center lighter
band). Note also diagonal splice that
Jjoins tape ends to create a continu-
ous loop.

(Fig. 3) to finish cycling the ribbon at
a higher speed.

If you use an electric drill, you
need a special *‘bit’’ made by ham-
mering flat one end of a length of %, ”

R T O T . e e P e T e Y e U e O P SRR s B0
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Fig. 2. A half-twist makes available a

second life-stretching track.

hobby tubing. Chuck the bit into the
drill and piace the flattened end in
the spindle splots at the bottom of
the takeup assembly (Fig. 4). An
electric motor or cassette rewinder
requires a shaft adapter that you
must fabricate yourself (Fig. 5).

To assure that the entire ribbon
has been cycled through the cartridge
assembly, start and end at the splice
that joins the ends of the ribbon into
a continuous loop (see Fig. 1).

Flipping can extend the useful life
of a ribbon, but only if you do the
flipping before the print quality be-
comes too low for legibility. How-
ever, even this will not let you take
full advantage of the long-life poten-
tial inherent in a printer ribbon.
Some 60% of the ribbon’s surface
still remains unused. If the ink in the
unusued areas can be made to flow
into the track area, you can obtain
still longer ribbon life.

Thinning of the ink to make it flow
into the track area is the task of the
WD-40 lubricant. To do an effective
job of it, two criteria must be met.
One is that the ink must be made to
flow evenly into the track area so
that print density is uniform. The
other is that absolutely all solvents in
the WD-40 must be evaporated be-
fore putting the ribbon back into ser-
vice. Failure to evaporate all solvents
invites printhead damage. Keep in
mind, too, that a moist ribbon at-
tracts airborne dust and dirt that can

*

Fig. 3. Cassette rewinder can be used

to cycle a ribbon from end to end.

clog a printhead and cause the driv-
ing circuitry to burn out.

Rejuvenation Procedure

It is pointless to rejuvenate a worn-
through or torn ribbon or one that
has frayed ends. If you try to use a
damaged rejuvenated ribbon, print-
er damage may result. Therefore, it
is important that you carefully in-
spect the entire lengths of all ribbons
to be rejuvenated. Discard and re-
place any that show signs of tears,
frays or pulled threads.

Ribbon inspection is most easily
accomplished with an electric drill
operated at low speed or the small
electric motor or cassette rewinder,
using the special bit or adapter de-
scribed above. Always start and end
at the splice to be sure that the entire
length of each ribbon is inspected.

Treatment with WD-40 requires di-
rect application to the entire length
of the ribbon in one operation. To do
this, you must open the cartridge.

There are several styles of ribbon
cartridges on the market for Epson
printers. In two popular ones, tiny
slots under the lids are used as pry
points to release the lids. Another
type has molded latches that hold the
cartridge closed. Except for releasing
the latches on the cartridges that
have them, opening either type of
cartridge is a relatively simple but te-
dious operation.
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Fig. 4. Home-made “‘bit’’ and elec-
tric drill make short work of cycling.

e

Fig. 5. A slow motor is ideal for un-

attended continuous cycling of rib-

bon over the extended periods of time
required for solvent evaporation.

To open a cartridge, insert the tip
of a screwdriver with a thin, narrow
blade into each slot in turn and gent-
ly pry until the latches release. Care-
fully lift off the lid, making sure you
do not displace the gearing system in
the takeup mechanism. Note how the
gears are placed (Fig. 6) so that you
can put them back if you should acci-
dentally displace them.

When the driven gear is rotated, it
takes up the ribbon in small folds
that are then randomly fed into the
open cavity in the cartridge. Also, if
you look closely at the exit end of the
cartridge, you will see a flat tention-
ing spring. Unless the ribbon is too
slack or has excessive drag, leave this
spring alone. Only if it needs it
should this spring be adjusted.

Say You Saw It In Modern Electronics




}’ig. 6. The takeup drive gears at the left accordion fold the ribbon and force it to
randomly bunch up inside the cartridge housing.

Rejuvenation is simple in concept
but requires practice to assure con-
sistent results. The ribbon inside the
cartridge must be sprayed evenly
with WD-40 as close as possible to
the cartridge housing. After this, re-
assemble the cartridge and slowly cy-
cle the ribbon continuously until all
the solvent has evaporated.

Rejuvenation is performed as fol-
lows:

(1) Inspect the ribbon by slowly turn-
ing the takeup knob and examining the
entire length of the ribbon.

(2) Carefully open the cartridge and
make a note of how the ribbon drive
gears are arranged.

(3) Spray WD-40 as uniformly as pos-
sible onto the ribbon for about 5 seconds.
(Until you get the feel of things, it is bet-
ter to spray too little than too much lubri-
cant.)

(4) Reassemble the cartridge, making
sure the drive gears are in their proper
positionfs.

(5) Immediately cycle the ribbon at
moderate speed, starting and ending at
the splice. Repeat until the splice has
passed through at least three times. You
will see that WD-40’s solvents cause the
remaining ink to become more uniform
across the width of the ribbon.

Say You Saw It In Modern Electronics

(6) Continuously cycle the ribbon at
very low speed for at least 24 hours. Then
inspect the entire length of the ribbon for
shiny spots (unevaporated solvent). If
you note any, continue to cycle the rib-
bon until all shiny shots disappear.

(7) Store the rejuvenated ribbon in an
airtight plastic bag until ready to use.

Manual cycling of the ribbon in
step 7 is impractical. It can also dam-
age your printer, because ink and
solvent will concentrate where the
ribbon stops in contact with the car-
tridge at the entry and exit points.
Therefore, some sort of motor-driv-
en jig is recommended to cycle the
ribbon. The best motor speed is be-
tween 1 and 10 revolutions per sec-
ond, which can be obtained with an
inexpensive synchronous timing mo-
tor (Fig. 5). Mount the motor on a
frame that can hold the ribbon car-
tridge solidly in place during unat-
tended cycling.

There is a limit to the number of
times any given ribbon can be reju-
venated before results become unac-
ceptable. At this point, you have no
alternative but to replace the ribbon
with a new one. ME
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More pages. more productsand it's
hot off the presst Get the new 1986/7
DICK SMITH ELECTRONICS Catalog
and find anything for the electronics
enthusiast The data section alone
1sworth the price of admission Send
for your copy today
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Please reserve my cospy of the 1986 Dick Smith
Catalog. | enclose $1 to cover shipping.
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Audio

Solid-State Audio Circuits

Part 2 (Conclusion)

Analyzing audio preamplifiers and tone-control circuits

By Joseph J. Carr

l ast month in Part 1 of this
article, we discussed the vari-
ous elementary circuits used

in audio amplifier designs. This

month, our focus is on detailed anal-

yses of audio preamplifiers and tone-
control circuits.

Audio Preamplifiers

The purpose of a preamplifier is to
boost the minuscule output voltage
from sources such as microphones,
tape heads, phonograph cartridges,
etc. In audio, the preamplifier might
have a gain of as littie as 2 or 3, and
as great as 5000. The gain required of
the preamplifier is a function of the
input signal required by the power
amplifier (or other load) and the
voltage available from the source.
Let us suppose that a microphone’s
output is 5 millivoits at normal
speaking levels and that the power
amplifier requires a 250-millivoit in-
put to deliver maximum output
power. This givesusthe V, and V.
potentials of the preamplifier. The re-
quired voltage gain can now be calcu-
lated from the formula A = V /V.
= 250 mV/5 mV = 50.

Several options are open when de-
signing preamplifiers for audio use.
One popular approach is the use of a
special-purpose integrated circuit
like the LM-381. Ordinary opera-
tional amplifiers, such as the 741 or
1.M-301 can also be used, as can

Fig. 1. To assure stable operation, it
may be necessary to bypass each
power-supply line with two capaci-

these devices are easily obtained
by hobbyists.

An IC audio preamplifier may
have quite a bit of gain and could os-
cillate under some conditions. It also
might easily influence, or be influ-
enced by, other circuits because of
signals passed between stages over
the dc power lines. These potential
problems make it necessary for the
dc power lines of the IC preamplifier
to be properly bypassed. Figure 1
shows correct bypassing of an opera-
tional amplifier, aithough the same
decoupling methods apply to other

tors to handle entire audio range. audio integrated circuit devices
R3 V+
100K c3 ca Vo
4.7uF 0.1uF Av Vin 10
Lk — THD < 0.05%
C2 R1 - - Vomaxi = 3V (rms)
TuF 10K
o i AAA— =
v ——a
IN
R2 * A" LM381 Vour
Q 12K 1
= 0.1uF = 1
(A) < 1 3
R1
c2 R3 2.2M
e AAA—
20uF 180
uf it —AN
= -
R4 R2 ct
240 62K 0.0015uF
T —AMV \
L =
[' A /MBB] Vourt
Ty c3
TAPE HEADE Vin 0.1uF .i
(8) 5

Fig. 2. Audio amplifier circuits based on the LM-381 IC amplifier. Circuit A is
a common input preamp for phono cartridges, microphones, etc. Circuit B is
generally used to preamplify the low-level signal from tape player heads.

special operational amplifiers de-
signed for audio and stereo appli-
cations, such as the LM-1303. All

#
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whether single- or dual-polarity
power supplies are used.

Each power supply line must be
bypassed with at least one capacitor,
and preferably two, as shown in Fig.
1. Capacitors C/ and C2 are 0.1 yF
each and are used to decouple high-
frequency signals. Capacitors C3
and C4 have larger values (typically
4.7 uF) and are used to decouple
lower-frequency signals. Usually, C3
and C4 are tantalum electrolytics.

You may well ask why two capaci-
tors are used in bypass circuits. The
reason for this is that you want by-
passing across the entire 20 kHz or so
audio range. A relatively large value
electrolytic will not work well at the
higher-frequency extreme, and a
small value capacitor is ineffective at
the lower-frequency extreme. There-
fore, we are forced to parallel a
lower-value capacitor with a higher-
value electrolytic capacitor to assure
stable broad-spectrum preamplifier
operation. In many cases, however,
the single 0.1-yF capacitor on each
dc power supply line is sufficient, so
this ““overkill’’ is not needed.

Several companies make IC pre-
amplifiers especially for audio appli-
cations. Typical of these are the
LM-381 and LM-382 from National
Semiconductor (see the Linear Data
Book for details). Two circuits based
on the LM-381 are shown in Fig. 2.

Similar to a dual operational am-
plifier, the LM-381 differs in that it
requires only a single-polarity dc
power supply. With the values
shown in the Fig. 2A wideband, low
distortion audio preamplifier, the
voltage gain is 10 at a total harmonic
distortion (THD) of less than 0.05
percent. The frequency response of
this circuit is essentially flat through-
out the audio spectrum (up to the
limit of the amplifier).

A large number of cassette tape
players use the LM-381 as shown in
Fig. 2B. The tape head is coupled to
the noninverting (+) input of the
LM-381 through a 0.1-uF capacitor.
Because of its low input bias, the pre-
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Fig. 3. Basic op amp inverting follower (A) and noninverting follower (B).

amplifier does not require a resistor
from the noninverting (+) input to
ground. (Many versions of this cir-
cuit require a resistor to prevent
charging of the capacitor by input
bias currents.)

Figure 2B’s low-frequency re-
sponse is set by resistor R3 and capa-
citor C 2 and is calculated using the
formula F =109/(6.28C2R3). Here,
F'is the low-end — 3-dB frequency in
hertz (Hz); C2 is in microfarads; and
R3 is in ohms. Values shown for R3
and C2 yield a low-end frequency of
about 45 Hz. The shape of the fre-
quency response curve of this pream-
plifier is set to correspond to that re-
quired for the cassette tape equaliza-
tion curve.

The classical operational amplifier
is one of the most useful ICs avail-
able for audio amplificaion. The op
amp is easy to use, usually well-be-
haved and low in cost. Designing cir-
cuits with the op amp is generally so
easy that one wag was tempted to
correctly claim that it makes *“. . . the
contriving of contrivances a game
for all.”” Circuits that only very ad-
vanced hobbyists could tackle be-
fore the ubiquitous IC op amp be-
came available are now open to even
the newcomer.

AO ~AN- OB
{A}
R2
—A\NN—
AO—— +——OB
Im
LS
(B} Cl
©
0.0015uF @ 334 ips R3
910pF @ 7V2 ips 51K
—
AO—4 OB
AN
R2
(c) 820K
c2 c3
0.0068 0.0015
1t i
1t LS
AO——9¢ +—OB
L AAA———AAA—
R2 R3
(o) 750K 51K

Fig. 4. Feedback networks common-
ly used in op amp circuits.

Figure 3 shows the basic opera-
tional amplifier configurations used
in audio circuits. Figure 3A is the in-
verting follower, Fig. 3B is the non-
inverting follower. In the inverting
circuit, the output signal will be 180
degrees out-of-phase with the input
signal (reversed in polarity). In the
noninveting circuits, the output sig-
nal is in-phase with the input signal.
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Fig. 5. Op amp circuit powered from a single-polarity power supply.

In both cases, gain is set by the values
of the input resistor (R/) and a feed-
back network. The expressions for
the special cases where the feedback
network is a single resistor (see Fig.
4A) are shown with each circuit.

Several popular variations of the
feedback network that find applica-
tion in audio preamplifiers are
shown in Fig. 4. Figure 4A is a wide-
band amplifier that has a frequency
response with no tailoring except by
the natural bandwidth of the ampli-
fier. The approximate available
bandwidth for this circuit is calcu-
lated from the gain-bandwidth prod-
uct (F,) of the device, which is the
frequency at which gain drops to un-
ity (1). The formula is F; = gain X
bandwidth.

One use of this formula is for de-
termining which op amp is needed.
For example, suppose a frequency
response of 20,000 Hz is needed in an
amplifier with a gain of 150. The re-
quired F, is 150 x 20,000 = 3 MHz.

The formula can also be rear-
ranged to provide the means for cal-
culating the maximum frequency
response of any given circuit where F,
is known. for example, suppose a
1-MHz op amp is to be used in a cir-
cuit with a gain of 100. Maximum
frequency response will be F;/Gain
= 3 MHz/100 = 30 kHz.

Figure 3B’s feedback network
produces a flat gain at low frequen-
cies equal to that of the resistor
alone. At frequencies above a certain
point, however, gain will roll off at
—6-dB per octave. The ‘‘break-

e S T B e
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input Lag A
o Output
Lag A
o_._.ﬂ o
tput
Input A .
pu 5 A
O
MC1303P
o ¢
Qutput
tnput B . B8
[y -
Output
O Lag B
input Lag B
o0——

Fig. 6. Example of a stereo audio
preamplifier based on the op amp.

point” between the low-frequency
gain and the rolled off segment (high
end — 3-dB point)is calculated using
the formula F = 106/(6.28C1R2).
Where: F is in hertz (Hz); R2 is in
ohms; and C/ is in microfarads.
Remaining feedback networks in
Fig. 4 are used in special preamplifi-
ers. That in Fig. 4C is used for NAB-
compensated tape preamplifiers,
Fig. 4D for RIAA-compensated
phonograph preamplifiers.
Operational amplifiers are nor-
mally used in dual-polarity power
supply circuits. In cases where the op
amp must be used in single-polarity
supply circuits, a configuration like
that shown in Fig. 5 can be used. In
this type of circuit the V— power
supply terminal is grounded and the
V + terminal is connected to the sin-
gle power supply. The + input is bi-
ased to a point midway between V +
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and ground by the R3/R4 divider.
The value of R3/R4 can be any
resistance between 2,000 and
100,000 ohms. The value shown,
3,300 ohms, is very common in audio
preamplifiers.

A problem with this circuit is that
the inverting input and the output
terminals are also biased to a high dc
potential. To prevent these voltages
from affecting other circuits, capaci-
tor coupling is required for this cir-
cuit. Capacitor CI couples the input
signal to the amplifier while prevent-
ing the dc bias at point “‘A’’ from af-
fecting the input source. Similarly,
C2 will pass the audio output signal
while blocking the dc offset bias.

An example of a stereo audio pre-
amplifier based on the op amp is
shown in Fig. 6. Once called the
MC-1303 when Motorola was the
sole source of the chip, other
manufacturers now offer it as the
LM-1303. The chip contains two op-
erational amplifiers that are com-
pletely independent of each other ex-
cept for the V— and V + dc power
supply connections.

Tone Control Circuits

Tone controls allow the user to cus-
tom-tailor the frequency response of
an audio preamplifier. The BASS
control emphasizes the low frequen-
cies, the TREBLE control the high fre-
quencies. In some circuits a single
TONE control serves both ends of the
spectrum. Several varieties of tone
control circuit are shown in Fig. 7.

A simple roll-off tone control
found in low-cost equipment is
shown in Fig. 7A. Consisting of just
two components series-connected
across the audio line, this is the sim-
plest and least-desirable type of tone
control. These components form a
treble roll-off circuit that mimics the
effect of “‘bass boost’’ (poorly) by
rolling off the high frequencies. Un-
fortunately, while simple, this type
of tone control reduces the ampli-
tude of the signal.

Another variety of tone control is
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shown in Figure 7B. In this version, a

Fig. 7. Simple rolloff (A), negative-feedback pair of frequepcy-sensiFive RC or
Jfrequency-sensitive (B) and Baxandall (C) RLC networks is placed in the ngeds
tone-control circuits. 8 i tive-feedback circuit of the ampli-

fier. These circuits selectively ampli-
fy different bands of frequencies. An
example of the RLC version is shown
in the inset in Fig. 7B.

The Baxandall tone control circuit

TREBLE
shown in Fig. 7 is used in almost all
decent audio amplifiers. The Baxan-
BASS

é dall circuit consists of two cascaded
input Output .
i frequency-selective RC networks,

4
N Input S Output one each for bass and‘treble‘ranges.
1 Each control boosts its design fre-

quencies at one end of the control’s

N

N2

(A) (B)
range, and cuts it at the other end of
r— I the range.
Figure 8 shows the circuit for a tone
control preamplifier stage based on
BOOST BOOST . . s,
the Baxandall circuit. The basic cir-
Input BASS TREBLE - > Output

cuit is a CA-3140 op amp connected

cut ¢ AN = I in a basic inverting follower configu-
ration, with a single power supply.
Resistors RI and R2 bias the + input
to V + /2. These resistors are higher
in value than in certain other op
amps because of the very-large input
Fig. 8. Tone-control preamplifier circuit stage c3 impedance of the BiMOS CA-3140
based on the Baxandall circuit. ? 0.1uF op amp. The three-terminal Baxan-
—— dall tone circuit shown in Fig. 8B is
cl i essentially the same as in Fig. 7C,
0.08uF [ ondall e N and is used as shown in the circuit of
=" cneclicutt N\ Fig. 8A. It provides a boost or cut of

Audio p . .
inupu't - 3. CA3140 A > about 20 dB of either the bass or
j— i ou“tﬁ'u"t the treble.
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‘i C ments of your circuits. Whether or
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Technology

New Developments
In Video Technology

By Alexander W. Burawa

Developments now being made behind
the scenes promise to lend a new meaning
to our ‘“video revolution.”” Two such de-
velopments are Sharp’s Digital VCR and
Sanyo’s ultra-thin flat color video tube.
Sharp’s digital memory circuitry (Fig.
1) provides special effects and functions
that have heretofore been very difficult
to attain. Large bins of digital memory
and special control circuits, make it pos-
sible for Sharp’s Digital VCR to remove
disruptive noise bars and jitter from vid-
eo images in still and slow-motion play-
back. Thanks to a wider tracking range,
the Digital VCR can also play back video

Fig. 2. Phosphor screen structure.

Fig. 1. Block diagram of field memory system Sharp uses to
create special effects capabilities in prototype of its Digital VCR.

tapes at 1.5 to 2 times normal speed while
allowing viewers to monitor the dialog
without loss of intelligibility.

In addition to the above, the Digital
VCR permits still image viewing of a TV
program in progress, maintaining the
audio portion of the program intact. Fin-
ally, a variable 0.1-to-1.0-second strobe
effect is provided for both video play-
back and TV broadcasts without inter-
rupting the audio. This last is a new effect
made possible only with a Digital VCR.

Beam Index Technology, used by
Sanyo in its new developmental ultra-
thin color picture tube, takes video a step
closer to the hang-on-the-wall TV receiv-
er. The new 3” tube is almost flat and re-
quires less power than a conventional
color CRT. Though it uses electron-

beam-and-phosphor-screen technology,
it departs from conventional CRT de-
signs in several significant ways.

Unlike conventional color CRTs, the
beam indexing tube has no shadow mask
and a single electron beam (as opposed to
the usual three). The screen has three pri-
mary color stripes plus an indexing stripe
(see Fig. 2) to reduce distortion. The
single beam directly scans the screen at a
30-degree angle, producing a color index
signal that continuously indicates the po-
sition of the scanning spot relative to the
color phosphor sripes. As the beam
passes over all of the color stripes, an in-
dex signal collector plate and photodiode
detect the index signals that identify its
location. To produce the desired color,
beam information is fed in the correct

Digital Field Memory System

Memory section

Control

1—red phosphor stripe
2—green phosphor stripe
3—blue phosphor stripe
4—index phosphor stripe

5—nonemitting material
6—transparent protective film
7—coated glass panel screen

section
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Fig. 3. Beam index tube geometry.
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YOUR

time sequence by picking up the index
light signal.

Picture viewing is through a computer-
designed glass screen on the back of
which are the phosphor stripes. The de-
flection method used to image the picture
on the screen corrects for trapezoidal dis-
tortion that otherwise might occur as a
result of the 30-degree scan angle. The
system’s flyback transformer minimizes
high-voltage fluctuations, and all index
signal processing is handled by a CMOS
integrated circuit.

Beam index tube geometry (Fig. 3)
makes it possible to build a handheld TV
receiver—or other video display de-
vice—with a thickness of as little as 50
mm (about 2”). Larger-screen products
like desktop computer video display
monitors, tabletop TV receivers, etc.
would be commensurately thicker when
and if beam index technology becomes
available in 13” and larger versions. But
even the small 3” screen of this first tube
has a myriad of practical applications,
ranging from pocket TV receivers to
handheld computer displays.

mm=
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The Versatile NAND Gate

By Forrest M. Mims 111

A sign over my desk reads, ‘‘Give me a
bucket full of NAND gates, and I’ll build
you a computer!”’ The sign could be al-
tered to specify NOR gates. In either
event, a completely functional digital
controller or simple computer can indeed
be designed using only NAND- or NOR-
gate building blocks.

Of course, the rich diversity of reason-
ably priced integrated circuits available
to electronic circuit designers and ex-
perimenters precludes the necessity of
wiring together dozens or even hundreds
of gates to accomplish a complex func-
tion. Nevertheless, it’s easy to overlook
the versatility of simple logic gates.

1 was recently reminded about the im-
portance of simple logic gates while writ-
ing Engineer’s Mini-Notebook: Digital
Logic Circuits, a new Radio Shack book
that should be available shortly after this
column appears. Though this book de-
scribes applications for only a handful of
chips, it includes nearly 100 application
and interface logic circuits, and dozens
more could have been added had there
been space.

To demonstrate the versatility of sim-
ple gates, this entire column is devoted to
one of the most basic of gate packages,
the 7400 quad NAND gate. With nothing
more than some 7400s, a few resistors
and LEDs, a few dozen jumper wires,
and a solderless breadboard to plug
everything into, dozens of different logic
circuits can be assembled. Spending a
few hours designing logic circuits com-
posed of only NAND (or NOR) gates can
provide a valuable review of the basics of
digital logic for both beginners and expe-
rienced circuit designers. At the very
least, the experience can provide a re-
freshing change of pace from the hyper-
active world of advanced logic circuits
like microprocessors, programmable
logic arrays, and the like.

NAND Gate Basics

Figure 1 shows a NAND gate formed by
ANDing (connecting in series) the collec-
tor-emitter conducting paths of two npn
transistors. The circuit would form an

Fig. 1. A 2-input NAND gate configured
using two transistors.

AND gate if the output were taken from
aload resistor connected from Q2’s emit-
ter to ground. When the voltages applied
tothe input are at or near 6 volts (high) or
at or near ground (low), the circuit will
operate according to the truth table that
accompanies Fig. 1.

Occasionally, it may be advantageous
to assemble NAND and other gates from
discrete components. Generally it’s
much more convenient to use standard
integrated-circuit gate packages such as
the 7400, whose pin outline is shown in

Fig. 2. It is this gate package which is
used for all the circuits that follow.
Though the 7400is a TTL chip, it’s possi-
ble to use functional equivalents. The
741500, for example, is a direct substi-
tute that uses only about a fifth the cur-
rent of the standard TTL 7400. Even less
current is consumed by the 74C00. How-
ever, since the 74C00 is a CMOS chip,
special handling and operating require-
ments must be observed.

Figure 3 shows how four of the most
basic logic functions can be achieved by
interconnecting NAND gates. The key to
assembly of these gates is the inverter, a
function that can be achieved with a sin-
gle transistor or by shorting together the
inputs of a NAND gate.

TTL Logic Probes

Evaluating and troubleshooting logic cir-
cuits is greatly simplified with the help of
a logic probe. Commercial logic probes
are relatively inexpensive and usually in-
clude a pulse-trapping circuit for detect-
ing and storing very brief pulses.

When a commercial logic probe isn’t
available or is in use elsewhere in a cir-
cuit, you can quickly assemble a pair of
temporary probes from a single 7400 (or

Fig. 2. A 7400/74LS00 quad NAND gate.
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Fig. 3. Using NAND gates to assemble basic logic gates.

three probes from a 7404 hex inverter).
Figure 4 shows two possible circuits,
both of which use two inverters. The up-
per circuit displays the logic status at its
input by means of a bicolor (red/green)
LED. Once you learn to associate the two
colors with their respective logic states,
this single indicator circuit is very conve-
nient to use. The lower circuitin Fig. 4 re-
sembles conventional logic probes, since
it uses a pair of separate LEDs to indicate
the two logic states.

Incidentally, if you are building a fair-
ly complex logic system, it’s handy to
have half dozen or more temporary logic

Fig. 4. Simple TTL logic probes.

probes like those in Fig. 4 ready to use at
amoment’s notice. I often dedicate a cor-
ner of a solderless breadboard or a spare
breadboard for as many as a dozen tem-
porary logic probes. They can be quickly
connected to any part of the circuit for
testing and be removed when they are no
longer needed.

Combinational Logic
with NAND Gates

Combinational logic circuits respond to
incoming logic levels without regard to
previous conditions. In other words,

combinational logic includes no storage
elements. The OR and NOR gates in Fig.
3 are examples of elementary combina-
tional logic networks.

Figure S shows a rudimentary 4-bit de-
coder, a combinational network that can
be easily modified to decode any combi-
nation of four bits. The output of the ver-
sion in Fig. 5 remains high for all input
combinations except one. When all four
inputs are high, the output goes low.
Therefore, this circuit decodes an
HHHH input nibble. (A nibble is half an
8-bit byte.)

Figure 6 shows how the basic decoder
in Fig. 5 can be expanded to decode other
input nibbles. In Fig. 6, inverters have
been inserted at the B and C inputs. Now
the decoder ignores all but an HLLH in-
put. For all other input combinations the
output is high. For the HLLH nibble, the
output is low.

No complicated procedures are re-
quired to custom-design any other 4-bit
decoder. The object is for the output to
go low in response to the appropriate nib-
ble. We already know the output is low
when all four inputs of the basic decoder
in Fig. 5 are high. Therefore, all that’s
necessary to select a different input com-
bination for decoding is to place an in-
verter at each low input. Therefore, as in
Fig. 6, only the selected input nibble will
supply an HHHH input to the basic de-
coder in Fig. 5. For example, to decode
0000, an inverter must be added to all
four inputs to the basic decoder in Fig. 5.

Fig. 5. A basic 4-bit decoder.
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Fig. 6. A 4-bit decoder configured as a 1001 detector.

Now that you know how easy it is to
design a simple 4-bit decoder, you will
probably think of applications for these
important logic tools. That’s because de-
coders have an incredible variety of uses
as stand-alone circuits. For example, the
inputs to a decoder can be connected to
various g0o/no-go sensors on an engine.
If the predetermined combination of
highs and lows from the sensors is not
met, the decoder can actuate a warning
light or shut off the engine. In combina-
tion with an input buffer, such as a shift
register, a decoder can indicate the pres-
ence of a predetermined sequence of low
and high pulses.

In a microprocessor, decoders can be
used to respond to the bit patterns known
as instructions. For instance, an 8-bit in-

struction word might be divided into two
fields of 4 bits each. Each field is directed
to a4-line to 2-line decoder. Various pat-
terns of bits in the two fields cause the
decoders to enable and disable the con-
trol inputs of various registers and buf-
fers tied to a common 3-state bus, there-
by permitting the transfer of data in both
directions through the bus.

Figure 7 shows how to assemble anoth-
er important combinational circuit, a
2-input multiplexer or data selector,
from nothing but NAND gates. Data se-
lectors are the logical equivalent of me-
chanical rotary switches. The one in Fig.
7 is the equivalent of a 2-position switch.
The address bit selects one of the two in-
puts and steers it to the single output.

Practical data selectors usually include

Fig. 7. A two-input data selector.

I

+5V
14
14
Ic1
Lf —1 14
¥ o ouT
14
o
T2

ADDRESS l

AlB
L b | & (4
L H | X H
[ | X L L
hoo o lxinl w

four or more inputs and the required
number of address lines. For example, a
16-line or l-line data selector requires 4
address lines (four bits allows counting
from 0000 to 1111 which is equivalent to
0to 15, or 16 separate states).

Data selectors can be used in standard
combinational circuits or in sequential
circuits in which the address bits are con-
tinually cycled by an external counter so
that the input bits can be continuously
sampled in sequence. A simple applica-
tion for this operating mode is a bit-pat-
tern generator. The pattern is designed
by applying appropriate logic levels to
the input lines. The speed of the counter
determines the rate at which the bit pat-
tern is cycled out the output. Another ap-
plication is a parallel-to-serial converter.
Here, a data word is applied to the in-
puts. The word is sent to the output bit by
bit as the address inputs are incremented
by a counter. The counter can also gener-
ate a control signal when all bits have
been transmitted so that a new word can
be entered at the inputs.

Figure 8 shows a 1-of-2 demultiplexer,
the inverse of the data selector in Fig. 7.
Here a single input bit is steered to the
output port designated by the bit at the
address input. An obvious use for the de-
multiplexer is to transform serial data
back to its original parallel format.

Consider, for example, a 2-bit commu-
nications link in which the output of the
data selector/multiplexer in Fig. 7 is con-
nected to the input of the demultiplexer
in Fig. 8. A second line carries clock
pulses to the address inputs of both cir-
cuits. The clock pulses simulate a 1-bit (0

1...0...1..)counter. The bits at
inputs A and B (Fig. 7) will be transmit-
ted in serial fashion through a single line
and reassembled into the original 2-bit
pattern at the demultiplexer’s output
(Fig. 8). Rarely are only 2-bit patterns
transmitted in this fashion. But the same
principles can be applied to the transmis-
sion of much longer bit patterns.

Figure 9 shows an 8-input OR gate
formed by a network of NAND gates.
Only when all eight inputs are low is the
output low. For all other input combina-
tions the output is high. DeMorgan’s
theorem shows that a positive-logic (0 =
L and 1 = H) OR gate is functionally
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We stock the exact parts, PC Board and A.C.
Adaptor for an article published in Radio Elec-
tronics Magazine (Feb., 1984) on building your

own CABLE TV DESCRAMBLER.

#701 PARTS PACKAGE .. $29.95

Includes ali the original resistors, capacitors,
diodes, transistors, integrated circuits, coils and

IF transformers .
#702 PCBOARD ... . ... $12.95
Original etched & drilled silk-screened PC Board
used in the article.

#704 AC ADAPTOR . $12.95
(14 voits DC @ 285MA)

Both #701 & #702 ... $39.00

#701, 702 & 704 $49.00

FREE!! Reprint of Radio Electronics
Article on Building Your Own Cable TV
Descrambler with any purchase.

Add $2.50 Shipping & Handling
$4.50 for Canadian Orders

ORDER TOLL FREE
1-800-227-8529

Visa, MasterCard or C.O.D.
J oW ELECTROMICS,MIC.

P.O. Box 8002
E Mansfield?)ltIIA 02048 @

Fig. 9. An 8-input OR gate.

equivalent to a negative-logic (0 = H and
1 = L) AND gate. The circuit in Fig. 9
demonstrates this. Assume all eight in-
puts can be switched to +5 volts or
ground by means of a row of toggle
switches. If the switches are inverted
(negative logic) so that their ‘‘on’’ posi-
tions indicate the eight gate inputs are
connected to ground, then the circuit
functions as an 8-input AND gate. Only
when all eight input switches are ‘““on”’

does the LED turn on. In this mode the
circuit can be considered a unanimous
vote detector.

Sequential Logic
with NAND Gates

Sequential logic circuits are those in
which the present state of an output is de-
pendent on a previous operation. Gener-
ally, a clocking pulse is employed to trig-
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Fig. 11. A D-type flip-fiop.

ger logic state changes in sequential cir-
cuits in a synchronized fashion.

Figure 10 shows a simple sequential
circuit called an RS flip-flop or simply a
latch. Note that this entire circuit can be
made from a single 7400. The circuit ig-
nores data at its S (set) and R (reset) in-
puts when the ENABLE input is low.
When the ENABLE input is high, the latch

Fig. 12. A two-gate switch debouncer.

responds as shown in the truth table.
Latches can be used to store status bits.
By extension, arrays of latches are used
as memory registers.

As shown in Fig. 11, a D-type flip-flop
can be formed from only five NAND
gates. As with the latch, the D-type flip-
flop ignores the data at its D input when
the ENABLE input is low. Otherwise, the

Fig. 13. Two-gate LED alternate flasher.

w2 RY
y 270

Q output of the circuit follows (stays
equivalent to) the bit at the D input.

Figure 12 shows a circuit that is indis-
pensible when designing and testing se-
quential logic circuits. It’s a switch
debouncer formed by cross-coupling the
outputs with one of the inputs of a pair of
NAND gates. The logic state of the single
output follows the position of S/. The
significance of the circuit is that it ignores
the mechanical ‘‘bouncing’’ and conse-
quent multiple output pulses that occur
during closing and opening a switch. In-
stead, the circuit switches states on the
arrival of only the first pulses in a series
of bounced pulses, thereby ignoring sub-
sequent bounces.

Bounceless switch circuits are handy
for single-stepping a sequential logic cir-
cuit through its paces and observing what
happens. Often, the only practical alter-
native is to slow the clock down to a few
cycles a second and follow the action
with logic probe(s), but sometimes that’s
not practical or possible.

Finally, Fig. 13 shows how to form a
self-switching circuit by cross-coupling
the inputs and outputs of a pair of invert-
ers. With the values shown for CI and
C2, the LEDs will flash on and off about
twice each second. The value of capaci-
tors CI and C2 can be increased to slow
down the flash rate. The circuit can also
be used as a logic clock.

Going Further

The circuits presented here illustrate the
role of the NAND gate as a fundamental
digital logic building block. The NOR
gate can also be used to accomplish these
same functions. If you want to brush up
on digital logic fundamentals, review the
opening chapters in Don Lancaster’s
TTL Cookbook and CMOS Cookbook.
Don’s discussion of data-selector logic in
these two classics is particularly good.

If you want to experiment with CMOS
versions of the circuits presented here
and others as well, see Radio Shack’s En-
gineer’s Mini-Notebook: Digital Logic
Circuits. This book also includes numer-
ous input, output and interfacing circuits
for both the TTL and CMOS logic fami-
lies of devices. ME
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The Linear IC Handbook by M.S. Mor-
ley. (Tab Books Inc. 616 pages. $48.50.)

This encyclopedic volume, offered by
Tab’s Professional and Reference Books
division, is both a tutorial textbook and
technical data manual on linear IC tech-
nology. A one-stop reference, it can help
engineers, technicians and hobbyists to
select, specify and use all kinds of linear
ICs for any possible application. Each
type of linear component is assigned its
own chapter in which theory of operation
and device specifications are exhaustive-
ly covered. These discussions are sup-
ported by healthy servings of schematics,
block and timing diagrams and formu-
las. Furthermore, each device chapter
closes with one or more tables of avail-
able devices, along with their major tech-
nical specifications.

Much more exhaustive tables of speci-
fications, arranged by manufacturer, are
given in the appendices that are title
keyed to the device chapters. These ap-
pendices by themselves can serve the
more knowledgeable user as a selection
guide to the various linear ICs currently
on the market.

Though this is a rather expensive
book, its cost is far outweighed by its
value as both a tutorial textbook and ref-
erence work.

Solid-State Relay Handbook with Appli-
cations by Anthony Bishop. (Howard W.
Sams & Co. Soft cover. 224 pages.
$19.95.)

Though solid-state relays (SSRs) have
become increasingly more important
during the past 20 years, little has been
written about these devices. This book
corrects this. To set the stage, the book
begins with a tutorial on what SSRs are
and why they are used in various indus-
trial applications.

Written by an expert in the field, the
text provides the engineer, technician
and hobbyist with much of the informa-
tion he needs to implement SSRs in his
circuit designs. Through extensive use of
schematic diagrams, graphs and tables,
the author guides the reader through the
basics of device design and application in
real circuits. In addition to describing the
various coupling and drive methods com-
monly employed, the author stresses the
importance of working within device pa-

rameters. Much emphasis is placed on
applications of SSRs in microprocessor-
based equipment for industrial machine
control, which is the major application
for these devices.

This book is both lucidly written and
comprehensive in its coverage. With re-
gard to the latter, it even includes a direc-
tor of SSR manufacturers and suppliers.

Telecommunications and Data Commu-
nication System Design with Trouble-
shooting by Harold B. Killen (Prentice-
Hall. Hard cover. 300 pages. $37.95.)

A fairly rigorous mathematical intro-
duction to the design and testing of com-
munication systems is presented in this
college-level book. It uses a textbook ap-
proach and end-of-chapter review ques-
tions to competently guide the reader
through basic analog and digital telecom-
munications, data communication sys-
tems and techniques, and protocols and
networks. Beginning with modulation
coding and working up to data communi-
cation satellite links and local area net-
works, the book is well written and fully
supported with informative illustrations.
The mathematics used gets into elemen-
tary calculus. In keeping with the current
trend, heavy emphasis is placed on com-
munication media using computers. For
example, three computer interface stan-
dards are detailed: 1BM, Apple, and
IEEE-488, as well as various modern for-
mats from RS-232C to RS-423.

Almost as important as the theory cov-
ered, the author includes a chapter on an-
alog and digital communication system
testing. Test techniques for examining
transmission modes, 1/0 terminals, lev-
els I and II protocols and troubleshoot-
ing in general are discussed here. As is
common with more formal textbooks,
however, the presentation is rather weak
in this area.

Anyone interested in the technology of
modern telecommunications should give
this book serious consideration.

NEW LITERATURE

Electrical Troubleshooting Brochure. A
l6-page color brochure from Fluke de-
scribes a wide variety of troubleshooting

and repair procedures for electrical sys-
tems using digital multimeters. It ex-
plains procedures for general electrical
measurements and specific techniques
for troubleshooting motors and circuit
components. An application chart shows
what DMM features are most useful for
performing different types of measure-
ments. For a free copy of the ‘“‘Electrical
Troubleshooting With Fluke Multime-
ters,”’ write to: John Fluke Mfg. Co.,
Inc., P.O. Box C9090, Dept. ME, Eve-
rett, WA 98206.

Kits & Products Catalog. The latest edi-
tion of the popular Heathkit catalog cov-
ers a wide range of kit and assembled
consumer and hobby items, ranging
from audio and video, communications,
home security, automotive and marine
products to test instruments, computers
and educational materials. New products
are included in almost every area, such as
a wireless microphone, digital carpen-
ter’s level, VHS-C Video Movie cam-
corder, Loran receiver, removable-disk
Winchester drive, etc. For a free copy,
write to: Heath Co., Dept. ME, St. Jo-
seph, MI 49085.

BASIC Tutorial. A booklet that teaches
programming in BASIC, titled ‘‘Learn-
ing BASIC with Voice Master,’’ is avail-
able from Covox. Designed for use with
the company’s Voice Master vocal device
and a Commodore 64 (or 128 in the C-64
mode), the tutorial program allows the
user to record and play back digitized
speech and make templates. lesson ex-
amples include a talking keyboard, ad-
ding machine and cash register; listening
and talking adding machine and
language translator; receiving advisories
relating to outside events by voice; and
more. For a free copy, write to: Covox,
Inc., 675-D Conger St., Eugene, OR
97402.

RFI Technical Note. Palomar Engineers’
“‘Using Ferrite Beads to Keep RF Out of
TV Sets, VCR’s, Burglar Alarms and
Other Electronic Equipment’’ technical
note explains what kinds of ferrite beads
and toroids to use and where to put them
to suppress most common r-f interfer-
ence. The 2-page note is available free by
writing to: Palomar Engineers, Box 455,
Escondido, CA 92025.
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Electronic Clinometers; Low-Frequency Communications;
Fundamentals of A/D Converters . . .

By Don Lancaster

There sure has been a lot of interest in our
“neuron’’ A/D converter from the July
86 Modern Electronics. Several com-
ments on all this. First, be sure you are us-
ing “buffered’”> CMOS inverters that
consist of three cascaded stages. The un-
buffered types just do not have enough
gain for sharp switching.

Secondly, many of you seem to want to
build a video A/D converter using our
simple low-frequency ‘‘neuron’’ circuit.
Simply put, the circuit will probably
glitch too badly, and will respond too
slowly for high-speed video use. I'll try to
have more on high-speed A/D converters
in a future column.

Thirdly, the resistor values are not
nearly as sneaky as they seem. The resis-
tors at the input to any gate form a simple
voltage divider. They are adjusted so that
a ‘‘yes’’ output occurs for any voltage
even slightly under 2.5 volts, while a
“‘no’’ output occurs for any voltage even
slightly over 2.5 volts.

Note that the feedback resistors are al-
ways connected either to +5 volts or
ground, while the input summing resistor
goes from 1 volt (alogical 15°*)to 4 volts
(alogical ‘0”’). Note also that the CMOS
inverter itself draws no input current.

We sure are getting lots of response on
this. Most of the responses are really well
thought out.

Onward and upward . . . .

What makes A/D conversion
so messy?

Analog to Digital (A/D) converters are
used to change varying voltages or cur-
rents into digital logic levels. Important
uses of A/D converters include computer
game paddles, digital voltmeters, indus-
trial process controls, robotics, video
processing, military radar, and digital
audio, to name a few.

Some A/D converters are very simple,
while others are insanely complex. What
causes the big difference?

There are two important things used to
specan A/D converter. One is the resolu-

tion, or the number of output bits that
will result. A 6-bit A/D converter can re-
solve only one level in 64, but might be
well suited for video uses. An 8-bit ver-
sion easily interfaces a personal compu-
ter, but allows only 256 input levels.

Industrial 10- and 12-bit converters al-
low 1,024 and 4,096, respectively, levels
at added cost. Digital audio needs
14-to-16-bit converters that can handle
from 16,384 to 65,536 levels.

Finally, an A/D converter used in a
54 decade digital voltmeter has to re-
solve better than one part in 200,000, the
binary equivalent of 18 bits.

The second important spec is conver-
sion time. A few conversions per second
is all that is needed for a digital voltmeter
or tachometer, because anything faster
will only blur the display. A millisecond
or so is available for personal computer
game inputs. An industrial process con-
trol or digital audio needs conversion
rates in the tens to hundreds of microsec-
onds. Video requires conversion rates of
10 megahertz and higher, while military
radar might need 0.5-gigahertz conver-
sion speeds. The higher the resolution or
the higher the speed, the greater the cost
of the A/D conversion scheme that must
be used.

To further complicate things, most
real-world A/D converters require four
very important accessories. These are an
input sample-and-hold, an antialiasing
filter, very careful guarding, and an out-
put latch.

If the input is allowed to change during
the conversion process, you will get a
wrong answer. This means that any high-
er-resolution A/D converter can accept
only ridiculously low input frequencies if
it does not have an input sample-and-
hold. For instance, a 16 bit A/D conver-
ter with a 16 microsecond conversion
time can only accurately accept a few
hundred Hertz as its maximum input fre-
quency without a sample-and-hold.

Sample-and-hold works by ‘‘catch-
ing” the input signal and keeping that
sample at a constant value during the
conversion process. This will dramatical-
ly up the maximum permissible conver-
sion rate. You can build a most useful
sample-and-hold out of a CMOS 4066

analog switch, an output capacitor, and a
decent op amp.

But when you add a sample-and-hold,
a new problem results. If you input any
frequencies that are anything above one-
half the sample rate, you will create all
sorts of erroneous artifacts that will to-
tally mask the signal being converted.

These artifacts are called ‘‘aliases.”
To get rid of aliases, you use an antialias-
ing filter. This is a sharp cutoff low-pass
filter that is set to one-half the sampling
rate or lower.

Guarding is the process of making sure
that no digital output noise gets back on
the input lines. This is usually handled by
careful circuit layout with separate
grounds for the analog inputs and the
digital outputs.

As an example, a 16-bit A/D converter
with a 0-to-5-volt analog input can re-
solve one part in 65,536, giving you a re-
solution of 5/65,536 volts or 76 micro-
volts of input sensitivity.

It is not at all unusual for adigital logic
system to generate 300,000 microvolts
(0.3 volt) of ground noise. Let so much as
a tiny whiff of this show up at the input,
and you lose all of the resolution you set
out to achieve.

Other tricks can be used for noise re-
duction. In a digital voltmeter, conver-
sion time is often made an exact multiple
of the power line period. This will cancel
out any hum that is present, since any ac
waveform will always average itself to
zero over its period.

Turning to the output side, wildly
wrong answers may appear during the
conversion process. This is particularly
sticky with video, since a glitch or two
will totally smear the works, besides ruin-
ing your entire day.

An output latch can often be nothing
but some flip-flops, but even here you
can get into trouble. You must be abso-
lutely sure your computer or whatever
accepts the input only during valid data
times. At high speeds, even the difference
between the ‘‘turn-on’’ and ‘‘turn-off”’
times of the latch can become very
important.

There are a wide variety of A/D con-
version schemes in use that differ greatly
in their resolution and speed tradeoffs.

#
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Fig. 1. A medium-speed, 8-channel A/D converter.

These include simple voltage-to-frequen-
cy converters used for game paddles,
dual-slope integrators intended for digi-
tal voltmeters, brute-force circuits used
for video and radar, our own ‘‘neuron
like’” experimental converter, older in-
dustrial successive approximation con-
verters and their new feedforward con-
verter replacements that are a little slow-
er than brute force circuits but are also
quite a bit simpler.

We'll try to have examples of all these
different converter types from time to
time. More details on many of them ap-
pear in my Micro Cookbook, Volume I1.

Show me a typical A/D
converter circuit

Figure 1 shows a great little successive-
approximation converter that interfaces
beautifully with most microcomputers.
This jewel has eight selectable input
channels of 0 to 5 volts each and provides
an 8-bit output resolution of 1 part in
256. Cost is around $9. This is a National
part. You can find variations and im-
provements on this device from both Na-
tional and A nalog Devices.

To use it, you first output three bits

worth of binary ‘‘channel selection’
from your computer. Then you output a
“‘start conversion’’ command, wait for a
millisecond or more, and then read your
input port. It’s that fast and that simple.

How can I get involved in
low-frequency communications?

Low frequency, or If, communications
involve radio waves that are lower in fre-
quency than those used on the AM
broadcast band, ranging from 30 to 500
kHz. Very low frequency, or viIf, com-
munications are lower still, being under
30 kHz. Important uses of these bands
include time standards such as WWVB,
navigation aides, submarine communi-
cations, cave mapping and communica-
tions, beacons, signaling devices, and
other unique services.

As we saw last month, there is a great
quarterly underground technical publi-
cation out named Speleonics that covers
a lot of this sort of stuff. At $4 per year,
Speleonics is a real bargain.

But the ‘‘mother lode’’ of general If
and vif information seems to be a group
called the Longwave Club of America.
You may want to check out these people.

start channel = DIGITAL OUTPUTS - down, and costs $10 per year. They also
Colr}yerSlon select msb Isb have lots of reference materials available.

One unique viIf device that recently
caught my attention was a cave-mapping
transmitter. It consists of aloop antenna,
atransmitter, and a level, all built into an
all-plastic BMX bicycle wheel.

The transmitted frequency is 3,580 Hz.
This frequency is a magic number that (1)
is low enough to go through lots of rock,
(2) is a stock TV crystal frequency divid-
ed by 1,000 and (3) is far enough away
from both 50- and 60-Hz harmonics that
it can be used here or in Canada without
any worries about power-line interfer-
ence. The 3580-Hz is pulse modulated at
a 3.58 Hz-rate, which is obtained with
another division by 1,000.

Such a device could be used either for
mapping or rescue. Either way, the trans-
mitter is hauled somewhere inside a cave,
turned on and very carefully leveled. A
somewhat similar receiver is then used on
the surface to pinpoint the location of the
underground transmitter. The exact lo-
cation and depth can easily be found.
The null point at which the signal drops
to. zero for a level receiver will be directly
over the transmitting loop.

A loop antenna has a very precise and
mathematically defined field. By moving
the receiver around in circles and measur-
ing the null tilt angle, the depth of the
transmitter can be found. To do this ac-
curately, the transmitter must be perfect-
ly level.

Some hairy math is involved in the
depth calculation. This is easily handled
by a BASIC program, run on most any
personal computer.

For some strange reason, the calculat-
ed depth always ends up a few percent
lower than the actual depth. A suitable
fudge factor is then used to predict the
read depth.

Which way is up?

Electronic level sensors have lots of inter-
esting uses. These have traditionally in-
cluded aircraft instruments, construction
levels, robotics, and percent-of-grade in-
dicators for road machinery.

Thanks to some recent developments,
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HARDWARE HACKER ...

low-cost electronic levels are now becom-
ing available and will open up all sorts of
new uses. For instance, table saws can
now automatically indicate the depth of
cut versus table angle, a calculation that
is otherwise far from trivial. Better yet,
the latest electronic level scheme is easily
done as a simple yet challenging hacker
project. With some ingenuity, you
should be able to build an electronic level
for well under $4.00.

Let’s review.

The correct name for an electronic
level is a ““clinometer.”” As Fig. 2 shows,
you can build a simple clinometer out of
a plumb bob, a string, and a protractor.
The plumb bob points straight down,
and the angle you read tells you the slope
of the top of the protractor.

You could use a bubble level instead of
a plumb bob. This is how the clinometer
on a Brunton compass works. You slide
the level arm until the bubble is centered
and then read the inclination off a dial.

Electronic levels must instead provide
some sort of analog or digital output.
You can “‘electrify’’ either of these sim-
ple clinometers, but you are likely to get
into resolution and *‘stiction’’ problems.

Some precision aircraft clinometers
use a device called a “‘linear differential
transformer’’ to sense the small angular
changes needed for high accuracy. The
cost of these is horrendous.

Figure 3 shows another older approach
to electronic level sensing. It is called an
‘““electrolytic gravity sensor’’ and looks
suspiciously like a bubble level with three
terminals on it. A mildly conductive li-
quid (often bromine) partially fills the
sensor. When level, the same amount of
bromine will be in contact with both out-
side electrodes. The outside-to-center re-
sistance, therefore, will be the same at
both ends.

Fig. 2. A mechanical clinometer.

Fig. 3. An electrolytic level.

As the sensor tilts, the bromine moves
down to the low end, increasing the high-
end resistance and decreasing the low-
end resistance. A simple bridge circuit
can then give an analog output.

Hamlin is one source of these. Last
time I checked, these beasties ran around
$30 each. Besides the high cost, they are
fragile, slosh sensitive, and have a strong
“‘wrong axis’’ cross-sensitivity.

The latest, and potentially the cheap-
est, type of clinometer is the capacitance
level sensor of Fig. 4. What you have here
is a very thin metal tank that houses a li-
quid and two capacitor plates. The liquid
should be an insulator with a high dielec-
tric constant. Propylene glycol (anti-
freeze) with its dielectric constant of 30

NAMES AND NUMBERS

Analog Devices

2 Technology Way
Norwood, MA 02062
(617) 329-4700

Hamlin Incorporated
612 E. Lake Street
Lake Mills, WI 53551
(414) 648-5244

National Semiconductor
2900 Semiconductor Drive
Santa Clara, CA 95051
(408) 721-5000

Longwave Club
45 Wildflower Road
Levittown, PA 19057

Speleonics

Box 5283
Bloomington, IN 47402
(812) 335-7305

Sperry Sensing Systems
Box 21111

Phoenix, AZ 85036
(800) 545-3243

“
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SMAHTEAM MODEM

CC approved
103/212A Operates at 300
BAUD and 1200 BAUD
*BELL 103 and 212A
. compatible *HAYES
compatible eAuto answer, dial and redial *External
speaker for monitoring calls « AC adapter supplied
Uses RS 232-C Connector.

5165

No. 91990

XT SYSTEM 2-BASIC

—FCC approved—

IBM® compatible
computer system

Includes:

COLOR GRAPHICS
BOARD

RGB and Composite Port, Light Pen interface,
Graphics 320 x 200 (color), 640 x 200 (BW), Text
25 x 80. FCC Approved.

No. 92280

* XT-type case ®* Power
supply ® 640K mother-
board with 256K on

\_ board

No.98888 s2630 0

—SUGGESTED ADD-ONS—

MULTI /0 CARD

Built-in Floppy Controlier that can drive 2 floppy
drives. Two RS 232 serial adapters, Timer Por,
Parallel printer pont, joystick adapter. FCC Approved.

No.96770

* Monochrome graphic printer No.99010... ... .. s7500
* (2) Qume floppy drives No.93140.. .. ..... ... .. $190°°
* Magnavox green monitor No.96710............ 38700
* Floppy drive controller No.92260............. .. $2900
® K-150L keyboard N0.90130.................... .. s4500

900
Total — System 2 plus Add-Ons . 6 8

nessssssssossss CIRCLE 39 ON FREE INFORMATION CARD

KEYBOARDS

"} K150M—AT- look-allke

. { keyboard, made exclusive
# ¥ | for XT's, with enlarged

“ {return key, cap lock & nun

4 lock. FCC Approved.

No.99020. . ... ... .. .. ... . ... $59o0

K-134—features separate numerical & cursor pads/
tunction keys along top, LED cap lock & num lock.
FCC Approved.

No.51515. ... ... $76°¢

MAGNAVOX COLOR
MONITOR

*RGB High resolution 13"
diagonal *640 dots/H-240
lines/V-2000 characters
*80 column

*FCC Approved.

529800

P e

No. 97890

POWER OUTLET STRIP

6 outlets with 15 amp surg(
protector & 6’ cord. Protect
F your computer investment!

No.90140

SATELLITET.V.

IMPORT SPECIALS

=
.\ \ 3

SYSTEM “AA”

PORTABLE

SATELLITE SYSTEM

ONLY 15 MINUTES SET-UP TIME!
INCLUDES:

* 5 ft. Aztec spun aluminum

antenna w/patio mount
* Brand-name receiver
* 100° LNA
* Feedhorn
* 100 lin. ft. hook-up cable

Antenna can be hung on wall for storage!

COMPLETE SYSTEM

SAVE OVER *600!!!

................ ony 537790

MULTI-NAIL DRIVER

4-in-1 nail dviver includes 4 sockets —
nail driver, screwdriver, socket
wrench and nail puller

Nationally Advertised at *4.99.

92180. ... ... ...
“AS SEEN ON TV

TRAVEL ALARM

LCD travel alarm clock mounted
in a snap-up wallet for use on
the road!

Suggested Retail $12.99.

8230

94020 . ........ ..

STROSEM 6’9"
CAR SPEAKERS

 3-WAY
Iy o

Hi-energy 3-way speaker pair with
40-0z. magnet for rear deck
mounting.

Slim-design car stereo equalizers with bui
LED power indicators, fader, and 100-200 watts maximum

CAR STEREO EQUALIZERS

power booster,

TABULATOR

NEW INNOVATIONS o

Calculates and records expenses while you
travel! Features 16 expense categories,
detachabie thermal printer, full-function
memory, and expense error correction key.
Nationally Advertised at $129.95.

power output.
el T e 39
i pair 22390 -4 nuis kbt eaieh iy - nd 10band . . . S 1 &
Telko EXPENSE #SANYO SOLAR

CALCULATOR

Solar-powered wallet-type calculator
never needs batteries. features LCD
display, independent memory, and
includes wallet.

Suggested Retail $16.95.

o

96910

THE WHOLESALE OUTLET

1 INTERSTATE AVENUE, DEPT. ME, ALBANY, NEW YORK 12205

CALL TOLL FREE: 1-800-344-4387 (NON-NYS) ALl. OTHER CALLS AND NYS 518-459-7883. CALL FOR CATALOG WITH HUNDREDS OF PRODUCTS! ALL

=
X

MACHINES. INC.

ORDERS SHIPPED FOB ALBANY. CUSTOMER PAYS FREIGHT AND $3.75 HANDLING. ALL OTHER ORDERS SHIPPED UPS COD (CASH, MONEY-
ORDERS OR CASHIER'S CHECK ONLY). MINIMUM ORDER $25. PRICES SUBJECT TO CHANGE WITHOUT NOTICE. WE ARE NOT RESPONSIBLE FOR
TYPOGRAPHICAL ERRORS. SOME ITEMS NOT AS PICTURED. IBM®, PC, XT, AT ARE REGISTERED TRADEMARKS OF INTERNATIONAL BUSINESS
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HARDWARE HACKER ...

comes to mind as one possibility, al-
though mineral oil with a constant of 3 is
probably much better behaved.

At any rate, the portion of the sensor
plate that is covered by the liquid will
have a much higher capacitance than the
part that is not. As the sensor rotates, ca-
pacitance to the case of one plate in-

creases, while the other one decreases.
The particular shape shown gives a linear
sensor output over a + 60° range.

The plates are routed to a pair of 555
timers. The difference in time delay
created by the liquid coverage is then eas-
ily converted into an analog or a digi-
tal output.

AN

MCM’s “Dial & Deliver” Service is
nothing new — we’ve been doing it
for years!

We discovered it takes more than a wide selection of quality
products at low prices to keep you satisfied. It takes
performance! And performance means fast, courteous service
and quick delivery.

Discover the difference MCM can make. The parts and
equipment you need are only a phone call away. We know
you’ll like our selection and prices. You'll be even more
impressed with how well we perform!

Catalog #12 Now Available
Call TODAY for your FREE copy

Call TOLL-FREE
1-800-543-4330

(In Ohio call 1-800-762-4315)
(In Hawaii or Alaska 1-800-858-1849)

@ MCM ELECTRONICS

A PREMIER Company
858 E. Congress Park Drive « Centerville, OH 45459
Source No. Me-16
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Fig. 4. A capacitive clinometer.

Cross-axis sensitivity is nearly elimi-
nated by putting two sensors back to
back in the same case. As you tilt the sen-
sor in the ‘“‘wrong’’ direction (towards or
away from you), the liquid on one side
creeps up on its sensor, while the liquid
on the other creeps down. The two will
thus nicely cancel out.

The Accustar Electronic Clinometer
by Sperry is one example of this new tech-
nology. Being aerospace people, their
$100 single-quantity pricing is totally out
of line for something like $4 worth of
low-tech parts that anyone could throw
together on a kitchen table.

Nonetheless, their data sheet and ap-
plication notes make very good reading
on this new clinometer. More technical
info on the capacitance level sensors ap-
peared in the June 16, 1986 issue of De-
sign News.

It seems that this product could be dra-
matically ‘‘value engineered,”’ putting
the plate sensors on the same circuit
board as the rest of the electronics, and
using metalized plastic cups for the
tanks. There’s no reason an outfit in a
Hong Kong alley couldn’t knock these
out for under $2.00 each.

Can you do better? ME

Phone or write your Hardware Hacker
questions directly to:

Don Lancaster

Synergetics

Box 809

Thatcher, AZ 85552

(602) 428-4073
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NEW PRODWTS ® ® ® (frompagel4)

secures plates to equipment to be
protected and the shelf, desk, etc. on
which it is to remain. A tough, flexi-
ble vinyl-coated steel cable is then
threaded through the plates and ter-
minated with the lock that comes
with the system.

Installation can be in an out-of-
sight location at the rear of the item
being protected. More than one item
can be protected by a single cable and
lock, such as a stacked system unit
and video monitor in a computer sys-
tem. The adhesive used to bond the
plates to the equipment is claimed to
be very strong, requiring up to 400
Ibs. of force to break the bond.

$24.95; expansion kits available.
CIRCLE 52 ON FREE INFORMATION CARD

Parental Control
TV Lockout Device

Cable TV subscribers can now exer-
cise control over their childrens’ TV
viewing options with a new Parental
Control device from Pico Products,

Say You Saw It In Modern Electronics

Inc. When installed between the ca-
ble output jack and the input of the
cable TV converter, the small black-
box device’s internal trap eliminates
both the audio and the video signals
on desired channels with the turn of a
key. Two keys are supplied for lock-
ing out single, dual or tiers of chan-
nels to give adults the ability to exer-
cise ‘‘parental guidance.”’

Snap-on security shields that fit
over cable connections prevent unau-
thorized bypassing of the Parental
Control Lock. The device works on
cable channels 2 through 6, A through
C, D through F, G through I, 7
through 13 and J through W. It fea-
tures easy user installation and a
high-impact, tamper-proof case.

CIRCLE 53 ON FREE INFORMATION CARD

ELENCO PRODUCTS AT DISCOUNT PRICES!

20 MHz DUAL TRACE OSCILLOSCOPE

$336 MO-1251

35 MHz DUAL TRACE OSCILLOSCOPE

$545 MO-1252

Top quality scopes at a very reasonable price. Contains all the desirable features. Elenco's 2 year Quarantee
assures you of continuous service. Two 1x, 10x probes, diagrams and manual included. Write for specifications.

B0l  MuLTI METER with [ TRUERMS 4w 3% DIGIT
CAPACITANCE and v DIGIT MULTIMETER MULTIMETER
- transistor tester - 5 ot $
ode Model
$65 Model 1 35 M-7000 25 M-1600
CM-1500
.05% DC Accuracy 1% DC Accuracy
0 Reads Voits, Ohms, 1 % Resistance 1% Resistance
. ® Current, Capacnors with Freq. Counter Reads 10A DC

st Transistors & Diodes

vith Freq. Counter

» Sine, Square, Triangle,

GF 8015 without Freq. Meter 169

Triple Power Supply XP-660

1$14950

0-20V @ 1A
0-20V @ 1A
5V @ 5A

Fully Regulated, Short Circuit Protected with 2
Limit Cont. 3 Separate Supplies.

3 Amp Power Supply XP-650

11950

0-40V @ 1.5A
0-20V @ 3A

Fully regulated, short circut protected current
limit control

C&S SALES, 8744 W. North Ter. Niles, IL 60648 a ]

800-292-7711 (312) 459-9040

& Deluxe Case

GF- 8016 Functuon Generator

*Puise, Ramp, .2t0 2 MHz
*Frequency .1 thru 10 MHz

)
5995

for your Bread Blocks. Snaps in-

A
54 495

Now a Power Supplr
to existing units. Fully requiated and short circuit pro-

tected.
12V @ .3A,. 5V @ 1A, -5V @ 5A

$22.95 for Both, Power Blox & Breadboard

R |
. DIGITAL LCR METER

Model LC-1800 $
Measures: Inductors 1 48
Capacitors, Resistors
Inductors 1.uH to 200 H
Capacitor. 1F§‘ 10 200uf

) 5 Resistor 01Q 10 20M Q
Ranges 6ind, 7 cap, 7res

15 DAY MONEY
BACK GUARANTEE

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

ASK FOR CATALOG
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The Antenna Noise Bridge: A Forgotten Tool

By Joseph J. Carr

Modern radio receiver design is especial-
ly exciting to an old radio hacker like my-
self. Having cut my teeth on a Knightkit
regenerative SW radio and an elderly
Hallicrafters S-20R, and then graduating
to the might SX-28A (with a WW II sur-
plus BC-342 along with way), I find mod-
ern designs extremely exciting. We can
now buy performance that matches the
top-dollar Collins 51J4 and R-390 mod-
els of yesteryear for about the same price
as medium-grade receivers cost a genera-
tion ago. While the newcomer who is try-
ing to raise $500 for a receiver might not
believe it, that translates to a tremendous
price deflation.

In the ‘‘good old days’’ we used non-
resonant long-wire antennas. Given re-
ceiver performance of the day, there was
little incentive to upgrade to single-band
resonant antennas. When we wanted to
improve performance we added prese-
lectors and other electronic gimmicks but
left the antennas alone.Today, receiver
performance is usually so good that we
now look to the antenna to effect further
improvement.

The Forgotten Instrument

Because shortwave listeners can not le-
gally use a transmitter to test antennas,
using the VSWR meter as a check of an-
tenna performance is out. However, the
SWL can use an antenna noise bridge for
a variety of measurements on r-f circuits.
The noise bridge is perhaps the most
overlooked test instrument that a hobby-
ist—and especially the SWL—can own.

Over the years several companies have
produced noise bridges, mostly for the
amateur radio market—among them—
Omega-T, Palomar Engineers and
others. More recently, the Heath Com-
pany has introduced the Model HD-1422
(Fig. 1). Over the years I have used noise
bridges for a variety of radio tests and
measurements, especially in the hf re-
gion. Contrary to popular belief, those
applications are not limited to the testing
of antennas, which is the main job of the
noise bridge.

A noise bridge can be used to measure
impedance in r-f circuits at frequencies

%

H(falll O

NOISE BRIDGE

R (,.,\\
@/m'@ K@ i@j\; \

1
LED

]
i

=
[RESIsTaNCE]

{orF-on] [REACT/M

Fig. 1. Heath’s HD-1422 noise bridge.

up to 30 MHz and will give relative indi-
cations up to 100 MHz. Impedance con-
sists of resistive and reactive compo-
nents; the reactance can be either capaci-
tive or inductive, but is zero for a perfect-
ly resonant circuit or antenna. A good
noise bridge will measure reactive com-
ponents as well as resistive.

Figure 2 shows the internal details of
the HD-1422. Note that the bridge circuit
consists of four arms. The inductive arms
form a “‘trifilar’’> wound transformer
over a ferrite core with the input winding
of T101. A signal applied to the input is
injected into the bridge circuit. The
‘““Measurement’’ arm consists of series
circuit R1/Cl, a 200-ohm potentiometer
and a 120-pF variable capacitor. The po-
tentiometer is used to set the range of the
resistive component (0 to 200 ohms) of
impedance, the capacitor the reactance
component.

Capacitor C2 in the UNKNOWN arm of
the bridge is used to balance C1. With C2
in the circuit, the bridge is balanced when
C1 is approximately in the center of its
range. This arrangement accommodates
both inductive and capacitive reactances,
which appear on either side of the ‘‘zero”’

point, which is the mid-range capaci-
tance of C1. When the bridge is in bal-
ance, the R and C settings reveal the im-
pedance across the UNKNOWN terminals
(e.g. your antenna).

Zener diodes normally operate in the
reverse-bias mode, which produces a
large amount of noise because of the ava-
lanche process inherent in the zenering
operation. While that noise is a problem
in most applications, in a noise bridge it
is highly desirable, and the richer the
noise spectrum, the better. The spectrum
is enhanced somewhat in the HD-1422
because of the 1-kHz square-wave modu-
lator that chops the noise signal. An am-
plifier boosts the noise signal to the level
needed in the bridge circuit.

The detector used in the noise bridge is
your hf receiver. An AM receiver is pre-
ferable, but an SSB receiver with a wide
i-f bandwidth is also useful. Although it
is quite easy to use your ears to detect the
noise null that indicates bridge balance, it
is best to use a receiver with an S meter.
Thus, the best receiver to use is an AM hf
model that is equipped with an S meter.
If your antenna lacks an S meter, you can
use an old-fashioned (analog) ac voltme-
ter across the receiver’s speaker output.
Since antennas are not always convenient
to ac power, you might consider adding
“battery-powered’’ to the list of at-
tributes required of the receiver.

Adjusting Antennas

Perhaps the most common use for the an-
tenna noise bridge is finding the impe-
dance and resonant points of an hf anten-
na. To make this measurement, connect
the RECEIVER terminal of the HD-1422 to

1-kHz C105
square- wave e’r\:::sfor —— 1101
modulator g @ R11

Receiver

1=

Unknown

Fig. 2. Internal details of HD-1422.

76 / MODERN ELECTRONICS / October 1986

Say You Saw It In Modern Electronics




the ANTENNA input of the hf receiver
through a short length of coaxial cable as
shown in Fig. 3.

The Coax length should be as short as
possible, and the characteristic imped-
ance should match that of the antenna
feedline. Next, connect the antenna’s co-
axial feedline to the ANTENNA terminals
on the HD-1422. You are now ready to
test the antenna.

Finding Impedance. Set the noise
bridge’s RESISTANCE control to the an-
tenna feedline impedance (usually 50 or
75 ohms for most amateur antennas) and
the REACTANCE control to mid-range
(zero). Now tune the receiver to the ex-
pected resonant frequency (Fexp) of the
antenna. Turn on the noise bridge and
look for a noise signal of about S9 on the
S meter. This will vary on different
receivers.

Adjust the RESISTANCE control (R) on
the bridge for a null (minimum noise as
indicated by the S meter). Next, adjust
the REACTANCE control (C) for a null.
Repeat these adjustments until you ob-
tain the deepest possible null, as indi-
cated by the lowest noise output on the S
meter. Because there is some interaction
between the two controls, it is important
that you trim both repeatedly until no
lower reading can be obtained.

A perfectly resonant antenna will have
a reactance reading of zero ohm and a
resistance of 50 to 75 ohms. Real anten-
nas may have some reactance (the less the
better), and a resistance different from
the ideal 50 or 75 ohms. Impedance-
matching methods can be used to trans-
form the actual resistive component to
the 50- or 75-ohm characteristic impe-
dance of the transmission line. If the re-
sistance is close to zero, there is most like-
ly a short circuit on the transmission line.
Conversely, if the resistance is close to
200 ohms, the line most likely has an
open circuit.

A reactance reading on the X side of
zero indicates that the antenna is too
long, while a reading on the X side of
zero indicates an antenna that is too
short. An antenna that is too long or too
short should be adjusted to the correct
length to obtain optimum performance.

To determine the correct length, you
must find the Actual Resonant Frequen-

Say You Saw It In Modern Electronics

cy, or A.R.F. To do this, reset the REAC-
TANCE control to zero, and then slowly
tune the receiver in the proper direc-
tion—downband for too-long and up-
band for too-short—until the null is
found. On a high-Q antenna the null is
easy to miss if you tune too fast. Don’t be
surprised if the null is out-of-band by

quite a bit. The percentage of change is
given by dividing the expected resonant
frequency (Fexp) by the A.R.F. and mul-
tiply by 100: Change = (Fexp X
100%)/A.R.F.

Resonant Frequency. Connect the an-
tenna, noise bridge and the receiver in the
same manner as above. Set the receiver to

Landmobile and Marine
Radio Technical Handbook

by Edward M. Noll

This complete reference and study guide covers
the entire two-way radio field - private landmobile
services, marine radiotelephone and radiotelegraph,
marine navigation, and Citizens Band radio. You'll
also find the most up-to-date FCC licensing
information

From the undamentals through advanced topics,
Landmobile and Marine Radio Technical Hand-
book explains everything you need to know about
two-way radio - and then some. The book is written
for current and prospective two-way radio techni-
cians, operators, engineers, and is an excellent
reference for everyone involved in two-way radio
businesses.

In one comprehensive volume you'll find two-
way radio fundamentals, equipment circuit details,
maintenance and installation data, and test equip-
ment types and practical usage. Coverage also in-
cludes antenna systems for mobile, fixed-station,
and marine applications; repeater stations and
cellular radio; and radar equipment and satellite
communications.

If you're in the two-way radio field, this is the
one book you'll refer to again and again. Call or
write Sams today to get your complete reference
guide to two-way radio communications. Dealer in-
quiries are welcome.

Individual chapters are devoted to:

® Two-way radio services and their frequencies

® Transmission characteristics and emission and
modulation classification

® Solid-state fundamentals as related to transmis-
sion circuits presentation

® Modulation systems used in two-way radio
services

* Digital and microprocessor circuits

o Test equipment types and usage

® Antenna systems

o Landmobile two-way radio systems and circuits

® Repeater, trunked, and cellular radio systems

® Marine radiotelephone and radiotelegraph
equipment

® Direction finders and loran

® Marine radar

® FCC licensing information

To order your copy of Landmobile and Marine

Radio Technical Handbook (No. 22427) send

$24.95 (including $2.50 for shipping and han-

dling; please add local sales tax). For a com-

plete catalog (No. 903581) listing over 400 titles

covering electronics, computers, communications.

and engineering send $2.00.

To order by phone call

800-428-SAMS

Ask for operator 864
In Indiana call 317-298-5566

Product No.
Quantity . S
Name
Address
City __ == ————

State . _Zip
Daytime Phone . ——u
Signature S

Check or money order enclosed.
1 Bill my credit card CVISA CAE COMC

[T [T

Account No. Exp. Date
Make checks payable to Howard W. Sams & Co.
Mail this form with payment to Howard W. Sams & Co.
Dept. DM864 * Indianapolis, [N 46268
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Fig. 3. Finding the impedance and resonance points of an hf antenna with a noise bridge

is accomplished with setup shown.

the expected resonant frequency—468/F
for half-wavelength types and 234/F for
quarter-wavelength types. Set the RESIS-
TANCE control to 50 or 75 ohms, as ap-
propriate for normal antenna and trans-
mission-line impedance. Set the REAC-
TANCE control to zero. Turn on the
bridge and listen for the noise signal.

Slowly rock the REACTANCE control
back and forth to determine on which
side of zero the null appears. Once the di-
rection of null is determined, set the RE-
ACTANCE control to zero, and then tune
the receiver towards the null direction,
which is down-band if null is on the X -
side and up-band if it is on the X¢ side.

A less-than-ideal antenna will not have
an exact 50- or 75-ohm impedance. So
some adjustment of the R and C controls
must be made to find the deepest null.
You may be surprised at how far off
some dipoles and othe types of antennas
can be if they are not in ‘‘free space’’
(close to the Earth’s surface).

Nonresonant
Antenna Adjustment

Antennas can operate on frequencies
other than their resonant frequency if
you know its impedance (R and X com-
ponents) and provide a matching net-
work to provide impedance transforma-
tion. After setting up the receiver and
noise bridge as in the first case above,
tune the receiver to the desired operating
frequency. Find the nulls for R and X,
and note the scale readings. The X read-

ings are not the reactance in ohms, but
rather the capacitance (0 to 60 pF). You
can now calculate the normalized reac-
tance at 1 MHz as follows: X¢ = X =
[159,155/(68 — C)]—2340 and X = X
= 2340 —[159,155/(68 + C)]. Then plug
the X value into Xg = X/F, where Fis
the desired frequency in MHz.

Other Jobs

The Heath HD-1422 noise bridge can be
used for a variety of jobs, such as finding
the values of capacitors and inductors,
characteristics of series and parallel tun-
ed resonant circuits, and adjusting
transmission lines.

Transmission Line Length. Some
antennas require antenna feedlines that
are either quarter- or half-wavelength at
some specific frequency. Use the
HD-1422 to find these lengths as follows:

(1.) Connect a short-circuit across the
UNKNOWN terminals of the HD-1422 and
adjust R and X for the best null at the fre-
quency of interest (both will be near zero);

(2.) Remove the short-circuit;

(3.) Connect the length of transmission
line to the UNKNOWN terminal—it should
be longer than the expected length;

(4.) For quarter-wavelength lines,
shorten the line until the null is very close
to the desired frequency. For half-wave-
length lines do the same thing, except
shorten the line at the far end for each
trial length.

Transmisssion Line Velocity Factor.
The velocity factor (usually expressed by

the letter ¢“V*’) is a decimal fraction that
tells how fast the radio wave propagates
along the line relative to the velocity of
light in free space. For example, coaxial
cable with a foam dielectric has a velocity
factor of 0.80, which means that radio
signals travel along the line at 0.8 times
the velocity of light.

Since all radio wavelength formulas
are based on the velocity of light, you
need the V value to calcute the physical
length needed to equal any given electri-
cal length. For example, a half-wave-
length piece of coax has a physical length
of (492 x V)/Fyu, feet. Unfortunately,
the real V value is often quite different
from the published value. You can use
the HD-1422 to find the actual value of V
for any given sample of coaxial cable as
follows:

(1.) Select a convenient length of the
coax more than 12 feet in length and in-
stall a PL-259 coaxial connector on one
end and short-circuit the other end.

(2.) Accurately measure the length of
the cable in feet (either cut off the shorted
end to the nearest foot, or convert the
spare inches to tenths of a foot—don’t
forget to reconnect the short circuit.

Two-turn link
to HD-1422
UNKNOWN terminal

— VY Y Y YY Y Y Y Yy Yy

3 LC circuit
m
Ll
(A) Capacitor
Link
Toroid
V) .
inductor
Capacitor
(B)

Fig. 4. Making measurements in a paral-

lel-resonant circuit requires loop coup-

ler. Different approaches are required
for axial and toroidal coils.
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(3.) Set the HD-1422’s RESISTANCE
and REACTANCE controls to zero.

(4). Adjust the receiver for deepest
null. Use the null frequency to find velo-
city factor V = FL/492, where V is vel-
ocity factor (a fraction); Fis frequency in
MHz; and L is length in feet.

Tuned-Circuit Measurements

An inductor/capacitor (LC) tuned
‘“‘tank’’ circuit is the circuit equivalent of
aresonant antenna, so there is some simi-
larity between the two measurements.
You can measure resonant frequency
with the noise bridge to within +20 per-
cent or better if care is taken. This accu-
racy may seem poor, but it is better than
one can usually get with low-cost signal
generators, dip meters, absorption wave-
meters and the like.

Series Tuned Circuits. A series tuned
circuit exhibits a low impedance at reso-
nance and a high impedance at all other
frequencies. Start by connecting the ser-
ies tuned circuit under test across the
UNKNOWN terminals of the HD-1422. Set
the RESISTANCE control to a low resis-
tance value, close to zero ohms. Set the
REACTANCE control at mid-scale (zero
mark). Next, tune the receiver to the ex-
pected frequency, and then for the null.
Make sure the null is deepest by rocking
the R and X controls for best null. At this
point, the receiver frequency is the reson-
ant frequency of the tank circuit.

Parallel Resonant Circuits. A parallel
resonant circuit exhibits a high impe-
dance at resonance and a low impedance
at all other frequencies. The measure-
ment is made in exactly the same manner
as for the series resonant circuits, except
that the connection is different. Figure 4
shows that a two-turn “‘link’’ is needed to
inject a noise signal into the tank circuit.
If the inductor is a toroidal type, the link
must go through the hole in the dough-
nut-shaped core and then connects to the
UNKNOWN terminals of the noise bridge.
After this, do exactly the same as you did
for the series tuned circuit.

Capacitance and Inductance

The HD-1422 noise bridge comes with a
100-pF mica test capacitor (CTEST) and a

Say You Saw It In Modern Electronics

4.7-uH test inductor (LTEST), which are
used to measure inductance and capaci-
tance, respectively. The idea is to use the
test components to form a series-tuned
resonant circuit with an unknown com-
ponent. If you find the resonant frequen-
cy, you can calculate the unknown value.
In both cases, the series tuned circuit is
connected across the UNKNOWN termin-
als of the HD-1422, and the series-tuned
procedure above is followed.

Inductance. To measure inductance,
connect the 100-pF CTEST in series with
the unknown coil across the UNKNOWN
terminals of the HD-1422. When the null
frequency is found, find the inductance:
L = 253./F2, L is the inductance in mi-
crohenrys (uH) and F is the frequency in
megahertz (MHz).

Capacitance. Connect LTEST across
the UNKNOWN terminals in series with the

unknown capacitance. Set the RESIS-
TANCE control to zero, tune the receiver
to 2 MHz, and readjust the REACTANCE
control for null. Without readjusting
either noise bridge control, connect
LTEST in series with the unknown capaci-
tor and retune the receiver for a null. Ca-
pacitance is now C = 5389/F2, where C
is capacitance in picofarads (pF) and Fis
frequency in megahertz (MHz).

Conclusion

The Heath HD-1422 noise bridge is an
easily constructed kit of simple but good
design. It is also an immensely useful
tool. I recommend that all radio hobby-
ists who listen or experiment in the med-
ium-wave and high-frequency shortwave
bands purchase and use one of these
instruments.

To preserve your copies of

MODERN ELECTRONICS
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First Impressions: Leading Edge Model D;
Ability and Able One Software

LIERARY
% if

By Eric Grevstad

Hi there, everybody! I’ll soon get to my
review of one of the hottest-selling com-

A
EE

patibles today—the Leading Edge Model OTHER OTHER
D—but first, this word from me about

Crazy Dave of Crazy Dave’s Software ((Newy  ((Newd)  ((New)?  ((New))  {{New))

Clearinghouse, right on Route 10 across %8&?2@}% |3}E]‘JQT;R EUIDE%@% ﬂgg%% DONN#g?% PRESE?}; (é .;
from Workmen’s Lumber! ‘‘I’ve got the OH 1
deal of the year on advanced MS-DOS I ;kggﬁg MARCHRPT SOURCE QBILITY.HLE
software!’’ he says. gg%gg ]RE(R)BB}}? PHOTOS . SN

Now, I know you’re thinking, ‘“Come
on, Dave, what’s the catch? Is this some
junk program? Slight damage to disks
during warehouse fire?’’ No! It’s a top
integrated package from a famous maker
—well, not as famous as they hoped to
be, but they got good reviews and sold to
satisfied buyers just a few months ago for
$495. Now he’s making this six-function
bundle available to you for just $99!

More about this $99 special in a min-
ute, but first, this public service warning
and consumer alert . . . .

Dog of the Year

No one except Crazy Dave likes low soft-
ware prices more than I do, so naturally |
was intrigued by ads for an $84.95 inte-
grated package. You may have seen the
same ads, and thought Able Internation-
al’s slogan, ‘‘Everything Symphony was
supposed to be, ’’ seemed too good to be
true. In fact, the Able One program is al-
most too bad to believe.

A fair amount of thought went into
Able One’s integration. Telecommunica-
tions and printing are available as back-
ground tasks. You can link cells in differ-
ent spreadsheets, and paste a spreadsheet
—not selected rows, but the whole file—
into a word-processing document.

But while Able One does windows, it
barely does word-processing, spread-
sheet, or database work. The word pro-
cessor is so slow as to be useless for all but
the poorest typists; press the End key to
move to the end of the file, even if the
cursor’s only a few words away on the
last line, and you’ll see a ‘‘Working,
Please Wait’’ message.

Reformatting is done a paragraph at a
time, WordStar fashion, though Able

PRESENT . HLP
$K.HLP

it L RS PR S R TR | 7. ) eI
TIEETEN fActive-drive Directory Epase Rename COPE File-stats Othep

Remove a file from memory

1 - Help; Esc - Continue

Ability’s Library screen, showing applications and file-handling commands, which are
accessed with the F2 key.

One’s command-menu syntax requires
pressing F9, six down arrows, and Enter
(or, to be fair, the shortcut: F9, type
REF, Enter). All application functions
are on F9 menus; the spreadsheet menu
lets you scroll through over 50 com-
mands. No wonder Able One has a key-
stroke macro facility.

The spreadsheet is slow and has few fi-
nancial functions; in this age of gigantic
worksheets, it opens to a whopping nine
columns by 23 rows. (According to the
manual, you can enlarge it to over 10,000
active cells. Two hundred copies of Able
One, and you’d match the theoretical
limit of 1-2-3 Release 2.)

What about the database? Fine, if you
don’t mind planning field lengths and
data types ahead of time, or won’t need
the commands the manual lists but the
program lacks for data template modifi-
cation. I was briefly impressed by the U
(for unique) data attribute, supposed to
let you specify a data item that can occur
only once per database as a guard against
duplicate records, until I tried it and got
scrambled gibberish.

Able One may be buggy, but it isn’t
worth debugging—or going past its
amusing opening menu. There’s artificial
intelligence, with a ‘“How may I help
you, Your Name?’’ line that lets novices
type ‘‘I want to print now’’ or ‘‘Please
open a spreadsheet,”’ but not anything
useful like ‘‘Get the customer file.”” The
functions menu lists ‘‘Quit,’’ which exits
to DOS, and ¢“‘Utilities’’—another exit to
DOS, so you can run utilities like FOR-
MAT. Able One is howlingly bad.

Their Loss, Your Gain

Turning from cheap software to good
software sold cheap, several firms have
had to sacrifice their products at low
prices. Analytica’s Reflex, a critically
praised flop at $495, now belongs to Bor-
land and costs $149.95. Infocom leapt
from text adventure games to corporate
applications with Cornerstone, a power-
ful (if not programmable) relational
database bursting with prompts and
menus for those with dBase III anxiety;
Infocom is now part of the entertainment
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Letter to J.B

. I know you hlawe me for the

Jul Auy
1.7 39.2
188.3 36.6
113.2 21.8

: . loss of the Muse account, hut please
. keep an open mind as you review the figures:4

11/6/86

Sep Oct Total
35.6 9.8 296.3
29.9 26 280.8
12.1 6.2 207.3

JflTpue4 New England sales have declined since I took over the

terprtory 1n August,

On the other hand, I'm actualbg doing

hetter in Maine than in New Hampshire and Vermont:

F1 - Help
F2 - Commands

F3 - Goto

F3 - Pick Up
F6 - Put Down

F7 - thade
F8 - Calc/Dpaw F18 - Done

9 - Flip

This is Ability’s word processor, and those aren’t pasted numbers but a working, recalcu-
lating spreadsheet. Changes also affect the graph below.

and home software firm Activision, and
the Cornerstone package is well worth a
look at only $99.95.

The latest adopted orphan is Ability, a
multifunction package launched by Ca-
nada’s Xanaro Technologies with a $495
price, fancy plastic box, and colossal ad
campaign (16 color pages and demo disks
in PC World, Nov. 1985). The cash out-
lay led to Chapter 11. Now the plastic
box is gone, the price is $99, and a sticker
on the Xanaro manual credits Ability to
Migent Software of Incline Village, Ne-
vada—which has its hands on a flawed
but remarkable bargain.

Ability needs an upgrade from Xan-
aro’s version 1.0A; if nothing else, Mi-
gent should get rid of the two cartoonish
opening screens and add Xmodem to the
communications module. But even so,
Ability is the most fascinating integrated
program [’ve seen. It reminds me of a fa-
mous vaporware victim, Ovation, which
wowed me and other writers in 1983 and
1984 (it made the cover of Popular Com-
puting) but died before being offered for
sale. Ovation’s appeal was that it had

everything connected to everything in
real time—change the spreadsheet rows
within your word-processing letter, and
the graph also located in your letter re-
drew itself right on the spot. Ability can
do that, too.

It also lets you go amazingly far with-
out opening the manual. From both the
file-selecting Library screen and the ap-
plications, the F2 key calls menus and
submenus of cursor-key or first-letter
commands. Other function-key jobs are
consistent across applications, such as F7
to shade a block of text or range of cells,
F5 to pick it up (copy it to an undelete
buffer), and F6 to put it down. Between
the last two, you can use F9, the Flip key.
In lieu of windows, Ability supports two
full-screen sessions, whether a spread-
sheet and document, database and com-
munications, graph and Library, two
documents, or whatever. It’s a little slow
even with a hard disk (squeezing into
384K), but it makes cutting and pasting
operations a cinch.

Ability can turn spreadsheet rows into
word-processing text as well as any pack-

age, but I’'m willing to wade through its
foot-scuffling for something greater. In-
stead of dead numbers in a document,
you can have all or part of a live spread-
sheet, recalculating right there amidst
your sentences, headers, and footers.
Changes there appear in the source (Flip)
spreadsheet file, and vice-versa. (Do the
same for worksheet cells and database
records, if you prefer.)

To top that, pick up a spreadsheet
range and put it down as a graph value,
so recalculation equals redrawing (unless
you disable the automatic update fea-
ture). Go back to your word-processing
document, which already contains the
spreadsheet, and insert the graph—a
three-ring circus, integrated software to
the nth. I rarely play computer games,
but I was up till 1:00 AM playing with the
Ability software package.

Complaints? As I said, the interaction
is more inertial than instantaneous, and I
found a few quirks besides—worksheet/
graph links didn’t wake up until I hit the
F8 (Calc/Draw) key, then responded au-
tomatically thereafter. I locked up my
system once, using F6 to copy an empty
buffer location.

Except for thespreadsheet, which has
plenty of functions and a theoretical
maximum of a staggering 702 columns by
9,999 rows, the modules have various
limitations. The word processor is slug-
gish with word wrap, and its automatic
reformatting requires an awkward Ins,
type text, and Ins (to close the gap) rather
than true insert mode. The database is a
simple forms-based or card-file affair at
heart. Graph colors don’t appear on-
screen as well.

On the other hand, there’s Ability’s
amazing integration—and a playful sixth
function, Presentation, that lets you ar-
range ‘‘slide shows,’’ snapshots of Abili-
ty screens shown with fancy fade-effect
transitions, titles, clip-art symbols, and
short, beeping snatches of over 20 famil-
iar tunes. Slow and imperfect, Ability is
still a great deal of software for $99.

The Clone of Choice?

There are lots of cliches about yuppies,
the young upwardly mobile, status-
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Names and Addresses

Able International Inc.
301 North Main Street
Pueblo, CO 81003
303-544-9600

Migent Software Inc.
P.O. Box 6062

Incline Village, NV 89450
702-832-3700

Leading Edge Hardware Products Inc.
225 Turnpike Street

Canton, MA 02021

800-343-6833

The Leading Edge Model D: A fashion-conscious compatible.

minded professionals of the baby boom.
They have MBAs, they drive BMWs,
their favorite computer is Apple’s Mac-
intosh. The BMWs and degrees are true,
but the idea of corporate climbers buying
Macs is foolish. The true yuppie com-
puter is the Leading Edge Model D.
Yuppies are success-oriented; they
know you can’t get within 50 yards of a
corner office today if you don’t speak
fluent 1-2-3. The Model D (for Daewoo,
one of the Korean manufacturers now
stealing the Japanese mantle of U.S.
commodity item production) carries the
trustworthy Intel 8088 and the latest

Phoenix ROM BIOS, giving it topnotch
PC compatibility. It has 256K of mem-
ory; two of its four rows of 64K-bit chips
are socketed, so with 256K-bit chips it’s
an easy job to put a full 640K on the
motherboard. There’s an ample 195-watt
power supply, an 8087 math coprocessor
socket and four full-length expansion
slots (three with a hard disk controller).
A Phoenix BIOS is a good idea bor-
rowed from the Tandy 1000; so is a stan-
dard parallel port, but Leading Edge has
an RS-232C serial port as well. The Tan-
dy has its video circuitry right on the
motherboard; the Leading Edge tops

that with sharp TTL instead of compos-
ite monochrome, with Hercules-compat-
ible 720 by 348 graphics, as well as con-
ventional Color/Graphics Adapter RGB.

Yuppies want a computer that looks
good; the Leading Edge’s footprint is a
trim 14.25 by 16 inches, and it’s the most
sleekly sculptured machine since 1984’s
museum-piece Mindset. More impor-
tant, it’s got a first-class keyboard.

After two weekends with a borrowed
Model D, the only things I can find to
complain about are the flimsy, two-piece
floppy drive latches (close a door, then
slide a button) and the lack of a clock
driver on the MS-DOS 3.1 master despite
the presence of an onboard clock/calen-
dar (all you have to do is tap Enter twice,
but I'd rather skip the DATE and TIME
prompts altogether). I even like the pa-
perback manuals—not only nicely thor-
ough but with one or two little jokes,
such as explaining hard-disk subdirec-
tories with a family tree taken from
Wagner’s Ring (Wotan, Siegmund, Sieg-
linde, et al).

Finally, yuppies are very money-con-
scious, and outside of Radio Shack or
mail-order it’s hard to beat Leading
Edge’s prices. A 256K, two-disk Model D
costs $1,495 with monochrome monitor;
Leading Edge dealers, like Honda deal-
ers, generally resist discounting or hag-
gling, but local ads indicate some flexibil-
ity. Some dealers add Leading Edge’s
word processor free or the 640K upgrade
for $100; some seem to be shipping 30-
instead of 20-megabyte hard disks in
their $1,895 models. ME
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MASTER THE NEW ELECTRONICS WITH McGRAW-HILL'S

Nemporary

Electroni

Series

The fast, easy and low cost way to
meet the challenges of today’s
electronic innovations. A unique
learning series that’s as innovative as
the circuitry it explains, as
fascinating as the experiments you
build and explore.

From digital logic to the latest
32-bit microprocessor, the McGraw-
Hill Contemporary Electronics Series
puts you into the electronic picture
one easy step at a time. Fifteen

unique Concept Modules, sent to you %

one every 4-6 weeks, give you a
handle on subjects like optoelec-
tronics, robotics, integrated circuits,
lasers, fiber optics and more.

Each Concept Module goes
right to the heart of the matter.
You waste no time on extraneous
material or outdated history. It’s a
fast, efficient, and lively learning
experience...a non-traditional
approach to the most modern of
subject matter.

Unique Interactive Instruction

With each module, you receive
a McGraw-Hill Action Audio
Cassette. Each tape is a dynamic
discussion that drives home the key
facts about the subject. Your learning

With your first
module, you
get this
solderless

breadboarding
system. You'll
use it through-
out the series to
build elec-
tronic circuits
and bring
concepts
to life.

experience is reinforced through
interaction with vividly illustrated
text, audio cassettes, and actual
electronic experiments. Indexed
binders preserve backup material,
notes, and tapes for convenient
referral.

Perform
Experiments
in Contemporary Electronics
Throughout your series, lab-
oratory experiments reinforce every
significant point. This
essential experience

an update in con-
temporary circuits. . .a
manager or SUpervisor in an electronics
plant...a doctor, an engineer, a chemist
who finds electronics playing an
increasingly important role in your
work. It’s even for electronics engineers
or technicians who feel their training
needs freshening up. It’s the quickest,

. most convenient,

...dynamic, hands-on = probably least
demonstrations of @ X u rvig expensive way to
theory in practice. . . )] ) . % / * doit. And the
will help you master v ' J;;;,, L /1 only one that gives
principles that apply all i~ — l’ § you hg.nds—on
the way up to tomorrow’s .y 7 experience.

latest VLSI (Very Large
Scale Integrated) circuitry.
In your very first module, you’ll

use integrated circuits to build a digital

oscillator, verifying its operation with
a light emitting diode (LED). You’ll
learn to identify passive and active
components, understand concepts
common to all electronic circuits.

For Anyone Interested in Electronics
The Contemporary Electronics
Series is designed for anyone from
hobbyist to professional. It’s for you
if you’re looking for new fields of
interest. ..if you’re a teacher who

/“’

15-Day No-Risk Trial
To order your first module with-
out risk, send the postage-paid card
today. Examine it for 15 days under
the terms of the order form and see
how the Contemporary Electronics
Series gets you into today’s electronics.
If card has been used, write us for
ordering information.

' " 4 McGraw-Hill
e-‘ ° Continuing Education Center
.‘}n ' 3939 Wisconsin Ave.

| Washington, D.C. 20016



A Programmable Ni-Cd Recycler (from page32)

including a hole for POWER switch S5.
If you are using a metal enclosure,
deburr all holes. Now, dry-transfer
label the various switches according
to function and position, the LEDs
and 10-turn vernier-dial potentiome-
ter RI. Then spray three or four light
coats of clear acrylic over the letter-
ing, waiting for each coat to dry be-
fore spraying on the next.

Mount the LEDs on the front
panel via either clips or small rubber
grommets. Then mount R/ via its
vernier dial and the various switches,
orienting them as shown in the de-
tails given in Fig. 7. Note that R/],
R12 and R13 wire directly across the
lugs of S/ and that R2/, R22 and R23
wire to the position lugs of $3. In the
latter case, tie together the free ends
of the resistors and terminate the
common connection with a length of
heavy-duty stranded hookup wire.

Mount the circuit board in place,
using %" spacers and %" machine
hardware. Place a No. 6 ground lug
under one of the board’s screws near-
est the front panel. Then connect the
free ends of the wire coming from the
board to the indicated lugs of R/ and
switches, trimming their lengths as
necessary to keep the project neat.
Tiethe free end of the wire connected
to the common junction of R21, R22
and R23 to the solder lug and solder
the connection.

Before connecting and soldering
the wires to the leads of the LEDs,
slip over them lengths of insulating
tubing. Then push the tubing up to
cover the exposed metal of the leads
to prevent them from shorting to
each other or the chassis.

Securely bolt C2 and T! to the
floor of the enclosure. If you are us-
ing discrete rectifier diodes for DS
through D8, secure the 4-lug termi-
nal strip in place with one of the
screws used to mount 77 in place
and, referring back to Fig. 4, wire the
diodes to the lugs. (Make sure that
you select a terminal strip whose lugs
are isolated from its mounting tabs.)
Otherwise, mount the bridge recti-

Capacity and Charge Rate for Popular Nickel-Cadmium Cells

Capacity
mAHr

150
180
110
250
500
600

1,200

1,800

4,000

7,000

fier assembly and fuse holder on the
rear wall of the enclosure. Pass the
free end of the ac line cord through a
rubber-grommet-lined hole and tie a
knot in it about 6" from the inside
end. Finish wiring the power supply
circuit according to Fig. 5.

If the battery holders and connec-
tors are to be external to the main
project, terminate their interconnect
cable with a plug to match the proj-
ect-mounted jack. You can start
from scratch making an enclosure
for the connectors and holders, or
you can cannibalize a commercial
battery charger.

Your choice of battery holders de-
pends on your needs. If you want a
universal charger, design the system
to handle all possible types of batter-
ies and cells.

Calibration and Use

To calibrate 10-turn v MAX control
R1, connect an accurate voltmeter
between the control’s wiper and
ground terminals. Prepare a two-col-
umn calibration chart with headings
of ““Number of Cells,”” ‘“Voits’’ and
“‘Setting.”” Under the first heading,
write the numbers 1 through 10 in a
vertical column and under ‘‘Volts”’
the figures 1.4,2.8,4.2,5.6,7.0, 8.4,
9.8,11.2,12.6 and 14.0. Now adjust
R1I for meter readings of each of the

Standard Charge
mA Hrs.

Quick Charge
mA  Hrs.

15 15 38
18 15 45
11 15 —
15 75
15 150
15 150
15
15
15
15

voltages entered in the second col-
umn, filling in the vernier dial set-
tings at which each occurs in the ap-
propriate location under the ‘‘Sett-
ing’’ heading in the table. Tape the
calibration table to the project’s en-
closure for ready reference.

To calibrate the deep discharge li-
mit, first set RI for a meter reading
of 8.4 volts. Then connect the volt-
meter between the wiper terminal of
V MIN control R3 and ground and ad-
just this trimmer for a reading of 6.0
volts. No further adjustment of R3 is
required since it tracks R/.

Discharge load resistor R2I’s
20-ohm value gives discharge rates
and times that vary according to the
voltage and capacity of the battery or
cell(s) connected to the Recycler.
With a 10-cell 12.5-volt, 500-mAHTr
pack, this load discharges at a
625-mA rate in about 1 hour. A
1.25-volt, 500-mAHTr single AA cell
will discharge at a 62.5-mA rate in
approximately 8 hours, while a single
4,000-mAHTr D cell will discharge at
the same rate in 64 hours—which is
excessively time-consuming for prac-
tical recycling!

If you intend to recycle low num-
bers of high-capacity cells, you may
want to switch in some lower-resis-
tance loads via S3 to speed up the
process. The values of discharge re-
sistors R22 and R23 are calculated
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using the formula R =E/I, where R
isin ohms and E'is total voltage and /
maximum allowable discharge cur-
rent for each cell and battery combi-
nation. Maximum discharge current
should not exceed cell capacity. (See
the Table for capacity and charge
rate information for various popular
Ni-Cd cells.) Use the P =IE formula
to determine wattage. Just make sure
to use resistors with high enough
wattage ratings to safely handle the
current flow.

Use of the Recycler feature is not
limited to HT packs. Batteries from
electric razors, emergency lights, sol-
dering irons, etc., all tend to be
maintained on trickle charge until
needed and are, thus, susceptible to
memory problems. By periodically
exercising them with this project,
they can be restored to full capacity.

When first recycling a battery suf-
fering from the memory effect, best

GET THE WORD
ON SWL RECEIVERS

By Rainer Lichte

GILFER SHORTWAVEAIHEr ASSociales inc.

Find out how they really perform with this
comprehensive new book by famous radio
engineer, Rainer Lichte. He puts all the pop-
ular SWL receivers through real-life tests and
gives you the actual results (so you have
something besides manufacturer's specs. to
judge by). Covers Panasonic, Sony, Yaesu,
Kenwood, Drake, Eska, Hitachi, Grundig,
Phillips, JVC, Dymek, ITT, ICOM, Bearcat,
and more (explains the mysteries of tech.
specs., too). 256pp of straight info.

Send $18.50 (+ $2 Shipping and Handling) to:

POPULAR COMMUNICATIONS
76 N. Broadway, Hicksvilie, NY 11801
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results are obtained by using a low
charge rate, such as 50 mA for a 500-
mAHr AA cell.

When using the Zap mode, re-
member that the cONDITION LED
will light to indicate that the short
has cleared, but you must make sure
that the cell remains in this condi-
tion. To do this, continue to zap the
cell for 10 to 30 minutes (the time be-
ing in proportion to how long it took

to initially burn away the internal
short) after LED?2 lights continuous-
ly. This assures that the cell is fully
restored before it is put back into ser-
vice. Also, after zapping, immedi-
ately put the cell on a low charge cycle
until you measure 1.4 volts across it
during charging. (It will initially mea-
sure about 1.25 volts at the end of
zapping.) This ensures that whiskers
will not grow back in just a few days.

LOWEST PRICE? YES!!!

DS/DD
39¢

BULK 54"
DISC #GD3

DS/DD
S59¢

BOXED 514"
DISC #GD2

HIGHEST QUALITY? YES!!!

WE GOT AN OFFER

TOO GOOD TO REFUSE!!
A new supplier offered us the best price
imaginable. Thanks to them, our new
GD-3 disk is now the lowest priced DS/DD
disk in the country, but is still certified
error free at more than 25% above indus-
try standards. They come with lots of
labels and tabs and have Tyvex sleeves,
not paper that creates static and lint.
Sorry, no quantity discounts at this low
price! Packed 100 per box.

GENERIC DOESN’T MEAN JUNK
Our GD-2 disks are the best quality disks
we sell. Their error free certification level
exceeds that of Maxell;* Dennison
Elephant;* Verbatim;* Wabash Datalech*
or Bonus!* which we also sell at the
lowest prices in the Country. They are
certified error free at a whopping 75%
above industry standards, with jackets
25% thicker than industry standards.
They come with Tyvek sleeves, labels,
and write-protect tabs.

You can buy discs far above industry standards at far below competitive prices.

Shipping $3.00 per hundred or part, APO. FPO, AK, HI, & PR add $6 more. Visa or Mastercard orders under $50 add $2.00 Orders under $30 add
$3 service charge. Money orders cashiers checks. and personal checks earn a 2% discount. but personal checks deiay shipment for up to 14 days
far clearance. New Jersey residents add 6% sales tax. We ship COD cash or certified check Oniy for a $3 00 charge. Quantity discount on GD2 1%/300.

2%1500. 4%/1,000.

P.O. Box 249
11 Osage Road
Rockaway, N.J. 07866

5%

Save

Extra

COMPUTER SUPPLIES

your order. Telephone orders refer to coupon ME-2.
This coupon valid through October 15th only.

(201) 627-9472
(800) 367-2897

Deduct an extra 5% from
our discount prices when
you mail this coupon with
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NEW FROM

DON LANCASTER

HANDS-ON BOOKS
CMOS Cookbook
TTL Cookbook
TV Typewriter Cookbook
Active Filter Cookbook
Micro Cookbook vol |
Micro Cookbook vol Il
Enhancing your Apple vol |
Enhancing your Apple vol Il
Applewriter Cookbook
Apple Assembly Cookbook

MODERN ELECTRONICS MART

Classified Commercial Rates: 90¢ per word, 15-word minimum ($13.50) prepaid. (Word
count includes name and address, ZIP code and abbreviation each count as one word;
P.O. Box number and telephone number count as two words each.) Indicate free cate-
gory heading. A special heading is available for a $6 surcharge. First word only is set
boldface caps at no charge. Add 20% for additional boldface words.

Mart Display Rates: 1” x 1col., $120; 2" x 1 col., $230; 3" x 1 col., $330. Prepayment
discount 5% for 6 issues; 10% for 12 issues prepaid at once.

(All advertisers with PO Box addresses must supply permanent address and telephone
number. Copy is subject to publisher approval.)

Mailing Information: Copy must be received by the publisher by the 20th of the third
month preceding the cover date. Send Advertising material with check or money order
to: Modern Electronics, Classified Department, 76 N. Broadway, Hicksville, NY 11801.

R R 5 =S s

VIDEO

PROJECTION TV . .

14.50
12.50
12.50
14.50
15.50
15.50
15.50
15.50
19.50
21.50

Incredible Secret Money Machine  7.50
Postscript Ref. Man. (Adobe)
Postscript Cookbook (Adobe)

22.50
16.50

UNLOCKED & SOFTWARE

SATELLITE systems. Catalog of 700 + dis-
Absolute Reset lle & lic

count name brand components $2.00 (refund-

19.50

Applewriter/Laserwriter Utilities ~ 49.50
Laserwriter Demo Pack FREE
Apple Ram Card Disassembly Script 24.50
Appleworks Disassembly Script ~ CALL
Enhance vol | Companion Disk 19.50
Enhance vol Il Companion Disk 19.50
Assembly CB Companion Disk 19.50
Applewriter CB DOS Comp. Disk ~ 24.50
Applewriter CB ProDOS C. Disk ~ 24.50

FREE VOICE HELPLINE VISA/MC

SYNERGETICS
Box 809-ME
Thatcher, AZ 85552
(602) 428-4073

CIRCLE 66 ON FREE INFORMATION CARD
zo.ol SPEAKER cnm.osl.l.g

1001 bargains in electronics. Save

up to 50% call toll free 1-800-346-
@ 2433 for ordering only. Order by
B VISA/MC/AMX. NoCOD's. Missouri,
@ Ajaska, Hawaii call 1-816-842-5092,
! orwme McGee Radio, 1901 McGee
. , K.C.,, MO 64108. Postage for
@ catalog $1.00.
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PICKS UP A WHISPER 50 FEET AWAY!

The model WAT-50 miniature FM tranmitter uses a
4-stage circuit NOT to be confused with a simple wire-
less microphone. Simply snap the unit on top of a 9V
battery and you can hear every sound in an entire house
up to 1 mile away! Use with any FM radio. Tunes to any
frequency from 70mhz - 130mhz. Easy to assemble kit
includes all parts and instructions. Only 29.98 tax incl.

The WIRELESS TELEPHONE TRANSMITTER model
WTT-20 is only about the size of a dime, yet transmits
both sides of a telephone conversation to any FM radio
with crystai clarity. Completely automatic. Uses power
from the telephone line itself - never needs a battery!
Up to % mile range. Tunes from 70mhz - 130mhz. Easy
to assembile kit includes all parts and instructlons. On-
ly $29.98 tax incl.

Call or send MO, VISA, MC for immediate delivery.
Single kit orders include $1.50 S&H. FREE SHIPPING
on orders of 2 or more. All orders shipped by U.S. Mail.
COD add $4.00. Personal checks allow 21 days.

DECO INDUSTRIES
BOX 607, BEDFORD HILLS, NY 10507
914-232-2827

CIRCLE 88 ON FREE INFORMATION CARD

. Convert your TV to
project 7 Foot picture . . . Results comparable
to $2,500 projectors . . . Total cost less than
$30.00. ..Plansand 8” Lens $21.95 . . . Illus-
trated information FREE. Macrocoma-MB
Washington Crossing, Pennsylvania 18977.
Creditcard orders 24 hours (215) 736-3979.
Dealer Inquiries, (215) 736-2880.

DISCOUNT CATV Converters/Decorders
and Video Accessories. Free information.
Easy View, P.O. Box 221C, Arlington
Heights, Dlinois 60006. (312) 952-8504. Ask
for Rudy Valentine.

CABLE TV DESCRAMBLERS. All brands
available. “WE WON'T BE UNDER-
SOLD.’’ Dealer inquiries welcome. We ship
C.0.D.’S. For catalog send $3.00 to Consum-
er Video Corp., P.O. Box 913, Clifton Park,
NY 12065. (518) 783-5636 M-F 9am-5pm EST.

CABLE TV Secrets - the outlaw publication the
Cable Companies tried to Ban. HBO, Movie
Channel, Showtime, Descramblers, Converters,
etc. Suppliers list included. $8.95. Cable Facts,
Box 711-ME, Pataskala, OH 43062.
STRANGE Stuff. Plans, kits, items. Build Sa-
tellite Dish $69. Descramblers, bugs, adult
toys. Informational photo package $3. Re-
fundable. Dirijo Corporation, Box 212-M,
Lowell, NC 28098.

CABLE TV CONVERTERS & EQUIP-
MENT. Plans and parts. Build or buy. SEND
SASE. C & D ELECTRONICS, P.O. Box
1402, Dept. ME, Hope, AR 71801.

able). MICROTRONICS, Box 2517-M, Co-
vina, CA 91722,

MICROWAVE Downconverter manual.
Tune in movie channel for free. Send $5.75 to
THP, P.O. Box 32357, Washington, D.C.
20007.

DESCRAMBLER Manuals, Sinewave, Gated
pulse, SSAVI, $4.00 each, all three $10.00,
EDNF, 6690 7 Mile, S. Lyon, MI 48178.

WORLDS best channel 3 notch filter. $19.95.
(Dealer inquiries invited). Crosley(G), Box 840,
Champlain, N.Y. 12919.

ELECTRONICS

LOWEST POSSIBLE PRICES ANYWHERE!
FULL WARRANTY - Most Audio Brands!!
C.D.’s-Car Products - Computers (Hardware
- Software) - Most Video Brands!! ELECTRI-
FIED DISCOUNTERS, 996 Orange Ave., P.O.
Box 151, West Haven, CT 06516, MC/VISA
(203) 937-0106.

LASERS and Nightvision surplus components.
FREE catalog, M.J. NEAL COMPANY, 6672
Mallard Ct., Orient, OH 43146.

RECONDITIONED Test Equipment. $1.25 for
catalog Walter’s, 2697 Nickel, San Pablo, CA
94806, (415) 724-0587.

SPECTRUM Analyzer/Receiver Kits $60. Send
SASE for details. Science Workshop, Box
393ME, Bethpage, N.Y. 11714.

Order Form
Please print in block letters.

MODERN ELECTRONICS 76 North Broadway, Hicksviile, NY 11801

Name
Street
City
State Zip
1 2 4 5
6 7 9 10
1 12 14 15

88 / MODERN ELECTRONICS / October 1986

Say You Saw It In Modern Electronics
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LESTEN UPE

Here's what you've been looking
for — an all new hard-hitting monthly
magazine which gives a unique in-
sider’s view of what's really going on
in the world of communications.
POP’COMM is your primary source
of information—bigger and better
than any communications maga-
zine, with exciting coverage of scan-
ners, shortwave broadcast & utility
stations, spy stations, pirate and
clandestine broadcasters, RTTY
monitoring, survivalist communica-
tions systems, FCC news, wiretap-
ping and bugging, scrambling/un-
scrambling, surveillance /undercov-
er communications, satellite & ca-
ble TV, sophisticated telephones, &
more. What you've been looking for
all along! Take advantage of sub-
stantial savings over the newsstand
price by subscribing now. Don’t miss
out on even one single issue of POP-
ULAR COMMUNICATIONS —order
your subscription now.

Twelve Issuies
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R Truly

Portable Butane
Soldering Iron.

Order your
Portasol™ now!

Only $29.95

5Ll o Safe butane-powered
Iron no open flame
e Adjustable from 10-60W power
e Compact only 7” long
e Each unit comes with 2.4mm tip
® Extra tips available at $7.50 each
Choose 1.2,2.4,3.2, or 4.8mm
Send check or money order for $29.95 plus
$2.00 shipping and handling (VA res. add 4%

a)to:  partasol Mail Offer @
, 4358 Harvester Farm Lane .
-
Phone Orders Call (703) 323-8000

Fairfax, VA 22032
Quantity Discounts Available

Lightweight

SEE IN COMPLETE DARKNESS with
amazing new infra-red night viewers. Kit
$189. Factory assembled $295. Super long
range model $750. (Dealers Wanted) Catalog
$1. Crosley (G), Box 840, Champlain, NY
12919 (514-739-9328).

CALIBRATED Milliohm Current Shunt al-
lows up to 100 Amps (AC or DC) to be directly
measured with your DMM. $7.95. JDN, 109
Camille St., Amite, LA 70422.

Parts, hardware, software, surplus, solar en-
ergy, much more. Free catalog. Gil Electron-
ics, Dept. D9, P.O. Box 1628, Soquel, CA
95073.

TOROID cores. Iron Powder and Ferrite. Fer-
rite beads. Ferrite rods. Free catalog and
winding chart. Palomar Engineers, Box 455,
Escondido, CA 92025. (619) 747-3343.

PRINTED CIRCUIT BOARD LIQUIDA-
TION, 3" round, for IC’s to flash 6 LED’s or
lamps, random pattern, adjustable frequency.
Bare board plus schematics $3.00, parts $4.99,
postpaid. Order together or separately.
PARAWING, PO Box 65, Menlo Park, CA
94026.

PICTURE Flyer lists quality electronic sur-
plus at low prices. Since 1970. Send for the last
3 issues. Star-Tronics, Box 683, McMinnville,
OR 97128.

COMPUTERS.

COMMODORE 64/128 owners. Illustrate
your programs with schematics. New drafting
program writes program lines or creates files
that reproduce your schematic. Supply limit-
ed! Send today! $10 printout, $20 disk, Free
information. Weaselgraphics Dept. ME986,
606 Thomasville, Pocahontas, AR 72455.

COMMODORE User Port connectors 12/24
pins 2/$5.00, 5/$10.00 Postpaid. Thomas Sa-
vage, P.O. Box 75, Bethpage NY 11714.

LINEAR PARTS, TUBES, TRANSISTORS
—MRF454 $16, MRF455 $12, MRF477 $11,
MRF492 $18. Catalog, RFPC, Box 700, San
Marcos, CA 92069. (619) 744-0728.

BASIC COMPUTERS, 10 lesson correspon-
dence course, $39.50. Certificate. Details free.
AMERICAN TECHNICAL INSTITUTE,
Box 201, Cedar Mountain, NC 28718.

CLONE Kits, Modems, Hard Drive Kits, Disk
Drives, Diskettes, Printers, Memory, ICs. Dis-
tributor Pricing To End Users and Dealers. Free
Shipping. For Catalog Call 800-833-2600 in
Ohio 513-531-8866.

NAME brand software closeout!! Free cata-
log. Gil Electronics, Dept. D8, P.O. Box 1628,
Soquel, CA 95073.

OKIDATA 93 160 cps Wide Carriage, 40 cps
Correspondence Mode, BRAND NEW -FULL
WARRANTY. List $900.00 YOUR COST
$379.00 Quantity Pricing Available MC/VISA
Electrified Discounters, 996 Orange Ave., P.O.
Box 151, West Haven, CT 06516, 203-937-0106.

TI-99/4A Software/Hardware bargains.
Hard to find items. Huge selection. Fast Ser-
vice. Free Catalog. TYNAMIC, Box 690,
Hicksville, NY 11801

COMMUNICATIONS

COMMUNICATIONS PLANS, BOOKS,
KITS! AM/FM broadcasting (licensed/unli-
censed), 1750 Meter transceivers, ham/CB
amplifiers, surveillance bugs, more! FREE
catalog. PAN-COM, Box 130-ME10, Para-
dise, CA 95969.

ATTENTION CB’ERS HAMS SWL’S SEND
FOR FREE DISCOUNT CATALOG. AMA-
TEUR COMMUNICATIONS, 2317 VANCE
JACKSON, SAN ANTONIO, TEXAS 78213
(512) 733-0334.

AUDIO

LIGHTING and PA Equipment. Mobile DJ
systems, permanent installations. Free catalog.
TC Sound, Box 402, Austin, MN 55912.

INVENTORS

INVENTORS! Have idea for product or in-
vention, don’t know what to do? Call AIM we
present idea’s to manufacturers - Toll Free
1-800-225-5800.

INVENTORS

INVENTORS! Can you profit from your
idea? Call AMERICAN INVENTORS COR-
PORATION for free information. Over a de-
cade of service, 1-800-338-5656. In Massachu-
setts or Canada call (413) 568-3753.

CABLE TV converters and descramblers.
Low prices, quality merchandise, we ship
C.0.D. Send $2.00 for catalog. Cabletronics
Unlimited, P.O. Box 266-M, S. Weymouth,
Mass. 02190 (617) 871-6500.

MISCELLANEOUS

ASIAN LADIES want correspondence for
friendship, marriage. SUNSHINE INTERNA-
TIONAL, Dept. TW, Box 260, North Holly-
wood, CA 91603.

ELECTRONIC REPRESENTATIVES
NEEDED!! Unlimited profit potential! Lowest
possible prices!! Over 100 brands! Audio -
Video - Car Stereo - Computers & Peripherals!
ELECTRONIC EXPERTS, 1000 Orange Ave.,
West Haven, CT 06516.

TUBES, $2.49, TV, Audio, Special, 2000
types, SASE brings lists, EDNF, 6690 7 Mile
S. Lyon, MI 48178.
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New GPS Series: Tek sets
the pace with SmartCGursors
and push-button ease.

Work faster, smarter, with two new Features 2246 2245

eneral purpose scopes from g —
'SI"ektroni)’:. Tﬁe four-chgﬁnel, 100 MHz o) U YLRrS Ol
2246 and 2245 set the new, fast pace for ~ No. of Channels 4 4
measurements at the bench or in the Scale Factor Readout Yes Yes
field. They're easy to use and afford, by SmartCursors ™ Yes  No
design. —— ——— —— — No

On top: the 2246 with exclusive Volts Cursors . U Mo
integrated push-button measure- Time Cursors Yes No
ments. Measurements are accessed Voltmeter o Yes No
through easy, pop-up menus and imple- : prowe - T o mvidy
mented at the touch of a button. Mea- i) S ZL"V/d,'V— — 2 mV/d,'V
sure peak volts, peak-to-peak, + peak, Max. Sweep Speed 2 nsrdiv _ 2ns/div
dc volts and gated volts with new hands- Vert/Hor Accuracy 2% 2%
off convenience and on-screen readout  Trigger Modes Auto Level, Auto, Norm, TV Field, TV Line, Single Sweep
e et Trigger Level Readout Yes B No -

SmartCursors™ track voltmeter mea- _ngger Level Readout - s S
surements in the 2246 and visually indi- Weight ~ 61kg  61kg
cate where ground and trigger levels are Warranty 3-year on parts and labor including CRT
located. Or use cursors in the manual Price $2400 — $1875
mode for immediate, effortless measure-
ment of waveform parameters.

Both scopes build on performance sensitivity to 0.25 div at 50 MHz, t00.5 responsive controls and simple front-
you haven’t seen at the bandwidth or divat 150 MHz. panel design, in extensive on-screen
prices. Lab grade features include Accuracy is excellent: 2% at vertical, scale factor readouts, and in
sweep speeds to 2 ns/div. Vertical sen- 2% at horizontal. And four-channel simplified trigger operation that includes
sitivity of 2 mV/div at full bandwidth for capability includes two channels Tek's Auto Level mode for automatic trig-
low-level signal capture. Plus trigger optimized for logic signals. gering on any signal. Start to finish, the

Best of all, high performance GPS Series saves steps and simplifies
comes with unmatched tasks.

convenience. You can Get out in front! Call toll-free today
see it and feel it to order, to get more details or a vid-
—inthe eotape demonstration.

1-800-433-2323

In Oregon, call collect 1-627-9000

Featuring four chan-
nels, flexible triggering,
extensive CRT readouts
and push-button ease
of use. the new Tek
2246 (left) and 2245
(above) bring high-qual-
ity, low-cost analysis to
diverse applications in
digital design, field ser-
vice and manufacturing
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BP Video Processor gives
you precision picture control.

You'll get 5 units in one! The BP Video
Processor functions as a Stabilizer to end
video guard distortion...as an Enhancer to
provide peak sharpness...as an RF Con-
verter to feed signals from video cameras,
computer or VCR in your TV...as a Video
Fader for professional fade-in and fade-
out effects...and as a Dual Output Distri-
bution Amplifier to send TV signals to
other sets.

R
=
=

Model V-1880

Add Stereo =
to your Video |

The mini spezker with maxi sound.

3" long throw woofer; 1 soft dome
tweeter; 2" extended midrange speaker.
Max power 50 watts.

Model HF-9 3 2 933

Send for FREE catalog of hundreds of items.

Money orders, checks accepted. C.0.D.'s require 25% deposit.
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260 Motor Parkway, Hauppauge, NY 11788
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Preserve your memories
on videotape

ey

The video-ci~e con-
verts vour slides and
home movies to VCR
tape with any \ideo
camera. This easy to
use model feaures
precision optics and
rear projection. Macro
lens attackment avaiable
for cameras without
close-up capability.

Model V--701

$ 3495

Macro Lens
Attachment _

Model V-14 1 &

shnent---b"ys

FM Antenna fine-tunes
your fm/stereo reception.

You'll get clear, crisp, undistcrted sountd
from this high quality, directional FM
antenna. Mounts instantly indoors, com=as
complete with coaxial cable and

transformer. $ 9 5
Model FM-9700 34

Service & Shipping Charge Schedule
Continental U.S.A.
FOR ORDERS ADD
$25-$100 $4.50
$101-8250 $6.00
= - $251-500 $8.00
3 $501-750 $10.50
l | | $751-1,000 $12.50
l L g ] -] $1,001-1500 $16.50
5 (S50 $1,501-2000 $20.00
In NY State 800-832-1446 | °*2>'ecw -

Increase the life of your
VCR head and tape with BP
VHS or Beta Tape Rewinders.

Don't risk worn-down heaCs and tape
damage oy rewinding on your VCR. BP
Tape Rewinders feature counter, soft
button action, controlled speed and
automatic shutoff.

Model V-7779 Model V-7780

VHS$5g5 BETA$ 5995

Get true-to-life color. . .and
reduce noise. . . with Audio
Video Color Processor.

This versatile color processor corrects off
color tape. eliminates single color
dominanc= and restores sharpness in
detail. Plus, it stabilizes copy guarded
lapes and filters audio noise.

*149°
Model V-1895
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