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OPTOelectronics inc

FREQUENCY
COUNTERS

TO 1.3 GHZ

8 LED DIGITS -2 GATE TIMES
ANODIZED ALUMINUM CABINET
INTERNAL NI-CAD BATTERIES INCLUDED

AC ADAPTER/CHARGER INCLUDED
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W
N%OCKET SIZE

SIZE:4"Hx3.5"Wx1"D
MADE IN USA

N 59995 $ ]SOOO
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EXCELLENT SENSITIVITY
& ACCURACY

1.2 GMZ COUNTER
nosm —an
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1200H

AC-DC - PORTABLE
OPERATION

Y

ar con ' siow

#2000 1 2 GHZ

Small enough to fit into a shirt pocket, our new 1.2 GHz and 1.3 GHz, 8 digit frequency counters are not toys!
They can actually out perform units many times their size and price! Included are rechargeable Ni-Cad batteries
installed inside the unit for hours of portable, cordless operatior. The batteries are easily recharged using the AC
adapter/charger supplied with the unit.

The excellent sensitivity of the 1200H makes it ideal for use with the telescoping RF pick-up antenna;
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police,
firefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden
“bug” transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmit-
ters, signal generators and other devices to accurately monitor frequency.

The size, price and performance of these new instruments make them indispensible for technicians, engineers,
schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others.

1.3 GHZ

#1300H

#AC-1200
AC ADAPTER -
CHARGER 4

STOCK NO:

#1200HKC Model 1200H in kit form, 1-1200 MHz counter complete including
all parts, cabinet, Ni-Cad batteries, AC adapter-battery charger and
INSTTUCLIONS . ... .o $ 99.95

#1200HC Model 1200H factory assembled 1-1200 MHz counter, tested and
calibrated, complete including Ni-Cad batteries and AC adapter/battery
REIEEr [, S N oy e T—— N $137.50

#1300HC Model 1300H factory assembled 1-1300 MHz counter, tested and
calibrated, complete including Ni-Cad batteries and AC adapter/battery

CHATGE R TR EE 2F C T B0 Clari sl il C e b L o ol o il e 1 o ot HT e Lo $150.00
ACCESSORIES:
#TA-1008 Telescoping RF pick-up antenna with BNC connector .............. $12.00
#P-100 Probe, direct connection 50 ohm, BNC connector ...... .......... $18.00
#CC-70 Carrying case, black vinyl with zipper opening. Will hold a counter and
BCCESSOMIES Wil ANairabieldiu e o £l AP T B T A M 8 8 P PR a e $10.09

ORDER FACTORY DIRECT

FLA(305)771-2050 1_ 800_ 327_ 591 2 MasterCardj

S | VISA®
OPTOelectronics inc ; e R N e
5821 N.E. 14th Avenue Orders to US and Canada add 5% of total ($2 min., $10 max|
Ft. Lauderdale, Fiorida 33334 Florida residents add 5% sales tax. COD fee $2.

CIRCLE 8ON READER SERVICE CARD
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Don't make your
ymers hate

their VCR's

&w e, ’ : e

! &

Use authentic RCA/GE brand exact replacement parts.

The last thing your customers want to That's why you should depend on
see after having their VCRs repaired is an instant ~ RCA/GE exact replacement parts for VCRs.
replay of the original problem. No one in the industry offers a wider, more

But that's what can happen when you reliable product line. With RCA/GE parts you'll
use off-brand replacement parts. Mailings from not only keep your customers happy, you'll also
unknown discounters may offer incredibly low keep them loving their VCRs — inside and out.
prices. Brochures from unproven aftermarket To learn more, see your local RCA/GE
manufacturers may look very attractive, too. Parts Distributor. Or write: Thomson Consumer

But that second-rate qualit Electronics, Sales Promotion Services,
d . | d t y Distributor and Special Products, 2000
and service may also cost you Clements Bridge Road, Deptford, N.J.
your customers. 08096-2088.
VCR Replacement Parts
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FEATURES

Brushless dc Motor

Home-built motor uses infrared switching for
science-fair and other demonstrations.

By Robert S. Tschannen

Converting Current to Voltage
By Duane M. Perkins

Multi-Channel TTL Logic Tracer

Digital test irstrument incorporates six ‘‘logic-
probe”’ channels and can be expanded as needed.
By Peter A. Lovelock

Troubleshooting Disk-Drive Power
Supplies

Cranky floppy-disk-drive write’s and read’s are
sometimes caused by marginal power supplies.

By Ralph Tenny

An Automotive Air-Conditioning
‘‘Smart Box”’

Optimizes air conditioning to driving conditions to
conserve fuel and make full engine power available
when it is needed most. By Anthony J. Caristi
Dual Flashing Lights

Device uses LEDs and optional incandescent lamps
to lend realism to model layouts and toys and warn
of danger. By Charles Shoemaker

The Semianalyzer (Conclusion)

Final assembly, checkout, calibration and use for
this versatile benchtop troubleshooting instrument.
By David Miga

PRODUCT EVALUATIONS

Videotrax: Video Tape Backup for
Hard Disks
By John McCormick

COLUMNS

Electronics Notebook
A 16-Step Programmable Digital Controller
By Forrest M. Mims 111

Solid-State Devices

Tone-ringer IC applications and an IBM
PS/2-compatible Chip Set. By Harry Helms
Electronics Omnibus

Compact-disc quality; RLL hard-disk controllers;
safety precautions for electronics technicians.

By Curt Phillips

PC Capers

Serial networking techniques; first looks at Hercules’
InColor text/graphics board. By Ted Needleman
Software Focus

Quarterdeck’s DESQview. By John McCormick
Communications

A Sampling of Spring 1988 English-Language
International Shortwave Broadcasts.

By Gerry L. Dexter

DEPARTMENTS
Editorial
By Art Salsberg
Letters
Modern Electronics News
New Products
Books & Literature
Advertisers Index
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uniden
CB Radios &

Scanners

Communications Electronics,
the world’s largest distributor of radio
scanners, introduces new models of
CB, radar detectors and scanners.

NEW! Bearcat? 760XLT-SA3

List price $499.95/CE price $279.95/SPECIAL
12-Band, 100 Channel ® Crystalless ® AC/DC
Frequencyrange: 29-54,118-174,406-512,806-956 MHz.
Excludes 823.9875-849.0125 and 868.9875-894.0125 MHz.
The Bearcat 760XLT has 100 programmable chan-
nels organized as five channel banks for easy use,
and 12 bands of coverage including the 800 MHz.
band. You aiso get automatic scanning of prepro-
grammed aircraft, police, marine, and emergency
services. It also includes Weather Search, Priority,
Squelch, Lockout and Delay. It has automatic and
manual band search to find new active frequencies
in other areas of the radio spectrum. The Bearcat
760XLT mounts neatly under the dash and con-
nects directly to fuse block or battery. The unit also
has an AC adaptor, flip down stand and telescopic
antenna for desk top use. 6-5/16" Wx 1%" H x 7%"
D. Model BC 5BOXLT-SA is a similar version without
the 800 MHz. band for only $218.95.

BC 760XLT

Regency? TS2-SA

List price $499.95/CE price $309.95/SPECIAL
12-Band, 75 Channel ¢ Crystalless ® AC/DC
Frequencyrange: 29-54,118-175,406-512, 806-950 MHz.
The Regency TS2 scanner lets you monitor
Military, Space Satellites, Government, Railroad,
Justice Department, State Department, Fish &
Game, Immigration, Marine, Police and Fire Depart-
ments, Aeronautical AM band, Paramedics, Am-
ateur Radio, plus thousands of other radio fre-
quencies most scanners can't pick up. The Regency
TS2 features new 40 channel per second Turbo
Scan™ so you wont miss any of the action. Model
TS1-SAis a35 channel version of this radio without
the 800 MHz. band and costs only $239.95.

Regency® RH256B-SA

List price $799.95/CE price $329.95/SPECIAL
16 Channel ® 25 Watt Transceiver ® Priority
The Regency RH256B is a sixteen-channel VHF land
mobile transceiver designed to cover any frequency
between 150 to 162 MHz. Since this radio is
synthesized, no expensive crystals are needed to
store up to 16 frequencies without battery backup.
All radios come with CTCSS tone and scanning
capabilities. A monitor and night/day switch is also
standard. This transceiver even has a priority func-
tion. The RH256 makes anideal radio for any police
or fire department volunteer because of its low cost
and high performance. A 60 Watt VHF 150-162
MHz. version called the RHB06B-SA is available
for $429.95. A UHF 15 watt, 10 channel version of
this radio calied the RU150B-SA is also available
and covers 450-482 MHz. but the cost is $419.85

SALE Bearcat® 100XL-SA

List price $349.95/CE price $159.95/CLOSEOUT
$-Band, 16 Channel ¢ Priority ¢ Scan Delay
Search ® Limit ® Hold ® Lockout ® AC/DC
Frequency range: 30-50, 118-174, 406-512 MHz.
Uniden has authorized CEl to closeout the famous
Bearcat 100XL to make room for new models. This
scanner has afull 16 channels with frequency coverage
that includes all public service bands. Wow... what a
scanner! Included in our low CE price is a sturdy
carrying case, earphone, battery charger/AC adapter,
six AA ni-cad batteries and flexible antenna. Since this
is a special closeout price on our last 200 pieces, you
must order your Bearcat today totake advantage of this
excellent scanner opportunity.

* %% Uniden CB Radios * %%
The Uniden line of Citizens Band Radio transceivers is
styled to compliment other mobile audio equipment.
Uniden CB radios are so reliable that they have a two
year limited warranty. From the feature packed PRO
540e to the 310e handheld, there is no better Citizens
Band radio on the market today.

PRO310E-SA Uniden 40 Ch. Portable/Mobile CB. .. $85.95
PRO330E-SA Uniden 40 Ch. Remote mountCB ... $108.95
NINJA-SA PRO310E with rechargeable battery pack $99.95
B-10-SA 1.2v AA Ni-cad battery for Ninja(setof 10) ... $20.95
KARATE-SA Uniden 40 channel rescue radio .. ... $69.95
PROS10E-SA Uniden 40 channe! CB Mobile ......

PROS20E-SA Uniden 40 channel CB Mobile ...... 5
PROS40E-SA Uniden 40 channei CB Mobile. .... $119.95
PROB40E-SA Uniden 40 channel SSB CB Mobile. .. $159.95
PRO710E-SA Uniden 40 channel CB Base. ...... $119.95
PROB10E-SA Uniden 40 channel SSBCBBase ... $179.95

% % * Uniden Radar Detectors+ % %
Buy the finest Uniden radar detectors from CEI today.
RD7-SA Uniden visor mount radar detector ... ... $109.95
RD9-SA Uniden “Passport” size radar detector... $129.95
RDOXL-SA Uniden "micro” size radar detector ...$159.95
RD25-SA Uniden visor mount radar detector ... ... $59.95
RDS500-SA Uniden visor mount radar detector..... $79.95

NEW! Bearcat® 200XLT-SA

List price $509.95/CE price $299.95

12-Band, 200 Channel ® 800 MMz. Handheld
Search ® Limit ® Hoid ® Priority ® Lockout
Frequency range: 29-54, 118-174, 406-512, 806-956 MHz.
Excludes 823.9875-849.0125 and 868.9875-894.0125 MHz
The Bearcat 200XLT sets a new standard for hand-
held scanners in performance and dependability.
This full featured unit has 200 programmable
channels with 20 scanning banks and 12 band
coverage. If you want a very similar model without
the 800 MHz. band and 100 channels, order the
BC 100XLT-SA3 for only $1989.95. Includes antenna,
carrying case with belt loop, ni-cad battery pack,
AC adapter and earphone. Orderyour scannernow.

Bearcat® 800XLT-SA

List price $549.95/CE price $259.95/SPECIAL
12-Band, 40 Channel ® No-crystal scanner
Priority control ® Search/Scan e AC/DC
Bands: 29-54, 118-174, 406-512, 806-912 MHz
The Uniden 800X L Treceives 40 channelsin two banks.
Scans 15 channels per second. Size 9%’ x4%" x 12%."
If you do not need the 800 MHz. band, a similar model
called the BC 210XLT-SA is available for $196.95.

Bearcat® 145XL-SA

List price $189.95/CE price $98.95/SPECIAL
10-Band, 16 Channel ® No-crystal scanner
Priority control ® Weather search ® AC/DC
Bands: 29-54, 136-174, 406-512 MHz

The Bearcat 145XL is a 16 channel, programmable
scanner covering ten frequency bands. The unitfeatures
abuilt-in delay function that adds a three second delay
on all channels to prevent missed transmissions.

Bearcat® 175XL-SA

List price $279.95/CE price $156.95/SPECIAL
11-Band, 16 Channel ® Weather Search
Priority control ® Search/Scan ¢ AC/DC
Bands: 29-54, 118-174, 406-512 MHz

The Bearcat 175XL has an automatic search feature to
locate new frequencies. Priority, lock out, delay and
scan speed are all included.

™
Regency® Informant™ Scanners
Frequency coverage:35-54, 136-174 406-512 MHz.
The new Regency Informant scanners cover virtu-
ally all the standard police, fire, emergency and
weather frequencies. These special scanners are
preprogrammed by state in the units memory. Just
pick a state and a category. The Informant does the
rest. All Informant radios have a feature called
Turbo Scan™ to scan upto40 channels per second.
The INF1-SA3 is ideal for truckers and is only
$179.95. The new INF2-SA3 is adeluxe model and
has ham radio, a weather alert and other exciting
features built in for only $219.95. For base station
use, the INF5-SA3 is only $129.85 and for those
who can afford the best, the INF3-SA3 at $149.95, is
a state-of-the-art, receiver that spelis out what
service you're listining to such as Military, Airphone,
Paging, State Police, Coast Guard or Press.

Regency® HX1500-SA

List price $369.95/CE price $179.95/SPECIAL
11-Band, 55 Channel ® Handheld/Portable
8earch ® Lockout ® Priority ® Bank Select
8idelit liquid crystal display ® EAROM Memory
Direct Channel Access Feature ® Scandelay
Bands: 29-54, 118-136, 144-174, 406-420, 440-512 MHz
The new handheld Regency HX1500 scanner is
fully keyboard programmable for the ultimate in
versatility. You can scan up to 55 channels at the
same time including the AM aircraft band. The LCD
display is even sidelit for night use. Includes belt
clip, flexible antenna and earphone. Operateson 8
1.2 Volt rechargeable Ni-cad batteries (not included).
Be sure to order batteries and battery charger from
the accessory list in this ad.
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* %% Uniden Cordless Phones x % %

A major consumer magazine did a comparison study on
cordless phones. The check points included clarity,
efficiency and price. Uniden was rated best buy.

XE300-SA Uniden Cordless Phone................ $69.95
XES00-SA Uniden Cordless Phone with paging. ... $84.95
XE700-SA Uniden Cordless Phone with speaker ... $114.95

%k Extended Warranty Program % k%
If you purchase a scanner, CB, radar detector or cordless
phone from any store in the U.S. or Canada within the last 30
days, you can get up to three years of extended warranty
service from Warrantech. This service extension plan begins
atter the manufacturer's warranty expires. Warrantech will
perform all necessary labor and will not charge for return
shipping. Extended warranties are non-refundable and apply
only to the original purchaser. Atwoyear extended warranty on
amobile orbase scanner is $29.99 and three years is $39.99.
For handheld scanners, 2 years is $59.99 and 3 years is
$79.99. For radar detectors, two years is $29.99. For CB
radios, 2 years is $39.99. For cordless phones, 3 years is
$34.99. Order your warranty for your merchandise today.

OTHER RADIOS AND ACCESSORIES
BC 55XL-SA Bearcat 10 channe! scanner........ $114.95
BC 70XLT-SA Bearcat 20 channel scanner ... ... $169.95
R1090-SA Regency 45ch. scanner... CLOSEOUT $119.95
280-SA Regency 60 ch. scanner ... CLOSEOUT $129.95
UC102-SA Regency VHF 2 ch. 1 Watt tranSceiver ... $117.95
BPS5-SA Regency 16 amp reg. power supply ....$169.95
MAS549-SA Drop-in charger for HX1200 & HX1500. .. $84.95
MAS518-SA Wall charger for HX1500 scanner .. ... $14.95
MAS553-SA Carrying case for HX1500 scanner .... $19.95

MA257-SA Cigarette lighter cord for HX12/1500 ... $19.95
MA917-SA Ni-Cad battery packfor HX1000/1200 ... $34.95
BP205 Ni-Cad battery pack for BC200/BC100XLT... $49.95
B-8-SA 1.2 V AA Ni-Cad batteries {set of eight) ....$17.95
FB-E-SAFrequency Directoryfor Eastern U.S.A.....$14.95
FB-W-SA Frequency Directory for Western U.S.A. ... $14.95

.$14.95
.$14.95
.$14.95
.$14.95
..$14.95

ASD-SA Air Scan Directory ..................
SRF-SA Survival Radio Frequency Directory.
TSG-SA"Top Secret” Registry of U.S. Gowt. Freq..
TIC-SA Techniques for Intercepting Comm.. .
RRF-SA Railroad frequency directory

EEC-SA Embassy & Espionage Communications ... $14.95
CIE-SA Covert Intelligenct, Elect. Eavesdropping ...$14.95
MFF-SA Midwest Federal Frequency directory ....$14.95
AB80-SA Magnet mount mobile scanner antenna...$35.95

A70-SA Base station scanner antenna............. $35.95
USAMM-SA Mag mount VHF ant. w/ 12 cable...... $39.95
USAK-SA %" hole mount VHF ant. w/ 17' cable.... $35.95
USAK450-SA %" hole mount UHF ant. w/ 17" cable... $35.95
Add $3.00 shipping for all accessories ordered at the same time.
Add $7.00 shipping per radio and $3.00 per antenna.

BUY WITH CONFIDENCE

To get the fastest dellvery from CE of any scanner,
send or phone your order directly to our Scanner
Distribution Center™ Michigan residents please add 4%
sales tax or supply your tax I.D. number. Written pur-
chase orders are accepted from approved government
agencies and most well rated firms at a 10% surcharge
for net 10 billing. All sales are subject to availability,
acceptance and verification. All sales on accessories
are final. Prices, terms and specifications are subject to
change without notice. All prices arein U.S. dollars. Out
of stock items will be placed on backorder automatically
unless CE is instructed differentty. A $5.00 additional
handling fee will be charged for all orders with a
merchandise total under $50.00. Shipments are F.O.B.
Ann Arbor, Michigan. No COD's. Most products that we
sell have a manufacturers warranty. Free copies of
warranties on these products are available prior to
purchase by writing to CE. Non-certified checksrequire
bank clearance. Not responsible for typographical errors.

Mail orders to: Communications Electron-
ics,” Box 1045, Ann Arbor, Michigan 48106
U.S.A. Add $7.00 per scanner for R.P.S./U.P.S.
ground shipping and handlingin the continental
U.S.A For Canada, Puerto Rico, Hawaii, Alaska,
or APO/FPO delivery, shipping charges are
three times continental U.S. rates. If you have a
Discover, Visa or Master Card, you may call and
place a credit card order. Order toll-free in the
U.S. Dial800-USA-SCAN. In Canada, order toll-
free by calling 800-221-3475. FAX anytime,
dial 313-971-8000. If you are outside the U.S.
orin Michigan dial 313-973-8888. Order today.
Scanner Distribution Center™ and CEI logos are trade-
marks of Communications Electronics Inc.
t Bearcat is a registered trademark of Uniden Corporation.
t Regency and Turbo Scan are registered trademarks of
Regency Electronics Inc. AD #041588-SA3
Copyright © 1988 Communications Electronics Inc.

For credit card orders call

1-800-USA-SCAN

Al COMMUNICATIONS
ELECTRONICS INC.
Consumer Products Division

P.O. Box 1045 O Ann Arbor, Michigan 48106-1045 U.S.A.
For orders call 313-973-8888 or FAX 313-971-6000
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HAM RADIO
IS FUN!

It's even more fun for begin-
ners now that they can oper-
ate voice and link computers
just as soon as they obtain
their Novice class license. You
can talk to hams all over the
world when conditions per-
mit, then switch to a repeater
for local coverage, perhaps
using a transceiver in your car
or handheld unit

Your passport to ham radio adventure is
TUNE-IN THE WORLD WITH HAM
RADIO. The book tells what you need to
know in order to pass your Novice exam,
Two cassettes teach the code quickly
and easily.

Enclosed is my check or money order for
$15.00 or charge my

( )} VISA ( ) Mastercard ( } Am. Express
Signature
Acct. No
Good from
Name
Address

Expires

aty gtate Zip

THE AMERICAN RADIO RELAY LEAGUE
225 MAIN 5T.

NEWINGTON, CT 06111
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Will It Work?

When you bought a new piece of elec-
tronic equipment many years ago, you
expected it to work well from Day One.
Today, however, it’s apparent that our
confidence in a product operating flaw-
lessly from the outset has been shaken.
This has been compounded by compati-
bility problems.

In my youth, whether or not an audio
tone control precisely tracked an RIAA
curve standard generated some anxiety.
Another cause for concern was matching
a speaker system’s impedance, power-
handling capacity and efficiency to an
amplifier. Matching an antenna’s imped-
ance to a TV receiver was another chal-
lenge. In retrospect, these were minus-
cule considerations.

The most serious compatibility prob-
lems that touch us today concern person-
al computers. I say ‘‘us’’ because our
reader studies indicate that about 75% of
you own at least one computer, 27% of
you plan to buy one or more in the next
12 months, and a significant percentage
of owners plan to upgrade their machines
with hard-disk drives, speedup boards,
etc. In particular, these difficulties relate
to the open-architecture IBM compati-
bles, especially the XT and AT model
types that IBM no longer produces (but
are fast-selling machines nevertheless in
their non-IBM-made reincarnation).

These computers are now unequivocal
bargains in terms of price and perform-
ance. If they’re not wholly compatible
with de facto standards established by
IBM’s designs, however, they are ob-
viously less of a bargain. Running on Mi-
crosoft’s disk operating system (MS-
DOS), for example, is no assurance that a
computer is highly compatible with wide-
ly sold software and boards. Some earlier
MS-DOS-based machines won’t run
most standard MS-DOS programs, in
fact. These include early models from
Heath/Zenith, Tandy, Sanyo, Texas In-
struments, and others. Most (but not all)
have since embraced IBM compatibility,
though even here there are some zingers
(the Tandy 1000’s expansion boards
aren’t the same length as the IBM’s, as
an example).

A key to compatibility is the ROM
BIOS IC contained in the machine.
IBM'’s copyrighted ones have to be emu-
lated to perform properly without legal
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infringements. This is easier said than
done. A handful of companies specialize
in making such ROMs; some are less
compatible than others, of course.

Even if the foregoing passes muster,
there’s the question of hardware compa-
tibility. Some so-called compatibles
don’t have a perfect IBM-hardware in-
terface, with inputs and outputs handled
differently. As a result, they fall down
with certain software that bypasses the
ROM BIOS for whatever reason (gener-
ally to increase operating speed).

You also have to be concerned about
the compatibility of new boards, drives
and software, too, naturally. The origi-
nal IBM PC’s ROM BIOS, for example,
did not handle hard-disk drives. You
might buy a bargain-priced clearance-
sale bare-bones computer with a ROM
BIOS that doesn’t support an EGA mon-
itor you plan to use. Or a machine with a
fast clock that doesn’t have provisions to
slow it down to 4.77 MHz to handle some
programs and even some modems that
require the old PC standard. Moreover,
models in the same general family may
not be completely compatible.

All this requires some buying smarts.
Be sure (in writing if possible) that the
machine will indeed run your favorite
programs and popular ones you plan to
buy. And that a graphics board you want
to buy will do the same in your machine.
Otherwise, you might be charged a re-
stocking fee (say, 20% of what you paid)
if you return it for a refund should it not
meet these needs.

As a result of these variances, many
computer buyers are playing it safe with
known-to-work equipment, much as cor-
porate buyers used to ‘‘buy IBM”’ rather
than compatibles as a safe measure even
though these models were outrageously
priced at one time. This means getting a
computer with a Phoenix or Award
ROM BIOS, an EGA board with graph-
ics chips by Chips & Technologies, etc. In
sum, play it cool so that you get the best
value you can in a world where the word
‘‘compatible’’ does not necessarily mean
100% compatible.

A ey
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LETTERSH

Project Modifications

e After making suitable corrections to
the circuit [see below] that appeared in
““Interfacing Commodore’s User Port”’
(January 1988), I built a unit to read a gas
chromatograph in my laboratory. It
works beautifully! This project solved an
important problem for me, and I really
appreciate it.
John A. Brown
Berkeley Heights, NJ

® There are several errors in *‘Interfacing
Commodore’s User Port” (January
1988): in Fig. 2(B), pin 6 of the TLC548
should connect to pin M (CB2) of the
User Port and the pins on the right side of
the User Port connectors in both Figs.
2(A)and 2(B) shouldread A, B, C, D, E,
F,H,J,K,L, M and N from bottom to
top; Commodore does not use the letters
G and I for the Port pins; the program
listings also appear to be mislabeled.

Whit A. Tipton

Cincinnati, OH
Add to these observations that pin
2—not pin 1—should be the +5V line
and move SP-2 and CNT2 to pins 7 and
6, respectively, of the User Port in Fig.
2(A). To clarify, Listing 2 is the
Machine-Language Loader for VIC-20,
while the other Listings are BASIC Pro-
grams for the C-128, C-64 and VIC-20.
—John Iovine.

® [ noticed that the Parts List for the
““$149 Digital Stereo Amplifier”’ (De-
cember 1987) gives the value for trim-
mers R55 and R63 as 100,000 ohms,
while the schematic gives them as 10,000
ohms. Which is correct?
Walter Montgomery
Baltimore, MD
Go with the 10,000-ohm value. The
100,000 ohms given in the Parts List is a
typo.—FEd.

e The Fig. 3 etching-and-drilling guide
for ‘‘A Battery Charger Controller”
(November 1987) has an error in it. There
should be a connecting trace or wire be-
tween the cathode of D1 and the cathode
of DS. Without this connection, no + 12
volts dc will be applied to the relay’s coil.
Ed Drennan

Agincourt, Ontario, Canada

(Continued on page 94)
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CABLE-TV

ITEM

A a
1 10 OR

MORE

RCA 36 CHANNEL CONVERTER (Ch. 3 output onty)

18.00

PANASONIC WIRELESS CONVERTER (our best buy}

69.00

400 OR 450 CONVERTER (manual fine tune)

69 00

JERROLD 400 COMBO

11800

JERROLD 400 HAND REMOTE CONTROL

18.00

JERROLD 450 COMBO

139.00

"JERROLD 450 HAND REMOTE CONTROL

18.00

JERROLD SB-ADD-ON

58.00

"JERROLD SB-ADD-ON WITH TRIMODE

7000

"M-35 B COMBO UNIT (Ch. 3 output only)

70.00

‘M-35 B COMBO UNIT WITH VARISYNC

75.00

"MINICODE (N-12)

58.00

*MINICODE (N-12) WITH VARISYNC

62.00

"MINICODE VARISYNC WITH AUTO ON-OFF

105.00

ECONOCODE (minicode substitute)

42.00

ECONOCODE WITH VARISYNC

46.00

| "MLD-1200-3 (Ch_3output)

58.00

“MLD-1200-2 {Ch_2 output)

58.00

“ZENITH SSAVI CABLE READY

125.00

INTERFERENCE FILTERS (Ch. 3 only)

14 00

‘EAGLE PD-3 DESCRAMBLER (Ch 3 output only)

65 00

"SCIENTIFIC ATLANTA ADD-ON REPLACEMENT DESCRAMBLER

7500

*CALL FOR AVAILABILITY

i Output

Quanti_ty Channel

T

California Penal Code #593-D forbids us

SUBTOTAL

from shipping any cable descrambling unit
to anyone residing in the state of California,

Shipping Add
$3.00 per unit

Prices subject to change without notice. |

PLEASE PRINT

Name

COD & Credit
Cards — Add 5%

TOTAL |

Address

City ___

State
O Cashier's Check
Acct #
Signature

Zip—__
OO0 Money Order

_Phone Number ( )
0O coD
—— Exp.

O Visa O Mastercard

Date

FOR OUR RECORDS:

DECLARATION OF AUTHORIZED USE — |, the undersigned,
that all products purchased, now and in the future, will only
authorization from local officials or cable company officials in
state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE
PENALTIES FOR UNAUTHORIZED USE.

Dated:__ Signed:

do hereby declare under penalty of perjury
be used on cable TV systems with proper
accordance with all applicable federal and
FOR SUBSTANTIAL CRIMINAL AND CIVIL

© Copyright 1987 PACIFIC CABLE CO,, INC.

Pacific Cable Company, Inc.

7325Y: RESEDA BLVD., DEPT. #ME « RESEDA, CA 91335
(818) 716-5914 « No Collect Calls * (818) 716-5140
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ANTI-PIRACY HOTLINE. The Satellite Broadcasting and Communication
Association of America (SBCA), assisted by General Instrument,
established two national, toll-free telephone hotlines to promote
purchasing legitimate and legal home satellite systems. One is
STV dealers (1-800-356-3160); the second for consumers (1-800-
533-4584). Hours are 9 a.m. to 9 p.m., Monday through Friday.
Issues addressed include how to tell a legal system from an
illegal one and identifying legitimate dealers and retailers.

PC-AT SHUTDOWNS. In a few months, according to International
Battery Corp., eight out of ten original IBM PC-AT and AT clone
computers about 1 1/2-million units will shut down and lose their
configuration files due to a small internal battery sales are
soaring. In addition to losing Config.Sys files, the
clock/calendar is affected when the battery gives out. Lithium
batteries, preferred over alkaline, have a working life of about
two years pr so, with a ten-year shelf life.

NATIONAL TECH DAY. ISCET cited electronics technicians on March
8, 1988 by celebrating National Electronics Technicians Day. The
International Society of Certified Electronics Technicians set
the day aside as a national testing day for certification of
techs across the country who demonstrate their professionalism by
taking its CET exam.

PROTOTYPE VIDEO TELEPHONE. Ricoh Company Ltd., the Tokyo parent
of Ricoh Corp. in the U.S. has developed the first device to send
and receive still-color video images as well as voice over
telephone lines. The prototype model, whose availability and
price hasn’t been determined, is said to transmit color images in
one to four seconds.

UK_SMART RADIO SYSTEM. England is now set up to permit radio
receivers to automatically tune to the best transmitted signal.
Called the Radio Data System (RDS), it was installed by the
British Broadcasting System and is expected to be operational in
about six months. Essentially, it provides pushbutton tuning for
radios, which also can visually indicated station name, time and
date. The system at this time is primarily pointed toward use in
automobile radios, which will also be able to have the option of
tuned-in stations being interrupted by local travel news flashes.
Scotland, Wales and North Ireland RDS installations will follow.

VIDEO BUYING & SELLING. American Home Network added new services
to its American People/Link nationwide on-line network service of
clubs, forums, etc. These include on-line shopping and airline

reservation systems. 1Its Electronic Travel Agency has been
launched, too, where subscribers can purchase discounted cruises
and tours, gift items and other travel-related products....A new

company, Salesnet Inc., was started by International Images Inc.
to transmit data and sales or training videos for linkup with TV
and Cable TV networks. A small board fits inside an IBM PC or
compatible or MAC computer to convert the TV signal back to data.
Data is said to be transmitted at the rate of 82,000 bits per
second compared to phone modems’ 300, 1200 or 2400 bps.

—_—_——— e e e ———
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and you can too!

Andy is a Ham Radio operator and he’s having
the time of his life talking to new and old friends
in this country and around the world.

You can do it too! Join Andy as he communi-
cates with the world. Enjoy the many unique and
exclusive amateur bands . . . the millions of fre-
quencies that Hams are allowed to use. Choose
the frequency and time of day that are just right
to talk to anywhere you wish. Only Amateur Ra-
dio operators get this kind of freedom of choice.
And ifit’s friends you’re looking to meet and talk

with, Amateur Radio is the hobby for you. The
world is waiting for you.

If you'd like to be part of the fun. .. if you'd liketo
feel the excitement . . . we can help you. We've
got all the information you’ll need to get your
Ham license. Let us help you join more than a
million other Hams around the world and here at
home. Who are we? We're the American Radio
Relay League, a non-profit representative organ-
ization of Amateur Radio operators.

For information on becoming a Ham operator
circle number 110 on the reader service card or write to:

AMERICAN RADIO RELAY LEAGUE

Dept CQ, 225 Main Street
Newington, Conn. 06111.

This space donated by this publication in cooperation with the American Radio Relay League.
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NRI Trains You At Home—As You Build
Your Own IBM PC Compatible Computer

GET THE KNOW-HOW
10 SERVIGE EVERY
GCOMPUTER ON THIS
PAGE. .

AND MIJHE'

Learn the Basics the NRI Way -
and Earn Good Money Troubleshooting
Any Brand of Computer

The demand for trained computer service technicians
continues to surge forward. Computer service ranks
high on the Department of Labor’s list of top growth
fields, with accelerated demand expected to create
more than 30,000 new jobs in the next 10 years.

You can cash in on this opportunity—either as a
full-time corporate technician or an independent
service-person—once you've learned all the basics of
computers the NRI way. NRI's practical combination
of “reason-why” theory and “hands-on” building skills
starts you with the fundamentals of electronics, then
guides you through advanced electronic circuitry
and on into computer electronics. You also learn to
program in BASIC and machine language, the
essential languages for troubleshooting and repair.

Total Computer Systems Training,
Only From NRI

No computer stands alone. . .it’s part of a total
system. To really service computers, you have to
understand computer systems. And only NRI includes
a powerful computer system as part of your training, e L s
g pson 1S a Registere rademark Of Epson rica, tn
gzﬁ;e(;%dggrggnd té-loer:::ﬁ”e:u“y IBM PC Compatlble égpmlejtned t:ﬁecApple logo are Registered Trademarks of Apple
ries 5 puter, In

Compagq is a Registered Trademark of COMPAQ Computer Corporati:

IBM is a Registered Trademark of IBM Corporation.

©1985 AT&T Technologies, Inc. ‘

g amaricanradiahictan, com,
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sembly of your highly rated Sanyo com-

iter. You build and test the “intelligent”
syboard, install the power

ipply and 360K 5% " floppy disk %,

‘ive, and interface the high-

solution monitor. But that’s not all.

3 go on to install a powerful 20 megabyte

ird disk drive—today’s most-wanted computer
sripheral—now included as part of your hands-on
aining to dramatically increase your computer’s
ita storage capacity while at the same time giving you

thtning-quick data access. With your computer now up supply—to ensure that you have Pl I T LU e

1d running, you're ready to begin using the valuable all the essential skills you need St » Foorrunation digial timotor wih

ftware also included as part of your total systems training.  to succeed as a professional e
It all adds up to confidence-building, real-world experience  COmputer service technician. e ot Nobon aes 380K,

] i ] 1 1 3 ) o 5% " floppy disk drive * 20 megabyte hard
at includes tljammg Inpr ogr,ammmg, (;erUlt design, ar!d No Experlence "eeded, disk drive you install intemally * High-
sripheral maintenance. You'll be learning about, working NRI Builds It | resSldenmoncehioms MontadReKROM,

o a.Q d 8 . * Ref
ith, servicing, and troubleshooting an entire computer Kisulldsirin o e e e
system—monitor, This is the kind of practical,
keyboard, hands-on experience that makes you uniquely prepared, with
; g computer, disk  the skills and confidence you need for success. You learn at your
' drive, power own convenience in your own home. No classroom pressures,

no night school, no need to quit your present job until you're
ready to make your move. Your training is backed by your
personal NRI instructor and the NRI technical staff, ready to
answer your questions and help you when you need it. You get
it all with NRI at-home training.

Free 100-Page Catalog Tells More

Send the postage-paid reply card today for NRI's big,
100-page, color catalog on NRI's electronics training, which
gives you all the facts about NRI courses in Microcomputers,
Robotics, Data Communications, TV/Audio/Video Servicing,
and other growing, high-tech career fields. If the reply card is
missing, write to the address below.

SEND COUPON TODAY FOR FREE NRI CATALOG!

”R l For Career courses

SCHOOLS =, approved under Gl Bill
McGraw-Hill Continuing Education Center € [ check for details.
3939 Wisconsin Avenue, NW, Washington, 0G 20016 I3 M|8

(V] CHECK ONE FREE CATALOG ONLY

I 7] Computer Electronics 7] Bookkeeping & Accounting I

| [} TViVideo/Audio Servicing [T Electrician I
[} Robotics [7J Air Conditioning, Heating & Ref.

I [ Electronic Music Technology 7] Locksmithing & Electronic Security I
[J Sateliite Electronics {7 Travel Careers

| (] Digital Electronics Servicing 7] Small Engine Repair I
[] Telephone Servicing [ Paralegal

I Name (Please print} Age |

| Street |

www_americanradiohistorv com
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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.

Miniature EPROM Eraser

“‘Palm-Erase’” from Logical De-
vices, Inc. (Ft. Lauderdale, FL) is
claimed to be the industry’s smallest
ultraviolet EPROM eraser, measur-
ing only 4"L X 2"W X 2"H. The
7-ounce eraser is for use in servicing
and engineering applications where
space is at a premium. It is very fast,
erasing an EPROM in less than 3
minutes.

Built into the ac-line-operated
eraser is a small tray that can accom-
modate a 24- or 28-pin EPROM.
Erasure is done one EPROM at a
time, using a UV lamp whose intensi-
ty is 1.7 microwatt per square centi-
meter. Average lamp life is rated at
3,000 hours. $49.95.

CIRCLE 23 ON FREE INFORMATION CARD

Audio Mixers

Audio-Technica U.S., Inc. has add-
ed two two new audio mixers to its
ATUS line: the high-end Model
AMSO0E and low-end Model AMS50.

The Model AMSO0O0E replaces the
Model AMS500 and brings electronic
echo effect to the line. This is a six-
channel wood-paneled console-
type stereo mixer that can handle
two turntables with phono cross-
fader, two microphones (with a pri-
ority talk feature) and two auxiliary

#

sources. It features separate left/
right five-band equalizers, two VU
meters, individual and master gain
controls, monitor circuit, adjustable
amplifier output level and a head-
phone jack. $409.95.

For the novice home DJ, the Mod-
el AMS0 is a four-channel stereo
mixer that can handle two turnta-
bles, a stereo microphone with “‘talk-
over’’ and an auxiliary source. It fea-
tures a phono cross-fader, amplifier
and tape-recorder outputs and a
headphone jack. $89.95.

CIRCLE 24 ON FREE INFORMATION CARD

model. It covers all public-service,
four Amateur radio, federal govern-
ment and military land mobile
bands. Patented ‘“Track’’ tuning is
said to allow the scanner to peak on
each transmission for better recep-
tion at band edges.

Features include: two-digit LCD
numeric display; a review function
that checks the frequency entered on
each channel; an audible low-battery
warning device that beeps every few
seconds when the battery is low; a
memory back-up that retains entered
frequencies for 30 minutes with no
battery installed; and a keyboard
lock switch to prevent accidental
programming. Scanning speed is at a
rate of 15 channels per second. The
scanner is powered from either five
standard or five rechargeable Ni-Cd
AA cells. It measures 6.75" X 2.625"
% 1.5 " and weighs only 10.5 ounces
without battery. $219.95.

CIRCLE 25 ON FREE INFORMATION CARD

New Hand-Held Scanner

A/D, D/A & DI/O Board

The Bearcat BC 55 XLT hand-held,
portable scanner from Uniden Corp.
is a new 10-channel programmable

14 / MODERN ELECTRONICS / May 1988
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A new high-density analog converter
board for PC-bus computers from
Industrial Computer Designs, Inc.
(Westlake Village, CA) provides 32
single-ended or 16 differential input
signals at 12-bit+ resolution, two
8-bit latching D/A output signals
and 32 TTL-level parallel I/0 lines.
Featuring add-on intelligence, the
Model A/D12B32 board is capable
of scanning inputs of up to 10,000
reads per second, with gain and input
configuration adjustable in real
time.

With this new board, IBM PC,
XT, AT and compatible bus comput-
ers can continuously monitor up to
32 input signals over a -5- to
+ 5-volt dc range with 12-bit accur-
acy (4096 voltage steps). A differen-
tial (or ‘‘double-ended’’) mode can
be selected for reading floating refer-
ence signals. Programmable gains of
1x,2%,5x%x and 10X are standard.

The board’s 32 TTL-level I/0O
lines are plug-compatible with opto-

Say You Saw It In Modern Electronics
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Simple software commands can be
used to operate the board, and
menu-driven and installation soft-
ware is provided. $995.

CIRCLE 26 ON FREE INFORMATION CARD

isolator modules manufactured by
the company, and its two 8-bit ana-
log outputs have a 0- to + 5-volt d¢
range.

Integrated Stereo Amplifier

Yamaha’s new Model AX-500U in-
tegrated stereo amplifier features a
low-impedance drive capability that
ensures that the amplifier will handle
fluctuating impedance loads down to
2 ohms. Output power is rated at 85
watts/channel continuously into 8
ohms at 0.015% THD, and MC/
MM/CD S/N arerated at 73/90/100
dB. Dynamic power at 8 ohms is spe-
cified as 140 watts; at 4 ohms speaker
impedance, it’s 200 watts.

Six sources can be connected to the
amplifier, including two tape decks,
the audio portion of a VCR or video
disc player, any other high-level sures 17%"W X 13%¢" D x5%"H
source and either a moving-magnet  and weighs 17 Ibs. $349.

CIRCLE 27 ON FREE INFORMATION CARD

(MM) or a moving-coil (MC) phono
cartridge. In addition, a new CD-Di-
rect input goes straight to the output
amplifer stage, bypassing the tone
controls and filter, loudness and
balance circuits to provide the purest
possible signal path. Other features
include a record-out selector that al-
lows the user to record one source
while listening to another; two-way
dubbing from one tape deck to an-
other; tone bypass switch and center-
defeat bass and treble controls; sub-
sonic filter; a 40-dB continuously
variable output control; and acces-
sory output loop. The amplifier mea-

Enhanced Pocket DMM

Beckman Industrial’s  enhanced
Model DM78 credit-card-sized digi-
tal multimeter has a host of new fea-
tures. They include an ultra-high im-
pedance that exceeds 1,000 megohms
on the 200-mV dc range; 200-ohm
and 20-megohm ranges; ac overload
protection to 700 volts; and a case in-
sulation to 2,000 volts ac to protect
against arcing.

A versatile set of functions/ranges
is provided: dc¢ voltsto 200 mV, 2 V,
20 V, 200 V and 400 V; ac volts the

same except no 200-mV range; and
resistance to 200, 2K, 20K, 200K, 2M
and 20M ohms. Rated accuracyis 0.7
percent on dc volts. Test functions
are also included for diodes and con-
tinuity, and autoranging capability is
built in.

Flame-resistant materials are used
for the DM78’s case. The DMM
measures only 4.25"L X 2.13"W X
0.4” D and weighs just 3.5 ozs., in-
cluding carrying case. $29.95.

CIRCLE 28 ON FREE INFORMATION CARD

Dictionary/Thesaurus

WordFinder from SelecTronics,
Inc., is a new pocket-size electronic
dictionary/thesaurus that features a
100,000-word lexicon and 220,000-
synonym thesaurus. The ROM-based
product carries on one chip the com-
plete spelling list and thesaurus pre-
viously developed for IBM PC and
Apple Macintosh computers.

To use WordFinder, the user just
types in a word on the device’s key-
board, presses the SPELL or SYNO-
NYM key. WordFinder’s 20-charac-

Say You Saw It In Modern Electronics
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NEW PRODUCTS ..

ter LCD screen verifies the word’s
spelling, offers alternative spellings
of phonetically similar words or dis-
plays synonyms for the word entered.
Using arrow keys, users can scroll
through the synonym choices or can
press SYNONYM again to view syno-
nyms of the synonym displayed. It
features proper names (first and last),
major cities and all states and most
foreign countries. A jumble key is
provided for unscrambling words.

and occupies approximately the
same volume as a single half-height
5.25-inch floppy-disk drive.

The Little Board/PC CMOS pro-
cessor module contains: an 8088-
compatible microprocessor running
at 8 MHz; 256K (expandable to
768K) DRAM; support for 32K to
288K EPROM:; keyboard interface;
speaker interface; one RS232C serial
and one parallel printer port; and PC
expansion bus. Options include a

Weighing just 6 ounces, the device
measures just 6% "H X 5"W x %4 "D.
The battery-powered WordFinder
uses two microprocessors for instant
response. It comes with 4.5 mega-
bytes of information compressed on-
to a 256K chip. Power is supplied by
four AAA cells that come with the
product. Less than $100.

CIRCLE 29 ON FREE INFORMATION CARD

Radio Telescope Kit

Edmund Scientific Co. (Barrington,
NJ) has a 400-MHz radio telescope
kit that can be used for observation
of radio sources ranging from solar
flares to stellar objects several mil-
lion light years distant. With it, a us-
er can listen to the sounds of stars
and the electromagnetic disturb-
ances of the Sun and Jupiter, as well
as a number of sources that are not
visible by optical means—under any
weather conditions. No special tech-
nical knowledge is required to install
or use the radio telescope.

Supplied in the kit are: two 10-ele-
ment helical antennas; antenna

mounting structures; 400-MHz low-
noise preamplifier; 400-MHz-to-30-
MHz frequency converter; 30-MHz
i-f amplifiers; square-law demodula-
tor; dc amplifier and comparator;
adjustable time-constant integrator;
calibration noise-source reference;
regulated power supplies; coaxial ca-
ble with connectors; and required fit-
tings. Also included is a manual that
is claimed to comprehensively cover
both the supporting theory and oper-
ating procedures for each project.
$1,200.

CIRCLE 30 ON FREE INFORMATION CARD

PC/XT-Compatible
Single-Board Computer

Functionally equivalent to a turbo
PC-XT motherboard, Ampro’s
(Sunnyvale, CA) Little Board/PC
single-board computer can be used
with standard IBM PC expansion
cards in a stacked physical arrange-
ment. With the StackPlane/PC ex-
tension adapter, PC plug-in cards in-
stall parallel to the microcomputer
board to produce an extremely com-
pact system suitable to the tight
space and power constraints of em-
bedded microcomputer applications.

Use of the StackPlane/PC expan-
sion adapter permits addition of ex-
pansion cards without incurring the
bulk and expense of a backplane and
card cage. The result is an assembly
that measures only 8 X 5% inches

CMOS four-mode video display con-
troller; additional on-board DRAM;
a second on-board serial port; an on-
board floppy-disk drive controller;
and an on-board SCSI controller.

IBM PC DOS is supported by the
board’s ROM BIOS as the operating
system. Drivers in the BIOS permit
the system to boot from floppy disk,
SCSI drive, bubble memory or on-
board EPROM solid-state disk. Sup-
port for the solid-state disk (to be an-
nounced) permits completely disk-
less operation.

The Little Board/PC processor
module is available in eight versions.
The StackPlane/PC expansion adapt-
er is available separately.

CIRCLE 31 ON FREE INFORMATION CARD

Low-Cost CD Player

CBM America Corp. (Los Angeles,
CA), a Division of Citizen Watch
Co., introduced a new Model
CBM-777 light-weight compact-disc
player priced low enough for every-
one to buy one. It features double
oversampling digital filtering, a
three-beam laser head and a 16-bit

#
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A/D converter. Its control comple-
ment includes: play/pause, stop,
forward/backward skip, fast for-
ward, reverse, repeat, headphone
volume and power. An illuminated
LCD window displays what is cur-
rently happening and what will occur
next. Additionally, the player has in-

put and line output jacks for head-
phones or connection into a ste-
reo system.

Technical specifications: frequen-
¢y response, 20 Hz to 20 kHz +1/
—3dB; THD, 0.08 percent at 1 kHz;
S/N ratio, 80 dB. The player mea-
sures 170 X 148 X 44.5 mm and
weighs less than 3 pounds. It comes
with an ac adapter, and optional ac-
cessories include a battery pack, cas-
sette adapter, automobile adapter
and FM transmitter $169.

CIRCLE 32 ON FREE INFORMATION CARD

Dot-Matrix Printers

Star Micronics America introduced a
pair of modestly priced nine-wire
dot-matrix text/graphics printers
that offer multiple fonts. The Model
NX-1000 can be used with most com-
puters with a Centronics-compatible
parallel printer port, while the Model
NX-1000C is for use with Commo-
dore C-64 and C-128 computers that
have 6-pin serial printer ports.

Both printers provide NLQ and
draft printing at speeds of 36 and 144
characters per second, respectively,
in 12 characters per inch. Featured
are four internal fonts (Courier, sans
serif, Orator I and Orator II), a 4K
buffer and a paper-parking provi-
sion that allows users to feed single-

sheet paper without removing trac-
tor-feed paper. Font selection is via
the printers’ front control panel.
Italic printing is available in both
draft and NLQ.

The parallel-feed NX-1000 incor-
porates Epson (ESC/P) and 1BM
Proprinter 11 emulations. The NX-
1000C features Commodore MPS-
1000 emulation. Other provisions
common to both printers include:
automatic paper loading, adjustable
push-type tractor paper feed, front
panel for easy access to all printer
functions. An optional cut-sheet
feeder is available. $289.

CIRCLE 33 ON FREE INFORMATION CARD

Overcurrent Protector Plug

The ‘‘Protect-O-Plug’”’ from JDS
Products, Inc. (El Dorado Hills,
CA) is an electrical safety device de-
signed to solve the OEM problem of
providing overcurrent protection for
the line cord as well as the equipment
being manufactured. This device has

‘‘resettable’’ overcurrent protection
molded into the power plug as well as
a No. 18-3 SJT flexible power cord.
It is available in 13 different current
ratings ranging from 0.25 to 10 am-
peres at 117 volts ac and is UL listed
under file No. E104780.

CIRCLE 34 ON FREE INFORMATION CARD
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HITACHI SCOPES

15 25% Discount

V660 60MHz Dual Trace $990
V422 40MHz Dual Trace $699
V212 20MHz Dual Trace $475

ELENCO PRODUCTS
AT DISCOUNT PRICES!

5

1 $498
'- MO-1252

.Iw- Tt
AR AR E o
Scopes

MO-1253 40MHz Dual Trace $550

Delayed Sweep 12KV HV, More

MO-1252 35MHz Dual Trace $498

MO-1251 20MHz Dual Trace $349

w/ Two 1x, 10x 100MHz probes, manual

S-3000 10MHz fully calibrated $239

'.-J-n..- LE

GF-8016 Function Generator
with Freq. Counter

@ $239.95

Sine, Square, Triangle
Pulse, Ramp, .2 to 2MHz
Frequency .1 thru 10MHz

GF-8015 without Freq. Meter $179

Digital Triple Power Supply

Model XP-765 S239.95

0-20v @ 1A
0-20V @ 1A
. 5V @ 5A
Fully Regulated, Short Circuit Protected
with 2 Limit Cont. 3 Separate Supplies
XP-660 w/ Analog Meters $169.95

Multi-Function Counters F-1000

1.2GHz

P———r o $259.95
u ‘% I F-100

R 120MHz

o $179.95

Frequency, Period, Totalize, Self Check with High-
Stabilized Crystal Oven Oscillator, B Digit LED Dis

Digital Multimeter with
LCR 1.| Cap. and Trans.

Meter . b Tester yEm

$138.00 $59.95 .=
Model

LC-1800 Model

Measures CM-1500A "™

Inductors, | 8 Functions ~1#4 &

c tors, - i k e o

R:giasilo?s:s LA P with Case  _ocu 0

C&S Sales Inc., 1245 Rosewood
Deerfield, IL 60015 (312) 459-9040
800-292-7711 ASK FOR CATALOG

15 Day Money Back Guarantee

2 Year Limited Guarantee mw
Add 5% for Postage ($10 max) —

IL Res.. 7% Tax
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Project

Brushless dc Motor

This build-it-yourself motor uses infrared switching
for science-fair and other demonstrations

By Robert F. Tschannen

conventional dc motor uses
a commutator to switch
current in its armature coils

in a timed sequence. This arrangement
permits attraction and/or repulsion
of armature poles with respect to
field poles. The result is rotary—or
““motor’’—action of a shaft. In con-
trast, the motor to be described does
not have a commutator or brushes.
Instead, it uses a slotted disc that al-
ternately passes and interrupts an in-
visible infrared beam that impinges
on infrared phototransistors to pro-
duce switching signals. These signals
are amplified and used to switch cur-
rents through a pair of motor field
coils, producing much the same re-
sults normally obtained with a com-
mutator and brushes.

We will describe here how to build
this novel brushless dc motor, using
readily available electronic com-
ponents and a number of mechanical
elements you can easily fabricate
at home with very basic woodwork-
ing tools and only modest shop
skills. The amount of torque deliv-
ered by this motor is very small,
making the project fairly impractical
to use as a driver for any but the
smallest of loads. However, your
motor will make an excellent science-
fair project and can be used for
other demonstrations.

How It Works

The motor’s armature has two poles
made up of a pair of pole pieces
cemented to the flat faces of a cera-
mic magnet. The armature and a

slotted disc mount on a shaft that
turns as a common assembly. With
this arrangement, it is essential that
the slot positions in the disc be prop-
erly timed with respect to the arma-
ture poles so that switching occurs at
precise intervals.

The motor’s field coil, or stator, is
somewhat unusual in that each pole
piece is wound with a pair of coils
that are connected in a manner that
the field can be reversed when called
for by switching circuitry.

Figure 1(A) is the schematic dia-
gram of the electronic circuitry that
performs the switching and power-
ing of the motor’s field coils. In-
frared-emitting diodes LEDI and
LED2 are continuously powered
from a 5-volt dc source through cur-

rent-limiting resistors R/ and R2.
The infrared energy from these IR
emitters is allowed to pass through to
the respective infrared phototransis-
tors on the other side of the optical
disc, depending on the positions of
the slots in the latter. Phototransis-

- tors QI and Q4 are the receptors in

this circuit.

On start-up, power from the
+ 5-volt dc source flows through the
infrared-emitting circuit at the left.
IR energy from LEDI and LED? fo-
cuses toward the disc. If we assume
that the discs slots are positioned so
that the IR energy is able to fall on
the active surface of Q7 but not Q4,
Q1 will turn on while Q2 will be held
in cutoff. Thus, when QI conducts,
it causes the driver/power-amplifier
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PARTS LIST

LEDI1,LED2—SEP8703-1 infrared-
emitting diode (Radio Shack Cat. No.
276-143)

Q1,Q4—TIL-414 phototransistor
(Radio Shack Cat. No. 276-145)

Q2,Q5—2N2222 or similar silicon npn
switching transistor

Q3,Q6—TIP31 or similar silicon npn
power transistor

R1,R2—1,000-chm, %-watt, 10% toler-
ance resistor

R3,R5—22,000-ohm, %-watt, 10% toler-
ance resistor

R4,R6—560-ohm, %-watt, 10% toler-
ance resistor

Mise.—No. 28 or 30 enameled wire; per-
forated board; 1” rectangular ceramic
magnet (Radio Shack Cat. No. 64-1875
or similar); lumber for base and sub-
base plates and yokes (see text); steel,
brass or aluminum stock for bearings;
mild steel for field-coil and pole pieces;
Bakelite, phenolic board, sheet alumi-
num or heavy poster board for optical
disc (see text); perforated board or
heavy poster board for optional bob-
bin guides; plastic electrical tape; sup-
er glue; woodscrews (see text); hookup
wire; solder; etc.

Fig. 1. Schematic diagram of motor’s electronics in (A) shows orientation of optical disc with reference to IR-emitter

LEDs and receptor phototransistors.

Detail (B) illustrates switching waveforms at collectors of power transistors re-

sulting from pattern produced by slots in optical disc.

circuit composed of Q2 and Q3 to
turn on. With Q3 conducting, cur-
rent from the 5-volt dc source passes
through field coils L7 and L2.

When current flows through L/
and L2, electromagnetic action at-
tracts the rotor’s pole piece, resulting
in the rotor making a partial turn.
Because the optical disc is physically
fixed to the same shaft shared by the
rotor assembly, any rotation also
causes the switching signal sequence
to change as well. Consequently, as
the shaft turns and changes the
switching pattern, QI will cease con-
ducting as IR energy from LEDI is
cut off from its active surface by an
opaque portion of the optical disc in-
tervening between the two.

In operation, the shaft will turn

enough for the optical disc’s slot to
appear between LED2 and Q4. The
result is that IR energy will activate
the other set of field coils. The se-
quence of events is the same for the
driver/power-amplifier Q5/Q6 cir-
cuit and field coils L3 and L4.

The switching waveforms for the
circuit, taken at the collectors of Q3
and Q6 are also shown in Fig. 1(B).
Note that, on turn-on, the optical
disc causes a pair of square-wave
pulses, each 60 degrees in duration
and separated by a 60-degree interval
to be generated by phototransistor
Q1. During this period, no IR energy
reaches Q4 and, thus, this section of
the circuit is held in cutoff.

Next comes a 180-degree interval
during which no pulses occur in the

Q1/Q2/Q3 circuit. During this off
period, the the lower half of the cir-
cuit is activated in the exact same
manner as the upper half was during
its off period.

The above sequence of events will
repeat for as long as power is applied
to the circuit. The optical disc will
pass or interrupt the IR-energy
beams to QI and Q4 in the sequence
described by the switching waveform
sequence in Fig. 1(B) so that first one
and then the other leg of the circuit is
active at any given moment.

Construction

As illustrated in the lead photo, you
build the motor on a wooden base,
adding an optional sub-base for
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(A) BEARING (2 req'd)

(B) SWITCHER BOARD
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Optional mortise, /16" deep to
secure field-coil assembly

Fig. 2. Fabrication details for bearings (A), circuit-board assembly (B) and base plate (C).

handling convenience. Simple bear-
ings secured to the wood base with
woodscrews support the armature
assembly.

All switching transistors and asso-
ciated components are best mounted
and wired together on a small piece
of perforated board. This circuit-
board assembly, in turn, should be
secured to the wood base with small
round-head woodscrews.

Wooden yokes are used for mount-
ing phototransistors Q/ and Q4 and
infrared emitters LEDI and LED2
directly in line with each other. The
yokes must be fabricated so that they
straddle the optical disc on each side
of the motor’s drive shaft and with
the source and destination holes ex-
actly aligned with the slots in the op-
tical disc when it is finally mounted
in place.

Referring first to Fig. 2(A), fabri-
cate the two motor bearings as
shown. Use 16-gauge or so steel,
brass or aluminum stock for the
bearings. Drill hole A just large
enough to fit the shaft chosen for the
motor. The shaft can be a straight
5-inch length of metal clothes hanger
or brass or drill rod. It should not ex-
ceed %, inch in diameter. Hence, the
A holes drilled in the bearings should

be just the slightest bit larger than %.
inch to allow the shaft to rotate free-
ly in them. Use a %-inch bit to drill
the holes labeled B.

Next, trim the perforated board
on which the various driver and pow-
er transistors and their associated re-
sistors are to be mounted and wired
together to the dimensions shown in
Fig. 2(B). Then drill %-inch holes
through the board as indicated at the
lower-left and lower-right for mount-
ing purposes.

For the base, you need %-inch or
so thick wood. This can be either
pine lumber, particle board or ply-
wood. After cutting the board to
size, you can route a mortise on its
top to accommodate the field-coil as-
sembly, as detailed in Fig. 2(C). The
mortise should be only about ¥ inch
deep and should be completely flat
bottomed. The best way to make this
is with a power router, squaring up
the corners with a wood chisel. If you
do not have a router, simply disre-
gard the mortise.

If you decide to use the optional
sub-base, use the same thickness ma-
terial used for the base itself, cutting
it to 4% inch square.

A flat thin piece of opaque materi-
al like Bakelite, phenolic board,

sheet aluminum or even heavy poster
board can be used to make the opti-
cal disc. The material used should be
about %, inch thick. This is the most
difficult item to fabricate. This is
easiest to do with a power bandsaw
or jig saw, which is essential if you
are using aluminum for the optical
wheel’s material. With no access to
these tools, you would be better off
using easier-to-machine Bakelite,
phenolic or poster board.
Whichever material you do use,
start with a 4-inch square to allow
sufficient excess for trimming. Lo-
cate the center of this square by
drawing diagonal lines to opposite
corners. Then, using a compass,
scribe or draw a 3-inch-diameter cir-
cle on the material, centered at the
point where the diagonal lines cross.
Next, measure % in from the circum-
ference of the circle and scribe or
draw another concentric circle, re-
ferring to Fig. 3(A) for details.
Place a straight edge along one of
the previously struck diagonal lines
and strike lines that cross the inner
circle against the straight edge. Then
use a 30/60/90-degree triangle or a
protractor to strike lines across the
inner circle at 60 degrees from the
just-drawn cross lines on the inner
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(A) OPTICAL SWITCHER WHEEL

D" to fit shaft. Material may be aluminum,
bakelite or poster board

e
Plane of armature A
tips must be M
aligned with this -
axis

284"

2"/

&

Hole for phototransistor
(drill for pressfit)

FRONT

Hole for IR source
(drill for pressfit)
Vs =
L
1/‘u ------
SIDE

(B) IR SOURCE/PHOTORESISTOR MOUNT (2 req'd)

Fig. 3. Fabrication details for optical wheel (A) and IR source/receptor yoke mounts (B).

circle. The four cross points thus in-
dicated are where J%-inch-diameter
holes must be drilled to start and end
the slots in the optical disc. Drill
these holes now. Then drill a hole in
the center of the disc, sizing it for a
press fit of the motor’s shaft.

If you have access to a bandsaw,
cut the disc out of the square. If
not, use a coping saw to do the cut-
ting of nonmetallic material. Then
cut the slot. If the material being
used is nonmetallic, you can use the
coping saw or a jigsaw to cut the
slots. You may even be able to use a
jigsaw—not a coping saw—to cut the
slots in aluminum if the material is
very soft. Otherwise, drill a series of
interconnecting holes and clean out
unwanted material with a small round
or curved file.

Referring to Fig. 3(B), fabricate the
yokes from strips of % X Y4%-inch
pieces of clear pine. After cutting
them both to a length of 2% inches,
mark the locations for the holes to be
drilled. For holes A, make center-
point marks on both sides of the
wood pieces since you may have to
drill different-size holes through
both arms of the yokes to accommo-
date LED and phototransistor cases
that are different diameters. Holes B

should be Y%-inch in diameter and
should go clear through both pieces.

With the yoke pieces laid %-inch-
wide face up, strike a line down the
center of each and measure % inch up
from the ends through which the B
holes have been drilled and strike a
cross line. Drill a %-inch hole clear
through both pieces of wood at the
crossed lines.

If you have access to a bandsaw or
jig saw, cut Y%-inch-wide slots whose
rounded bottoms are the Y-inch
holes just drilled. Smooth the sides
of the slots with a fine wood file or
sandpaper. Temporarily slide a Y-
inch-thick piece of wood or Masonite
into the yoke slots and drill holes A in
both yokes. If the selected IR LEDs
and phototransistors have cases with
different diameters, size these holes
accordingly to provide press fits. In
this case, make sure that when you
drill the hole on either side that you
do not go clear through the central
wood or Masonite, Remove the wood
or Masonite pieces from the slots and
discard them.

For the field-coil piece, you need a
4%, by %s-inch piece of % - or %.-inch-
thick mild steel. As illustrated in Fig.
4, drill two %-inch holes, each 2
inches from the ends and centered in
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the strip, to permit mounting. Then
bend the steel strip into a U shape
with 1%-inch legs.

You may want to fit onto the legs
of the pole piece bobbin guides, as
shown in the right illustration in Fig.
4. These optional guides can be fab-
ricated from pieces of perforated
board, Bakelite, phenolic board or
heavy poster board measuring % X %
X Ysinch. After cuttinga %s X %, o0r
%.-inch slot down the center of each
guide. Punch or drill a small (¥-inch
or so) hole through each guide. Then
slip one guide onto each leg of the
field-coil piece. Then wrap a layer or
two of plastic electrician’s tape
around the center of each leg to pro-
vide insulation, making the insulated
areas % inch wide.

Push the bobbin guides up against
the tape and secure in place with
plastic cement. Slide the remaining
two guides onto the legs as shown
and cement these in place. Set the
field-coil piece aside until the ce-
ment sets.

Meanwhile, prepare the pole
pieces, as detailed in Fig. 5. For this,
you must fabricate two paddle-
shaped pieces of Y,-inch-thick mild
steel as shown in detail (A). Once you
have cut to size the steel pieces, drill a

Say You Saw It In Modern Electronics
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/32" steel

Shaped pole pieces
mounted on shaft
with magnet

L—S/A" —J

(A) POLE PIECE
(2 req'd)

(B) SIDE VIEW

Fig. 4. Machining details for pole
pieces (A) and ‘‘sandwich’’ made up
of two pole pieces and a magnet.

hole the same size as that in the ce-
ramic magnet chosen. Then bend the
narrow tabs on both pieces in a
smooth quarter-round arc as in de-
tail (B). Use a drop or two of super
glue to cement the steel pieces to op-
posite faces of the ceramic magnet,
orienting the tabs so that they are at
opposite ends of the magnet.

Cut to length four 24-foot No. 28
or 30 enameled (so-called ‘‘mag-
net’’) wires. Attach adhesive tags
with the legends L1S and LIF to the
start and finish of one wire, L2S and
L2F for the start and finish of the sec-
ond wire, L3S and L3F for the third
wire, and L4S and L4F for the fourth
wire. (The “‘s’” and “‘F”’ in all cases
refer to the start and finish ends,
while the ““L1’’ through ‘L4’ refer to
the individual field windings.)

Holding the L1S and L3S ends to-
gether and leaving a 4- to 5-inch
starting ‘‘tail,”’ wind both wires in
parallel with each other around one
leg of the field-coil piece. Continue
winding until all but a 4- or 5-inch
end tail is left. In the same manner,
wind the other two wires onto the
other leg, beginning with the ends la-
beled L28 and L4S and ending with
the ends labeled L2F and L4F. It is ex-
tremely important that you wind
both pairs of wires onto the pole

Say You Saw It In Modern Electronics

piece legs in the same direction.
Otherwise, the motor will not oper-
ate but will simply hum as it con-
sumes power from the dc source.
Make the windings neat and even.

Depending on pole material thick-
ness, each 27-foot length of wire
should result in about 260 turns. If
you have incorporated the bobbin
guides, pass each start (labeled S)
wire in turn through the small holes
in the upper guides, reattaching its
label immediately as it is passed
through the hole. Do the same with
the finish (labeled F) ends, passing
each through the small holes in the
lower bobbin guides.

You have now fabricated all the
mechanical elements that make up
the brushless dc motor. Now go back
over them, checking them against
the various figures to ascertain that
each has been fabricated as specified.
If so, smooth all cut edges and drilled
hole edges to remove burrs and/or
splinters. Lightly sand all wood mem-
bers and, if desired, paint or seal
them with clear or tinted urethane.

When everything is dry, use glue
and ¥%-inch flat-head woodscrews to
secure the base plate in the center of
the sub-base plate (if you are using
it). Then use %-inch woodscrews to
mount the field-coil assembly on the
base plate, positioning it squarely in
the mortise if you cut this. Then use
%-inch woodscrews to mount a bear-
ing piece centered at one end of the

base plate (see lead photo). Slide on-
to one end of the shaft a friction-fit
plastic bushing and position it about
% inch from that end. If you cannot
locate such a bushing, wrap a few
layers of '4-inch-wide electrical tape
around the shaft flush with the end.
Pass the other end of the shaft
through the hole in the bearing.

Next, slide onto the shaft the mag-
netic pole-piece assembly. It will be a
loose fit, which will be taken care of
later. Slide the other bearing onto the
shaft and secure it in place, centered
against the opposite end of the base
plate, with %-inch woodscrews (see
Fig. 7). Once again, slide onto the
free end of the shaft a press-fit plas-
tic bushing or wrap a few turns of
electrical tape around the shaft.
When you are done with this, there
should be just about % inch of play
when you gently move the shaft back
and forth.

Follow up with the optical disc.
Remember that this is a press-fit op-
eration; so be careful to avoid bend-
ing the motor’s shaft as you press it
into place.

Now mount the yokes in their re-
spective locations to either side of the
optical disc, with the LED holes fac-
ing away from the field-coil assem-
bly. Carefully align the emitter/re-
ceptor holes of each with the slots in
the disc, turning the motor’s shaft as
needed to bring the slots into align-
ment. Use a 1%-inch woodscrew to

——| |<— 116" or ¥a2"

= [ Mounting
- holes
I 134 !‘{,\’E;

(A) FIELD COIL POLE PIECE

electrical
tape on
each leg

(B) FIELD COIL POLE PIECE WITH
BOBBIN IN GUIDES

Fig. 5. Machining details for field-coil piece (A) and optional bobbin guides (B).
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B

secure each yoke in place against the
base plate.

Now align the shaft elements with
the field-coil and yoke assemblies.
The armature assembly must be cen-
tered over the field-coil assembly. To
accomplish this, determine where on
the motor’s shaft this assembly must
be located. Then wrap as many lay-
ers of tape over this location as need-
ed to provide a relatively tight fit
when the magnet assembly is pushed
into place. It is not necessary—or
desirable—to make the fit too tight
because you will be cementing the
magnet assembly into place. Be
careful to avoid bending or dis-
torting the shaft as you work.

Return to the optical disc. First,
adjust the position of the disc on the
motor’s shaft so that the former sits
centered in the slots in the yokes and
is squared with the shaft. Rotate the
shaft to make certain that no part of
the disc touches the arms of the yoke.
Use super glue or quick-set epoxy ce-
ment to secure the optical disc in
place on the shaft, with square-cut
bushings as shown in the lead photo,
if you have them.

As you rotate the shaft, check for
bearing binding. If you note binding,
you may have to disassemble the mo-
tor to enlarge the holes in the bear-
ings. Also check the clearance be-
tween the tabs on the magnetic pole
piece and field-coil assembly. The
two should not touch. Ideally, there
should be about a %¢-inch separation
between the two assemblies at their
closest. If everything appears to be
okay, place a drop of light machine
oil or grease on each bearing to re-
duce friction.

Rotate the armature assembly on
the motor shaft so that the tabs align
equally with the bottoms of the slots
in the optical disc. Do not glue this
assembly in place just yet.

Now that the mechanical elements
are assembled, install transistors Q2,
03, Q5 and Q6 on the perforated
board. Follow up with resistors R3
through R6. Use appropriate solder-
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WINDING DETAIL - FIELD COIL

Fig. 6. Winding details for field coils

on pole piece. Both coil pairs must be

wound in the same direction. Desig-

nations “‘S’’ and “‘F’’ refer to start

and finish ends, respectively, of indi-
vidual coil windings.

ing or Wire Wrap hardware and in-
clude posts for soldering the + 5-volt
and ground cable into the circuit.
Then, referring back to Fig. 1, wire
together these components.

Power for the IR emitter circuit
should be made from the circuit-
board assembly. Therefore, mount
R1 and R2 on this board. Install a
wire that will connect from R/ to the

Fig. 7. View of motor from rear shows orientation of pole-piece assembly with
respect to optical disc’s slots and bushing on end of motor shaft.

anode lead of LEDI and another
wire that will connect from R2 to the
cathode lead of LED2. Also, include
two more wires from the board’s
ground bus to connect to the cathode
lead of LEDI and the anode lead of
LED2. Mount the circuit assembly
against the wood base with wood-
screws, as shown in the lead photo.
Referring to the lead photo, plug
the domed cases of IR emitters LED]
and LED?2 into their respective yoke
holes. Do the same with phototran-
sistors QI and Q4. Then locate the
two ground leads coming from the
circuit-board assembly and connect
and solder them to the cathode lead
of LEDI and the anode lead of
LED?2. Locate the wire connected to
R and solder its free end to the
anode lead of LEDI. Similarly sol-
der the wire connected to R2 to the
cathode lead of LED?2. Insulate the
connections with plastic tubing or
electrical tape. Then connect and sol-
der the dc power cord (it should be
color-coded red for +5 volts and
black for ground or be a length of zip
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cord with one readily identifiable
conductor) to the power buses.
Finish up wiring by routing the
leads from the field-coil assembly to
the appropriate points in the circuit.
Determine how long the lead labeled
L1S should be to connect to the col-
lector of Q3 and trim it to that
length. Carefully scrape away about
% inch of the insulating enamel coat-
ing and connect and solder this lead
to O3’s collector. Do the same with
the lead labeled L3S, connecting and
soldering it to the collector of Q6.
Next, trim the leads labeled LIF
and L2F, scrape away the enamel,
twist the two together and solder. Do
the same with the leads labeled L3F
and L4F. Repeat with the leads la-
beled L2s and L4S. Insulate all three
connections with electrical tape.

Checkout & Use

Connect the motor to a 4.5- to 6-volt
dc source, making certain that the
connections are properly polarized.
To get things started, turn by hand
the shaft in either direction. The mo-
tor should take over and come up to
speed in a few seconds. If it does not
operate as it should, disconnect pow-
er and carefully readjust the angular
position of the magnetic pole piece
assembly with respect to the field-
coil assembly while holding the shaft
stationary until it does. Once you
have the motor operating properly,
super glue the pole piece into place.

Should the motor fail to operate
altogether, power down and check
for shaft binding. If this is not the
problem, recheck all wiring against
Fig. 1. Make certain that the IR
LEDs and phototransistors are prop-
erly polarized and that connections
to the leads of the driver and power
transistor are correct. Also double
check polarization of the power-
source leads. This is a fairly simple
circuit; so troubleshooting should
not be too difficult.

You will find that it is best to oper-
ate the motor under subdued lighting

conditions, unless you provide a
light shield for the infrared emit-
ter/receptor arrangement.

Power for the motor can be any
4.5- to 6-volt dc source, including
heavy-duty battery, though an ac-
operated bench supply should be
used if you plan on operating the mo-

—h-;_:;“'

tor for any extended period of time.
You can adjust the motor’s operat-
ing speed by varying the supply volt-
age. For demonstration purposes,
you can also shine the beam of a
small flashlight on the area of the IR
source or phototransistors to reduce
the speed. ME

T
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Applications

Current

By Duane M. Perkins

lectronic circuit design fre-
E quently required conversion

of a variable current to a
voltage. The current source (or sink)
is often the collector of a transistor,
but it could be the output of an inte-
grated circuit or any device whose
output is a variable current. The con-
version is usually accomplished by
inserting a resistor in the circuit so
that the current flows through the re-
sistance. The voltage drop across the
resistance varies linearly with the
current.

The transistor circuit shown in
Fig. 1 illustrates this method. Since
the collector current is relatively un-
affected by changes in the collector-
to-emitter voltage, the output volt-
age varies linearly with the input
voltage. Distortion occurs when V
drops below the linear portion of the
operating characteristics curves. As
a practical matter, this means that
the supply voltage must be signifi-
cantly greater than the maximum
peak-to-peak output voltage swing.

Given a current source or sink that
requires an essentially fixed voltage
at its output, is is not feasible to in-
sert a resistor into the circuit. A
transducer that acts as a variable re-
sistance will produce a current that
varies linearly with its resistance only
if supplied with a fixed voltage.

The problems of nonlinearity and
source-voltage limitation can be
overcome by using a very low value
of resistance, since this means that
the output voltage swing will be very
small. The signal voltage can be am-
plified by as much as necessary.
However, this approach introduces
new problems. The required ampli-
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Converting
to Voltage

NOTE: +

AV = AV R
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NOTE:

AVOUT = AISRF

Fig. 1. Anamplifier circuit that hasa
voltage input and a voltage output.

fier may add significantly to the
complexity and cost of the device,
particularly if dc amplification is re-
quired. There is also the potential for
noise problems if much amplifica-
tion is required.

An Active Converter

The circuit in Fig. 2 shows an effec-
tive way to convert current to a dc
voltage. If the input is a current
source, use an npn transistor and re-
verse the supply voltage polarity.
The V¢, drop is essentially fixed,
thus providing a fixed voltage for the
current source or sink. The relation-
ships are shown as:

IARA =Vep
(Rg/Rc) >> 8
Algp = — Alg

AVoy = AlIgRE

A Practical Application

Figure 3 shows a practical amplifier
circuit that illustrates the advantages
of an active current-to-voltage con-
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Fig. 2. Anamplifier circuit that has a
current input and a voltage output.

verter. It is a dc amplifier with provi-
sion for nulling the offset by adjust-
ment of R4. Input voltage V;, is con-
verted to a current by Q1. The collec-
tor current of QI is converted to a
voltage by Q2. The offset is adjusted
by adjusting R4 so that the dc poten-
tial at Vg is at ground level when
Vin is grounded. Output is refer-
enced to ground by using a split sup-
ply or simply by using a voltage di-
vider consisting of two resistors of
equal value.

The collector current of Q7 will be
about 2.3 milliamperes when the out-
put is nulled. Accordingly, R3 + R4
will be about 4,900 ohms. The calcu-
lated amplification factor is given by:

15AV;, x 103
AVour 4.9 x 103 306
AVip AV, ’

As actually measured, the voltage
gain is closer to 2 because the voltage
at the base of Q2 is not absolutely
fixed. The very small variation in the
Vep of Q2 results in negative feed-
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back that is amplified by the beta of
transistor Q2.

With no reactive components in
the circuit, other than the small capa-
citances inherent in the transistors
and the conductors of the circuit it-
self, bandwidth is very large. High-
frequency cutoff will depend largely
on the transistors actually used, but
it should be well above 1 MHz. An
undistorted peak-to-peak output of
about 15 volts is attainable.

Other Applications

Certain integrated circuits source or
sink a current that must be converted
to a voltage. Usually, the output ter-
minal is connected to one or more
transistor collectors internally. Two
examples are the DAC-801 digital-
to-analog converter and the MC1350
i-f amplifier. The circuit in Fig. 2 can
be used with these ICs. The MC1350
is a high-gain dc amplifier with a
large bandwidth. Potential applica-
tions are much broader than the in-

+12V ¢
A1 amA|2 Do
§ 2.3mA ? Q2
33K L > 2N3906
2N3904 Q>
O.76mAl R6
v, — 15K
N
2 Vour
R3
R2 ¢ 2.2K
Tigenn
R4
5K
NOTE: R6 l
AVOUT =AMV =3 h7 —-12v
R3 + R4

Fig. 3. A practical dc amplifier, with offset milling, for converting an input cur-
rent to an output voltage.

tended use as an i-f amplifier.
Summing up, the circuit in Fig. 2 is
an amplifier with a current input and
a voltage output. It has negative cur-
rent feedback that stabilizes the dc
current, provides for linear amplifi-

dance. In many applications, it has
advantages over the voltage-to-volt-
age amplifierillustrated in Fig. 1. We
expect that readers whose interests
include circuit design will find that
these simple circuits can be effective-
ly used to solve certain problems. ME
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Project

A Multi-Channel
TTL Logic Tracer

Digital test instrument incorporates six ‘‘logic-probe”’’
channels and can be expanded as needed

By Peter A. Lovelock

simple logic probe that uses
different-color visible indi-
cators (usually LEDs) to

tell you when a point under test in a
circuit is high, low or pulsed is cer-
tainly a valuable tool in digital signal
tracing. Its value, however, is limited
because it is restricted to use on only
one test point at a time. In many
modern digital circuits, however,
more than one point must be moni-
tored simultaneously for meaningful
tracing to be effected. To do this, of
course, you could use multiple logic
probes, but this is both cumbersome
and expensive. My solution was to
design a low-cost multiple logic

probethat I call a ‘“‘Logic Tracer.”’ It
is described in detail below.

Before designing the Multi-Chan-
nel TTL Logic Tracer discussed here,
I examined a commercial logic probe.
A look inside convinced me that the
nine transistors and lots of other
components it contained was not the
way to go. What I ended up with was
an elegantly simple circuit that gave
me six test inputs and could be ex-
panded as needed. The basic circuit
contains only one hex-inverter IC,
six bi-color LEDs and 12 resistors. It
gives indications of high, low and
pulsed conditions and operates reli-
ably at frequencies up to about 1
MHz. Perhaps best of all, the entire
project can be built for about the
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cost of just one standard commercial
single-point logic probe from com-
ponents purchased locally.

About the Circuit

The entire Multi-Channel TTL Logic
Tracer schematic diagram is shown
in Fig. 1, along with several Details
that clarify circuit operation, power-
ing options and IC pinouts and inter-
nal details. As the main schematic di-
agram shows, the project is built
around a commonly available TTL
hex inverter, IC!. Each channel’s in-
verter also requires two resistors and
a single bi-color (red/green) light-
emitting diode. Six channels are pos-
sible with a single 7404 hex inverter.
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DETAIL A DETAIL B DETAILC
PARTS LIST
Semiconductors Double-sided printed-circuit board see text); dry-transfer labeling kit;

IC1—7404 TTL hex inverter

I1C2—7805 + 5-volt regulator (optional

—see text)

LED1 thru LED6—Bi-color (red/green)
light-emitting diode (Radio Shack

Cat. No. 276-035)
Capacitors
C1—10-xF, 10-volt tantalum
Resistors (Y4-watt, 10% tolerance)
R1 thru R6—270 ohms
R7 thru R12—1,000 ohms
Miscellaneous
J1 thru J6 - Banana or pin jack

or perforated board and suitable sol-
dering or Wire Wrap hardware; six
banana or pin jacks; 14-pin DIP
socket or Molex Soldercons® for
IC1; project box (Radio Shack Cat.
No. 270-231 or other 4” x 2%" X
1% " box with removable aluminum
panel); six micro test clips (Radio
Shack Cat. No. 270-355); 2 miniature
alligator clips with insulating boots;
small rubber grommets (see text);
plug-in wall 7- to 35-volt dc power
supply and mating jack (optional—

clear spray acrylic; 4-40 x 1% " ma-
chine screws, lockwashers and nuts
(2 sets); ¥ " spacers (2); red- and
black-insulated test cable; hookup
wire; solder; etc.

Note: The following items are available

from R.&R. Associates, 3106 Glendon
Ave., Los Angeles, CA 90024: Double-
sided pc board with plated-through holes,
$4.50; Kit of parts for six-channel Tracer,
including pc board, $10.00 plus $1.50
P&H. California residents, please add
state sales tax.

Fig. 1. Complete schematic diagram of Multi-Channel TTL Logic Tracer and single stage (Detail A), dc powering
options (Detail B) and internal details/pin- outs for ICs.
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If additional channels are needed,
you can simply add as many 7404 hex
inverters, resistors and LEDs as are
needed. For example, if you need an
8-channel Tracer, use two 7404s, 16
resistors and eight LEDs. A 16-chan-
nel Tracer requires three 7404s, 32
resistors and 16 LEDs, while a 32-
channel Tracer requires six 7404s, 64
resistors and 32 LEDs. In these three
examples, not all inverters in all
7404s are used. The unused ones can
be disregarded, or they can be wired
as extra channels that can be called
into use as needed.

Since all channels in the Logic
Tracer are identical, it is easier to re-
fer to Detail A to examine how the
project works. As you can see, each
inverter is accompanied by a bi-color
LED and 270-ohm current-limiting
resistor connected between the in-
verter’s input and output and a
1,000-ohm pull-down resistor from
the input to circuit ground.

Depending on the polarity and fre- -

quency of the input signal to any giv-
en channel, the bi-color LED will
give a different color indication. If a
logic 1 of near + 5 volts is applied to
the input of the inverter, the output
of the inverter will be at a logic 0 or
near ground potential. With the
LED connected as shown to both the
input and output of the inverter, the
low at the output will cause current
to flow through only the red element
inside the LED. On the other hand, if
the input to the inverter is a logic 0,
the output will be a logic 1, reversing
the flow of current through the LED
and causing the green element to
light. Consequently, when the red el-
ement is on, the logic level at the
point under test is high and if the
green element is on, it is low.

In many cases, the signal at a point
under test will not be a constant logic
1 or logic 0 but a pulse train. If the
pulse train is very slow (less than
about 10 Hz) you will see the red and
green elements alternately coming on
as the pulse train goes to high and
then to low. On the other hand, if the
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Fig. 2. Actual-size etching-and-drilling guides for top (left) and bottom (right)
of double-sided printed-circuit board.

pulse train is faster than about 10
pulses per second, both LEDs will
appear to be on simultaneously.
Your eye’s vision retentivity will then
resolve the effective color to be any-
where between yellowish-green and
reddish-orange, depending on the
duty cycle of the pulse train. If the
pulse train has a 50-percent duty cy-
cle, the effective color will be nearly
all yellow.

With no input applied to the in-
verter, no voltage difference will ex-
ist across the LED. In this case, nei-
ther element in the LED will light. A
stable state is maintained by the
1,000-ohm pull-down resistor.

Since this Tracer deals with TTL
levels, it requires a single + S-volt to
ground power source. If only 12 or
fewer inverter/LED stages are built,
you can power the project directly
from the power rails of the circuit
under test as long as the current drain
is limited to 100 milliamperes or less.
If more channels are used, it is safer
to power the project independently
of the circuit under test. In this case,
you can use a plug-in wall power sup-
ply and voltage regulator capable of
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delivering sufficient current to safely
handle the load. These powering op-
tions are shown in Detail B. In both
cases, make sure to use the 10-micro-
farad, 10-volt tantalum capacitor for
decoupling.

Note that Detail B indicates that
you should use only one of the pow-
ering options—not both. If you wish
to use both, however, make certain
that you connect the direct + 5-volt
power input into the circuit on the
output side of the 7805 IC2 regula-
tor. With this arrangement, you need
only one tantalum decoupling capa-
citor. This arrangement gives you a
choice of powering options so that
you can use the separate power sup-
ply if you are working on a very-low-
power TTL circuit.

Detail C gives such information as
the internal function information
and pinouts of the 7404 hex inverter
used for ICI and the pinouts of the
7805 + 5-volt regulator used for /C2.

Construction

Owing to the basic simplicity of the
project in terms of component count

Say You Saw It In Modern Electronics



www.americanradiohistory.com

and the fact that component layout is
not critical, you can wire the Multi-
Channel TTL Logic Tracer by any
traditional means that suits you.

You can etch and drill your own
double-sided printed-circuit board
using the actual-size etching-and-
drilling guides shown in Fig. 2 (or
purchase a ready-to-wire board with
plated-through holes from the
source given in the note at the end of
the Parts List). Alternatively, you
can assemble and wire the project on
a perforated board that has holes on
0.1-inch centers using suitable solder
or Wire Wrap hardware. In either
case, a socket is recommended for
each 7404 hex inverter used.

If you etch and drill your own pc
board, you will likely not be able to
plate-through the holes. Therefore,
you must make sure that you solder
all wiring and component leads and
pins to the copper pads on both sides
of the board to assure that all con-
nections are properly made. There
are also four jumper points on the
board, indicated by the letters A
through D in Fig. 3, that require
short lengths of solid bare wire or
cut-off resistor lead to be inserted in-
to each hole and be soldered to the
pads on both sides of the board. Of
course, if you prefer to avoid having
to deal with the problems of a dou-
ble-sided pc board that does not have
plated-through holes, you can sim-
ply etch a single-sided board with
just the bottom etching guide and re-
place the four solid conductors
shown in Fig. 3 with physical insulat-
ed wire jumpers in the usual manner.

There is only one potential wiring
difficulty with regard to using a
home-made pc board that does not
have plated-through holes. That is
that you cannot use a conventional
IC socket with molded plastic hous-
ing for ICI. However, the problem is
easily solved simply by using strips of
Molex Soldercons® in place of the
socket. Simply cut or flex the Solder-
cons into two strips of seven socket
pins each and plug one strip into one

*Denotes long LED lead
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Fig. 3. Wiring guide for pc board. Use this as a rough guide to component loca-
tions and layout if project is assembled on perforated board.

set of IC1 holes in the board from the
component side.

Turn over the board and solder the
protruding pins to the copper pads,
making sure to keep the Soldercon
socket strip vertical on the compo-
nent side of the board. Turn over the
board and solder the sockets to the
pads onthe top of the board. Use sol-
der sparingly to avoid clogging the
socket pins as you solder them to the
top of the board. Then flex the con-
necting strip free of the socket pins.
Repeat for the other Soldercon strip.

From here on, we will be discuss-
ing assembly of the project on a
printed-circuit board. If you opt for
perforated board, lay out the circuit
components as close as possible to
that shown in the Fig. 3 pc wiring
guide.

Start wiring the pc board by in-
stalling the IC socket (or Soldercons)
and following with the resistors and
the tantalum capacitor. If you are us-
ing a board with plated-through
holes, simply solder each lead from
the bottom of the board; capillary
action will “‘wick’’ the solder into the
holes and slightly mound it on the
top pads and leads. If you are using a
double-sided board that does not

have plated-through holes, make
sure you solder each lead to the pads
on both sides of the board to com-
plete the circuit. Do not install the bi-
color LEDs at this time.

Decide now if you are going to
power the project directly from the
supply rails of the circuits that will be
tested, by its own separate power
source or to give you a choice of ei-
ther one or the other.

If you plan on powering the proj-
ect directly from the supply rails of
the circuits you will be testing, strip %
inch of insulation from both ends of
36-inch lengths of red- and black-in-
sulated test-lead wires. Tightly twist
together the fine conductors at both
ends of both wires and sparingly tin
with solder.

Plug the one end of the red-insu-
lated wire into the hole labeled +5v
and solder into place on both sides of
the board. Repeat with the black-in-
sulated wire and the hole labeled
GND. The other ends of these wires
will be terminated after the circuit-
board assembly has been installed in-
side its enclosure. (Note: regardless
of which powering option you plan
on using, you must make provisions
for the black-insulated test lead to
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serve as a ground reference for the
project when making circuit tests.)

If you opt for a separate power
supply or a choice of either, replace
the 36-inch red-insulated wire with a
4- to 5-inch wire, and prepare a sec-
ond same-length black-insulated wire
in the same manner. Once again, sol-
der just one end of each wire into the
appropriate holes, leaving the other
ends for connection later on.

Strip % inch of insulation from
both ends of six 4-inch lengths of
hookup wire. If you are using strand-
ed hookup wire, tightly twist togeth-
er the fine wires at both ends and
sparingly tin with solder. Plug one
end of each wirein turn into the holes
labeled 11 through J6 on the circuit
board and solder to the pads on both
sides of the board. The other ends of
these wires will be connected later.
Temporarily set aside the circuit-
board assembly.

A suitable enclosure in which to
house the project is specified in the
Parts List. This is a small plastic
project box that has a removable alu-
minum panel. Unless you opt for a
separate power supply or a choice be-
tween both powering options, all
machining of the enclosure is per-
formed by drilling holes in suitable
locations through the aluminum
panel of the project box.

Using the Fig. 4 template as a
guide, machine the panel exactly as
shown. There are separate holes for
each LED and test-lead banana or
pin jack, the +S5-volt and ground
power leads and the mounting holes
for the circuit-board assembly. If
you plan on using a separate power
supply exclusively, do not drill the
V4-inch hole shown on the center axis
at the left end of the panel. Once all
the holes have been drilled, deburr
them to remove sharp edges. (Note:
You can save on the cost of the proj-
ect by eliminating the banana or pin
jacks, replacing them with small rub-
ber grommets through which the test
leads enter the enclosure and wire di-
rectly and permanently to the board.

Circuit-board assembly mounts with component side toward rear of front panel
so that lenses of LEDs can drop into their respective holes.

If you do this, make sure to tie strain-
relieving knots in the test-lead wires
inside the enclosure.)

Feed a No. 4-40 x 1Y-inch ma-
chine screw into the small holes on
the central axis and follow up with a
¥4-inch spacer. Plug the leads of the
bi-color LEDs into the holes in the
circuit board, making sure that the
long leads go into the holes near IC1.
Plug the free ends of the screws into

the board’s mounting holes and
follow up with a machine nut on
each. Make sure the component side
of the board is facing toward the in-
side surface of the panel and that it is
oriented so that the LEDs are on the
side that matches up with their holes
in the panel. Make the machine hard-
ware finger tight.

Without allowing the LED leads
to fall out of their holes in the board,
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Fig. 4. Front-panel machining details.
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Fig. 5. Simple sequential logic application setup for using project.

invert the assembly so that the bot-
tom side of the circuit board is facing
up. Then gently push the lensed end
of each LED into its respective hole
in the panel. Holding the LEDs sol-
idly against the panel, solder one
lead of each to the pads on the bot-
tom of the board. Turn over the as-
sembly to check alignment from the
front of the panel. If everything ap-
pears to be okay, solder the other
lead of each LED to its bottom-of-
the-board pad. ]

Remove the machine hardware
and set it and the spacers aside. Gent-
ly remove the front panel from the
circuit-board assembly, taking care
to avoid displacing the LEDs from
their current positions. Carefully
solder the lead near IC/ of one LED
toits pad on the top of the board. Re-
peat for each LED in turn. Then do
the same for the leads nearer the edge
of the board. Make sure you do not
move any of the LEDs as you do this.
Lay aside the pc assembly.

Scrub the aluminum panel to re-
move all dirt, grease and other de-
bris. When it is completely dry, label
the panel with a dry-transfer letter-
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ing kit. For example, you might cen-
ter the legend INPUTS above the line
of banana or pin jacks that will be
used to plug in the test leads (or the
grommets for the test leads). Just be-
low them, you can label the jacks 1
through 6. Similarly, you can label
the legend CHANNELS below the
LED holes and label above each hole
the numbers 1 through 6 in the same
sequence used for the jacks. Finally,
label the left central hole +5 VOLTS
and the right central hole GND. Leave
enough room between hole edges and
labels to clear grommets and jacks.

When all labeling is done, apply
two or three light coats of clear acryl-
ic spray lacquer over the entire front
panel to protect the labeling from
damage. Wait until each coat is fully
dry before spraying on the next. Af-
ter the last coat has completely dried,
mount the banana or pin jacks in
their respective holes and gently
force small rubber grommets into the
power-lead holes.

Remount the circuit-board assem-
bly on the front panel, using the 4-40
machine hardware and spacers you
used before, but place a lockwasher

waany amaricanradiahictaons cam

on each screw before screwing on the
nuts. Make sure each LED aligns
with and slides into its respective
hole in the panel. Apply a drop of
Krazy glue to each LED to secure it
in its panel hole.

Locate the free ends of the short
wires and connect and solder them to
the lugs on their respective banana or
pin jacks. Tie a double knot in the
red and black test-lead wires about 5
inches from the ends connected to
the circuit board and feed the free
end of the red wire through the
grommet in the hole labeled +5
vOLTS and the black wire through
the grommet in the hole labeled GND.

If you do not plan on using the
separate power supply option in the
project, this completes construction
but for terminating the power leads
and preparing the test leads. If you
are incorporating this option, install
and solder into place on the circuit
board the 7805 voltage regulator,
making sure it is properly oriented
before soldering its pins to the pads
on both sides of the board.

(Continued on page 89)
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Computer Servicing

Troubleshooting
Disk-Drive Power Supplies

Cranky floppy-disk-drive write’s and read’s
are sometimes caused by marginal power supplies

By Ralph Tenny /%\

hat do you do when a
stand-alone floppy-disk
drive hasn’t given up the

ghost but occasionally drops a file or
wipes out a directory. If, after clean-
ing heads and verifying with a test
disk that alignment, ef al, are fine,
you might consider that this inter-
mittent problem can be caused by a
marginal power-supply design inside
the drive’s case.

The above scenario can occur even
with add-in drives powered from the
computer’s power supply if the latter
is marginally designed, though this is
less likely to occur here. In this arti-
cle, we’ll discuss what to look for
and, more importantly, how to go
about solving the problem. If a poor-
ly designed power supply is what’s
causing you grief, you’ll be able to
fix it yourself. If not, at least you’ll
know where not to look for a gremlin.

Disk Power Supplies

Mini-floppy 5.25-inch and micro-
floppy 3.5-inch drives are powered
from two different-voltage power-
supply rails. A + 5-volt rail runs the
electronics, while a + 12-volt supply
delivers driving power to the spindle
-assembly that revolves the disk inside
its jacket or case as well as to the
stepper motor that moves the read/
write head.

The + 5-volt supply that drives the
read/write electronics must write da-

#

9-11 v.t
({/1 —4——|VR1—*+ 8V

¥ =c1

GND

15-18 V.

A Q
) T

VR2+12V

T1
115 VAC

| K B v
= 4 ¥ Lez®
S T
==

GND

Fig. 1. Schematic diagram of an ideal + 5/ + 12-volt power supply for a stand-
alone floppy-disk drive unit. In this circuit, the two supply rails are derived from
virtually independent supplies.

ta tracks that are both uniform in
level and spacing. The motor supply
must be designed to deliver a steady
+ 12 volts so that the revolving speed
of the disk is uniform and identical
for both the read and the write oper-
ations. Of course, a very important
factor to take into consideration
with both power supplies is the de-
mands placed upon them.

An essentially steady load is placed
on the + 5-volt supply. On the other
hand, the + 12-volt supply is sub-
jected to a very heavy surge whenever
the spindle motor starts up. Once the
spindle motor has come up to speed,
it settles down to a fairly steady drain
on the power supply. Meanwhile,
any attempt to access another track
requires that the head stepper motor
be switched on, placing an additional
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load on the power supply. The most
probable cause of power-supply-re-
lated random disk errors is interac-
tion between the +5- and +12-
volt supplies.

Properly designed floppy-disk
power supplies have adequate isola-
tion between the two voltage rails. In
essence, the well-designed supply is
actually two separate power supplies
in one package. A few add-on disk
drive power supplies, however, have
been designed with what, for want of
a better term, we’ll call ‘“‘short-cut
engineering.” Their performance
can range from poor isolation to in-
adequate current capability and vary-
ing degrees of interaction between
the two supply rails.

Shown in Fig. 1 is the schematic
diagram of a typical well-designed

Say You Saw It In Modern Electronics
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Fig. 2. An example of the circuit used in some shortcut power-supply designs.
The only isolation—minimal at best—between the two supply rails is that
provided by D1.

floppy-disk power supply. Note that
the +5- and + 12-volt rails are the
result of separate transformer secon-
daries, rectifiers, filters and voltage
regulators. The only element the
both supplies share in common is the
power transformer’s primary wind-
ing. Hence, the two supplies are es-
sentially independent of each other
and minimal, if any, interaction be-
tween the two will occur under any
loading conditions.

The ac output from each trans-
former secondary in the Fig. 1 circuit
is well in excess of the desired dc volt-
age at the outputs of the supplies.
The lower voltage indicated for each
winding should be considered as the
minimum usable for solid, reliable
performance. That is, the transform-
er secondary potential in the + 5-volt
supply shouldn’t be less than 9 volts,
while the secondary potential in the
+ 12-volt supply shouldn’t be less
than 15 volts. Additionally, the cur-
rent ratings of both transformer
secondary windings and the rectifier
diodes (or bridge assemblies, as the
case may be) should be conservative-
ly rated. That is, each should be able
to safely pass at least 20 percent more
current than would ordinarily be de-
manded under the heaviest operating
load placed on the supplies.

An ‘“‘extra’ feature is also illus-
trated in the Fig. 1 circuit. The
QI/R1 network associated with
voltage regulator VR2 bypasses ex-
cess motor surge current around the
regulator. The main benefit of this
bypass network is prevention of
VR2’s internal protection circuit
from briefly current-limiting during
the start-up surge placed on the
supply by the motor. In turn, this
allows the spindle motor to come up
to speed as quickly as possible, which
is typically about 0.5 second.

Figure 2 is the schematic diagram
of a typical short-cut design power
supply found in some stand-alone
floppy-disk drive cabinets. Notice
here that both supply rails are de-
rived from a single power transform-
er secondary winding and rectifier
system. The only components in this
system that are separate for each
supply are the filter capacitors and
voltage regulators. With this particu-
lar arrangement some supply isola-
tion is gained with the diode that
feeds the filter capacitor for the
+ S-volt supply.

With a power supply built from
the Fig. 2 circuit, the short-cuts used
will have the following effects:

(1) The 12.6 volts ac available
across the secondary winding of the

power transformer is so low that
voltage regulator VRI can’t always
stay in regulation unless the ac line
potential is at the ‘‘normal’’ 117-volt
or greater level. That is, the potential
across CI will become so low that
VRI goes into current-limit mode.
The result is that the spindle motor
will come up to speed more slowly
than normal.

(2) If the current ratings of the
power transformer and bridge-recti-
fier assembly are also too low for the
load placed on the power supply, the
potential on C2 may ‘‘sag’’ enough
for VR2 to also stop regulating.
When this occurs, distruption of the
disk read/write circuitry will cause
random errors to be generated.

(3) In the event the ac line voltage
is also low, the problems mentioned
above will be compounded.

Locating the Problem

The following assumes that you are
troubleshooting a stand-alone floppy-
disk drive unit. Unplug the drive
from both the ac line and computer
to which it is connected. Open the
cabinet and locate the power trans-
former. Trace the circuitry revealed
to identify the transformer leads
that go to the 117-volt ac source,
usually through a switch and fuse.
Verify which leads go to the ac line
cord with a continuity checker or
ohmmeter from the power cord to
the leads.

Having identified the primary
leads of the power transformer,
count the number of remaining leads.
If there are only two leads, in addi-
tion to the two for the primary wind-
ing, the remaining power supply cir-
cuitry will likely be the same as or
very similar to that shown in Fig. 2.
In the unlikely event that there are
three secondary leads on the trans-
former, the circuit design of the pow-
er supply is likely to be the same as in
Fig. 3. If you find that there are four
secondary transformer leads second-
ary leads, the schematic diagram of
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Fig. 3. An interior view of the power-supply section of a
typical stand-alone disk-drive unit.

the power supply is most likely to re-
semble Fig. 1.

Shown in Fig. 4 is a photographic
view inside a typical floppy-disk
drive. In the top-center, you can se¢
two large filter capacitors. Check to
see if they are CI and C2in the Fig. |
circuit. To the left of CI are shown
regulators VRI and VR2.

Power up the drive without the
linking flat ribbon cable connected
to the computer. Measure the poten-
tial across C! and C2 with a dc volt-
meter (observe proper polarity).
With the drive not running, expect to
read at least +12 volts across C/
and perhaps as much as +20 volts
across C2.

Next, locate the power cable that
attaches to the drive and identify the
conductors with the +5 and +12
volts on them. Figure 3 is a photo of
a typical output card, this time on a
dual-drive power supply. Use your
voltmeter to verify that the outputs
of the regulators are at the proper
levels: + S volts and + 12 volts, both
within = 10 percent.

The final test for power-supply
problems in your disk-drive system
requires access to an oscilloscope
and a test program to cycle the drive.
The approach used is to set up a pro-
gram loop that writes to the disk,

waits for the motor to turn off and
then repeats this cycle endlessly until
the program is interrupted by you.
When running the program, moni-
tor the +5- and + 12-volt regulated
supply rails. Watch for dips in the
required voltages when the spindle
motor starts up. If neither supply
rail’s potential dips, you probably
don’t have a problem with your pow-
er supply, regardless of the design of
the power supply circuit. The same
is probably true if only the +12-
volt rail’s potential dips. The excep-
tion is if the dip slows the motor
enough that the software starts read-

Fig. 4. The regulator output circuit board with test leads
attached for taking voltage measurements.

ing or writing before the motor is up
to speed.

With your disk drive reconnected
to the computer and the line cord
plugged into an ac outlet, turn on
both the computer and drive. Placea
formatted disk in the drive, preferably
one without any data on it you wish
to save. Then key in the following
BASIC program, which can easily be
translated to any version BASIC
interpreter:

After typing RUN followed by a
RETURN (or ENTER if this is the desig-
nation on your keyboard), if the disk
in the drive doesn’t stop revolving as

—

A 1h

115 VAC

Fig. 5. An alternate rectifier/filter arrangement for the Fig. 2 circuit.
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Fig. 6. Power supply waveforms observed on an oscilloscope screen, along with
the sag, illustrated by the dashed lines, that can occur when a drive’s spindle
motor starts up.

the program executes, increase the
delay inline 50. If the drive is idle for
a relatively long time during each cy-
cle, decrease the count in line 50. The
optimum is for the motor to just
coast to a stop before starting again
for another run-through.

Solving the Problem

There are two fixes for the motor-
speed problem—fix the power sup-
ply or change the software so that it
waits longer before beginning a read
or write operation. Obviously, the
preferable solution is to fix the pow-
er supply.

The quickest way to fix a supply
that uses the circuit arrangement
shown in Fig. 2 is to substitute a
transformer that has slightly greater
secondary voltage and adequate cur-
rent capacity—if you can find a
transformer with appropriate rat-
ings. If the secondary voltage is only
slightly low, you can replace the sili-
con rectifiers with Schottky rectifiers
and double the microfarad rating of
the filter capacitors. With regard to
the latter, you can replace the exist-
ing capacitors altogether or simply
connect an additional capacitor of
the same value in parallel across each
of the originals in the proper polari-

ty, assuming there is room in the sup-
ply to do so.

Figure 6 both sums up the prob-
lems and demonstrates the gains to
be made by tweaking the existing
power supply. The waveform at the
top represents an estimated 2 volts of
peak-to-peak ripple on a loaded disk
supply built according to the design
shown in Fig. 2. The 7.2-volt line
represents the maximum drop across
the standard three-terminal voltage
regulator, and the last line represents
the output from the regulator.

A dashed line in Fig. 6 represents a
voltage sag caused by the starting
surge of the spindle motor. As soon
as this surge penetrates the 7.2-volt
guard band, the regulator breaks
regulation and will probably disrupt
the disk electronics.

Schottky rectifiers have signifi-
cantly lower voltage drop (about 40
percent) than do standard silicon rec-
tifiers. Their use raises the peak charg-
ing voltage for the filter capacitor.
The larger filter capacitance should
reduce the ripple to about half of
what it was before changing rectifiers.

The lower voltage drop of the
Schottky rectifier further reduces
ripple. With a higher voltage to start
with and greater reserve, the voltage

sag may disappear altogether or be
reduced enough to prevent disturb-
ance in the + 5-volt supply.

If you find that the rectifier/filter
modifications detailed above aren’t
enough to solve the problem, you
must use a beefed up power trans-
former to prevent sagging on the
+ 5-volt rail. One other last-ditch
measure can be taken here. If the
disk drive in question is an older
unit, you can replace it with a newer,
thinner drive that uses a lot less pow-
er and works better. The thing to be
on the alter for is that you don’t in-
advertently substitute a quad-density
model for a double-density drive.
AT-style quad-density disk drives re-
quire different diskettes and cannot
read from or write to disks that are
compatible with the lower-density
XT and PC drives.

Except for the earliest models, the
power supplies in MS-DOS comput-
ers generally have sufficient power to
handle a full complement of add-in
disk drives and expansion cards. If
you encounter a problem with an
MS-DOS disk drive, make the same
tests detailed above for stand-alone
drives, but take your voltage mea-
surements on the drive board, as
near as possible to the drive’s power
connector. If you note a dip in the
+ 5-volt line, there are two possible
causes for this: the computer’s pow-
er supply is overloaded or defective,
or there is a high-resistance connec-
tion in the power-supply cable.

Schottky rectifiers are fairly diffi-
cult to find. If you are having any
difficulty here, one source of the
IN5822 Schottky rectifier is Digi-
Key, 701 Brooks Ave. S., P.O. Box
677, Thief River Falls, MN 56701-
0677. You might think that this recti-
fier is very expensive when compared
to silicon rectifiers of similar rating,
but the cost is well worth it consider-
ing the benefits obtained. It’s much
cheaper to buy the needed Schottky
rectifiers than to have to replace or
even build a new power supply to suit
your needs!
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Project

An Automotive
Air-Conditioning
‘““Smart Box’’

Optimizes air conditioning to driving conditions so that fuel is
saved and full engine power is available when it is needed most

By Anthony J. Caristi

igher-efficiency air-condi-
tioning systems for vehicles
reduce the fuel penalty of

keeping cool. This is accomplished
by having the A/C system’s com-
pressor cycle on and off in accord-
ance with the cooling the system’s
demands. Previous designs required
compressor operation 100 percent of
the time during cooling periods.

Although newer A/C systems us-
ing the cycling clutch do provide a
gain in fuel mileage, it is still only a
half measure. No attention is paid to
constantly varying driving condi-
tions such as acceleration, coasting
and braking. During acceleration,
the A/C’s compressor presents a
load on the engine and increases fuel
consumption. When decelerating or
braking, the compressor load on the
engine helps slow the vehicle, which
uses virtually no fuel to do so.

If the A/C system could be syn-
chronized so that it essentially kicks
off during a quick acceleration or
when the engine is straining to climb
a steep hill, efficiency could be opti-
mized. Our air-conditioning ‘‘Smart
Box’’ does just that. This electronic
device constantly monitors, via a
miniature solid-state pressure sensor
made by Nova Sensor of Fremont,
CA, operation of a vehicle’s engine.

Using the sensor’s output informa-
tion, electronic circuitry enables the
A/C compressor during coasting
and braking, and inhibits it during
acceleration and hill climbing. Your
car’s engine will provide more power
when it’s most needed and fuel econ-
omy will improve.

A light-emitting diode turns on
when this fully automatic system is in
operation. The project also has a
control that lets you adjust compres-
sor on/off threshold to suit different
comfort needs and a disable switch
that lets you bypass the Smart Box

when you want to return to uncon-
trolled A/C operation.

Engine vacuum is used by the Smart
Box to control the A/C system.
Hence, the project is suitable for use
on only gasoline-powered vehicles.

About the Circuit

As shown in Fig. 1, the heart of the
Smart Box is pressure sensor PSI.
The sensor is an integrated-circuit
technology device that consists of
four resistors, which are part of the
chip’s silicon wafer and are connect-
ed in a Wheatstone bridge configura-

e e e B | e e R |
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Semiconductors

D1,D4,D5,D6—1N4004 or similar
silicon rectifier diode

D2—1N5228B or similar 3.9-volt zener
diode

D3—1N4582 or similar 36-volt, 1-watt
zener diode

D7—1N4753A or similar 36-volt,
1-watt zener diode

1C1—LM324 quad operational
amplifier

LEDI1,LED2—2-volt, 20-mA red light-
emitting diode

PS1—Pressure sensor (Nova No.
NPS-30-D1)

Q1—2N3906 or equivalent npn silicon
transistor

Q2—2N6109 or equivalent pnp silicon
transistor

Q3—2N6659 or equivalent enhance-
ment-mode n-channel field-effect
transistor

Q4—2N3904 or equivalent npn silicon
transistor

Capacitors
C1—47-uF, 35-volt electrolytic

PARTS LIST

C2,C3—0.1-pF, 50-volt disc
C4—10-uF, 25-volt tantalum

Resistors (};-watt)
(1% tolerance metal-film)
R1 thru R5—Precision reference
(see text)
R7—2,210 ohms
R11,R12—10,000 ohms
R13—100,000 ohms
R16—1,000 ohms
(10% tolerance carbon-composition)
R6—1,000 ohms
R8—1,500 ohms
R9—2,200 ohms
R14—1 megohm
R15,R20,R21—47,000 ohms
R18,R22-—470 ohms
R19—10,000 ohms
R10—50 ohms (7-watt power type)
R17—10,000-ohm miniature pc-mount
cermet trimmer potentiometer

Miscellaneous
S1-—Dpst toggle or slide switch with

S-ampere contacts

TS1—4-position screw-type terminal

strip

Printed-circuit board; suitable enclo-
sure (see text); sockets for IC1 and PS1
(see text); T adapter for vacuum con-
nection; automotive vacuum hose (see
text); 4 spade lugs (optional—see text);
small-diameter plastic or heat-shrink-
able tubing; % "-thick double-sided
foam tape; hook-and-tape fastener or
L brackets (see text); color-coded 16-
gauge stranded wire; machine hard-
ware; hookup wire; solder; etc.

Note: The following items are available from
A. Caristi, 69 White Pond Rd., Waldwick,
NJ 07463: Etched and drilled pc board,
$8.95; Nova NPS-030-D1 pressure sensor,
$29.95; set of five film resistors for PSI,
$2.50; set of five 1%-tolerance resistors for
circuit, $2.50; LM324 quad op amp, $2.25;
1N4582 zener diode, $5.00; 1N5228B zener
diode, $1.25; 1IN4753A zener diode, $3.75.
Add $1.50 per order for P&H. New Jersey
residents, please add state sales tax.

tion. The sensor exhibits piezoresis-
tive properties; that is, the value of
each resistor in the bridge is a func-
tion of the mechanical stress im-
pressed upon the silicon wafer as a
result of positive or negative pressure.

The PSI bridge circuit is housed
inside a 6-pin plastic DIP package si-
milar to that used for integrated cir-
cuits. The sensor has two ports to
which pressure can be applied. Out-
put voltage from the bridge is a func-
tion of the current passing through it
and the difference in pressure be-
tween the two ports, which is why
this Nova device is known as a differ-
ential pressure sensor.

When the sensor is at rest (zero ap-
plied pressure), the bridge circuit is
balanced and the output voltage,
taken between pins 3 and 6 of PS1/, is
essentially zero.

The QI circuit that drives the
bridge is a constant-current source
that assures stability even under the

varying voltage conditions that nor-
mally occur in automotive electrical
systems. In operation, QI’s base
voltage, referenced to the + 12-volt
power-supply rail, is held to 3.9 volts
below this rail’s voltage by zener di-
ode D2. Therefore, the emitter of Q/
must always be at a potential that is
3.2 volts lower than the supply po-
tential because the emitter-to-base
potential of a silicon junction is al-
ways 0.7 volt. Hence, the drop across
R7 is a constant 3.2 volts, and the
current through R7 is always about
1.5 milliamperes.

Because the transistor’s emitter
and collector currents are essentially
equal, the current fed into the bridge
circuit is a constant 1.5 milliamperes,
regardless of any voltage changes
that might occur on the + 12-volt rail
or changes in resistance of the bridge
circuit.

When PS1is at rest such that there
is zero pressure differential, the four
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on-chip piezoresistor elements of
which it consists are each equal in
value. Hence, the output from the
bridge, between pins 3 and 6 of the
sensor device, is essentially zero
volts. In actual use, the bridge circuit
may have a very small offset in the
output voltage, which for all practi-
cal purposes can be ignored in this
circuit design.

The Nova pressure sensor comes
factory calibrated with five individ-
ually selected values of resistance,
identified in Fig. 1 as R/ through RS.
Each pressure sensor comes with re-
sistors of the proper values. Since
these values may vary from one sen-
sor to another, no values are shown
for RI through RS in Fig. 1 or are
specified in the Parts List. In some
cases, one or more resistors can be
omitted entirely or be replaced by
jumper wires.

The differential pressure sensor
will respond to the difference in pres-
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sures applied to its high and low pres-
sure ports. In the Smart Box, the
high pressure port is exposed to at-
mospheric pressure, which is consid-
ered here to be zero pressure (a pres-
sure gauge always indicates zero
when exposed to atmospheric pres-
sure). The low pressure side of the
sensor connects by means of a rubber
vacuum hose to a source of engine
vacuum, such as the power-brake
vacuum connection. Consequently,
the pressure sensor can respond to
the variations in engine vacuum (and
load) as you drive your car.

When the car’s engine is idling, en-
gine vacuum is approximately equal
to 12 to 16 inches of mercury. This is
equivalent to a negative pressure of
about 8 to 10 pounds per square inch
(psi). Under acceleration at full
throttle, the negative pressure drops
to near zero, while under cruising
conditions the pressure settles down
to about 3 or 4 psi. This means that
engine vacuum, expressed as a nega-
tive pressure, will vary from more
than 8 psi during idle and coasting to
3 psi or less when accelerating or
climbing a hill. This variation in
pressure enables the Smart Box to
determine under what conditions
your car is being driven.

Measured between pins 3 and 6 of
PS1, the output of the pressure-sen-
sitive bridge circuit will vary from
about 0 volt at full throttle to more
than 50 millivolts during coasting
and deceleration. The greater the
output from the sensor, the less pow-
er the engine is called upon to deliv-
er. The bridge’s output voltage is
amplified by differential amplifier
ICIA and then fed to ICIB, which is
wired as a voltage comparator. (Re-
fer to the details given in Fig. 1 for
pinouts and internal/external details
of ICI and PS1.)

The decision as to whether or not
to allow the A/C compressor to op-
erate is the responsibility of ICIB.
This decision is based on a voltage
that is set by CUT IN/OUT control R17
and is determined empirically by

you. Since the output voltage from
IC1A will decrease as engine load in-
creases, R17 can be set to a potential
that represents the neutral point be-
tween cruising and accelerating.

Light-emitting diode LEDI, driv-
en by the output of comparator ICIB
through transistor Q4, can be used as
an aid in making the optimum ad-
justment setting for RI7. Once this
control is set to the optimum point,
vehicle acceleration will cause the
output of ICIB to drop to zero. This
cuts off Q4 and extinguishes LEDI.
At the same time, field-effect transis-
tor Q3 cuts off, since its gate-to-
source voltage will be zero. Return-
ing to cruise or during deceleration,
engine vacuum will increase and for-
ward-bias O3 and Q4 and the latter
will turn on LED].

Two circuit enhancements have
been included in the Smart Box to
prevent the device from switching
back and forth if you very rapidly
change from acceleration to deceler-
ation (and vice-versa). Capacitor C3
introduces a time constant that pre-
vents the output voltage from ICIA
from changing suddenly, and resis-
tor R14 adds hysteresis to the com-
parator so that the input to pin 3 of
ICI must change about (.5 volt be-
fore any action takes place at pin 7.

Dc power that feeds the A/C com-
pressor clutch must pass through
power transistor Q2 before the
clutch can be energized and allow the
compressor to turn on. When Q3 is
cut off during acceleration and hill
climbing, Q2’s base current must be
zero. Thus, Q2 is switched off and no
current flows through the clutch
winding. When Q3 is once again for-
ward biased during cruising and de-
celeration, Q2 is forward biased
through R10 and Q3 and the ener-
gized clutch causes the compressor
to turn on.

As you can see, the on time of the
A/C compressor occurs only at those
times when engine load is minimal,
resulting in improved fuel mileage.
Since the air-conditioning system

normally operates with a cycling
clutch, synchronization is assured
under engine loading conditions.
During sustained hill climbing or
when starting your car after it has
been parked in full sunlight during a
very hot day, you may want to allow
the A/C system to generate maximum
cooling without regard to engine op-
erating conditions. Inclusion of
OVERRIDE switch S/ permits you to
bypass the Smart Box to regain un-
controlled A/C operation. Note that
S1A performs the actual override
function, while SIB simply switches
in OVERRIDE LED?2 that, when turned
on, alerts you to the fact that the
Smart Box is not under control.

Construction

Except for the switch, LEDs and ter-
minal strip, all components that
make up the Smart Box mount di-
rectlyona 3.25 x 2-inch printed-cir-
cuit or perforated board. You can
etch and drill your own pc board us-
ing the actual-size artwork shown in
Fig. 2 or purchase a ready-to-wire
board from the source given in the
Note at the end of the Parts List.
Bend the pins of the 2N6109 tran-
sistor used for Q2 at a right angle
toward the back of the device’s case
at the point where the pins widen
near the body of the case. Temporar-
ily plug the transistor’s pins to the
appropriate holes in the board and
press down until the case is flush with
the board’s surface. Use a pencil to
trace the mounting hole onto the top
surface of the board. Remove the
transistor and drill a %-inch hole in
the center of the marked location.
With the pc board oriented as
shown in Fig. 3, begin wiring the
board by installing sockets in the PS1
and IC1 locations. If you have any
difficulty finding the 6-pin socket re-
quired by PS1, you can use a hacksaw
to carefully cut down a socket with
more pins or substitute two strips of
three Molex Soldercons® for a sock-
et for the molded socket. Do not in-
stall the pressure sensor or IC in their
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respective sockets until after the
board is fully wired.

Next, install and solder into place
the diodes, followed by the capaci-
tors and transistors. Make sure you
properly polarize the diodes and
electrolytic capacitors and properly
base the transistors before soldering
any leads or pins to the pads on the
bottom of the board. Installing any
one of these components in the in-
correct orientation can result in dam-
age to that component and perhaps
others in the circuit.

Bear in mind that the Smart Box is
essentially a high-quality instrumen-
tation amplifier. To ensure proper
operation under the varying temper-
ature conditions normally encoun-
tered in the automotive environ-
ment, several temperature-stable
components must be used. These are
identified in the Parts List as 1-per-
cent tolerance resistors and zener di-
ode D3. It is essential that you use the
specified components for these parts
so that the cut-in/out setting of the
project doesn’t change as the tem-
perature varies.

It is recommended that tempera-
ture-stable resistors, such as metal-
film types of the same value, be sub-
stituted for the resistors supplied
with the Nova pressure sensor.

Install the resistors in their respec-
tive locations on the board. Make cer-
tain that the proper values of resist-
ance goes in each respective location.

Power transistor Q2 carries the
relatively heavy clutch current.
However, the transistor operates
very cool and, therefore, requires no
heat sinking. With its case flush
against the top surface of the board,
secure Q2 to the board with 4-40 X
Y%-inch machine hardware. If neces-
sary, place an insulating fiber washer
on the screw on the soldering side of
the board before screwing on the nut
to prevent the hardware from electri-
cally contacting any of the board’s
nearby copper traces.

Now remove % inch of insulation
from both ends of ten 4-inch lengths

Fig. 2. Actual-size etching drilling guide for printed-circuit board.

of stranded hookup wire. If possible,
use color-coded insulation for these
wires with three of them in black,
two in red and the remainder in any
other colors, to avoid confusion dur-
ing final wiring. Tightly twist to-
gether the fine conductors at both
ends of all eight wires and sparingly
tin with solder.

Plug one end of the black- and red-
insulated wires into the holes labeled
LEDI, LED2 and TS1,1 and solder into
place. Install the black-insulated
wires in the carhode (labeled K) holes
for the LEDs. Plug one end of the re-
maining wires into the holes labeled
S1A, TSI,2, TS1,3, TS1,4, S1A and SIB
and solder into place. The other ends
of these wires will be connected after
the circuit-board assembly has been
mounted inside its enclosure.

The enclosure used for the Smart
Box can be any metal or plastic utili-
ty box that is large enough to accom-
modate the circuit-board assembly
and provides panel mounting space
for the LEDs, switch and terminal
strip used for making external con-
nections to the automotive electrical
system.

Machine the selected enclosure to
permit mounting on one end a 4-po-
sition screw-type terminal strip and,
on its top panel, the LEDs and
switch. Place the circuit-board as-
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sembly inside the box in the location
where it will be mounted and deter-
mine and mark the location of the
hole to be drilled to pass through the
vacuum hose that will connect to the
port on the pressure sensor. Drill a
hole in that location, making it just
large enough in diameter to comfort-
ably pass the vacuum hose through.
If you are using a metal utility box,
deburr and smooth all holes. Mount
the terminal strip, LEDs and switch
in their respective locations.

Double check all components for
proper locations and orientations on
the circuit board. Then turn over the
assembly and carefully inspect all
soldering, checking for poorly sol-
dered connections and possible sol-
der bridges between closely spaced
conductors and pads. Use solder
wick or a vacuum-type desoldering
tool to remove any bridges and re-
flow the solder on any connection
that appears to be suspicious. Then
use %-inch or thicker double-sided
foam tape to secure the circuit-board
assembly in place on the floor of
the enclosure.

With the circuit-board assembly
mounted in place, locate the wire
coming from the TS1,1 hole and con-
nect and solder it to lug 1 on the
screw-type terminal strip. Then con-
nect and solder the free ends of the
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Now apply gentle, constant pres-

S1B sure to the open end of the vacuum
@ . ] hose with your mouth. Hold the
pressure steady until the circuit re-
acts by LEDI turning off and re-
maining that way when you remove
the hose from your mouth. If you ob-
tain this result, return the end of the
hose to your mouth and gently suck
in to create a steady vacuum condi-
tion. If all is well, LEDI should come

D3 =t |

—R8

TS1,1—= = R1E—= &5

K
)| —g
TS1, 4_|

- @

S1A/TS1,2

Fig. 3. Wiring guide for pc board.

wires coming from the holes labeled
TS1,2, TS1,3 and TS1,4 to lugs 2, 3 and
4, respectively of the terminal strip.

Label the screw positions of the
terminal strip, switch positions and
LEDs with appropriate legends.

Cut the cathode leads of the LEDs
to alength of % inch. Locate the LED
cathode (K) wires coming from the
board and slip over each a ¥-inch
length of small-diameter heat-
shrinkable or ordinary insulating
plastic tubing. Crimp and solder to-
gether the LED cathode leads to the
appropriate wires. Then slide the
tubing over the joints until they are
flush with the bottoms of the LED
cases and shrink into place. Repeat
with the LED anode leads and wires.

Crimp and solder the free ends of
the remaining wires to the lugs of the
switch. This done, refer to Figs. 1
and 3 for guidance and install the
pressure sensor and LM324 quad op
amp in the PS1 and IC1 sockets. Make
sure you properly orient these de-
vices and that no pins overhang the
sockets or fold under between device
bodies and sockets as you push these
devices home.

Only one pneumatic connection
from your vehicle’s engine to the
pressure sensor is needed. To make
this connection, use a vacuum hose,
available from any automotive parts

outlet. This hose plugs onto the low
pressure port nipple of the sensor
(see Fig. 1 for details in identifying
the ports). For now, use only a 6-inch
or so length of hose to make the con-
nection to the port on the pressure
Sensor.

No connection to the pressure sen-
sor’s high pressure port is needed.
This port is left open to atmospheric
pressure. Locating it inside the en-
closure in which the circuitry is lo-
cated protects the sensor from dirt
and other matter that could other-
wise inhibit the circuit’s operation.

Preliminary Checkout

To perform preliminary checks on
the Smart Box, you need a source of
12 volts dc at 300 or more milliam-
peres. If you use a bench-type power
supply, make sure it is well filtered.

Apply dc power to the circuit be-
tween positions 1 (GND) and 4 (+12V)
on the screw-type terminal strip at
the end of the Smart Box’s enclo-
sure. With power applied, adjust the
setting of R17 over its entire range
while observing LEDI. The LED
should turn on over part of the trim-
mer’s range but be off for the re-
mainder of the range. Set this control
until LEDI just turns on and then
back off slightly but not enough to
cause the LED to extinguish.

on and remain that way even after
the vacuum condition is removed.

The above test checks operation of
the pressure sensor, op-amp stage
ICIA and comparator stage ICIB
for proper operation. It also illus-
trates the hysteresis effect designed
into voltage comparator /CIB.

To check the clutch circuit, apply
+ 12 volts to the emitter of Q2 with a
dc voltmeter (or a multimeter set to
the dc volts function) connected
across D5 in the proper polarity.
With S7 set to “‘off”’ (open), adjust
the setting of RI7 so that LEDI ex-
tinguishes, at which time, the read-
ing on the meter should be 0 volt.
Next, adjust RI7 so that the LED
turns on; now the meter should indi-
cate 12 volts. Placing S/ in its alter-
nate position should immediately
turn on LED2 to signal that the
Smart Box has been bypassed.

If your project does not perform
as detailed, rectify the problem be-
fore proceeding. Check the pressure
sensor by measuring the dc voltage at
pins 3 and 6 of PSI, both with re-
spect to circuit ground. In both
cases, the readings obtained should
be 3.5 volts. Checking the voltage
at pin 1 of ICI as RI7 is adjusted
throughout its entire range should
cause the meter reading to vary be-
tween 0.5 to 6.4 volts, and LEDI/
should switch on and off as the con-
trol’s setting crosses 3.5 volts. Final-
ly, measuring the voltage at pin 7 of
IC1 as you adjust R17 throughout its
entire range should cause the meter
reading to jump from 12 volts to 0
volt as the control’s setting passes
through the dc voltage at pin 1. If the
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clutch does not perform as specified,
carefully check the orientations of
Q2, D5, D6 and Q3. Also check the
wiring to S1.

Installation and
Final Adjustment

To keep it in a relatively tempera-
ture-stable environment and away
from airborne hazards, the Smart
Box should be mounted in the pas-
senger compartment of your vehicle.
Choose a location that is out of the
way but still gives you unobstructed
access to the switch and LEDs.

To power the project, use any elec-
trical line that has + 12 volts on it
with the ignition turned on but has
no power applied with the ignition
off. Suitable pick-off points for the
+ 12-volt connection are the radio,
blower motor and windshield-wiper
circuits. The Smart Box’s current de-
mand is a very low 0.3 ampere or
less, so it will have no effect on any
accessory to which it is connected.
You can use any part of the vehicle’s
metal chassis to make the circuit
ground connection. When making
the ground connection to the vehi-
cle’s metal chassis, first clean the
connection point with steel wool or
fine emery cloth to obtain a bright
shiny metal surface. Then drill a
small hole in the center of the area
and fasten down the ground wire
with a No. 6 or No. 8 pan-head sheet-
metal screw.

Make all connections between the
vehicle’s electrical system and the
Smart Box with heavy-duty (at least
16-gauge) stranded wire. Strip % inch
of insulation from both ends of all
wires, tightly twist together the fine
conductors at all ends and sparingly
tin with solder. Terminate the pro-
ject ends of the wires in crimp-on

spade lugs. )
Final electrical connections are to

the clutch circuit. To determine
where to make these connections in
the vehicle’s electrical system, locate
the power wire that feeds the air con-
ditioner’s clutch. This will be a fairly

heavy wire that is usually terminated
in a slip-on connector at or near the
compressor. If in doubt about the lo-
cation of this wire, consult your car
dealer or any vehicle repair station.

You must cut the wire to the clutch
and strip % inch of insulation from
both cut ends tightly twist together
the fine conductors at both stripped
ends and sparingly tin with solder.
Determine the lengths of the wires
needed to route from the cut ends
through the firewall to the location
of the Smart Box in the passenger
compartment and cut two 16-gauge
stranded wires, preferably with col-
or-coded insulation, to these lengths.

Solder one end of these wires to
the cut ends of the clutch power-feed
wire. Heavily insulate both connec-
tions with electrical tape and/or sili-
cone sealant.

Route the free ends of the wires
through your vehicle’s firewall and
to where the Smart Box will be in-
stalled. Being very careful to observe
proper link-up, connect these wires
to positions 2 and 3 on the screw-on
terminal strip on the project’s enclo-
sure. The wire connected to the
clutch must be go to the collector of
Q2 (position 3 of TSI), while the
other wire goes to the emitter of Q2
(position 2 of TS1).

The last connection to the Smart
Box is the pneumatic one, made via
the vacuum hose. Cut this hose to the
length needed to go from the vacuum
pick-off in the engine compartment
to the project’s pressure sensor de-
vice. Make the cuts at both ends as

square as possible.
Pass one end of this hose through

its hole in the project’s utility box and
then, referring to the appropriate de-
tail in Fig. 1, plug it onto the low-
pressure port nipple on PSI. Route
the free end of the hose through the
vehicle’s firewall and into the engine
compartment. This end must be con-
nected to an unported or raw source
of engine vacuum. Since today’s ve-
hicles have a multitude of vacuum-
hose connections, it is mandatory
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that you connect to the proper one.

The best place to make the vacuum
connection is to the input side of the
vacuum storage canister used to
store vacuum for operating the air-
conditioning and heating controls. A
good second choice would be to the
hose that feeds the vehicle’s vacuum
brake unit.

Cut through the appropriate vac-
uum line and insert into the cut ends
the nipples on the crossbar of a com-
mon ‘“T”’ connector. The hose from
the project then plugs onto the
“tail”’ of the T connector. You may
have to obtain a hose adapter to
allow you to connect together two
different sizes of hose. If you have
any doubt as to where the proper
vacuum connection is to be made,
ask your dealer for assistance.

Once all connections have been
made to the Smart Box, mount it in
the selected location. A good way to
mount it is via a hook-and-loop fast-
ener like Velcro®. For more rigid
mounting, you might want to use
small metal L brackets instead.

Final adjustment of trimmer po-
tentiometer R7 must be made under
actual vehicle operating conditions.
To do this, use LEDI to indicate cir-
cuit status. For this adjustment, it
does not matter if the air conditioner
is in use or not, since the circuit re-
sponds only to engine vacuum. For
obvious safety reasons, you should
have someone else drive the vehicle
as you adjust the setting of RI7.

To start with, you need a stretch of
highway that is straight and level and
allows you to drive at 55 mph. While
the driver is maintaining a steady 55
mph, adjust the setting of RI7 so
that LEDI just comes on. Now when
you accelerate or encounter an up-
grade, LEDI should extinguish and
when you take your foot off the gas
pedal it should come on again. If you
normally drive in areas where there
are many upgrades, you may want to
tailor R17’s adjustment to suit your
driving needs.

(Continued on page 89)
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Project

Dual Flashing Lights

Attention-getting device uses LEDs for model railroad,
toy and in-home signals, optional incandescent lamps for
use as nighttime safety/hazard-warning device, etc.

By Charles Shoemaker

pair of lights that alternate-
ly flash to draw attention
canbe very useful to add re-

alism to a model railroad layout as a
crossing signal, to a toy ambulance
or fire truck to keep a youngster ab-
sorbed in play, or to attract attention
around the home. Adding a pair of
high-brightness incandescent lamps
to the device gives you a very practi-
cal alerter that can be seen a long way
off on a dark night when changing a
tire at roadside or to warn of a dan-
gerous condition.

Our low-cost Dual Flashing Lights
project offers the best of both
worlds. In its most basic form, the
project lets you use a pair of light-
emitting diodes. To the basic circuit
you can inexpensively add two each
resistors, power transistors and high-
brightness incandescent lamps. You
can wire the project on a printed-cir-
cuit board you home fabricate or on
perforated board. On-board facili-
ties are provided for both versions of
the circuit.

About the Circuit

As shown in Fig. 1, the main element
in the Dual Flashing Lights circuit is
ICI, an LF351 JFET operational
amplifier chip that is configured here
as an astable multivibrator. I used
the LF351 because I had it on hand;
if you have a 741 or TLO81 opera-
tional amplifier you can use it in-
stead. With the values shown for C/

e e e e e e = Y

and R/, this circuit has a repetition
rate of two flashes approximately
every 1.6 seconds.

Pulse repetition rate of the ICI
multivibrator is calculated with the
formula T = 2 x CIR! x 3.7,
where C1 is in microfarads and R/ is
in megohms. Therefore, T = 2 X
0.47 microfarad X 0.47 megohm X
3.7 = 1.635 seconds. You can in-
crease repetition rate by increasing
the value of either CI or R/ or both,
and vice-versa.

When power is first applied to the
circuit, output pin 6 of ICI will be
positive. Capacitor CI will begin to
charge through resistors R/ and R4
to the pin 6 level. (Note: The value of
R4 is so small with respect to the
value of R/ that it can be disregarded
in the pulse-repetition formula with-
out significantly affecting the result
of the calculation.)

Conditions at the junction of R2
and R3 set the voltage that appears
on pin 3 of ICI to about 98 percent
that of the voltage on pin 6. When C/
charges to the pin 3 voltage, the out-
put at pin 6 goes negative, at which
point CI begins to discharge. The
negative-going output at pin 6 is
transmitted to the R2/R3 network,
further causing the output to swing
quickly from positive to negative.

When the charge on CI falls below
the potential on pin 3 of ICI, the out-
put at pin 6 flips to positive to repeat
the cycle. This sequence will recur
for as long as power is applied.

Because the output waveform at
pin 6 of ICI is a perfect square wave
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(50-percent duty cycle), the off and
on times are exactly the same in dura-
tion. Hence, we see here an opera-
tional amplifier serving the function
of a switching comparator.

What is done with the output sig-
nal from pin 6 of ICI depends on the
circuitry that follows. This output
signal appears at the bases of Q7 and
Q2, a complementary (pnp/npn)
pair of transistors that have the same
characteristics.

Transistor QI is reverse-biased
and held in cutoff when the output
signal at pin 6 of ICI is positive.
Thus, with no emitter-to-collector
current flowing, LED] is off as well.
Under the same positive-signal con-
dition, Q2is forward biased and con-
ducts current to light LED?2.

With a negative output signal on
pin 6 of ICI, QI becomes forward-
biased and Q2 becomes cut off. Now
LEDI] lights and LED?2 extinguishes.
Since the pin 6 output from ICI is
normally a continuous train of
pulses, the two transistors and their
associated LEDs will alternately
flash. Under existing circuit condi-
tions, only one LED will be on at any
given moment.

If you wish, you can add comple-
mentary power transistors to the ba-
sic circuit to drive automotive-type
lamps that will alternately flash as
described for the LEDs. The dashed
lines in Fig. 1 indicate the connec-
tions that must be made to add this
option, which consists of a comple-
mentary pair of power transistors
(Q3 and Q4) and two base resistors
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| OPTIONAL LAMP-DRIVER GIRCUIT
PARTS LIST
Semiconductors Capacitors descent lamp (optional—see text)

IC1—LF351 JFET operational ampli-
fier (see text for alternative op-amp
devices)

LEDI1,LED2—Red light-emitting diode

Q1—TI 593, SK3466 or equivalent sili-
con pnp signal transistor

Q2—2N2222, SK34444 or equivalent
silicon npn signal transistor

Q3—SK3893 or equivalent silicon npn
power transistor (optional—see text)

Q4—SK3274 or equivalent silicon pnp
power transistor (optional—see text)

C1—0.047-uF disc

Resistors (4-watt, 10% tolerance)
R1—470,000 ohms

R2—330,000 ohms

R3—5,000 ohms

R4—10,000 ohms

R5,R8—120,000 ohms

R6,R9—330 ohms
R7,R10—Optional; see text for value
R11—820 ohms

Miscellaneous

I1,I12—No. 44 or similar 6-volt incan-

Printed-circuit board or perforated
board with holes on 0.1-inch centers
and suitable solder or Wire Wrap
hardware; DIP socket for IC1; sock-
ets for 11 and 12 (optional); suitable
enclosure (see text); stranded hookup
wire with color-coded insulation;
small-diameter heat-shrinkable plas-
tic tubing; double-sided foam tape;
car cigarette lighter plug (optional);
solder; etc.

Fig. 1. This complete schematic diagram of the Alternate
Flashing Lamps project shows both the basic LED-only
circuit and the optional high-power incandescent-lamp

system described in the text. The lamp circuit requires that
the lines that have Xs through them to the + 12-volt and
ground rails must be cut.

(R7 and R10). A pair of “*X’’ marks
indicate where breaks in the basic cir-
cuit must be made when incorporat-
ing this option.

With the power-driver portions of
the circuit added to the basic circuit,
operation is as follows. When pin 6
of IC1 is at a positive potential, cur-
rent flows through LED2, Q2’s emit-
ter-to-base junction and through R8
and R4 as before. This causes greater
current to flow from the ground side
of power supply through LED?2,
emitter-to-collector of Q2 and to the
positive supply rail. In turn, this
causes greater current (about 250
milliamperes) to flow through Q4

and incandescent lamp /2. This in-
creased current turns on /2. Note
that /2 and LED?2 will both be on
simultaneously.

When pin 6 of IC1 goes negative,
the entire Q2/Q4 circuit turns off
and the QI/Q3 circuit turns on, this
time lighting LED! and /] simultan-
eously. (The LEDs remain in the cir-
cuit when the incandescent-lamp op-
tion is incorporated to serve as indi-
cators of circuit conditions in the
event the filament in one or both
lamps burn out.) As before, the en-
tire sequence of events repeats indef-
initely for as long as power is applied
to the project.

Bias resistors R7 and R10 in the
base circuits of @3 and Q4 determine
how bright will be the light from 7/
and I2. The values of these resistors
depend on the level of brightness you
wish. Using 3,000-ohm resistors pro-
vides a current of about 280 milliam-
peres. Though this is beyond the ca-
pacity of a No. 44 incandescent lamp
to handle under sustained condi-
tions, it is safe for the same lamp to
handle under 50-percent duty-cycle
conditions.

The power transistors specified
for Q3 and Q4 in the Parts List can
handle a maximum of 1 ampere of
current. This means that you can use
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Fig. 2. This actual-size etching-and-drilling guide for the
project’s printed-circuit board incorporates facilities for
both versions of the circuit to be installed.

Fig. 3. This is the wiring diagram for the pc board illustrat-
ed in Fig. 2. Jumpers identified by dashed lines install on
the board only if the incandescent-lamp option is not used.

other types of automotive incandes-
cent lamps in this circuit, as long as
their current draw does not exceed,
say, 850 milliamperes (you need a
margin of safety). For example, a 12-
volt No. 67 CP automotive lamp will
draw 500 milliamperes. To drive this
lamp to any usable level of bright-
ness, you’ll have to change the value
of R7 and R10 to a lower value of
around 2,500 ohms.

With only the LEDs in the circuit,
current drain on the power source is
approximately 10 milliamperes. Add-
ing the optional incandescent-lamp
driver circuitry can increase this
drain to 250 milliamperes or more.
Therefore, if you incorporate the in-
candescent lamps into the project,
make sure that the dc power source
used to power this project can supply
the required current.

Notice that incorporating the in-
candescent-lamp option in this proj-
ect does not eliminate the two light-
emitting diodes. These LEDs pro-

—

vide a means for monitoring circuit
operation. If one or both incandes-
cent lamps fail to turn on but both
LEDs light alternately, you know
that the circuit is operating up to par
and that a dead lamp means that ei-
ther the lamp’s filament is blown or
connections to the lamp are faulty.

You can power this project from
any source that can deliver between 6
and 12 volts dc at the required cur-
rent. If you use automotive lamps,
make sure that the lamps have the
proper voltage rating.

Construction

The simplest and fastest way to build
the Alternate Flashing Lights project
is to wire its components on a print-
ed-circuit board. You can fabricate
the required single-sided board using
the actual-size etching-and-drilling
guide shown in Fig. 2. If you prefer
not to make a pc board, you can sub-
stitute the same-size perforated
board with holes on 0.1-inch centers
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and suitable soldering or Wire Wrap
hardware. Whichever you choose,
use a socket for ICI.

Begin populating the board by in-
stalling and soldering into place the
socket for ICI but do not install the
IC in the socket at this time, as
shown in the Fig. 3 wiring diagram.
Then install and solder into place the
resistors and capacitor. Next, taking
care to properly base them, install
and solder into place the appropriate
transistors for each location.

If you are building the LED-only
version of the circuit, omit resistors
R7 and RI10 and transistors Q3 and
Q4. Then complete the circuits to
+ 12 volts and ground by installing
and soldering into place the two
jumper wires shown as dashed lines.
Whichever version you are building,
you must install the jumper wire
shown as a solid line in the lower-
right portion of Fig. 3. Use insulated
solid hookup wire for the jumpers.

Assuming you are building the
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high-power version of the project,
omit the two jumpers shown as
dashed lines and install and solder in-
to place R7, R10, Q3 and Q4. Take
care to properly base the transistors
before soldering their pins to the
copper pads on the bottom of the
board.

You can install the LEDs directly
on the board, properly polarized, if
the project is to be used as a simple
attention-getting device. This as-
sumes that you will be housing the
circuit-board assembly inside a
clear-plastic enclosure. Otherwise,
mount the LEDs off the board

Depending on your application
for the circuit, you may or may not
need a separate enclosure for the
project. For example, if you are us-
ing the project on a toy, you can
mount the circuit-board assembly in-
side the toy itself with double-sided
foam tape to insulate it from the toy
and keep it in place. Then run the
hookup wires from the specified
holes in the circuit board to the ap-
propriate LED leads. If you are
building the high-power incandes-
cent-lamp version of the project, lo-
cate the LEDs on the enclosure
where they will easily be seen. It
helps if you use different colors of in-
sulation for the hookup wires to
avoid confusion. Use black for the
cathode leads (K) and red for the
anode leads (not identified).

Bear in mind that when making
hookup-wire connections to the
leads of the LEDs, you must make
sure that no short circuits occur. To
prevent short circuiting, first cut the
cathode lead of the LED to a length
of ¥ inch. Slide a 1-inch length of
small-diameter heat-shrinkable or
insulated plastic tubing over the ap-
propriate hookup wire end and
crimp and solder the wire to the
LED’s lead stub. Do the same with
the anode lead and wire. Then push
the tubing over the connection until
it is flush against the base of the
LED’s plastic case and shrink into
place. Repeat with the other LED

If you are using an enclosure, ma-
chine it for mounting the LEDs side
by side on one panel, assuming this is
what you want. Also, drill any holes
needed for exiting of the LED and/
or incandescent-lamp wires and for
entry of the power lines. This done,
mount the circuit-board assembly in-
side the enclosure with %-inch-thick
double-sided foam tape or machine
hardware and Y-inch spacers.

For the low-power LED-only ver-
sion of the project, you need only 22-
gauge stranded hookup wire for the
power lines. Use wires with red insu-
lation for the + 12-volt line and
black insulation for the circuit-
ground line. Make these wires long
enough to reach from the project box
to the power source. Strip % inch of
insulation from both ends of both
wires. Tightly twist together the fine
conductors at all ends and sparingly
tin with solder. Install and solder one
end of each wire in the appropriate
holes in the board.

If you built the high-power incan-
descent-lamp version, increase the
size of the wire used for both the
power lines and interconnections to
the lamps to, say, 16-gauge or light-
duty lamp zip-cord size. Before in-
stallation, prepare their ends as de-
scribed for the lighter-duty wire.
Terminate the free end of the power
cord in a standard automotive ciga-
rette-lighter plug.

With ICI still not installed in its
socket, plug the power cord into
your car’s cigarette-lighter socket (or
connect it to another 12-volt dc
source). Use a dc voltmeter (or a
DMM set to the dc volts function) to
measure the voltage between pins 4
(circuit ground) and 7 (+ 12 volts) of
the IC socket. Your reading should
be approximately + 12 volts. If you
obtain a negative reading, unplug the
project and transpose the leads con-
nected to the terminals on the ciga-
rette-lighter plug. If you obtain a
much lower reading or no reading at
all, double check all wiring and recti-
fy the problem before proceeding.

Once you are certain that the proj-
ect has been wired correctly and that
all soldering is good. Plug IC! into
its socket (with no power applied to
the circuit). Make sure you properly
orient the IC.

As stated earlier, the basic project
can be housed in any convenient en-
closure. The same is true for the
high-power version, except that you
must make separate arrangements
for housing the incandescent lamps
external to the enclosure. A simple
way to go for the lamps is to house
them inside amber plastic pill con-
tainers that, in turn, fasten to oppo-
site sides of the enclosure.

A much larger unit with greater re-
flection can be made from plastic
freezer containers mounted back to
back with the main circuit assembly
sandwiched between the two. Alter-
natively, you can use a pair of dis-
posable clear plastic drinking cups as
domes for the lamps. ME
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Project

1

The Semianalyzer

(Conclusion)

Final assembly, checkout, calibration and use tips for
this versatile benchtop troubleshooting instrument

David Miga, CET

ast month in Part 1, we dis-
I cussed operation of this time-
saving instrument and gave
details on wiring the main printed-
circuit assembly. In this concluding
part, we continue with construction
details for the legend/numeric-dis-
play board and chassis machining
and wiring; checkout and calibra-
tion; and some tips on using the
Semianalyzer on your testbench.

Wiring the Display Board

This single-sided board is easier to
wire than the main board, both be-
cause much fewer components mount
on it and the fact that no jumper
wires that bridge between the con-
ductors on both sides of the board
are required.

¢ Display Board. This single-sided
board is easier to wire than the main
board, both because much fewer
components mount on it and the fact
that no jumpers that bridge between
the conductors on both sides of the
board are required.

Etch and drill the display board
using the Fig. 6 artwork. Then care-
fully drill the 43 small holes through
the traces along the bottom of the
board as you did for the main board.
Also, drill a Y4-inch hole through the
board, centered in the square in the
center of the board below the lower-
right string of three LEDs.

Before installing components,
fashion a shield to contain the light
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from each string of three LEDs in the
area where its panel legend will be.
This matrix shield will contain the
light from the strings within their
own display areas, eliminating spill-
over to other areas.

Use thin strips of %- or Y-inch-
thick plastic or wood, or even heavy
cardboard to make the shield. The
best way to go about this is to cut
Va-inch-wide strips to make the
frame first. Cut two 3%-inch and
two 1%-inch strips (this dimension
may be larger or smaller, depending
on the thickness of the material
used). Plastic cement is ideal to glue
the strips onto the component side of
the board to form the frame. Note
that there are four small square pads
above and below the LED arrange-
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ment (Fig. 8), which define the size
of the frame. Cement the strips di-
rectly over these holes and let the ce-
ment set completely.

Measure the distance from left to
right within the display area and cut
two more strips to this length. Ce-
ment these strips midway between
the holes between the LEDs and let
set. Measure the distance between
the top and middle horizontal strips
and cut two strips to this length and
repeat for the middle and bottom
horizontal strips. Cement the strips
between the middle and top strip and
top of the frame, centering them be-
tween the three sets of horizontal
LED holes and then repeat with the
lower strips.

Let the cement completely set.
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Then check to make sure that the top
edges of the matrix shield are all even
and flush with each other. Use a hob-
by or safety knife to trim any that are
not flush.

With the display board oriented as
shown, plug aline of three LEDs into
the holes in the upper-left section of
the matrix shield. Make sure the flat
on the case of each LED that identi-
fies the cathode lead goes into the
lower hole in the matrix area. Push
the LEDs down against the surface
of the board and solder their leads to
the pads on the bottom. Repeat for
each string of three LEDs in all re-
maining matrix areas.

Install and solder into place the re-
sistors below the matrix. Inspect
your work to make sure that all 27
LEDs are properly oriented and that
your connections are properly sol-
dered, with no ‘‘cold’’ solder joints
or solder bridges. Reflow the solder
on any suspicious joint and use sol-
der wick to remove any bridges.

You can install the LED numeric
displays directly on the circuit board
if you wish, after first clipping away
pin 3 of each (there are no holes in
the board for these pins). However,
you might want to use low-profile
DIP IC sockets instead. If you use
sockets, clip away pin 3 of the sock-
ets but not the displays. With pin 3
removed, there is no way to plug the
displays into the board in the wrong
direction.

Drop a straight pin into the right-
most three holes along the bottom of
the circuit-board assembly, so that
the heads are flush against the com-
ponent side of the board. Check to
make sure that the heads do not
touch each other; if they do, use pins
with smaller heads. Then solder the
right-most pin to the pad on the bot-
tom of the board, making sure the
pin remains perpendicular to the
board’s surface until the solder sets.
Repeat for the remaining 42 holes.
Use solder sparingly and watch out
for solder bridging between the
closely-spaced conductors.
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Fig. 8. Wiring guide for display
pc board.

After soldering all 43 pins into
place, bend them flat against and di-
rectly toward the edge of the board.
Make sure the pins are parallel with
each other. Plug the ends of the pins
into the small holes in the main
board, making sure that each pin end
goes into its own hole. Tilt the dis-
play board so that it clears the plung-
er shaft on S2.

When the switch plunger has passed
through the hole, push the display
board all the way down on the main

board and, holding the two perpen-
dicular to each other, solder each of
the end pins to the pads on the bot-
tom of the main board. Recheck to
make sure the display assembly is
perpendicular to the main circuit-
board assembly. If it is not, gently
bend it until it is perpendicular. It
helps if you use a small triangle to
“‘true up’’ the two boards during this
operation. Then solder all remaining
pins to the main board’s traces. Be
careful to avoid creating solder
bridges, and clean your soldering tip
frequently. Clip away all excess pin
lengths.

Make a legend mask with the vari-
ous legends in the display matrix
shield. The most effective mask is
one with transparent legends on a
black background. You can obtain a
suitable mask by having a photo-
grapher make a same-size film nega-
tive of Fig. 9. Otherwise, make the
mask yourself using a clear plastic
film and dry-transfer lettering to du-
plicate the Fig. 9 artwork and use this
as a mask to expose the reversing
film used in pc work.

Apply a very thin bead of plastic
cement to all top surfaces of the dis-
play matrix shield and allow it to just
“‘skin over.”” Then lower and very
carefully position the mask over the
matrix shield and gently press the
mask into the cement. Place a flat
weight on it until the cement sets.

Plug the 6.3-volt and 30-volt with
center tap leads of power transform-
er T1 into the holes at the edge of the
main board and solder into place. If
you are using the transformer speci-
fied in the Parts List, follow the col-
or coding of the plastic insulation
indicated.

Checkout & Calibration

Temporarily twist together one pri-
mary lead with one of the ac line
cord’s conductors and screw on a
small wire nut. Do the same for the
other primary and line-cord leads.
Plug the line cord into an ac outlet
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and place a fingertip on the case of
the bridge rectifier and feel the main
filter capacitors. If these compo-
nents do not feel cool, power down
the project and look for electrolytic
capacitors and diodes that might be
installed in the wrong polarity. Then
use a voltmeter, set to a dc range that
can measure 20 volts or so to per-
form the following tests, connecting
the meter’s common probe to any
convenient circuit ground point and
leaving it there until you are finished
with initial checkout.

Touch the meter’s ‘“hot’’ probe to
the positive leads of C/I and CI3.
You should obtain readings of +5
and + 12 volts, respectively. Change
the meter’s range to indicate up to,
say, 200 volts dc and touch the me-
ter’s hot probe to the positive lead of
C20 and note that the reading should
be + 150 volts. Now touch the hot
probe to the positive lead of C8 and
adjust trimmer VR2 until the reading
is exactly +9.00 volts. Similarly,
connect the meter’s hot probe to the
negative lead of C7 and adjust VRI
for a reading of exactly —9.00 volts.
Once VRI has been adjusted, con-
necting the hot probe to the positive
lead of C9 should yield a reading
of approximately — 5 volts. For pre-
cise readings at the +9.00- and
—9.00-volt points, use a digital
voltmeter for this.

If you do not obtain the proper
meter readings or cannot adjust
either trimmer potentiometer to ob-
tain the proper readings, power
down the project and rectify the pro-
blem before proceeding. Make sure
the voltage-regulators are in the pro-
per locations and that they are pro-
perly based, and check that the elec-
trolytic capacitors are installed in
proper polarization. Do the same for
the rectifier diodes, zener diode and
bridge rectifier assembly. Also check
that the secondary leads of T/ are
plugged into the proper holes.

Once you are certain that the pow-
er supply is operating properly, in-
stall the ICs in their respective sock-

OPEN SINGLE JUNCT
LEAKY DUAL PNP
SHORT TRIPLE NPN

Fig. 9. Actual-size artwork for making legend display mask.

ets (the 2716 EPROM that plugs into
the Ic10 socket must be first pro-
grammed with the data given in the
Program Listing table). Handle the
CMOS devices with the same precau-
tions you would use with any other
MOS device to prevent damage to
them from static electricity, and
make sure that no pins overhang the
socket or fold under between IC and
socket.

Once again, plug the project’s line
cord into an ac outlet and recheck all
voltages in the power supply. There
should be no significant differences
in measured voltages from those
made earlier at the same points. If
necessary, trim the settings of VRI
and VR2 until you obtain readings of
exactly —9.00 and +9.00 volts,
respectively.

Final Assembly

You can house the Semianalyzer in
any enclosure that will accommodate
it. The enclosure pictured in the lead
photo is ideal for this instrument be-
cause it has an easily machined front
panel and a swivel carrying handle
that doubles as a tilt stand on your
testbench. If you cannot find this
type, you use another type of instru-
ment enclosure or even make an en-
closure from lumber and a %-inch-
thick sheet of transparent red plastic
for the front panel and J%-inch-thick
Masonite for the rear panel.

If use lumber, make the enclosure
in two pieces, one consisting of both
sides and the top panels and the other

consisting of just the bottom panel
so that you can easily disassemble the
project if it ever needs servicing.
Glue and nail the top “‘shell’’ pieces
together but arrange things so that
four screws and no glue secure the
bottom panel to the side panels.

If your instrument case has a metal
front panel, see if you can replace it
with red transparent plastic to ease
your machining task. Of course, you
can use the metal panel, but you will
have a lot more work machining it
for the display areas, and you must
still use thin clear red plastic panels
in the display windows.

When using a plastic front panel, all
you need do to prepare it is drill holes
for the switches and input jacks and
for the speaker’s sound to be heard.

Once the front panel has been pre-
pared, use a dry-transfer letting kit
to label appropriate legends, as illus-
trated in the lead photo. If the panel
is metal, spray two or three light
coats of clear acrylic over it to pro-
tect the lettering. On the other hand,
if the panel is plastic, you can place
over it a sheet of transparent Mylar
to protect the labeling.

You have a choice of a slide or
miniature toggle switch or a push/
push switch for POWER switch S/. If
you use a push/push switch, fashion
an L bracket from %¢-inch thick met-
al stock on which to mount it and
then mount the assembly on the
front of the main pc board to the
right of the numeric display area
with machine hardware fastened
through the holes in the board. A
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slide or toggle switch does not need a
bracket; these switches can be
mounted directly on the front panel.

Drill a hole in the rear of the enclo-
sure to provide entry for the ac line
cord. Only three or four more holes
drilled through the floor of the en-
closure are needed to mount 7/ and a
3-lug terminal strip (no lugs con-
nected to the mounting tab or tabs).
If you are not using the type of enclo-
sure pictured in the lead photo, also
drill two mounting holes for the cir-
cuit-board assembly through the
floor of the enclosure. Mount the
terminal strip in place with machine
hardware.

Mount red and black banana jacks
in the JI and J2, respectively, holes
on the front panel. Strip ! inch of in-
sulation from a 6-inch-long hookup
wire and crimp and solder one end of
it and the free end of the wire coming
from the GND hole on the main cir-
cuit board to the black banana jack’s
solder post. Then crimp and solder
the free end of the wire coming from
the RED JACK hole on the main cir-
cuit board to the solder post on the
red banana jack. _

Next, mount the circuit-board as-
sembly in place and then 7/. Remove
the wire nuts from the line-cord/
power-transformer primary leads
and disconnect the leads. Tightly
twist together the fine wires at the
end of one line-cord conductor and
tin with solder. If the rear panel is
metal, place a rubber grommet in the
line cord’s hole and pass the free end
of the line cord through the grommet
and tie a knot in it about 8 inches
from the prepared end inside the en-
closure. Alternatively, use a plastic
strain relief on the line cord as you
install it in the hole, leaving about
8 inches of free cord inside the en-
closure.

Separate the line cord’s conduc-
tors to within about 1 inch of the
knot or strain relief. Route and se-
cure the tinned line cord conductor
to one of the lugs on POWER switch
S1 and solder the connection. Deter-
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mine the length needed for the other
line cord conductor to reach the
nearest end lug on the terminal strip
and add 1 inch. Clip the remaining
line cord conductor to this length
and set aside the clipped-off conduc-
tor. Strip % inch of insulation from
the conductor stub, twist together
the fine wires and tin with solder.
Crimp but do not solder solder the
line cord conductor stub to the termi-
nal-strip lug.

Crimp one lead of the fuse to the
lug to which the line cord stub is con-
nected and solder the connection.
Crimp but do not solder the other
fuse lead to the opposite end lug on
the terminal strip. Crimp one pri-
mary lead of 7'/ to this lug and solder
the connection.

Strip % inch of insulation from
both ends of the cut-off line cord
conductor, twist together the wires at
both ends and tin with solder. Crimp
oneend of this wire and the other pri-
mary lead of 71 to the center lug on
the terminal strip and solder the con-
nection. Route the wire to the other
lug on the POWER switch and solder
the connection.

Mount the speaker on the front
panel, centered over its holes, using
silicone adhesive. Connect and sol-
der the free end of the SPKR + wire
from the main board to the ap-
propriate lug on S2. Then wire *‘sig-
nal’’ lug on the speaker to the com-
panion lug on S2. Connect and sol-
der the free end of the wire coming
from the black banana jack to the
other lug on the speaker.

Prepare the test leads using red
and black color-coded test-lead ca-
ble, banana plugs and test probes,
the last preferably with sharp insula-
tion-piercing tips.

Using the Semianalyzer

With the Semianalyzer turned on
and set to the junction mode, con-
nect the black test probe to the base
of a good npn transistor and touch
the red probe to the transistor’s col-
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lector. The legends SINGLE, NPN and
JUNCT should light up and a tone
should be heard from the speaker.
Moving the red probe to the emitter
should light the same legends in the
display and generate the same tone.
Touching the probes between collec-
tor and emitter should light OPEN
and JUNCT in the display. Shorting
together the probes should now light
SHORT and JUNCT in the display and
the speaker should now be emitting a
screeching sound.

Here are some things to keep in
mind when using the Semianalyzer.
The instrument will display DUAL
and JUNCT and beep a tone that is
slightly higher in frequency than is
normal if the base-to-emitter junc-
tion of a Darlington transistor is
tested. TRIPLE and JUNCT will be dis-
played when a bias diode of an am-
plifier is probed. LEAKY, NPN, PNP
and JUNCT will be displayed if the Se-
mianalyzer determines that no nor-
mal junction can be found. LEAKY,
NPN and JUNCT does not necessarily
mean that the semiconductor is
defective, only that there may be a
low-impedance component in the
circuit.

Placing S2 in the ‘‘voltage-break-
down’’ position turns on the numeric
display, which will indicate the po-
tential available for measuring volt-
age breakdown. Connecting the test
leads of the instrument across a zener
diode in this mode with red to cath-
ode and black to anode should cause
the displayed value to become the ze-
ner voltage and a small amount of
white noise to be emitted by the
speaker. If the zener diode is leaky, a
lower voltage than its designed value
will be displayed. If the emitter-to-
collector junction of a noisy transis-
tor is being tested, the displayed volt-
age will vary and you will hear a loud
crackling sound from the speaker
and the indicator lamp will light.

The voltage-breakdown mode can
usually be used in-circuit to deter-

(Continued on page 94)
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A Video Tape Hard-Disk Backup

The VIDEOTRAX hard-disk backup
system from Alpha Micro is a sophisti-
cated implementation of what is a basi-
cally simple idea: storing programs on
magnetic tape. VIDEOTRAX, however,
utilizes a video cassette recorder and
standard video tape.

““Insurance’’ copies of valuable com-
puter data are popularly made on floppy
disks or on streaming tape. The former is
inexpensive, often slow, and always cum-
bersome when dealing with lots of data
that require multiple disks for storage.
The latter is a quick, easy and reliable
method. But a 20 MB tape backup system
costs about $500 and each cassette costs
about $30. In contrast, a VIDEOTRAX
expansion board costs $399 (before typi-
cal mail-order discount) plus the use of
your home VCR, can store 240 MB of da-
taona single $5 video tape, operates fast,
and is simple to use. Consequently, the
new half-length board is an interesting al-
ternative. (A full-length board had been
previously marketed.)

An SCSlinterface version has been an-
nounced for use with an Apple Macin-
tosh Plus, SE and MAC 11, as well as any
other computer using a ‘‘scuzzy’’ inter-
face. Tandy sells a system for its [BM-
compatible computers, too.

The VIDEOTRAX software and board
convert hard-disk data, image, or pro-
gram files into video signals that are sent
to your VCR via the standard video in/
out cables, then reconvert the data asit is
read back to restore files.

Data reliability is ensured by adding a
CRC (Cyclical Redundancy Count) num-
ber to each 512-byte block of data. When
verifying the files, this CRC number is
used to check the integrity of the re-
corded data. If there is ever a point in the
entire backup where none of the four (or
more) backup recordings of a single piece
of data is readable, the tape is likely de-
fective and you are notified about this on
the screen display.

Actually, the verification pass shows a
running count of the reliability of the re-
corded data and the number of soft er-
rors (where the CRC check indicates

trouble with some, but not all, of the cop-
ies). This running count can help the op-
erator spot dirty VCR heads or poor-
quality tape before the system fails com-
pletely. If you have a low-quality tape
but no hard errors, you can still use it by
specifying additional copies of your data.

Installation is simple, with the only
possible problem being an address conflict
with other peripherals. This address is
easy to change. Even choosing the Amer-
ican (NTSC) or European (PAL/SECAM)
video tape standard is just a matter of
moving one jumper on the board.

If you do not already have a VCR, the
company sells a VIDEOTRAX VCR that
incorporates HQ (high-quality video) and
an IR remote control that has special fea-
tures for computer data backup purposes.
(The modified VHS record can also func-
tion as a standard VCR.) The special fea-
ture of this optional Alpha Micro VCR,
which is priced at $1,199, is a built-in ser-
vo controller that is connected by cable to
the VIDEOTRAX expansion board.

The controller takes complete control
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of the VCR, including rewind, record,
and play functions. This lets the machine
complete an automatic verify operation
on any recording, something that would
otherwise require an operator to push the
rewind and play buttons in response to
on-screen directions. Another feature
available to those with the complete sys-
tem is an automatic file location feature
when using the file backup mode.

VIDEOTRAX either stores a complete
image of your hard disk (image mode) or
stores each file one by one. This file mode
lets you specify (using ordinary * and ?
wildcards) which files to back up, includ-
ing only those modified after a given
date. When using the image mode you
can only restore the entire hard disk,
blank spaces and all, but it is much faster
than the file mode backup when storing
the entire disk full of files (about 1.3 min-
utes/megabyte at 4 copies).

When you store files using the file
mode, you can play the tape and have the
software just restore the files you specify
(again by use of wildcards).

Say You Saw It In Modern Electronics
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One special use of the AM-616 video
controller (VIDEOTRAX) is the poten-
tial of working with satellite transmis-
sion of data at a very high 80Kbps,
which is hundreds of times faster than
transmission by microwave link or reg-
ular telephone lines.

There is no practical reason why data
can’t be transmitted by regular TV sta-
tions, perhaps after hours, to business
and home subscribers. Since ordinary
TV reception and any VCR provide suf-
ficient quality for taping the data/pro-
grams, such 3 A.M. transmissions are
entirely practical.

In fact, on May 30, 1985, the BBC
(British Broadcasting Corporation)
demonstrated the transmission of
Alice in Wonderland at 40,000 cps.

In this country, the National Techno-
logical University, a video graduate
school for engineers, daily transmits
classroom handouts by VIDEOTRAX
during their live video classes which are

Broadcast Potential

carried by satellite to many locations
throughout the U.S.

The signals are recorded on a VCR
and processed by the standard VIDEO-
TRAX board in an IBM PC, after
which the handouts are printed out dur-
ing the lecture.

For those unfamiliar with TV broad-
cast standards, NTSC (National Televi-
sion Standards Committee}) is the desig-
nation for the U.S. standard 525 line by
60 field B&W TV picture having a
4.2-MHz video bandwidth and a color
subcarrier at 3.58-MHz. This NTSC
standard is used in the U.S., Japan, and
the Philippines.

PAL (Phase Alteration by Line) and
SECAM (Sequence a Memoire) both
use a sharper black and white standard
of 625 lines by 500 fields, but they treat
color in differing ways. Most eastern
European countries use SECAM (20
worldwide) and about 40 other coun-
tries use PAL.

If you have made many multiple copies
(for extra data security) and stored a
large number of files (perhaps a 70 MB
hard disk full), then it could take several
hours to play through the entire tape.

Since VIDEOTRAX stores a complete
directory at the beginning of each tape,
the software can tell you (via screen
prompts) to fast forward and play the
tape until you reach the location of the
desired file.

With the VIDEOTRAX VCR, this is
all done automatically. A major advan-
tage of VIDEOTRAX for business appli-
cations is that the backup information
can be set up by the system operator and
it will automatically take over and back
up the hard disk at a preset time (usually
every night), without further attention,
and without the need to train other per-
sonnel to make proper backups.

Comments

For me, one big benefit provided by
VIDEOTRAX is that by using the long-
play mode I can store hundreds of mega-
bytes of data on a single $5 tape.

If it’s difficult for you to imagine the
advantage of this over floppy-disk back-
up, let me remind you that, at about $1
each, 240MB worth of 360K floppy disks
would cost more than $660! They would
also take about 6 hours to format.

VCR tapes are used as they come from
the box. Although my largest hard disk is
only 40MB, I have a great many pro-
grams and, by making note of the places
on a videotape where I start storing the
second or later files (using the tape count-
er found on almost every VCR), I can
make dozens of file-mode backups on a
single video tape.

If you think that the 21 minutes needed
to make a complete file backup of a
10MB hard disk with 4 copies is a long
time compared to the 5 minutes or less of
some Streaming tapes, you are right.
However, it is far faster than formatting
30 or so floppy disks and spending an-
other 25 minutes feeding them one at a
time into your disk drive while you get
writer’s cramp making up labels.

A 44MB hard disk, fast becoming a
popular size, takes about 130 disks, and 1
don’t even like to think about the newer
70- and 115MB hard disks.

The backup time with VIDEOTRAX
also looks much better when you remem-
ber that it operates entirely unattended,
so you can easily back up a 40MB hard
disk during your lunch hour or just leave
itto run after you leave work for the day.
If you also have the VIDEOTRAX VCR,
you can even have the machine do an au-
tomatic verification pass after the backup.

Anyone who generates a lot of data or
who requires many updates of data for
security purposes, as is common for
bookkeeping data, will find VIDEO-
TRAX arewarding alternative to stream-
ing tape backup. In any event, everyone
should back up data, as onerous a task as
it might be. It only takes one power out-
age, fire or other computer tragedy to
make you wish you did. ME

—John McCormick

CIRCLE NO. 180 ON FREE INFORMATION CARD

Addresses

Manufacturer: Alpha Micro, Inc.
3501 Sunflower, Santa Ana, CA 92799
(800) 253-3434 or (714) 957-8500.

Mail order source: Priority One
21622 Plummer St.

Chatsworth, CA 91311-4194
(800) 423-5922 or (818) 709-5111.

Retailer: Radio Shack Stores
(Ordered as an Express Order
System item)
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A 16-Step Programmable Digital Controller

By Forrest M. Mims IIT

The subject of this column is a simple
digital controller that can be pro-
grammed with up to 16 different 4-bit
data words. Once programmed, the
stored words can be sequentially accessed
at a rate controlled by an adjustable
clock. After each of the 16 stored words
is sampled, the cycle repeats.

This simple digital sequencer or con-
troller has many practical applications.
The circuit’s 4-bit output words can acti-
vate up to four LEDs, motors, solenoids
or additional digital circuits. Alternative-
ly, the 4-bit output can be decoded into
16 separate outputs, permitting the se-
quencer to control up to 16 different out-
put devices—but only one at a time.

The 4-bit output can also control vari-
ous analog circuits. All that is required to
do this is a simple digital-to-analog con-
version circuit.

In addition to these practical applica-
tions, the digital sequencer or controller
described here nicely illustrates some of
the basic principles behind the operation
of more sophisticated controllers and
even digital computers. Therefore, even
if you choose not to assemble a working
version of the controller, I hope you will
still read the following. Let’s start with a
review of the basics of programmable se-
quencers and controllers.

Programmable
Sequencers & Controllers

Programmable sequencers and control-
lers have countless applications. One of
the simplest programmable controllers is
an electromechanical timer that can be
programmed to switch on and off a light
in one or more patterns during a 24-hour
day.

Digital sequencers and controllers
have far more versatility than their elec-
tromechanical counterparts. They can
control individual lamps, motors and
solenoids, or many different devices at
the same time. Often, they can respond
to external signals. And their program-
ming can be quickly changed and revised.
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Fig. 1. Block diagram of basic 4-bit pro-
grammable controller /sequencer.

Advanced digital controllers have so-
phisticated instruction sets similar or
identical to those for a microprocessor.
Indeed, microprocessors are often used
as programmable controllers. Advanced
controllers can be programmed to alter a
preprogrammed control sequence in re-
sponse to external conditions.

Selecting a Controller

Electromechanical timers are fine for
very simple applications like controlling
the lights of your house or apartment
during your absence to create the impres-
sion that someone is home. Large-scale
integrated microcontrollers or micropro-
cessors are used for more sophisticated
applications like controlling traffic lights
and central air conditioners and outdoor
sprinklers. For more specialized applica-
tions, advanced programmable control-
lers and interface modules are available.
For some applications, a low-cost home
computer is the best choice. Programs
can be easily changed, and a wide range
of interface options is usually available.

Do-It-Yourself Controllers

If I needed an advanced programmable
controller for a one-of-a-kind applica-
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tion, I would choose a cheap home com-
puter. This approach would be much
more economical and considerably more
convenient than designing a custom mi-
croprocessor-based controller, writing
the necessary software and loading the
program into some kind of PROM.

If the application were relatively sim-
ple, however, I would consider building a
controller from discrete components.
The 16-step, 4-bit programmable con-
troller or sequencer described below is
one possible approach. Since its basic de-
sign is common to most sequencers and
controllers, I will explain every aspect of
its design and operation in detail. This
should assist you if you decide to design
your own sequencer or controller for a
specific task. Even if you don’t care to
build this controller, if you read what fol-
lows, you will gain some basic insight in-
to several rudimentary but essential prin-
ciples of digital data processors.

Hypothetical 16-Step,
4-Bit Controller

Figure 1 is a block diagram for a simple
4-bit programmable controller that can
be assembled from inexpensive, readily
available integrated circuits. The con-
troller’s single most important compo-
nent is the random-access memory
(RAM) chip, in which program instruc-
tions are stored. Therefore, the storage
capacity of the RAM determines how
many data words can be stored.

It’s important to note that dedicated
controllers—that is, those intended to be
used for a single purpose—usually use
some kind of ROM instead of RAM.
This guarantees that the program data
will not be lost should power to the sys-
tem be interrupted. However, using
ROM storage makes program modifica-
tion impractical or impossible.

In the Fig. 1 arrangement, when the se-
quencer or controller is operating, the
clock sends a series of pulses to the
counter chip. The counter advances one
count upon arrival of each clock pulse.
The binary output from the clock is con-
nected directly to the address inputs of
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Fig. 2. Block diagram of programmer sequencer and output peripherals.

the RAM via a set of connections called
the address bus. Therefore, the arrival of
each clock pulse accesses the next sequen-
tial RAM address. For this reason, the
counter is often referred to as the address
counter.

Data can be stored in a controller’s
RAM by means of a keyboard or by en-
tering each word in a row of toggle
switches and then pressing a LOAD
switch. A faster way is to encode the
words in some kind of storage media that
can be read into the controller by means
of an input device.

Shown in Fig. 2 is a pictorial view of
the 4-bit, 16-step sequencer or controller
whose design and operation is described
below. Data is loaded into this controller
by means of an easily constructed opto-
electronic card reader. The reader is
made up of a row of five phototransistors
and an illuminator. Four phototransis-
tors read out the data words, while the
fifth generates the clock pulses that ad-
vance the address counter when the card
is pulled through the reader.

Data to be stored in the controller’s
RAM is first loaded into an opaque data
card in the form of a pattern of punched
holes. When the card is pulled through
the reader, light from the illuminator
stimulates a signal from the phototran-
sistors installed in the base of the
card-reader assembly under the holes in
the card. Nosignal is generated by photo-
transistors that are under opaque sec-
tions of the card.

Individual data words are automatic-
ally loaded into RAM when the data card
is pulled through the reader. A row of
clock pulses running down the center of
the data card automatically advances the
address counter as the card is pulled
through the reader.

Data stored in RAM can be sent direct-
ly to a decoder or various device control
buffers. For example, a 4-bit RAM can
control four separate light-emitting di-
odes or lamps. Alternatively, the RAM’s
output can be broken down into all 16 of
its possible output states with a 4-line to
16-line decoder. Still another possibility

is to transform the RAM’s binary output
into an analog control signal by means of
a digital-to-analog (D/A) converter.

In any case, the clock controls the rate
at which individual words are read out of
the RAM. In most sequencers, control-
lers and computers, clock speed is con-
stant and is regulated by a crystal. In the
circuit that follows, clock speed can be
easily varied. This permits the circuit to
perform operations that might otherwise
require additional hardware and mem-
ory-consuming program instructions.

Note that using the RAM output di-
rectly provides only four control lines as
opposed to the 16 lines made possible by
addition of a decoder. This is not always
a disadvantage, because when the out-
puts are fully decoded, one and only one
can be active at any one time, but when
the four outputs are not decoded, any or
even all can be active simultaneously.

Functional 16-Step,
4-Bit Controller

A fully functional 16-step, 4-bit control-
ler is depicted schematically in Fig. 3.
Most of the controller can be installed on
a small perforated board. The optoelec-
tronic card reader can be mounted on the
controller board or be connected to it by
a short cable. Let us analyze this control-
ler in detail:

® Optoelectronic Card Reader. Data is
entered into the controller’s RAM by
means of a simple do-it-yourself opto-
electronic card reader. The reader con-
sists of a row of five npn phototransistors
and an illuminator.

Shown in Fig. 4 are the details of the
prototype card reader that I fabricated
from two 2.5 X 0.75 x 0.25-inch strips
of wood. You can make such a card
reader in less than an hour. Proceed as
follows.

First, clamp together the pieces of
wood and drilla ¥¢-inch hole through the
center of both. Then drill two additional
% s-inch holes on 0.3-inch centers on each
side of the center hole. These five holes
will provide a snug fit for TO-18 style
phototransistors. If you use a phototran-
sistor that has a different case style, ac-
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Fig. 3. A 16-step programmable digital sequencer.

cordingly modify the diameter of the
holes drilled.

Drill a final pair of %.-inch holes at
each end of both strips of wood. The in-
side edges of these two pairs of holes
should be spaced 1.75 inches apart,
which is the width of the data cards you’ll
be using.

After drilling all holes, use 6-32 ma-
chine hardware to attach the two strips of
wood together as illustrated. Be sure to
place a washer over each of the screws
and between the two strips to serve as
spacers. This arrangement provides a slot
through which a data card can be pulled.

After you’ve secured together the two
wood strips, insert phototransistors Q/
through Q5 into the holes in the bottom
of the reader assembly. Solder the emit-
ter leads of all five phototransistors to a
1.5-inch-long bare copper wire. The col-
lector leads of the phototransistors and
the common emitter wire can now be
connected to the controller circuit.

The phototransistors can be externally
illuminated by a relatively bright light

source, such as a small desk lamp. For
more consistent results, use an array of
near-infrared LEDs inserted into the
holes opposite the phototransistors. Fig-
ure 5 shows two ways to connect the
LEDs. The forward currents listed here
apply to the TIL32 LED. AlGaAs
near-infrared or super-bright red LEDs
can also be used, but the currents given in
the tabular listing may be different from
those in Fig. 5.

e Card Reader Buffer. The phototransis-
tors can be connected directly to the data
inputs of the RAM, though this arrange-
ment is not always reliable. The Schmitt-
trigger buffers (U4) provide a snap-
action output that presents a true logical
low or high to the RAM.

e 7489 RAM. This is a 16-pin, 64-bit
TTL random-access memory device that
is organized into 16 4-bit words. It has
open-collector outputs. Each memory lo-
cation is accessed by applying a 4-bit pat-
tern to four address lines. After a specific
location has been addressed, a data word
can be written into the location by plac-
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ing both the MEMORY ENABLE (ME) and
WRITE ENABLE (WE) inputs at pins 2 and
3, respectively, in the logical O state.

One side of dpst switch S9 controls
whether the 7849 is in its read or its write
state. When S9 is switched to RUN (is
opened), the RAM is set to read. Setting
S9to LoAD (closed) places the RAM in its
write state. Simultaneously, the other
side of S9 connects the clock phototran-
sistor from the card reader to the 74193,
preparing the system to receive new data.

It’s important to keep in mind that a
data word is inverted when stored in the
7849. Therefore, the complement of the
data word stored in a particular address
or location will appear on the output
lines when the ME input is placed in the
logical O state and the WE input is placed
in the logical 1 (high) state. When the ME
input is placed in the logical 1 state, all
the outputs assume the logical 1 state, re-
gardless of the address accessed.

Incidentally, notice that the 7849’s WE
input and the four 74193 inputs are left
floating when the switches connected to
them are opened. This practice would not
be acceptable if these were CMOS chips,
whose inputs must never be left in a float-
ing state. While a floating TTL input
almost always assumes the high state,
you can guarantee that a floating TTL in-
put stays high by connecting it to the
+ 5-volt positive rail via a 10,000-ohm
pull-up resistor.

A method for adding a row of four
readout LEDs to the data-output pins of
the RAM is illustrated in Fig. 6. These
LEDs will glow when the respective out-
puts from the RAM are low. Therefore,
all four LEDs will be on when 1111 has
been loaded into the RAM location being
addressed. (Remember, the 7849 inverts
data entered through its inputs; hence,
1111 is transformed to 0000.)
® 74193 Address Counter. This is a 16-
pin synchronous 4-bit up/down counter
chip. In this circuit, the 74193 is referred
to as an address counter because it deter-
mines which memory location in the 7489
is accessed. The counter is incremented
(advanced) one count when a clock pulse
is applied to the UP INPUT at pin 5. The
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counter is decremented one count when a
clock pulse is applied to the DOWN INPUT
at pin 4.The current count in Fig. 5 ap-
pears at pins 3, 2, 6 and 7 of the 74193.
The counter is reset to 0000 when the
CLEAR INPUT at pin 14 is switched from
low to high by momentarily opening S7.

Animportant feature of the 74193 is its
programmability. Any desired count
state can be placed on its four input lines
at pins 15, 1, 10 and 9. When the LOAD
INPUT at pin 11 is switched from high to
low, the counter output assumes the
count state on the input lines. This pro-
vides what computer programmers call a
‘“‘jump’’ capability. In a microprocessor,
a jump is implemented by means of a
programmed instruction. Here, a manu-
al jump can be implemented by momen-
tarily closing S6.

Finally, the 74193 is equipped with a
CARRY OUTPUT at pin 12 so that two or
more counters can be cascaded to pro-
vide higher counts. For example, cascad-
ing two 4-bit 74193s, each having only 16

count states (0000 through 1111), pro-
vides an 8-bit counter that has a total of
256 count states (00000000 through
11111111).

® 555 Timer. Clock pulses for the con-
troller are provided by an ordinary 555
timer chip. The 555 is not required when
the RAM is being loaded with data. In-
stead, the data cards are equipped with a
row of clock holes that automatically ad-
vance the counter as the card is pulled
through the reader.

Virtually all digital computers and ad-
vanced controllers use a crystal-con-
trolled clock to assure stability at very
high clock frequencies. However, this
circuit shows that a crystal is not always
necessary when a slow clock speed is
used. The major exception is when it is
necessary that the clock speed be correct-
ly calibrated.

Animportant benefit of the simple 555
clock used here is that its speed can be
easily varied by changing the values of R/
and CI1/C2. When S5 is open, only C1 is

connected to the 555 and the clock oper-
ates over its fastest speed range. Closing
85 connects C2 in parallel with CI, caus-
ing the timer to operate over its slowest
speed range.

® NAND Gates. The two NAND gates
(U5) in Fig. 4 provide an interface be-
tween the 555 clock and the 74193 count-
er. When S8 is set to RUN, pulses from
the clock are directed to the counter. The
pin S HALTINPUT is normally left open or
connected to + 5 volts. However, if this
input is made low, the clock pulses are
prevented from reaching the counter and
the controller circuit ceases to cycle
through its memory.

This provides the opportunity for a
programmed HALT instruction to be in-
cluded in a list of data words stored in
RAM. Suppose, for instance, that the
HALT line is connected to the D output
line from the RAM. If only logical Os are
stored in the D position of each word in
RAM, clock pulses will reach the counter
and the circuit will run because of the in-
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Fig. 4. Assembly details of an optoelectronic card reader.

Fig. 5. LED illuminators for digital sequencer card reader.
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ELECTRONICS NOTEBOOK ...
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Fig. 6. LED readout for 4-bit program-
mable sequencer.

version that takes place inside the 7489.
Now, if the counter addresses a word
containing a 1 in the D position, U5 will
block the clock pulses and shut down the
counter. If one bit of each word can be
dedicated to the HALT instruction, this
16-step system can be programmed for
automatic shutdown after 2 to 16 steps.

Using the Controller

The format for a typical data card is illus-
trated in Fig. 7. For best results, make the
cards from thin, opaque cardboard or
plastic sheets. Black paper will work but
only when inside a protective sleeve.

Use a 0.25-inch hole punch to form the
data holes in the card. Be sure to punch
the data holes a half hole width ahead of
the clock holes and to extend the final
clock hole into a slot as shown in Fig. 7.
The presence of a hole loads a logical 0
into RAM, while the absence of a hole
loads a logical 1.

Before loading a data card into the
reader, set S8 to SToP and S9 to LOAD.
Then switch on the card reader’s illumi-
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Fig. 7. Data card format used in prototype programmable controller.

nation source. Insert the first part of the
card into the reader so that all five photo-
transistors are blocked from receiving
light. Press S7 to reset the address count-
er to 0000. Next, pull the card through
the reader, making sure to stop the card
with the final clock slot still inside the
reader assembly.

At this point, clock phototransistor Q5
should be illuminated but all four data
phototransistors should be blocked.
Now, with the card still in the reader, set
S9 to RUN, remove the card and switch
off the reader’s light source.

If you pull the card completely
through the reader without stopping at
the final clock slot, the data to be loaded
into address 0000 will be lost. To correct
this, you must repeat the load procedure
described above.

When an array of your LEDs is con-
nected to the output of the 7489, this pro-
gram will create a back-and-forth flasher:

0. 0001 8. 0100
1. 0010 9. 1000
2. 0100 10. 0100
3. 1000 11. 0010
4. 0100 12. 0001
5. 0010 13. 0010
6. 0001 14. 0100
7. 0010 15. 1000

When loaded and run, this sequence
will continue to cycle indefinitely. Each
time the sequence recycles from step 15
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back to step 0, the two center LEDs will
be skipped.

This program will count from0to 15in
binary and automatically recycle:

0. 1111 8. 0111
1. 1110 9. 0110
2. 1101 10. 0101
3. 1100 11. 0100
4. 1011 12. 0011
5. 1010 13. 0010
6. 1001 14. 0001
7. 1000 15. 0000

This program assumes that a glowing
LED indicates a logical 0 and that an ex-
tinguished LED indicates a logical 1.
These two simple programs are merely
examples of what the controller can do.
Many other programs are possible.

Adding Output Devices
to the Controller

As noted above, the basic controller or
sequencer circuit shown in Fig. 4 can con-
trol many different output circuits and
devices. In an upcoming column, I will
describe several suitable output circuits,
including a 4-line to 16-line decoder, digi-
tal-to-analog converter and voltage-con-
trolled oscillator. I will also show you
how the basic 16-step controller shown in
Fig. 4 can be expanded to 256 steps and
give microinstructions for both a pro-
grammed JUMP and a HALT. ME
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Tone-ringer IC applications and
an IBM PS/2-compatible Chip Set

Harry L. Helms

Do you remember—or do you still have
—telephones with electromechanical
ringing sections? The electromagnets in
these sections were responsible for most
of the weight in older telephones, and
their shrill ringing action was guaranteed
to catch your attention. By contrast, new
phones today weigh but a fraction of
their older counterparts, and the ‘‘ring”’
is actually more of a ‘‘warble.” You
might suspect that the integrated devices
have replaced mechanical ringers, and
that’s exactly what’s happened. The new
generation of *‘ringer ICs’’ can also be
used in numerous applications where
tone signaling or alerting is needed.

Figure 1 shows the package and pin
connections for the MC34012 family of
tone-ringer ICs from Motorola. (Before
reading further, take a close look at Fig.
1. Notice anything unusual about this in-
tegrated circuit?)

The MC34012 family is designed to di-
rectly drive common piezoelectric trans-
ducers and meets all operational require-
ments for telephone ringer circuits speci-
fied by the FCC and EIA (Electronics In-
dustries Association). These state that a
ringer circuit must function when a ring
signal is present yet must nof function if
another type of signal (voice, dialing sig-
nals, noise, etc.) is present on the line.
The MC34012 also satisfies FCC and
EIA requirements for input impedance
when connected to a telephone network.
There are three versions of the device,
identified by a numerical suffix, each of
which gives a different output tone (or
““‘warble’’). The suffix 1 denotes a 1,000-
Hzoutput, 2 a 2,000-Hz output, and 3 re-
sults in 500 Hz.

The unusual aspect of the MC34012
hinted at above is that it is powered en-
tirely by the input ringer signal applied to
pins 2 and 3. There is no supply voltage
(Ve or Vdd) input nor any ground pin.
Moreover, for proper operation, the in-
put ringer signal must be ac.

In effect, the MC34012 is an ac-pow-
ered IC! The ac input voltage range is
substantial, ranging from 24 to 120 volts.

™ b
RG |1 * a|RC
" !
Tpls &  z1|RF
%
Ring |= ti" £|RS
Ringer output |4 5| R!

Fig. 1. Pinouts for Motorola’s MC34012
family of tone-ringer ICs.

The output voltage at pin 4 is a healthy
20-volt peak-to-peak square wave. Note
that the ac ringer input signal is identified
as tip (pin 2) and ring (pin 3). This is car-
ried over from landline telephone circuits
and represents where the individual tele-
phone is connected to the switching net-
work. Normally, the ring side is negative
with respect to the tip.

At this point, I must emphasize that
extreme care is literally a matter of life
and death when working with high ac
voltages! The MC34012 is designed to
operate with such voltages, and some of
the application circuits this month will
use them. Nevertheless, don’t apply 120-
volt ac tip and ring signals to any of these
circuits unless you are thoroughly experi-
enced in working with such voltages and
observe proper safety precautions! Even
24 volts can have a nasty “*bite”’ to it; so
care is called for here as well.

When an ac voltage is applied to the tip
and ring inputs of the MC34012, an inter-
nal full-wave diode-bridge circuit recti-
fies the input and uses it to power an in-
ternal 22-volt dc supply. Other internal

circuit are an oscillator/divider section, a
two-input comparator, and a D flip-flop
with reset. Output of the oscillator/di-
vider section provides a clock input sig-
nal to the D flip-flop, and the frequency
of the clock signal determines the ringer’s
output frequency. The oscillator/divider
frequency is controlled by an external
timing resistor and capacitor network.

The D input of the internal flip-flop is
its Q output ‘‘looped back’’ to the D in-
put. The D flip-flop is activated through
its reset input, to which the comparator’s
output is applied. The rectified ac ringing
input is applied to both inputs of the
comparator. This input causes the com-
parator to be triggered, with the resulting
signal to the reset input of the D flip-flop
causing an output equal to the clock sig-
nal input frequency to be present at the Q
output of the flip-flop. The Q output, in
turn, is applied to an output buffer,
which finally drives a piezoelectric sound
transducer.

The *‘warbling’’-tone output actually
consists of two different tones that are
rapidly alternated at the output. For ex-
ample, a 1,000-Hz output consists of a
low tone (about 900 Hz) and a high tone
(typically 1,100 Hz) that alternate at the
output at a frequency of 12 to 14 Hz.

Referring to Fig. 1, input RC (pin 8) is
the one to which the external timing resis-
tor and capacitor should be connected.
Input RF (pin 7) is the terminal used for a
filter capacitor utilized to detect input
ringer signals. RG (pin 1) is the terminal
for the negative output of the internal di-
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Fig. 2. The basic MC34012 circuit configuration used in telephone applications.
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MC 34012 Specifications
Maximum ac input voltage 150 ¥V rms
Crutput voltage 20V pp
Output duty cycle 0%
Output short-circuit current 50 mA

ode bridge and the negative supply of the
tone-generating circuitry. R1 (pin 5) is the
positive supply terminal for the oscilla-
tor/divider section and the output buffer
stage. RS (pin 6) is the positive output of
theinternal diode bridge; an external cur-
rent-sense resistor is connected here.

Fortunately, the MC34012 family is
easy to use despite the complexity of its
internal circuitry. Figure 2 shows the ba-
sic applications circuit for the MC34012
as a telephone tone ringer. The exact
value of the capacitor labeled C will de-
pend on which member of the MC34012
family is used. For the MC34012-1, a
1,000-pF capacitor should be to produce
a 1,000-Hz tone. A 500-pF capacitor is
employed with the MC34012-2 to give a
2,000-Hz output, while a 2,000-pF capa-
citor is used with the MC34012-3 to pro-
duce a 500-Hz output tone.

The Fig. 2 circuit will generate a ‘‘war-
bling’’ ringing sound whenever an ac sig-
nal of 24 volts or greater is present at the
tip and ring inputs. Volume of the ring-
ing sound can be controlled by placing a
10,000-ohm potentiometer in series be-
tween pin 4 and the piezoelectric element.

Operation of the Fig. 2 circuit can be
altered so that a time interval will elapse
between application of an ac voltage to
the tip and ring inputs and the start of the
ringing action. Figure 3 illustrates such
an application circuit, where the delay in-
tervalis controlled by resistors Rl and R2
and capacitor CI.

Values of R1, R2 and CI depend on the
input voltage as well as the input delay
desired. For example, if there is a 24-volt
ac input, a 30-second delay can be ob-
tained by an R1 value of 100 ohms, an R2
value of 1,600 ohms and a CI value of
100 xF. If the input is 120 volts ac, then
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Fig. 3. A tone-ringer circuit with built-in delayed-on feature whose period is controlled
by RI, R2and Cl.
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Fig. 4. An audio-frequency sweeper circuit in which an MC34012 is used to vary the fre-
quency of a base oscillator.
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the values of R should be 16,000 ohms,
R2 should be 750 ohms and CI should be
1,000 pF to produce the same 30-second
delay. The switch across CI should be
left open for a delay function; if closed,
the ringer will operate normally.

The ‘‘warbling’’ output of the MC-
34012 can also be used in music- and
sound-effects circuits. Figure 4 is the
schematic of an audio-frequency sweeper
circuit in which the MC34012 varies the
frequency of a base oscillator built
around a 2N3904 transistor and an
LM393A op amp. The 2N3904 is slowly
turned on as the two S5-uF capacitors
charge, thus varying the equivalent resis-
tance at pin 8 of the chip. This causes the
frequency of the base oscillator to vary
from low to high over a period of several
seconds. Output of this circuit is similar
to that heard in arcade video games, and
the frequency range and sweep rate can
be varied by altering values of the two
5-uF capacitors and the 15-uF capacitor
connected between the inverting input
(pin 2) and ground one LM393A section.

Complete specifications of the MC-
34012 family can be obtained in the data
sheet available from Motorola. Several
applications circuits and supporting in-
formation are available in Applications
Note AN933, ‘A Variety of Uses for the
MC34012 and MC34017 Tone Ringers.”’
There is also an AN937, ‘A Telephone
Ringer which Complies With FCC and
EIA Impedance Standards,”’ that dis-
cusses using the MC34012 in convention-
al telephone ringer applications.

PS/2-Compatible Chip Set

Chips & Technologies, a California-
based custom IC company, has devel-
oped a custom chip set that is said to be a
“‘logic replacement’’ for IBM PS/2 per-
sonal computer Models 50 and 60. When
used with a microprocessor, appropriate
support chips, and semiconductor mem-
ories, a compatible PS/2 ““‘clone’’ can be
constructed, according to the company.
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This chip set is controversial since the
PS/2 series makes use of IBM’s patented
Microchannel data bus. It is unclear at
present whether it is permissible to build
a truly compatible system to the PS/2
without licensing the Microchannel bus
from IBM. In fact, some speculate that
licenses for the use of IBM patents may
be necessary even at the chip level. If pa-
tent licenses from IBM are indeed neces-
sary, this would significantly cut down
on ‘‘clone-maker’’ price advantages
since the costs of such patents would
have to be added to the clones; IBM
would also make money off each
““clone’’ sold through license fees.

What is clear is that the chip sets can
significantly cut down on the number of
ICs required for a PS/2 system. Instead
of the 179 motherboard chips in an IBM
PS/2 Model 80, a functional equivalent
can be built using just 66 devices.

Short Takes

Yet another proud name has vanished
from the ranks of semiconductor compa-
nies. A decade ago, Mostek Corp. of
Carrollton, TX was the world leader in
semiconductor memories. Many early
microcomputers were stuffed with their

4K and 16K RAMs. However, an inabili-

ty to compete in the 256K-RAM market
and failure to significantly diversify be-
yond memories has resulted in Mostek
being sold by its corporate parent, Unit-
ed Technologies, to SGS-Thomson.
SGS-Thomson will use the old Mostek
manufacturing facilities and incorporate
a few of its devices into their own offer-
ings, but the name ‘‘Mostek’’ will be
used no more....Speaking of memories,
participants at the recent International
Solid State Circuits Conference in San
Francisco heard predictions that, by the
year 2000, RAM memories will go for
about five cents per megabyte! By then, a
one-megabyte RAM will be a ‘‘small”’
chip, with 16- and 64-megabyte devices
being widely used. ME
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Compact-disc quality; lowdown on RLL controllers for
hard-disk drives; safety precautions for electronics technicians

By Curt Phillips

When compact-disc players first hit the
market, the only CDs available were
from the major record companies. Al-
though the quality of LPs from these
companies varied, you could count on
these companies to provide an acceptable
LP, and similarly an acceptable CD.
Now, with CD players numbering in the
millions, compact discs are coming out
from a wide variety of sources, including
compilations from telemarketers.

Records from telemarketers have a de-
servedly dubious reputation for quality.
As a young fan of ‘‘oldies’’ rock-and-
roll, I have ordered from these sources on
several occasions to expand my collec-
tion of Fifties rock. The quality of these
LPs has ranged from good to unlisten-
able, with some having so many pops and
so much surface noise that even rock-
and-roll couldn’t blast through. Actual-
ly, the discount classical music records
have been the worst offenders, perhaps
because the numerous quiet passages em-
phasize the noise.

So it was with some trepidation that [
ordered an oldies compilation on CD
from a telemarketer. When it arrived, |
was pleasantly surprised to find the qual-
ity comparable to CDs from the major la-
bels. The big question: Was this a fluke
or is compact-disc quality more uniform
than LP quality?

First, there are three primary determi-
nants of recorded music quality: quality
of the source (the master tape), quality of
the sound engineering and editing, and
quality of the “‘pressing.”’

The quality of a master tape affects the
music quality of both LPs and CDs.
Much early rock-and-roll was recorded
under crude conditions, often literally in
a garage of basement. Many early classi-
cal and jazz recordings are characterized
by distortion caused by the inability of
old equipment to handle the wide dynam-
ic range of these performances. On all
types of music, background noises that
were never before noticeable have been
known to become painfully obvious on

compact disc. The ability of a compact
disc to accurately reproduce all the sound
from the tape master can cause flaws
from the master tape to emerge that were
covered over, or ‘‘masked,”’ by the im-
perfections of the vinyl medium.

Some of these flaws can be ameliorat-
ed by the sound engineering and editing
process, but many purists consider this to
be tampering with an original work (like
colorizing black-and-white movies) and
it is sometimes avoided for this reason.
Occasionally, a record company will put
a different version of a song on a CD
than the one that was popular because its
master recording is considered to be bet-
ter. But that can have repercussions as
well. A minor uproar has arisen because
the version of ‘‘Please, Please Me’’ on
the Beatles CD release is different than
the hit version.

There is a school of thought that con-
tends that compact discs must be engi-
neered differently than LPs. These peo-
ple maintain that most master tapes are
mixed with LPs and radio play in mind,
resulting in restricted bass and dynamic
range, and emphasized mid-bass and tre-
ble. They believe that ‘‘remastering’’ is
the only way that the full potential of
compact discs can be realized.

On the other hand, the engineering and
editing process can create some audio
flaws. This is most common in classical
music, where long works joined together
sloppily can be detected against the
scrupulously quiet background of the
compact disc.

It is the quality of the vinyl and the
pressing that causes most of the problems
with LPs, however, and this is where the
CDs shine. All of the CD ‘‘pressing”’
equipment is of recent vintage, and al-
though some may claim advantages, it
appears that the quality of CD pressings
is universally high. Compact disc press-
ing plants are licensed by the developers
of the CD system (Philips and Sony) and
must maintain minimum error rates to
keep their licenses.

So, given good source material (admit-
tedly a large given), you can expect high-
quality compact discs from all sources.
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Even better is the knowledge that, if you
give the CD moderate care, the great
sound will remain indefinitely without
the deterioration experienced even with
pampered LPs.

False Economy

All of us in the great middle class look for
ways to stretch our money, but we must
always be aware of things that are ‘‘Pen-
ny wise, pound foolish.”’

Much publicity has been given to a
class of hard-disk controllers known as
RLL (Run-Length Limited). Most of the
hard-disk controllers in use, especially on
10- and 20-megabyte drives, are MFM
(Modified Frequency Modulation) types.

Replacing an MFM controller with an
RLL controller is attractive because it
will expand the storage capacity of the
hard disk by 50 percent and provide an
increase in operating speed. But although
almost all hard-disk drives will initially
work with an RLL controller, the life and
reliability of some drives may be greatly
diminished.

An RLL controller (RLL 2,7) has a
data-transfer rate of 7.5 megabits per
second and lays down 26 sectors per track
compared to MFM’s 5.0 megabits per
second and 17 sectors per track. Since
sectors in RLL hold the same amount of
data as those in MFM, the miracle is
achieved by the higher frequency writing
data closer together. The RLL controller
also writes to disk using a different bit
configuration than that used by an MFM
controller.

To reliably accomplish this, both the
magnetic media of the hard drive and cir-
cuitry that interfaces the controller card
to the drive must be rated appropriately.
The media should have an Oersted rating
of greater than 450 to handle the densely
packed data. The interface circuitry, in
turn, must have a processor capable of
handling the RLL bit configurationand a
filtering mechanism and amplifying sys-
tem rated for the higher frequency of
data transfer.

For example, the ubiquitous Seagate
ST-225, which formats to 20 megabytes
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1. Beware the lightning that lurk-
eth in the undischarged capacitor,
lest it cause thee to bounce upon
thy buttocks in a most untechni-
cian-like manner.

2. Cause thou the switch that
supplieth large quantities of juice
to be opened and thus tagged, that
thy days in this earthly vale of tears
be long.

3. Prove to thyself that all cir-
cuits that radiateth and upon which
thou toil are grounded and thusly
tagged lest they lift thee to radio
heaven.

4. Tarry thou not amongst those
fools that engage in intentional
shocks, for they are surely non-be-
lievers and are not longeth for this
world.

5. Take care that thou useth the
proper method when thou takest
the measure of a high-voltage cir-
cuit, lest thou incinerate both thy
self and thy meter.

6. Take care thou tampereth not
with interlocks and safety devices,
for this incurreth the wrath of thy

Ten Commandments for Technicians

supervisor and bringeth the fury of
the safety inspector upon thy head
and about thy shoulders.

7. Toil not thou on energized
equipment, for if thou so dost, thy
fellow workers will surely buy
beers for thy widow and console
her otherwise.

8. Service thou equipment not
alone, for electrical cooking is a
slothful process and thy might siz-
zle in thy own juices for hours upon
a hot circuit before thy maker sees
fit to end thy misery.

9. Trifle thou not with radioactive
tubes and substances lest thou
commence to glowin the dark like a
lightning bug and thy wife hath no
further use for thee except for thy
wages.

10. Causeth thou to be tagged ali
modifications made by thee upon
equipment lest thy successor tear
his hairand go siowly mad in his at-
tempt to decide what manner of
creature made a nest in the wiring
of such equipment.

using MFM, uses the same media as the
RLL-rated Seagate ST-238R, which
yields 30 megabytes. It is the interface
circuitry, mounted physically on the
drive itself, that is different!

Some people have swapped the MFM
controller for an RLL controller to use
with the popular ST-225. This will work
initially, but operation of the hard disk
can become erratic. There have been re-
ports of disk crashes soon thereafter, as
well as data scrambled by programs that
work perfectly on other drives.

To besafe, check with the manufactur-
er of your hard drive before you upgrade
toan RLL controller. Usually, an ‘““‘R’’ at
the end of the model number indicates
RLL rating, but be aware that some deal-
ers have been appending ‘“R’’ to the
model numbers of drives not rated for
RLL. So, check the number that is physi-

cally stamped on the drive itself.

Remember, just because a drive for-
mats correctly under RLL initially does
not mean that it will run reliably. Several
tens of megabytes of data is a lot to risk;
so be sure RLL is appropriate for your
hard-disk drive before you convert.

Printer ribbons are another area where
saving pennies can cost you dollars.
There has been some widely disseminated
advice to extend ribbon life on dot-ma-
trix printers by spraying WD-40 in the
ribbon case. What has not been so widely
publicized is that this can cause the print-
head to fail. It appears that WD-40 ad-
versely affects lubrication in the print-
head, and this causes it to fail.

Ribbon reinkers can also cause trou-
bles, unless you use ink recommended
for use with printers. The amount of
money you save using improper ink or

WD-40 is small compared to that re-
quired to replace a printhead, so beware.

Beginners Technical Texts

As I was browsing through the technical
book section of a local used-book store, I
ran across a copy of the first textbook I
used to learn about electronics 20 years
ago. The book had been recommended
by the instructor of a ham radio course I
was taking and was titled Elements of
Radio by Marcus and Marcus.

As a thirteen-year-old, I couldn’t af-
ford to buy the book; so I obtained a
copy from the library and studied it from
cover to cover. Now coming across this
old copy (priced insultingly at ten cents!),
I had to buy it.

Elements of Radio is outdated now, of
course, but even in retrospect it was a
good text to learn from. But I don’t know
what book I could recommend today to a
newcomer, other than the ARRL hand-
book, which some people find to be a bit
too intimidating.

What book would yourecommend to a
newcomer, especially a youngster, to
learn general electronics principles? If
you have a favorite, let me know and I’ll
print the results.

Ten Commandments

Perhaps more appropriate for the April
issue than the May one, I recently ob-
tained the Ten Commandments for
Technicians accompanying this column
from the ‘‘Rock’N Roll Party’’ BBS, a
computer bulletin board run by an Atlan-
ta radio station. Although written with
broadcast technicians in mind, it humor-
ously reminds us that the circuits we are
working with can have deadly conse-
quences if we don’t take the proper pre-
cautions. As they used to say on TV’s
Hill Street Blues, ‘“‘Let’s be careful out
there.” AE

Your comments and ideas are welcome.
You can contact me at P.O. Box 678, Gar-
ner, NC 27529 or by computer on Delphi
(CURTPHIL) or The Source (BDK887).
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Handbook of Practical I.C. Circuits by
Harry L. Helms. (Prentice-Hall. Hard
cover. 163 pages. $34.95.)

This book offers a bevy of different
circuit ‘‘ingredients’’ that can be “‘stirred
together’’ to produce a host of practical
electronic devices and subsystems. Di-
vided into six chapters, it begins with a
brief, generalized discussion of IC tech-
nology, covering fabrication and pack-
aging, the various types of ICs and fami-
lies available and circuit building. It also
discusses IC power requirements and
gives complete schematic diagrams with
component values given for the +9/—9-
volt and + 12/ — 12/ + 5-volt power sup-
plies commonly used in IC circuit de-
signs. Next, a pair of chapters are de-
voted to linear (analog) circuits, one cov-
ering operational amplifiers and the
other, popular linear ICs. Another two
chapters deal separately with TTL and
CMOS IC devices and the circuits that
can be built using them.

Each of the four central ‘‘applica-
tions’’ chapters contain both general ex-
planatory circuits and/or logic diagrams
plus a range of practical circuit schemat-
ics that give component numbers and val-
ues. The latter have been debugged so
that a reader can immediately build them
as presented, connecting together what-
ever elements he needs to build circuits
for specific applications. Where appro-
priate, important device information is
given, such as pinouts and internal de-
tails for the various ICs used and tables
of TTL and CMOS device numbers and
descriptions.

A final chapter shows how to interface
TTL and CMOS devices, interfacing
with other components and devices, and
debugging and troubleshooting proced-
ures. It also gives a list of major IC
manufacturers and their addresses from
whom to obtain additional information.

If you experiment with and build IC-
based electronic devices, whether digital,
analog or a combination of both, you
will like this book from the author of our
““Solid-State Devices’’ column.

The CET Study Guide, Second Edition,

by Sam Wilson. (Tab Books. Soft cover.

313 pages. $14.95.)

The CET Exam Book, Second Edition,

by Ron Crow & Dick Glass. (Tab Books.

Soft cover. 272 pages. $13.95.)
Preparing to take a Certified Electron-

ics Technician (CET) exam can be made a
good deal easier with these companion
books at hand. The Study Guide pro-
vides fairly comprehensive coverage of a
wide variety of topics to prepare the read-
er to take the Associate-level of the Certi-
fied Electronics Technician exam and the
consumer Journeyman-level test (there
are four Journeyman-level tests, depend-
ing on what area of specialization one
wants). Its purpose is the filling of gapsin
the reader’s knowledge and to serve as an
overall review guide. It is not meant to be
a rigorous textbook. On the other hand,
the companion Exam Book’s main focus
is on CET exam questions with very little
explanatory text.

An introductory chapter in the Study
Guide discusses the material one should
know about the exam. The rest of the
book deals with two-terminal compo-
nents, three-terminal amplifying compo-
nents and basic circuits, antennas and
transmission lines, digital circuits in con-
sumer products, linear circuits in con-
sumer products, television, and test
equipment and troubleshooting. The text
serves as theory brush-up and to bring
the reader up to date on new technology
to prepare him to pass the Associate and
a Journeyman level of the CET exam.

The Study Guide has review questions,
followed by answers, at the end of each
chapter, allowing the reader to gauge his
progress and, if necessary, to re-study
any material in which his knowledge is
shown to be weak or deficient. Two com-
plete 75-question exams and their an-
swers are given at the end of the book.

The Exam Book is meant for readers
who have already prepared for the exam
with the Study Guide. Though not strict-
ly a Q&A manual, it can be used in this
manner. Early chapters deal with mathe-
matics, electrical theory, series and par-
allel circuits and oscillators. Later on, the
focus is on semiconductors, digital con-
cepts, computer basics, communications
electronics, and consumer-electronics
basics. Specialty topics like test equip-
ment and measurements, electronic com-
ponent nomenclature, safety precautions
and checks, block diagrams and trouble-
shooting are discussed in separate chap-
ters sprinkled throughout the book. Each
chapter begins with a brief quiz. (All an-
swers to all quizzes are given in an answer
key at the back of the book.) These sam-
ple questions are followed by brief expla-
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nations of the principles involved. Ask-
ing questions before discussing the mate-
rial in a chapter gives the reader a good
idea of his weaknesses and suggests fur-
ther preparation.

Used together, these two books should
more than adequately prepare a reader to
pass the CET exams. Both are well-writ-
ten and generously illustrated with sche-
matics, block diagrams and line art.

NEW LITERATURE

Electronic Parts/Equipment Catalog.
MCM Electronics’ latest 168-page, col-
orful catalog features specifications
and photos of electronic equipment,
components, tools, accessory items and
more. Among test equipment are: single-
and dual-trace oscilloscopes; frequency
counters, function generators and a
combination counter/generator; hand-
held and benchtop digital multimeters,
millivoltmeter, capacitance meter and
audio signal generator; signal injec-
tor/tracer; analog multimeters; and
power supplies. Specialty instruments in-
clude color-bar/dot, MTS TV stereo and
NTSC signal generators and other TV
servicing products.

Chemicals listed include coolants, sol-
vents and cleaners, heat-sink compound,
antistatic spray, oils, etc. Under technical
aids are heat-shrinkable tubing, electron-
ic symbols templates, work lights, clean-
ing swabs, among others, while under
tools are wire strippers, IC test clips, sol-
dering equipment and supplies, etc.

Category listings include: anti-static
products, power centers, computer equip-
ment, TV parts, antennas, wire and ca-
ble, CATV equipment, CATV and video
accessories, VCR parts and accessories,
phono cartridges, audio accessories,
auto accessories, alarm systems, tele-
phone accessories, etc. The parts sections
are divided into device categories, such as
resistors, capacitors, and so on, and
semiconductor listings are divided in-
to separate computer and general-pur-
pose sections.

For a copy of Catalog No. 17, write to:
MCM Electronics, 858 E. Congress Park
Dr., Centerville, OH 45459-4072.

PC Learning Aids Literature. A new bro-
chure from MicroVideo describes the
company’s complete line of Learning

Say You Saw It In Modern Electronics

Systems computer training programs. It
details the company’s tri-media ap-
proach to training via videocassette, data
diskette and workbook. Among the
training programs listed are: ‘‘The New
PC Primer,”” *“The R:Base Learning Sys-
tem,”’ ‘‘dBase III Plus Learning Sys-
tem,”’ ““Running MS-DOS’’ and “‘Lotus
1-2-3 Learning System.’’ For a copy,
write to: MicroVideo, 119 W. 22 St.,
New York, NY 10011.

Electronic Equipment Catalog. Contact
East’s 1988 Catalog lists and describes
thousands of products for testing, repair-
ing and assembling electronic equip-
ment. Included are listings for test instru-
ments; hand tools; static protection de-
vices; adhesives; soldering supplies; wire
and cable aids; inspection aids; tool kits;
and more. Color photos, technical de-
tails and prices are given for all products
listed. For a free copy, write to: Contact
East, 335 Willow St. S., P.O. Box 786,
N. Andover, MA 01845.

Opto Data Book/Selector Guide. Moto-
rola announced availability of its new op-
toelectronics Selector Guide No. SG87/D
and Optoelectronics Data Book No.
DL118/D. More than 65 new products
are included in the data book and all ap-
plications information, including three
new applications notes, has been grouped
conveniently in a single section of the
book. Both the data book and the selec-
tor guide are organized into specific sec-
tions for emitters/detectors, isolators,
slotted switches and fiber-optic compo-
nents. Both include an industry cross ref-
erence and reliability section. A new sec-
tion has been added to the data book for
optoelectronic chips or dies. For a copy
of SG87/D (free) and/or DL118/D
($2.50), write to: Motorola Literature
Distribution Center, P.O. Box 20924,
Phoenix, AZ 85063.

Surface-Mount Component Catalog.
Detailed specifications and order guide-
lines are given in Bourns’ ‘‘Surface
Mount and Tape & Reel Components’’
catalog. In addition to listing a wide vari-
ety of surface-mount and components
for automated assembly, the catalog
gives detailed information on a variety of
standard through-hole trimmer potenti-
ometers in tape-and-reel packaging. For
a free copy, write to: Bourns, Inc., 1200
Columbia Ave., Riverside, CA 92507.
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Serial networking techniques; first looks at Hercules’
InColor text/graphics card

By Ted Needleman

Let’s take some quick looks at techniques
for networking—tying together several
PCs so that peripherals, such as large
hard disks and printers, can be shared be-
tween them. Networks aren’t all that
new; they’ve been around in different
forms for years. The most popular seem
to be variants of the EtherNet system ori-
ginally developed by Xerox. Hardware
using this transmission scheme and the
ArcNet scheme originally developed by
DataPoint is available from more than
30 suppliers.

Network operating systems to utilize
this hardware are primarily supplied by
Novell and 3Com. Together with Apple
Computer’s AppleTalk network, these
few companies dominate the network
market. We’ll talk about some of these
networks in upcoming columns, but this
first time around, we’ll look at a sim-
pler approach to networking—the se-
rial network.

Serial networks connect computers to-
gether through each individual PC’s seri-
al port. Most PCs sold today have at least
one built-in serial port (designated as
COMM1 by the operating system). By run-
ning the network connection through a
COMM port, serial networks eliminate
both expensive network interface cards,
and the expensive coax cable that is us-
ually used to connect individual stations
(called network NODES) together.

One of the better known serial net-
works is The Knowledge Network from
Applied Knowledge Groups, Inc. For
$149.50 per machine (a starter kit for two
systems is $299) you get a special plug for
each system. One end plugs into the
DB2S5 serial port, while the other end has
an RJ-11 modular phone connector. The
individual PCs are connected with stan-
dard telephone cabling plugged into the
RJ-11 side of the connectors. There is
also a software disk supplied for each
system. This disk is installed during
the power-on boot to permit each sys-
tem to communicate with the others in
the network.

Hercules’ InColor card for IBM PCs and compatibles features a hardware RamFont that
permits display of 3,072 software-definable characters and color graphics.

Setting up The Knowledge Network is
simple. A DEVICE statement is placed in
your CONFIG.SYS file and a setup pro-
gram is run. This program allows you to
specify how the actual drives and printers
physically connected to the systems on
the network will be addressed by the net-
work workstations. When this process is
completed, and the computers are re-
booted, the network is in place.

Once the network is set up, the disk
drives on the other systems on the net-
work appear as additional drives on your
system. For example, if your system has
floppy drive A: and hard disk C:, and a
second system on the network has the
same set-up, you might configure the net-
work so that your system has floppy A:,
and hard disk C:, while the other system
has floppy B: and hard disk D: (regard-
less of the actual physical drive letters on
the second system). To see what files are
on the second system’s hard disk, you’d
simply issue the command DIR D: and the
directory would scroll across your
screen. The Knowledge Network also al-
lows you to lock drives and/or files away
from network access. This provides both

a degree of privacy and some protection
of valuable files from inexperienced us-
ers on the network. Files can also be de-
signated as ‘‘read only’’—a user can view
the file, but cannot alter it.

If this setup sounds pretty nifty, it is!
And it works well at a reasonable price.
But you get what you pay for. As net-
works go, this one, like all software-driv-
en serial port LANs (Local Area Net-
works), is very slow. The maximum
speed The Knowledge Network can
squeeze out of a serial port is 115 kilo-
baud. Thisis very fast when you compare
it to the average modem communication
speed of 1200 or 2400 baud, but when
contrasted to the average EtherNet net-
work speed of 10 megabits per second,
it’s slow. An average 10-page Wordstar
file can take over a minute to load from a
remote network drive.

As a means of providing shared access
to files, serial LANs such as The Knowl-
edge Network provide a good compro-
mise between complexity and cost. If you
think of an EtherNet network as a first-
class airline ticket between LA and New
York, then a serial network might be the
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chrome, the resolution of this display is
720 x 348, a definite improvement
over the EGA standard of 600 x 400,
and quite a bit better than the CGA
standard 600 X 200. It does this while
providing a 16 color display (out of a pal-
ette of 64 colors).

If the software you’re using does not
support the InColor card, you can still
get a color display. Only here, your
choice of colors is limited to two—a
background color, and a second color for
the display matter. It produces this dis-
play in either standard IBM Text mode or
in Hercules Standard Graphics mode, de-
pending on what the software supports.
The same driver is used for either color or
monochrome displays, so swapping be-
tween such monitors or networking with
both types is effortless.

Additionally, InColor has the ability
to display a variety of alternate character
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The InColor card expands the Lotus 1-2-3 spreadsheet to 90 columns b y 38 rows and en-
ables users to “‘window in’’ a 320 x 200 graph. The card displays 16 colors out of a pal-
ette of 64 in 720 X 348-pixel resolution.

equivalent of a bus ticket between the
same two cities. Both will eventually get
you there, but the jet will do so much
quicker. Fortunately, it’s not an either/
or proposition. Future columns will pre-
sent some of the in-between alternatives.

The Hercules InColor Card

You really have to hand it to Hercules
Computer Technology. It’s not often
that a small company can beat a big one
at its own game. When the IBM PC was
introduced in 1981, the “‘standard’’ dis-
play card was the monochrome display
adapter (MDA), designed to display only
text and a limited symbol set. If you
wanted to produce graphics with the sys-
tem, your other choice was an expensive
(at that time) color graphics adapter
(CGA) and color monitor. And even if
you spent the extra money, resolution on
the color graphics system was, at best,
only fair.

Less than a year later, however, Her-
cules introduced a monochrome graphics
display card that added excellent graphic
resolution (720 X 348) on a standard
TTL monitor at a cost substantially less

than IBM’s CGA approach. The rest, as
the cliche goes, is history. The ‘‘Hercules
Graphics‘* standard is, at this time, sup-
ported by every major piece of software.
Many other graphics-board manufactur-
ers also emulate it.

Can Hercules pull it off again, almost
six years later? It’s trying with its new In-
Color board and RamFonts. Before we
look at what the InColor card is, let’s get
straight on what it isn’t. The InColor,
though it requires an EGA compatible or
multi-sync monitor for color, is not com-
patible with the EGA standard. Software
that requires an EGA board will nof run
on the InColor. For that matter, soft-
ware that requires a CGA board will also
not run on the InColor card. This, how-
ever, is not as much of a limitation as it
might seem.

The reason that these ‘‘limitations”’
are not really so limiting is that the InCol-
or board does support the Hercules Gra-
phic Standard. Therefore, if the develop-
er of a particular software package de-
cided to support the InColor card, it pro-
vides a Hercules Graphic Standard dis-
play in color. In either color or mono-

sets. These are either those supplied by
Hercules or, if you feel ambitious, devel-
oped by yourself. Hercules calls these al-
ternate character sets RamFonts, and
they are set with a font-manager utility
that allows you to create 3,072 program-
mable characters (or 12,288 in two-
color). Hercules supplies a simple word
processing program with the board called
Write On! This makes good use of the
board’s RamFont capabilities. Software
drivers for specific programs, such as Lo-
tus 1-2-3, AutoCAD, etc., are also sup-
plied, and allow condensed fonts and col-
or displays to be used with many popular
programs. The board also incorporates a
defeatable parallel port.

In RamFont mode, graphics can be
run at text speed, and you can almost
double the data you can satisfactorily
read on a screen (Lotus 1-2-3 can be ex-
panded to 90 columns by 38 rows, for ex-
ample, as well as getting pop-up graph-
ics windows).

The latest news, however, is that
WordPerfect 5.0, the newest version of
this most-popular word processing pack-
age, supports RamFonts. As the soft-
ware is not yet available at the time I’m
writing this, it’s impossible to say how
well the board and program will work to-
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gether. I expect, though, that the InColor
card (or it’s sibling-Hercules’ Mono-
chrome RamFont card) will provide a su-
perior WYSIWYG (What You See Is
What You Get) screen display.

Should you spend $349 on an InColor
card? Like most purchases, it depends on
what you do with your system. If you are
performing word processing, CAD, or
desktop publishing, most software pack-
ages will support the InColor in Hercules
graphic mode. This gives you superior
resolution (and greater speed), though
not always in full color. And Hercules
has traditionally been very successful in
getting software suppliers to support its
graphics standard, however. Heavy Lo-
tus 1-2-3 and Symphony spreadsheet us-
ers will welcome the ability to expand
what they see and enjoy pop-up graphics.

On the other side of the question,
though, is IBM’s new VGA graphic stan-
dard. Introduced on its new PS/2
systems last year, most third party board
manufacturers are already climbing on
the VGA bandwagon. It’s a sure bet, too,
that most new software, especially that
written for the new OS/2 operating sys-
tem, will strive to be VGA compatible.

I like the InColor board. It provides an
excellent crisp display on my EGA moni-
tor. I think, however, I’d prefer to wait
a few months for some of the dust to
settle if I were contemplating buying the
board to see if more software makers
come on board. I'm impressed with the
Hercules card, but my head is telling me
that a VGA compatible graphics board
might be a better investment. Unlike the
first time around, IBM’s new VGA might
well be the end run around Hercules’
newest board. ME

( )Check( )MasterCard( )VISA
Card No.

Expires

Signature

(Signature required on all charge orders)

Order Date:

Qry Title Price Total
First Book $12.95 ea.
of Modem
Electronics
Fun Projects
Second Book $12.95 ea.
of Modem
Electronics
Fun Projects

Total
*Shipping
Grand Total

$2 per order. Orders p d day

Names & Addresses

Applied Knowledge Groups, Inc.
1095 East Duane Ave., Suite 203
Sunnyvale, CA 94086

(408) 739-0300

Hercules Computer Technology
921 Parker St.

Berkeley, CA 94710

(415) 540-6000

“Shipping charges
munphmummdmmam
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DESQview does windows, as well as multitasking,
macro keys, DOS shells, and block copies with
data translations between windows

By John McCormick

Have you ever felt frustrated by the sin-
gle-mindedness of your MS-DOS com-
puter? By this I mean its inability to run
more than one program at a time (multi-
task). How about the inordinate amount
of time required to switch between two
programs? Is that discouraging?

Amiga owners can switch between dif-
ferent programs in a split second, but
MS-DOS owners have to save the data
they’re working on, unload the current
program, and then locate and load the
next application, sometimes needing to
find a ‘‘key”’ disk in the process if the
new program is copy-protected. Then, of
course, you have to repeat the process to
return to the original program.

DESQview from Quarterdeck, solves
this and many other problems, allowing
your MS-DOS computer to run many pro-
grams in small- or full-screen windows
simultaneously, and it does it without
making you buy a whole new set of
programs.

For novice computer users, DESQview
provides a very easy-to-use DOS shell
that simplifies all those DOS commands,
like BACKUP and COPY, reducing these
and most common DOS services to a sim-
ple menu selection.

To use them, you just highlight the
files you want to work with (DESQview
sorts your directory using two levels of
sorts, such as NT, for newest time, and
extension or filename), then use arrow
keys or mouse motion to locate the pro-
cedure you want, such as COPY, DELETE,
or TYPE.

Power users won’t be bothered by this
because there are several very simple
methods of going directly to DOS and
keying in your commands, no matter
what programs you may have running.
For beginners and advanced users alike,
however, DESQview provides two-key
abbreviations for all programs, making it
much simpler to start up programs with-
out worrying about correct syntax or the
hard-disk directory location for any pro-
gram installed in DESQview’s menu.

A—Lotuz-1-2-3-e]-2-43-Lines

ra: '

TRAREES Range Copy Move File Pr
Global, l; h!ﬂ-ﬂ, Im. ll..

L

Although the software will run on an
all-floppy system, it’s really intended for
hard-disk users, and the installation pro-
gram actually searches a hard disk for
programs it recognizes, automatically in-
stalling them.

DESQview Power

Once DESQview is installed (a nearly au-
tomatic operation), you can customize it
in any way you want, but the default set-
up provided will get most people up and
running in a few seconds, and it’s simple
to make any modification later.

Window characteristics (size, colors
and such) are easily modified, either per-
manently (during setup) or temporarily
while in a window.

With DESQview installed, you open a
window by choosing some program, per-
haps WordStar. DESQview opens this
program in a window that can be moved
around or zoomed to fill the screen.

Now open another window with the
same or a different program! This gives
you two programs running at the same

time and even makes windowless pro-
grams like WordStar into multi-window
programs with no special programming
of any sort (on your part, that is).

If this doesn’t seem too exciting, how
about this: load Hilgreave’s HyperAC-
CESS (or other well-behaved terminal
software like CROSSTALK Mk.4) in a
window, start a script running that will
call MCI mail and retrieve your mess-
ages, then go back to word processing,
programming, or working on a spread-
sheet while your mail is located and
downloaded. You could even have a pro-
gram answer your phone and take or
leave messages for other modem-equipped
users, right while you are working on
something else!

If you do any lengthy financial calcula-
tions using spreadsheets, massive data-
base sorts, or any other time-consuming
operations like compiling computer code
into programs, you can start one oOr
more of these operations in windows,
then switch to current work like word
processing.

Just how DESQview performs this

#
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Changa a Frogram
Program Neme............: NS

Keys to Use on Open Menu: | Memory Size (in X): |}

trogrn . R T e S
Parensters :
birectory. : I

Cptions:
Writes directly to screen......:
Displays graprics information..:
Can be swapped cut of memory...:
Requires floppy diskette.......:

rrese F1 for advanced options

when you are DONE

R A e N e L G o e e = B L I S|
@O

A program’s information file (. DVP) can be easily changed by displaying the *‘Change
Program’’ menus as shown. The first screen covers basic information generally used,
while the second gives the user the option of fine-tuning how a program runs.

Change a Program Advanced Options
System Memory (in K).......: E Maximum Program Memory Size (in K)..: -
Script Buffer Size.......: JE Maximum Expanded Memory Size (in K): [

Text Pages: Graphics Pages: § Initial Mode: W Interrupts: <o

Window Position:

Maximum Height: Starting Height: Starting Row...:
Maximum Width.: Starting Width.: Starting Colurn:
Srared Program
rathnane. . : |
cara. ...

Cptions:
Close on exit to DCS......... HI{ N | Uses its own colors.........:
Allow Close Window command...: [R4| Runs only in foreground.....:
Uses math coprocessor........: (i Keyboard conflict (0-4)..... :

Press Fl for standard options Press <=l when you are DONE

multitasking with ordinary programs
you probably already own is a bit com-
plex, although you do not need to know
how it works to use it.

Basically, DESQview works best by
placing a large amount of your program

into EMS or EEMS memory space and
continuing to run the application with
this split memory. If your system lacks
this ‘‘expanded’’ memory, then your
programs can only multitask (run simul-
taneously) if they fit along with DESQ-

view in your standard user RAM memory
space (maximum of 640K on MS-DOS
computers).

If a program is swapped to hard, flop-
py, or RAM disk (you should not swap
communications programs while run-
ning), then nothing is lost and you’ll go
right back to the same place when you
switch to that window again. The only
disadvantages to disk swapping are that
it slows down program access and the
program(s) that are currently swapped to
disk aren’t able to run in the background.
® Autodialer. One especially nice built-in
feature is the autodialer, which works
with most autodial modems. Unlike simi-
lar programs, this one doesn’t come with
a small file to hold phone numbers—it
isn’t needed!

To use the autodialer, you merely open
the DESQview window: hit and release
the ALT key), push M (mark), P (phone),
and DESQview highlights the first tele-
phone # after the current cursor location.
Then you press ENTER to dial this num-
ber or resume search for another number.

This means that you can autodial any
number appearing in any database or
word processor screen or file, as long as
it’s operating in the text rather than gra-
phics mode.

® Data Transfer. Transferring data be-
tween windows running different pro-
grams is just as simple. If I want to make
a table of numbers from one screen and
insert it to another, I just block-copy the
data; then use DESQview’s filter to re-
move # and $ symbols if necessary for a
spreadsheet. After the first number is
copied, I enter the command to move to
the next cell (ENTER, TAB, or whatever)
before copying the next number.

This is quicker done than described be-
cause it requires no special codes; you
just copy one line, then perform the ac-
tion you want taken next (even things like
inserting commas or backspacing and
erasing some part of the data), and strike
a key to tell DESQview to complete the
transfer using this method.

For a fast text transfer, just hit the
ENTER key and you get the default that is

e e e e e R —
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DESQview Details

DESQview by Quarterdeck Office Sys-
tems, 150 Pico Blvd., Santa Monica,
CA 90405; 213-392-9701.

Version 2.01 ($129.95) has special
features for 80386-based computers as
well as takes advantage of the new VGA
graphics mode on IBM PS/2 computers
and uses both EMS and EEMS memory
on older machines.

to transfer the data with a carriage return
at the end of each line.

® Mice. DESQview’s designers have re-
cognized that, while some people find
mice very useful, others won’t let the lit-
tle rodent near their computers. Thus,
this program is just as easy to use with
command keys, cursor keys, or mice.

® Macros. Macrokeys are just regular
keyboard keys that have small (or large)
programmed tasks attached to them, like
loading a series of programs, or perhaps
placing your name, address, and phone
number at the close of every letter, using
only a two-key command.

Macrokeys are very easy to create in
DESQview, and you can have as many
as desired because the same key com-
bination can do something different for
every program you load and still another
task when you are working in the DESQ-
view window.

Using macros, you can not only auto-
mate loading and setup of programs, you
can also customize your regular pro-
grams by creating special command se-
quences that are easier for you to remem-
ber than the ones provided by the origi-
nal programmer.

Conclusions

One of the most amazing things about
DESQview is that novice users will find it
almost as useful as power users, and,
with a hard disk (or RAMdisk) and DESQ-
view, multitasking on any MS-DOS com-

ATST
i==dBASE=II MO T
0001 913 2%4 1731 Barstow Steven sprint
00002 415 332 1365 Fitzsimmons Tom
LO0G3 €18 334 5728 Friedkin Jerry
06UG4 201 334 #853 Canmeyer Bjorn
CCCCS 3 ¥ Hawkins Edward
C00Ce 813 863 1372 Lau Norman
00007 415 857 3857 Miller Greg
00008 €02 374 1472 Nevermyer Steve
70009 415 804 02839 Newton Bill
L0016 714 8YGQ 4920 Paviovich Jim
0CCl11 619 477 2038 Pernier Douglas
00612 207 346 9422 Rhodes Cleon
40013 303 605 1344 Sharpe Thomas
CCC14 415 232 63939 Vance Terry

DESQview can be used with a modem to automatically dial a telephone number by an
automatic search forward from the cursor or by manually marking a listed number.

puter is actually easier than single tasking
on the same computer without DESQview.

Power users will find that running
multiple programs simultaneously, hav-
ing a different set of macros available in
every window, and the ability to run
powerful programs like Lotus, even in a
tiny window, is very useful.

Just how much you can do with DESQ-
view in your specific computer and how
fast it will operate depends on how fast
your hard disk is and how much memory
you have.

You will need a minimum of 512K even
to run DESQview with an applications
program. But if you have EMS or EEMS
memory (that memory over IMB that’s
supplied by AST, Tecmar, Maynard,
Zuckerboard or other add-on memory
boards), then you can run several pro-
grams (each requiring more than 500K
by itself), all at the same time without
disk swapping.

Although fast computers like my IBM
PS/2 Model 80 (16-MHz 80386) practi-
cally ignore the delays caused by disk
swapping, I’ve also run DESQview for
years on a Tandy 1200 (4.77-MHz XT

Not Learning

Start Script =
Finidsh Secripk =
Cancel Learn C

Fixed-Size Pause F
Variable Pause v
Time Delay T

Display Scripts
Save Scripts
Load Scripts

One of DESQview’s most powerful fea-

tures is “‘Learn,’’ which is a macro that

tells the program to remember a sequence

of keystrokes and to assign the key-

strokes to a particular key on the key-

board. Thereafter, pressing the assigned
key will recall those keystrokes.

----......................................................................lllllllllllll.....llllllllllllllllllllllllllllllIIIII-
May 1988 / MODERN ELECTRONICS / 81

Say You Saw It In Modern Electronics

www.americanradiohistorv.com


www.americanradiohistory.com

A Career Start in
21st Century Electronics

Since 1905, National Technical Schools
has helped over 300,000 people just like
you learn at their own pace and build
successful careers. Enter the boom in
electronics through home study courses
in Microcomputer Technology & Ser-
vicing, TV & Radio Servicing, Video
Technology, Industrial Controls (Micro-
processing), Robotics or Basic Electronics.

To begin a new career or to sharpen
your current skills, call 1-800-B-BETTER
or write us today for complete details:
NTS, Dept. ME-410, 456 West M.L.
King Jr. Blvd., Los Angeles CA 90037.

Accredited by National Home Study Council
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Doing Windows

Windows are simply small-screen (or
perhaps full-screen) segments of your
monitor’s screen where separate pro-
grams can be run. But they are also “‘win-
dows’’ into your machine’s memory.

If you have two windows, you can run
two programs simultaneously (assum-
ing you have enough memory to do so).
If you have 50 windows (perfectly feasi-
ble with DESQview running on a ma-
chine like my PS/2 Model 80 computer
with an 80386 CPU), you can have 50
programs running; either different one
in each window, or perhaps several dif-
ferent copies of Lotus 1-2-3, dBASE, or
your favorite word processor.

Where your applications program
has windowing capability of its own,
such as WordPerfect’s two windows,
these two windows run in each DESQ-
view window where you install Word-
Perfect. The same holds true for pro-
grams like Microsoft’s Word, which
has eight windows available for each
copy running.

All of this windowing can become
difficult to follow. Except for very long
programs, such as Lotus or other
spreadsheet calculations, very long da-

tabase sorts, or compiling long code
files, you would run only two or three
windows most of the time, no matter
how much memory you have available.

Although this program is claimed to
be multitasking, meaning that it can not
only load but actually run several pro-
grams at once, it is actually what is re-
ferred to as timesharing. Consequently,
each window in effect runs for a short
while; then the computer switches to
the next window.

The amount of time (if any) you want
allocated to background programs
(those running while you are doing
something else, like writing a letter, in
the foreground) is easy to change.

Many programs can be run in the
background, including DOS functions;
so a long series of copies can take place
in the background. You can even for-
mat disks in the background while do-
ing something else.

Tasks will take longer, of course, be-
cause they receive only a portion of the
computer’s attention. But in many
cases this is no problem, especially with
today’s 10-, 16- and even super-fast 20-
MHz machines.

“GET THE ULTIMATE
ELECTRONICS CATALOG.

Order your 260 page catalogue packed with over 10,000
money saving electronic parts and equipment. Send $3.00
check or money order, or call 1-800-543-3568 today and
use your Mastercard or Visa.

Consolidated Electronics, Incorporated ]
705 Watervliet Ave., Dayton, Ohio 45420-2599

NAME

ADDRESS

I
I
Iy I
|
]

STATE 2P
CIRCLE 45 ON FREE INFORMATION CARD

clone) and find it not only usable but in-
dispensable. Without it, the delays en-
countered in closing and reloading pro-
grams are intolerable.

The documentation that accompanies
DESQview is extensive and easy to un-
derstand. But really customizing this
program for optimum performance will
tax even advanced users because of the
vast number of possibilities. To achieve
true optimum performance will take a bit
of experimenting, and you’re bound to
experience more than one system crash.
Since I use automatic timed system back-
ups for my WordPerfect files and know
to expect trouble with those special in-

stallations, this has never really been a
problem for me.

Just running DESQview as it comes
from the box is very simple, however,
and makes a vast improvement in the way
your computer operates.

If you have a hard disk, EMS or EEMS
memory, or even a floppy system with a
RAMdisk and need to run a variety of
programs during the day or perhaps have
extensive processing to do that normally
renders your computer useless for any
other purpose for long periods of time
(even 10 minutes is an eternity if you’re
waiting to get to the word processor while
Lotus is still solving a problem), then
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To really get a feel for the power of
DESQview, it is probably simplest if I
describe how I use it and you can draw
your own conclusions as to how its use
might benefit you.

First, I like TSR (Terminate and Stay
Resident) programs that provide calcu-
lators and notepads. Unfortunately,
they can cause problems with other
software; so I seldom load them.

After getting DESQview, I stopped
using them altogether as TSRs, al-
though I still use several of them in dif-
ferent DESQview windows as stand-
alone programs (DESQview specifical-
ly supports Borland’s SideKick).

Instead, I load Lotus 1-2-3 into one
window for complex calculations,
FORTYONE, a program that emulates
an HP 41C pocket computer as my cal-
culator, and several WordStar copies

“into other windows to serve as my
““notebooks.”” Next, I load WordPer-
fectinto two windows, giving me a total
of four windows in WordPerfect (each
program has two windows even without
DESQview). Last, I load DESQview’s
DOS shell with a directory of word-pro-
cessor files sorted to show which ones I
worked on last, and a window for sim-

Hands-On Power

ple calculations gets a copy of the very
neat ALS18C financial calculator from
CloneWare.

I need all this because, as a writer and
consultant, I am often working on sev-
eral projects at a time. It might sound
like this setup alone takes me most of
the day to install. However, these pro-
grams are actually all loaded automati-
cally, using a single DESQview macro!

If your programs are on a hard disk,
you can do the same thing. Just set
DESQview to macro mode and go
through your favorite setup one time
while your keystrokes are recorded.
You can even load your favorite files in-
to programs as part of the default setup.

Another example is the pair of mac-
rokeys I programmed to load Reflex, a
Borland database where I keep client
files as well as my master mailing/
phone list. Each macrokey loads Re-
flex, but one goes on to load the mail
list while the other loads my client list.
At least ten times a day, I pause a few
seconds and use one of these keys to
pop up Reflex to look something up or
make a quick note, then close Reflex us-
ing the DESQview command if I did
not add information, or automatically

re-sort the database and save to disk
the new version using another single
macrokey.

Having loaded all these programs
and set each one to my desired color
combinations, I am ready for anything.
I can set Lotus to work on a long calcu-
lation, then with atap of the ALT key go
to WordPerfect to work on a computer
article.

Say the phone rings and an editor
wants to know something about an arti-
cle I submitted last week. I switch to an-
other window and call up that article,
with my notes for the piece on yet an-
other screen, without exiting and re-
loading the original article I was work-
ing on.

Back to the original job, I need to in-
clude a BASIC program in that article.
So I open a BASIC window, block-
copy the program, and move it to the
correct place in the article. If things
were the other way around, I could
copy the BASIC code from the article
to the BASIC window and then run the
program without any changes!

As you can see, DESQview is a great
productivity tool that I try to use to
its fullest.

DESQview is more than a good idea; it’s
a necessity.

BBS operators should consider the
possibilities of running their electronic
bulletin boards as a background task.

If you’re a beginning user (or are
working with one) who is still confused
about just how to start up programs and
use the DOS commands, DESQview pro-
vides a simple, novice-ready, operating
shell that has capabilities that go beyond
those needed even by advanced users.

Just while writing this review, I’ve
jumped to other programs a number of
times to look up a phone number or take

a note or two, and several times to start
up a file search that would locate various
notes I already made on DESQview in
some of my other articles.

I use both GOfer and WordPerfect’s
Word Search programs for different
tasks, and even on a 16-MHz machine
it sometimes takes those programs a
minute or two to find the right file. But
that doesn’t slow me down because I just
continue working until the search is done.

The only programs that won’t run un-
der DESQview are some games, notably
those that don’t run under DOS anyway
(those that need to be in the disk drive

when the computer is re-booted).

Graphics-based programs will run per-
fectly well, but usually only in full-size
windows. When they’re loaded, the mon-
itor is switched to graphics mode, which
will give most text-based programs (like
word processors) fits.

Accessing a graphics screen database
like Borland’s Reflex will cause your
word processor screen to go all gray and
useless, but only until you close the Re-
flex window, at which point everything
will revert to normal with no data lost.

I personally wouldn’t run an MS-DOS
computer without DESQview. ME

CIRCLE NO. 178 ON FREE INFORMATION CARD
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A Sampling of Spring 1988 English-Language
International Shortwave Broadcasts

By Gerry L. Dexter

Time

0000

0100

0200

Country/Station

Radio Austria Int’].
BRT, Belgium (30)
Radio Portugal (30)
KUSW, Utah
HCIJB, Ecuador (30)

Radio Berlin Int’l., E. Germany

REE, Spain

Radio Canada Int’l.

Radio Norway Int’l.(Mon)
Radio Havana Cuba
Vatican Radio (50)

Radio Beijing, China
Radio Sofia, Bulgaria
BBC, England (30)

Kol Israel

Radio Baghdad, Iraq
REE, Spain
Voice of Germany

RAI, Italy
Radio For Peace, Costa Rica
Radio Japan

Radio Moscow

WHRI, Indiana
Radio Austria Int’1.(30)
Radio Prague, Czechoslavakia

Kol Israel

RAE, Argentina
Radio Bucharest, Romania

Radio RSA, South Africa
Radio Cairo, Egypt
Radio Netherlands(30)

KUSW, Utah
Radio Sofia, Bulgaria

Radio New Zealand(30)
Radio Canada International
Radio Beijing, China

Frequencies

9650

5910, 9925

9689

11980

9720

6080, 9730

6125, 9630

5960, 9755

9580, 9605

6090

6150, 9605, 11780
9605, 9770, 11715
6070, 11720
5975, 6175, 7325, 9515
9435, 9855, 11610

6110

9630, 6125

6040, 6085, 6145, 9545,
9565, 9605, 11785
9575, 11800

7375

15280, 17810, 17835,
17845

5915, 5940, 6000, 6045,
6115, 7115, 7150, 7218,
7310, 9530, 11770,
12010, 12050, 13665,
15455

7400, 9745

6000, 9550

5930, 6055, 7345, 9540,
9630, 9740, 11990
9435, 9855, 11610

9690, 11710

5990, 6155, 9510,
9570, 11810, 11940
9615, 9880, 11730
9475, 9675

6020, 6195, 9590,
9895

9850

6025, 6110, 9520,
9585, 9835, 11910
15150, 17705
5960, 9755

9645, 11790, 11980,
15455

Times are in UTC. Numbers in parentheses are starting times for
English that many minutes past the hour. For local time, subtract
appropriate hours from UTC time given (example, deduct S
hours for Eastern Standard Time).

Time

0300

0400

Country/Station

Radio Kiev, Ukraine SSR
HCIJB, Ecuador

Radio Sweden Int’1.(30)
RFI, France

Swiss Radio Int’l.

Voice of Free China

Radiobras, Brazil
Radio Polonia, Poland

Radio Austria Int’].

Voice of Nicaragua

ZBS, Zambia(30)

Radio Budapest, Hungary

HCIB, Ecuador

Radio Berlin Int’l, East Germany
UAE Radio, United Arab Emirates

Voice of Germany

Capital Radio, Transkei, S. Africa

Radio France Int’1.(30)

Radio Japan

Trans World Radio, Netherlands

Antilles
Radio Beijing, China

BBC, England(30)
Radio Prague, Czechoslovakia

HRVC, Honduras
Radio Polonia, Poland

Radio Tirana, Albania(30)

Radio Havana Cuba

Radio Botswana
Radio Lesotho

Radio Berlin Int’1.(30)
Voice of Turkey

Radio France Int’l.(40)

Swiss Radio International
Radio Budapest, Hungary

RAE, Argentina

Frequencies

7185, 7205, 7260,
11790, 13645, 15180
6230

9695

3965, 5950, 6055,
9790

5965, 6135, 9725,
9885, 12035

5985, 9765, 11740,
11745, 15345
11745

6095, 6135, 7145,
7270, 9525, 11815,
15120

6185

6100

3346, 4910

6025, 6110, 9520,
9585, 9835, 11910
9720

6080, 9560

9640, 11940, 15435,
17890

6010, 6045, 9700
3930

3965, 6175, 7135,
9550, 9790

5960, 17810, 17845

9535

9645, 9770, 11715,
11980

5975, 6175, 7325
5930, 6055, 7345,
9540, 9630, 9740,
11990

4820

6095, 6135, 7145,
7270, 9525, 11815,
15120

7065, 9755

5965, 6035, 6090, 6115,
6140

4820, 7255

4800

6080, 9560

9445

6045, 6055, 6175, 7135,
9550, 9800, 11700
6135, 9725, 9885, 12035
6025, 6110, 9520, 9585,
9835, 11910

9690, 11710
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Time Country/Station Frequencies Time Country/Station Frequencies
0500 Radio Netherlands(30) 6165,9715 1100 Radio Singapore 5052, 11940
KUSW, Utah 6175 Radio Finland Int’l. 11945, 15400
REE, Spain 6125 Radio Japan 5990, 6120, 7210, 17810

Voice of Germany

Radio Japan
Radio Moscow

Radio Havana Cuba
Voice of Nigeria

5960, 6120, 6130, 9635,
9700

5990, 15235, 17810
6095, 6150, 6190, 7260,
7345, 11790

5965, 6035, 6090, 6115
7255

WHRI, Indiana

Voice of Vietnam
Radio Thailand(30)
Radio France Int’l.(15)

Radio Pakistan
Trans World Radio, Nether-

5995

7430, 9730

9655, 11905

6175, 9590, 9805,
11670, 11700, 11790,
15195, 15425, 15435
15605, 17660

0600 ELWA, Liberia 4760 lands Antilles(10) 11815
HCJB, Ecuador 9720 BBC, England 5965, 6195, 9515, 11775
Radio New Zealand 15150, 17705 Radio Pyongyang, North Korea 6576, 11735
Radio Korea, South Korea 6060, 9570
Radio Canada Int’l. 9740 1200 Radio Austria Int’l. 15320
WCSN, Mass. 7365 Radio Bangladesh(30) 12030, 15525
Voice of Nicaragua 6100 Radio Finland Int’l. 11945, 15400
Radio Cook Islands 11760 VOPK, Kampuchea 9695, 11938
KUSW, Utah 9850
0700 Radio Australia 5995, 15160 Radio Tashkent, Uzbek SSR 5945, 7275, 9600, 9715,
KUSW, Utah 6185 11785
Solomon Islands Broadcasting Radio France Int’[.(45) 15365, 17720
Corp. 5020, 9545 Radio Australia 5995, 9580, 9770
Radio Japan 5990, 15195, 15235, Radio Pyongyang, North Korea 9600, 9715, 9977
17810 Radio Ulan Bator, Mongolia 9615, 11990, 12015
Radio Havana Cuba 9525
BBC, England(30) 5975 1300 BRT, Belgium(30) 15590
TWR, Monaco(25) 7160, 9495 Radio Finland Int’l. 15400
All India Radio(30) 9545, 11810, 15335
0800 BRT, Belgium(25) 17600 Voice of Vietnam(30) 9840, 15010
KNLS, Alaska 6095 Radio Canada Int’l. 9625, 11855
WHRI, Indiana 7365 Radio Norway Int’l.(Sun) 6040, 9590, 15310
Radio Beijing, China 9645, 11980 Radio France Int’1.(05) 15365, 17720, 21645
Radio Australia 9580, 11720 Radio RSA, South Africa 9750, 15125, 17810
WRNO, Louisiana 6185 Radio Beijing, China 9530, 11600, 11755
Radio Netherlands(30) 9630
1400 KVOH, California 9495
0900 Falkland Is. Broadcasting Serv. 3958 Radio Finland Int’l. 15105, 15400
KUSW, Utah 11980 Radio Korea, South Korea 9750, 15575
Radio New Zealand(30) 9540, 11780 Radio Norway Int’1.(Sun) 9530, 15245, 15310,
Radio Canada Int’1.(30) 5960, 9755 15315
Adventist World Radio, Portugal 9670 Radio Sweden Int’l. 9695, 15345
Radio Japan 11840, 17810 Radio Japan 5990, 7210, 9695, 11815
NBC, Papua New Guinea 4890 KTWR, Guam(30) 9870
FEBC, Philippines 9670
1000 Voice of Vietnam 9840, 15050
Radio Norway Int’l.(Sun) 9590, 15180, 17780 1500 WHRI, Indiana 15105
Radio Australia 5995, 9580, 9770 Radio Veritas Asia, Philippines 9770, 15215
Kol Israel 11585, 11605, 13750, Radio Beijing, China 11600, 15165
15095 BBC, England 15260
Solomon Is. Broadcasting Corp. 5020 Voice of Indonesia 11790, 15150
HCIJB, Ecuador 6130, 9745, 11925 Radio Pyongyang, North Korea 9940, 9977
Radio Singapore 5052, 11940 HCIJB, Ecuador 11740, 15115, 17890
WHRI, Indiana 7355
Radio Oman 9735, 11890 1600 KUSW, Utah 15225
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COMMUNICATIONS ...

Time Country/Station
UAE Radio, UAE

Radio Nacional Angola
Radio Norway(Sun)

WCSN, Mass.
WRNO, Louisiana
BSKSA, Saudi Arabia
Radio France Int’].

Radio Pakistan(15)

1700 Radio Afghanistan(30)
WHRI, Indiana

Frequencies

11940, 15300, 15320,

17865

9335

7290, 9590, 11850,
15310

15280

15420

9705, 9720

9860, 11700, 11705,
11995, 15315, 17620

11610, 11625, 15125,

15605

11755
15105

Radio Surinam Int’l. (via Bra-

zi)(30)

Radiobras, Brazil
Kol Israel

WRNO, Louisiana
Voice of Nigeria

17835
15265
9460, 11585, 13750
15420
11770

At KELVIN...
Price, Service
& Quality for
over 42 years.

B & K- FLUKE - UNGAR
HITACHI - WELLER
BECKMAN - DREMEL
STANLEY - MAKITA

METE HSIOSCILLOSCGPES

BE&K 2120 20Mhz Dual Trace
Beckman 9020 20Mhz Dual Trace

V212 20Mhz $3

Hitachi

Flukea " o R o D!glt EhAM -
Fluke 75 3% Digit DMM
Fluke 7T AT Digit DM

"PLUS Shipping & k"lwr..'ﬂ mam‘lﬂ -:tmgeml:l'ml nutlw

W.E HAVE JT ALL. .

COMPOMNENTS TDDLS KITS. =
E.'DHDUC]’DHE*ELE{HH 1
MENT » KELVIN KITS « TSM

ORDER TOLL FREE
1-800-645-9212

S

X-ACTO - KEPRO - XCELITE execunve ve cea

% « DRAFTING SUPFLIES
Volurme Quolas, industial & School Bids Weicome,
‘FOR IMOUIRES B N.Y.S,

KELVIN

ELECTRONICS

HEIFMDHESS:
?Fs.mhnu.wem Plairvigw, NY 11803 = FAR: 516-348-7830

VISAMASTER CARD ACCEFTED

-

LSS

PE.IIIALQ §§ .

SECURITY « SEME .
» SOLDER EQUIP-

51 6-319-?520

CIRCLE 16 ON FREE INFORMATION CARD

Time

1800

1900

2000

2100

2200

2300

Country/Station

Radio Canada Int’l.
WCSN, Mass.

Radio Havana Cuba (30)
Radio Kuwait

Voice of Nigeria

BRT, Belgium(30)

KUSW, Utah
Radio Canada Int’1.(30)

VOIRI, Iran(30)
Kol Israel

Radio Kuwait

Radio Algiers, Algeria
All India Radio
WCSN, Mass.

Radio Kuwait

Radio Baghdad, Iraq
BSKSA, Saudi Arabia
Voice of Kenya

Radio Berlin Int’l., E. Germany

Radio Baghdad, Iraq
Radio Canada Int’l.(30)
Radio RSA, South Africa
Radiobras, Brazil

Voice of Nigeria

Radio Damascus, Syria(05)

Radio Yugoslavia(15)

BRT, Belgium

Radio Mediterranean,
Malta(30)

KUSW, Utah

Radio New Zealand(45)
RAE, Argentina

All India Radio

Radio Sofia, Bulgaria

Radio Berlin Int’l. E. Germany
Radio Korea, South Korea(30)

Voice of Turkey

Radio Kiev, Ukraine SSR(30?

Radio Sweden Int’].
Radio Japan

Radio Moscow

Frequencies

15260, 17820
21515
9670
11665
15120
11695

17715

5995, 7235, 11945,
15325, 17875

9022, 11930

11610, 12080, 13725,
17630

11665

15215
9910, 11620
9465

11665
7295, 9875
9705, 9720
11740

6125

7295

11880, 15150, 17820
7295, 9580, 11990
9760

15120

9950, 12085

6100, 7240, 9620

5910

6110

15580

15150, 17705
9690, 11710

9910, 11620, 11715
9700, 11720

6070, 6125, 6165

15575

9445

7185, 7208, 7260,
11790, 13645, 15180
9695

7280, 11800, 15195,
15280

5915, 5940, 6000, 6045,
6115, 7115, 7150, 7215,
7310, 11770, 12050,
13665, 15425, 15445,
17700

Radio Pyongyang, North Korea 11735, 13650 ME
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...  — —  ——— ——— - — —— — — — — — — — — — —  ——— ——  — ——— — — —
TTL Logic Tracer (from page 35)

Drill a hole in one wall of the plas-
tic enclosure to mount the jack for
the power supply in a location where
it will not interfere with the circuitry.
After mounting the jack, locate the
free ends of the red- and black-insu-
lated wires and solder them to the ap-
propriate lugs on the jack.

If your project is to have both
powering options, prepare red- and
black-insulated test leads as de-
scribed above. Tie double knots in
each about 6 inches from one end.
Connect and solder these leads and
the shorter leads coming from the
board to the appropriate lugs on the
power jack. Be sure to observe color
coding. Then feed the free ends
through the appropriate grommet-
lined holes in the front panel.

Terminate the + 5-volt and GND
leads in miniature alligator clips with
insulating plastic boots. Finally,
strip ¥4 inch of insulation from both
ends of six 36-inch-long miniature
test lead wire. Tightly twist together
the fine wires at each end and spar-
ingly tin with solder. Connect and
solder to one end of each lead a bana-
naor pin plug, depending on the type
of input jacks you are using. Termi-
nate the other ends in plunger-type
micro test clips.

Checkout & Use

Once the project is completely as-
sembled, check all soldered connec-

tions for poor soldering and solder
bridges between closely spaced pads

(especially around the ICs) and con-
ductors. If you suspect any connec-
tion, reflow the solder on it. Then
check all component locations and
orientations.

If everything looks okay, connect
the power leads to a 5-volt dc supply
(or use the separate power supply if
this was your option) to the project.
If you are not taking power from the
circuit under test, clip the GND test
lead to the circuit’s ground to pro-
vide a reference for the project.

Plug a test lead into INPUT jack 1

and touch its micro test clip to some
point that is at ground potential in
the circuit under test; the CHANNEL 1
LED should light and glow green in
color. Now, touching the test clip to
and +5-volt point in the circuit
should cause the same LED to glow
red. If the LED colors are opposite
from what is expected, the device is
installed backwards and must be re-
moved from the circuit and be rein-
stalled in the proper polarity. Repeat
this test for all channels.

If any of the LEDs glows slightly
red when no input is applied to its
channel, try adjusting the value of
the 1,000-ohm pull-down resistor in
that channel. If the LED will not
completely extinguish no matter
what value of pull-down resistance is
used, replace it with a new one.

When everything checks out okay,
disconnect and power down the proj-
ect. Drop the panel/circuit-board as-
sembly into the plastic enclosure and
secure it in place with the screws pro-
vided with the project box.

counter, where the frequency is now
0.1 Hz, the CHANNEL 4 LED will al-
ternate between red and green at an
almost glacial rate of once every 10
seconds.

The arrangement depicted in Fig.
5 is an example of a sequential logic
application. The Multi-Channel
TTL Logic Tracer is also useful for
keeping tabs on goings on in simulta-
neous logic situation, such as mo-
ment-by-moment events on a multi-
line logic bus as in a computer or pro-
cess-control system. It can even be
used in systems where you want to
monitor random events that are not
synchronized either sequentially or
simultaneously or in two or more un-
related logic circuits. Of course, at
those times when you need only sin-
gle-point tests, you can use the Trac-
er as an ordinary logic probe as well.

‘““Smart Box”’ (from page 48)

Application Example

Shown in Fig. 5 is a typical example
of how the Multi-Channel TTL Log-
ic Tracer is used. A 100-Hz clock is
connected to three divide-by-10
counters in series with each other.
With INPUT probe 1 connected di-
rectly to the clock’s 100-Hz output,
the CHANNEL 1 LED will glow yellow
(assuming a 50-percent duty cycle for
the clock pulses). With INPUT probe
2 connected to the output of the first
7490 decade counter, where the fre-
quency is 10 Hz, the CHANNEL 2 LED
will flicker between red and green at
a fairly rapid 10 times per second.
With INPUT probe 3 connected to the
output of the second 7490 counter,
where the frequency is 1 Hz, the
CHANNEL 3 LED will alternate be-
tween red and green at the much
more sedate pace of once each se-
cond. Finally, with INPUT probe 4
connected to the output of the last

As you use the Smart Box, remem-
ber that when LEDI is on, the com-
pressor is enabled if the air-condi-
tioning system is calling for cooling.
After driving a few miles with the
A/C on, you will be able to select the
precise adjustment of R/7that is just
right for you.

When you park your vehicle in full
sunlight on a very hot day, set S/ to
BYPASS until the passenger compart-
ment becomes cool. The BYPASS
mode allows your A/C to operate at
maximum cooling and is indicated
by LED2 turning on. This BYPASS
LED alerts you to the fact that your
A/Cis running without the economy
and engine-strain-relief benefits of
the Smart Box. So switch back to the
alternate position of SI when the
passenger compartment is at a com-
fortable temperature to reap the re-
wards of this project. ME
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Classified Commercial Rates: $1 per word, 15-word minimum ($15.00) 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 (Computers, Communications, Electronics, Video or Miscellaneous). 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.

Non-Commerical Rates: FREE to subscribers, as space permits; maximum 15 words. A
recent Modern Electronics mailing label must accompany ad.

Mart Display Rates: 17 x 1col., $120; 2" x 1 col., $230. Prepayment discount 5% for 6
issues; 10% for 12 issues prepaid at once.

(All advertisers with P.O. 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 25th 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.
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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 soundin 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 atelephone conversation to any FM radio
with crystal clarity. Completely automatic. Uses power
from the telephone line itself - never needs a battery!
Up to % mile range. Tunes from 70mhz - 130mhz. Easy
to assemble kit includes all parts and instructions. On-
ly $29.98 tax incl.

Call or send MO, VISA, MC for immediate dellvery.
Single kit orders Include $1.50 S&H. FREE SHIPPING

on orders of 2 or more. All orders shipped by U.S. Mall.
COD add $4.00. Personal checks allow 21 days.
DECO INDUSTRIES
BOX 607, BEDFORD HILLS, NY 10507
914-232-3878

CIRCLE 4 ON FREE INFORMATION CARD

The magazine for Compulerks! & Amateur Radio
Your #1 source of Packet info.

WsA E18.00 Far 1 year
Mexico, Canada
Foreign

(L5, lunds only}
Permanent {U_5. Subscriplbon
Sample Copy

CHET LAMBERT, WAWDR
1704 Sam Drive = Birmingham, AL 36235
(205) &54-02T1

$32.00
$472.00 {landd]) - $6:8.00 (air}

5150.00
33.50

CIRCLE 5 ON FREE INFORMATION CARD

SivG WiTH THE WORLD'S BEST BANDS!
An Unlimited supply of Backgrounds from standard
steren records] Record with your valce or perform e
with the backgrounds. Used in Professlonal Performanoce
yel connects easily to a home component steren. This
unlgue product is manufactured and seld Exclusively by
LT Sound - Mot sold through deabers. Call or write for a
Free Brochure and Derno Record.
LT Sound, Dept.ME-3,7980 LT Parkway
Lithonia, GA 30058 (404)482-4724
Manufactured and Sold Exclusival LT Sound
24 HOUR PHONE DEMO IJNE.'M&C 482-2485

VIDEQ
PROJECTION TV . . . 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.. ..
Iltustrated information FREE. Macrocoma-
MI, Washington Crossing, Pennsylvania
18977. Credit card orders 24 HRS. (215)
736-3979.

TUBES, Name Brands, New, 80% Off List,
Kerby, 298 West Carmel Drive, Carmel, IN
46032.

SURVEILLANCE, Electronics, Debugging.
Latest High Tech Equipment - Kits. Catalog
$2.00. TECHNOLOGY SERVICES, 829 Gin-
ette Street, Gretna, LA 70056.

LASERS and OPTICAL COMPONENTS.
Write for free catalogue. M.J. Neal Co., 6672
Mallard Court, Orient, OH 43146. 614-
877-3719.

FIBER OPTIC CABLE .100” DIA. 10FT-
8.50 100FT- 69.95 JSDIST POB 361 PARCH-
MENT, Ml 49004.

VOICE DISGUISERS! FM Bugs! Telephone
Transmitters! Phone Snoops! More! Catalog
$1.00 (Refundable): XANDI ELECTRON-
ICS, Box 25647, ““U”’, Tempe, AZ 85282.

#

WHO’S LISTENING? Telephone Tap Detec-
tor - red light, someone’s listening - extension
or tap; green light, talk safely. Telephone line
power, no batteries, easy install. $29.95 +
$3.50 S&H. THECO Logic, Box 25761, Port-
land, Oregon 97225-0761.

TESLA COILS - Kirlian Electrophotography
- Plasma Bulbs. FREE 1988 Science Plan
Catalog! SCIENTIFIC, Box 1054HMD,
Duvall, WA 98019.

CANADIANS send for free price list. DG
ELECTRONICS, PO Box 312, NDG, PQ
H4A 3Pé.

AMPLIFIER 12V, 16WRMS, mono. Kit
$11.95, Assembled $16.95. SASE for infor-
mation. ERDA, 1016 Woodland Rd, Kohler,
WI 53044,

TUBES - Sylvania receiving tubes huge dis-
counts. Consumer and Industrial. Arlen Sup-
ply Co., 6026 Market St., Philadelphia, PA
19139, 215-472-3810.

TELEPHONE or room TAP. Range unlimit-
ed. $88.00. CALL 1-800-633-8277. Catalog
$3.00. LISTEN, 603 Elgin, Muskogee, OK
74401.

1200 parts $10.00. All new. Long leads. Resis-
tors, diodes, etc. All good stuff. No junk. Bar-
gain city. P.O. Box 121M, Glen, MS 38846.

Order Form
Please print in block letters.

MODERN ELECTRONICS 76 North Broadway, Hicksville, NY 11801

Name

Street

City

State Zip
1 - 2 3 4 i 5
6 7 8 9 10
1 12 13 14 15
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The Digi-Key volume discount and serwce charges are smple to apply. Most items sold by Digi-Ke, may be combined for & votume discount. Items that are nat discountsble are identified by the sutix
= SERVICE CHARGES VOI.UME DISCOU NT

~ND following the part number. After writing your order. lom alt of the discountable ems and apply the appropriate discount. To this subtotai. add the non-discountable nems. Then add the serv

Gharge. We pay al shipping and nsorance t0 sderassas in the U.5.A. Canadi snd Mexico wihan cr ock or mOney order accompanies order. Digi-Key only Ships orders within the continental U.S., Alaska,
- ‘ 100 00-‘249 98 .

Hawaii. Canada and Mexx .AM 30.75
WHEN OROERING BY PHONE. CALL 1-800-344.4539 K. call 218-681-66741. BY MAIL SEND YDUR OROER TO: DIGI-KEY. P.0. Box 677, Thiaf River Falls. MN 56701, Add $0.50 8 250.00-6499.99
You may pay by check, money order. Master Charge, VISA or C.0.D. DIGI-KEY GUARANTEE: Any parts ar producis purchased from Digi-Key that prove to be defective will ba replaced or refund- htdgh:g ;3 :1$%3:””

od i returned within 90 days from receipt with a coPy of your mnvoice. “PRICES SUBJECT TO CHANGE WIRNOUT NOTICE.
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CABLE T.V. CONVERTERS

WHY PAY A HIGH MONTHLY
FEE?

All Jerrold, Oak, Hamlin, Zenith, Scien-
tific Atlanta, Magnavox and all special-
ized cable equipment available for ship-
ment within 24 hours. For fast service
MC/VISA or C.0.D. telephone orders
accepted (312) 638-5320 60 Day War-
ranty (Quantity Discounts) 8 A.M. to 5
P.M. Monday through Friday Central
Time. Stamp Envelope (60¢ postage)
for FREE Catalog.

Midwest Electronics Inc.
5143 W. Diversey @ Chicago, IL 60639
No lllinois Orders Accepted

An interesting and worth
while project. This EASY-
TO-BUILD circuit lets you
use any regular TY set as
a simple = OSCILLOSCOPE.
Build for less than $10
NO MOOIFICATIONS TO TV!
Single or dual trace
Send for FREE CATALOG of
other plans and kits

DETAILED PLANS:  $4.95

TV-SCOPE

PENN RESEARCH, Box 3543
Williamsport, PA 17701

REMOTE CONTROL KEYCHAIN :

3 Com lete w/mnm—transmﬁter E

+5 vdc RF receiver .. s

FuIIy assembled |ncIud|ng plans

to build your own auto alarm .-
v and extel end the:range. .

' Chetk, Visa, of MIC
$1 9 95 30%ays :'Z?urr(n Brony
(415) 872-0128 "

T ——— e = W T e e S RS

SECRET CB PUBLICATIONS (modifica-
tions, schematics, etc.). KITS, FM, PARTS,
ACCESSORIES, BOOKS. Catalog $1.00.
Selman Enterprises, P.O. Box 8189, Corpus
Christi, Texas 78412, 512/853-2935.

$$$$$ SUPER SAVINGS $$$$$
on electronic parts, components, supplies and
computer accessories. Free 40-page catalog
for self-addressed and stamped envelope. Get
on our mailing list. BCD ELECTRO, P.O.
Box 830119, Richardson, TX 75083 or call
(214) 343-1770.

COMPUTERS

COMMODORE/AMIGA CHIPS, Distribu-
tor, Factory Fresh. Low prices. For eg., 6510/
6526-$9.95, 6581-$12.85, PLA-$12.85, all 901
ROMS-$10.95, New C128 Upgrade ROMS
$37.95 and many others . . . . “THE COM-
MODORE DIAGNOSTICIAN”’, a new inex-
pensive way to diagnose faulty chips. This aid
is a double sided laminated display diagnosing
88 variations and what chip to look for. Over
4,000 sold. $6.95 plus $1.00 shipping . . . HD
Power Supply for C-64, $27.95 plus postage

. COMMODORE COMPUTER REPAIR
AVAILABLE at low prices (eg. C64-3$39.95
parts/labor) . . . . Send for complete catalog
... VISA/MC...KasaraMicro Inc., 31 Mur-
ray Hill Drive, Spring Valley, N.Y. 10977.
1-800-248-2983 (Nationwide) or 914-356-3131.

Educational Engineering Software, CompDes
__Circuit Design, CompMath__Math tutor,
CompView__Digital Signal Analysis. $49
each, (614)491-0832, Bsoft Software, 444 Col-
ton Road, Columbus, Ohio 43207.

FREE Catalog - 99¢ kits, audio, video, com-
puter parts. ALL KIT, 434 West 4th St., West
Islip, NY 11795.

BASIC Computers, 10 lesson correspondence
course, $39.50. Certificate. Details free.
AMERICAN TECHNICAL INSTITUTE,
Box 201, Cedar Mountain, NC 28718.

COMMUNICATIONS

DETECTIVES, Experimenters. Exciting New
Plans. Hard to find MICRO and RESTRICT-
ED Devices. Large Catalog $5.00 Refundable
on Ist Order. WILSON, P.O. BOX 5264, Au-
gusta, Georgia 30906.

SECRET CB PUBLICATIONS (modifica-
tions, schematics, etc.). KITS, FM, PARTS,
ACCESSORIES, BOOKS. Catalog $1.00 (re-
fundable). Selman Enterprises, P.O. Box
8189, Corpus Christi, Texas 78412. 512/853-
2935.

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-MES5, Paradise,
CA 95967.

10 METERS - Our kit works best. From
26.965t0 29.655 MHZ. Send $2.00 for details
to: J & J Electronics, 12008 Riverhills Drive,
Tampa, FL 33617.

CB Tricks of the Trade booklet. Repair, modi-
fications, peaking, extra channels. Send
$19.95 cash or m.o. to Medicine Man CB,
P.O. Box 37, Clarksville, AR 72830.
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| Over 75,000 active amateurs in over 125 countries
| throughout the world read and enjoy a different
Ikind of ham magazine every month. They read CQ.

: It’s more than just a magazine. It’s an institution.

SUBSCRIBE TODAY!
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POLICE, Fire Scanning Radios. Bearcat Re-
gency Fanon. Harvey Park Radio, Box
19224ME, Denver, CO 80219.

TRANSISTORS-TUBES: MRF421 $24.00,
MRF454 $14.50, MRF455-MRF477 $11.75,
MRF492 $16.00, SRF2072 $12.75, SRF3800
$17.50, 2SC2290 $16.75, 2SC2879 $22.00,
6LF6, 6LQ6, 6JS6 8950, etc-call. New
RANGER AR3500 All Mode 10 Meter
Transceiver $319. Quantity Discounts! Best
Prices on Hard-to-Find Parts, Antennas,
Mics, Power Supplies, & Equipment! Catalog
$1.00 (refundable), or free with order. RFPC,
Box 700, San Marcos, CA 92069. For infor-

mation or Same Day Shipment—Call (619) -

744-0728. VISA/MC/C.0.D.

“BEARCAT, REGENCY”’ Kenwood, Icom,
Sony, NEW/USED, BUY/SELL/TRADE!!
MORE!! 1988 Catalog $1.00. STAMP For
Used List!! GALAXY, Box 1202, Akron,
Ohio 44309 (216) 376-2402.

POLICE/FIRE SCANNER

“WANTED"’ Good, Used Shortwave Receiv-
ers, Ham Gear, Police Scanners, CBs, Etc.,
Highest Prices Paid!! We Buy/Sell/Trade!!
One Stamp For Our Huge Used List! NEW
Catalog $1.00. GALAXY, Box 1202, Akron,
OH 44309 (216) 376-2402.

INYENTORS

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.

INVENTORS! Have idea for product or in-
vention, don’t know what to do? Call AIM we
present ideas to manufacturers - Toll Free US
and Canada 1-800-225-5800.

CH RADIO/ 10 METERS

WE specialize in technical information, parts,
and services for CB radios. 10-Meter and FM
Conversion kits, repair and modification
books, plans, high-performance accessories.
Over 12 years! Catalog $2. CBCI, Box
31500ME, Phoenix, AZ 85046.

MGITAL DASHBOARDS

COMPLETE digital dashboard plans: $14.45;
free details. Modern Labs, dept. E2, 2900
Ruisseau, St. Elizabeth, QC, J0K2Jo,
Canada.

PHILIPS “SBC”’ line of service quality in-
struments: Scopes, Function Generators, Fre-
quency Counters, Power Supplies, DMMs,
Logic Probes and Pulsers, Scope Probes.
Brand-new fully guaranteed low cost. Before
you purchase any test equipment let us mail
you our free illustrated flyer. RUBYTRON
INSTRUMENTS, 117 North Ridge St., Port
Chester, NY 10573, (914) 937-6376.

CABLE EQUIPMENT

CABLE TV DECODERS AND CON-
VERTERS get your free catalog or order toll
free 1-800-624-1150. Information Call
(402)-554-0417. M.D. Electronics Inc., 5078
So. 108th Ste#115, Omaha, Nebraska 68137

UNIVERSITIES

VILLARREAL NATIONAL UNIVERSITY.
Fully accredited state university, 45,000 stu-
dents on campus. Offering non-residential
Master’s and Doctorate degrees. Inquire: In-
ternational Program, c/o International Edu-
cational Consultants, 2175-B Highpoint
Road, Suite 217-3, Snellville, GA 30278.

TEST EQUIPMENT

TEKTRONIX Scopes - Free list of recondi-
tioned 500- series. TEK 547 50 MHz dual-
timebase delayed-sweep 5-inch lab scope with
type 1A2 dual-trace plug-in. Complete recon-
ditioned & calibrated. Excellent condition.
Shipped U.P.S. in 2 pkgs: $395 ppd. 10-day
money-back guarantee. RUBYTRON Instru-
ments, 117 North Ridge Street, Port Chester,
NY 10573 914-937-6376.

MISCELLANEQUS

STRANGE STUFF COMPLETE ITEMS
PLANS, KITS. LASER EAVESDROP-
PING, HIDDEN WEAPONS, BUGGING
AND COUNTERMEASURE SOURCES,
ADULT TOYS. INFORMATION PHOTO
PACKAGE $3.00 REFUNDABLE, DIRIJO
CORPORATION, BOX 212-M, LOWELL,
NC 28098. INFORMATION 704-868-3408.

HI-TECH in your car. Complete plans:
$14.45; free details. Modern Labs, 2900a
Ruisseau, St. Elizabeth, QC, JOK2J0, Canada.

ASIAN LADIES want correspondence for
friendship, marriage, SUNSHINE INTER-
NATIONAL, Dept. TW, Box 5500, Kailua-
Kona, HI 96745.

i QUALITY PARTS *DISCOUNT FPRICES = FAST SHIFFING!

ILL ELECTRONICS CORP
Q1L GLETROMICS COIRR

SWITCHING BLACKLIGHT
POWEHW%%&E}. ASSEMBLY
SUPPLY LEui Ty

Compact well
requiated switch ""h‘ i
tng power supply '@
designed to power Texas In
struments computer equip
ment INPUT 14.25 vac @
Tamp QUTPUT +12 vdc @
350ma +5Vdc @ 12 amp
5 Vdc @ 2€2 ma
SIZE 4 34" square
CAT#PS-30 $3 50 each

Complete functoming assembly n
Ciudes bailast on-off switch. power

Mounted on a 7 1/8” X 3 1/8” meta

or erasing EPROMS
CAT#BLTA $10 00 each

MINI PUSH

BUTTON ==

S P S T momentary

Pushto make CAT# MPB-1
35¢ each - 10 tor $3 25

cord. sackets and F4T5 BL biacklight

plate Use for speciai effects ighting

VIC 20
ml;z?, W MOTHERBOARD
Steex high tech @@ ?‘_‘}ﬂ 1
lamp assembly "i

'.‘LI wnss—esd 000
Could be used as a ]' ! bl tjg_wsa.[].ﬂ-it‘-'
i % | 26 1= noludmg 6520A and 6560
emergency warning %% _":d"
hght or special etects amp
Red reflective iens 1s 2 34" X

51727 1s mounted on a 4" high

ment parts o expenmentation
CAT#VIC-20  $15 00 each

Not guaranteed but great for replace

pedestal with up-down swivel
adjustment Includes 12 V re

LED"S =»

w-r0<03N=3

NICKEL-CAD
CHARGER /
TESTER
Wil et
charge E
most
nickel-cad
battenes even button & N
CAT# UNCC-N  $15 00 each
RECHARGEABLE
NICKEL-CAD

BATTERIES
AAA SIZE 1 25180mAh 82 25
AA SIZE1 25V 500mAn  $2 00
AA with solder tabs $220
CSIZE1 2V 1200mAh  $4 25
SUB Cwith solder tabs ~ $4 25
D SIZE 12V 1200mAh  $4 25

placeable bulb
CAT#TLB  $3 95 sach

Jumbo T t 3/4 (Smm)
RED CAT# LED-1 10 for $1 50
GREEN CAT#LED-2 10 for $2 00

CAT# FLT-1 2ior $100

XENON FLASH TUBE | YELLOW cAT# LED-3 10t0r 200
347X (/8" dia  ~GESiaEM- | TWO PIECE HOLDERS ooy @
FOR ABOVE LED'S

CAT# HLED 10 for 65¢ 100 tor $5 08

10 AMP SOLID

STATE RELAY
Control 3 32 Vac Load f.i_:l
10 amps 120 Vac o
Sze 212'X 34" X 78" L

CAT# SSRLY-10A™"

$9 50 zach - 10 for 385 00

MAIL ORDERS TO
ALL ELECTRONICS
PO BOX 567
VAN NUYS CA
91408

CUSTOMERS QUTSIDE

TELEX 5101010163
(ALL ELECTRONIC)

OF THEU S A SEND
$1 50 POSTAGE FOR
CATALOG

TOLL FREE | ™ ummecn™®
800-826-5432
INFO:(818)304-0524
FAX:(818)781-2653

ORDER $10 00 —
aw aposaes

Tax
US.A $3.00 .
SHIPPING

CIRCLE 3 ON FREE INFORMATION CARD

Say You Saw It In

Modern Electronics

You gotit to work? Good!

Let DATAK be your designing partner. Use our dry transfer title sets to put
that finishing touch to your custom project. Over 2200 titles plus alphabets
and numbers insure that you'll have the words you need. Switch markings
and dial plate arcs are in a companion set. Use DATAKOAT spray for
4 complete protection. Sprays are not mailable.

948 Blk (949 Wht) 10 pt .105" Electronic Titles (24 sheets) ... ...
9581 Bik (9591 Wht) 12 pt .125" Electronic Titles (24 sheets) . . ..
968 Blk, Wht, Red asst. Meter dial & Switch Markings (12 sheets) .
04177 DATAKOAT Gloss Spray (120z) .. ... .................
04178 DATAKOAT Matte Spray (120z) .......................
Minimum order: $20.00 (add 7% shipping. NJ and CA also add sales tax)

WRITE FOR A FULL CATALOG AND SAMPLES TODAY

DATAK Corp. e 3117 Paterson Plank Rd. e N. Bergen, NJ 07047

5.75

CIRCLE 2 ON FREE INFORMATION CARD
May 1988 / MODERN ELECTRONICS / 93
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LETTERS...

(from page 7)

e Having come to the next-to-the-last
paragraph in “‘Computer-Aided Trouble-
shooting’’ (February 1988), which states
that some computers may not be able to
run the program, I keyed it into my com-
puter anyway. With a few modifications,
the program appears to require about 5K
of memory. If any readers are having dif-
ficulty getting it to run, the following
may provide a solution:

(1) Some computers won’t accept
3-character variables; so change them to
2- or 1-character variables (e.g. REE=RA,
RBO=RI, etc.). Search through all lines
and convert all 3-character variables.

(2) Change lines 65, 90, 105, 115, 130,
145, 160, 175, 190, 205, 220 to GOSUB 400
(these lines are all quite long and are
the same).

(3) Add line 400, copying into it the
statements that appear in line 65 and con-
verting the 3-character variables as noted
in (1) above, finishing with a RETURN.

(4) For the Tandy Color Computer,
change all LPRINT statements tO PRINT#-2.
(This works on both my TRS-80 Color
Computer ECB 64 and Tandy Color
Computer 3.)

(5) There are a few LPRINT statements
that can be eliminated to save a bit of
memory (and paper) as well.

Readers who wish to obtain a comput-
er-derived hard copy of the converted
program can do so by sending a SASE to
me at the following address:

D.K.B.
18509 Snohomish Ave.
Snohomish, WA 98290

Parts Availability

* Some readers may be finding it diffi-
cult to obtain the Teledyne 9400CJ F/V
and V/F converter and Intersil ICL7660-
CPA voltage inverter chips needed to
build my ‘‘Frequency-Counter Adapter
for DMMs’’ (November 1987). These (as
well as the Pac-Tec enclosure and most
other parts) are available from Active
Electronics (1-800-343-8191) or by mail
order (in the East at 133 Flanders Rd.,
Westboro, MA 01581, Tel. 617-336-8899;
or in the West at 13107 Northrop Rd.,
Bellevue, WA 98001, Tel. 206-881-8191).
Prices for the 9400CJ and ICL7660CPA
are $3.99 and $1.69, respectively.

Crady VonPawlak

i —— == =]
Semianalyzer (from page 59)

Kit Availability

A complete “‘Semianalyzer’’ Parts
List was published last month in Part I.
A kit or parts are available from the
source noted, as follows:

The following items are available
from Electronic Design Specialists,
Inc., 951 SW 82 Ave., N. Lauderdale,
FL 33068: Complete kit of all parts, in-
cluding enclosure but not including
sockets for displays, $139.00 + $7.50
P&H; double-sided main printed-cir-
cuit board with plated-through holes
and single-sided display board, $25.00;
programmed EPROM, $20.00; mold-
ed-plastic matrix display shield, $5.00;
cabinet kit, including hardware, $29.00.
Prices for other available components
can be obtained by writing to the Kit
supplier. Add $2.00 P&H for individu-
al parts orders. Florida residents, please
add state sales tax.

mine a zener diode’s breakdown po-
tential. It can also be used to test My-
lar, ceramic and electrolytic capaci-
tors out-of-circuit for their break-
down voltages and noise levels. Tan-
talum capacitors cannot be checked
in this manner because their low
leakage and non-healing properties
will cause them to short-circuit.
Neon lamps can be checked in-cir-
cuits, as can LEDs and individual
segments of LED displays.

As you become familiar with it,
you will find the Semianalyzer to be
unlike any other test instrument you
have used. It can save hours of trou-
bleshooting time because it probes a
circuit statically, rather than the us-
ual dynamically, to locate defective
components. Since the Semianalyzer
does its own diagnosis of a circuit
under test, you will automatically
reach for it, rather than your DMM
or transistor tester, whenever you
have to troubleshoot a modern elec-
tronic circuit. ME
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mailing label prepared by our reader-
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" EXPAND YOUR CAREER HORIZONS...

T

START WITH CIE.

Microprocessor Technology. Satellite Communications.
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 electronics, 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 toli-free
1-800-321-2155 (in Ohio, 1-800-362-2105) or mail in

CIRCLE 50 ON FREE INFORMATION CARD

——T S e o

The CIE Microprocessor Trainer helps 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.

CIE
Worid Headquarters

Cleveland Institute of Electronics, Inc.

1776 East 17th Street » Cleveland. Ohio 44114

[J Please send your independent study catalog.

For your convenience, CIE will try to have a representative
contact you — there is no obligation.

Print Name S
Address Apt

City - State Zip

Age __ Area Code/Phone No. -

Check box for G.I. Bill bulletin on Educational Benefits
[ Veteran [J Active Duty ~ MAIL TODAY!

Just call toll-free 1-800-321-2155 (in Ohio, 1-800-362-2105)

WA SR ereartddiahisteor-eom
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M Professional Series
*» Quality and Reliability

Tne Professionai Series of test instrumerts are characterized
by the unzomp-omising quality and except onal rel ability that
are synonymous with Simpson. The comrmitmant tc satisfy tn=
needs of the professional began over 5C years ego with the
we-ld famous Simoson 260® and continues wit1 the introducticn
of the Professional Series.

CLASSIC SIMPSON ——»-THE PROFESSIONAL SERIES

a1 T
emon IS

-t -
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- W Ww

aI_Eh‘i.--“ NON
SENER4TOR RANGE
R m oa o e gy MR 0 FORCTION
. W low os
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Bl mmy
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3.":'!; LI 5 SYaEEP CENERATOR

o e

RPUIDE o
OHSE Dty gy FRECUENCY COUNTER

>33 3 & &

)
i

MIVERSAL

Jidl
FREQUENCY COUNT
200 AHz \Model 712

57

Fealurs
e Dorix]
‘recuency Ratio
* Tmne Irterval
* 1.56" &Digit Crange LED Dsplay
e Adjsteble Tr ggering

SWEEP)FUNCTION GENERATORS

5> e . oo« Vaded 421 o Totdize

5 MHz with 6-Jigit Display . Model 422

Featu-es

e .05 Hzto 5 Mz in 7 ranges fAodel T 2. ... ... $525.00
e Liv=ar and Log S\ueeps fAodel 5 3. ... .. $675.00
s Sin2. Square ard “riangle Waveforms Model <l .. ... .. $535.00
» Selectaole Start/Stop Sweep Frequerncies Mocel4z2 . ... .. $650.00
* InternabExternal Reading Frequency Counter — Model 422

o SIMPSON ELECTRIC COMPANY
853 Dundee Avenus, =lgi~, llinois 60120-3090
SRR S '% (312)697-2260- Telex 72-2¢-6 » FAX (312) 697-2272
T12/713 circle 12 2211422 cirsle 13 Made in LSA A CHIPPEWA NATION TRIBAL ENTERPRISE
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