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JUILD THE LAWN RANGER

Take it easy this summer with the world’s first
sractical robotic lawn mower!

BUILD A UNIVERSAL GENERIC
INEAR POWER SUPPLY

A single PC board design
an be used to power

lozens of projects!

ADD A DISPLAY TO
YOUR NEXT PROJECT

How to build an experimenter's
card for the PC expansion bus

SINGLE-CHIP XTAL OSCILLATOR
Build a mini crystal-controlled
frequency standard and pulse
generator
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE I'N TEST & MEASUREMEN]

FLUKE @ PHILIPS

Analog Mater: High-speed
analog drsplay updaies 40 funes/
second — a5 1251 25 the eye can
loliow; X10 Zoom bargraph mode

{Fluke 83 and 85} makes high
fesolufion otisst measurements

s

High Resolulion Dsgital Meter
4000 count digital readout 20,000
cound mode (Fluke B b 42
dgul resoluion

Backlit display: Makes i £asy o

read the DMM In dark. cramped
Quarters. Automatically shuts
off aller 68 seconds lo ~ Frequancy counier Acourale
Save the baltery down o 05 HE aisa measures
duly Cycle
Capacitance meter:

Recordes: recams muwmums and
MAXIMUITES, phiS frue anthenetic
average. audibie Win iax Adert;

selectalrie nEspOnSe limes -
second and 100 me {all modess)
Phus 1 ms Peak Min Max

Nanguag with manual fanging
2t the touch of 3 bution

Hoplgtar with Flex Stand™;
Protects meler and prowvioes lest
lead] storage Fleabie leg aliows

meter 10 b hug from peg,
bent sound 3 prpe, o used
2imast anywhens

FLUKES3  FLUKESS  FLUKE 87

Yol phvng amg dode Seat S contmaty | ad duty cytht
cetyce, Touch Molt™ il vt sher i Pl Skt ~
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JU U RIS L
gvanced handheld DM, plus a fat
nd only in dedicated instruments Pius
Fluke-exclusive features you can't buy any-
where else. All built with the mast advanced
surface mount design and singie-chip ASIC
technology for a thinnex, tougher, more rell-
able package.

an
d

P
L L

y annuncialed display for clear

peration. Duty cycle function. High-speed
gicator A protective holster with
innovative Flex-Stand ™ for easy adaplabie
operation. Audibie Input Alet™ 10 reduce
the risk of damage Lo the meter, the user,
and the un¢t besng tested Pius the strongest
warranty in the business

All good reasons to move up to the fruly-
muiti Fluke 80 Series today. You'll find
Series DMMS at your Fiuke distributor, For
fmmediate, off-the-shelf dedivery Catl

CIRCLE 121 ON FREE INFORMATICN CARD
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1-800-44-FLUKE, ext. 33 for the name
of your nearest distributor.

ot Pude iy 00, . PO B 309G 305 250,
Everetl WA X5 LS (206) J47-54000 CARADS 4% 850- 500
OTHER DOUNTRIES: (206) 266-4500

© Copyeighs 1905, ot P Mig £a, e A 10ty reserver)
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FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.,
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June 1990 Electronics

Val. 61 No. 6
BUILD THIS CoMPUTERDIGEST
31 THE LAWN RANGER g T o
Sit back and watch this robotic lawnmawer cut the grass for you. b v ~aid &l ] | Bencn™
Raymond Rafaels | e
A
41 GENERIC LINEAR POWER SUPPLY BOARD
Build one PC board to fit all your power-supply needs.
John Wannamahker
47 PROGRAMMABLE CRYSTAL-CONTROLLED PULSE L
GENERATOR £ =
This single chip pulse generator uses a programmable crystal
oscillator IC.

Peter A. Lovelock

51 ALL ABOUT SURROUND SOUND

A straightforward look at surround sound systems for homes
and for theaters.

Josef Bernard

-
ALL ABOUT

SURROUND i

59 ADD A DISPLAY TO YOUR PROJECT
An easy and inexpensive alpha-numeric display could enhance
your next project.
Steven Avritch

73 BUILD THIS EXPERIMENTER'S CARD
Our experimenter's card for the PC expansion bus is easy to
set up and use with simple BASIC programs.
Mark Hanslip

94 Advertising and Sales

Ofices
VIDEO NEWS 69 DRAWING BOARD Ao
What's new in this fast- Finally. a video signal! 94 Advertising Index
changing field. Robert Grossbhlatt 8 AskR-E
- erch 72 AUDIO UPDATE 95 Free Information Card
18 EQUIPMENT REPORTS Receivers vs. separate 12 Letters
Huntron DC Line Sentry, and compaonents.
NCI Model PA480 PC-Based Larry Klein 80 Market Center
REB(ERs nalvzen 73 EDITOR'S WORKBENCH 22 New Products
63 HARDWARE HACKER 68000 update, system 69 PC Service
Low-cost memory. analyzers. and more.
Don Lancaster Jeff Holtzman 4 What's News
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RADIO-ELECTRONICS

ka

If you can think of better things to
do withyour summerweekends than
mowing your lawn—and who
can't?—get busy building the Lawn
Ranger right now. This battery-
powered robot is not remote con-
trolled. Its Infra-red sensors can ac-
tually “see” the grass, and direct its
two cutting motors to mow just
where its needed. Meanwhile you
can lounge in your hammock with a
cool drink. Turn to page 31 to get
started.

COMING NEXT MONTH

THE JULY ISSUE
GOES ON SALE
JUNE 5.

BUILD R-E'S DIGITAL DASHBOARD
Bring high-tech manitoring to any car.

THE LAWN RANGER: PART il
A look at the motor control hoard.

BUILD A SUPERDIRECTIONAL MICROPHONE
Qur unusual design uses a horn instead of a parabolic reflector to
concentrate sounds.

ROCK, RELIGION, AND RHETORIC
A look at U.S.-based shortwave stations.

SECURITY SYSTEM COOKBOOK
An array of security circuits for your home and car.

ComMPUTERDIGEST
Build a solid-state disk drive.

Ay B sarvics to esders. RADHO. ELEC'“ONICS publ.shu ilable plans or uvh X rvhtmg 1o thy products,
wmmﬂ!nhnﬁwmﬂ B of ! 1 & the ond condition of
matecials snd wor used by RADIO.ELECTRONICS d.uunm any .wmh, the rate and proper
hmdroadorbunllmbmdwuhwwnlot % 9

Since some of the o upﬂmu\dmmhmmmmmum-wuh:mndwus patants.

RADIO- disclabmg dery binbilet Iortho..... i of such p byh 9. Uhing. & saliing of sy such
SQUIPpMent of CHLItTy. and #uggests that amy in wuch prog e patent sty
MDD-ELECTWNICS OSSN 0033-7062) June 1990 Pubhished ‘LU, & Publicati Ine.. 500-8 Bi-County
Fi dale, MY 11725 5 ‘f"lnuPo::ﬁ‘uld-h NY and sddibonal maiting offces. Second.Class
Mo 6242 sutheri "M' 1 Oncriarlubnllp*mnkuhaﬂdwimmsﬂﬂw
5230? i} sthar countn yebia o U S.A hndnmmmmm
Mh.nm-ummwmﬁm ﬂleyG.mMMmh AB righte Fesaresd. Print InUSA

POST:.;SWH: Plaass send addreas changes to RADIO-ELECTROMICS. Subacrption Dept, Boa 5515, Boulde. GO
B0

d d ope mual bmithed andfor art “nrphaoguwll!hcu rotuen e
MM they be rejectad Wa diaclaim any mponmb-hty tor the loss or damage of pta and/or artwork or
photographa while in our possession or otherwise

Wwww americanradiohistorvy comm



www.americanradiohistory.com

Clips For Chips.

sFO \C‘S
AP TER
L SOCKEY uou pint’ t

73 Time Saving Sohitions For Faster

IC Testing. Think of the time you'll save testing odst NO- L {
these fine-pitch ICs by having the right Pomona crr
IC Clips, Pin Breakouts or Socket interfaces %‘:3 2
at your finger tips. You'll do “
the job quicker and more . ;
dependably than ever befinre. o, ot \

They're availabie now. pins Ko . ,
Your choice of DIP styles, SOIC, pocksd® : L '
PGA, PLCC, LCC, or even our new- O oace ‘J
est ultra fine-pitch PQFP (Plastic st V‘:ww\

\

Quad Flat Pack) series, (o make testing %mem
faster, more dependable.

Pomona Charts Quatity First,
Only the finest quality materials are
used: beryliium copper for best conact
force, gold plating for Jowest contact
resistance, abrasive contact coating for
best axide penetration, ghss-filled Nylon
bodies for dimensional stability and rigidity,
and stainless steel hinges, pins and springs.

And, to make your job even easier,
Pomona also offers a great complement of
test accessories, like our SMD Dog.-Leg \hcroup
Test Probe, SMD Test Tweezers, Grabber” and
Minipincer™ Clips, jumpers, test leads and
cable assemblies to make vour IC testing faster
and less expensive,

-

Posrona’s 5640 Serfes

~ Soif you want to save rm%’:ﬁ“@ﬁ%%

time and reliability Is a must, smudels for 0.025"-0.0315 pin gpacing

check-out the chart and pick your dips. Also avlable in 8 JEDEC Breatout

See your nearest Authorized Pomona and Sochet hterfisce styles

Distributor or contact POMONA ELECTRONICS,
1500 E. Ninth $t,, P.O. Box 27267, Pomona, CA 91769
(714) 623-3463 FAX (714) 629-3317

FREE

1990 POMONA CATALOG!
Receire thi new; 138 page
adition. FREE on rest

Contains IC st Cp (hart .
anid thowsands of lext solutions - 1
Pomona:
AN ITT EMC WORLDWIDE COMPANY g
Nyl 53 egisteed raderackofDufont Dascever our strengths.
CIRCLE 101 ON FREE INFORMATION CARD g
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&  RADIO-ELECTRONICS
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WHAT’S NEWS

Radalert reaches Russia

As part of perestroika, and in light
of the lingering problems created by
fallout from Chernobyl, the Soviet
government has decided to encour-
age the production and distribution
of radiation detectors for Soviet cit-
izens. The Radalert nuclear radia-
tion monitor (featured in Radio-
Electronics” June and July 1988 and
June 1989 issues) won a recent gov-
ernment-sponsored design compe-
tition in the Soviet Union, surpass-
ing 45 other contestants. That
resulted in the signing of a Protocol
of Intention for Joint Venture by a
Soviel group and International
Medcom (Sebastopol, CA), the
manufacturers of the Radalert. Un-
der the terms of the proposed ven-
ture, the Radalert and similar
radiation detection instruments will
be mass-produced in the Soviet
Union under a licensing agreement
with International Medcom.

A Radalert monitor was used to
measure the radiation level at the
Chernobyl plant in April 1989, Three
years after the accident, a radiation
level of 4067 CPM-—about 250 times
the normal background radiation
level here at Radio-Electronics’ of-
fices—was recorded.

International Medcom has been

TOM COCHRAN OF THE NATURAL RE-
SOURCES DEFENSE COUNCIL holds a
Radalert monitor on the grounds of the
Chernobyl nuclear facility in the Soviet
Union. The radiation level displayed (4067
CPM) is approximately 250 times higher
than normal, three years after the accident
occurred there.

active in the United States as well.
The company’s RMS-2 monitor and
detection system was displayed to
the Energy Committee of the Massa-
chusetts Legislature last spring, for
possible use in monitoring emis-
sions at the Pilgrim and Yankee
Rowe nuclear plants in that state,
That system, as well as the Radalert,
also will be used by environmental
groups to keep tabs on radioactivity
levels that are near nuclear plants
and test sites.

New solid-state laser puts out
1,000 watts

In a feat they compare to breaking
the four-minute mile in running, sci-
entists at General Electric Research
and Development Labs in Schenec-
tady, NY. have developed a solid-
state laser that has achieved one-
thousand watts average output. The
new laser is a neodymimum-doped
yttrium-aluminum-garnet (Nd: YAG)
face-pumped laser, which happens
to be a direct descendant of a device
patented by GE physicists 17 years
ago, which put out only 10 watts of
power.

According to Joseph P. Chernoch,

who invented the original device in
1972 and who led the team that dem-
onstrated the new device, the face-
pumped laser is second to none for
industrial cutting and drilling be-
cause of its combination of high
power and good beam quality (a
measure of how much the beam
spreads out). In addition, it gener-
ates light of a one-micron wave-
length that is particularly well
absorbed by metals. The device can
readily cut or drill through more
than two inches of nickel-based su-
peralloys, far beyond the reach of
other known lasers.

GE's new laser compensates for

Wwww americanradiohistorvy comm

distortions introduced by other
types by using a slab, rather than a
rod, of lasing material and by using a
highly effective cooling approach.
The slab is a precision-machined
Nd:YAG crystal that measures about
1x ¥ x8 inches. Light is pumped
into the faces of the crystal (hence

GE R&D CENTER ENGINEER ANGEL L.
ORTIZ, JA puts the tace-pumped laser to
work drilling holes In a VW-inch thick plate
of superalloy: in other tests it's managed
to drill through more than two inches of
superalloy. The solid-state laser’s average
power output of 1,000 watts from a singe
laser head opens the door to development
of industrial laser systems thai can cut
and drill space-age metals and alloys with
unprecedented speed and precision.

the name “face-pumped laser”) by a
pair of ultra-high-intensity flash-
lamps that are energized by the sys-
tem’s 17,000-watt power supply.
High beam quality is maintained by
directing the laser beam through
the slab along a zigzag path (the
beam reflects internally off the slab’s
highly polished faces) that enables
the beam to “see” a uniform aver-
aged selection of stressed material,
which eliminates the thermal distor-
tion. R-E
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Its no fluke.

,'g A Fluke Beckman Industriat
=S T Feature Model 77 RMS225 .
Digits 32 Digits 4 Digits -
i e _Resolution 3,200Counts 10,000 Counts
Accuragy o JOTEERIL Sl e o
Automatic Reading Hold  TouchHold®  Probe Hold™
_Analog Bar Graph 31Segments  41Segments
Battery Life 2,000 Hrs == 900 S 4 “Lelyy,
10A Range d v (Fused) v (Unfused)
Protective Holster | - Prar
3 Year Warranty v v
True RMS v
“Auto Max Min™ il
_Relative Mode v B
Self-Resetting Fuse v (40mAinput)
Price $159* $149

® Touch Hold & a regestered trademark of the John Fuke Mig. Ga.. inc. * 1990 Fiuke and Philips Catalog

Made in the U.S.A.

Your best auto-ranging multimeter for
the money. It doesn't happen by accident.
[t takes expertise, painstaking
R&D, and a solid commit-
ment {0 provide you with
the features you 've asked for
at a price you can afford.

other multimeters we ve built over the
years, it's designed for long lasting and

trouble-free use. So, go
visit your local dis-
tributor today and
check out the new
RMS225 digital

When you add it all up, the new Beckman
[ndustrial RMS225 simply outperforms
any meter in its class. And like all the

muitimeter. Once you compare
it to the others, the choi
will be obvious. {

Beckman Industrial”

An AMfibate of Emerson Elecirnic Co.

Instrumentation Products Division
3883 Ruffin Road, San Diego, CA 92123-1398
{619) 495-3200 * FAX (619) 268-0172 - TLX 24903)
Outside California 1-800-854-2708 Within California 1-800-227-9781

© 190 Bevioman lndustrral Corporanon. Spealficabons subect o change without notiee Fube 35 2 regstennd trademark of john Phuke Mig Co, e
CIACLE 98 ON FREE INFORMATION CARD
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VIDEO NEWS

® 20,000,000 stereo TV's. At least
20,000,000 TV sets equipped for Multichannel
Television Sound (MTS) sterao and second audio
channel reception have now been sold, indicating
that at least one American home in every five can
recelva television programs in stereo. Last year
was MTS stereo’s biggest year, when more than
8,000,000 stereo-equipped sets were 80ld,
representing 27.8% of all color TV set sales. That
is an increase of almost a milllon sets over the
5,100,000 stereo sets sold in 1988, which
repressnted 25.2% of that year's sales. In
addition, about, 1,800,000 VCR's sold in 1989 wers
able to recsive MTS stereo broadcasts, up from
1,400,000 in 1988,

® Welcome back, Majestic. Old-timers will
soon see anothsr familiar old brand back in
television stores. That is Majestic, which is belng
revived as a label sold to independent retallers
through distributors. The revival of Majestic
follows the similar reincarnation of the Crosley
brand (Radio-Electronics, August, 1989). Like
the new Croslgy brand, the new Majestie is no
relation to its namesake. The new Majestic brand
is being made for a distributor organization by
another old TV name—Wells-Gardner of Chicago,
one of the oldest private-label TV
manufacturers—from chassis and subassembliea
understood to be made by Zenith. The new
Crosley, a8 we reported earlier, is made by North
American Philips. Other ploneer brands which
have been revived by new parents include
Capehart, Dumont, Emerson, and Symphonic.

® Exit CD Video. Speaking of names, one that
never caught onh has been dropped. Philips and its
affiliated record label, PolyGram, have abandoned
their effort to promote “CD Video” as the new
name jor the optical videodisc. They adopted the
name back in 1986, when the laser videodisc'’s
fortunes were at a low ebb, in hopes that the
magic of the audio CD would rub off onto the
videodisc. One added attraction of CD Video was a
new 5-inch version that contained up to 8
minutes of video and 20 minutes of digital audio,
The 5-incher never caught on, but combination
CD and videodisc players brought a revival of the

DAVID LACHENBRUCH,
CONTRIBUTING EDITOR

videodisc, which is becoming increasingly
popular. Now Philips and other manufactursra
have agreed on a single name: “Lagerdisc.”

® Bky Cable. Activity on the direct satellite
broadcasting front indicates that a television
revolution will soon be under way. Two groups
have announced plans for new satellite ventures.
U.5. Satellite Broadcasting signed an agreement
with GE Astrospace to acquire a three-channel
satellite to broadcast directly to home antennas,
with Nationwlide Insurancs 45 a partner.

A second announcemsnt stirred up much more
publicity. A consortium consisting of NBC,
Cablevision Bystems, and Rupert Murdoch's News
Corporation said they will launch a high-powsred
direct satellite service in 1993 with up to 108
channels. Using three satellites in the same
orbital slot as US. Satellite Broadcasting’s bird,
“Bky Cable” will provide as many as 128
channels. The Sky Cable consortium satd tha 200-
watt power of its transponders will make it
possible for homes to use small flat antennas
measuring about 12 inches squara. Transmission
from the earth to the satellite will be digital, but
the satellite will send out, analog video signals. It
was estimated that receiving antennas plus
recelvers for the satellite will cost $200 to $300.

It's called “Bky Cable” because the sponsors
hope to make it avallable through local cable
operators for a monthly fee, but if congurners
wish to purchase the equipment and pay the
satellite broadcaster directly they may do so as
wall.

Both NBC and the News Corp. (Fox
Broadcasting) ingisted that none of their network
programs would be broadcast on the satellite, and
Cablevision said the aystem would be a
supplemant to cable and not a replacement. But it
was difficult to see what function terrestrial
broadcasting or cable would serve when 128
channels could be picked up from satellites with
a small investment on the part of the public, and
there was some feeling that investments in the
billion-dollar project by its network and cable
sponsors was a defensive mansuver—just on the
chance that direct satellite broadcasting might
make broadcasting and cable obaolate. R-E
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TIGHT SPACES

No matter where you g )
Tek’s new 222 is a perfect fit.

Introducing Tek's new 222 Digital Oscilloscope. Weighing Plus, the 222 lets you pre-define front-panel setups, and calt
Inat under 4.5 pounds, the new Tek 222 is an ultra-portabie, them up with a single button in the field. You can also save
10-MHz digital storage scope thats perfect for service applicalions.  waveforms In the scope's memory, then transfer them to a PC for
So tough, rugged, and totalty self-contained, it can go jus! analysis and hard-copy output when you gel back to the shop.
about anywhere. And it$s incredibly easy to use—even in Best of all, the 222 is yours for only $2350. And that includes
extrerne conditions. Tek's remarkable three-year warranty

on parts, labor, and CRT.

Get one to go! Pack a handfui of
k. power with you wherever you go. To
ot d order your 222, or lor a freg bro-
-"‘*"ré chure, contact your local Tek rep-

Extraordinary capability and reliability at
a great price. The 222 is a dual-channe|
scope that can measure a wide variety
of electronic instrumentation and
circuitry It has rechargeable on-

o

.-

. ~
board batteries with a floating - ‘ e resentalive or authorized
ground to 400 volts, and _ b distributor.
meets lough environmental \ : In a hurry? Call

standards. 1-800-426-2200.

Tektronix

COMMTTED TO E Tl Erars

Copprgin & 8L Iekiorua I, AN gy, eerwed

et Lot} 39 e i el Tres§

CIRCLE 92 ON FREE INFORMATION CARD
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RADIO-ELECTRONICS

ASK R-

LINES OF RESOLUTION

Please tell me something about the
horizontal resolution of the NTSC sys-
tem. According to the standard, there
are 525 horizontal lines per frame, but
my VCR only puts out 230 lines. Is that
lines per field or lines per frame? Sony
ED Beta machines claim to have more
than 500 fines and some studio cam-
eras are raled at above 600 lines—
more than the NTSC standard. How
can a TV display more than 525 lines?
And could you explain what dif-
ference there is between a “composite
video output” and a "video out-
put?*—m. Hart, Burbank, CA

| can understand your confusion
but you shouldn’t feel too bad be-
cause the whole issue of video reso-
lution is confusing. Even some
friends of mine who use the video
business to pay the rent don’t have a
clear understanding of exactly what
the numbers mean. Let’s start with a
bit of history.

The whole idea of using numbers
of lines to measure resolution had
its beginnings in the lens business.
As lens making progressed from
broken bottle bottoms to fluoride
coating and lasers, a standard was
developed to measure the amount
of detail a lens could transmit. As
you've probably guessed, the unit
that was chosen was the number of
lines per millimeter.

A “line of resclution” is defined as
an equal amount of white and black
area as shown in Fig. 1. A typical
resolution chart would have a series
of lines that get thinner and more
closely packed as you move across
the chart. In practice, the lens
would be pointed at the chart and
the projected image would be ex-
amined to see at what point it be-
came impossible to see individual
lines. That point would be desig-
nated as the resolving power of the
lens.

-

WRITE TO:

ASK R-E
Radio-Electronics
500-8 Bi-County Bivd.
farmmingdale, NY 11735

|

FIG.1

[t should be obvious to you that
there’s a problem with this method
since lenses don't have equal resolv-
ing power at every point on the
glass. That Is due, in part, 10 the-
oretical consequences of the optical
paths of the light, and also with
practical considerations of grinding
glass; a lens is usually much sharper
at the center than it is at the edges.
That's why the published resolution
of a lens is specified for a particular
point on the lens—usually the cen-
ter where the image is the sharpest.

The lines-of-resolution method of
measuring the sharpness of a lens
was carried over to most of the 1n-
dustries that were involved in the
business of reproducing images.
That includes printing, film, and vid-
eo. Each industry is concerned with
the amount of detail that they can
reproduce, but they also have
characteristics that differ from the
lens business. So, while they all re-
fer to lines when they talk about
resolution, they aren’t all talking
about the same thing. In short, the
video industry has made too much
use of the word “line.”

Wwww americanradiohistorvy comm

You're correct in saying that the
NTSC standard calls for 525 lines per
frame, but you didn't go far enough.
Standard NTSC video doesn’t just
call for 525 lines per frame, it's that
way by definition. Each field con-
tains 262.5 lines, and two fields
make one frame of video. A video
signal that puts out anything other
than that just isn’t conforming to the
NTSC standard. The signal timing
may be such that you can display it
on an NTSC-standard monitor, but
that means that it's really only “NTSC
compatible.”

Now, with that out of the way, ex-
actly what does ft mean to say that
some video device puts out 200,
300, 500, or 600 lines? What it means
is that there are two different kinds
of lines: the first is a line of video
and the second is a line of resolu-
tion. And what, you may well ask,
do they have to do with each other?
Absolutely nothing!

The way to understand how the
lines of resolution in video relate to
the lines of resolution used in optics
is to realize that video resolution
deals with the number of dots on
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each individual horizontal line of
video. Your VCR can put out 230
lines of resolution, but what that
really means is that it can display up
to 230 individual dots on each line.
Imagine that, using a video camera
and a resolution chart similar to the
one in Fig. 1, you made a tape show-
ing a few seconds of 200 vertical
lines, then 201, 202, 203, etc., on up
10 and past 230. when shown on a
TV, the image would look like ver-
tical lines, but it would really be a
series of dots. As soon as the
number of lines passed 230, the im-
age from your VCR would become a
gray blur rather than a series of indi-
vidual lines.

To get electronic about things,
the resolution of a video device is a
direct function of the bandwidth—
the more quickly it can turn dots on
and off, the higher the bandwidth
and the better the resolution on
each line. As a rule of thumb, you
can say that there about are eighty
lines of resolution per megahertz of
bandwidth. Sony’s ED Beta VCR
claims to have more than 500 lines of
resolution (we know that really
means 500 individually distinguisha-
ble dots per hotizontal line) at about
9.3 MHz...and that brings out an-
other point worth mentioning.

Our 80-line-per-megahertz rule
doesn’t seem to work with the Sony
because we haven‘t talked about all
the other parts of the signal. A
portion of the bandwidth has to be
used for the various subcarriers, IF,
color, and so on. And don't forget
that not all of the hotizontal line of
video is used for picture—more
than 16% of each line is reserved for
the horizontal interval where you'll
find such goodies as burst and hori-
zontal sync. Another factor to con-
sider is the capability of the
recording media. Metal tape can
handle a higher bandwidth (which
is another way of saying it has a high-

er frequency response), but even |

the best tape in the world just can’t
handle the maximum resolution de-
liverable by the ED Beta machine.
As far as what the difference is
between the “video” and "com-
posite video” outputs, | think we're
dealing with a lack of standard.
Composite video is a single signal
containing both picture information
and sync, while a plain video signal
may just contain only the picture
information. R-E
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Descrambler Article Parts
We stock Lhe exacl parts, PC Board and AC Adaplor

for two articles published in Radio-Electronics magazine
on building your own CABLE TY DESCRAMBLER

February 1984 issue

#7071 Perts.................19.00
Inciudes all ortginal ports.
#702 PC Board............ 7.95

Origina) 3x4 etched. drilied
ond Silk-screened pc board.

#704 AC Adaptor........ 7.95

Originel 13 volt OC & 200mno.

February 1987 issue

#3017 Parts.................. 29.00
includes all originol paris,
#302 PC Board............ 7.95

Original 5x8 etched, drilled
and g1lk-screened pc boord.

#304 AC Adaptor........7.95

Original 18 voit OC ® 200ma.

|¥701, 702 & 704........ 29.00 |

| #3017, 302 & 304........ 39.00|

Free article reprint with purchase.

Snooper Stopper....... 39.00
Cabla TV descrembiere can be
detected, Protect your privacy
with the Snooper StoPpar

Free orticle on Coble SnooPing.

Macrovision Kit............ 29.00
Hacrovision..now You sge it, now
you dan’'t wilh our macroscrubber
kit. Article was published in
Radio Elecironics 1987 isBue.

CALL TOLL FREE

Out side USA 1-508-699-69
Visa, Master Card and C.OD.

Add 33.50 S & H. $6.0D outside USA.
D & DElectronics, Inc., PO Box 3310, N. Attleboro, Ma.02761

1-800-332-3557
as .
Visa | | MC

CHEMICAL
SOLUTIONS

FREE CHEMTRONICS CATALOG!
Comprehensive new source for over
200 products used bn glectronic manu-
facturing and held service. E-Seres
products are CO, propeiled for 0zone
sately. Precision cleaning agents. ux
removers, bulk solvents, Grcuit retrig-
erants, precisiondusters, non-rasidual
wipers, premoistened pads/swabs,
antistaticcompounds. contormal coat-
ings, ubncants, adhesives. desolder-
ing braids and soidering products.
Complete with technical specifications
and application guide.

Chemtronics inc.
8125 Cobly Cantre Drrve
Kenngsdw, GA 30144

CIRCLE 54 ON FREE INFORMATION CARO
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THE ONLY SOURCE
YOU'LL EVER NEED!

SATISFACTION GUARANTEED
QUICK SHIPMENT
RELIABILITY = LOW COST

JAN CRYSTALS

PO. BOX 06017
FORT MYERS. FL 33906

(813) 936-2397

CIRCLE 104 ON FREE INFORMATION CARD

FOR FREE CATALOG. CALL OR WRITE:

TOLL-FREE:1-800-JAN-XTAL
(526-9825)
FAX ORDERS: 1-313-936-3?50/
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SAP ZAPPED

In his February “Video News"
piece on multichannel sound,
David Lachenbruch forgot one im-
portant thing: The average consum-
er cannot operate a stereo TV set.

WRC-TV channel 4 (Washington,
DC) rebroadcast NOAA weather au-
dio on their SAP channel as a public
service. After two days the SAP
channel was turned off. The switch-
board had been inundated with

e R & R Associates was listed as
a source for the printed-circuit |
board in the article entitled “lon
Meter” {(Radio-Electronics,
March 1980). Unfortunately, an
error appeared in the address.
The correct address is R & R As-
sociates, 3106 Glendon Avenue,
Los Angeles, CA §0034—not
“31066" as was printed. (Perhaps
the extra digit wouldn't make a
difference in most places, but
we've been informed that on
Glendon Avenue—whlich was
once featured in a television-
news filler as one of the most con-
fusing streets in Los Angeles—
residents have enough problems
with even properly addressed
mail} Sorry for the added con-
fusion. !
® In our Universal Descrambier
story (Radio-Electronics, May
1990}, the parts list contained a
couple of errors. First, the correct
part number for ICg is
CD22402E. Also, there were two
C39%; the 47 pF NPO [s actualiy
C34. In Fig. 3, what’s shown as
pin 16 of IC4-¢ Is actually pin 14,
The unlabeled capacitor above
IC4-d 1s C45. In Fig. 4, polarity
switch S3 should go 10 + 5 volts,
not ground.

' CORRECTIONS —’

calls and the FCC reported that they
had several hundred calls complain-
ing of interference on channel 4.

The station then ran an endless
tape loop explaining that the SAP
channel was selected and the view-
er should consult his owner’s man-
ual for instructions on how to return
to program audio. Again the phone
calls poured in. Some viewers even
insisted that the station send some-
one to “fix" their TV sets.

Finally, after three or four weeks,
the calls began to taper off. At that
point, the station began to broad-
cast NOAA audio again. The phone
calls returned, in increasing num-
bers each day. After a week, the SAP
channel was turned off for good.

| suspect that the SAP channel will
never be used for anything other
than regular-programming audio.
ROBERT FUTSCHER
Alexandria, VA

THE CORRECT WAVEFORM

| am writing to congratulate you
on an excellent article, “Glitches in
the Power Line” (Radio-Electronics,
April 1990). In all the magazines and
books | have ever read, only Radio
Engineering by Terman showed cor-
rect waveforms for rectifiers and fil-
ters. Now Radio-Electronics has
become number two, with Fig. 2 in
the article. Usually the waveform of
part {a) is shown while the filter and
load are intact, but in truth that
waveform is comect only with no
filter and no load or with purely re-
sistive load only, as the article cor-
rectly pointed out. The shapes and
phasing of parts (b) and (c) are about
as nearly correct as the drawing
scale would permit. | have pointed
out errors shown in respecied hand-
books to editors who refuse to cor-
rect their figures.

The rest of the article is very inter-

WWwWw americanradiohistorvy comm
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esting, and it was obviously written
by someone who knows the facts.
KENNETH E. STONE

Chermmyvale, KS

COMPARING CD PLAYERS

I must take issue with Dwayne
Rosenburgh’s letter in the March is-
sue regarding Larry Klein's De-
cember “Audio Update” column,
which dealt with sonic differences
between CD players. Rosenburgh
believes that the ABX tests to which
Klein refers prove only that there are
no significant differences between
expensive CD players and that a
“$1500 unit will always sound better
than a $300 model.” Rosenburgh is
overlooking the fact (mentioned in
the column) that two sets of ABX
tests were conducted. The second
dealt with costly players, but the
first set dealt with machines ranging
in price from a $450 Emerson (fre-
quently discounted to $200) to a
$1400 Meridian. On both occasions
the ability of listeners to differenti-
ate between any two CD players to a
statistically significant degree, 75%
of the time, with music as opposed
to test signais, was rare. As a case in
point, listeners could distinguish
between the Emerson and a $13000
reference Sony 26 out of 40 times
with orchestral music and 21 out of
40 times with jazz. The same lis-
teners could distinguish the Sony
from the Meridan 21 out of 40 times
with orchestral music and 20 out of
40 times with jazz. The averages
were thus 51% and 59% for the Me-
ridian and the Emerson, respec-
tively. A 50% average could be
achieved by pure chance. The only
conclusion we can reach from those
tests is that there are subtle sonic
differences between CD players,
but the differences between cheap
and expensive players are no great-
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COAX ADAPTER KIT

+ Creale any adapicr in seconds

* Make all combinations of BNC. TNC, SMA.
N, UHF, Min-UHF, F and RCA

The TP 3000A kit contains male and female

conneciors of all 8 rypes. and 6 universal wnter-

(aces. Simpiy screw any combenation of 24 con-

nectors 1o one of the mierfaces 1o create the

desired adapter. $150.

TEST PRORES INC. 9178 Brown Deer, San

Diego, Califorma 92121, Call wll-free for cata-

log: 1-BOD-368-5719.

CIRCLE 207 ON FREE INFOAMATION CARD

DELUXE TEST LEAD KIT

Uscrs cali TPl testleads The Absolute Best. The
TL52000 features the highesi quality cable in the
widustry with spring-loaded safety-siceved
plugs. U.L, Tisied {file ET9581). Kit: $29. Leads
& probes only: 519. Sanisfacnon guaranteed.
TEST PROBES INC. Call 10]l-free for calalog:
1-800-368-5719.

CIRCLE 208 ON FREE INFORMATION CARD

BNC ATTENUATOR KIT

Conains 4 anenuators — 3dB, 6dB. 10dB.
20dB; | feedthrough and 1 terminatien. Thick-
fibm ¢ircuitry for low reactances. Rugged de-
sign resists shock and lasts longer. Rectangular
shape stays put on the bench. Impedance: 5001
Frequency: IGHz. Maximum Power: 1kW
peak, 1W avg. VSWR 1.2:l. Aucnuator
Accuracy:20.2dB. Term:nations Resisance
Tolerance: £1%. $150.

TEST PRORES INC. Calltoll-free for catalog:
1-800-368-5719.

CIRCLE 209 ON FREE INFOAMATION CARD

ECONOMICAL SILICON

RUBBER TEST LEADS

Best value in mexlerately pnced leads. High
quality. soft. silicon rubber cable. Bunana plug
on measuring 1Tp accepts push-on accessories.
Plugs have spnng-icaded safety sheeves. Model
TLIO0O %14 Sarisfaction guaranieed.
TEST PROUES INC. Calltoll-free for catalog:
1-800-368-5719.

CIRCLE 210 ON FREE INFORMATION CARO

No Better Probe Ever
at This Price!

Shown here s
Model SP150
Switchable 1x-10x 49

CIRCLE 185 ON FREE INFORMATION CARD

Risetime less than 1.5 nsec.

» Universal - works with all
oscilloscopes

» Removable Ground Lead

» Excludes External
Interference - even on
5C0pe’s most sensitive range

» Rugged - withstands harsh
environments including high
temperature and humidity

* Advanced Strain Relief
cables last longer

» 10 day return policy -
performance and saisfaclion
9178 Brown Deer Road

guaranieed

! San Dicgo. CA 92121

+ Available in 10x, 1x and Toll Free t-800-368-5719
switchable 1x-10x 1-800-643-8382 in CA

Call for free caralog and Distributor in vour area

TEST
PROBES, INC.

CIRCLE 123 ON FREE INFORMATION CARO
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SERVICING RF
PRODUCTS

Signals picked up by the low capacity inpul of
the Spectrum Probe allow rapid evaluation of
problems. Simply placing the probe near a
component allows judgment of whether it is
active. RF lallures are easily established.

t0dB

per
o

100
v

frequency 100 MHz

A cordless phone (base statlen) is probed near
Hs 38.970 crystal in fig. 4. Both 39 MHz and its
second harmonic are obvious. The lowest ling
at 10.245 is alsc obvious and can be estab-
lished by probing the adjacent 10,2 crysial.
which then shows 10MHz as higher lavel than
38MHz. We have established receiver RF
oscillator/system operation in seconds with no
connection, Information, schematic. stc.|

10dB
per
D

100 To—
R —————

frequency 100 MHz

10dB

in

100
Friy

100 MHz
When the transmitter ig activated (by pressing
CALL), probing near the 15537 crystal pro-

vides fig. 5. Fundamental operation and many
harmonics aré shown. As the probe 1s placed

frequency

near the I'ollowing stages, the fundamental Is
decreased, and the third accentuated until the
relatively clean qutput of fig. 6 Is obtained near
the antenna lead. The transmitter AF is visible
in secondsl

107 SPECTRUM PROBE

converts any scope into a

é 100MHz spectrum analyzer
2

s $199 s

& Smith Deslgn 1324 Harris Rd.
a Dresher, PA 19025 (215) 643-6340
é CIRCLE 192 ON FREE INFORMATION CARD
14

| erthan the differences between any
two expensive players. On the sec-
ond testing, listeners expressed a
subjective preference for a $750 De-
non over a $2500 Tandberg.

TOM GORDON

Berkeley, CA

TAPE-DECK SPEED

As a long-time audio hobbyist,
I've followed Larry Klein's articles for
many years. | particularty agree wilh
his contention that there is no dis-
cernible audio difference in the
sound quality from CD players over
a wide range of retail prices. | work
with people who contend that my
hearing must be hopelessly messed
up because | hold that view! They
claim that the differences are easily
heard, as are the differences be-
tween (even new) pre- and power-
amplifiers. None of them, however,
can agree on precisely what con-
stitutes “the best” or “the most
accurate” sound. All they know,
they say, is that different pieces of
equipment sound “different.”

1 strongly disagree. | can readily
hear proncunced differences be-

/ |
Get A Complete Course In

ELECTRONIC |
ENGINEERING

8 volurmnes, over 2000 pages.
| Including all necessary math and |

physics. 29 exarinations to help
you gauge your personal pro-
gress. A truly great leaming
experence

Prepare now to toke advon-
tage of the growing demand for
people able towork at the engin-
eeling ievel.

Ask for our brochure giving
cormplete details of content. Use
your free information card num-
ber, or write us directly. 599.95,
Postoge Included. Satlsfaction
guaranteed of money refunded

Banner
Technical
Books, IncC.
1203 Grant Ave.
Rockford, IL 61103

CIRCLE &7 ON FREE INFORMATION CARD

s

/|

WWwWw americanradiohistorvy comm

tween differenl brands and models
of phono cartridges and loud-
speakers, but | find that those
whose specifications show their re-
sponses to be flatter, with low har-
monic and phase distortion over the
widest frequency range, sound the
most natural. Few, if any, of the mid-
to high-priced models produce un-
pleasant sound reproduction.

The real problem, I believe, is that
no sound recording and production
system | have ever heard can come
close to making me think that there
is a live acoustic instrument, voice,
or scene being listened 10. | can
walk into a crowded discoand know
instantly if the band is live or record-
ed. Loud acoustic instruments are

absolutely unmistakable even in a

high-nose environment. Recorded
sound is no more real than a pho-
tograph. | know only what the origi-
nal probably sounded like, just as |
can appreciate a picture as a reason-
able representation of the original
scene. No more, no less.

| fully support the ongoing efforts
of all audio researchers in their
quest for “real sound.” Great strides
have been made, and the equip-
ment that is widely available today
represents superb value and high
reliability. For the same money |
spent on a receiver 15 years ago, |
can buy one today whose perfor-
mance and reliability are tremen-
dously improved.

I'd like 1o suggest a simple meth-
od to determine whether a tape
deck is running at the wrong speed,
or if its speed is varying over the
long or short term. | have noticed
that few, if any, low- or medium-
priced cassette decks include tape-
speed accuracy in their specs. Since
tape speed determines absolute
playback pitch, accuracy is very im-
portant. |'ve recorded a 440-Hz tone
on normal tape, using the most ex-
pensive cassette deck | could find. |
play back the tape on the cassette
player to be tested, and check the
frequency with a guitar tuner—a rel-
atively cheap device that can be
found at any musical instrument
store. The indicator (LED or meter
needle) quickly shows if the play-
back machine is running at the same
speed as the machine on which my
tape was recorded, and if there is
any noticeable speed variation on
playback. A speed difference or
variation of +0.25% (1 Hz) is readily
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Discover Your Gareer Potential In
_High-Tech Electronics...Gall 1-800-366-8989!

CIE Gives You The Training You Need to Succeed...
At Your Own Pace...& In Your Own Home!

{ you're anxious to ge! ahead ...and
buiki @ real career.. you owe it to
yoursell 10 find out about the Cleveland

Institute of Electromics!

CIE can heip you discover your
career potential m the fast growing
field of high-tech eiectronics. A career
that wilt chalienge and excite you
every day.. neward you with & powerlul
{eeling of personal accomplishment...
and delives a level of financial secunity
you may have oaly dreamned of before!

As the leading school in home-study
electronics, CIE has heiped over
150,000 students in the U.5.A. and
over 70 foreign countries get started in
this exciting field. To lind out how CIE
could be helping you.. read on...then
send for a CIE catalog TDDAY!?

A Growing Need For
Trained Professionals!

The career oppartunities shown hene
are only a few of the challenging, high-
paying careers you could enjoy as an
electronics techmician

You could be the "brains™ betund the
scenes of an extiting TV broadcast .
trouble-shoot life-saving medical equip-
ment...design exolic new aeronautics
systems... CIE's (ob-ofiented programs
oifer you the quickest possible path to

the career of your deeams! And CIE also features
military and urion re-training. to build on what

you already know,
Dozens 01 Fascinating

Careers To Choose From!

Even if you aren't sure which career is best for
you, CIE can get you started with core kssons
applicable to alf areas of electroncs. As you
advance, CIE makes 10b opportunities availabie
to you through the bimonthly school paper,

=

Aviones

Musitary Electronics |

Personal Training From A
Renowned Faculty.

Unlike the impersonal approach of lame class-
mom study, CIE offers you one-on-one instructional
help & days a week, toll-free. Each CIE lesson is
authored by an independent specialist, backed by
CIE instructors who work directly with you to
answer your questions and provide technical assis-
tance when you need it.

|r{:IE World Headguarters

Practical Training...
At Your Own Pace.

Through CIE. you can tran for your
New career whike you keep your pres-
enl job. Each course allows a gener-
ous compiehion teme, and there are
00 imitations on how (as! you can
study. Should you aiready have some
electronics experience, CIE offers
several courses which start at the
ntermediate level

"State-01-The-Art"
Facilities & Equipment.

In 1969, CIE pioneered the first elec-
tronics laboratory course, and in 1984,
the: first Microprocessor Laboratory.
Today. no other home study school can
match CIE's state-oi-the-art equipment,
And all your laboratory equipment i
weluded i your tuition cost. There s
no extra chame—irs yours to use while
you stidy at home and on the job after
you complete your course!

Earn Your Degree To
Become A Professional
In Electronics!

Every CIE course you take eams you
credit fowards the completion of your
Associate in Applied Science Degree, so
you Can work towarts your degree in

stages. And CIE is the only school that awards you
for fast study, which can save you thousands of
dollars in obtaming the same electronics educalion
found in towr-year Bachelors Degree programs!

Call or wrile for details today!

Call TOLL-FREE L
1-800-366-8989 &

| Cleveland Institute of Electronics, inc.

Pt Hame

WwWww americanradiohistorv comm

| 1776 East 17th St.. Cleveland, Ohig 44114

O YES! Prease sand me your ndependent study catalog {For your conveniance,
CIE will have a representative contact you— there i o obligalon )

i _ Area Gode/ Phone NO. .
beoe for G Bill tadletin on educationad banefits

ail This Goupon Today! ..

— Apd

O Veteran O Actve [uty
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FRIENDLY VIDEOS
_‘The Pionecr In AT Clone Vidcos_'

COMPUTER
HOW-TO VIDEOS

"Video Tape Is A Great Tcacher”
f
] TOW TO BUILD YOUR DWN 18M
. | 288,388 AT CLONE COMPUTER
¥ . Easy o da bn & covple of everings
ﬁ , Of work with just & screwd e A real
MOyl

2 I
s
-

S0 MINUTES VHS $30.95
e

“SHAKE HANDS WITH YOUR PC/
XT/AT COMPUTER". A comphle
- USHCE hardwace and softmape
larming guice. Evenyihing trom

up. 10 the desciory
structure. 50 MINUTES VS 129 93

“HOW TD UPGRADE YOUR PC OR
XT COMPUTER TO AN AT FOR LIN-
DER §200°. Al IN 0ne avening with
only 8 screwdimwer. Complele step-
Dy-Si%P uide, armyone can da il
30 MINUTES VHS $24.95

“HP LASERJET SEFUES ¥ PRIMERT.
Tha moat complele vdeo pvatabke
on lasar printing, {eaturing the Las-
erlet N priner, desatop publihing,
1onts, hardware and softwirg acces-
sorex.  SOMINUTES VHS 540,65 |

o |
FREE OFFER!

SAVE $40 NCW by orderning the compheie set of all four
b o the rdi LOW PRICE of 3100, and re-

seen. Speed adjustments are made
as easily as tuning a guitar string
(provided the user knows which pot
to turn) just by watching the meter
and setting it to 0, or 440 Hz.

Is this a recognized method of
assessing cassette-lape speed? If so,
do you know where | can obtain a
pre-recorded tape with the 440-Hz
tone at exacily the correct speed?
GEOFF SALE
Burnaby, B.C., Canada

Thanks for your comments and
kind words. | agree wholeheantedly
with most of your commenls. Your
technique seems reasonable to me,
although ! can’t be sure without try-
ing it (which I'm not set up to do at
this lime). for very high quality refer-
ence tapes of all types, request a
catalog from Magnetic Reference
Laboratories, 229 Polaris Avenue,
Suite 4, Mountain View, CA 34043
(415-965-8187).—L arry Kleln, Audio
Editor

THERMOELECTRIC ENTHUSIAST
I am one of those “arcane” engi-

Be an FC
LICENSED

ELECTRONIC TECHNICIAN!

| .T;”— |
/j-ri"ﬂwm

neers who thinks that ther-
moelectric modules are one of the
greatest things to hit the planet in a
long time (Hardware Hacker, Radio-
Electronics, January 1990}, along with
the U.5. space program, the French
railways, and the U.S. submarine
fleet. For one thing, the hot side of
the thermoelectric module can al-
ways be kept at an ambient temper-
ature by water cooling its heat sink.
(My umit runs at 5°F above ambient
with an extremely small “hot” sink
and air cooling.) My unit was put
into service in 1976 and has an excel-
lent refrigeration record. Also, elim-
inating compressors, freon, plumb-
ing ammonia, CO,, and ozone
destruction more than compen-
sates for any supposed limitations.
And finally, yes, my unit does make
ice, at about the same rate and time
as my freon refrigerator.

). LINDNER

San Jose, CA

PCjr DOCUMENTATION

| was pleased to read in Shawn
Bobbit’s letter (Letters, Radio-Elec-
tronics, February 1990} that he re-
cently purchased an IBM PCjr, and
was oy to learn of his difficulty in
obtaining technical information re-
garding the PCjr. In fact, technical
literature is available for all of IBM’s
Personal Computers, including the
PCjr. The “Hardware Technical Ref-
erence Manual for the PCjr” is listed
in the current directory of technical
literature for IBM’s PC’s. A call to the
toll-free number (800-1BM-PCTB)
confirmed that the manual is cur
rently available.

I hope this information comes in
handy for Mr. Bobbitt and other Ra-
dio-Electronics readers.

RADIO-ELECTRONICS

=
o

No eosily School. No commuting to class.
The Original Home-Study course pre-
pares you for the "FCC Commercial Radio-
telephone License™ This valuable license
is your “"ticket™ to thousands of exciting
Jobs in Communications, RadioTV. Micro-
wave. Computers. Radar. Avionics and
maore! You don'l need a college degree to
qualify, but you do need an FCC License.
No Need to Quit Your Job or Go To School
This proven course is easy. [ast and low
cost! GUARANTEED PASS — You get your
FCC License of money refunded. Send lor
FREE facts now. MAIL COUPON TODAY!

I commanp PRODUCTIONS 1

I FCC LICENSE TRAINING, Dept. 50
P.O. Box 2824, San Francisco. CA 94126

Please rush FREE detpils immediately!

calep. atmohiely FREE, "Afef Hours™ - & software pro-
gram to hum your PC Inkd an unaftended brstage

JOHN R. SOMMA
18M Corporation
White Plains, NY

ORDER Feoeas—

NOwI ¢ VIah

TOLL FREE: 1-800-PC-BUYER
Customer Sarvica oF CA, Call (?14) 898-4055

LEFT-RIGHT IMBALANCE

In regard to Larry Klein's discus-
sion on LR speaker imbalance, |
have found that the problem is often
due to the values of the capacitors in
the crossover networks; they shift
over time. Also, all connections
from the amplifier output to the
speaker itself must be good. A poor
connection anywhere in the line will
cause a considerable loss of power

Friendly Videos REOS
PO Box A684

Gacgen Grove, GA 92645 {714) 8584055
Please fugh me ihe following VHS format res:

g Clone sty @ £30.08 “Shake’ & 52998

PO Lpgracde™ (& 52495 "Laser et @ §40.95
Compiete Set including software & 3100
(Ackd §1 S&K per video, and cales tax M CA address)

1

1

Hame - .
1

1

1

e

B — | to that speaker.
Cay, Sate, 70 sy JOHN S. COX
S ; LE‘I‘-‘---------S-I‘-TE-I---ZI:--- wncouver' BC R-E
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ONCE YOU'VE

OT IT DESIGNED, YOU'VE

Now you can take those hot, new logic or
block design diagrams, and quickly, easily
bring them up to réality...in minutes. .. without
soldert

Build circuits as fast as you can think. Test.
Modity. Expand. Without burned-out parts or
bumt fingers. Save time, money...and prove
that you know that you're taiking about..

betore you use your CAD.

Specity PROTO BOARD Brand, Today's rec-
ognized Standard for Quality in breadboard-
ing. Here are five expandable breadboards,
oflering countiess arrays of sotderless sock:
ets and bus strips that emulate pc board lay-
outs. Pop in components. Pop them oul
again. Microprocessors. Memory. Large DIPs
Tiny discretes. Makes no ditference. The pat-
ented aluminum backplane 1ats you work at

-.GOT IT MADE.

GLOBAL SPECIALTIES

Irequencies Irom DC to half-a-GigaHeriz
or 500MHz.

Need power? A paowered PROTO
BOARD Brand offers up lo triple voilage
power supplies, +35V, +12V, — 12V, with reg-
ulated/current limited DC power. Over 2,250
tie points with 24 IC capacity and 14 pin
DiPs. Super for TTL, CMOS, Op-Amps and
microprocessor circuits. And lots more.

Best of all, your hassle-free Amencan-made
PROTO BOARD Brand comes with an unlim-
iled lifetime guarantee on all the breadboard
sockets. Prices are so modest, you'll wonder
why you waited this long to specify PROTO
BOARD Brand. Order today.

=

Ecwow eoies -

il ¥y
&=
=) ) : GLOB AL Global Speciaiies. An Interplex Electronics Company. 4
= & Call toll-free for details 70 Fulton Terrace. New Haven. CT 06512. n
Telephone: {203) 624-3103. £ Inlerplex Elgcironics 1989, o
1 '8 00'572'1 028 All Global Spaciaities breadboarding products made in USA. 8
AOO10
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EQUIPMENT REPORTS

NCiI PA480 PC-Based
Logic Analyzer

Turn your PC into a 48-
channel, 25-MHz lLogic
Analyzer

CIRCLE 13 ON FREE INFORMATION CARD

ONE OF THE OFTEN-IGNORED RESULTS
of the “computer revolulion” is that
PC-based instrumentation is rapidly
taking over many phases of product
development. Today, an engineer
working at his PC can design, de-
bug, and lest a new product. A good
example of how it's happening is the

Look what
VYOIl ¢anl stlll buy

joronly 1°° |

PA480 PC-based logic analyzer from
NCI (6438 University Drive, Hunt-
sville, Alabama 35806).

The PA480 consists of a main log-
ic-analyzer card, an interface cable,
and an acquisition pod. The main

| e —c— c—
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card plugs into a free slotof a PC. A
DIP switch allows the user.to
change the address at which the
card resides to avoid conflicts wilh
other boards thal may beinstalled in
the computer. After the board is in-
stalled, a 60-conductor flat ribbon
interface-cable is attached toit at the
computer’s rear panel. The other
end is atlached to the pod.

Using the analyzer

Once the simple mechanical in-
stallation is complete, the computer
is powered up, the pod is connecied
to the circuit of interest, and the
operating software is run. While the
software is dependent on the par-
ticular pod being used, a represen-
tative example of the main or
command menu is shown in Fig. 1.

The best way to explain the opera-
tion of the analyzer is to look at each
of the main menu commands, al-
though not necessarily in the order
they’re presented. The first one
we'll look at is the co command,

* [mwwivam } which initiales the acquisilion of
N e ot 4 E data and the generation of a new
e esth 10 B8 vt bt comaed el 18 F e trace, 1he pictortal display of data.
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Radio Shack Parts Place

Parts “Hotline” Service!
Thousands of Items Available

Your Radia Shack stare manager can special-order a huge variety
of parts and accessories dlrect from our electronics warehouse—
Realistic® Long-Life iubes, linear and digital ICs, microprocessors,
support chips, phono cartridges and styli. crystais, special-
purpose batteries, diodes, selected modules tor TVs and audio
equipment. AUtosound wifing harnesses. accessones, even SAMS
Photofacts®. No handling charge, no shipping charge—Jjusli
speedy delivery (o the Radio Shack near you!

Brushless Fan IR Detector

‘ ' 1695 | 349

Opeopigs Modulg operates

On 12vDC on 5VDC, board
mountatbie. SHex Simplifles

Tiny. fough and aetficient! Rated 150 | 12 x Y927 With
MA. 99 % 196 X *¥re” #273-244 data. ¥276137 IR Design

Diode Rectifiers

@

3-Amp "Barrel” Type Dlodes
200-Amp Surge

Speaker Stuff

m“’@o

= {2)
{1} MEGACABLE™. Hi-walage, 12.

[ Pesk imverse [ Cau—['Pig | #278-1268 . . . Per Foat 99¢

e Votage | No | o2 g old Terminals for MEGA-
|_:m 50 Piorial| 99| | CABLE. #64-401 ... Sel of 8/4.99
INSHR 200 lﬂﬁ-nn 119 {3) Terminal Knobs. Screw-down
[ INBa04 400 2614 129 | large cable. #274-619 . __ Set 5,95

Gold-Plated Plugs and Jacks

YOUR ONE-STOP STORE FOR BIG ELECTRONIC VALUES

Build with the Best—O0ver 1000 Components in Stock!

Amateur Radio License Guides

495 ,, 1995

Home Study Courses
For FCC License Tesls

Hovice Voice Clase License
Prep Course. Wilh casseties.
#62.2402 . . 19.95
Technician Ciass Manual.

#62-2103 4.95
General Cless FCC License
Course. #62-2404 19.95

IC Tool Set

Motor and Chime

— 99° E
623 = E @ 899

{1} 1.5-3V DC Motor. For robolcs,
projects. 1%z x '¥a® dia, #273-223
{2) Doorbell Chime. ICimini-speaker

Install &nd remave 6-pin 10 40.pin
DIPs without damage. Works with
L$I. MSI, and 3IP devices Both tools

are groundable. #276-158) combo. 6-18VvDC, 5 jeads. #273-0M1

Dress It Up Halogen Lamps

{1) 2
{1
1 2 3 Each

{1) Classy Two-Piece Enclosure.
Accepts PC board and 9V battery
S¥aw2'am 1 s #270-257 .. 4.99 | (1) HPR50. Far 4-cell fiashights and
{2) Project Lsbels. Faur 77 x3* | B-volt lantgrns. ¥272-1189
sheets Of rub-on letters and symbois. | (2) HPRS52. For 2-cell flashlights and
#270-20 S# 2,99 | 3-volt lamens. #272-1190

Wire Connectors & Accessories

3995

Sl Gem

QOver 1000 [tems in stock! Bindin
Clips, Coax, Connectors, Fuses,

Prices apply at participating Radio Shack 10ty and dealers

53

A greal valuel Measures to
1000VDC and 750VAC. With

::::;: Uses Swandard

egmass Electronic Symbols

BOEEO EC-4035 makes design

ooosa math a snapl Has 110 func-

onone fions, meamory. With case 0.5%
and banenes. #65-983 tra. #

Posts. Books, Breadboards, Buzzers. Capacitors. Chokes,
ardware, ICx, Jacks, Knobs, Lamps. Multitesters. PC Boards,
Plugs, Recliflers, Resistors, Switches. Tos, Transformers, Transslors, Wire, 2eners, Moret

ah @ Wy & 2 3) R -
' - 4
(3) N O 4 wOe (5)
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Put Professional Knowledge ond o

COLLEGE DEGREE

in your Technical Coreer through

Add prestige and earning power to
your technical career by earning
your Associate or Bachelor degree
through directed home study.

Grantham College of Engincering
awards accredited degrees in

electronics and computers.

An impornant part of being pre-
pared to move up is holding the
right college degree, and the abso-~
lutely necessary part is knowing
your field. Grantham can help you
both ways—to learn more and to
earn your degree in the process.

Grantham offers two degree pro-
grams—one with major emphasis
in electronics, the other with major
emphasis in computers. Associate
and bachelor degrees are awarded
in each program, and both pro-
grams are available completely
by correspondence.

No commuting to class. Study at
your own pace, while continuing
on your present job. Learn from
easy-to-understand lessons, with
help from your Grantham instruc-
tors when you need it.

Write for our free catalog (sce address
below), or phone us at toll-free
1-800-955-2527 (for catalog requests
only) and ask for our “degree catalog.”

Accredited by
the Accrediting Commission of the
National ttome Stady Couucil

GRANTHAM
College of Engineering
10570 Humbolt Street

Los Alamitos, CA 90720

Huntron DC Line Sentry
Voltage Monitor

Keep tabs on low-voltage
DC power supplies.

CIRCLE 11 ON FREE INFORMATIDON CARD

ONE OF THE MOST DIFFICULT PROBLEMS
for the technician to diagnose is the
intermittent one. Often, the most
effective way to catch the problem is
sheer luck. In the absence of luck,
expensive test equipment—such as
storage scopes or chart recorders—
must be called into action.

While intermittent problems can
appear anywhere in a circuit, their
causes can often be tracked back to
the power-supply section. That’s the
idea behind the DC line Sentry
from Huntron Instruments, Inc.
(15720 Mill Creek Blvd., Mill Creek,
WA 98012). The DC Line Sentry lets
you keep tabs on a power supply
without calling out the “heavy artill-
ery.” It's an easy-to-use voltage
monitor that can detect and “re-
member” whether a power supply
stays within specified limits during
the time it is monitored. If the
power supply passes the test, yet an
intermittent problem occurs, then
you know to look elsewhere for the
source of the trouble.

The DC Line Sentry is housed ina

! gray plastic case that measures

WWWW.americanradiohistorv.comm

roughly 4% x3%x1% inches and
weighs about ¥ pound. It's powered
by a 9-volt alkaline battery. The front
panel contains two input banana
jacks, four slide switches, and 6 LED
indicators.

To use the unit, the supplied test
leads are inserted in the input jacks,
and are hooked to the supply under
test. A pair of switches is used to
select one of the four test voltages:
+5, +12, +15, and +24 volts, A
third switch is used to select either a
5% or 10% tolerance range, and the
fourth switch powers up the tester.

When the tester is turned on, the
green N RANGE LED should flash to
indicate that everything’s OK, and
the DC Line Sentry is monitoring
the voltage. If however, you acci-
dentally hooked up the test leads
backward, the red necanive LED
would flash. You would then have to
switch the leads and reset the tester
with the power switch by turning it
off and on.

The DC Lline Sentry can detect
any out-of-range condition with a
duration greater than 50 millise-
conds. If the supply voltage goes
above the set limit, the asove LED
will flash. If the voltage then returns
Lo its correct value, both the v
RanGE and asove indicators will
flash. As you might expect, an un-
der-voltage condition will start a
sELow LED flashing, and a power
failure will flash the power FaILED
indicator.

A sixth LED is used to indicate
battery condition. When the batiery

ets weak, the Low garrery LED
lashes. The indicator remains on
steadily when the battery must be
replaced. The estimated lifetime for
a 9-volt alkaline battery is 2000
hours. That should be long enough
to catch all but the most stubborn
power-supply intermittent.

Huntron's DC Line Sentry is cer-
tainly not a revolutionary new piece
of test gear. There is other equip-
ment that can duplicate its func-
tionality. Even some high-end digital
multimeters can capture slow
power-supply glitches.

Yet the DC Line Sentry has its ad-
vantages: It5 extremely easy to use,
and it lets the more expensive alter-
natives be used for more demand-
ing tasks. With a suggested retail
price of $125, it should find many
applications in which it can prove its
cost-effectiveness. R-E
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LOGIC ANALYZER
continued from page 18

Once the data is acguired, there
are several different ways to display
it. The paGRAM command displays
the captured data in the form of a
timing diagram, as shown in Fig. 2. It
should look familiar to anyone who
has ever examined a data book or
seen a logic analyzer In action.

A pair of cursors {which are barely
visible at the left side of the diagram
in Fig. 2) help to make measure-
ments easier. Notice the numbers
down the right side of the display.
They indicate the value of the trace
at the cursor position. As the cursor
is scrolled through the display,
those numbers change, as do the
numbers across the top of the
screen the indicate the position of
the cursors and trigger, and timing
differences between them.

The assemsry command displays
any daia that has been captured as
disassembled microprocessor in-
structions. The command is spedific
to the pod being used. For example,
if you used a 8088 pod, and captured
data from the data bus of an operat-
ing 8088 microprocessor, you could
display those data as the micro-
processor's mnemonics.

The Numerical command dis-
plays the data in a user-chosen nu-
merical format, which is entered
from the rormar menu. The user
can divide the data from various
channels into eight user-defined
fields. For example, 16 channels
could be used to examine 1he ad-
dress bus of a microprocessor, while
another 16 channels gathered data
from the data bus. Each grouping of
input channels can have an 8-
character name, and the data can be
displayed in hex, binary, octal, deci-
mal, or ASC)| formats.

Switching to the ReCORD menu al-
lows trace data, numerical data, set-
up conditions, and the like to be
stored or recalled to or from disk. It
is one of the features that become
simple on PC-based systems.

The TRIGGER menu allows up to 16
trigger words to be entered, while
the trigger SEQUENCE menu provides
a powerful trigger sefection and edi-
ting menu.

The trigger sequence can have up
to 16 levels, and can use a total of 16

continued on page 87
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THE MODEL WTT-201S ONLY THE S1ZE OF
A DIME, yet ransmits both sides of a tele-
phone conversation to any FM radic with
crystal ciarity Teiephone line powered - never
needs a battery! Up to i mile range._ Adjusta-
ble from 70-130 MHZ. Complete kil $29.95
+$1.50 S+ H. Free Shipping on 2 or moret
COD add $4. Call or send VISA, MC, MO,
OECO INDUSTRIES, Box 607, Bedford
Hills. HY 10507. (914) 232-3878.
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CALL NOW
AND

RESERVE
YOUR SPACE

# 6 % rate $940.00 per each insériion.

# Fast reader service cycle.

# Short lead time for the placement of
ads

# We typeset and layout the ad at no
additional ¢harge.

Call 516-293-3000 to reserve space. Ask
for Artine Fishman. Limiled number ol
pages availlatie. Mail materials to:
mink-ADS, RADIO-ELECTRONICS. 500-
B Bi-County Blvd., Farmingdale. NY
11735.

CABLE TV CONMVERTERS AND DE-
SCRAMBLERS SB-3 $79.00 TRI-BI 595.00
MLD-$79.00 M35B $69.00 DRZ-DIC
$149.00. Special combos available. We ship
COD. Quantity discounts. Calt for pricing on
other products. Dealers wanted. FREE CATA-
LOG. We stand behind our products where
others fail. One year warranty. ACE PROD-
UCTS. PO. Box 582, Saco, ME 04072 1
{800} 2334-0726.
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contact east

SAMEDAY
SHIPPING

rar SRl

FREE 1990 QENERAL CATALOG OF
TOOLS & TEST INSTRUMENTS. Contact
Easts new 148 page calalog offers products
lor testing, repairing and assembiing elec:
tronkc equipment. i comes packed with over
10,000 quality products from brand-name
manufacturers. Included are DMM's. probes,
static supplies, hand 1008, tool kits, 1es!
egquipment and more. Contains full ¢olor pho-
105, descriptions and discounted pacing.
CONTACT EAST, 335 Wlllow St., North An-
dover, MA 01845 {508) 682-2000.

CIACLE 55 DN FREE INFORMATION CARD

(T-10 INTERFACE TUTOR. Explore compat-
er inlerfacing with high-quality IBM-PC-com-
patible hardware. The circuit board with
spaaker, keypad, A'D, VA, DIO, and step-
ping motor permits hands-on study of inter-
facing tasks and custom expeariments.
Includes manuals and exercises. Product de-
veloped by the author ol Hardware and Solt-
ware Interfacing for IBM PCs and used in
colleges worldwide. ROYER ASSOQCIATES,
206 Santa Margarita Ave., Menlo Park, CA
94025, {(415) 326-8079.
CIRCLE 187 OM FREE INFDRMATION CARD

—

SIMPLY SMAP THE WAT-50 MINIATURE FM
TRANSMITTER on top of a Sv battery and
hear every scund in an entire house up 1o 1
mile away! Adjustabie from 70-130 MHZ_ Use
with any FM radic. Compiete kit 529.95 +
$1.50 S+ H. Free shipping on 2 or more! COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878.
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NEW PRODUCTS

MINIATURE COMPUTER
SYSTEM. Ampro's Mini-
Module expansion board
couples their Little
Board/386, /286, ar /PC sin-
gle-board computers to
Reflection Technology's Pri-
vate Eye display (Radio-Elec-
tronics, February 1990) to
form a complete system that
takes up less space than a
standard 5¥-inch disk drive.
The Private Eve display uses
proprietary technology to

create an image of a 12-inch.

mMonilor in a miniature pack-
age that measures just
1.2x1.3x3.2 inches and
weighs about 2 ounces.
When held to the eye or
mounted on a headset for
hands-free viewing, the m-
age appears to float in space
in front of the viewer's eye
with quality and resoluticn
matching that of a PC display.

The new MiniModule/Pri-
vate Eye provides the elec-
tronics to drive the Private
Eye as an IBM CGA-compati-
ble graphics display when
used with any PC- or AT-
based application software
and one of Ampro’s Little
Board single-board systems.
It features rugged, industrial-
grade design, a wide operat-
fng temperature range
(0-70°C), and CMOS con-

CIRCLE 26 ON FREE INFORMATION CARD

struction for low power con-
sumption (less than 0.5
watts) from the +5-volt sup-
ply. Each MiniModule is a
3.5 %3.8-inch circuit board
that attaches directly 10 a sin-
gle-board system and inter-
faces via PC-bus-compatible
signals.

The small size and low
power consumplion open
the door for a wide range of
portable applications for the
MiniModule/Private Eye with
single-board systems, in-

cluding telecommunica-
tions, portable terminals,
mobile data displays, poria-
ble data-entry and -retrieval
systems, medical elec-
tronics, industrial control-
lers, and maintenance and
repair work.

The MiniModule/Private
eye is priced at $250.00 in
quantities of 100..—Ampro
Computers Inc., 1130 Moun-
1ain View/Alviso Road, Sun-
nyvale, CA 94089; Tel.
408-734-2800.

RS-232 CONNECTOR KIT.
The 272-piece RS-232 Com-
mercial Connector Kit from
fensen Tools is designed 10
simplify on-site fabrication
and maintenance of R5-232
cable connectors. It can be
used 1o make straight null-
modem hookups and eco-
nomical patchcord connec-
tions between keyboard and
TNC for packet radio, and for
many other DB25 patchcord
applications. The kit in-
cludes 16 plug (male) and 6
receptacle (female) 25-pin
connectors, oné inseriion/

-
e S,
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extraction tool, 50 cable ties,
and a compact plastic stor
age box. Connector hoods

are available separately.

The R5-232 Commercial
Connector Kit costs
$69.50.—Jensen Tools Inc.,
7815 South 46th Street, Phoe-
nix, AZ 85044; Tel,
602-968-6231.

MULTI-BAND RECEIVER.
Providing continuous fre-
quency coverage from
25-550 MHz and from
800-1300 MMz, ACE Com-
munication’s MVT-5000 100-
channel hand-held receiver
allows reception of civil and
milftary aviation bands plus

Wwww americanradiohistorvy comm

all public-service bands, AM
or narrow FM reception
modes are selectable at any
frequency. Twenty front-pan-
el keys allow programming
of 100 scan memory chan-
nels. Pairs of upper and
lower limits for bands 10 be
searched can be stored in
ten separate search memory
locations. RAM memory is
backed up-by a long-life:
lithium battery. The
MVT-5000 offers an energy-
saving "sleep” mode, in
which the computer will ac-
tually power down all operat-
ing circuits and display the
word “sleep” on the LCD,
and power up only
peripdically to check for ac-
tive transmissions.

The compact radio mea-
sures 7 X 2% x1% inches and
weighs only 13 cunces. 1t in-
cludes a 120-12-volt wall plug
adapter/charger, a fused DC
cigarette-lighter charger
cord, a telescopic antenna, a
carrying case, and AA-size re-
chargeable batieries.

The MVT-5000 hand-held
receiver has a suggested re-
tail price of $499.00.—ACE
Communications, Monitor
Division, 10707 East 106th
Street, Indianapolis, IN
46256; Tel. 317-842-7115.

CIRCLE 28 ON FREE
INFORMATION CARD
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POCKET-SIZE DIGITAL MUL-
TIMETER. A.W. Sperry’s
DM-4200A 3¥a-digit, rotary-
switch digital multimeter of-
fers pocket-size portability
without skimping on fea-
tures_ It incorporates nine
functions on 33 ranges. The
instrument provides a diode-
test function, battery test,
and HFE transistor test. It fea-
tures an instant continuity

CIRCLE 29 ON FREE
INFORMATION CARD

buzzer, a built-in test stand,
overload protection, 150-
hour battery life, and re-
cessed input terminals de-
signed for safety. The
DM-4200A, which comes

with one set of tesi leads, a
battery, and one installed
fuse plus a spare, costs
$64.95. —A.W. Sperry Instru-
ments Inc., 245 Marcus Bou-
levard, Hauppauge, NY
11788; Tel. 516-231-7050.

PROTOCOL ANALYZER SYS-
TEM. Designed for use in
troubleshooting asynchro-
nous serial data-communica-
lions systems, Global Spe-
cialties’ GS500 portable ana-
lyzer has extensive diag-
nostic capabilities to assist
you in baud-rate analysis,
data word format, ASCIl or
hex data monitoring, and
test-data generation. It can
operate in both automatic
and manual modes, and is
small enough Tor field-ser-
vice applications. When it’s
connected to a standard os-
cilloscope, it provides a 32-
character display.

When combined with the
GS501 Display Module and
the GS502 Break-out Box, the
GS500 is transformed into a
complete portable, hand-
held system, requiring no
oscilloscope. The break-out

(ﬁ
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box provides full breaking
and patching of 25 lines, plus
data moniloring of the ana-
lyzer's transmit and receive
lines. Using the test-data-
generation mode, the sys-
tem can be used to check the
operation of printers, termi-
nals, and other devices when
a transmitting device is not
available. The battery-
powered system will typ-
ically operate for 100 hours.
The G5500 analyzer, GS51
display, and GS502 break-out
box cost $179.95, $99.95, and
$119.95, respectively.—
Global Specialties, 70 Fulton
Terrace, New Haven, CT
06512; Tel. 203-624-3103.

HAND-HELD UNIVERSAL
TIMER.COUNTER. A 10-digit
frequency counter from
Optoelectronics incorpo-
rates high-speed ASIC and
custom LCD technology to
provide direct-count fre-
quency capability (1-Hz reso-
lution in one second) to over
150 MHz. The model UTC
3000 features switched pre-
scalers to maximize resolu-
tion for frequencies to over
2.4 GHz, and multiple pre-
amplifiers for maximum usa-
ble sensfuvity to allow effi-
cient antenna pickup mea-
surements. A 16-segment
bargraph displays input sig-
nal level to ensure reliable
counting and to aid in RF se-
curity sweeps.

Frontzpanel controls~in:
clude pushbuttons for gate
selection {four gate times},
function, and input selec-
tion, and also has hold, pre-
scale, and direct-count se-
lect switches. Calibration
and bargraph adjustments
are accessible from the front
panel, which also features a
gate LED and a power switch,
In addition to the frequency

Cut Your Video
Servicing Time
by 54%*

$3,495
Patented

With The Market Proven VAG62A Universal Video Analyzer"'

Are you finding it tough to service today's hi-tech VCR and TV
circuits? Successful video servicers have told us that, to them, the
new technology meant lost profit and troubleshooting griet until
they tried the VAB2A’s time tested, functional analyzing methods.
The VAG2A cuts sérviting time and increases profits .

*Based on a nationwid® survey of users who reported an average time
savings of 54% compared 10 their previous test equipment.

Yous can prove it to yourself, in your shap, absolutely nsk free—
and share in the profits successtful video servicing ¢an bring. Call
1-800-SENCORE 7ae-2673; and ask aboul our exclusive
VAG2A Instrument evaluation program. Tech-Tape Video Preview
and FREE full line color catalog are also available.

SENCORE

3200 Sencore Drive, Sjioux Falis, SD 57107

100% American Made
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and bargraph display, the
customn 120-segment LCD has
annunciators for function,
gate time, number of cycles
averaged, units, and low bal-
tery voltage.

The UTC 30005 universal
timer-counter functions in-
clude period, period aver-
age, time interval, time-
interval average (0.1-ns reso-
lution), and ratio. Both S0
ohm and 1-megohm inpul
amplifiers are provided. The
overall range is 10 Hz to 2.4

GHz. With its field-installa-
ble internal Ni-Cd battery
pack (providing up 10 two
hours operation) and its
compact size (approximatety
4% 5% x 1% inches), the unit
is highly portable. A 11G-volt,
60-Hz wall plug adapter/
charger is included. Opiions
include four different anten-
nas, three probes, a preci-
sion 0.2-ppm TXCO time
base, a camying case, and a
second parallel baitery pack
to extend portable operation
time.

The UTC 3000 hand-held
universal counter timer costs
$375.00.—Oploelectronics,
Inc., 5821 N.E. 14th Avenue,
Fort Lauderdale, FL 33334;
Tel. 305-771-2050.

DIGITAL TRANSISTORS. For
use in swilching circuits,
drivers, interface circuits,
and inverters, and for inter-
facing  with elec-
tromechanical systems, the
“KSR" series of transistors
from Samsung have built-in
bias resistors. Eliminating the
need for external bias re-
sistors in their application

CIRCLE 32 ON FREE
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circuits results in a significant
saving of space.

There are 28 transistor
types—half are NPN devices
and half are PNP—available
in three different styles of
plastic packages. The TO-92
and TO-925 packages have
three Iong parallel leads ex-
tending from the bouom.
The compact SOT-23 is a
plastic surface-mount pack-
age with minimal parasilic
capacitance and inductance.
Its small-outline package has
gull-wing-shaped leads for
base and emitter on one side

and for the collector on the
other side.

Unit prices are 5 cents api-
ecefor the TO-92and 7O-4925
packages, and 6 cents apiece
for the SOT-23 packages, in
quantilies between 100 and
999.—Samsung Semiconduc-
tor, 3725 North First Street,
San Jose, CA 95134-1708; Tel.
408-343-5400.

INFRARED DETECTOR.
While conversion of infrared
light to visible light is not
néw, most converters re-
quire batteries or other
power supplies for infrared
detection. Com/May Saref-
lite Systems’ IR Detection
Card makes use of a recent
technological development
to passively deteci infrared
light. The detector is a busi-
ness-Card-size device that
has transmissive phosphor
erystals heat-seal laminated
at its center. Those Crystals
emit an orange glow when
subjected to infrared light.
The cards allow quick check-
ing of remote-control de-
vices for TV's, VCR’s, satellite
receivers, etc. They also can

VALUE PRICING ON FLUKE
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be used as warning sensors
in laser labs, as they will flash
if scanned by a laser beam.
The {R Detection Card
costs $6.95 for a single sam-
ple. Custom printing is avail-
able on orders of 500 or
more.—Com/Way Satellite
Systems, P.O. Box 1729, Al-
amorgordo, NM 88310.

COMWAY RATELLITY. SYSTIMS (M} T 1574
PO i s THR Mlteguhie N B DM

I‘m . D = -

REMOTE CONTROL TESTER
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nals 2 dB above normal. The
transistor is packaged in the
popular 6-lead flange.

The MRF650 provides 50
watts of output power, high-
er than 55% collector effi-

el et Tl
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UHF POWER TRANSISTOR.
Offering outstanding broad-
band characteristics and rug-
ged packaging, the MRF650
UHF power transistor is
Motorota’s first RF device to
offer guaranteed gain and
efficiency specifications at
three frequencies—440, 470,
and 512 MHz. Survival is
guaranteed for severe load
mismaiches even when the
device is subjected to high
supply voltage and input sig-

ciency, and more than 5-dB
gain while operating from a
12.5-volt power supply. Sug-
gested applications are in
12.5-volt base-station, com-
mercial, and industrial am-
plifiers, and as a final ampli-
fier in mobile radios.

The MRF650 UHF power
transistor is priced at $27.75
in quantities of 100 or
more. —Molarola, Inc., E-114,
5005 East McDowell Road,
Phoenix, AZ 85008. R-E

CABLE - TV

SICNAL REMOVEERS
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3 for $75 - 10 for $200 - mix or match

CALL TOLL FREE FOR C.O.D. ORSEHD CHECK TOORDER
FASTDELIVERY
0 DAY MONEY BACK GUARANTEE (JFILTERLIMIT)

Star Circuits
P. 0. Box 94917
Las Vegas, Nv 89193-4917

1-800-433-6319

THE HOUSE SITTER THAT
DOESN’T NEED A KEY

Use the keyboard to ser
emergency phone nimbers, high
and low temperatures, listen-in
tme and more

AL ERTICANCEL key
cancels automatic diai-out
allows you 1o answer phone

WHAT IS key lets you |
fisten to function

settings and digi-our I
miumbers
[

*This is 555-3210. Alert condition is OK. Temperature
is 65°, Eleciricity is on. Sound level is OK." Monitoring
your home from work or a vacation spot is made easy
with the Heath/Zenith House Sitter Security Monitos/
Dialer.

Monitors Your Home

When you call. the House Sitier will report on the AC
electric power. the room temperature — comparing it
with high and low limits you've already set. loud noises
such as burg!ar alarms and fire alarms , the unit’s own
battery backup condition. and an additional alent condi-
tion. You can even listen 10 the sounds in the room

using the built in microphone.
E1990. Heah ©
Sutmediary of Bull Duis Syurm. b

Use the keyboard tc
ask for informarfon

SET key altows you
to change previous
e TEHIERIRE

SENSOR ONIOFF key
chooses the functtons

te report

ONLY
$129.95
Dials Out In Alert Conditions

Set the unit to call out to your office, neighbors® and rela-
tives' to announce any alert conditions that are outside
preset limits. Up to four numbers can be programmed,

Order Toll Free 1-800-253-0570

The SD-6230 House Sitier is yours for only $129.95*. To
order, call toll-free 1-800-253-0570. VISA, MasterCard.
American Express or your Heath Revolving Charge card
accepted. Use order code 620-XXX.

Heath

Benton Harbor, MI

See our full line of electronic products for
;our home in the Heathkil catalog — calt
-800-44-HEATII for your FREE copy.

“Price dor Bac it et shappiogg il handimg. s 3PP cateis oy B
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Join
the

Book
Club’

TROUBLESHDOTING ELECTRONIC
EQUIPMENT WITHDUT SERVICE
DATA. Second Edition. 8y R.G.
Middieton, 320 pp., s, This Indispen-
sable new edition lealures a)l the informa-
tion thal made the firs] edition S0 suc-
cesstul. plus the Latest developments in
digital 1esting. phase checks. G
froukeshooting, and repair of VCRs, ste-
re0s. TVS. tape recosders, and much,
muth more.

585092-3 Pub. Pr., $30.00 Club Pr.. $22.50

PRINTED CIRCUITS HANDBDDK.
Third Egition. 8y C.F Coombs. . 960
5 Here 11 one handy volume
all the information you need to design.
manutaciure, (est, and repair Printed wir-
g boards and assemblies. ThiS new
edion features len all-new chapters.
including three on SMT.
126/097 Pub. Pr.. $64.95 Ctub Py, 345 50

SQUND SYSTEM ENGINEERING,
second Eqition. By D. Daws and
C. Daws. 655 pp, ius. The definitive
source for all professionats fesponsible
lor audic Sysiem design, covenng every-
theng lrom concerl halls to wirtually eve
osciliator In use 1oday. Packed wit
proven strategees for ng design ang
enQineerng prablems ang cutting your
clignts' ¢osis,

5845578 Pub. Pr., $38.95 Ciub Pr., $39.50

MCGRAW-HILL ENCYCLOPEDIA DF
ELECTRONICS AND COMPUTERS.
Second Editlon. 5. Parker, Editor-in-
Clvel. 1,047 pp.., 1.250 iturs. Fealuring 160
new and revised articles. thes new ediion
treals the entiee spetirum of applications.,
devices. systems, and theory In areas
nn%mq from the llow of electricity 10
hardwiare. sotiware, robotics, and IC
fabncavan,

434/99X Pub. Pr., 579.50 Ciub Pr.. 554.95

COMMUNICATIONS RECEIVERS:
Principies and Design. By Ulnch L
Rohde and LTN. Bucher, pp.. 402
dlus. Everything you need to know d you
design or work with communicatons
recervers, from theory 16 practical gesign
approaches. Coverage mciudes all types
o recervers: shortwave. broadcast, radar,
military, manne, aerenautical, and mon.
338,701 Pub. Pr. $64.95 Ciub Pr. $44.50

Electronics and
Control En

¢ your one source for engineering books
from over 100 different publishers

¢ the latest and best information in your field

¢ discounts of up to 40% off
publishers’ list prices

gineers’

New Members!
Take any one of these great

professional
books
for only

S

89

as a premium with your
first selection!

Spectacular values up to $199.50

ENGINEERING FUNDAMENTALS
FOR THE PROFESSIOCNAL
ENGINEERS' EXAM, Third Eq. 8y L.
M. Poleniz. 432 pp., 170 Mius. Features
worked-out solubons and full explana-
tions for all sample protlems $0 vou can
12arn how Lo soive Them. (1's a dependable
way to prepare for the exam or 2 perfect
on-1he-job reterence

50383t Pub. Pr, $39 50 Club Pr, 537.95

PORTABLE
ELECTRONICS
DATA BOOK

360 pp.. % 9, illus.. soficover 585390-6

A-10-Z coverage ol ali Ihe essenbial
lacts. figures. and formulas you reed,
in a jormal thal's easy 10 use and easy
o carry. John Douglas-Young has
filled this handy on-the-job companion
with squahons, slgorthms, calculus
formulas, and G programs in
areas ranging from alternating current
ers 10 transducers and

al
wdes . and theyre all yours
mUTEL\" FREE!

A $19.95

Value — Yours
ABSOLUTELY

FREE

when you join!

AUTOMATIC CONTROL SYSTEMS.
Fifth £d. By B. C. Kuo. 735 pp._ #ius.
Provides an ovennew 0f automatic control
systems, induding in-oepth coverage ol

assical control 1echniques, ophimal con-
trol theory. and analeg and digital controt
System design. Ths up-dated edition
discusses the |atest ideas on the use of
computers to design control Systems and
as components of such systems

S837D6-4 Pub Pr.. $57.40 Club Pr.. 543.50

CIARCIA'S CIRCUIT CELLAR. VOI-
umé VI, 8y S. Ciarcia. 256 pp., 100
flus., soffcoves. More do-R-yoursetl cii-
tufts from the master—Steva Ciarcia
Step-by-step guidanca on projects fang-
Ing from a gray-scale video dipetizer and
Ihe Circuit Cetlar AT Computer 1o paraliel
miertacing and the Neighborhood Strate-
?-c Detense Initwtree

09 599 Pub Pr., $19.95 Club Pr, $15.95

THE COMPACT DISC: A Handbook
of Theory and Use. 8y K. C.
Pohimann. 288 pp.. itfus. softcover. The
maost readable and comprehensive guide
10 G0 technology olters clear desenp

of disc design and manufaciuring

prayer eirCurtry . . . and Comparisons of
different types ot players—all withoul
complicated theorelical or mathematical

discussions.
SES096-6 Pub. Pr.. $29.95 Club Pr. $22.50
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MOBILE CELLULAR TELECOM-
MUNICATIONS SYSTEMS. 5y wl.Y.
Lee. 442 0p , 215 dius. Ao Z coverage of
State-ol-the-ard ceiluiar sysiems. jrom de-
sign 10 1mplemeniation and lroubleshoot-
ing Clearly explaing spectrum efficiency.
propagation modets and Predichion. inter-
ference tredimenl, and more

370,303 Pub. Py, $62.95 Club Pr,, $44.50

TRANSFORMER AND INDUCTOR
DESICN HANDBOOK. Second Edl-
tion. 8y Col W.T. McLyman 440 pp |
Mius. All the infarmalion you need to
design 10day's highter, smalles transform-
ers and inductors. without rehying on out-
moded appromation methods In ready-
reference 1abular format, this new editgn
covers the latest equalions I transtormer
ind qangeu deskin apphications

SBAEAL-2 Pub_ Pr., 0G Ciwb Py . 53050

MICROCOMPUTER TROUBLE -
SHODTING AND REPAIR. By J. .
Stephenson and B. Cahill. 354 0., s .
soffcover This muts-and-bolts guide pro-
vides expert tips, troubleshooting tools
and shortouts. and practical help on decid-
ing if you really do have 10 bring itin to 1he
shog. I 2156 expiains techmgues for antic-
ipabing and defending aganst most com-
mon corn%ler roblems.

S8%108-7 Pub. Pr. $24.95 Ciub Pr., $13.9%

MICROELECTRONICS, Second Eq.
By L Miltman and A. Grabel. 1.007 pp.,
646 Mus. Takes you from the basics of
semiconducior Propertes to an under-
standing of the operation of solwd-state
dewiees, and Lhen 1o mareé advanced
topics. Ms up-1o-daie coverage, real-ife
#xampies, and practical dala make this an
deal refecence for the wosking angineer.

423:30X Pub. Pr., $56.95 Club Pr, $41.50

ENGINEERING MATHEMATICS
HANDBOOK. TRIrd g, Ay J J Tuma.
512 pp., us. This best-saling handbook
gwes you the essenlial malhematical
{ools-lormulas, delimtons, theorems. ta-
bies. and models for computer Program-
ming — thal you need for your day-to-day
engineerinyg cakculalions.

€54,433 Pub. Pr.. $52.50 Club Py, $34.50
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BASIC TELEVISION AND VIDEC SYS-
TEMS, Fifth Ed. By 8. Grob. 592ﬁgw
iius, Provides the cleares! picturs ol
television and wdeo Systems work. and
whal 0 do when 1 don't. Covers
Ielevision recervers. VCR'S, video cam-
#ras, and cable systems — all in readable,
practical detanl.

249/30 Pub, Pr., $39.95 Clud Pr. 524,95

BUILD YOUR DWN UNIVERSAL
COMPUTER INTERFACE. 8y 8.
Chubb. 309 pp., s, softcover, Guiding
you from [heocy to step-by-siep assembly
nsirychons, ths Ively manyal shows you
how to cONSTrUct a computer interface and
hoOk i up 10 Wrtualty amy 18M or [BM com-

ﬁgrtlbngersonalm? er. includin 1he
86, AT. and System/2
X Pub. Pr. $19.85 Ciub Pr., 815!5
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Here's how the Club works to

serve YOU:

HANDBOOK DF ELECTRICAL NO1SE
MEASUREMENT AND TECHNOL-
OGY, Second Ed. By C.A. Vergers 440
pp 213 ius. Provides answers b0 all your
queshons abou! noiSe CrQNs, Causes,
efects Also shows you how 1o predsct
and measure noise, and how 10 dessgn
Iow-noise circurs

5439474 Pub. Pr., $39.95 Ciub e, S29.9%

SWITCHGEAR AND CONTRDL
HANDBOOK Second Ed. Edited by
A. W. Smeaton. 7,056 pp., 789 dius. The

PR

only handbook thal freals all aspects o
switchpear control. including design, ap-
plications, satety, and mainienance. Up-
daled to rellect ive changes brought about
by the use of compulers. Sold-state
devices. and programmable controls.

584494 Pub. Pr.. 382 00 Club pr.. 338.45

AL

mﬂmm

ANTENNA APPLICATIONS REFER.
ENCE GUIDE. Edited by B. C. Johnson
and M. Jasik. 496 pp., 358 lius. and
taties. Covers the major applicabons of
anienna technology bn ali areas of commu-
mcations and thewr design methods
phasues important new applicabons sych
a8 eartn Stabion, satellde, seeker, aircraft,
and mecrowave-1 8y antennas

322/848 Pub. Pr. $59.95 Ciub Pr., $42.50

RADIO HANDBOOK, Twenty-Third
Ed. £aited 6y W |, Orr. 667 pp., 1.073
s, and tabdes. The latest #drbon of the
magst complete, Current resource on 7adio
technoiogy and ks 3ﬂﬁ|ll:a.lltlﬂs, Expert
contnbutors show you how 10 select, de-
sign, build, test and operate all kinds of
equipment

5B4638-1 Pub. Pe., $29.95 Ciub Pr, $23.95

AUDIO ENGINEERING HANDBOOK.
Edited by K. B. Benson, 1056 pp., 722 i
ius. The ideal on-Ew-job relerence for pro-
fessionals who design. operate, and ser-
vice audio equipment. It's 3 one-volume
soufce of tundamental audio acous(ics &n-
gmneering information snd practical how-to
$ource DOOK covening generation, trans.
MHSSI0n, sturaoc and reproduction of the
g Slg

M7/ Puh Pr., $83 50 Ciub Pr., 359.95

8 IMPORTANT INFORMATION. ..
In our rapidly changing world, those who perform best are those who are best |
Informed. Designed exclusively for the practicing engmeer. the Electronics and
Control Engineers’ Book Club provides you with in

reliable, and specilic enough 10 meel your needs. Eacih Club bulletin comes your
way 14-I6 times a year and offers you more than 30 books 10 choose from — the

WE MAKE 1T EASY TO GET?

besl and newes! books from all puhlishersl
8 DEPENDABLE SERVICE. .. WE'RE HERE TO LIELP:

whether you wanl information about a book or have a Jucsuon about your
membership: our qualified slaff is here to help. Just call us-t

Customer Service, We also make sure you gel only the books you want. All you do
is simiply 1ell us your choice on the iteply Card and relurn i1 1o us by the specified I
date. If vou wani the Main Selection, do nothing — fi will be seni 10 you
auvtomalically. (A small shipping and handling charge is added 10 each shipment.]

8 CLUB CONVENIENCE...\VB DO THE WORK!

Beyond the benefit of timely information, Club membership offers many other
benefits, For example, you get a wide cholce of books that cannot be maiched by
any bookslore — anywhere. And all vour books are convenlently delivered righl to
your door. You also get the luxury of 10 full days 10 decide whether you want the

Main Selection. If you should ever receive a Main Selection you dan’t wani because i

the Club bulletin came late, jusl return it for credit at our expense.
8 SUBSTANTILAL SAVINGS ... AND A BONUS PROGRAM TOO!

In kec?lng with our goal to provide you with the best information ai the greatest
e savings, you will enjoy substantialdiscounts — up 1o 40% |—
you buy. Flus, you're automatically eligible for our Bonus Book I'lan which allows

possib

you savings up (o 70% on a wide selection of books.

8 EASY MEMBERSHIP TELIMS...
Your only chligation i8 10 purchase one more book — a1 a handsome discount —
during the next 12 mouths, after which ]yun enfoy the benefits of membership with
no further obligation. Either you or the

thereaficer.

IT'S WOHTHWHILE TO BELONG!

ormation that is relevant,

I-free or write to our

on every book

Club may cancel membership anyvtimea

PO. Bax 582, Hightstawn, NJ U8520-9959

Please enroll he ax a member and send me the 1wo l
l hooks indicated, pihes the PORTABLE ELECTRONICS

DA BOOK | am 1o receive one Dook foc [us $2 49, the
other #1 the discounted members price. plus local wx,
shipping and handiing chacges | agree to purchase a l
mitimum ofane sidiliona) book during my first year of
membership as outlined under 1he Club plan de- |
scribed in this ad. [ undersiand that a shipping and
hancliing charge s anided lo all shipments.

Be sure to
consider these
important
titles as welll

BUCHSBAUM'S COMPLETE KANOBOOK
OF PRACTICAL ELECTRON

IC REFERENCE
DATA. Third Ea. By WH Buchsbawm,
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navigation information to the elec-
tronic control system.

Two 12-volt deep-cycle bateries al-
low the Lawn Ranger to operate for
approximately 2-3 hours on a single
charge. Since the robot is 100% bat-
tery powered, there is no need for
gasoline, oil. or the periodic maintc-
nance associaled with gasoline-
powered engines. Battery power also
allows the Lawn Ranger to run very
quiet and ¢clean.

Electronic control system

The electronic control sysiem is
composed of four printed circuit
boards; the CPU, motor controller,
power, and motherboard. Each board
uses readily available off-the-shelf
electronic components.

The CPU board contains a Z80 mi-
croprocessor and is the central
**brain™ of the Lawn Ranger. The
board receives information from grass
sensors that are designed to detect the
position of cut and uncut grass located
beneath the robot. The Z80 micro-
processor continually processes the
sensof data and calculates the comrect
steering path for the Lawn Ranger to
follow. -

The motor-controller board is used
1o control the speed of the drive
motors. Velocity information from
each drive wheel is fed back to that
board in order 10 keep the Lawn
Ranger’s speed constant, even when
climbing hills. Stcering is accom-
plished by changing the speed of each
rear drive wheel. For example, if the
right wheel spins fastcr than the left,
the robot will wm to the lefi—just
like a tank. The motor-controller
board also contains the circuitry that
is used to amplify the grass-sensor
signals.

The power board contains DC/DC
converters that convert the battery
wllage to +5-, +10-, +30-, and

- |0-volts DC. The board also con-
tains power MOSFET s that are used
to control the motors,

The motherboard provides the in-
terconnection between the boards
listed above. Each board plugs into
thc motherboard via an edge con-
nector in order to facilitate the assem-
bly and test of the electronic conirol
system.

Operation

Figure 1 illustrates the path that the
Lawn Ranger would follow on a typ-
ical lawn. The operator must first

FIG. 1—THE LAWN AANGER wOULD FOLLOW this path on a typical lawn. The operator
musi first manually steer the robot around 1he perimeter of 1he yard (while cutting grass)
and around any obstacles within that area uslag the manual control unit.

manually steer the robot around the
perimeter of the yard (while cutting
grass) and around any obstacles with-
in that area with the manual control
unit. The manual control unit is a
hand-held device that plugs into the
rear of the mower with a 5-foot cable.
The initial border cut around the yard
is used by the Lawn Ranger for navi-
gation, as it will steer along the border
while it cuts grass. Because the
mower will search for high grass, it
will move away from any area that has
been previously cut. That feature al-
lows the robol to move around trees
and other obstacles that are sur-
rounded by cut grass. After all the
borders are cut, you uaplug the man-
val control unit, switch the mower
into its automatic mode, and then
watch it finish the job as you relax and
enjoy a cold drink!

Safety

There are several safety features
that have been added to the robot in
addition to the shut-off switches.
There are special cutting blades (see
Fig. 2) that freely pivot at the end of
the round blade disks. The centrifugal
forcc created by the spinning disks
causes the blades to swing outward
where they will hold their position
while cutting grass. But if the blades
hit a solid object, they will give. thus
reducing the cutting force and risk of
serious injury. However, even with

WWWW americanradiohistorv. comm

that feature, the blades are extremely
dangerous and should be treated as
such.

Warning: just like any lawn mower.
never leave the powered unit unat-
tended. Also, make sute that an adult
is always present while the mower is
in operation. Always keep hands and
fcet away from the mowing deck, and
make sure cutting area is free of peo-
ple, animals, and debris. Never let
children or animals ride on top of the
robot.

Grass sensors

A close-up shot of the grass sensors
is shownin Fg. 3. As youcan see, the
sensor consists of two protruding
plastic prongs that contain an infra-
red light source (an IR LED) and a
detcctor (a photo transistor). Fifteen
of thosc sensors are placed in a row
across the front of the Lawn Ranger.
A pantial schematic diagram of the
sensor assembly is shown in Fig. 4.
The sensors are spaced approximately
2 inches apart as measured from the
ceater of each sensor.

The LED's of each sensor are con-
nected in series. Light from each LED
will cause its respective phototran-
sistor to conduct and the emitter volt-
age to rise lo +5-volts DC. When a
piece of tall grass passes between an
LED and detector, the phototransistor
will stop conducting and the emitier
woltage will change from a digital “1”
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FIG. 2—THERE ARE SPECIAL CUTTING BLADES that freefy plvot at the end of the round
blade disks.

will remain at +35 wvolts. The digital
information from each sensor is sent
to the motor-controller board for am-
plification and then forwarded to the
CPU board for processing.

Computer program

The computer is used to locate the
position of the cut-grass border as it
passes beneath the mower. The loca-
tion of the border will allow the lawn
ranger to decide if it should steer left,
right, or straight ahead.

As each grass sensor detects grass,
it will output a digitai ““1** (high
grass) ora 0" (cut grass or no grass).
The computer will sample every sen-
sor several times per second, and then
store the information in memory. Ta-

g LR A ;
FIG. 3—THE GRASS SENSORS containan
Infra-red light source and a detector.

10 CPU BOARD

FIG. 4—SCHEMATIC DIAGRAM of the grass-sensor assembly.
(+ 5 voits) to 0" (0 volts). Since cut

grass is nol tall enough to pass be-
tween the sensors. the sensor oulputs

ble 1 illustrates a memory dump that
contains five samples of grass-sensor
data.

WwWww americanradiohistory comm

In Table I, the actual edge of the
cut-grass border is located between
sensors 8 and 9, with tall grass posi-
lioned between sensors 1-8, and cut
grass between sensors 9-15. The tall-
grass region (sensors 1-8) will record
a large number of 1’s as the tall grass
flows through the sensors {l’s will
periodically be recoded in the cut-
grass region due to stray uncut blades
of grass).

In order to calculate the correct po-
sition of the cut border edge, the com-
puter program will add the number of
“1” tallies for each sensor. If the
number is greater than or equal to 2,
the computer will store the final value
of L. If the summed value is less than
2, then a value of O is stored. For
example, the final value stored for the
first five data samples in Table 1
would be 111111110000000. Now, it is
very easy o detect the location of the
grass border. It is simply identified by
the point where the string of 1’s end.
A simplified flow chart of the comput-
er program is shown in Fig. 5.

CPU board

Figure 6 is a schematic diagram of
the CPU board. The CPU board is
responsible for processing the sensor
data and calculating the correct steer-
ing direction. It consists of a Z80 mi-
croprocessor (IC1), two parallel /O
chips (IC9 and IC10), a 4K x8-bit
EPROM (IC6), two 4K X 4-bit RAM
chips (IC7 and IC8), and glue logic
(IC2 through IC5). The CPU was
chosen in order to keep the parts cou-
nt low and the price within the budget
of hobbyists.

The clock for the Z80 is generated
by three inveriers contained on IC2.
A 2-MHz crystal is used to ensure that
a steady timing frequency is main-
tained over ambient temperature
changes. The clock output {pin 6 of
1C2) is tied to the Z80 microprocessor
and to pin 25 of IC9 and ICI10. Power-
on reset is accomplished with an RC
delay circuit made up of R4, CI2
along with 1C5-d, which is used as a
buffer for the delay circuit. The rsT
line will reset two latch circuits upon
power up.

The first latch circuit consists of
IC4-3, IC4-b. I1C3-b, and IC3-¢, and
the second circuit by [C4-¢ and [C4-
d. The latches are used to store the
sTART and FuULL sTop signals. Those
signals command the Lawn Ranger to
move forward and tum off, respec-
tively. When the robot moves for
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TABLE 1—GRASS SENSOR DATA

Byte 1 Byte 2
Sensor #
Sample # 1 2F AN 4N585 0 TaEs 9 10 1 12 13 14 15
1 i T O R TR0 sl " OIRT (03 57T () Ty il ()
2 LR S L ] 000 CO0OO0OC0C
3 0 1 OO0 o1 HER( S RS R (R TR (R (]
4 10 A OFI0="1. ST () [ o) T @) ()
5 0 1T 0" 000 ST 0 00O Q00

ward, the stagt signal will urn Q1 on
and bring the stop Move line low.
When the robot shuts down, pin 8 of
IC4-c and pin 6 of IC3-d will go low.
That deactivates the inpul power relay.

Input/output
The CPU board uses two Z8420
parallel input/outpul or P1O chips la-

CLEAR LATCHES
PROGRAM PI0's

T

e

CLEAR TIMER

J..._—_

INPUT SENSOR
DATA

:

STORE
DATA

TIMER EDUAL
240ms 7

YES

¥

TALLY 1's FOR
EACH SENSOR

?

OETERMINE AINAL TALLY
FOR EACH SENSOR {1 QR 0}

¥

L}

LOCATE POSITION
OF GRASS BORDER
EDGE

-

SEND STEERING
INFO TO MOTOR
CONTROLLER BOARD

FIG. 5—SIMPLIFIEO FLOW CHART of the
computerl program.

beled IC9 and ICI10. Each chip has
two 8-bit IO ports that arc software
programmable. Bit 7 of Port B on
ICIO is programmed as an oulpul.
That output line provides a gating
pulse that is used to sample the sensor
data. When the line goes high, the
sensors are enabled and sensor infor-
mation is passed lo the motor-control-
ler board for amplification. After the
sensor data is amplified, it is sent to
ICI10 on the CPU board.

The bits of Ports A (0~7) and B
(0-6) of 1CIO are defined as inputs
that are used to receive the sensor
data. [C10 transfers the information to
the Z8O microprocessor over the data
bus for processing.

CPU construction and test

It is recommended that you use a
PC board for the CPU, and you can
either purchase one from TSI (it’s a
plated-through board that’s hard to
make—see ordering information), or
you can make one from the artwork
provided in PC Service. Also, the
2732A EPROM is preprogrammed
and is available only from TSI. Using
the parts-placement diagram of Fig.
7. first solder the IC sockets to the
board, then solder the remaining
components. Then, carefully push all
the IC’s into their respective sockets.
And remember, that some of the [C’s
are CMOS, which must be handled
carefully. Figure 8 shows a fully as-
sembled CPU board,

Apply + 5 volts to TP4 and ground
to TP6. Place a scope probe at pin 34
of IC10; the scope should display a 1-
kHz square wave. If you don’t have a
scope, verify that the voltages on pins
9,10, 12,13, 14, and 15 of IC9 read 0-
volts DC. Now, as you temporarily
ground pin 15 of I1C10, recheck IC9
for 5 volts on pins 10, 13, 14, and 15,
and 0 volts on pins 9 and 12.

If your board passes those tests, it

WWWW.americanradiohistorv.comm

All resistors are Y-waft, 5%, un-
less otherwise indicated.

R1, R2—1000 ohms

R3-R7. R12, R15, R17—2200 ohms

R8-—nol used

RS9, R10, R19, R20—3300 ohms, SIP

R11, R18—3300 ohms

R13—22,000 ohms

R14—470,000 ohms

R16—-47.,000 ohms

R21—120 ohms

Capacltors

C1, C12—100 uF, 25 voits,
Blectrolytic

C2, C3, C5-C9. C11, C13, C15, C16,
C18—0.1 uF, ceramic

ng, —56 pF, ceramic

(-10—10 uF, 16 volis, electrolytic

C14—not used

C17—1 uF, 35 wolts, eleclrolytic

Semliconductors

IC1—Z84C00-4PS microprocessor

JC2—74HCTO04 hex inverter

IC3—74LS08N quad 2-lnput AND
gate

IC4—74LS00N quad 2-input NAND
gate

IC5—74LS32N quad 2-Input OR
gate

IC6—2732A 4K x 8 EPROM (must
be purchased from TSI)

IC7, ICB—2114L-2 1K x 4 RAM

ICQ, IC10—284C20-4PS parallel YO

D1—1N4148 diode

Q1—2N3904 NPN transistor

Other components

XTAL1I—2-MHz crystal

J5—10-pin IDC connector

S1—7-position DIP switch

TP1-TP6—indvidual pins or scraps
of component leads

Miscellaneous; IC sockets

Note: The following items can be
purchased from Technical Solu-
tlons, Inc., P.O. Box 284,
Damascus, MD 20872 (301)
253-4933; PC boards for the
CPU, motor-controller, power
board, and motherboard, $39
each; programmed EPROM, $39
{contalns computer program
and firmware license}; grass
sensors, $8.99 each; hand-hetd
manual controller kit, $39; full
CPU-board kit, $129 {InCludes
EPROM, PC board, and all
parts); tull kit for motherboard,
569 (contalns PC board and all
parts); kit for power board, $149
{contains PC board and all parts
except DC/DC converters); full
kit for motor-controller board,
§169 (includes PC board and all
parts); Lawn Ranger demo VHS
tape, $19 {refundable for orders
of $100 or more). Please add
$8.00 for S/H (U.S. orders}. Mary-
land residents add sales tax.
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FIG. 7—ASSEMBLE THE COMPONENTS according to this parts-placement diagram.

FIG. B—FULLY ASSEMBLED cPU B8OARD.

should be functioning properly. More
extensive lesting of the CPU can be
performed after the motor controller,
power board, and motherboard are as-
sembled and tested.

Still to come
In the next couple of issucs of Ra-
dio-Electronics we will explain how

you can finish building the Lawn
Ranger. As far as the electronics
portion goes, we ve still got to build
the motor-controller board, the power
board, and the motherboard, which
holds all of the other boards together.
Then we have to build and wire the
sensor assembly, put together the me-
chanical frame, and connect every-

Wwww americanradiohistorvy comm

FIG.9—THE COMPLETE LAWN RANGER
unit. We will get to the mechanical assem-
blies in |aler issues.

thing together.

By the way, for a sneak preview
look *‘under the hood."” of what the
Lawn Ranger will eventally look
like, Fig. 9 shows the completc me-
chanical assembly, without the cover.
You can see that cverything fits to-
gether in a nice. compact package.

For those of you who still doubt the
Lawn Ranger's capabilities. a VHS
demo tape can be purchased, showing
the unit in action; it’s sure to make you
a true believer. The cost of the tape is
refundable with an order (see the
Parts List for details). R-E
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ARE YOU TIRED OF LAYING OUT YET AN-
other PC board for some special
power supply? Here’s a possible solu-
tion to lessen the trauma: the EZ-DC
generic power-supply PC board, de-
signed lo give you a choice of one or
two lincar supplies on a single 2 X 3-
inch PC board. The layoul is very
versatile. and while one supply pro-
duces a fixed-positive voltage, the
other can have any value desired. The
choices are:

® Two fixed-positive supplies.

® QOne fixed-positive. and one ad-
justable-positive supply.

® One fixed-positive, and one fixed-
negative supply.

® QOne fixed-positive, and one ad-
justable-negative supply.

Of those configurations, the sup-
plies can be either half-wave or full-
wave. when a transformer with a cen-
ter-tapped secondary is used, or you
can build a single fuli-wave bridge of
either polarity. You can also make it
adjustable or not, as you prefer. Dual
1solated grounds are possible. For the
TO-220/221A regulators, there are
four different 3-terminal pinout con-
figurations, which made the layout of

the EZ-DC quile challenging.
Whether or not to rotate the regulator
180° helped reduce the reconfigura-
tion problem to one of selective place-
ment of jumpers.

The EZ-DC is a gooed basis for a
bench supply. With two PC boards.
you can build two fixed-positive
sources, an adjustable-positive
source. and an adjustable-negative
source, all with or without isolated
grounds. Each supply provides for a
milliammeter to be inscrted at its reg-
ulator input. In one supply on each
PC board, the meter replaces a
jumper. In the other, two adjacent
pads are provided for meter leads. The
foil connecting the two pads has to be
cut with a razor blade or X-acto knife
to use the meter; the point is marked
by an arrowhead and an “'X.”

Different power-supply types

® Separate fixed-positive full-wave
supplies with common grounds.
Figure 1 shows a dual, full-wave,
fixed-positive supply, using a com-
mon ground. Fig. l-a shows the pi-
nouts of the two regulators, Fig. 1-b
shows the schematic, and Fig. |-c
shows the parts placement diagram.

WwWww americanradiohistorv comm

Supply #1. on the lower half of the
PC board, is always fixed positive.
Supply #2, on the upper half of the
PC board, can be varied in configura-
tion, and is, in this case, also fixed
positive. Since the center-tapped
transformer supplies equal voltages to
each regulator, the most cfficient ar-
rangement is for both IC’s to regulate
to identical (or nearty so) voltages,
such as + 12 and + 15 volts.

Where the difference is considera-
ble, as betweena +5-and a + 12-volt
supply. the lower voltage regulator
must drop 7 volts more than the higher
one, and its load current must be lim-
ited accordingly. Since the vollage
drop across the regulator is multiplied
by the load current to determine the
regulator power dissipation, the lower
the wvoltage, the more current that's
available. The less power consumed
by the regulator, the more that’s avail-
able to the load.

However, there has to be some drop
across the regulator or it won't work.
This is nominally 2 voits for the
78X X/79XX fixed-voltage series,
and about 2.5 wolts for the LM317/
LLM337 adjustable models. Also, the
regulator needs a standby current of
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FIG. 1—A DUAL SUPPLY, WITH TWC fixed-positive sources. The pinouts of IC1 and IC2 are

shown in (8), the schematic is shown in (b}, and the parts placement diagram is shown in {
¢}, with supply #1con the bottom, and supply #2 ontop. This same order of (a){¢) is used
throughout all succeeding figures, except Figs. 4 and 7.

3-10 milliamps, ignored here. Expect
any current monitoring at the pro-
vided points to refleet this error.

A milliammeter would be inserted
in supply #2 in place of jumper JUI.
with the negative temminal connected
nearest to the heatsink when monitor-
ing a positive supply. In supply #I1,
connect the meter to the two pads near
the right wing of the lower heatsink.
Cut the foil between these two pads at
point X as already mentioned. The
negative meter lead goes to the pad

nearest to ICI. Two pads V and W on
both PC board and schematic are un-
used here. Extra filtering capacitance
can be added here for supply #2. or
these points can provide unregulated
voltage for noncritical circuits. Pay
atention to the polarity at point V
which depends on the polarity of sup-
ply #2; point W is ground.

® Separate fixed-positive and
fixed-negative full-wave supplies. In
Fig. 2, supply #1 is fixed-positive as
before. The difference is how supply

FIG. 2—A DUAL SUPPLY, WITH SEPARATE fixed-negative and fixed.positive sources.
The organization of {a}{¢) is that of Fig. 1, but supply #2 has been made negative by
reversing 02, D4, C3, and C4, and using a 79XX for IC2 in stead of a 78XX.

Wwww americanradiohistorvy comm

#2 is jumpered, 10 accommodate a
fixed-negative regulator, like the
TOXX/TOMXX series; the "M™ de-
notes medium-power versions, which
are harder to find. Since load currents
of less than 500 milliamps are sug-
gested to prevent overheating, you
should try to find the “*M™ versions, if
possible. Again, due to the trans-
former’s equal voltage distribution,
equal but opposite polarity regulators
would be most efficient. Some gener-
al information on selecting the trans-
former will be given later.

e Separate fixed-positive and ad-
justable-positive half-wave sup-
plies. Figure 3 shows supply #2 with
an adjustable regulator in a half-wave
configuration, where both it and the
heatsink are rotated 180° from the
fixed regutator position. Don't use
this version in applications where the
toad current exceeds 200 milliamps.
Extra capacitance at V and W will
give a smoother input to the regulator,
but strains the transformer and diodes
due to the higher half-wave charging
currents. The accompanying table in
Fig. 3-d shows V3, 4 x)- for different
values of R1 and R2.

While current demands could be
excessive. the vollage distribution
with this arrangement may be advan-
lageous. With one end of the winding
grounded, the center tap supplies
modest voltage for a low-voltage fixed
supply, and the other end provides
double that voltage from the adjusta-
ble supply. Where higher current is
required. the diode and transformer
arrangement shown in Fig. 4 is sug-
gested instead.
¢ Separate fixed-positive and ad-
justable-positive full-wave sup-
plies. The more features you want in
any picce of equipment, the more it’s
going to cost. and the EZ-DC is no
exception. The best transformer ar-
rangement, shown in Fig. 4. uses two
transformers with center-tapped sec-
ondaries, or a single transformer with
dual center-tapped secondaries, if
you're able to find one. The relevant
segment of schematic is shown in Fig.
4-a, and the relevant segment of the
parts placement diagram is shown in
Fig. 4-b.

Supply #1 always has the layout
shown in Fig. 1, and you can take the
layout for supply #2 from any other
version you prefer, in any of the fig-
ures. For example, copy the upper
part of Fig. 2 for a fixed-negative sup-
ply (remember to reverse D2 and D4),
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FIG. 3—A DUAL SUPPLY, WITH SEPARATE fixed-positlve and ad|ustable-positive
sources. Supply #2 is now made adjustable-positive. changing the jumpers as indicated,
changing IC2 to an LM317, adding potentiometer R2, and shitting the other parts as
shown. Also, only 1 and D2 are used, and the secondary of T1 is rewired. The accom-
panying tabie in (d) shows Vaguax) for diferent values of R1 and R2.

FIG. 4—DUAL FULL-WA
two single-secondary transformers, or a single dual- secondary version; (a) Is the rele-
vani segment of schematic, (b} I8 relevani segmeni of the parta placement diagram. Only
the lower half of the PC board (supply #1}is $hown; you can design the upper half {supply
#2) a8 you wish. For example, copy the upper hall of Fig. 3 for an adjusiable-positive
supply, or the upper par of Fig. 5 if you want an adjustable-negative dupply (remember 10
reverse D2 and D4).

or the upper part of Fig. 3 for an
adjustable-positive supply. or. If
you'd rather calcutate your own val-
ues than use those provided in the
table accompanying Fig. 3, use the
following formula:

V,=1.25 voits X [1 + (R2/R1)].

VE RECTIFICATION ror a fixed-positive supply #1, using either

For best results, keep: R1<240
ohms. There’s no way (o control the
minimum output, which should be
aboul 1.25 volts.

e Separate fixed-positive and ad-
justable-negative half-wave sup-
plies. A version with dual half-wave
supplies, one fixed-positive and the

WwWww americanradiohistorv comm

other adjustable-negaiive, is shown in
Fig. 5. It’s got the same limitations as
the version shown in Fig. 3. For the
greater current a full-wave supply can
provide, use the rectifier arrangement
shown in Fig. 4 (reversing D2 and
D4}, with the layout shown in Fig. 5.
If you use a transformer with no cen-
ter tap, DI is connected as shown by
the dashed lines. In that case, jumper
pad 3 to pad 5 with JU7, and remove
the connection to pad 6.

The output pad is closer to the heat-

sink than you might prefer. but all
patterns have multiple output points.
Examine the foil pattern and select
your own output pad. Always select a
ground nearcst the filter capacitor’s
ground connection to minimize hum,
and use separate grounds for each
supply.
& Separate fixed-positive full-wave
supplies with isolated grounds. The
arrangement for isolating the grounds
between full-wave recitifiers is shown
in Fig. 6. Whilc this version has dual
fixed-positive supplies, that needn't
be the case. Use any version for sup-
ply #2 you want, but watch the diode
polarities. Cut the foil at the “Z" by
the ground foil, and then the trans-
former secondary pads, isolating 3
from 4, and 5 from 6.

Armowheads on the foil side show
the cxact points to cut. 1f you connect
the supplies in series, the total output
voltage is the sum of both. You can
assume both regulators 1o be passing
ilentical currents, but not necessarily
dissipate the same power, since their
regulator drops may differ.
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FIG. 5—A DUAL SUPPLY, WITH COMBINED lixed-positive and adjuslable-negative

sources; it has the same limitations as Fig.

3. For greater current, use the full-wave

approach of Fig. 4, with the layoul shown here. The D1 shown using dashed lines is
connected this way for 8 transformer with no center tap. In Lhal case, jumper pad 3 lo pad

5 with JU7, removing the connectlon to pad 6.

CUT FOIL TO
SEPARATE 3 FROM 4,
AND 5 FROM 6

OLITPUT #2
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FIG. 6—TWO SPLIT-GROUND fixed-positive full-wave supplies. You can use any other
version you want {or Ssupply #2, but watch the diode polarities. With a razor blade or X-
acto knife, cul the ground foll at the “Z." Then, cul the transformer secondary pads al the
arrowheads, isolating 3 from4, and 5 from 6. If you connect the suppiies in series, the total
output voltage is the sum of both. Assurme both regulalors pass identical currenls, but
don't necessarily dissipate identical power, since their reguialor drops may differ.

® A single full-wave hridge supply.
The connections for a full-wave
bridge are shown in Fig. 7. Figure 7-a
shows the relevant segment of the
schematic. and Fg. 7-6 shows the
relevant segment of the parts place-

ment diagram. Don’t forget JUS
where an electrolytic would normally
go. Again, use the top of the PC board
for any version, whether positive,
negative, fixed, or adjustable—but
note the the diodes are shown for a

WWWwW americanradiohistorv comm

positive supply and must all be re-
versed if yours is negative.

® Separate fixed-positive and ad-
justahle-positive supplies from a
car battery. Figure 8 assumes that
you use astandard +5-, +6-.0r + 8-
voh regulator for IC1, and an adjusta-
ble version for 1C2; the output of the
second regulator is adjusted by Rl and
R2. The accompanying table in Fig.
8-d gives V4 1o within 50 millivolts
for different values of R1 and R2, but
You can also use the previous formula.

The PC board layout

To ensure that the wide ground foil
holds hum to under 1 millivolt, the
best soldering layout was sacrificed;
you may need to use more heat and
solder than usual. Use 4-40 or 6-32
machine screws in the corner holes for
nounting. One corner Is attached to
the ground foil as a metal spacer to
electrically connect the PC board to a
metal chassis. 1f you don’t want to use
it, cut it away.

The heatsinks are electrically con-
nected to the middle pin of each reg-
ulator. For a fixed-positive model, it's
ground, but it's different in each case;
for example, it’s the unregulated input
in the adjustable-negative model. A
little heatsink silicone grease will
help transfer about 20% more heat,
and can be worthwhile—especially if
the regulators are sourcing very high
current.

If you use the recommended heat-
sinks with the three through-the-PC
board tabs. be careful you don't bend
them undemeath and cause a shor.
Space was left hoping to avoid this.
but watch it. The regulators are fairly
close to the edges of the PC board to
possibly hcatsink to a metal cabinel
with a screw, Measure the tab’s poten-
tial, to be sure it's grounded, and use
insulation if needed. If you want full
1-A load current, usc a fan.

Selecting components

Don’t consider the following the
last word on how to select power- sup-
ply parts. This is an abbreviated meth-
od to keep you from going very wrong
with practical advice from personal
observations. The transformer is a
good starting point because they're
“iffy,” at best. Consider the second-
ary voltage; for example, a 10-volt
secondary. With little or no load, you
may measure up to 12 voits. 1f the line
voltage is 5% high, you'll measure
12.6 volts. Isn't that reasonable with
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FIG. 7—A FULL-WAVE BRIDGE RECTIFIER as supply #1; (8} is the relevanl segmenl of
schematic, (b) is the relevanl segmenl of Lhe parts placemenl diagram. Remeber to
reverse D1-D4 for a fixed-negative version. The connections for a fuli-wave bridge are
shown in Fig. 7, and don't forget to add JU8. You can also make supply #2 on lop any
version, whether positive. negalive, fixed, or adjustabie.

the peak transformer voltage is per-
ceived by the clectrolytic. Close to
rated current, a diode drops about 0.8
volts, and 0.5 wolts at low currents.
Since 1he diode normally conducts to
recharge the electrolytic, assume a
worst-case drop of 1.2 wolis. This is
the figure to use with either half-wave
or full-wave center-tap. With a bridge,
two diodes conduct in series, so lwo
drops must be added, for u worst-case
of 2.4 volts,

The electrolytic perceives the sec-
ondary voltage, minus the diode
drop(s). Unless you're right on the

+ DUTPUTH
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T8XX LM3a17 - —_—
T -
sil 2
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= = i
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= ]
: 0 —e o0 0z ¢—O0UTPUTez  OUTPUT £2 zo0 | on. | 28V |
wat? | & .,i (VARIABLE POS.} 2200 | 300 | Ay
43 v >'ca $RU ¢ Z00. | M0 | I8V
W O 1200 10uF 2206} 56011 a4V
12vDC 2a | 3
LAl A i S LY T2on | s2on | 59V
BATTERY TEXX 4 +
e L X B3 e Tk ey
cs L 22001 12K 8OV
Tm thais 1M+ 100 COMMON | won | gwn | 88V |
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FIG. B—REGULATING THE VOLTAGE FROM a car battery; the assumption is that IC1 is a
standard +5, +%6-, or +8-volt regulalor, and lhat 1C2 Is adjustable, bul set 10 & non-
slandard value by R1 and R2. The accompanying table in {d) gives V, lo within 50
milllivolls for different values of A1 and A2, but you can use the formuia given in the Lext.

no load? What's the figure at full
load? Try several yoursclf and see.

In ten transformers sampled. only
one was precisely correct at rated
load. The average high was 7.56%
off, the worst was 12.7%, and these
were at the rated 120-volt primary in-
put. Those sampled came from a vari-
ety of suppliers, most with a rating of
1 amp or higher. If you order a trans-
former, you can’t be sure what you'll
get until you measure it. Since you're
dealing with peak value, it may look
even worse. What you thought would
be merely 14.14 volts may more likely
be 15-17.8 wolts peak.

The peak value is important, be-
cause the electrolytics need to be
rated accordingly and the regulator
drop is partly dependent onit. Also, a
center tap may not always be at the
exuact electrical center of the second-

ary winding. about 3% error was the
worst observed. Assuming a trans-
former secondary voltage 20% above
its rated value is realistic, but don’t
depend on it. As for RMS current,
rate the transformer at 1.2 times the
maximum expected load current for
full-wave center-tapped, and |8 times
for a bridge.

The diode voltage ratings should be
twice the peak transformer voltage.
While you might get by with diodes
rated at the maximum load current,
you should use ones with at leasi dou-
ble that limit, for safety, especially for
halfwave. The diode will dissipate
heat through its leads and the PC
board foil, so short leads are best.

The only generalization that can be
made about the vollage drop across a
diode is that it increases with current
under forward bias. Thus, not quite all
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edge of aelectrolytic’s voltage rating,
ignore the diode drop(s} and use elec-
trolytics rated at least equal to peak
transformer voltage. in practice, elec-
trolytics are built for safety, so one
with a 25-volt rating won't explode if
25.01 volts is used. How much you
can get away with depends on the
specific electrolytic or individual
luck, so don't try it unless desperate.
The current into and out of the capaci-
tor causes heating; an electrolytic of
large diameter will heat more than
two smaller ones with the same ca-
pacitance when in parallel, due to less
surface area per microfarad.

For an infinitely large capacitor, a
constant voltage would be observed at
the regulator’s input. Most fixed reg-
ulators function properly with a 2-volt
drop, and 2.5 volts for adjustable ver-
sions, so select the electrolytic to get
as close to these regulator drops as
possible,

Since no electrolytic has infinite
capacitance, the regulator voltage
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1sn’t constant. The average input volt-
age varies with load current, and the
ripple voltage increases in peak-to-
peak value with current. At its lowest
value during worst-case ripple. the
regulator drop must be at least 2 volts.
The following formula for the mini-
mum required electrolytic size in uF
is a good approximation:

Chllmr =6000 x Ilold’vrlpppro'

For example, if maximum load cur-
rent is 0.5 amp, and ripple voltage is 2
volts P-P, the minimum electrolytic
size is:

Cyy = 6000 % 0.5/2 = 1500 wF.

This is valid for full-wave, but
needs to be doubled for half-wave.
Now, wark backwards, from output
back 1o transformer. to determine the
minimum peak voltage the irans-
former has to deliver. For now, ignore
any over-voltage condition, since
that's mainly important in determin-
ing the electrolytic’s voltage rating.
Starting with the desired regulated
output voltage, say + 12 volts, add up
all the voltage drops present:

12.0 volts regulated output
2.0 volis minimum regulator
drop
2.0 volts P-P ripple (somewhat
arbitrarily selected)
+ 1.2 volts worst case diode drop

17.2 volts minimum peak voltage
from transformer
secondary

Multiplying this sum by 0.7071
gives 12.16 volts, the minimum loler-
able RMS secondary voltage. This
works well with a normal 12.6-volt
secondary, but with only a 3%
cushion for a low line-voltage con-
dition, With the extra voltage the
transformer provides, it should be
cfficient—for a linear supply. If the
figures are too high for a standard
transformer, consider using extra ca-
pacitance to achieve smaller ripple.

If you can select the transformer
from several already on hand, or can
afford a little extra cost, a transformer
with twice the anticipated current rat-
ing could mean an extra volt or more
in the secondary voltage. A higher
secondary voltage will inanifest itself
as a higher regulator drop, causing
more heating for any given load. This
problem is insoluble when using an
adjustable regulator to provide from
1.25-25 volts.

A clean 27.5 volts would have o be

Wwww americanradiohistorvy comm

available at the regulator input to ac-
commodate the highest output. How-
ever, when adjusted downward to only
2 volts, the regulator drop increases to
25.5 volts. Output current must be
reduced to prevent overhcating.
Finally, here'’s a little information
on the TO-220 regulators. While the
adjustable models can handle some-
what higher voltage, consider 35 volts
as a maximum for all. This includes
the fixed versions from 5-15 wolts,
inclusive. This same 35-volt figure
was kept in mind as a capacitor rating
when considering component sjzes.
The regulators protect themselves
by automatically shutting down when
overheated, and by current limiting
when shorted. This limit may still be
enough to damage the transformer
and diodes. You-can consider a-reg-

PARTS LiST

All resistors are Ya-watt, 5%, un-
less otherwise Indicated.

R1—150-270 ohms
{see Figs. 3 and 8)

R2—2000- or 5000-0hm cabinet-
mounted potentiometer

R3—270~-1500 ghms {sae Fig. 8)

Capacitors

C1, C3, C6—1000 uF, 16 volts,
electrolylic

C2. C4, C5—10 pF, 30 volts,
electrolytic

Semiconductors

D1-D4—1N4004 or IN5404 silicon
rectifier diocde or equivalent

IC1, IC2—78XX. 79XX, LM317, and/
or LM337 3~terminal TO-220 volt-
age reguiators (see text)

Miscetlaneous: one or mome copies
of the PC board {see PC Service),
suitable cabinet, red and black ba-
nana jacks, one or more 3-terminal
regulator heatsinks (JAMECQ part
number 6030B), Y=-Inch and 'e-
inch dnill bits. wire, solder.

ulator as a 1.5-wau device with no
heatsinking, a 5-wait device with fair
ly good heatsinking. and a ]12-wall
device with excellent heatsinking and
air circulation.

To get a rough idea of safe opera-
tion, let one operate under worst-case
conditions for five minutes, and then
applying a tiny drop of room-temper-
ature water to the top of the its heat-
sink tab. Even if a heatsink is
attached, apply the water only to the
top of the tab—awkward. but possi-

(Continued on page 58)
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BUILD THIS
PROGRAMMABLE
CRYSTAL-CONTROLLED

PULSE

Build a single-chip
pulse generator using a

programmable crystal oscillator IC.

UNTIL RECENTLY. BUILDING AN INEXPEN.
sive, calibrated frequency source has
generally involved dividing the out-
put from a crystal oscillator 1o the
specific frequency desired. Figure |
shows a I-MHz crystal oscillator
feeding a series chain of TTL decade
counlers to illustrate the technique.

A significant improvement is pro-
vided with the recent advent of the
Statek Corp. (512 N. Main $1., Or
ange, CA 92668) PXO series of Pro-
grammable Crystal Oscillators.
These are hybrid IC’s with on-board
crystal oscillators mounted in 16-pin
DIP’s, drastically reducing the total
PC board space and power required.

All members of the PXO scries are
identical internally, differing only in
the base crystal frequency. The user
can select any one of 57 different fre-
quency-divider ratios, using two in-
ternal, series frequency counters,
cach with three TTL-compatible ex-
ternal taps for setting the divider
ratios.

Fgure 2 is a block diagram of the
PXO-1000; it has an a I-MHz internal
crystal, and two internal programma-
ble frequency dividers, with ratios
available to let the uscr select output
frequencies ranging from 0.0083
Hz-1 MHz. The IC was also made
with provision for using an external

PETER A. LOVELOCK

source to provide a base frequency
that differs from any of the standard
manufactured values of the PXO
chips.

These IC’s also allow either com-
puter control of the frequency se-
lected, by varying the logic levels of
the taps, or manual contre] using ei-
ther DIP or rotary switches. The
PXO-1000 has =+ 100 ppm accuracy
and *+0.015% stability at room em-
perature, and consumes only 3.5 mil-
liwatts, or 0.7 milliamps at 5 volts
DC. The other standard available base
crystal frequencies are 326.68 kHz
(the PX0-32768), 600 kHz (the
PX0-600), and 768 kHz (the
PX(0-768).

The PXC-1000

The drawback to the divide-by-N
counter shown in Fig. 1 is the need for
eight separate counters and a separate
crystal oscillator. If 7490 divide-
by-10 counters are used, the circuit
will take up about 7 square inches on
a PC board, and draw 45 milliamps at
5 volts DC for each IC. Thus, the
dividers draw P=1XE=8X45X35
volts DC=1.8 watts, and the os-
cillator an additional 0.1 watt, a total
of 1.9 watts, a load that makes battery
operation impossible,

By contrast, the PXO-1000 shown

WWww americanradiohistorv comm
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in Fg. 2 uses under | square inch of
PC board real estate, and only 3.5
milliwatts—perfect for battery opera-
tion. The output is available on pin 11
(four). and the external clock for
special cases can be applied to pin 12
(exc). Both clocks are fed to the
clock-select logic, allowing selection
between either one depending on the
state of pin 13 (CsevL), the internal
clock if low, the external clock if
high.

The output of the clock-select logic
feeds the two internal programmable
counters. They're in series, so the
total frequency division factor is the
product of the two. The first cun be set
todivide by 1,2, 3.4,5,6,10,0r 12,
while the second divides by a power
of ten, ranging from 1--107, inclusive.

There are eight possible settings for
each, since there are three control bits
for each and 23 =§. If all the divider
ratios were unique, there’dbe 8 X8 or
64 distinct frequency divider settings
possible, However, since both the first
and second counter can divide by |
and 10, seven of those 64 factors will
be duplicated.

The PXO-1000 is programmed
using pins 24 (P4P,P,} and pins 5-7
(P;P<P,); these are the frequency
counter control bits. Setting any of
them to Vo= constitutes a logic high,

0661 INNr
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and ground to a logic low. The fre-
quency division effect of pins 2-7
{P;P,P, and PgPs’,) is summarized

in Table 1.
i— i‘ I I _\ The scttings of pins 2—4 (P4P,P,)

aren’t in directly ascending order for

.. = the lirst counter. Al the low end, the
A frequency division factor jumps from
| for a setting of 000 te 10 for 001, and

IMH2 1MH: IﬂtH: 1uHr NJOH:

mm 0.01Hz back down to 2 for 010, while at the
high end, the factor jumps from 6 for
FIG. )I—GENERAL PURPOSE PULSE GENERATOR needs & 1-MHz crystal osclllator driv- 10 1012 for 111, H o A el
ing & chain of high-power TTL decade counters like the 7490 4-bil decade counter. .y : 3 4 k
tings for pins 5-7 (PgP4P,) do go in
T order, and the binary number corre-
o L5VDC sponding to thesc three bits is the ex-
{3 A OR AAA ALKALINE CELLS) ponent of the power of 10 for the
N Al fre ivision f; i
] quency dwusnon_ actor involved.
EXC CSEL  RESET TEST Thus P4PsPg =100 is binary for 4, or

- a division factor of 104,
i If the eight possible settings for the
! 'wo 3-bit groups arc arranged as a

8% 8 marrix, the output frequencics
appear as the 64 entries in Table 2. As
mentioned zbove, seven frequencies
are duplicated, so there are enly 57
distinct frequencies. In Fig. 2, they
are generated by programming the
two counters using DIP swiich 82,
Thus, the entries for row two are shift-
ed enc column left from those of row
one.

For example, to generate 100 kHz,
you can use settings of either

[ T,o Q,c: P,P,P,P P,P, = 00000I or 001000.

‘f'o for j’ As a more general example,

P\P;P3P,PsPg = 100010 causes divi-

DIP SWITCH 52 sion by 4% 102=4 x100=400.

FIG. 2—BLOCK DIAGRAM OF PX0-1000 IC programmable frequency divider withinternal  Since the crystal frequency is | MHz,

1-MHz quartz crystal osciilaior. Frequency division ratios are setected by setting DIP the output frequency is four=|
switch $2; 57 distinct frequencies In the range from 0.0083 Hz-1 MHz can be generaied. MHz/400 = 2.5 kHz.

Eachof the SPST awilches a—f In 52 control a single bit from among pins 2-7 {P;P,P, and Figure 3 shows an alternative man-

PePsPy): the select lines for the two lers. Here, a +4.5volt DC s ly using B1 h .
p?o:id:,-}s power. e FEPRSR ual approach using rotary switches 83

and 84 to control diode matrix
D1-DI8, if you find using a DIP
switch awkward. In this case, 83 se-
—_— — = - lects the decade frequencies from 0.1
Hz-1 MHz, while S4 sclects the eight

— - ,—T{ output divisions from “i—-%2, deter-

de = (R AP e
=| osc | %&%‘T — PROGRAM |—{PROGRAM
! DIVIDER BIVIDER

mining the final output frequency, as
shown in Table 2. Also, you can see
f—T P- that the + 4.5 volts DC from battery

Bl in Fig. 2 has been replaced inFig

k' g %# *‘"f'#“’ "@ ’“‘ o Do 3 0% S o DC, which is also
acceplable.

If you're only interested in 0.1
Hz-1 MHz using the second counter,

| fs1 o— 2 then exclude 83 and D1-D9. leaving
P8 g | _ it ] pins 2—4 (P4P,P,) open. Likewise, if
i ' d 5 i you're only interested in division by

the integer factors provided by the
FIG. 3—ROTARY SWITCHES AND DIODE MATAIX D1-D18 set the frequency counters of first counter (I, 2, 3, 4, 5, 6, 10, and

the PXO-1000, eliminating DiP switch 52 in Fig. 2. D1-D18 act to block Incorrect bits trom s B

among pins 2-7 (PyP2P, and P¢PsP,) from belng set high. D1-D9 acts with $3 10 control 12), you can Slf!lllal’ly exclude $4 and
P,P2P3, while D10-D18 acts with $410 control P{PPs. S1, the ON'OFF switch,and Ji,botn  DI0-DI8, leaving pins 5-7 (PgPsP,)
present in Fig. 2, have been omitted, but would be needed here. open. The pants placement diagrams

WWWwWwW americanradiohistorv comm
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TABLE 1—PX0-1000 FREQUENCY DIVIDER PROGRAMMING CODES

p, | P, | P, | DIVIDER | P, | P, | P, | DIVIDER
| RATIO RATIO
o lo |k 7 o, § = 1"
o | o 1 110 o | o | 1 1710
o | 4 0 12 o=d 1 150 1/102
L 1 1/3(%) o | 1 1 1108
1 o |'o 174 to] odlen 1104
1 o | 1/5(**) 1 T 1105
1 1 0 1/6 1 1 i 1/108
1 1 1 112 1 1 1 1107

Notes: {a) 33.3% duty cycle 1%);
{b) 40% duty cycie (**);
{C) All others 50% duty cycle.

for the PC boards and the part layout
for the DIP- and rotary-switch ver-
sions of the PXO-1000 are shown in
Figs. 4 and 5, respectively. The PC
foil patterns for both versions are
shown in PC Service.

Note that pins 10-15, the special
function pins of the PXQO-1000, arc

unused. Should you wish (o use them,
several have already been discussed.
Of the remainder, pin 10 (TEST). when
set high, multiplies the output fre-
quency by 1000, except when the
product of the programmed divider
ratios for each counter is under 0.001.
Pin 14 (RESET) resets both counters

gk
S -

RESET EX¢ TEST

Ne 7
32' n_ [+ 1 C%EL

0lo 0l

O .

?(an’rour

FIG. 4—PARTS-PLACEMENT DIAGRAM

for the dip-switch version of the PX0-1000

circuit.

when set low, and sets pin 9 (cuT) low.
Also, all inputs except pins 12 (ExC)
and {4 (ReseT) have internal pull-down
resistors. whereas pin 14 (zESET) has
an internal pull-up resistor.

Construction

Both the DIP- and rotary-swilch
versions in Figs. 2 and 3 can be in-
stalled in small plastic or metal en-
closures with three AA or AAA

TABLE 2—PX0-1000 DIVIDER FREQUENCIES

Notes: (a) 33.3% duty cycle (*);
(b) 40% duty cycle (**);
{c) All others 50% duty cycle.

WwWww americanradiohistorv comm

S, 1 2 3 | 4 5 6 7 8

8, |8, P, 0 0 0 0 1 1 1 1

P 0 0 1 1 0 0 1 1

P, 0 i 0 1 0 1 0 1

G | e |y
1 0 0 0 1 MHz 100 kHz 10 kHz 1 kHz 100 Hz 10 HzZ 1 Hz 0.1 Hz
2 0 0 1 100 kHz 10 kHz 1 kHz 100 Hz 10 Hz 1 Hz 0.1 Hz! 0.01Hz
3 0 1 0 500 kHz 50 kHz 5 kHz 500 Hz 50 Hz SHz 0.5HZ! 0.05Hz
4 0 1 1 3333 kHz(*)| 333kHz| 3.33kHz| 3333Hz| 333Hz| 333Hz 0.33Hz| 0.033 Hz
. 5 1 0 0 250 kHz 25 kHz 2.9 kHz 250 Hz 25Hz| 25Hz| 025Hz| 0025Hz
6 1 0 1 200 kHz(**) 20 kHz 2 kHz 200 Hz 20 Hz 2Hz 0.2 Hz 0.02 Hz
7 1 1 0 166.67 kHz | 16.67 kHz | 1.67 kHz | 166.67 HZ | 16.67 Hz| 1.67 HZ| 0.167 Hz | 0.0167 HZ -
8 1 1 1 83.3 kHz 8.3kHz| 8333 Hz| B83.3Hz 83 Hz| 083 Hz| 0.083 Hz|0.0083 Hz
1 1
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FIG. 5—PARTS-PLACEMENT DIAGRAM FOR THE ROTARY-SWITCH version of the

PXO-1000 circuit.

I

Mg B W g g TP

]
=] 4]
- Kt
| et our 1] ' ! s
EELINe A GATE L I;::n W&OU‘IPUT PULSE
1 ! TAAIN
i

FIG. 5—AN APPLICATION OF PRECISION LOGIC GATE TIMING using the PX0-1000. If you
program 10 kHz, nano-gate |C2 is enabled on each positive half of the output square wave,
tor & pulse width of 50 ps. That lets 50 1-MHz square wave pulses from pin 11 {fouy) of the
PXO-1000 pass though IC2 until pin 9 {ouT| goes low on each bottom half of the square
wave. In that case, |C2 is disabled, glving a precise gate time. When both inputs go high,

the output goes low. inverling the 1-MHz sgquare wave.

alkaline cells. Maximum supply volt-
age for the PXO-1000 is +6 wolts
DC. Since the PXO-1000 draws 1 mil-
liamp, three AA cells give hundreds
of hours of use.

Mount the PXO-1000 in a low-pro-
file 16-pin DIP socket. Mount both
rolary switches and an ON/OFF
switch for Bl on the front panel.

The PXO-1000 internal crystal os-
cillator is available on pin 9 (ouT). It's
buffered for TTL or CMOS loads. but
you should nrever connect it to a load
drawing over | milliamp. If you don’t
know how much current will be used,
put a SK Ya-watt resistor from pin 9
{ouT) 10 J1 10 limit current. Note that
1 only appears in Fig. 2, not Fig. 3,
but you’ll need it in both versions.

You may also want a large coupling
capacitor from pin 9 (ouT) to the cen-
ter post of J1, although iC’ll diston
even a low-frequency square-wave
output. Use a 3:cell AA or AAA bat-
tery holder for BI, a suitable case, and
Y4-inch spacers Lo keep 1he board from
shorting.

Applications

What can you do with all these fre-
quencies? As mentioned earlier, the
range of 0.01 Hz-1 MHz in decade
steps can be used for a variety of cal-
ibrations, while some other applica-
tions may not be as apparent. For
example, 5 Hz can drive a clock
motor, 1, 25. and 50 Hz are a useful
general-purpose time base, 100

WWWW.americanradiohistorv.comm

PARTS LIST

Semiconductors:

D1-D18—1N4148, swilching dicdes

IC1—PX0-1004, programmable
crystal osclilator

IC2—7400 quad TTL naND gate (see
text about precision lirning applica-
tion)

Other components:

B1—4.5-volt DC supply using three
1.5-volt DC AA or AAA alkaline
cells (optienal; a 5-voit DC supply
could be used nslead)

J1I—RCA phono jack (for both lhe
DIP- and rotary-switch versions)
St1—miniature SPST toggle switch
{for either the DIP- or rotary- swilch

versions)

S2—DIP switch with 6 SPST switch-
es {for the DIP-swilch version)

-83, 34—SP12T rotary switch {for the
rotary-swilch version)

Miscellaneous: PC board (see PC
Service), 3-cell AA or AAA battery
holder, suitable plastic box with alu-
minum cover (for etthar the DIP- or
rotary-switch versions), wire, sol-
der, knobs (for the rotary-switch
version), l«-inch spacers, and
hardware.

Note: The Statek PXO-1000 Is
available from Ryno Electronics,
1637 North Brian Street, Orange,
CA 92667, (714) 637-0200, for
$12.00 postpaid. An etched and
drilled PC board (for the rotary-
switch version only} is available
from R&R Assoclates, 3106
Glendon Avenue, Los Angeles,
CA 90034, for $3.00 postpald.
For both items, Calttornia resi-
dents Include appropriate sales
tax.

Hz—-10 kHz arc useful for audio, 25
kHz is in the ultrasonic transducer
range, 500 kHz-1 MHz is useful for
digital applications.

By using period instead of frequen-
cy, or T= 1/, you can perform preci-
sion logic timing, as shown in Fig. 6.
If you program 10 kHz, NanD-gate
IC2 is enabled on cach positive half of
the output square wave, for a pulse
width of 50 ws. That lets 50 I-MHz
square wave pulses from pin U {fo1)
of the PXO-1000 to pass though IC2
until pin 9 {ouTt) goes low on each
bottom half of the square wave. In that
case, IC2 is disabled, letting you pick
a precise gate time. If both inputs go
high, the output goes low, inverting
the 1-MHz square wave. R-E
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Everything you need
to know about

the varieties of
surround sound,

in the theater

and at home.

ALL ABOUT
SURROUND

SOUND

JOSEF BERNARD

“MOVIES ARE BETTER THAN EVERY
screamed the advertising banners in
the middle of the 1950’s as theatrical
audiences dwindled and stay-at-home
TV audiences grew. Hollywood tried
everything it could think of to main-
tain its hold on the vanishing
moviegoer: Cinerama, 3-D, Cin-
cmaScope, VistaVision, Todd-AO,
six-track stereo sound, eight-track
stereo sound, Smell-O-Vision (no
kidding!}. and other schcmes now
better forgotten. One or two of the
concepts and techniques that were in-
troduced during that period proved to
have some worth and they or their
descendants are with us still today.
The stereo and surround sound we
enjoy from our audio and video equip-
ment at home are among the benefits
that have been derived, at least in part,
from the motion picture industry’s
frantic “50°s efforts.

Early attempts

Of the early efforts to provide real-
istic sound in a theatrical environ-
ment, perhaps the best remembered
(if it is remembered at all) is Walt

el Y !._ g
. i‘;.!. i -

Disncy Studios’ Fantasound, a four-
teen-track process that was used for
Leopold Stokowski's orchestral ac-
companiment to 1940’s animated
Fantasia, Each member of an array of
microphones spread out before the or-
chesira picked up the sound emanat-
ing from its region. The signal from
cach mike was recorded on its own
soundtrack and during playback was
reproduced by a speaker positioned
behind the screen in a location corre-
sponding to that of the mike during
recording. The effect was a realistic
spread of the orchestra before the the-
atrical audience.

With the cinematic wide-screen
spectaculars of the *50’s came multi-
track stercophonic—actually, sur-
round—sound. Mike Todd's wide-
screen extravaganza Around 1ie
World in 80 Days included such
effects as a train (with the theatergoer
as passenger) crossing a rickety old
bridge: you could hear the steam en-
gine in front of you and the clickety-

WWWW americanradiohistory comm

clack of the wheels on the rails being
reflected from the girders of the
bridge on either side of you as you
passed them. Wow!

At home, in the late *50's and early
*60's, record players (therc weren’t
many andiophiles with turntables
back then) and a very few tape record-
ers went stercophonic. By that time it
had been realized that a more-or-less
convincing soundstage could be rec-
rcated in front of the listener from just
two channels of sound, one carrying
tefi-ear information and the other car-
rying that for the right car, The tlerm
*binaural” was sometimes used in
place of “stereophonic,” but its use
soon became reserved for a specific
method for stereophonic recording
and listening, one with which most
people did not wish to become in-
volved because of its inconvenience.

The binaural technique, which en-
joys a very limited—but extremely
spirited—popularity today requires
spccial recording techniques, and
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binaural recordings musi properly be
anditioned through earphones. Only
two microphones are used. The idea s
to reproduce as ¢losely as possible the
sound of a performance (or environ-
ment) as it is perceived by the ear. To
this end, binaural recording tech-
niques have used models of the
human head {and ear) fitied with mi-
crophones (see Fig. 1), and even mi-
crophone mounts that were affixed to
real, live, human heads. When pre-
pared properly and with care. a bin-
aural recording can provide the
listener with a surround sound experi-
ence that includes not only front,
sides and rear, but up and down as
well. Earphones must be used to de-
liver the sound directly to the ear and
preserve the phase relationships of the
signal as recorded.

In the late 1970°s, home dis-
cophiles could have their choice of
two systems for four-channel record-
ings (SQ and QS), with two speakers
in front and two behind (see Fig. 2).
Both uscd matrixing systems (o en-
code the quadraphonic (sometimes
spelied "quadriphonic™) signals on
black vinyl reconds, and required new
designs in cartridges and styli to re-
trieve the signals from the record
grooves. The two systems offered to
the public were incompatible and
that. together with a surfeit of gim-
micky recordings similar to the
“Ping-Pong Sterco” ones that for-
tunately disappeared quickly from the
two-channel scene, caused the quad-
raphonic movement to founder and
sink with only a few diehard survivors
left today. There weren't many people
who wanted to listen to the Tijuana
Brass while sitting right smack in the
middle of the band; maybe just a few
frustrated horn players.

Extracting ambience

After the failure of quadraphony,
the place and purpose of surround
sound were reexamined and it was
decided that, for the most part, audio
channels in addition to the front two
conventionally used for stereo should
be subordinate to them. It would be
OK to have more than two channels,
but the main audio information
should come from in front of the lis-
tener and the secondary channels
used more to provide a feeling of am-
bience—to recreate the original (or a
simulated) recording environment.

In the 1870, a simple way to re-
cover ambicnce information from

FIG. 1—IN TRUE BINAURAL RECORDING, a mechanical replica of the human head and
sars ensures the proper capturs of phase relationships. This is the MKE 2002 binaural
dummy-head sterec-microphone setup from Sennheiser. To hear the special sigreo
effects, the recording must be listened to with high-quallty headphones.

FIG.2—THE Q5-108 3-CHANNE L Converter: Synthesizer/Amptlifier from Sansui. Thisisan
example of a quadraphonic amplifier in the QS format.

conventional stereo recordings was
proposed. That ambience informa-
tion—which consists largely of
sounds from outside the soundstage
located between the stereo micro-
phones (assuming, for the sake of
simplicity, that just two are used)—
may simply be sound retlected from
the walls and ceiling of a concert hall,
or it may come from sources such as

Wwww americanradiohistorvy comm

instruments positioned intentionally
outside the bounds of the soundstage,
as illustrated in Fig. 3. One of the
ways that the ear pinpeints scund
sources is by determining phase rela-
tionships. If, for example, the sound
waves heard from a pair of speakers
by the left and right ears are in phase,
the sound seurce is perceived as being
between the two speakers. If the
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FIG. 3—AMBIENCE INFORMATION recorded as s letl-minus-right ditterence signal can
be used lo expand a soundslage and even to localize sounds coming from beyond the
bounds set by the locations of the microphones or speakers.

FIG. 4—BY iINVERTING THE POLARITY ol one of a pair of slgnals and then summing Lhe
two, you can obtain the difference between them.

OR Ol

SPEAKER A

) | SPEANER B

-

11

~ SPEAKER B

SPEAKER A

FIG. 5—THE MATRIX SURROUND CIRCUIT used in receivers such as Teac's AG-75
extracts ambience information from a pair ot stereo signals by finding the ditference

between them.

waves are out of phase, the sound
seems to come fromn “beyond™ the
speakers, and some recordings inten-
tionally include out-of-phase material

to provide special auditory effects.
Out-of-phase information can be

described mathematically as the dif-

ference between the left and right sig-

WwWwWw americanradiohistorv comm

nals, or L—=R. The relationship
between an “L” waveform and an
“R” one is depicted in Fig. 4. By
inverting the phase of the right sig-
nal—thereby creating a “ — R" one—
and adding thal signal to the normal
“L" one, the “L —R™ difference sig-
nal representing ambience informa-
tion is obtained. By connecting a
third (ambience channel) speaker be-
tween the “hot” speaker terminals of
a stereo amplifier, an L — R signal is
obtained and reproduced through that
speaker. If you place the speaker be-
hind you, and adjust its volume so that
it’s unobtrusive. recordings that con-
tain a goodly amount of natural am-
bience material will take on a
spaciousness that can make you feel a
lot more like you're listening to a per-
formance in a real performance en-
vironment rather than your living
room.

Matrix surround sound

A number of today's stereo re-
ceivers include a feature called “ma-
trix surround sound," or just “matrix
surround.” the “sound” having dis-
appeared somewhere. The term “ma-
trix’’ refers to the way the signals are
combined to obtain the “surround”
signal. The process is a passive one—
there is no special encoding or decod-
ing matrixing ¢ircuitry used. Ijgure 5
shows a circuit used in one matrix-
surround receiver. When the A SPEAK.
ERs bution is engaged, normal stereo
sound 15 heard from the speakers con-
nected to the a terminals; when the &
SPEAKERS switch is closed, the output
of the amplifier is fed to a second set.
When both switches are closed, the A
speakers reproduce the normal stereo
signal; what goes to the B-sspeakers,
however. is now the difference be-
tween the left- and right-channel sig-
nals. it turns out that matrix surround
is nothing more than a " ready-to-use™
version of the ““third channel’ am-
bience system described above. Place
the B speakers behind you, and you
have an ambience synthesizer. You
also get a free surprise, which is a
subject to which we’ll return.

Some sound equipment also boasts
a "*Hali Surround” mode. While there
is definitely a Ray Dolby inwolved in
Dolby Surround (see below), there is
no Mr. Hall of the same prominence
involved in audio processing. The
term “hall” refers simply to a large
room (as a concert hall); presumably
time delay or reverb effects are added
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to the rear channel sound to give a
feeling of spaciousness.

Sonic holography

In photography, holography is a
process thal yields three-dimensional
images from a single piece of Rlm
without the need for special viewing
apparatus {as opposed to lhe older
method that requires a separate pic-
ture for each eye—ihe system used,
for example, by View Master reels).
Sonic holography produces a sonic
image having depth, and a degree of
surround effect, using just a pair of
stereo speakers.

Sonic Holography, which is a tech-
nique patented by Carver Corpora-
tion, works on the principle that when
we listen to a pair of stereo speakers
the phase relationships contained in
the recorded or broadcast material are
muddied by right-channel sound
“leaking” to the left ear, and lefi-
channel sound similarly showing up
at the right. What the process does
(see Fig. 6) is to inject some degree of
out-of-phase right-channel informa-
tion into the left-channel signal (and
vice-versa). If that is done with the
right time delay, the out-of-phase
right-channel signal mixed with the
lefi-channel one will arrive at the ear
at the same time as the right-speaker
“leakage™ does. and the in-phase and
out-of-phase signals will cancel one
another. What’s left will be pure left-
and right-channel sound as engi-
neered, providing a sense of depth
and expanse otherwise impossible in
a two-speaker system.

Material that contains a lot of natu-
ral or synthetic L — R information can

: I

be astonishing when heard through a
sonic-holography system. The sound-
stage appears to extend far beyond the
backs of the speakers—indeed, the
speakers almost seem to disappear—
and “offstage™ sounds often scem to
originate from places far beyond the
lefi-right bounds of the conventional
stereo soundstage.

The original Carver sonic hologra-
phy process requires some effort to
inake it work at its best. Speaker posi-
tioning is extremely critical to the
effect, and speaker-to-listener dis-
lances must be measured extremely
carefully, and the comesponding left
and right ones maiched lo within an
inch or so of one another. The benefits
of sonic holography also are restricted
to only one or two listeners at a time.

The cffect is heardonly frormrahighly—in some of its television receivers——

sensitive “swect spot,” and moving
just a foot or so out of it destroys the
illusion.

In some of its equipment Carver
now offers what it calls a Precognition
Matrix. which is intended to broaden
the sonic-holograph soundstage cre-
ated from motion picture sound-
tracks. The precognition circuitry
works by detecting the {(normally in-
audible to the car) rise in noise-floor
level when additional tracks are
mixed into the stereo master. By
changing the mix of left and minus-
right-channel information, the appar-
enl soundstage can be widened dy-
namically to follow that of the
material being repreduced, allowing
more listeners to benefit from the
sonic holography process. Because
the change in noise-floor level occurs
several milliseconds before the actual

o R

DELAY

LINE

FIG. 5—CARVER'S SONIC HOLOGRAPHY process compensales for signat “muddying”
that occurs during ordinary stereo reproduction by using slgnal cancelation lechnigues.
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onset of the new audio material, the
processor can respond without miss-
ing a note of music or other material.
For those who want everything (or
nearly everything). Carver also pro-
duces an AM/FM stereo receiver that
incorporates both Sonic Holography
and Dolby Pro Logic Surround,
which will be diseussed below.

Other two-speaker systems
There are several other single-end-
ed systems that attempt 1o recreate a
measure of ambience from just the
information contained in the two
channels of an ordinary sterco signal.
The system that seems to have art-
tracted the most atiention of late is the
SRS systemn developed by Hughes
Aireraft and licensed by Sony for use

Basically, the process exiracts the
L — R ambience information and pro-
cesses it through frequency, timing.
and phase adjustments to simulate the
way the recorded information would
have been perceived by the human
car. The effect is an artificial analog of
the binaural process described earlier,
using loudspeakers instead of ear-
phones. The Hughes SRS system is
described in detail in the September
1989 issue of Radio-Electronics.

Most “simple™ surround systems,
though, are just variations—and
minor ones, at that—of the L —R ma-
trix process. Sometimes the term
““digital™ gets thrown in, but the dig-
ital portion of these processes often
has to do just with creating the out-of-
phase L—R signal, and maybe
adding some time delay for increased
“spaciousness.”

Dolby Stereo

Although it has been in use since
1975, Dolby Stereo, one of a number
of audio processes to come from the
laboratories headed by Ray Dolby.
first came to national cinematic atten-
tion with George Lucas’ Star Wars in
1977. Anyone who's seen the full-
blown version of that film will never
forgel the opening scene, where the
massive battle cruiser looms onto the
screen, appearing—to both eye and
ear—to come from behind and above
the lheatergoer. What an introduction
to Dolby Stereo!

Movies with stereo soundtracks—
most of them musicals—were not
rarities prior to that. but the Dolby
process added one or two things (o
mere lateral directionality. The first
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was Dolby A noise reduction, which
(as you'li know if you ever heard the
Star Wars soundtrack cranked way up,
as il was in most \heaicrs) gave op-
tical-soundtrack sound a much great-
er dynamic range than it had enjoyed
before. The second, and perhaps
more significant from an entertain-
ment point of view, benefit of Dolby
Stereo was that it added, in a rather
elegant and easy-to-achieve manner,
trize sterco. That is, the sound field.
which had previously been zero-di-
mensional (monophonic) or one-di-
mensional (conventional stereo), now
took on another dimension and gain-
ed front-to-back depth as well. The
word “stereo” derives from the Greck
word meaning “solld,” and with Dol-
by Stereo, movie sound fields took on
solidity.

Although there is a six-track ver-
sion of Dolby Stereo, in which each
soundtrack carries discrete (non-ma-
trixed) information for a single output
channel, the process used for most
theatrical releases requires only two
tracks. With the Dolby process. those
two tracks can provide up to four
channels of sound. Figure 7 shows
how Dolby Stereo works. The left and
right channels contain the usual left-
and right-channel information; a
movie theater without a Dolby Stereo
decoder (or a home videotape viewer
using just a stereo VCR) would per-
ceive a neariy-normal left- and right-
channel soundtrack. (With only
menophoenic facilities, the two chan-
nels would be mixed to produce a
single composite output.} With a Dol-
by decoder, though, two more chan-
nels of sound become available. The
lirstis a front-center channel. Thisis a
mixture of the left- and right-channel
signals—a composite mono signal in
effect—that fills in the audio **hole™
that might be perceived by a
moviegoer sitting close to the center
of a wide screen.

The really interesting pan of a Dol-
by Stereo soundtrack. though, is the
fourth, surround, channel. It is en-
coded on the stereo tracks as
“L—~R.™ “Wait a minute!” you say.
“That's the same information that you
can extract from ordinary siereo for a
matrix-surround rear channel system.
What’s the big deal?'” The big deal, it
turns out, is in what information is
encoded in that difference signal. Ma-
trix surround uses natural, or al least
natural-sounding, ambience informa-
tion. What the Dolby process uses is

FRONT

FRONT

DOLBISH SURROUND

how Dolby Sur

vicas being sold as Doby Surround

Once you know
_W'lﬁ\zxmmn is encoded on @ decoders). Bul it will give you pretly”

stereo soundtrack—namely in the
form of an L — R difference signal—it
is easy to extract t. Whike surround
decoders bearing the Dolby “double-
D" logo contain extra circuitry to pro-
vide such things as bandbass filter-
ing and Dolby-B noise-reduction
decoding, you can have $urround
sound—using the Dolby-encoded in-
formation—from your sterec VCR or
other stereo source such as an over-
the-air or cable broadcasts of fims
contaimng surround-encoded mate-
rial for about $25—including the cost
of the speaker!

The easiest method 10 reproduce
the L— R “surround” signal. whether
it contains natural ambience informa-
tion or Dolby Surround pragramming,
is simply to subtract the right-channet
signal from the left-channel one at
the speaker lerminals. You can do
that by connecting a Speaker, which
will become your rear surround
speaker, between the two posilive
(“ + ) speaker terminals as shown In
the figure. Signals common to both
channels will not be repraduced (or
will be reproduced at a reduced
level), but the ditferences between
the two—the L — R informalion—will.
Since thal is exactly whal the Doiby
process uses, the third speaker re-
producing thai signal will become the
surround device.,

The process is not perfect (other-
wise there would be no market for the
more complex and expensive de-

much more controlled. However, for
the curious, a method for obtaining a
surround effect from Dolby-encoded
malterial without the use of a decoder
is described in the box above. It's
primitive, but effective.

WwWww americanradiohistorv comm

amazing results from good material
at a rock-bottom price.

If you connect the surround speak-
er direclly (o your amplifiers usual
speaker-output terminals, you should
use an L-pad in the line to let you
controi the level. and thereby the bal-
ance, of the surround eHect sound.
You don’t want the elfect to be over-
whelming; most of the time |here
should be so Iittle of it that you're not
aware it's there, atthough it you were
10 eliminate it suddenly you would be
struck by its absence as the sound-
field collapsed.

Be carefu! when adding a third
speaker o your system in that way.
Putting the impedance of the exira
speaker across that of the other two
will change the Impedance of the en-
tire system, and may reduce it below
the minimum Impedance recom-
mended for your amplifier. Al very low
output levels that may not matter, but
at higher ones it can put an unaccep-
table stran on the amp.

A shghtly more complex way, but
oné reeking less of brute-force, 1o ob-
tain surround sound using that meth-
od would be to mix the line-level
signals from a pair of your amplifier’s
tape outpul jacks in the same way
you would combine the speaker-out-
put ones—by using lhe two inner
conductors of the TAPE OUT cables—
and feed that signal to a separate
small mono amp driving the surmound
speaker. R-E

Cinematic sound is an extremely
artificial medium—even such a sim-
ple effect as the sound of an actor’s
footsteps as he walks from one side of
a scene lo the other is much more
casily created on an ergineering con-
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FIG. T—THEATRICAL DOLBY STEREQ encodes four channels of sound on two scund-
tracks. The Dolby decoder derives 8 center channel by summing the left and right
channels, and surround information by subtraciing the right Irom the left.

sole with a couple of pan pots than on
the soundstage during filming. Most
of a film's soundtrack is realized in
post-production—and that tightly
controlied environment makes it rela-
tively easy to put on the surround
track exactly what is wanted, without
having to rely on natural material.

If you listen carefully to a plain
stereo playback of a Dolby Sterco
soundtrack, you can frequently detect
the presence of the surround effects—
they appear to come from outside the
speakers’ soundstage, the way out-of-
phase ambicnce information may.
That is clearly cvident in a film such
as Back to the Fuure, when the time-
travelling Del.orean comes swoosh-
ing toward or away from the camera.
If all four channels of sound are re-
produced, you hear the car moving
from front to rear. or vice-versa. In
plain-vanilla stereo, though, you can
plainly hear the car noises coming
from the far-left and far-right—off-
stage. as it were.

In creating an L —R surround sig-
nal. the Dolby Stereo process does
two things. The first is to cut off the
rearchannel signal at 7 kHz. That is
done for several reasons. The first has
to do with eliminating signal lcakage
and distracting crosstalk from the sur-
round channel. Another big reason
has to do with economy. There is no
need for high fidelity in 2 surround
channel—most of the time the sound
there is for “presence”—that is, you
are only unconsciously aware of it.
The track is meant to be unobtrusive,
not to have you constantly aware of its
presence. It's only if the surround
channel should suddenly fail that you
should become consciously aware of
its presence {or absence).

That limited frequency response is
the reason behind those cheap-look-
ing. PA-type speakers you may have

noted in movie theaters equipped for
Dolby Surround. 1t’s not that the the-
ater-owner is a cheapskate, simply
that there is nothing on the surround
track to Justify the expense of a better
speaker. As far as low frequencies
go—the rumble of the engines of the
Empire spaceship, for example—they
are carried as ordinary left and right
information. Since your ears cannot
determine where frequencies below
about 120 Hz originate, they can be
reproduced from low-frequency driv-
crs located anywhere. The visual con-
tent of the film will cue you as to
where the sound is supposed to be
coming from.

The second thing that is done to the
rear-channel signal is to encode it
using a modified form of Dolby B
noise teduction. The modification
consists of adding only five dB of
processing instcad of the normal ten
dB. The use of Dolby B provides a
degree of noise reduction and assists
in reducing front-channel signal leak-
age. while the low level of processing
prevents the encoded surround signal
from significantly altering the nature
of the left- and right-channel signals
heard up front!

In the decoding process, a third
element is added to Dolby Stereo:
time delay. A delay of between 15 and
30 ms is added to the rearchannel
signal to take advantage of a phe-
nomenon known as the Haas effect.
The Haas effect causes the mind to
identify the source of a sound as that
from which it is first heard and to
ignore the same sound arriving later at
the ear. That “‘first arrival” effect en-
sures that front-channel sounds are
clearly identified as originating from
before the viewer, even if they also
come from behind him to some ex-
tent. Dolby Stereo decoders also
make use of steering logic, discussed
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below, to add further directionality to
the decoded soundtrack.

Before leaving the theatrical Doltby
process, we should mention one
called "THX.” THX is a tradémark
owned by George Lucas’ Lucasfilm
(the name has its origin in the title of
Lucas' first feature-length work, a sci-
ence-fiction film called THX-1138).
All it refers to is a " guarantecd mini-
mum"’ quality of sound in a particular
theater from an ordinary Dolby Stereo
soundtrack. THX engineers check
and adjust the sound-reproduction
equipment in a “THX" theater to
meet specific standards of perfor-
mance. It's just quality control for
movie-sound reproduction. Unless
you can get a THX engineer to come
out to your living room. THX will do
nothing for you at home.

Dolby Surround and Pro Logic
Dolby Surround is the name given
to one of the two home versions of
Dolby Sterco. It starts with the same
two stereo soundtracks that are on the
film (now on longitudinal or Hi-Fi
tracks on a videccassette). And, as is
done in theatrical installations, the
surround channel is dematrixed, Dol-
by-B decoded, and time delayed be-
fore being amplified and fed to a pair
of rear spcakers. Only one surround
speaker is actually necessary, but
two—reproducing the same surround
signal—give a “fuller” effect. To de-
rive a monophonic center channel,
useful in preventing a center “hole™
when the left and right speakers are
widely separated, some Dolby Sur-
round decoders mix the left- and right
track information. That is not, strictly
speaking, necessary, since center in-
formation appears equally on both
tracks and can be heard appearing
from a “‘phantom” speaker situated
continued on page 58
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KIT REPORT: HEATH’S AD-2550
SURROUND SOUND PROCESSOR

it you're looking for a fun way to
upgrade your audio/video system to
include Dolby Surround, Heath’s
AD-2550might be the way to do it. it
might alsc be the perfect way to get
yourself back into electronics con-
struction if you've been letting your
skilis lapse.

The processor is very easy to
bulld. Although we wouldn't recom-
mend it as a first project, anyone
with even minimal kit-building expe-
rience, or anyone who has ever built
a project from plans published in
Radio-Electronics should have no
trouble.

Most of the work involves assem-
bling one large PC board. There's
plenty of room to work, and the sup-
plied instructions and silkscreened
boards make things as simple as
possibie. When the board assembly
Is complete, the final work involves
installing it in the metal cabinet and
hooking up the power transformer.

Our total assembly time was
about six or seven leisurely hours.
Alignment takes only a tew minutes,
and can be accomplished either
with or without test equipment. Did it
work the first time we turned it on? If
you have to ask, you've never build a
Heathkit!

Surround features

When you're finished with the as-
sembly work, you're left with a full-
featured surround-sound processor.
The AD-2550 accepts left- and right-
channel inpuls and offers a wide as-
sortment of outputs. First, because
the processorincludes a 20-watt au-
dio amplier, direct speaker outputs
are available for connection to sur-
round speakers. Line-level sur-

on a large PC board.

You don'’t have
to go out to
the movies lo
get movie-theatre
sound. Now you

can bring it
home to your
living room!

round-channel
outputs are aiso
offered. Line-level
outputs for left
Iront and right
front are provided
for connection to
a separate empli-
fier, or to a stereo
Tv/monitor. A
center-channel
oulput is provided
for installations
where front-
speaker separa-
tion produces a
sound that is too
wide for the
screen. It helps to keep the dialogue
of on-screen actors sounding as if
it's coming from the screen, not off to
the side. A ling-level subwoofer out-
put feeds the low-frequency {under
70 Hz) sounds to a separate ampli-
fier for room-ratthng effects.

Three different surround modes
are provided by the Heath pro-
cessor. First, of course, is true Dolby
Surround. "Music surround” adds
synthetic surround effects to stereo
audio recordings to give them more
depth. A "mono enhance” mode
synthesizess stereo-with-surround
effects.

Front-panel controls include a
power switch, three pushbuttons for
choosing the appropriate surround
mode, and four rotary potentiome-
ters. First is the peELay control to set

the kit.

the amount of
time delay be-
tween the front
and rear speak-
ers to give your
room & larger feel,
even if you must
place the sur-
round speakers
close to your lis-
tening position.
The nuLL control
balances the left-
and right-channel
| signals that are

EVERYTHING THAT' S NEEDED 10 pro- processed by the
duce professional results is included with

surround circuitry.
It can compen-
sate for some poorly-encoded mate-
rial. Two volume controls—one for
the surround output and the other for
all outputs—iet you perfectly adjust
the balance of the front and rear
speakers.

Our tests showed that the decod-
ing circuitry performed fiawlessly
upon completion. But the real test
didn't come until we gave it a trial run
with some real test material, includ-
ing /ndiana Jones and the Last
Crusade. Surround sound can
make a dramatic difference. The
soundstage becomes instantly
larger, and, if we're allowed a little
exaggeration, even the picture
seems bigger!

Movies that are encoded with Dol-
by surround can, of course, be de-

{Continued on page 88}
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FIG. B—THE ADAPTIVE MATRIX used in the Dolby Pro Logic Surround process can
provide up to 30 dB of separation between opposite or adjacent channels. That attords an

extremely high degree of directionalily.

between the two front pnes. A few
Dolby Surround processors can also
output a front-and-back mix to side
speakers. Finally, most processors on
the market also feature a subwoofer
output. That has nothing to do with
the Dolby process; it's more a con-
venience than anything else.

Dolby Pro Logic Summound is the
ultimate in Dolby Surmmound process-
ing. While the original Dolby Sur-
round process is primarily a passive
one (all the equipracnt does, essen-
tially, is decodce the matrixed informa-
tion), Pro Logic decoders contain
active circuits that provide a surround
effect as good as—if not better than—
that in the best movie theater. The
active addition to a Dolby Pro Logic
decoder is known as steering logic.

The purpose of the steering logic
circuitry in a Dolby Pro Logic de-
coder is to sensc the direction of
soundtrack dominance—that is, to
determine from what direction the
loudest sound on the track seems to
originate—and to generate control
signals that increase gain in the appro-
prate (left, right, center, sumound)
combination of channels to give a di-
rectional vector. Figure 8 illustrates
the workings of the adaptive matrix
within a Pro Logic decoder. By com-
paring the left and right and center
and surround signal pairs, and taking
the logarithms of their values (log-
arithms are used, in pari, because
human senses work in a logarithmic
rather than linear fashion), a pair of

bipolar control signals is generated,
which are used to adjust the gain of
eight voltage-controlled amplifiers
(four for cach input channel). The cut-
puts of those VCA’s, together with
the original left- and right-channel
signals, provide a total of ten control
signals. When those signals are ap-
plied to the four output channels, a
total of forty summed directional
components are available. Separation
between any pair of channels—adja-
cent or opposite—is 30 dB, compared
to Dolby Surround’s 3 dB of adjacent
separation, and 40 dB of opposite
separation.

Pro Logic decoders are two-speed
devices, When only onc sound source
is dominant, they run in their “slow™
mode. But when there are two distinet
sound sources (by definition, only
one can be “dominant™ at atime). the
Pro Logic circuitry goes into a *“fast,”

\__\/_./

8 x VCA

time-division mulliplexing mode
where it gives its attention first 10 one
source, and then to the other. It
switches back and forth between the
two so quickly that its efforts are un-
noticed by the listener.

Dolby Pro Logic decoders include
as a matter of course center-channel
and subwoofer outputs. As is the case
with the surmound channel, the center-
channel amplifier and speaker need
not have the frequency response of the
equipment used for the left and right
channels. High- and low frequencies
will be reproduced by those systems
and by the subwoofer, if one is used.
With a good-quality hi-fi-soundtrack
videotape, and with even a modest
array of home sound equipment, you
can experience a quality of cinematic
sound at home that you would be
hard-pressed to find in any theatrical
environment. R-E

GENERIC POWER SUPPLY
continued from page 46

ble. If the water dries smoothly, from
the edges inward, or forms fine bub-
bles, you're probably safe, However,
if the water boils off immediately,
there's trouble. It's not a terribly sci-
entific method, but it’s free. Check a
secand time, waiting a full minue
after drying for heating recovery.
The 78XX/78MXX versions are
fixed-positive models. For cxample, a

WWwWw americanradiohistory comm

7812 is a posilive 12-volt model that
can provide at least | amp of output
current—but only when the regulator
drop is low enough to avoid overheat-
ing. The suffix “T" specifies a
TO-220 case, but catalegs often omit
this and specify the case type
elsewhere. The 79XX/79MXX ver-
sions are fixed-negative models. The
LM317/L.M317M models are adjusta-
ble-positive, and the LM337/
LM337M are adjustable-negative.
They're all very reliable, and can take
considerable abuse. R-E
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The days of LED indicators and segmented displays are
numbered. Now you can add an alpha-numeric LCD to your home project
easily and inexpensively.

HAVE YOU EVER AVOIDED A PROJECT BE-
cause it required a dispiay that could
handle numbers, letters, and sym-
bols? Have you ever given up on a
project because the display had to be
at least 10, 20, maybe even 40 charac-
ters long?

You can solve all of those problems
by using a simple and inexpensive
alpha-numeric LCD module which
contains a controller chip that does
most of the work for you! This article
will show you how to use LCD's with
a simple microcontroller- or micro-
processor-based design. Note that
most small LCD modules use the
Hitachi HD44780 LCD controller
chip (see block diagram in Fig. 1).
This article will therefore be limited
to a discussion of LCD modules that
usc, or are compatible with, the
HD44780 controller format. Com-
mon LCD modules include those
manufactured by Optrex, Epson,
Hitachi. Amperex, and Densitron.

Multi~character readouts are usu-
ally constructed using individually
wired, multiplexed display segments.
The host microprocessor sequentially
flashes the desired character on each
digit of the display, one at a time. The
microprocessor is fast enough so that
the naked eyc sees the display as it

STEVEN AVRITCH

should appear. That method of multi-
plexing the digits of a display is often
used because it reduces the amount of
external hardware required compared
to non-multiplexed systems. How-
ever, multiplexing requires the micro-
processor to continually update the
display, and the amount of extemnal
wiring must be increased as addi-
tional digits are added (see Fig. 2).

For example, a 10-digit numeric
display requires approximately 100
wires and over 20 components. (A 10-
digit alpha-numeric display requires
even more wires.) The cquivalent dis-
play (including alpha-numencs) im-
plemented with an LCD module
would require only 10 wires and 2
components: the LCD module and a
potentiometer for contrast control.
Using an LCD module, a designer
can add a display containing up to 80
characters with as little as 10 wires, 7
of which connect the display module
to the host microcontroller/processor,
plus 1 power, 1 ground, and | LCD
drive wire for contrast control. That’s
allt

The software interface between the
host and the display module is just as
simple as the wiring. The display
modules automatically handle all re-
fresh and multiplexing functions. The

Wwww americanradiohistorv. comm

host needs only 1o write the data to be
displayed and a few control codes
(such as display on, display off, scroll
left, scroll right, etc.) to the module;
the on-board LCD controller chip
does the rest.

LCD modules have not been used
heavily in the past because of their
high costs. However, the cost of the
modules has since dropped consider-
ably, and they are now commonly
found in many of the popular elec-
tronics supply houses. For example, a
32-character display (2 lines, 16
characters per line, 16 X 2)is available
from Digi-Key for approximately
$23. Similar displays can be obtained
through surplus houses for approxi-
mately $8-$10.

Most of the small, inexpensive
LCD modules contain a Hitachi
HD44780 LCD Controller chip. That
means that most of LCD modules fol-
tow the same standard format, have
the same 14-pin interface. and are
therefore compatible and inter-
changeable. The HD44780 is capable
of controlling any size display up to 2
lines long and 40 characters wide with
the same hardware interface. Com-
monly available display sizes include
16x1, 16x2, 20%x2, 24x2, and
40 X 2 formats. That means that you
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LGB DISPLAY MODULE

1D HOST
PROCESSOR (,_I
MICROCONTROLLER

FiG. 1—W0ST SMALL LCD MODULES use the Hitachi HD44780 LCD controller chip.

Features of LCD modules

The LCD modules support a vari-
ety a display feawres that can accom-
modate just about any application.
The following is a brief description of
their features:
¢ Display on/off—allows the user o
turn the display on and off from the
host processor.
& Cursor on/off—uscr may select to
display the cursor or suppress it.
® Cursor blink—the user may sclect
a steady cursor or a blinking cursor.
The character above the cursor also

N 4T08 X
“ NG °'S". DEcoce 870 16 WIRES GOING TO EACH SEGMENT 0
DATA (74475 ETC) OTHER
. [ﬁ [ ] J "\ |_\ SEGMENTS
; — .
MICROCONTROLLER/ | | ]l , ] ] ]
MICROPROCESSOR HOST omen ’ , , , , &%wggm
4708 v SEGMEHTS
’ | WiRES lsssugg U_’J } | - |
ADDRESS ADDDECRODE | I
| oeic | F -I-
| | = |
omm
I | SEGMENTS
FIG. 2=MULTIPLEXING REQUIRES the microprocessor to continually updatle lhe display.
and the amount of external wiring must be increased as additional digits are added.
can change the size of your display by There is also a cursor line under  blinks.
simply plugging in a larger module.  each character. The 5X 10 font is bet- @ Scroll left/right—scrolls the data
No other hardware modifications are  ter suited for certain lower-case letters  on the display.

required; only the software drivers
specific to the application would need
to change.

The LCD modules recognize stan-
dard ASCII code for letters (upper
and lower case) and numbers in addi-
tion to a variety of symbols including
7, 1, $AK. %, and °, just to name a
few. In all, the LCD module supports
192 alpha-numeric characters and 32
special symbols. The modules also
allow you to customize up to 8 user-
defined characters of your own. On
one home project the author
customized three characters that,
when displayed together, formed an
airptane as can be seen in the photo.

The LCD modules are dot-matrix
type displays with each character
being formed from a 5-dot-wide by 7-
dot-high block (5 X 7 font) or a 5-dot-
wide by 10-dot-high block (5X 10
font). The font is selected by issuing a
control command as discussed later in
this article.

such as g, y, and p {i.c. letters with
descenders that go below the line that
they're written on). Figure 3 shows
cxamples of letters formed using the
5% 7 and 5X10 dot-matrix formats
for comparison. It should be noted
that the 5 X 10 matrix font limits the
display to one line regardless of
whether the LCD module is a one-line

or two-line display.
i1 B9

BEg

;n-l--u

FIG. 3—HERE ARE SOME EXAMPLES of
letters formed using the 5% 7 and 5x10
dot-matrix formats.

Wwww americanradiohistorvy comm

¢ Return home—returns the cursor
to the home position {address 0) and
returns the display to the original po-
sition (if it had been previously
scrolled)

Software interface

The software interface between the
LCD module and a processor or mi-
crocontroller is relatively simple.
There are two basic types of software
opcrations: control operations (i.e.
display on/off, cursor blink/noblink.
etc.) and data operations. The control
operations set up the features of the
display, while the data operations
wrile the actual data to be displayed lo
the LCD module.

The LCD module’s on-board
HD44780 controller chip contains 80
bytes of display RAM and is capable
of supporting up to a 40X 2 display’
(cach byte of display RAM corre-
sponds to a digit of the display).
Smaller LCD modules simply do not
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display the full 80 bytes of RAM. The
display RAM is organized in the fol-
lowing format:

LINE I:

Character position: 1 2345678
9...40

RAM address 01 234567
8...27(hex)

LINE 2:

Character position: 1 2345678
9..40

RAM address 40 41 42 4344 45 4647
48...67(hex)

Smaller modules simply do not dis-
play the upper character positions as-
sociated with the upper addresses. For
example, a 16 x 2 display uses ad-
dresses 00—OF (hex) for line 1 and
40-4F (hex) for line 2.

The HD44780 also contains 64
bytes of character-generator RAM-
That is used to store the character
pattemns of the 8 user-defined charac-
ters (8 bytes per character). Once a
user-defined character is set up in
character-generator RAM, it may be
accessed just as any other regular
character. NOTE: in the 5 X 10 matrix
mode, only four uscr-defined charac-
ters are supporied, with each
character requiring 11 bytes of
character-generator RAM.

Software drivers

The host must contain two basic
software drivers to support the LCD
modules. the Control Write and Data
Write drivers. The minimum func-
tions that the software drivers must
perform are:
Control Write:
& Sets up DBO-DB7 with the desir-
ed control code
® Sets the rW line to logic zero
& Sets the rs line to logic zero
& Strobes the ENABLE line
Data Write:
& Sets up DBO-DB7 with the desir-
ed characier
® Sets Rw line to logic zero
® Sets the Rrs line to logic one
& Strobes the ENABLE line

The user may also read data and
contro! signals from the HD44780.
Control Read and Data Read drivers
are similar to the write drivers except
that the RW line is set to a logic one.
Refer to Table | for a complete listing
of the control codes and stawus flags
available with the HD44780 LCD
controller chip.

Subroutines for the MC68705
The following subroutines show the

LISTING 1
DISLET 5TX TEMPX SAVE INDEX REGISTER
STA PORTA PUT CHARACTER ON BUS
BCLR 1, PORTB SET R/W TO WRITE
BSET 2,PORTB SET RS TO DATA
BSET 0. PORTB TURN ON ENABLE
BCLR 0, PORTB TURN OFF EMABLE
BCLR  2,PORTB SET RS TQ CONTROL
LDX #520 \
DELAY1 DECX % DELAY 120 us
BNE DELAY! /  ASSUMING 1 us
/ CLOCK
LDX TEMPX RESTORE INDEX REGISTER
RTS RETURN FROM SUBROUTINE
LISTING 2
CONTROL  STX TEMREX SAVE INDEX REGISTER
STA FORTA PUT CONTROL CODE ON BUS
BCLR 1,PORTBE SET R/W TO WRITE
BCLR 2_PORTB SET RS TO CONTROL
BSET O,PORTB TURN ENABLE ON
BCLR O,PORTE TURN ENABLE OFF
LDX #5FF \
DELAY2 DECX \
BNE™ DELAY2 .
oMP #502 %\ DELAY FOR CONTROL
BHI DELAY4 /
DELAY3 JSR ENDCNTL /
DECX
DEEAY4 LDX TEMPX RESTORE INDEX REGISTER
ENDCNTL RTS RETURN
LISTING 3
INIT LDA  #501 CLEAR DISPLAY
JSR  CONTROL
LDA #3502 RETURN DISPLAY TO HOME POSITION
JSR  CONTROL
LDA  #538 SET UP FOR 2 LINES, 8 BIT INTERFACE,
AND 5X7 MATRIX FORMAT
JSR  CONTROL
LDA #3506 SET UP FOR CURSOR SHIFT WITH DATA WRITE
J5R  CONTROL
LDA  #50C SET UF FOR OISFLAY ON, CURSOR OFF.
AND STEADY CURSOR (NO BLINK)
JSR  CONTROL
RTS RETURN FROM SUBRCUTLNE
LISTING 4
CGINIT LDA #840 SET UP FOR WRITES TO CG RAM
JSR  CONTROL
CLR DATCNT CLEAR BYTE OOUNTER
NEXT LDX  DATCNT  LOAD BYTE COUNTER
LDA  PLANE.X LOAD CG RAM DATA INTO ACCUMULATOR
JSR DISLET WRITE BYTE TO CG RAM
INC DATCNT  INCREMENT COUNTER FOR HEXT BYTE
LDA  DATCNT
CMP 24 / 24 BYTES WRITTEN 7
BNE  NEXT
LDA  #580 SET UP FOR WRITES TO DD RAM
JSR  CONTROL
LDA  #502 INITIALIZE DISPLAY TGO HOME POSITION
JSE  CONTROL
RTS RETURN FROM SUBROUTINE

software drivers for data and control
writes. The examples shown here are
written in Motorola 6800-serics as-
sembler code and are targeted for the
MC68705 microcontroller. These
short routines can be easily translated
into other assembly languages that
can be used with other icro-
controllers/microprocessors.

The Data Write subroutine (Listing
1) displays letters and symbols. The

WwWww americanradiohistorv comm

ASCII code of the letter/symbol to be
displayed must be loaded into the Ac-
cumulator before calling the Data
Write subroutine. Before the Control
Write subroutine (Listing 2) can be
called, the code of the control opera-
tion w0 be performed (from Table 1)
must be loaded into the Accumulator.

Display initialization
The first operation that the software
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DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPY
PROTECTIONS

Whis walching renlaf
will notice an-
patlodic color
darken color ghift, ww-
wanted lines, Mashing o
|mgged .dg-l. This s
cauted by Lhe copry protec-
Tion jwmmesg sigraly am-
badded in the wdeo Iape.
3uch B3 MACrOwson cofry
proiection. Diglial Video
Stablizer: ME compietery

WARNING :

SCO
Electronics and
RXIl dealers do
not encourage
people to use
the Digital

nayin

ot e ey sy Video Stabilizer
o brings you cysal tear 1o duplicate
MFEATURES: renta mpvies
Ertysemasndasnap  or copyrighted
® Slate-ol-the-art Jo» video tapes.
tegrated Sircul lechnot RXI is in-
‘&,&U‘mﬂ‘-w tended to stabi-
troublesoms adjusi- lize and restore
.m.Comm;ﬂublc o uhi types crYStaI Clear
g2 VCRaand Ve _r icture C‘uallty
hﬁm&mlilm or private

home use only.
[ Dealers Walcome |

o Lgnt hi [8 cunces
mc:?:gm (123505
@ Beautiul dehas gift box
® Uses a standard § Yol
bafery which wail las! 1.

2 ysan.

ToOrder: $49.95 s + $4 lor FAST UPS SHIPPING

1-800-445-9285 « 516-694-1240
Vise, MIC,COD  M-F: B8 (battery nod Included)
SO0 ELECTRONICS INC.

Gopl. covy 581 W Memck Ad. Valley Stmam NY 11580
Linconditicnal 30 deys Money Sack Guarantoe

assist any company or Individual in doing so.

CIRCLE 194 ON FREE INFORMATION CARD

CABLETV |
DESCRAMBLER

1Unit 104
Jerrold S.B. oo, $74...855
Jerrold SB w/Trimode.....$90 ....$70

Oak N-12 (wNS)
Scientific Atlanta...
Pioneer... =
Panasonic converter........ $98.....$79
73 channel converter.......
We Beat Anyone’s Price!
30 Days Money Back Quaranty
Free Catalog
Visa, M/C, COD or send money oider 10;
US Cable TV Inc. Dept. xcTs
4100 N.Powerline Rd., Suite F-4
Pompano Beach, F1 33073

1-800-445-9285

Please have make and model number of the
equipment used in your area ready.
No Florida Salesl

It's not the intent of LIS Cable TV Inc. to
defraud any pay TV operator and we will not

CIRCLE 195 ON FREE INFORMATION CARD

TABLE 1—CONTROL OPERATIONS

Instruction | RS | R'W | 0B7 | D85 | DBS | D84 | DBI | DB2 | DB1 | DBG | Desenplion and
i { | frecution lma
Chear o ’ 0 o Cioars Drsplay
i Returrrs cursot io home
1 1 i peation {1 64 my)
Home 0 [ | o 0 X | Fetun curmar 0 home
| P
Farturn sfulhed dapisy o
T — — | Fome poshon {40 w8}
Mot () [ [ { 1 o W0 | 8 |Conlrol asomanc FAM
mackesy INCDEC and
| | whvathdr Ay shifls On
wirtes (40 L5}
Dispiry | [/} b [+] 8 |Controls cispiay ONOFF
ONOFF | Conitols cursor ONOFF
| |Gursor blnk, ONOFF
] ik } 1 2 (R o B
Cursor or [ ] 0 [ 2 J 1 | B0 AL A Sits cursar sndior dispiay
display shift | | without changeng Saolsy
f | {RAM (40 w2
Function set ol 0o 1o oL N I 3 | X, Setiniertace o 4 or 8 bis
| ) | Sel ramiee of draplay fmes
Suty character X (40 jun)
Set CG RAM ] ] o 1 | —Mdrua(caj 1 Set sooress lor
address i subsadquas wrras 0
characie QENerator,
{ g |  |loarRAM 40 s}
Set DO RAM - - irmrys (DO} S e
FLAITTT subanquart wTies D
aspliy (OO RAM {40 ps}
Read busy ¥ Address Counter FAaad viatus of busy hag
fiag & BF} and preser adomis
SOATeES Conarvied aisiomk (1 L)
Write data ©  |Dala o o# wrmen 10 DD o GG RAM, DDCG deatimation | Wrtes cata 10 HD44 760
WwCAMDD | based on sl 'mD&CGWm»u‘cmmml.'wusl
RAM |
= — — " - — e B
Fass data 1 1 [Dwia read trom DD o CG RAM Source of data (GO or Peacs dita rom HD4 70
fram CQ or D0) based O last “set DIVCE FLAM address’ control (49 ua)
0D RAM | | command
) = 1 increment addorss DOOEST ON sach subsoguent mad write B 1; B-t data-tass interiace
O: Docrominm acdress Doanter on each subkaquer ned wite Q. 4-bit Amta-Dus itertace

2 = 1 St cursor weth despley
0. Hold cursot fued

SC = 1: Shift deaplay (withoul changing DO FLAM)
0: Shift carsor ondy

RL = {.5nf operesons ocour 10 1he fght
0: Shilt Operations QLT i the lett

must perform is the initialization of
the display. Initialization inciudes
clearing the display and issuing the
appropriate control commands that
set the display up with the desired
features. The INIT subroutine (List-
ing 3) is a sample inilialization roy-
tine for a 16x 2 display. The INIT
routine sets the display up for 2 line.
5x7-font format, 8-bit interface
mode, and suppressed cursor. Also,
the INIT routine sets up the display to
shift the cursor one position 10 the
right on every data write.

Note: The display module requires
10 milliseconds 10 initialize after
power is applied. The host, therefore,
must wait at least 10 milliseconds be-
fore writing to the dispiay following
the power-up of the module.

CG RAM initialization

The CGINIT routine (Listing 4)
illustrates the operations required to
set up 3 of the 8 user-defined charac-
ters. The characters defined in the

WWWW americanradiohistory comm

H 1; 2-krw draplery
O 1-ane depiny

F oo 1 S 1000k character lont
O 5x 7 dot charactor fonl

BF = 1:Buwy
0 Not busy

LISTING 5

PLANE $00
$00
S00
$1C
S1F
$00
$00
$00
510
s0C
506
S1F
S1F
$06
$0C
510
sia
s1B
518
S1F
S1F
$00
$00
$00

FCB
FCB
FCB
FCB

routine form an airplane when dis-
played together. Tabie 2 illustrates
how each of the three user-definable
characters are generated. Listing 5

continwced on page 80
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HARDWARE
HACKER

Low-cost memory

SOMEONE AT LONG LAST HAS DONE
something right for a change.
Hacker friendly too. A giant Yea
Team! and a sixpack of attaboys to
all of the folks at Dallas Semicon-
ductor, a manufacturer of innovative
new integrated circuits.

Dallas has set up a free 24-hour
direct-order line with no hassles
and no minimums. If you want one
or two of their chips at 3:42 in the
morning, just whip out your VISA
card and give them a call. For next
day delivery.

What's really sad is that virtuaily all
of those other "good guy” inno-
vative chip manufacturers invariably
use by far the most Neanderthal and
the most hacker vicious of the old-
line distribution channels.

So here and now, | issue an out-
right challenge to all the rest of the
"good guys"—Maxim, Sprague, Lin-
ear Technology, Samsung, Mit-
subishi (who has far and away the
most mesmerizingly awful reps and
distributors in the industry, bar
none), Signelics, Reticon, SGS,
Statek, Teltone, Rohm, [ntersil,
Sony, Siemens, Philips, et. al.

For your own good, please,
please, find out why Dallas is laugh-
ing all the way to the bank. And
please set up your own direct order
lines that do not go out of their way
to kick sand in the collective faces of
your most promising future custom-
ers. Your present distributors are
your worst enemy.

As usual, please observe that all of
our referenced sources do appear
in either the upcoming Cases and
Enclosures resource sidebar or in
the Names and Numbers box.
Please do check out the sidebars

before using our free help line. And
please do make all your productand
your literature requests to anyone
listed in elther sidebar specific,
rather than general.

We return you now to our column
already in progress....

LaserWriter information

It appears that Apple Computer
has gone far out of their way to pre-
vent you from ever getting any
useful parts or technical service in-
formation on their LaserWriter
printers. Outside of the limited
*“white book” LaserWriter Reference
on all of those connections and the
commands (in stock here at
Synergetics), virtually nothing at all
is available from them on their
printers. Such stupidity ends up
monumentally short-sighted.

Fortunately, Hewl/ett-Packard is as
hacker-friendly as Apple is hacker-
vicious. The Carron CX and SX en-
gines used by both companies in
their printers are nearly identical.
Over 95 percent of the mechanical
parts are fully Interchangeable. And
HP, like Daflas Semiconductor, also
has a free VISA order line with over-
night express delivery.

HP has a pair of outstanding ser-
vice and repair manuals that are di-

NEED HELP?

Phone or write your Hardware
Hacker questions to:

Don Lancaster
Synergetics

Box 809-RE
Thatcher, AZ, B5552
(602) 428-4073
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Cases and Enclosures

DON LANCASTER

rectly applicable to the Apple
printers. Their manual
#33440-90920 is for the older CX en-
gine as used on the LaserWriter and
LaserWriter Plus. Their manual
#33440-90904 is for the newer 5X
engine that is used on the
LtaserWriter NT and laserWriter
NTX.

Unfortunately, HP sells only the
replacement modules, and rarely
goes down to the individual compo-
nent parts level. Thus, you can geta
fuser assembly from them, but nota
fuser roller. One source I've found
useful for any and all LaserWriter
parts on any level is Don
Thompson, who also stocks de-
tailed repair literature, low-cost re-
builds, toner supplies, and the
handy and useful repair tools. One
additional source for a LaserWriter
schematic is Bomarc Services.

As we have seen before, you can
easily refill your own 5X or CX toner
cartridges in two minutes for $7.50.
The job Is much simpler than prop-
erly packaging your cartridge for
shipping to a commercial refilling
service.

Besides Don Thompson, another
major source of refilling supplies
that | personally use is Arlin Shepard
of Lazer Products. Arlin also now
offers “infinite life” recoated SX
drums. One I'm now using is on its
14th refill.

From what | have been able to
determine, much of the rest of the
toner refilling industry is an outright
zoo. We have people selling you
shoe polish and calling it drum re-
coating, others gold plating things
that do not need gold plating, and
yet others who are making useless

LaserWriter Tech Info
- Al
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“gapping” adjustments that try and
compensate for the shoddy quality
of the toner.

For a good glimpse into the entire
toner refilling industry, check out
the highly interesting and infor-
mative Recharger trade journal. Full
details on the toner cartridge re-
loading appear in previous columns
(Radio-Electronics, April 1989) and in
my Hardware Hacker li book-on-de-
mand published reprints.

Low-cost memory

In case you have not met them
before, Datias Semiconductor has a
mind-boggling array of cheap and
innovative new circuits that cry out
for hacker use. They are very heavy
into such things as clocks, non-vol-

atile memory, supervisory watch-

dogs, FCC legal "plug-and-go”
telephone modules, and the short-
range RF remote controls.

One typical example is their
D52222 EconoRAM, shown in Fig. 1.
This is a 256-bit nanopower memory
that is easily made non-volatile with
a tiny backup battery. It is intended
for intelligent credit cards, public-
transit tickets, security-access con-

NEW FROM
DON LANCASTER

HANDS-ON BOOKS

Hardware Hacher Reprints il
Atk The Guru Reprints | or |l
CMOS Cookbook

TTL Cookbook

Active Filter Cookbook

Micre Cookbook vol | ar |l
Enhancing your Apple | or I
Applew e Coolboak

APPie a33embly Cookbook
Incredible Secrat Money Mechine
LasarWriter Aeterence (Apple)
PaslSeript Cookbook (Adobe)
PoatScript Ret, Man. {Adobe)
PosScripl Prog. Design {Adoba)
Aeal World PoXiscript (Roth)

UHLOCKED SOFTWARE

29.50
39.50
39.50
39.50
39.50
39.50
39.50
19.50
15.50
43.50
19.50
24,50

LaserWriter Sacrots (e blacPC)
PoniScript Show & Tell

Intro to PoMSenPt YMS Yideo
PostSeript Beginner Shult
PastSerpl Perspactive Drm
PostSerpl Technical [lustrelions
PostSeripl Work In Progresa
PostSeript HBS stust

Apsoiute Resen lls &b N
AppleWriter/Lasarwriler Ltilltias
Enhance | or A Campanlan Disk
AppleWriter CB of Asay CB Disk

FREE YOICE HELPLINE YISA/MC

SYNERGETICS

Box BO0S-RE
Thatchor, AZ B5552
(602) 428-40723
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FIG. 1—THEECONORAM I8 a micropower
memary of 256 bits. These can cosl less
than & quarter each tn quaniliy.
Amazingly, all addressing, daia transfers,
and all read/wrlie confrol are done
through a single very busy pin!

trol, trade-show customer identifi-
cation, long-term data acquisition,
and user 10 keys. Or anywhere else
you want to cheaply store a few bits
of information that has to be
nanopower, compact, and highly
portable.

The cost is under a quarter in
large enough quantities. Supply
voltage is between 1.2 and 4 volts
DC. Standby operating curmenl is a
mere 100 nanoamperes. Less than
one milliampere is needed for a
read or write operation. A typical
small coin cell is good for 100 million
transactions over several years of
operation.

What boggles the mind is that
there are only three pins on the
DS-2222. Power, ground, and a sin-
gle pin that, believe it or not, per-
forms all of the addressing, data
transfer, and control of reading and
writing.

You just about have to use a host
microprocessor or personal com-
puter to read or write to the chip,
since the process is so involved.
Here's how it usually works:

To read or write any one bit, all
bits must get read or written. Figure
2shows detalls. Your host controller
provides a high output and then is-
sues a string of 264 pulses. The tim-

WWWW.americanradiohistorv.comm

ing can be any interval longer than
60 microseconds per pulse.

Each pulse event begins when the
output drops from supply to
ground. When writing, a logic one
must last between 1 and 15 microse-
conds. A logikc zero must last at least
60 microseconds. And so, the
length of your write pulse deter-
mines whether you enter aone ora
zero,

When reading, you have your
host hold the output low for be-
tween 1 and 15 microseconds. The
EconoRAM should respond by re-
maining low for another 15 microse-
conds if a zero is stored, and by
immediately going high if a one is
stored. Thus, to read, bring the out-
put low for 15 microseconds. Wait 5
microseconds. Then sense the one
or zero.

The first 8 bits in your sequence
are called the command word. The
first five are all ones to write, or all
zeros to read. That is followed by a
pair of zero bits which allow a later
memory expansion. The eighth
header bit is always a one.

The remaining 256 bits are your
data, arranged in a sequentially ad-
dressed order, which is much like
how a shift register would work. To
change a single bit, you first read all
of the bits, store them in host mem-
ory, and then rewrite all of the bits,
changing what you want on the fly.

Obviously, this RAM is best suited
for long-term storage applications
only occasionally read from or writ-
ten to. A 5K pull-up resistor is rec-
ommended when writing or read-
ing. The output pin is TTL
compatible.

Now for the tricky part. To first
initialize your EconoRAM, you send
it 264 write zero states. That auto-
matically resets the internal address
counter. After that you send a new
sequence to do whatever reading or
writing you care to. Remember that
you must go completely through a
sequence each and every time or
the EconoRAM will get confused.

Four EconoRAM's are easily used
together for a full 1K that should be
enough for a complete name, ad-
dress, and account number. All you
do is change the address bits in your
command string through 00, 01, 10,
or TI. As many as 32 bits could also
get permanently factory written in
for a positive and genuinely non-
volatile message header.
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Let me know what new hacker
uses you might come up with using
this innovative new approach to
small memory needs.

Cases and enclosures

For this month’s resource sidebar,
| thought we’d round up some low-
cost products and materials that let
you design your own electronic
cases and enclosures.

Obviously, if you just need a plain
old box, your local Radio Shack has
several bargain priced ones in
stock, as does Mouser Electronics,
as well as nearly all of our other fine
Radio-Electronics surplus adver-
tisers. The trick is to find something
beyond a plain-jane box that looks
sharp, makes a clear statement you
can relate to, and isn’t outrageously
expensive.

Let's briefly run down the major
case and enclosure manufacturers:
Bud, of course, who is pricey, very
old line and uninspired; Vero hav-
ing a foreign look about them;
Hammond with a good selection of
ABS minicases; Polycase who fea-
ture the wall-mounted and plug-in
stuff; PacTec with an incredible vari-
ety of sloping small consoles;
Keystone for built-in battery com-
partments and standoffs; Serco for
some fancier, highly styled boxes;
and Vector who are both low cost
and look it.

Want to wrap your own instead?
Figure 3 shows you three of my own
favorite home-brew packages from
way back when. While most of the
Zero Manufacturing cases are lu-
dicrously expensive, they also offer
a line of plain old deep-drawn alu-
minum boxes {Fig. 3, top) with
rounded corners in zillions of sizes
that are reasonably priced. These
anodize beautifully, and many mod-
els have lids which exactly provide
an outside or an inside fit. And the
photographic dialplate materials
from either Metalphoto or Fotofoil
can integrate beautifully with these
cases.

For dozens of examples of these,
check into the back issues of Popular
Electronics and Radio-Electronics in
the 1965-1975 time frame.

Vinyl clad materials are used by all
the big folks. Getting them in small
quantities can be a real hassle. In-
stead, you simply go on down to
your local Yellow front or an equiv-
alent yuppy pseudo-surplus store,

haader data raad
' = A —A ™
D|ID|(D|D|O DD
glojofojojo]joO]|1 alilz213|a 3 254 | 255

{A) READ SEQUENCE

header data wrile
{y T——— A A A N
DID|D|D| O pD|D
11|11 |1]o|O}" oli|2]3]|4 254 | 255

(B} WRITE SEQUENCE

FIG. 2—THE ECONORAM GETS INTERROGATED by use of 264 sequential timing pul'é'é"s.
Once started, the sequenc® must get complated In its entirety. See the 052222 data sheet

for additional detalls.
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The ZERQ BOX: uses a deep drawn
aluminum shell and [ooks particularly
good with a Metalphoio diaiplate.
Shallow versions can alse be used
tace up. These anodize beautifutly.

The VINYL CUAMSHELY has a
brushad aluminum chassis and @
cover coaled with glued-on dacorator
vinyl. Tilting @nd brackets can also
be added, as can vantillation holes

The, WOODEN END RAIE ploy uses
exouc whed caps thal have suhable
groovas routed in them. The chassis
itsell can be painied aluminum or a

polished brass or chrome,

FIG. 3—HOMEBREW CASES FROM the "goiden age” of hardware hacking. All ofthese
are easily bulit. yel can produce oulsianding protessional resuits,

buy some fake Naugahyde by the
yard, and glue it onto plain old alu-
minum or steel. The “clamshell” de-

WwWwWw americanradiohistorv comm

sign (Fig. 3, middle) is easy to do.
You can simply sand the bottom half
to get a satin finish, and glue vinyl
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onto the upper half to get a profes-
sional final resutft.

The wooden rail ploy (Fig. 3, bot-
tom) is both easy to hack and looks
great. Just get yourself some exotic
wood from EDLCO or Constantine
(Cocobolo or Wenge are fine
choices), mill some slots in it with a
hobby motor tool, slide in a bent

metal frame, and you are home free.

I've found a local blacksmith or
sheet-metal shop to be real handy at
times, so you'll want to find a good
one of these on your own. Betler
yet, see if you can't find a horse
trailer or hitch works. They have the
machinery to properly cut and bend
the heavier stuff without costing an

CASE AND PACKAGING RESOURCES

Appliance

1110 Jorie Bivds, CS 9019

Oak Brook, IL 60522

{708} 990-3484

CIRCLE 225 ON FREE INFORMATION CARD

Coburn

1650 Corporate Road West

Lakewood, NJ 08701

{201} 367-5511

CIRCLE 226 ON FREE INFORMATION CARD

Constantine

2050 Eastchester Road

Bronx, NY 10461

{212) 792-1600

CQIRCLE 227 ON FREE INFORMATION CARD

DonJer Products Co

llsne Court Building 8

Belle Mead, N.J Q8502

(800) 336-6537

CIRCLE 228 ON FREE INFORMATION CARD

EOLCO

PO Box 5373

Ashevilie, NC 28813

(704) 255-8765

CIRCLE 229 ON FREE INFORMATION CARD

Electronlc Component News

1 Chilton Way

Radnos, PA 19089

{215) 964-4345

CRCLE 230 ON FREE INFORMATION CARD

Electronlc Packagling

1350 East Touhy Avenue

Das Plaines. IL 60018

(708) 635-8800

CIRCLE 231 ON FREE INFORMATION CARD

Fomeboards

2211 North Elston

Chicago, IL 60614

(312) 278-9200

CIRCLE 232 ON FREE INFORMATION CARD

Fotofoll Miller Dial

4400 North Temple City Bivd

El Monte, CA 91734

(818) 444-4555

CIRCLE 233 ON FREE INFORMATION CARD

Hammond

1690 Walden Avenue

Buffalo, NY 14225

(716} 894-5710

QIRCLE 234 ON FREE INFORMATION CARD

Keystone Electronics Corp

31-07 20th Road

Asloria, NY 11105

(718) 956-8900

CIRCLE 235 ON FREE INFORMATION CARD

Metalpholo

18531 South Miles Road

Cleveland, OH 44128

(216) 475-0555

CIRCLE 236 ON FREE INFORMATION CARD

Mouser Electronics

11433 Woodside Avenue

Santee, CA 92071

(800} 346-6873

CIRCLE 237 ON FREE INFORMATION CARD

PacTec

Enterprise & Executive Avenues
Phlladelphia. PA 19153

(215) 365-8400

CIRCLE 238 ON FREE INFORMATION CARD

Polycase

4726 Supenor Avenue

Cleveland, Ohio 44103

(216) 391-0444

CIRCLE 239 ON FREE INFORMATION CARD

Red Spot

PO Box 418

Evansville, 1N 47703

(812} 428-9100

CIRCLE 240 ON FREE INFORMATION CARD

Serco

612 Commercial Avenue

Covina, CA 91723

{818) 331-0517

CIRCLE 241 ON FREE INFORMATION CARD

Vector Electronlc Co

12460 Gladsione Avenue

Syimar, CA 91342

{818) 365-9661

CIRCLE 242 ON FREE INFORMATION CARD

Vero

1000 Sherman Avenue

Hamden, CT 06514

(203) 288-8001

CIRCLE 243 ON FREE INFORMATION CARD

Zero Halliburton

PO Box 3339

Pacoima, CA 91333

(818} 897-7777

CIRCLE 244 ON FREE INFORMATION CARD
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arm and a leg. And there’s usually
enough scrap on the floor under
the shear.

Four interesting package support
outfits are the Fomeboards people
which do stock all sorts of beautiful
prototyping sheet materials;
Coburn who is heavy into unusual
finishes such as prismatics, glow-in-
the-darks, diffraction gratings, foils,
etc; instant dust-on flock materials
from Donjer, and the Ultra-Suede
from Red Spot. a textured urethane
finish having a soft fuzzy suede or
smooth leather touch,

All the enclosure and packaging
people advertise in most of the free
electronics trade journals.
Electronic Component News seems
about the best for cases and such.
Two other trade journals with useful
fit and finish ideas in them include
Electronic Packaging and Appliance.

Electronic inclinometers

The folks at Wedge Innovations
are now retailing intelligent elec-
tronic levels that display your choice
of degrees, pitch, slope percent,
level & plumb, autocalibration, and
even a simulated bubble. The sug-
gested list price is under $80. Re-
lated electronic protractors are
being offered by Lucas Sensing Sys-
tems. | just thought we might take a
quick look at some of the principles
of electronic level sensing. You can
easily build your own level sensor
for under $4.

In general, there are two popular
ways of telling which way is up. One
quite expensive method is the
vertical gyro. That is simply a gyro-
scope that is spun up while level and
stays that way when the world
around it moves. Two surplus
sources of vertical gyros include Fair
Radio Sales and the folks at C&H
Sales.

A much simpler method Is the
inclinometer. As Fig. 4 shows us, an
inclinometer can be as simple as a
plumb bob and a protractor. Your
gravity-sensing plumb bob usually
points straight down. As the pro-
tractor is rotated, its slope angie can
be read.

There have been several older at-
tempts at getting an electrical out-
put of an inclinometer. Obviously,
you can simply wipe a potentiome-
ter, but stiction, wear, and hysteresis
can end up as problems. Other
early schemes used mercury, but
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Bomarc Services

Box 113

Casper, WY 82602

{307) 237-3361

CIRCLE 245 ON FREE INFORMATION CARD

€ & H Sales

2718 East Colorado Blvd

Pasadena, CA 91107

{213) 661-4925

CIRCLE 246 ON FREE INFORMATION CARD

Dallas Semiconducior

4350 Beltwood Parkway South

Dallas, TX 75244

{214) 450-0400

CIRCLE 247 ON FREE INFORMATION CARD

Don Diers

4276 North 50th Street

Mitwaukee, Wl 53216

CIRCLE 248 ON FREE INFORMATION CARD

Fair Radio Sales

1016 East Eureka Straet

Lima, OH 45802

{419) 2276573

CIRCLE 249 ON FREE INFORMATION CARD

Genie

401 North Washington Street

Rockvilla, MD 20850

(B00) 638-9636

CIRCLE 250 ON FREE INFORMATION CARD

Hamlin

612 East Lake Street

Lake Mills, ¥W1 53551

{414) 648-5244

CIRCLE 251 ON FREE INFORMATION CARD

Hewlett-Packard

PO Box 10161

Palo Ao, CA 94303

{415) 857-1501

CIRCLE 252 ON FREE INFORMAT ION CARD

Heechst Celanese

26 Main Street

Chatham, N.) 07928

{800) 235-2637

CIRCLE 253 ON FREE INFORMATION CARD

that’s a hazardous element that’s
both poisonous and rather low in
impedance.

Figure 5 shows you another early
attempt at an electronic in-
clinometer. This one is known as an
electrolytic sensor. You place three
probes in a conductive liquid in a
sausage-shaped enclosure. As the
sensof tilts from level, the deeper
probe’s resistance drops, while the
shallow one will increase. A simple
op-amp bridge circuit can convert
the differential resistance into an

NAMES AND NUMBERS
Lazer Products
12741 East Caley Ave #1230
Englewood, CO 80155
{303) 792-5277
CIRCLE 254 ON FREE INFORMATION CARD

Linear Technology

1630 McCarthy Bivd

Milpitas, CA 95035

(408) 432-1900

CIRCLE 255 ON FREE INFORMATION CARD

Lucas Sensing Systems

21640 North 14th Avenue

Phoenix, AZ 85027

{602) 256-7674

CIRCLE 256 ON FREE INFORMATION CARD

MicroCAD News

PO Box 203550

Austin, TX 78720

(512) 250-1700

CIRCLE 257 ON FREE INFORMATION CARD

Motorola

5005 East McDowell Road

Pheorix. AZ 85508

{602) 244-6900

CIRCLE 258 ON FREE INFORMATION CARD

National Semiconductor

2900 Semiconductor Drive

Santa Clara, CA 95052

{408) 721-5000

CIRCEE 259 ON FREE INFORMATION CARD

Philips

2001 West Blue Heron Bivd

Riviera Beach, FL 33404

{407) 881-3200

CIRCLE 260 ON FREE INFORMATION CARD

PMI

1500 Space Park Drive

Santa Clara. CA 95052

{408) 727-9222

CIRCLE 261 ON FREE INFORMATION CARD

R & D Electronics

1224 Prospect Avenue

Cleveland, OH 44115

(800} 642-1123

CIRCLE 262 ON FREE INFORMATION CARD

output voltage.

One obvious choice for a liquid is
bromine, one of those few elements
that remain liquid at normal temper-
atures. Two older sources of the
electrolytic level detectors are
Hamiin and Spectron. These de-
vices are both fragile and expensive.

Most of the bets these days,
though, are on the capacitance in-
clinrometershown in Fig. 6. That one
is simple, cheap, low power, and
clean.

Picture an insulated enclosure the
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Science

1333 H Streol NW

Washington, DC 20005

(202) 326-6400

CIRCLE 263 ON FREE INFORMATION CARD

Sharp

Sharp Plaza

Mahwah, N.J 07430

{201) 529-8757

CIRCLE 264 ON FREE INFORMATION CARD

Spectron

595 Oid Willets Path

Hauppauge, NY 11788

{516) 582-5671

CIRCLE 265 ON FREE INFORMATION CARD

STANO Components

PO Box 6274

San Bemardino, CA 92412

(714) 882-5789

CIRCLE 266 ON FREE INFORMATHON CARD

Synergetics

Box 809

Thatchear, AZ 85552

(602) 428-4073

CIRCLE 267 ON FREE INFORMATION CARD

Texas Instruments

PO Box 1443

Houston, TX 77001

{800) 232-3200

CIRCLE 268 ON FREE INFORMATION CARD

Don Thompson

23072 Lake Cantar Dr #100

Ei Toro, CA 92630

{714) 855-3838

CIRCLE 269 ON FREE INFORMAT KON CARD

Wedge innovations

532 Mercury Drive

Sunnyvale, CA 94086

(800) 762-7853

CIRCLE 270 ON FREE INFORMATION CARD

size and shape of a Magician’s fake
silver dollar. The rear of the en-
closure is a grounded metal plate.
The front consists of a pair of but-
terfly-shaped capacitor plates. The
case gets filled exactly halfway with
a magic liquid that is an inert in-
sulator, has a high dielectric con-
stant, a medium viscosity, is non-
wetting, non-corrosive, and has a
very high vapor pressure. Propylene
is one possible choice.

After filling, your case is sealed.
When level, each of those butterfly
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FIG. &—THIS SIMPLE INCLINOMETER can
be created by using nothing but a plumb
bob and a protractor. You sight along the
base of the protractor base and then read
Ihe angle.

FIG. 5—AN ELECTROLYTIC LEVEL is one
older electronic Inclinometer, As the de-
vice tilts, the bridge resistance between
the sensing pins wlil change. Bromine is
one possible liquid.

FIG. 5—CAPACITIVE LEVEL SENSOR is
the ore most often used today for elec-
tronic levels and Inclinometers. As the de-
vice tifts, the high dielectric constant of
the liquld will change the differential ca-
pacitance on the plates.

plates will be immersed just as deep
in the dielectric liquid. As the sen-
sor tilts, one plate goes deeper and
the other will become shallower,
thus changing the capacitance. The

higher the dielectric constant of the
liquid compared to air, the more
profound the capacitance change.

To sense, you let each wing of the
butterfly set your pulse width of a
monostable built out of a pair of 555
timers or one single 556 and mea-
sure the time difference between
the two to determine the angle.

To get fancier, place a pair of the
sensors back-to-back and sharing a
common ground. That gives you
two big advantages: First, your
sensed capacitance change Is now
doubled, which should give you
more accuracy. Better vet, your
cross axis sensitivity should drop
dramatically. That will happen be-
cause an unwanted forward or re-
verse tilt increases the depth on one
side and decreases it on the other.

The shape of the plates deter-
mines the linearity of the capaci-
tance versus the slope angle.
Sometimes, you may like to pur-
posely change the plate shape to get
a non-linear response. One use
might be to automatically calculate
compound miter cut depth on a ta-
ble saw.

It seems to me that you could
easily make up a capacitance sensor
using nothing but a pair of printed
circuit boards, a spacer and a large
O-ring. The bottom board would
form the ground plane. The spacer
would have a hole in it somewhat
larger than the O-ring and would act
as a compression stop, setting a
fixed width. And the top one would
have the butterfly pair on it.

Er, on second thought, why don't
you tell me? For this month’s con-
test, either (A) show to me an emi-
nently hackable design for the
capacitance Inclinometer, or (B)
dream up a new use for an elec-
tronic angle measuring device.
There will be all the usual /ncredible
Secret Money Machine book
prizes, with an all-expense-paid
(FOB Thatcher, AZ) tinaja quest for
two going for the best entry of all.

New tech literature

A brand new form of matter
known as an aerogel got written up
in the February 16th, 1990 issue of
Science, page 807. Aerogels are
rigid inorganic sollds that have
roughly the density of air and look
like so much solidified smoke. They
transmit light but block heat, elec-
tricity, and sound.

WWWwW americanradiohistorv comm

You can make aerogels from mine
tailings dumps. Important early
uses are expected to be brand new
types of superinsulation and for the
live capture of meteors. Neat stuff.

The new Data books for this
month include the Data Communs-
cations Handbook from National, a
Memory Data Book from Sharp, and
a Discrete Semiconductor Con-
densed Catalog from Philips.

Free samples of their new
75ALS176 differential bus trans-
ceivers as well as their new Widebus
family chips are available from Texas
instruments. The folks at R&D Elec-
tronics have an interesting new sur-
plus flyer which includes cheap ul-
trasonic motion detectors and lots
of assorted hacker project cases. A
wide selection of new and used an-
tique radio vacuum tubes is avail-
able through Don Diers. And,
rebuilt military infrared viewers are
available from Stano Components.

One of the more popular CAD/
CAM circuit-analysis programs for
the high-end engineering worksta-
tions goes by the name of SPICE. For
this month’s free new software,
nearly all of those integrated-cir-
cuits houses are crawling all over
themselves to see who can get their
free SPICE macromodule simulation
disks out there firstest and fastest.
Early entries include Linear Tech-
nology, PMI, and Motorola.

The free Linear Technology disk
includes a simulation and mac-
romodel of their ultra-low-noise op-
amp we looked at last month. Addi-
tional info on SPICE often shows up
in the free engineering design trade
journals, such as MicroCAD News.

A free Designing With Plastics;
The Fundamentals booklet is ob-
tainable from Hoechst Celanese.

Turning to my own products, | am
now self publishing nearly a dozen
titles using my new book-on-de-
mandPostScript technology. Four of
them that you might find interesting
are the Hardware Hacker il reprints,
my Ask The Guru volumes [ and [I,
and my brand new LaserWriter Se-
crets book-disk combo.

I've also started up a major new
PostScript and desktop publishing
BBS on Genie. Our goal is to have a
thousand free downloads very
soon. Finally, I've got a new and free
mailer for you that includes dozens
of insider hardware hacking secret
sources. Write or call for a copy. R-E
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Finally, a video signal!

ONCE UPON A TIME, YOU COULD GET
into electronics without having to
spend a lot of money. A pair of
pliers, some wire, a busted radio,
and a soldering iron, and bingo!—
three days later you'd have a varia-
ble interossiter (and who remem-
bers what that was?). Well, unfor
tunately, things change. Variable
interrositers went the way of tubes
and Metaluna is as far in the past as
it is in the future. A real interest in
electronics today means having to
dig deeper into your pocket.

Even though the video circuits
we've been working on together are
only simple ones to demonstrate
basic ideas, you really need more
than a multimeter and power supply
to learn from it. There’s often just no
way to get by without an os-
cilloscope. It's particularly valuable
when you're doing video stuff be-
cause, when something doesn’t
work properly the first time, you can
look directly at the waveform and
immediately see where you've got a
problem.

Now, | know that “inexpensive” is
arelative term, but there are scopes
advertised in R/E that can be picked
up for under $300. You may be lim-
ited in bandwidth and short some of
the bells and whistles found on
more expensive models but, unless
you're doing some gee-whiz rocket-
scientist type stuff, a scope with a
30-MHz bandwidth is more than ad-
equate for a great many applica-
tions—including video.

I've made a point of illustrating
things step by step so far, but draw-
ings can show only so much—and
they can show you only what things
look like if everything is working

QK. Since we all know that the

chances of that happening first shot.

out of the box are about as goocd as
finding intelligent life on Pluto, the
drawings won't be representative of
the waveforms being produced on
your breadhoard. And, if that isn't
enough, not having a scope to start
with means you don't have any way
to tell how close your circuitis to the
drawing in the first place. The classic
chicken and egg problem—bul one
that's easily solved by getting a
scope.

So where were we?

Believe it or not we're almost
finished with our video circuitry. I'm
the first one to admit that it's grown
to occupy lots of real estate on the
breadboard. If you find that upset-
ting, remember that in the bad old
days before IC’s, sync generators
like the one we're building took up
a lot more room, and cost a whole
lot more tham a handful of IC's.

There are IC's available that can
replace most of the hardware we've
been assembling. However, as with
most special-purpose IC's, the price
you pay for using one dedicated IC
in place of some MSI stuff is a loss of
circuit flexibility.

Since we're designing the timing
generators and one-shots, we can
set the pulse widths, delays, and
scan frequencies to be anything we
want. Admittedly, we’re after NTSC,
but it wouldn't take a lot of modi-
fication to generate PAL, EGA, VGA,
or any other type of video we want.
Also, building a sync generator can
show you a lot more than just how
video works—it can also show you
how to make video not work.

WWWW americanradiohistorv comm

ROBERT GROSSBLATT,
CIRCUITS EDITOR

That isn’t as screwy as it sounds,
—since having video not work is exact:
ly what happens when the friendiy
folks at your local cable company
scramble a channel, or when the
latest videotape is copy protected in
some way. I'm not saying that the
circuit we're building will solve
those things, but it will help you
understand what's going on. And
that’s the first step to coming up
with a solution. More on this in-
triguing subject later—now it's time
to put the finishing touches on the
hardware.

Making video

Everything we’'ve done so far has
been aimed at generating the two
sync pulses that are being produced
at the outputs of the 4528. Both the
horizontal and vertical pulses are
needed to control the deflection cir-
cuitry in the TV, but they have to be
combined into a composite signal in
order to be used to make NTSC-
compatible video. And we have to
make provisions in the circuitry to
be able to add some picture infor-
mation to the signal, as well,

Even though video is usually
thought of as an analog signal, the
sync component is essentially dig-
ital. After all, it’s really nothing more
than either high or low. So there are
several ways we can combine the
separate sync signals, such as re-
sistors and diodes in a home-made
Mickey Mouse gate arrangement,
standard gates, and others. The
choice is really yours.

Even though both of our sync sig-
nals are being derived from the mas-
ter clock, they're being generated
by separate circuitry using the two
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halves of a 4528 (Radio-Eectronics,
May 1990). And since we're produc-
ing a vertical sync pulse that's three
horizontal lines long, the horizontal
sync generator is going to keep pro-
ducing pulses even during the time
that the vertical sync pulse is being
generated.

In order to avoid potential prob-
lems, we can prevent that from hap-
pening by putting a low signal on
the clear inputs (pins 3 and 13) of the
4528. That prevents the inverted out-
puts (pins 7 and 9) from going low.
(Remember that the sync pulses are
active low)

The simple way to make sure that
only one type of sync pulse is gener-
ated at any one time is to modify the
connections made to the 4528 as
shown in Fig. 1. By gating the vertical
sync generator with horizontal sync
and the horizontal sync generator
with vertical sync, there's no pos-
sibility of signal conflict. During the
period that vertical sync is being
produced, the horizontal sync gen-
erator is disabled. There's really no
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reason for us to do the same thing to
the vertical synC but it can’t hurt
anything, so we might as well. If you
have a scope, you can try it both
ways and see how it works.

Since we've eliminated the pos-
sibility of having two different sync
signals show up at the same time,
we can safely produce a composite
sync signal. For reasons you'll see in
just a second, | like to use gates. The
requirements aren’t very strict since
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we've made sure that both signals
can’t be low at the same time.

We want a low to be produced
only when either of the sync signals
go low—the rest of the time we want
a high. You would think we can use
asimple ano gate but, as it turns out,
it's easier to first produce an inver-
ted version of sync. That’s because
the Inactive sync |evel (5-volts) has to
be at 0 IRE, or about 0.3-volts DC,
and the easiest way to translate lev-
els is with a bunch of resistors and a
transistor. And, the transistor will in-
vert the signals applied to the base
{since it operates as a swiich), so
we're better off feeding it with an
inverted version of sync.

By the way, there’s no reason why
you can’t use the non-inverting out-
puts of the 4528 and feed those into
an ano gate to combine them. | used
the inverting outputs because | pre-
fer to have nanD gates on the board.
You never know what you’ll be
adding to the circuit, and inverting
gates are more useful.

Even though Fig. 2 uses a 4093 to
combine the sync€ signals, you can
use a 4011, or any other plain NnanD
gate. The 4093, however, is a
Schmitt-trigger part and will pro-
duce nice, crisp pulses, even if
there’s a bit of noise at the inputs.
Since noise is always a potential
problem on solderless bread-
boards, its better to be safe than
SOrry.

All that’s left for us to do is design
a circuit to translate the digital sig-
nals to NTSC standard. Remember
that right now our circuit is making a
5-volt swing, and that is slightly
beyond the NTSC-standard 1-volt
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range...to put it mildly.

The circuit shown in Fig. 3 will
take the compaosite sync at the out-
put of the 4093 and cut it down to
NTSC levels. You can use the tnm-
mer to fine tune the voltage level at
the output. Just remember that the
high (inactive) part of the signal
should be at 0.3-volts DC to meet
the NTSC specs.

Now that we’re producing a signal
that can be fed into any video input,
we can start to play around with it.
Try putting video on the screen and
seeing what can be done to scram-
ble it.

When we finish this off next
month, you'll have a really good
idea of how to look at broadcast
video. In the meantime, try to get
your hands on a scope (if you don't
have one already}, and take a look at
what’s fed into the back of your TV
set. By the way, most scrambling
methods aren‘t really that compli-
cated, and as sooen as you see what's
been done, you can figure out what
you have to do to fix it. Now that
really sounds terrific. R-E
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AUDIO

UPDATE

Receivers vs. separate components

AN A SENSE, THE RECEIVER IS THE COMPO-
nent that separates audiophiles
from “mere” music listeners. (Or, if
you will, the men from the boys)
Music listeners own receivers; au-
diophiles don't. At one time, the
decision to go for separate compo-
nents (tuner, preamp, and power
amplifier) instead of an all-in-one re-
ceiver was a rational choice, but
time and technology have shifted
the parameters of the ballgame
somewhat. So for readers shopping
for an amplifier and tuner either to
upgrade some older equipment or
as a first-time buy, here are some
historical notes and pros and cons
to be used in making the receivervs.
separates decision.

Audio evolution

When hi-fi left the labs and broad-
cast studios and went public in the
early 1950%s, the early audiophile
could choose dozens of tuners and
numerous amplifiers in various con-
figurations. Some power amplifiers
had “remote’” preamplifiers at-
tached via a powering cable; others
were available as integrated ampli-
fiers or as separate power amplifiers
with output powers ranging from 8
to 22 watts. However, all-in-one re-
ceivers were very rare, possibly re-
flecting an effort to differentiate the
early hi-fi components from the
various large, multi-tube radio chas-
sis that were also avallable for do-it-
yourselfers.

By the time stereo records ap-
peared in late 1958, receivers were
an established alternative format
whose single chassis was easier to
install and cheaper to manufacture,
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FIG. 1—INTEGRATED CIRCUITS give you
a lot more watts for your doliar.

and eliminated the tangle of unrelia-
ble interconnecting cables. How-
evet, |If you wanted appreciable
power from both of your stereo
channels, the receiver had a prob-
lem. Remember that alf equipment
in those days used tubes, and
power-output tubes required out-
put transformers. Wide-range, low-
distortion output transformers were
necessarily large and heavy—as
were the power transformers sup-
plying the filaments and the plate
currents of the four output tubes.
This meant that stereo receivers
tended to be large, hot, and heavy.
And if you wanted powers higher
than about 20 watts, they got signifi-
cantly larger, hotter, and heavier. |
remember one moderately high-
powered and expensive Fisher re-
ceiver that struck me as an effective
advertisement for separate compo-
nents—it took an incredibly strong
man to lift it!
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LARRY KLEIN,
Audio Editor

Transistorization.

Aside from the other benefits
wrought by the transistorization of
audio, it brought high-power re-
ceivers into the realm of practicality.
The low output impedance of the
power transistors eliminated the
need for the two output transfor
mers. That in turn not only enabled
the designers to reduce the cost,
weight, and size of their products
but also served to improve amplifier
bandwidth and stability. The ampli-
fier and tone control stages also
benefitted from the low impedance
of the solid-state circuitry; the hum
and RFl problems that had always
plagued high-gain tube circuits
were substantially reduced. The net
result of all those advantages—plus
the cost reduction that resulted
from the use of a single chassis and
power supply—was that the re-
ceiver shortly became the best-sell-
ing electronic audio component.

The elements of choice

Given all the factors discussed
above, why haven't separate power
amplifiers, tuners, and pre-
amplifiers vanished from the mar
ketplace? There are several nonra-
tional reasons why otherwise ra-
tional audiophiles {myself included)
prefer separates.

A few words about the imational
elements first. It didn't take years on
a psychoanalyst’s couch for me to
realize that there’s some snobbery
at work in at least two areas of my
buying behavior. For example, |'ve
always used the inadequate perfor-
mance and poor reliability of U.S.

continued on page 79
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computer by itself can't do
uch: it needs some way of
communicating with the outside
world. It needs to be able to sense
external conditions (a switch clo-
sure. for example), and it needs
to be able to control eircultry {a
relay, for example). The princi-
ples of interfacing those types of
devices are not difficult; we’ll
show how easy it is by building
an experimenter's card for the
IBM PC expansion bus.

The card contains three eight-
bit parallel ports. but Is built
from just a few components.
thereby making construction
simple and inexpensive. We'll de-
scribe several circults for inter-
facing LED's. switches, and other
devices to the card, as well the
software required to configure
and use the IO ports. We'll also
show you how easy it is to set up
and use the card with simple
BASIC programs.

The 8255 PPI

The heart of the design is the
8255 Programmable Peripheral
Interface. or PPI. The 8255 was
originally designed for use with
the 8080 microprocessor. but it
is also used with 8088 designs
including the PC family.

The 8255 has three eight-bit
TTL-compatible YO ports {A-=C).
and It can operate in three dif-
ferent modes. Depending on the
mode. the lines in each port act

differentty.

In Mode 0, Ports A and B can
operate as either inputs or out-
puts, and Port C is divided into
two four-bit groups. either of
which can operate as inputs or
outputs,

In Mode 1, Ports A and B can
again act as either inputs or out-
puts. However, the two four-bit
ports In Port C are used for hand-
shaking and control purposes in
conjunction with Ports A and B.
In Mode 1, the Port C lines might
be used to strobe data {supplied
on elther Port A or port B) into a
printer. and to detect its "busy”
signal.

Last. in Mode 2, Port A 1s used
for eight-bit bidirectional bus I/
0. Port C is used for control and
status information, and Port B is
not used at all- For furtherdetails
on operating modes, consult In-
tel’'s Microsystem Components
Handbook. Volume 2.

You select among the various
modes by writing a value to aspe-
cial control port: Table 1 shows
the control-port values required
to achleve various /O combina-
tions. Qur examples all work in
Mode 0.

The PC interface
With Intel microprocessors,
communications between the
CPU and various devices {s ac-
complished through /O (Input/
{Continued on page 75}
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heard from an old friend. Peter

Stark, recently. Peter is one of
the world’s more accomplished
6800/68000 hackers. You may re-
call his series on bullding a
68000 computer that uses IBM-
PC style display adapters, /O
cards, case, keyboard and power
supply. The series ran from May
1987 to September 1988, and
PT-68-K2 kits are still available
(see Vendor Information below
for more information). Peter
wrote the operating system that
controls the PT-68-K2.

Anyway. it seems that one of
the older 68xxx magazines has
cut coverage of hobbyist/hacker
systems. so Peter is beefing up
his own newsletter, trying to take
up the slack. If you're interested
in 68xxx systems. contact Stark-
K Software Systems Corp.. PO.
Box 209, Mt. Kisco, NY 10549.
Tell *im I sent you.

(68000 News

[System Analyzers J

What‘s inside your home com-
puter? You're probably inti-
mately familiar with it. But what
about your office PC? What about
your coworkers PC {you know.
the cute little biond who's always
coming 1o ask you for advice)?
What about the six. twelve. or
hundred PC’s that you provide
service and support for? Maybe
you know, maybe you don't. Most
of the time you don't care. but
when you're installing new hard-

0651 INNC
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ware or software. you do care,
desperately. Several products
have come to market recently
that purport to provide useful in-
formation on PC internals: Sys-
tem Sleuth 2.0 {by DTG) and
Manifest {by Quarterdeck Office
Systems).

Manifests main purpose is to
help optimize memory usage:
System Sieuth provides most of
the information that Manifest
does, along with a wealth of infor-
mation on other PC subsystems.
as well as several useful utilities.

Manifest can display the con-
tents of just about all types of sys-
tem memory. including conven-
tional. extended. expanded, and
even the CMOS memory in ATS.
Of course, the program doesn't
just provide raw hex dumps: in-
stead, it provides nicely format-
ted. organized listings of memory
usage. interrupts hooked by vari-
ous programs. /O port usage,
and more.

The program pops up on-
screen in several panels. You
move a pointer up and down a list
in the left panel to select the type
of memory. and left and right in
the upper panel to select par
ticular details of that type of
memory. You can also make your
selections with a mouse.

Manifest's most useful display
shows how interrupts are used
by programs located in the first
megabyte of memory. For exam-
ple. in Fig. 1, you see the hex seg-
ment in the left column, the
program located there. and the
interrupts it claims last. By
pressing F3, the display changes
to a sequential listing of inter-
rupt vectors {0C—FF), the address
in memory where each vector
points, and the program that
“owns" that vector.

You can load Manifest as either
atransient program or as a TSR.
In the latter case. the program
uses more than 100K of memory,
but it could still be useful when
trying to track down competition
for interrupts among several dif-
ferent programs.

System Sleuth provides a sim-
ilar display. as shown in Fig. 2.
System Sleuth also provides a se-
quential listing of interrupt vec-
tors. but without addresses and
OWTIErS.

BIDS Dats Timlngs

H ] 04 OF 13 19 18 29 2F

: MSbOS 25 26 27 28 2a 2B 2C 2D 32 13
J6 37 30 3% 3a 36 3C 3 3E 37

: DOS Stacks

: COMMaND

Hl 4 3

: Uideo ROM

: System ROM

48 4C 1D 4E 1F 50 §
57 58 59 SA 5B 5C 5
68 6C B 6F 71 72 7

SEGMENT  MEMIRY
ADDRESS ALLOCATED M
3376 COMMAND.CON
1680 SPA.EXE
464  PCCLiCk.can
19216 CED.CON
66816 TT.EXE

3225 ¢ZP.COH

Manifest provides a nicely for-
matted display of the BIOS data
area {0040:0000); System Sleuth
doesn’t do that, but it does pro-
vide a hex/ASCII display routine
that lets you view any area of
memory beneath 1 MB. Manifest
measures the access speed of
various areas of memory
{0—640K, video RAM, video ROM.
etc.) and reports values relative to
a stock PC/XT. System Sleuth has
nothing comparable. Manifest
also shows each byte in CMOS
memory: agaln. System Sleuth
has nothing comparable. All in
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6 ® 13 16 25 26 28 13
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all. Manifest has more powerful
memory reporting and ratings
capabilities.

On the other hand, System
Sleuth includes functions for re-
porting on hard disk drive
health. Various menu items pro-
vide information on the number
of disk drives. and the physical
characteristics of each drive
{things ltke bytes/sector, sectors/
cluster, sectors/track, ete.). You
can view a hex/ASCII dump of a
disk file. and even test a disk for
bad sectors.

System Sleuth also includes
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several external utillty programs.
including one that finds files
across multiple disk drives. an-
other that searches for duplicate
file names (also across multiple
drives). another that deletes files
with certain file names (*.bak.
*.tmp. etc.). routines to save and
get the data stored in CMOS
memory, and an EMS emulator
that uses 286 extended memory.
The company 1s adding addi-
tional utilities all the time: they
tell me a disk cache is next.

[ ran Manifest and System
Sleuth on several different ma-
chines, and had problems with
both programs on my AST Pre-
mium/286. [t has bullt-in EMS
4.0 hardware that is controlled

bYASTs EMM driver. | al§otisea

memory managet called Move'em
(made by Qualitas. the 386MAX
people) to load several device
drivers and TSR's into high mem-
ory (above the video adapter but
below the 1 MB mark). The prob-
lem was that I simply could not
run either Manifest or System
Sleuth on the AST with Move'em
Instalied: the machine crashed
every time. That’s completely un-
acceptable: no diagnostic pro-
gram should ever crash any
machine.

However. | had no trouble run-
ning either program on several
other machines. including a Tan-
dy 1100 FD “notebook” computer,
a Dell System 300 (386). and a
33-MHz intel 386 system. (Both
386's were running 386MAX.) In-
terestingly. both programs were
smart enough to figure out that
the CPU in the Tandy Is a V20,
not an 8088,

llearned a few tricks from Man-
ifest’s "Hints section. One
showed me how to map another
32K of EMS memory into an un-

VENDOR INFORMATION
e PT-68-K2 {68000 kit prices
start at $200], Peripheral Tech-
nology. 1710 Cumberland Point
Drive. No. 8. Marietta. GA

30067. (404) 984-0742.
CIRCLE 271 ON FREE INFORMATION CARD

¢ System Sleuth 2.0($149.95].
DTG. 7439 La Palma Ave.. Suite
278, Buena Park., CA

90620-2698. (714) 994-7400.
CIRCLE 272 ON FREE INFORMATION CARD

¢ Manifest ($59.95). Quarter-
deck Office Systems. 150 Pico
Blvd.. Santa Monica. CA 90405.

(213) 392-9701.
CIRCLE 273 ON FREE INFORMATION CARD

used area of the VGA video adapt-
er range and thereby load a TSR
up there. Another saved me
about 3K of additional low DOS
memory. All in all, 1 now boot with
about 130K of TSRS, but still
have 592K of free contiguous
DOS memory. all with a VGA
adapter that runs graphics just
fine.

Reports

Both Manifest and System
Sleuth can print partial or com-
prehensive reports of their find-
ings. You must print System
Sleuths reports via the menus.
but you can get them from Man-
ifest either via the menus or in a
command line mode. For exam-
ple. If you start the progran like
this:

CMFTS O

you'll get a listing to the screen of
the System Overview: similar re-
ports are available for each cate-
gory and sub-toplc. or all
categories and sub-topics. The
command line mode could be

uselul If you wanted to print re-
perts for several PC's. Just create
a batch file with the desired com-
mand lines and then run it on
each machine.

Both programs come with on-
line help. Manifest’s help system
consists of a single screen of In-
formation for each topic: System
Sleuth inciudes quite a bit more
information, mostly tutorial in
nature, that should be useful for
those still getting up to speed on
device drivers. different kinds of
memory, etc. Of course. the infor-
mation provided is no substitute
for an IBM Technical Relerence
manual.

Manifest comes with a very well
written and produced manual

thai 1statorial in nature Systemm———

Sleuth’s manual 1s not so well
produced. and it mostly dupli-
cates the Information in the help
screens. However, if you know a
little about DOS. both manuals
are supertluous.

All in all. Manifest’s strength is
information about memory: Sys-
tem Sleuth takes a more systema-
tic approach. Manifest’s user
interface and documentation is
also more polished. But where it
counts (resolving interrupt con-
flicts). both programs deliver.

System Sleuth lists for about
$150. and Manifest for about
$60: I've already seen Manifest
discounted via mail order to
about $40.

It may be worth pointing out
that nelther program will help
with the truly tough problems:
machines that won't boot, hard-
ware conflicts between adapters
trying to use the same interrupts
or /O ports. etc. There you'll be
forced to dig out manuals and
compare and contrast jumper
and DIP switch settings.¢CD4¢

110 CARD
continued from page 73

Ouitput} perts. Just as each
house on a street has its own ad-
dress. each plece of hardware
connected to an Intel processor
has its own port address. For ex-
ample, serial port COM! is lo-
caled at address O3F8h. IBM’s
Technical Reference Manuals list

the specific port addresses asso-
ciated with specific pieces of
hardware.

Our profject uses 32 port ad-
dresses between 0200h and
02FFh. In order to avold conflict
with other devices, those 32 ad-
dresses can start at one of eight
locations in that range: you select
the desired starting address viaa
jumper block. as shown in Table
2. Both hex and decimal values

WwWww americanradiohistorv comm

are shown: If you’re program-
ming in BASIC. you'll probably
find the decimal values useful.

As shown In Fig. 1, the address
ranges are decoded by 1C2. a
74LS138 demultiplexer. The
74L5138 takes three inputs and
decodes the various combina-
tions thereof Into eight exclusive
outputs. The IC also has one ac-
tive-high (01) and two active-low
(C2X and GZB) enable inputs.

0661 ANNr
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TABLE 1—8255 PORT
CONFIGURATION

Control Word Port
Hex Decimal A B Cc

80 128 Out Out Out
82 130 Out In Qui

85 133 Out Out In
87 135 Ot In ]
a8 136 In Out  Out
8A 138 [fa} In Out
ac 140 In  Out In
B8F 143 In In In

TABLE 2—JUMPER POSITIONS
AND PORT ADDRESSES

R -~ Address -
Position Hex Decimal
1 200 512
2 220 544
3 240 576
4 260 608
5 280 640
6 2A0 672
7 2C0 704
8 2EQ 738

Address lines AB and A9 drive
the control inputs, along with AEn
(Address Enable), which is low
when the microprocessor can ac-
cess the expansion bus. When A8
and Aex are low and A9 is high,
IC2 will decode address lines
AS—-A7. providing a single active-
low output. In that way. the 256-
byte page of I/O space beginning
at 0200h is divided into eight 32-
byte chunks. The eight outpuls
of IC2 are brought to the jumper
block, which passes one enable
signal on to the 8255.

The 8255 itsell has only 4
ports. Port A Is always at the base
address. port B is at base + 1,
port C Is at base + 2. and the
control port is at base + 3. Lines
A0 and Al select which port is ad-
dressed, and RS and Wk determine
whether data is read or wrilten,
respectively.

For example, if you short
jumper position three. the base
address would be 0240h. so you
would access Port A at 0240h.
Port Bat 0241h. Port C at 0242h.
and the control port at 0243h.

Construction
The eircult 1s bullt on a stan-
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FIG. 1—ADD THREE 8-BIT PARALLEL PORTS for I/0 experi-
ments using this simple circuit. The jumper block lets you
assign port addresses from 0200h to 02FFh.

dard prototyping card for the 8-
bit 1BM PC bus. All required parts
are siandard tiems that can be
obtained from most mail-order

suppliers, Component place-
menl isn't critical, but lead
lengths should be minimized.
(See Fig. 2). To avold damage dur-
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:n-‘. ‘.{-___..l

B = r

B LIS

PROTOTYPING 1c2
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FIG, 3—THE AUTHOR'S PROTOTYPE was used to burn EPROM's, control a mode!

railroad setup, and more,
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ing construction, it's best to use PARTS LIST 10 OUT 579.128

sockets for all 1C’s. Neither IC
used in this project is par-
ticularly sensitive to static
damage. but you can never be too
careful. The author found if con-
venlent to use red wires for power
and ground connections. white
for bus connections. and blue for
conneciions from the 8255 to the
output gonnector.

Start with the 6 wires that run
from the bus connector to 1C2,
(By the way, looking at the com-
ponent side of your mother-
board. the “B" side of each
expansion slot is on the left and
the "A” side on the right, and the
connectors are numbered from i
to 31 from the rear of the beard to
the front.) Take your time. and
check each solder joini for shorts
with adjacent pins.

Then connect the eight wires
from IC2 to the jumper block,
continue with the eight data-bus
wires from the bus connector 1o
the 8255, then the six control
wires to the 8255. Then connect
the 24 wires from the port out-
puts of IC1 toJ1, The author used
a 40-pin header connector for J}
in the protoiype. Many projecis
require a source of +5 volts, so
power and ground lines are also
brought to J1.

IC1—8255A-5 paratlel interface
IC2—741L5138 3-to-8 line decoder
C1-C3—0.1 uF

J1—40-pln header connsctor
Jumper biock {2 rows. 8 positions)
PC bus prototyping board
Sockets, wire, eic.

Programming examples

The following examples as-
sume that the jumper is in posi-
tion three. so that the 8255 1is
connected to port 0240h.

When power is ftrst applied.
ports A. B, and C are all config-
ured as inputs. To reconfigure
the port, you must write the ap-
propriate value to the correct
port. For example, by connecting
eight LED5 to Port A as shown in
Fig. 3. you could view the binary
counting sequence using this
program:

10 OUT 579,128 -

20 A=0

30 OUT 576.A

40 A=A+1

50 IF A 255 GOTO 20
60 GOTO 30

If one LED doesn't seem to light.
run this program:

WWwWwW americanradiohistorv comm

20 OUT 576.255

All of ihe LEDs should light. If
one doesn’t, check your wiring.

Reading tnput values 1s just as
simple. The following program
would continually read and dis-
play the contents of port B. to
which varfous switches (Fig. 4-a,
Fig. 4-b) and sensors (Fig. 4-c)
might be connected:

i0 OUT 579.130
20 A=INP 577
30IF A

40 GOTO 20

That program sets up Port B for
input. and then reads the value
of the port. Il the value Is less
than 255 (in other words. if at
least one line is low), the value is
printed.

The 82555 inputs and outputs
are TTL compatibie, meaning
they don’t have much current-
carrying capacity. To drive heav-
ier-duty devices, use a iransistor,
as shown in Fig. 5-a. or add a
reiay, as shown in Fig. 5-b.

More ldeas

Now that you understand the
basics, the sky's ihe limit. What
eise could you do?

Rates: Ads are 24" x 274" One insertion $950. Six Insertions $925.each. Twelve
insertions $895. each Closing date same as regular rate card Send order with
remittance to Computer Admart, Radio Elecironics Magazine, 500-8 Bi-County
Bivd ., Farmingdale, NY 11735. Direct telephone inguiries o Arline Fishman, area
code-516-293-3000. Only 100% Computar ads are accepled for this Admart.
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10013 LMP
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« cepyr—pracricar | 704 \[F A T
ELECTRONIC BUILDING w-A 4 @_ A W
BLOCKS, BIG1 ..., §5.75. 3 tin =
Circuits %or 8 number o . 7404 \\LED? R3 ?
unetuh busicing biockl are 27011
I Combine ™ess 19 2 & '®—M-I
corcusts 10 bulid the deces I Le !
T ] 7004 \\_LEDS Rt +sv+

n-A o)l
g 4 TN
I L ";.:;"‘ B 161 Mnn “ PUTS
] OBpi9z—_woORE AD-p  "pmiem I = \\Lgm Rg ot
VANCED POWER SUP- FROM £ 7 27001
PLY PROJECTS s 35,95, s e —AAA-S
Toples coverad Mclude Fijlfli e H Cle @ & INPUT
| swmcrod-mose power wp- : 7404 \\ 6% Rme |

Plies, pracinson reégoiatons.
dual tracking regulsiors 8nd
ompuis-Controled sup-

FIG. 5—FOR HJGH-C‘WRR:HT ouUT

PUT. use a transistor to drive a lamp

{a) or a relay {b}.

dow and door switches. and from
motion detectors. Outputs would
control lights, asiren. andatele-
phone dialer.

¢ Or build a home heating sys-
tem. One port would be dedicated

to motors that would open and

4 [ BP150_MORE AD-
VAHCED ELECTRAONIC
SECURITY PROJECTS

$5.95. Projecty inchude

- v MR raa] b

|

& Pore-oplc loop alarm, }h | -
|
|

compular-bised slarme
and an S asom witrude:
L

(1 BP113—30 SOLDER.

LESS BREADBOARD
PROJECTS, BK-2 ...
$5.95. All projecia are
based on CMOS lagie ICY.
Many comPonsnis are
fLommon 1) several proy
acts. Ench propct includes
» brd circuit descnpbon,
CONTIRONINE Layout S [aaits
w

FIG. 3—FOR OUTPUT DISPLAY, add
eight LED'S. eight resistors. and two
7404's.

close heating vents, control blow-
er motors, ete. Input ports would
read thermometers in each room
and outside the house. A real-
time clock would be used to turn
heat on in the morning and off in
the evening. You could include a

e wind speed gauge. controls for a
. 4 I 8P 74—ELECTRONIC solar hot-water heater, and even

MUSIC PROJECTS ...
$5.95. Provides & number
ol coCuita Sor Furz Boa,
Waa -Waa Pedal. Sustain
Unit, Aevertbersion snd

calculate your energy savings.
¢ Or build a scoreboard, a light
show. or an IC tester. How about a

P C Fhisor Ungs, e Sen BV computer-controlled popcorn
ey #; 2K T poppl;r or a dog food dlsptle)nser?
ﬁg:i{s;;:}'gnsn&._ > ] T The author has used his card to
m: GUIDE ..... 87.95. _]_ run a plom::i an EcllF’lTOIv:lpro&
o3 1tha casull hE- = rammer’ an a m el-rallroa
e s gemonstratlon. -
orror i a1 essenta b Another thing you could try
e mo:: 3 })lullllt::ilng Is art] autc;matl;: horrtle
o i ?{92 -0 coguld nrrglo?ﬂioin;lborrﬁ:yspglr tts;
Sk ¢ GD 5':%:{:1 pressure-sensitive switches or
I ;!altﬂo?g(l)eclmmt Technoiogy Today. Inc. : ]// ) infra-red beams. The system
Massapequa Park, NY 11762-0240 = = would sense someone entering or

, _ lights on and off accordingly. The

I
| SHPPING CHARGES IX USA AND CAWADA I ¢ leaving the room, and turn the
| | FIG. 4—_FOR INPUT, add a toggle o e o014 have to keep track

$0.01 10 $5 00 $1.25 S30.01 o $40 00 35.00
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switch (e}, a pushbutton switch (b}. or
| 50R00 , S5 00 0SSR UAL | ekl pushbutton S ®0T  ofu) many people were in the
$20 01 to S36 00 $4.00 room. turning the lights off only
Em‘ﬁ R B e Sl e How about building a robot?  after the last person leaves.
8 | 7l price of merchandise s Output ports could be configured For some projects, three ports
g Shippng fsee cnarth 5. for motor control, volce syn- may not be enough. In that case,
ElPa o . thesls. robotic arm control, etc.  just connect a second 8255, wir-
Ol Totat Enclosed p Input ports could be used toread  ing all lines except cs in parallel
o bumper sensors, voice recogni-  to ICl. Connect the cs line of the
o ﬁ:‘;&_‘ — tion, or keypad input. second 8255 to a dilferent posi-
21 oy State ¢ Orbuild aburglar alarm: [nput  tion on the jumper block—and
5 i ports would read data from win-  enjoy 48 lines of digital FO!#CD4
78
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o8] wmwsmm 500 o every
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Sizes are 0805 and 1206 Each kM i ONLY 34995 and

for | diate Orm Day [X Y
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COMMUNICATIONS SPECIALISTS, INC.
428 Weyt Tafl Ave = CA Q26854296
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Entire USA 1-800-854-0547

Rales: Ads arg 24" x

274" Qne insertion $950. Six insertions $925. each Twelve
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code-516-293-3000. Dnly 100% Engineering ads arg accepted for this Adman.

FCC LICENSE
PREPARATION

The FCC has revised and updated the
commueicial license exam. The NEW
EXAM covers updated marine amxd
aviation rules and reguiations,
transistor and digital circultry.

THE GENERAL RADIOTELEPHONE
OPERATOR LICENSE - STUDY GUIDE
contains vital information, VIDEQ
SEMINAR KITS ARE NOW AVAILABLE.

WPT PUBLICATION
879 Young Street, Suite A

Woodburn, Orsgon 97071 Ty

Phone (503) 961-5159

6805 MICROCOMPUTER
DEVELOPMENT SYSTEM

Tha MCPRA-L sysiern slows he 180 PC and compatioles
10 b0 vaed a3 8 complete developmant system lor the
Motorols MCEBTOSP3 PS. UZ. LS A3 end RS songle
chip mecvoomgeiary. The wyaiem nciudes § croes
BLembe pROgEE. & Weredelon /et Procr em and &
progiamimng bosrd that connacts 10 8 senal por
Prce—5449.00 VISA and MASTERCARD sccepled

1— THE ERGINEERS

ECH 5100106 10c.
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Phone (802) 525.3458

FAX (802) 525-3451
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AUDIO UPDATE

continued from page 72

cars to justify owning foreign-made
vehicles. And to tell the truth, I'd be
somewhat embarrassed to admit
owning astandard U.S. family car. In
the same sense, I'd feel that | had
blown my credentials as an “Audio
Maven” if word got around that |
used a receiver in my main system.

But aside from emotional pre-
dispositions, what valid reasons are
there for choosing separate compo-
nents? Output power is one. Given
the extended dynamic range of
compact discs, the advantage of
having at least 100 watts per channe!
of clean power on tap seems in-
arguable. The sense of ease and
openness, and the bass solidity all
testify to the sonic virtues of high

r

Today, the top power available in a
receiver is about 130 watts per chan-
nel. For many people that is proba-
bly more than adequate, but for
those who want their music very
loud and very clean when heard
through medium-to-low efficiency
speakers, 200 watts is an absolute
minimum. That explains why the
1990 stereo buyers’ guides list doz-
ens of 300- and 400-watt-per-chan-
nel amplifiers. Incidentally, | have
clipped a 200-watt-per-channel am-
plifier trying to reproduce a sclo
piano at live sound levels, so the
desire for ever higher amplifier

1wchal geable Batery,

chargwsf adaptor & beh
ciap. Ful zange of opuonal

accessnners avadable

« Covers J1-54 MHe. 108 174 MH:.
406513 MMy, and pOC- 550 MHL

BER900 * §8can barks and 8 Search Banky
Trasd Prace. g Pyt -5 Doy Saneiacoon Guaranies.
(Lepevns Sopwg Opocnall —— Fuly Rgtund B men Sariafied.

S .OO + Ko Froquencwn cut anl
+Sus Fafw'xlw wrllex

COMMUNICATIONS
10707 E- 106tk 51. Indpls., [N 46256
Toll Free 800-445-7717

¥TEd Visa and MaxterCard @
— = {COD shightly hagher)

In Indiana 317-849.2570 Collect FAX (317VB44-87T94
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power does have a genuinely ra-

tional basis given certain listening
circumstances.

Upgrading
The essence of being a totally

WwWwWw americanradiohistorv comm

dedicated audiophile (which | am
not) is the never-ending pursult of
the holy grail of “perfect” sound re-
production. In practice, that means
constant upgrading—or at least re-
placement—of existing compo-
nents in hopes of coming ever
Closer to sonic perfection. The pur-
suit is encouraged by several small
circulation “underground” audio
magazines, such as Stereophile and
The Absolute Sound. Their detailed
reports on each new high-end
(meaning very expensive} pre-
amplifier and power amplifier be-
comes Holy writ for the dedicated
audiophile seeking to determine
each product’s precise place in the
hierarchy of sonic perfection. Page
after page will be devoted to what is
almost a frequency-by-frequency
analysis of each audio product’s
sound quality.

If the reviewed product appears
to offer some real or imagined ad-
vantage over his existing equip-
ment—which was the best available
only four or five months ago—the
dedicated audiophile buys it as
soon as his finances permit. Inci-
dentally, some excellent power am-
plifiers are available for about $2 a
watt, meaning that a 200-watt-per-
channel amp can be had for about
$800. One can also spend $16,000 (')
for a 200-watt-per-channel amplifier,
but | think that the joy of owning
such a product has little to do with
its sound per se.

| shouldn’t exclude FM tuners
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from the upgrading process, al-
though most audiophiles are aware
that the broadcast stations are far
more responsible for tuner sound
quality than any other factor. In any
case, it is obvious that owning a re-
ceiver makes piecemeal compo-
nent replacement impractical. Re-
ceivers also tend to complicate
matters when something goes
wrong electronically. If a separate
tuner goes bad, the rest of the sys-
tem is still functional while the tuner
is in for repairs. And even a defec-

tive preamp won'‘t stop the music if
the power amp has accessible input-
ievel controls.

The battom line

So, after all of the above, what do |
recommend? As | indicated, ) think
it comes down to how loud you like
your music and the efficiency of
your speakers. If you want to re-
produce music at natural volume
levels, then 200 4+ watts per channel
is what you need. But if your taste,
you wife, your neighbors, or your

budget doesn’t permit such audio
extremes, then a high-powered re-
ceiver may comfortably fit your re-
quirements.

If possible, listen to the receiver
under consideration with the speak-
ers you are going to use it with.
Then, listen to the same speakers at
the same preferred volume level
driven by a significantly higher
poweramplifier. If the sound quality
is about the same, then a receiver is
the way to go.

R-£

ADD A DISPLAY
continued from page 62

TABLE 2—USER DEFINABLE CHARACTERS

CHRRACTER CODES CG PAM ADDRESS CHARACTER FATTERM
(00 R DATAY (EG RAM DATA)
T B 5 4 3 2 | B e 4 -2 1 9 F=§ 5 +— g=2 §- ¥
e & 2 5 0 @ Mo Mo X 4 8L D OIO 0. .0
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[N TN L Bty L X X X 8 & & 0 9
s & 0 0 & 0> 00 o " ay egnEa - 1 £ X X 1'i 1 1je o
(00 HEX) AR LT g | e @ X X M o I A
o 9 0 (S ] 1 X X X & & & & 2
ACCESSED BY GO TR B TR N X X X ® # o 8 o
aSCII CODE 99 [HEX) @ 2 2 ) ] 1 X X X 9 0o e & B
WOSE
SECTION
CHARACTER CODES RAM ADOR CHaARACTER PnTTERN
tDD RAM DATA) oF ESS {CG PAM DAaTAY
I T ] 84 - §- 2 3 & r & §F 4+ - ¥ 1 ¢
a 8 1 ©® B @ X X A e o
L Ty TLares R T X X a @
oF artL) et M- N TR LR 1
® o 0 & 8 & 8 | e 92 1 & 1 1 bl i Sl 1
(01 HEX) LI 1@ 9 L I
St A o Bl N LI B
PCCESSED BY I I | 1 [ ] X X
ASCI] CODE ©l 1HEX) o 8 1 1 1 1 X X X
BODY
SECTION
CHARACTER CODES RAM ADDRE CHARACTER PATTERM
(DD RAM DATA) @ & (CG ﬂm? DaTAd
R VT e O . ol F— = W= = e [ 3
¢ 1 @ 8 @ 9 X X M1 L] & @
a2 1 9 8 a2 X X X L 1 e 8 2
¢ 1 d & 1 @ X x xfi1 1 ie 9 o
e e & 8 0 0 | @ O Fn R B S P T T o g
(02 HEX) e : @ 1 @8 @ | S S S 1 1 B
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ASCIYI CODE 02 ¢HEX) @ 1 e i 1 1 X X X o 0o o @ @
TAIL 1
SECTION
COMPLETE AJRPLANE
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ORDERING INFORMATION

The foliowing ftems are avallable
_from Simple Design Impiementations...
(SDI), PO. Box 9303, Forestvilie. CT
06010 (203) 582-8526: Experi-
menters kit {contains 18 x t OPTREX
LCD module, programmed
MCB87D5P3, contrast-control poten-
tiometer, PC board. IC sockel. soft-
ware listings, schemahc, and instruc-
tlons). $29.95 + $3 S/H; Same
experimenters Kit wiih 40 X1 display,
$39.95 + $3 S/H. Programmed
MC68705P3 and instructions,

$1595 + $2.50 S/H.

shows the 24 data bytes that must be
written 1o CG RAM to form the three
user-defined characters that form the
airplane.

Displaylng actual data

Once the display has been properly
initialized, displaying data is as sim-
ple as writing out the proper ASCII
codes with a series of Data Write oper-
ations. Remember, the “SET DD
RAM ADDRESS™ command must
precede the data operations to ensure
that the data goes 1o DD RAM and not
CG RAM. Similarly, data writes to
CG RAM must be preceded by a
“SET CG RAM ADDRESS” com-
mand. For example, the routine in
Listing 6 will display the message
“PLLANE” (assuming that the user
defined Character Generator RAM is
set up as defined in Listing 5).

Next month

Due to space limitations, that’s all
we have room for this month. Next
month we will continue our discus-
sion on LCD modules, and cover
some of the different kinds of inter
faces, including hardware, micro-
controller, and microprocessor. R-E
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MARKET CENTER

FOR SALE

GREAT buys] Surpius prices. |Cs. inears, iransior-
maers. PS. slepping molors, vacuum pump.
angistor, melers. LSASE. FERTIK'S. 5400

Ila, Phila., PA 18120,

DESCRAMBLERS. All brands. Special: Combo
Jerold 400 and SB3 5185 Complete cable de-
scfambier kit £39, Complele satefite descrambler
kit S45. Free MJM INDUSTRY, Box 531,
Bronx. NY 10461-0531.

T.V. nolch filters, surveillance squipme

i, brochure

$1.00, D.K. VIDEQ, Box 53/6025. Margals. FL
33063. (305) 752-9202.

MECROWAVE TV RECEIVERS 18 to 2.7 GHz
2 CH Compaci Dnsh tem 178
12013{!1,;1] Sysiuﬂ stms

System-$%390 ¥agh$18390
SUN MICROWAVE INTL INC.  Sead 31™ o

PO AOX MSZ2 calaieg 0 theas
PHOENIY, A2 wd othar tine
700640 vides preduct.

VISA/MC/COU  UANTITY ISCOUNTS  UFE TIME WARRANTY

TUBES: “oidest.” “latesL”™ Parts and schematcs,
SASE for lists. STEINMETZ, 7519 Maplewood Ave..
RAE. Hammond. IN 46324. [
ENGINEERING soitware, PC/MSDOS. Hob-
byists — Students — engineers. Circuit de-
sign $59.00. FFT analysis $69.00, Mathe-
matics $49.00, Logic Simulation $49.00,
Circuit Analysis $29.00. Free catalog, (614)
491-0832, BSOFT SDFTWARE, 444 Colton
Rd., Columbus, OH 43207,

CABLE TV converiers and descramblers.
We sell only the best. Low prices. SB-3
$79.00. We ship C.D.D. Free catatog. ACE
PRDDUCTS, PO Box 582, Depl. E, Saco, ME
04072. 1 (8D0) 234-0726.

SM:!_S closeout sale. #2 to #2600 36.00 each
posipaid. MC/Visa. Call 3 (800) 274-2081, 9-5 CST.

PRINTHEAD repairs -— Okidata. Epson, NEC,
Toshiba, Digital, Texas Inst . aiso do board repair —
DATAFIX, {201) 322-7666,

RESTRICTED techmical informaticn: Electronic sur-
veillance. Schemalics, |ocksmithing., covert sc-
ences. hacking, etc. Hugs selaction. Free
brochures. MENTOR-Z, Drawar 1549, Asbury
Patk. NJ 07712,

RENTAL mavie stabilizer, Connect between VG Rs
or [0 moenktor. Satigfaction guaranleed. $69.95,
$4.00 handling. 1 (800) 367- [

MARK V ELECTRONICS, INC.

JUALITY C()MPUVL\TQ C()MPEIIT]VF Pk

TUBES Syharia 6(.06, BL6GC. 20LFE efc. Huge
discounis. ARLEN SUPPLY, 7409 West Chester
Pike. Upper Darby, PA 19082, 1 {800} 458-1301.

TJ SERVICES is hers to serve you! Our qually
products, quick courleous Senicse, able
sales people and rock botlom prices

sure whai you need? Call {(313) 979—3356 we |1

Wa specialize in Jerrald, Hemlln, imerlerance
ters and most SA equipment

ICES

31
R4E

CATALOG & INFO
ORDER TOLL FREE B00-423-3383
IN CALIFORNIA 800-521-MARK
FAX {213) B88-6868

FEBRUARY 1982 projecl. Complele parls
with power supply. $38.00. Postpald. JIm
RHDDES, tNC.. Box 3421, Bristol, TN
37625.

CnBLET\fconverlers Jerrold, Qak. Sclentific At.
fantic, Zenth & many others. “'New MTS™ slereo
add-on: mute & volume. |deal for 400 and 450
ownrers! 1 (800) 826-7623, Amex, Visa, MC accept-
ed. B & B INC., 4030 Beav-D-Rue Dmme, Eagan,
MN 55122,

TUBES. new. up to 90% off, SASE, KIRBY, 298
West Carmel Denve, Carmed. IN

46032,

SCSENT'IHC iTI..AN"I'i

S month warmrenty!  we ahp 0.0
Lowes! relailwhobe snie prices!
FREE CATALOG:

Globsd Cabie Hetwork
1032 Irving 5t Buite 109

5.F CA 412
ORDER TODAY! B00-327-8544

MATION (213) 8

SM-49
1;%; — —KIT ASSMB.
1

$ 5804 § 7150
T8 1265 1488

2000 92
5000 1800 220

26 50 1200
e imared Remote Control Lind wicase 4 & & 00 3500

8800 Ba'Dol Larvsl Mader &4, 24.15
092 Siﬂmi’ﬂmml 29 00 oo
504 20 Swpt 82000t Auflio Lavsd Cuapley A&, 38 45 48 14
019 Elactronic Rouketts & &. 1948 T 24
7 Hi-FI Graphac E 207 &k ek 2650 388G
Lk e 4 Channet Prolessonal ot 150 00
4 Eg Processor & & & ¥ 52,00 83 00

A.- 26.00
M FANE

“MATCHING PRICE
Tm.‘raam\ $ 2016
TA-3Z2, TA 3234, TA 2404
TA-S02, TA-B0A, 'rmsoo. TAZ0MNT, TA-900, ... 30.00
TA-477, TA-800, TA.1500, TA.1000A

TAITTA, TA-2800. TA2200 TAA20MKI

GESULAIPTION
SEVCT, BOVCT 64
TIVCT 3A
BOVCT 8A

A8VCT BA
S2VCT 3A
WVCT SA

11 2¥CT &4

MATCHING
TIM TAB02. TAAZ0A, rmm TA1500 ...
TA-323, TR-S0D, TA-323A, TA-400

MARK V ELECTRONICS, INC. — 8019 E. Slauson Ave. Montebello. CA 90640
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THE ELECTRONIC GOLDMINE

rmmm:':‘:;m FHEE CATALBG

_%!r,? vt 1o it vt e ol I FAMOUS "“FIRESTIK* BRAND CB ANTENNAS
Al e, o, . 50" n et ‘ AND ACCESSORIES. QUALITY PRODUCTS
SRR, | FOR THE SERIOUS CB'er. SINCE 1952
2 VA STIK ANTENNA COMPANY

& MINI GEIGER COUNTER KIT % 2614 EAST ADAMS

0ws how Bsonatrg and ek Geger Counters e but ey
& vsaly $100 O more WE'vE Made 2 amencous |

R e T s o i B c6130] | PROGRAMMABLE stepper moior drive & control
ik Gerge Costa avalie syt $50.050 | tor ynder $100. IBM PC/XT compatible, Com-
Thes vllea- seretiog L Geserts AR, modore 64, or other with 25 pin paraliet port. PCB,

interiace, & software. Send lor delafied literature to:
| MASE, R.O. #Z Box 168, Mohravilk. PA 19541.

DIGITIZER for JBM companble PCs 540 by 480
rasolution from YCR widen camera $85.00 demon-
siratlon disk $3.00. CODEWARE, Box 3091,
Nashua, NH 03061,

COMMUNICATIONS/elecironic equipment,
shlcs, service, FGC licensed, Iree cainlog.
RAYS, PO Box 14862, Fort Worth, TX 76117-0862.

FREE cataiog. Interfaces bor IBM compalibles Dig-
tal #OQ and analog input. Comrol mlays. motors,
highis, measure femperatuta, vouage HM BELL

GINEERING, INC., 400 Oxford Way, Beimont,
CA 94002, (4115) 592-841

PHOENIX. ARIZONA B5034

| . ]

Quality Microwave TV
WIRELESS CASLE-1.9102.7 N3, 40db Gam | +
36-Channet System Complete $149 95
12-Channed System Compieie $114 95
of Wirte lor “FREE™ Cataiog

Phillips-Tech Elecironics
PO, Bax 3533 @ Scottudale. AT 05252

uiFe aae 1602) 947-T700 gk100 Crad sl prent srders!
_WARRANTY MusiarCag & Wi & COOF nicty Pricing

AT

PHONE ORDERY: (503 151

CABLE descramblers {Jerrold) from $40.00. Totom
VIP test chip. Fully aclivates unll. $50 00 Can {213)

CIRCLE 179 ON FREE INFORMATION CARC BET-00B1.

e
TALA

CABLE TV

TB-3 (Tri-Bi) or SA-3 :

Quantity Prices

Dealers wanted. We ship COD.
King Wholesale ™ &
1-800-729-0036 A e i e
Fax number 6173400053
“No one beats the King's prices!”

DESCRAMBLERS

WWWW.americanradiohistorv.comm

10 20 <
s 4 8 | s 4 3 | Opetecdona ake
Each Each SR :
N 50 T 100 ) ”
$39. $35. w
Each Each I
(1
Hours open 10:00 am to 4:00 pm Eastern time T N T
Minimum order 5 units 55.00 ea. 3000000 trees.

PRINTED circuit boards etched & drilled, Free defiv-
ory. K& F ELECTRONICS, INC., 33041 Groasbeck,
Fraser. Ml 48026. (313} 294-87.20.

PHOTOFACT folders. under #1400 54.00. Others
$6.00. Postpad. LOER, 414 Chesinul Lane. East
Meadow, NY 11554

CABLE T¥ descramblers M358, Top quality. Tes!-
ed, quaranteed, varksync avalable Dealers wani-
ed $39.00. 1 (B00) 648-4600,

STOP Ihe eiectonc thieves! Techniques. equip-
ment, laws. Free information. S¥S, 198 N, 2nd
Sirest, Suite 8, Portervilie. CA 93257, (209)
781-2834.

ROBOTICS software. PC'MSDOS, Explore com-
E‘uter vislon, sonar sensing. Free brochure.
OBOTS ETC, Box 122. Temps. AZ B5280.

IMPORTANT facts lor cable box buyers. Don'l make
costgomustake when you buy Fast shi t. Send
$1000 1o; VESTOR AS IATES, Sune 205. 25
Forest Sireel, Attleboro, MA 02703,

CB HADIO OWNERS!

We speciahze in a wide variely of technical
informatlon, parts and services tor CB radios

10-Meter and FM conversion kits, repair books,
pians, high-performance acoessones. Thousands
of satished customers since 1976 Catalog $2.

P.0. BOX 315060RE. PHOENIX. AZ B5046

SOFTWARE as low as $1 99, 1BM, Macintosh,
Amiga, Apple & C64/128, CALIFORNIA FREE-
WARE, 1747 East Ave O #C-1, Paimcdale, CA
93550, Free Catalog Call 1 (B00) 259-2189

SOURCES wanted for axcting. qualtty. proven
products of intecest 1o readers of this azing.
DLJ-A, 485 Fuhriman. Prowdenca. Ltah B4332.
Free i

DESCRAMBLERS — for Iree catalog contaci CA-
BLE CONNECTION, 1304 E, Chicago Street, Susle
301, Algonquin, L 60102, (708) 666-2365.

SAMS ofacts from 1964 1hry 1972, Sell all -
make offer. (818) 3534603, KAREN ROBERSON.
Los Angeles. CA.

CONMPUTER-aided-llving. 8 new delalled guide
shows how to use your Compuler to Control
lighls and appliances. pay bills, obtaln free soft-
ware, much more! Send $9.95 (ppd) lo: DANIEL
ENGINEERING, 356437 Sprucwe, Newark. CA
94560,

CABLETV
“BOXES”

Converters — DeScrambiers
Remote Controls — Accessories

o Guarante#d Best Prces o
e 1 year warrenty —~ C.O D3 »

+ Immediate Shapping
« FREECATALOG «»

Catior Wrone

TRANS-WORLD CABLE COQ.
12062 Southwest 1171h Court, Suyrte 126

@ Y TS [—:]

RADIO fubes. parts. Extensive lisiings $1.00 (re-
fundatie) DIERS. 4276-ES North Streat, Mil-
wauvkee, Wl 5316-1313.

SURGE proteciors. for all types of electromc equip-
menl. ow . super protechont Free information

DATA STAR COMPUTER SERVICE, 305 Summit
Trace Drove, Tucker, GA 30084

CORDLESS soldering lron! New I&chnologg.
heals up In seconds. 5 year warranty. 519,95,
Free shipping. AUTOCOMM. 4174A S. Parker,
#117, Aurora, CO BOO14.
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REMOTE CONTROL KEYCHAIN |
lal® w/mini-transmitier
+5 vde RF receives
FI.III]F assembziad including plans
la bund own aulo alarm
Quaniify discounia avallable

hack, Vi MIC
$24.95 5555y ehiooing
“WVISITECT INC. /Dept. A [415) 872—0123
PG BOX 5442.50. SAN FRAN., CA D4080

PLANS AND KITS

BUILD ihis five-digil panel meter and square-wave |
generaior mcludnng an ohms, capacitance and fre-

quency mater. Detailed instructions $2.50. BAG-
NALL ELECTRONICS. 179 May, Fairfleld, CT
06430

MINIATURE FM transmitters! Tracking lransrrltteml
Voice disguisers! Bug delectors Phone Devices!
Morel Availabie i Kils o assembled! $2.00:
XANDI ELECTRONICS. Box 25647, Dept. 60E,
Tempe, AZ B5285-5647.

CATALOG: hebbybroadcasting HAM/CE: Cable
TV, transmitters. amplibers, sunwillance

computers. morel PANAXIS, Box 130-F6. Para:
dise, CA 95967,

Unjiock the Mystery of
the Automobile Computer!

Budd Your Own Disgnostic Scan Toodl!
Tha Kary To Understanding the Modam
Eb by Controlied A, b

-B00-535- 3001 O wikk 10r COmpiet rkovrnaon
5 8w Buctro-Tech PO Box 34334 Blaios, MM 55434

SURVEILLANCE transmitter kits are available 10
law entorcemenl agencies that operate on frequen-
cies they prefer. Four models of @ach: telephone,
room, combanalion tetephoneroom I ansmitters
iune fram 65 to 305 MHz. Sand $1.00 {overseas
airmail $2.00) for catalog. included i3 Popular
Communications book review of "Now Hear This!
Eboctronics Eavesd Ing Equipment Design™
by Winston Ami comtalns 58 transmitter
schemalics SH FFIELD ELECTRONICS, 7223
Stony Island Ave.. Chicago, IL 60849-2806 |

INVESTIG ATORS. expenmeniers — Qualily plans ‘

Micro and resincted dewvices. Free cata Ii ad-
dressed stamped envelope required KELLEY SE-
CURITY INC., Suite 90, 2531 Saweile Blvd., Los
Angeles, CA 90064,

CB Tricks Il book. Power amplifier
, UHF CBiune ups. Sand $19.95 MEDICINE MAN
B, PO Box 37, Claskswille, AR 72830,

DETECTION — Surveiliance. debugging. plans, |
kits, assembled dewices, Latest high-tech calalog
$5. DETECTION SYSTEMS. 2515 E. Thomas,
#16-B64F. Phoenix. AZ 85016,

i HWII'_\QG—

Computer Kits
They're Fun. Easy to build, 1BW
Compatibie, Fducdtiongl, Powsriy
with Wholazole Prices. A Kits
inchede o Free desembly Monual
Froa Seftwary, Ome Taor Womanly
ond T4 Aew Pina Support Line
in twww Ffrve Catalog

(516) 981-9473

Ganeral Technics
v Ouolity Cemputer Systema
F.O. Box ZIBT7E

Ansmmbr & Tadfng frelabie Loww Resucnliome. WY V17T

BUILD robol from ouler spacs! Plans $11.95, de-
tails I'les ROBOT WORKS, Box 1979, Colotago
Spnngs. CO 80901, |

REMOQVE lead vocals from siandard slereo rec-

ords, CDs. tapes. FM broadcasts, 80 you ¢an be the

lead 5 your favonie band, Theory/schematic

$6.95. n(F”%IE! and parts aiso available. WEEDER [

IsECHNDLOGIES. 14773 Uindsey. ML Qvab, OH
154

BARGAIN plan. Desk top computer stand. Easi
built. Personal pride. Send %4 00, now... CREATE,
PO Box 44 . Aurcra, CO BO044,

HAMLIN MCC 3000 36 CORDED HEMDTE GUNVERTER (1 bemi¥,

PANASONIC WIRELESS COMYERTER 10w beat iy

FTAR GA

QATE 3990
HAROLO 400 COMBO

AERROLE 40 HAMD REMCTE CONTROL

JERRO D 4% COMBO

JERPOLD 4% HAND REMOTE CONTROL

JERROL D 58 ADOD ON

“JEAROLD SA ACD ON WiTH TRIMOGE
‘M3 B COMBO UNT ICh 3 oulBad iy

M35 B COMBO UM T WITH VARISYNC

el =1 bl £

W NTOSE ™ i

“MIC ODE 1F WiTH VARISYNC

“MIPsC OOE "'.MYNC WITH ALITO ON OF F
ECOMOCODE 1mwnc 000 3ubalilide.,

ECOMOCCOE WiTH VARISYNG

"ML D 1B 1 Ch 3 anrdpul

WAL D10 Sh 2 oulpuls

g-a
sssﬁﬁslsa--

b4 AR B L

“ZEMI T 558w CaBLE READY
INTERFERENCE FILTERS (Ch 3 onr
"EAGLE PD 3 DESCRAMBLER 1Cn 4 ciulfd comiy s

X
8

BEAENTIF i ATL AN 1A ADD OH RERLAGEME NT DESCAAMBLET:

CALL FOM AVMILANILITY

I Qutput

Channel

Caltiormia Penai Code #593-0 forbids us

SUBTOTAL

from shipping any cable descrambling urst
1o anyone rendng in the state of Celtornia

Shipping Add
$3.00 per unit

Prices subpect 1O change without nouces

COD & Cradit
Cards — Add 5%

PLEASE PRINT

TOTAL

Hamea

Address ity

Stme Zip
0] Cashier's Check 0 Money Ocder
Acct §_

0O cop

Signature

FOR OUR RECORDS

Phone Number [ ]

Exp. Date _

] Visa 0] mastercard

DECLARATION OF AUTHORNITED USE — L e 0 -]
that sl products purchased, now and e lure, wnll only b

Buthonzaton om local ofcals OF cabls comobiy OFCEY N SCCOMNIMNDE with Bl
sale Lpws FEDERMAL AMD WARICUS TATE LAWS PROVIOE FOR SUBTAMTIAL

PENALTHES FOR UNAUTHORDED U2

Dated Signed;__

Paralyy o
used on cabe TV

& Copyright 15987 PACHIC CABLE CO., INC.

Pacific Cable Company, Inc.

7325% RESEDA BLVD., DEPT. R-6

RESEDA, CA 91335

(818) 716-5914 - No Collect Calls * (818) 716-5140
IMPORTANT: WHEN CALLING FOR INFORMATION

Please have the make and model # of Ihesquipmenl usedin your area. Thank You

WWWwWw americanradiohistorv comm
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% BRADIO-ELECTRONICS

1 —_— —
| SCRAMBLING NEWS MONTHLY. This month
? N Ew H E N E “Builkd a descrambler/cable ready TV interface” 1o
URNICOEN ( LASERTUBES S35 | pNTLItoR I LT
-, o I V] S 155U8 AU, Next month a
YOUR 1.C. SOURCE Dealer Inquiries Invited. complete B MAC technical update. This issua
L. Free Catalog! $6. year subscriphon $19.95 Py TY and
MEREDITH INSTRUMENTS: 6403 N. 59th Ave slt."". D.IC ﬂl'l'lb"ﬂg saries Provides sysiem
Glendale, AZ B330] = (602) 9349387 < analysis. turn-ons. bulld- your-own, counier-
= COLLIMATOH PEN —_— ““The Sonree for Laser Surplas® measures, etc. ¥1. $14.95. V1983 $15 95, v1990
$14.95 Al 37%29.00. New indexed calal 51 00 or
{INFRA-RED} msh%m‘lzl?l.mc NEWS, 1552 Hartel Ava , Bul-
A low oty colmatos pan Contal t 1 2088,
MCVPE mfnmpdrmm LASERS Buld gunsights, poiniers, Jiteshow, 5 COR et
Tha oF (%N delrvers a madmim nislite, |ab. Bluepnnts and instructions 59,00 each,
Cw output power of 2.5 i ot 25" 3 for $20.00. Free i51 NIGHTWRITER POB 4418,
Thesa commaisd laer ources i Phoenix, AZ 85016. MULTI CHANNEL wcnownvs ANTENNAS
S cata retriwvel. Wlevmatry, . OMTROLL R ANTENNAS
o, P e M S S FOR OVER THE AIR CABLE SYSTEMS IWIRELESS
mm,m ZELURITY SYSTEMS 30176 Hudson, B « CABRBLE OF RECEIVING 30 CHANNELS
aty Oassgred kot laans, LA 70131, » CONVERTERS AVAILABLE FOR ZENITH SYSTEMS
“r::;]g"m',,",“"mw“ TALKING voltmetar] M-croprocessor contmlled! No CATALOG & INFO: (203) 975-7543
consizts of a lens and 3 axpenence MICIOpFDCeSSors. Wite VIDEO-LINK ENTERPRISES
k:s'm‘:m' The heur_: ta?eagl‘ﬁé‘l::l. DI;ISENLS Box #4192 Huntington 520 GLENGADOX RI.. SUITE 207, STAMFURD CT 06906
drenging laser fight - £
:Ndlr\ﬂronmuﬂmﬂ?
raction lima
The housing is crcular and precssion manutactured with & m SATELLITE TV
dameter of 11.0 mm and an ocurdCy between + 0 - 11U m { 'World'g Best Bands' FREE calalog = Lowes! prices workdwide, save 40
uerPuce-$180-00 ouR price. $39.99 A R s e ;c ?J:#;‘L‘a‘ii’aﬁ.mm”"é‘i?{!qs N, NG
« QUALITY COMPONENTS LOW PRICES SINCE 1963 1 |: \ s B LB 'L.f,‘.“.d""“";“h%ma.' logeway, Fergus Falis. MN 56537, t (800}
Professionally, r)'el connects oilynt‘; o ﬂ 33‘ e Do A L -
| TR SE 0 E L : 3 sheren. Mamactured and Sold by LT Boumal DESCRAMBLER: Buikd our low cost video only
LA |B [!‘I i D gxlﬂmmﬁhlrmﬂ Cap:LT mby-:ﬁm fjalaune TY descrambler for Most sateliite channels.
INFRA-RE arioway ses easy to gel. everyday parns. Board & plans
{ MML A= |24 Hr, Pﬁmﬂwﬂoﬂnbﬂoulﬂ.llm[ $35.00 US funds. Boars, plans & parts $89.00 1S
oW porwer apphu:uu Mhhlu funds. Wired & tested un&SiSQOOU&Eu‘?d; ggg
1] . — check,
hrbois By A B KITS, ampiers. arienna ampliers, alams. power  WAVE ELECTROMICS. Boar Rivr Nova Scotia,
sysiems, signmen, wie. meler. YU meter. motion detector. Siren, dimmer, Canada BOS 1B0 or phone (902) 467-3577. 8am 1o
mcuaﬂw guided laset I8 con- timers, display. oounter chime, doorbell, power su| 4pm eastern tme. Nole: aducabonal proect
ok “'w‘" LY .ug;'l"&“ and man mora. Catalog $1.00. ARLI ELE pgnm be used ikgally ey
s Vapos Phate Ectaial proc- NICS 2155 Verduge B'ivd. #22. Montrose, CA E
ess (WKVPE). 91020.
The device b mounled & a e T
HORBYISTS Buikd this Dual Yoltage Power Sup-
o iemstmn " | | B incldes compiee paincrons. pars e ang
T S81053 I8 standard rcu . y +i— S5V, +/=8Y, +/-12V.
#quipped with & mondor 004, 50~ AllTA $19 95 to: D.WELCH Box 7221, LaV- o o0 PRESENTING 4 4 9 92 0
[IH lated from the cise and opacally eme, CA 91750,
Coupid tn the rear-emting fascet of
the Lrser This bi:sl-m mont- DESCRAMBLING, new secret manual. Build your
for duode can be VEET 3% B Sensod 10 own descramblers for cable snd subscription TV, STARR
control the iser optical output evel Insiruciions, schematics for SSAVL, galed sync. J;;I:S:D I'I.Aﬁ.l‘:l""
st rce-¢33-00 oun eaice. $9,99 gnewave. (HBO, Cinemax; Showtime, UHF. adull B S rarn e G
b t J $8.95, $2.00 postage. CABLETRONICS, Box "'m
» WE CARAT A FULL LINE OF COMPONENTS! » 30502H, Bethesda, MD 20824, teriiy—ray S0t s beid
70 WATT audlo ampliﬂer Si and easy to build. - . a
| Pisns $6.00. T.LL ENTERPRISES, Sune 302RE. POTR O R S Te00 ALY SR
EPROMS 1902 Ridge Road, West Seneca NY 14524 ORALL i ORMALON 1-8118-T16-5914
e i i 3 | FM uansmn;gr&g ngHglﬂls;f.gsE Flyback lest-
b S B+ S b3 517 im er assembi 99; 4% SIERRA ELEC- PACIFIC CABLE CO. INC.
M amMal i W IT 3ai TRONICS j oty el
B i g 2 i3 | ONICS Box 709 Elers. FL 34680-0709 upamin o1 o]
THRITE M Al A a e
o R VR - o » 5 !;‘.
B B et a i In CABLE TV :L?EOC;PHER Il manuEals VcnsI;T'gsi - hardw;ro.
a4 N sl ey 3 ¥ ID ume 2 — schware Either 95 volume 3 —
Ten x owil s ke DESCRAMBLER LIGUIDATION! [JE=srcrimpessetviimmg 1 wiibehinepsgrin
Tow ®  Aniie mapa in NN [ g ume 8 —E ation $44 95 each Volume 4
M. B hEa e A am * Major Makes & Models! am:ckor?ﬁclgl‘:le Hgg:lggsﬂlblo—wsé&?.
N’ 1 1. L 2 " I n — - - 3 .,
’ﬁm E :‘E:E % a3 E §‘§ aﬁ * Will match or beat anyone's prices! CODs (802) 782-2316. TELECODE, AE.
B3l Ty | * Dealer discounts at 5 units! Yuma. AZ 85366-6426
E;E: E ::#:5 Zee i LE =§ g » Examples: CABLE TV secrewtid— the outlaw Dubl"ac?:hon the
F B I 3 18 % HAMLIN COMBOS . $44 0a. (Min. 5) | Showime: sos sblors. comertora ovc. Sup.
o W WM PO (i n w o8 K
N B HE 5 i im OAK ADD/ON $40 ea. (Min. 5) bors st Incuded $8.95. C ABLE FACTS. Box 711:
B OSRI RRliTaes W 8 R OAK M358 $60 ea. (Min. 5) . Pataskala, OH 43062
ITCWM 1T MM Ko 3 -CA0l 1708 178 11N
i ) VIDEOCYPHER Il desci bii . Sche-
E s i ugan s WEST COAST ELECTRONICS e T gy I g
For lnlormation: BI18-709-1758 Cloneﬁgasiar 3Mu::eteer p?-:%r-wgzw&iao.ccn-
talo . . L emax, Showhime. adult, etc ) $13.95 posiaca.
ST . cavr ror & FREE caTALOGE « @IED Catalogs & Orders: 800-628-9656 gria. Stowig. bty S1405.32.00 pcs Bl
codes. $25 CABLETRONICS. Box 30502R. Beth-
ConN FM WIRELESS microghane. 3 mile range. plans asda. M0 ol
$4.00. FM P. O. Box 4383, BloomiIngton, IL
ELECTRONICS 517014353,
VCR ampier Transmds © houss.
10010 Canogs Ava.., Unit B-8 » Chaesmarth. CA 913H Chmolens Ui, ety SeR0s. .j‘”:ww,','.-ﬂ" il TOCOM DESCRAMBLERS
1 . tor = sire ol starmg o 1 mie range,
) OISk ror s faog) 8200032 | | 295 Cas ECECTROMICS 1825 aaonBha: 31500t eaen o oo SCIE R ot
BY PMOWE 2 e Suite 136, Redondic Beach, CA 50278 y ’ )
DROER BY FAX: ......... (818} 598-7975 LANTA B500's $200.00. Cali (213) 478-2506.

CIRCLE 183 ON FREE INFORMATION CARD

WWWW americanradiohistorv. comm
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GET IN MOW ON TIIE 512 RILLION A YEAR
COMPUTER SERYICE INDUSTRY

LEARN KOW TO CLEAN/
MAINTAIN/REPAIR PAINTERS. ..
=, LIS AWAAR-EIBRISD IRAMRG SIRER ANR

==y, CIMNRINRE | ARINTEE
MABGR [DVER 300
ACTiom PACEED PAGETY

OF ALL PRINTERS -
ATART CARNISS EXTRA
TALN IR BATHI

" NUBE URTAPPED MAKKETI

2 SIRI0US LACK OF TRAIMED TECHR ICIANL
CYER ST MILLIGN P S USE  APPROKIMATILY §3% Havk A PROI[LS
ATTACHED WA ETALAJBASTY OF PRNTER BRELEDCWNS AL OUE TO TR
MIECHAMICAL G Sl COM0 MECHANICAL FAK UKE

f FREE INFO Ot W TE TR l‘ll.l:::gl(eall'.“
349
CALL 1-800-537-0548 DEPTIR LA, CA 00910

BUSINESS OPPORTUNITIES

EASY workd Excellent pay! Assembie products at
home. Call for information. (504) 641-8003 Ext
5192

MAKE $50/nr working evenings or weekends in
r own elecitonics business. Send for free facts
NDUSTRY, Box 531, Bronx, NY 10461,

YOUR own radio stabont AM, FM, TV, cable. T
censeduniicensed. BROADCASTING, Box 130-
F6, Paradise. CA 95967

INVENTORS: We submit ideas 1o industry. Find out
what we can do for you Call 1 (800) 288-IDEA.

LET the government finance your small businass.
Grantstoans to $500.000. Free meorded message:
{707} 449-3600, {KS1).

WHOLESALE PRINTER CABLES.IBM-PC 2
pes/$12 (61t) 2 pes'$14 (1011). Al 25P il\cluded.g‘l%)
§28-4117, Send M.O. to CAD INTERNATIONAL P,
©. Box 43332, L.LC., NY 11104,

CABLE T.V. CONVERTERS

All Jerrold, Gak, Hamiin, Zentth, Scientific
Allania. Magnavox and ail specialized cabie
equipment availabie lor shipment within 24
hours. FOr tast service MC /VISAor C.OD.
telephone orders accepted (800) §48-3030
60 Day Guarantee {Ouantity Discounts)
8 AM. to 5 PM. CS.T. CLOSED WEEK-
ENDS. Send sell-addressed Stamped enve-

pa) bor Catalog

PO. Boa 5000
Suite 30 (R)

—— Carpentersville. IL 60110

g Jinnoee Orers AcCepted.

MAKE $75.000 10 $250,000 yeary or moma fixing
IBM color monitors {and most brands). No invest-
ment. Start doing it from your home. (A 1eiephone
mquired.) intormation, USA, Canada $1 00 cash
US funds olhar countries $9.00 RANDALL DIS-
PLAY Box 2168-R Van Nuys. CA 91404, USA,

LEARN 1o clearyrepair Fax machines. Huge new
market! Eam $85hour. No axpenence necessa,
Free detais call 1{g0Q) 537-0589 of writa ko VI
PUBLICATIONS 3540 Wishire B'ivd #310 Depl.
FX200 LA CA. 90010

AMAZING

SCIENTIFIC & ELECTRONIC
PRODUCTS

GRAT . ANTI GRAVITY GENERATOR 13000
w LET=  AOWAIT BURNING CUTTING LASER £000
£ »cAUBA — H) POWER PULSED DPRLLING LASER 32000
BILS — 1 MLLION VOUT TESLAGOR. . 52000
MCP1— ) VELOCITY COIL GUN 31500
ZLLST—  LASERLIGHT SHOW IMETHODS
o EN1 —  ELECTAOMC HYPNOTISM TEC-NIUES 3300
o EMLI— LOWERPOWERED (DR GUN LACHER $800
L= OB LADDER 3 MODELS . $1000
$05—  SEEM THE DARX $1000
O LE¥1—  LEVITADON DEVICE .. 31000
S FWYIK — 31k E FM VOKE TRANSWITTER .
X PESIC — WAND CONTROLLED PLASMA FIRE SABER 54950
S HIGTN — M FLUX NEGATIVE 0N GENERATDR . M50
% PGIK = PLASHA LIGHTHING GLOBE $4950
T E LHCZK — VISBLE SMULAED A0OLORLASER .. 34450
B 2 HODIX — HOMING/TRACKING BEEPER TRANSMTTER . $4250

553 LGUSK = 25 1 HAMDHELD VISIBLE LASERGUN, 524950
2 pTrax — ZH00VOLY TABLE TOF TESLAGDR. . . 524950

102K — WON RAY GUN, progect energy without wires . 512995
= TKEIK — TELEKINETIC ENHANCER/ELECTRIC MAN S0
S VWPMTK — 3 ML E AUTO TELEPHONE TRANSMITTER. T4950

ASSEMBLED !N DUR LABS
L USTIE — INFINITY XBMTH Listen in via phone Bng . . $19950°
o IPETD — INVISIBLE PAS FIELD BLAST WAVE GENE RATORS? 50

O ITMI0 — 00,000 YOLT W TRMIDATDA UP T0 20° 9550
= JAR0 —  AUTOAANC TELEPHONE SECORDING DEVICE . 32450
PSPAD — PRASOR SOMIC BLAST WAVE FISTOL 0950

i

€/ ONEI0 — ALL NEW 30" vIVID COLORED NEON STICK , . 574 50
LGUR0 — 5TO Wy VISIBLE RED Hele LASER GUN |, 519950
BLS10 — W00 WaTT BLASTER DEFENSE WAND 5950

EASY ORUEAING FROCEQUAE - TOLL FREE 1-800-221-1705

o 24 HRS ON 1-603-672-4730 or AR IT 10 1.-503-672-5406
VISA. MG, CHECK. W0 M US FUNDS. IRCLUDE 10% SHIPPING ORDERS
$900.003 UP ONLY ADD $M000 CAFALDG $1.00 0R FREE WITH QRDER.

NLIMITED
PO. 80X 716. DEPT. A2. AMKERST, NH 03031

INFORMATIO

£ E— — - L

RCA HC
HWATTE $HIS
BOLIG BTATE KYER D
LAl AR AD AUDEO AW

i
i

3

£

[ I
EEERCEREELENETRNES

BARD A O B3 K
M WAY TS P AR DUTFUT

i
i
TEE

Tib 141 PN S LB

b AL

M e o T
- akL

£

R rrvrrp

e we
- e
I v
APt X
v
AR 00 TERE TRy B
AR OO 3P My DELY
1 40
DASC CAFACITORT
(LS TR It % 1)
o1 My LT 00 1008 00
REGULATORS
LARI I LA
THLOb 13 R oMy
TIOR8 Mot bl
Lame (LS Y

e T

i

v B A,
T i s o0
a0 e - TO B2

TrTER

i

S (L ELE A

B33 ENBELIEL

HI

fitiss

i

i
BANEIEBELENSENRNRE

i

BiIRFEEIRIFRNY
b33

BFIBIRBNEES

vsls
!
E

i

s83tes
-
.

sys3BANB YRR

I

;

AP BC1u EB R M
LT MO P
e e i MY

shiase

LY
THEMITRL S M
T

¥ gii.-

Y LR P TP R FREEVFEFIFT P
i

H

TTL iC E EL 4

»
]
»
[
e

I

L

Bt RALIE M

ATATY 1N D gt

PP B0 Pain Trme

Mg LEO I

Fymtwn Ctpps 0 Jomline LY LED . I
w-rvem Sgruie LD

2
iz
EzaREiBax

e gy s i
855z 2771ERZEYICEES

|

RECISTERS
—wr o
i)
Ll

-
-
-

YRRz ELER:RY

i Y]]
RO 48 Pramy Dt B TOM
Ln WG

143 B - Lo

TIL E
MiaTh
v DT
v ohaT

FULL WAVE
BRI DGE DiF FHTCHEL
v 24 B RA | T A A P
14 etk o e
i CTEXE 4 dFmien
':::: CTH 208 10 (& Pasrun + T4
1

CHriTals
000 44
A

i1

o
113

z
mr
[

LTS  EEF

4t

T RN
L

PSSRt BUNIRIRT IR NEE

[1+] EECTI}R
L]
v o L]
DIp 30CKETS Lo oM T A%
AN 10 TIPE TR OOBE ¥ &b
e 1] MMM [- LTI )
mru W [ Ll L)
15 PN 3 P B
" A FNTE pase ETES
—T_
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POSTAGE
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WE SHIP OVER 95%
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24 HOURS OF RECEIPT
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RADIO-ELECTRONICS

CABLE TV CONVERTERS
& EQUIPMENT

PANASONIC WIRELESS

O

10
uNITS

CONVERTER

JERAGLD 400 COMBO WREMOTE
[DRXIDIC) . 134.00.

JERROLD 400 OF 450 REMOTE HAND
UNIT . : 2400

JERROLD JRX 304C .

JERROLD SB ADD ON

JERROLD S8 ADD ON WITH TRI-BI

OAK M-35 COMBO

OAK MINICODE {N-12)

HAMLIN MLD 1200 .......

SCIENTIFIC ATLANTA SA-3
ADD ON

INTERFERENCE FILTER
(CHANMEL 3 Ot 6)

NEW SCIENTIFIC ATLANTA

PEIMEE R DESCRAMBLE R
TOCOM vIP .

ZEMNITH FLASHING
ZENITH 5SAVI

EAGLE PD- .

VIDEO- I.IHI(

Enterprises, Inc.

520 GLENBROOK RO., SUITE 202
STAMFORD, CT 06906

ORDERS: 1-800-622-9022
CATALOG & INFO: 203-975-7543
MONDAY - FRIDAY 10 AM— 5:30 PM, ES.T.

IMPORTANT: Have make and modal
# of the equipment used in your area,

OUTPUT | PRICE TOTAL
IMEM CHANNEL| EACH PAICE

QTY

HO COMNECTICUT SALES. N
8 nol the inlent of VIDED-LINK
10 defiams] any pay lelevision

DIGITAL V.O.M./D.P.M.
SALES—SERVICE—PARTS

BASIC video deaning and mainlenance. T\_f ane
halt hour VCR one 1 $38 00 each. JAMES
BRAGFORD P.O. Box 38356, Dewoil. Ml 48238,

FLUKE-BECKMAN-SIMPSON-ETC.
WS MADE ONLY. PRIOA TO WORK FAST
SERVICE, 90 DAY WARRANTY. STANDAADS
TRACEABLE TONBS SINCE 1948, CALIBRATION
CERTIFICATE AVALABLE

INDUSTRIAL INSTRUMENT WKS. INC
5745 SALMEN LA 70123 5047338385

[ EARN 5$1000's extra as m pari-time computer

dealer. Where (o buy products at big descounts. Who
to sell da. Financing withoul cash. Oblaining iree
soltware Exclusive cdealer trade shows. Step-by-

step cheack lisl. Industry inssde k Written
by indusiry san Order now, only 524,95 plus
$4.00 ah . CA remdents acd $1.81

0r;t‘y‘harm:lli

sales lax. NERSTONE PUBLICATIONS. Dept
8B, &o Box 5151, San Jose, CA 95150, Allow 2-4
Wes|

EASYI Woneymaking one man CRT rehuidin
machinery. $6.500.00 - £11,900.00. CRT, 190
Louise. Cryslaja.ke IL 60014, {815) 459-D666.

& Ban 1111«- 1
v, G5 QROZO

QSVE YOURBELF A BIAEAK — & PAICE BRCAK]
MUTS & WOLTE wl S4r vOU monEY
NN FIECTROMIC OARTS § IOUWSIENT
PlT Ss0rw YOU WHIRL 10 FEND LMIOUE.

UNUBUAL AND MARD-TO FIND ITEME. |
e BUII?CF!I(I( TOOAYI k)

EDUCATION & INSTRUCTION

WMAGICI Four illusirated lessons plus inskde nfor
manon $hows you how. We prowde almost 50 tncks
incluchng equipment for lour professional aeffects,
You got a binder to keep the matenats in, and g one-

membership in the Inlernatonal Perlorming
Eagmans with a plasioc membershup cand that has
your name gold-embossed You get a one-year sub-
senphon 10 our quarterty newsletter TIT's MAGICH
Order now! $29.95 lor each cowrse + $3.50 postage
and handiing. (New York residents acd icable
stale and Iocai sales tax). THE MAGIC COURSE,
500-8 BiCounty Boulevard, Farmingdale, NY
735,

BE A RECORDING ENGINEER; Train a1 home kor
nigh-paying — Exciting careers. FREE information.
AUDIO INSTITUTE 2174 Unmion 51, Suite 22K, San
Francisco, CA 94123

FREE SUBSCRIPTIONS to ower 200 major com-

uter and business magazines — Guaranleed.
ad‘nte ior lree Information. SEABIRD 4N Miliva
Drve. Lexingion, MA 02173,

COMPLETE Owital Training course Comprehen-
srve overview ol digital electronics. Super handy
desktop refarence! Hundreds of gagem!lusurabons
Free newsletter with order Send $10.00 to VIEJO
PUBLICATIONS 3540 Wilsture BI. #310 Dept.
0G100. LA CA 90010 or call 1 (800) 537-0589.

oporalor and we will nol axsest
sy company of individual In
oIng w0,

PLEASE PRINT:

O CASHIER'S CHECK
NAME
ADDRESS
CITV/STATE/DP
PHOME
SHIHATURE
WAIVER. Since 1, tha undersigned, fully
undersiand thal the cwnerstp of § cable

doos nol give The ownor of 1he decooda: e fighl 10
decode of wew B catle ch h
proper nuhmnluon Trom 1heir local cable company,
hareby declars under penaity of perjury thal af
products purchased. ol axy ima, wil oaly be usad
on cabla TV Eystems wilh piopw aulhoiiZalon Irom
local officisls of cabls company offikers In
accordanca with afl #pplicabls fedwal and siate
lawy. Fodersl nd various alale lawa for
aubmiantial  chminzl end  civil  penaliles  lor
unsuthorized use.

COD:
Add 5%

TOTAL
Owmo. Ocoo.

Dabed: Signed.

CIiRCLE 64 ON FREE INFORMATION CARD

Be a TV/VCR
Repalr Specialist

YU can trai 21 home in spare ting KF 2 money-mak:ng

clmr 25 8 TVACR Reparr Speciaiist No previous sper-
ence necessary Mo need 1o quil your job or Everyihimg
15 explained by easy-10-understand language wih plenty of driw-
ings. diagrams and photos. We show you how [ troubleshool
nd repair woeo-cassette recorders and TV seis how 10 handie
house caks and shop repait S for akmosi any make of television or
YCR Tools are inciuded wilh your courSe 50 you can gel
hands-on™ Practice as you lolorw your iessons siep by slep
Send for tree 13C1S about the exciling Oppor tumtes in TV VCR
Repar and find out how YoU €an Stast maling money in he

wwwm_ MAIL COUPON TODAY__ _ o=
SCHODL OF TVACR HEP&IR l:n . DE0S0O
925 Oak Street. Scranton, P, 15

Plusturdmlulmiurrlamnmmbrmteonhoman
l teatn TYVCR Aepair al home in My spare ime 1 undesstand
| Ihere 15 ng obliganion and RO sakesman wil vist me

WwWwWw americanradiohistorv comm

Name _. S 1. —
| Aodress — ApL .._l
| Cinwstate __Up |
e e

EARN 532, DDOIoSsaDoomtngGanmhs an-
nudlly. 6-7 months part lima reguied U.S.
of lorngn merchant marine rado officers hcenses
Booklel 1ells how and whers 0 oblan study maten-
als, meot government requirements, exams  Also
address [is1 of 100 + govemnment agencies, univer-
sities, LS, foregn shipping companies. all poplen-
lial employers Send $7.50 ks KNOWLTECH INC.
POB 1070 St, Pete. FL 33731.

ANTIQUE RADIO CLASSIFIED

Free Sample!
Antque Radic's LB
Largest Circulation Monthty,
Articles. Ads & Classifieds.
6-Month Trial: $11. 1-Y; $20 ($30-15¢ Class].
A.R.C.. P.O. Box 802-L4, Carlisie. MA 01741

ELECTRONIC Camera Repair: Five day res»dency
and 18 home Study tessons. Video aded and
number su| ed. Free brochure. C & C ASS0OC!-
ATES 300 Highfall Greencasile, IN 46135, {317)
853-3405. Regulated by Commission on Proptia-
tary Educabon.

BECOME m TV satellile news tachnician. Home
traming Free injc. SPACELINK P. O. Box 8497.
Bndgeport, CT 06606

CABLE T\ EQUIPMEN )

onverars, N
Descramblers, CD Players

JERROLD-OAK-SCIENTIFIC ATLANTA.HAMLIN

ZENTITH MANY MORE CALL TODAY!

J Only quality products sold ¥ Easy to usc

VYSausfactian g d ¥ Kn
¥ Mot orders shipped within 24 hours

CALL FOR YOUR FREE CATALOG
3 1-800-228-7404 FEY

MAKE THE CONNECTION

NU-TEK FLhL TRONICS|
5114 Balcones Wood Dr.#307 Dept. 298
Aurin, TX. 78759

Trct 11

WANTED

INVENTORSI Confused? Need help? Cail IMPAC
o free information package. In US and Canada: 1
{B00) 225-5800.

INVENTIONS/new productdideas wanled: Call
TLC! for fre intormation 1 {B00} 468-7200 24 hours’
day - USA'Canada.

COMPUTER BOOKS

DISCOUNT computer books. Al litles availabie,
inciuging recent mleases. Please call or wre for our
1ates! ca!alog[ BOOKWARE, 147 Campwiie Road.
Northfield, CT 06778. | (00} 288-5662.

THIS IS A BOLDFACE EXPANDED AD with a
tint background. . If you like lhls format,
request it. Your cost is $6.25 per word,

sales maff
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INVENTORS

INVENTORS! Can gou patent and prolit from your
wdea? Call AMERICAN INVENTORS CDRPORA-
TION fos iree infermation. Owver a decade of senvice
1 (BOO) 338-5656. In Massachusetts of Canada call
{413) 568-3753.

BEST BY MAIL

Rates: Write Natlonal, Box 8. Sarasota. FL 34230

OF BMTEREST TO ALL
GO\‘ERNMEN‘I‘ SEIZED VEMICLES Low as $100! Amazing
recond riveals details! (70B) 7082324,
INSTANT POSTCARDSIT SAMPLE, send £.25 1amp. Box
171(REL Ashiand, OR 97520,
BUISINESS OPPORTUNITIES

EARN EXYRA INCOME mailing btochures for nallonal
companies! No ogt—b«- nescsd! Madl 33: Finance
Pubiicatons, Bo RE). Arvade, CO 80001,

I MAKE $2.000 WEEK Recycling Goki! Easy home
business’ Fres booklet| 1 __Q"""baﬁ [#2min)

$2%0 WEEKLY! IMMECIATE home incomel Pholograph
data forms! Expenence unnacessary. Free defails?
PHILLIPSRE), Garrelt, PA 15542-0061.

FREE CATALOG!
1-800-648-7938

Fos all Information 1-702-362-9026
JERROLD HAMLIN OAK ETC.

CABLETV

DESCRAMBLERS

« Compare our low Low Retail Prices!
+ Guaranteed Prices & Warranties!
« Orders Shipped Immediately!

REPUBLIC CABLE PRODUCTS INC.

4080 Paradise Rd. #15 Depl. RE-90
Las Vegas. NV 89108

e

competition as well.

LOGIC ANALYZER
continued from page 21

different trigger words. Up to three
triggers can be OR-ed together on
each level. It is possible to enter
some rather complex triggering
schemes, with conditional
branches, loops, and the like. Trace
recording can be tumed on and off
on any level so that only the data
that is of Interest—not, for example,
a 1,000-count loop—is stored.

The PA480 48-bit x 409-word, 25
MHz logic analyzer board costs
$1595. Either a general purpose pod
or a microprocessor disassembly
pod is required for operation. They
run from $495 to $695.

Because we have limited space in
which to describe the analyzer, we

have only scratched the surface of |

its capabilities and features. We
were very impressed with its opera-
tion, and think it deserves a serious
look from anyone contemplating
the purchase of a logic analyzer—
and a serious look from some of the
R-E

IE ULTIMATE
ELECTRONICS
CATALOG

14,000 meney seving slactronic pare and squpeoant]
Band .00 in v chark o memy order, or call
1-300-54.3-A568 today and use ypour Mastercand ar Visa,
Cansotidatsd Electronics. Inoarporated

706 Wetervbint Ava., Duylon, Dhic 45420-2599

Name,
Addrese
City

Stnte Zip

Order your 250 page pmisleg and priss Hai with over

CIHCLE 70 ON FREE INFORMATION CARD

Pal'ts S- i 18" EMINENCE WOOFER
Erp ress EMINENGE _neegee (M) moroRoLA  Polydax |Masemma |
intsmatienal Ing, GD DIDNC : ::L i“:'o::;ﬁﬂz;;
e = == eRoTAr] 5 k
1-800-338-0531 5 o =
Eimcser 1
3-WAY 100W CROSSOVER o 12" SUB WOOFER P comT th
12 doctave Tolofl Original Sanyo =4 ou?: llllwuhlsa.mf.liﬂ $98.90 $89.50
80CHs, S000Hx woolar, Papel b walts max. b= 25 Hy § ohm #290-200 ?].83] {4-up)
it Y s T e TITANTUN COVPOSITE
cop SPL=59 B IW/IM.
$1250  $9.95 | teared coin ‘i s 3 T
#280-210 ().q) {10.up) | suround. 120z QTS= 3, VAS=l0dcu i TWEETER
P R GO oL RLTS. ;.!'zu-:a!ts mamwm m-wﬂ:u.pﬁ—d
EAKE NTR! Mt 9.80 [y
PANEL m;m, h‘ soores B30 SHA | ESNET @
o e it IS THRUSTER WOOFER | 5o.s 2 &z s
and buit-in LED powsr it L L Rt $24.80
oy
'::::::Tot lﬁ.a:::;h $21 90 ml:kupm‘;::'m #270-041 s(zli‘lgs)o (IU'UP)
$1450 slz 90 #291-155 $23» 312 2 lovel voncw ool
s G5 __ G A DT
oTs - -
12" POLY WOOFER PIONEER HORN = n!?n:'::r.‘:&;.ﬂf' k!
B TWEETER " a5
L1 weswRML ;;? '";. e #290-180 ‘g 83(49“8;’)0
he s i QTR 10 e GRILL FRAME KIT
vAS= 108 cu ik W max fs = 2000 Hs, With thus Kl you
Response 351900 H Na S$PL = 108 88 Pioneer can makow Spaaker
werght 5 Bw Ponesr PAHEEO-S1F gril trarmes up D
¢ AXGA0-81D $34.50 $5.90 W, DN
6.80 . : a mciodes § cormar
#250-128 Sgl ) (upy | #270-050 ffgf (6°up) | sz T
Part . . fame bams. Grill
[ mmpconmion | o
g - e+ inc
Yoo TRIELIT O cumocar b o fr o506 soenn o8 ol siceeins | 4260333 350 $7.80 FREE
FAT: 31330 4t he (1.9 {10-up) CATALOG

CIRCLE 56 ON FREE IRFORMATION CARD
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DESCRAMBLERS

"The Empire Strlkes Back"”

"We Cut Prices To The Bare Essentials”
There Is NO Competition ANYWHERE !

JERRCLD™
™83

SCIENTIFIC
ATLANTA
SA-3

HAMUIN
MLD $200

QAK
M358
W/ VARI-SYNC

INTELESTAR
CONVERTERS

DF-3/2
ALTERS

FLILY i
|
WARRANT Y

109%UNDER ANYONE

Quoted or Advertlsed Prices...Even The WhokSale

For Ordering & Info.
Please Call.......

(402)331-3228

SALES REGULATED BY FEDERAL & STATE LAW ANYONE IMPLYING THEFT OF
E

CIRCLE 196 ON FREE INFORMATION CARD

room, the popcorn is freshl

KIT REPORT
continued from page 57

coded from standard stereoc TV
broadcasts. However, somé network
TV shows are beginning to incorpo-
rate surround techniques as well.
Surround sound can even show up
where you'd least expectit. Our local
public television station supplied the
surround channel with music as they
conducted a pledge drive in the front
speakers.

The AD-2550 is priced at $199. A
pair of surround-channel speakers
are also available from Heath for
$49.95. In our opinlon, the pro-
cessor provides befter-than-movie-
theater conditions. We get full con-
trol over the sound, and in our ltving
R-E

| {1 )
I BUG ROOM THRU PHON
Lttt acded Iy your phone wart TSI nhg Wt YOU S sacril

BRUInce o “18N fAGS” - O pRONE ek} (1T JOmE YU 0 M 1
of KOO whie Tk O B ROOR! YOu Bk POt detcied! Wods e ¢ normal
phong W ol met Friw hard i fned TCA 1506 nng desecon e IRckuoed
weih step By S uciony Send $13.95 1.

LASER BOUNCE, INC.

2000 Pennphvatu Avg NW Sute 02

Wastngion, DG, 20006

If You Are Buying Any of The Following
Panasonic® Products Elsewhere,

You Are Paying Too Much!

* Series ECQ-E Metallized Polyester Capacitors
% Series ECQ-P(F} Precision Polypropylene Capacitors
* Series X-Y Interference Suppressor AC Capacitors

Period.

% Series ECQ-M Polyester & Foil Capaditers
# Series ECQ-V Metallized Stacked Film Capacitors
* Series ECE-K Sub-Miniature Aluminum Electrolytic Capacitors

% Series ECE-Z Low Impedance Aluminum Electrolytic Caps. & Series ECE-LS Miniature Aluminum Electrolytic Capacitors

% Series TSW Large Aluminum Electrolytic Capacitors
% Series EVN-K0 & EVN-K4 Carbon Trim-Pots.

% Series ECS-EF Dipped Solid Tantalum Capacitors
% Series EVM-MOF & EVM-MI1F Industrial Cermet Trim-Pots

@ RADIO-ELECTRONICS

% Series EVM-31G & EVN-36C Dust-Proof Cermet Trim-Pots & Series EVM-S0G Hermetically Sealed Trimmer Potentiometers
% Series EVM-QO & EVM-Q1 Hermetically Sealed Trim Pots & Series EVM-C?G Rectangular 15-Turn Trimmer Potentiometers
% Series EXBF 2% SIP Resistor Networks

s -
30 Days Money Back Guarantee
We will refund the full Membership
Fee of any new member of Elecrronic
Buyers (lub who within 30 Days
fﬁa receiving  the Membership

12 Months Saving Guarantee

We will refund the first year Membership
Fee of any member who has purchased
$300 or more worth of products from
Electronic Buyers Club and has o
saved an amount grealer than the firg
year Membershap Fee, if buying the same
items clsewhere.

10000 Rems that we stock and offer to Owr
Members of super kw pices. In fact after
buying just @ few hundréd of the above items
from Electronic Buyens Chb, you will recover
the $35.00 Annual Membership Fae whia your
soving Continues on for the rest of the year.
Bacome Q Member today ardd stort paying
Less.

Anct thase ore only 1603 of the more than "

Binder, returns the Binder to EBC
and asks for the cancellation of
Membership.

— B

Electronic WesterCird
uyers

Club

A Dyvicion af L Comp Cotp

1803 N.W. Lincoln Way « Toledo. OR 97391
PHONE (All 50 States & Canada): 1-800-325-0101

FAX: (503) 336-4400 « Hours: 6:00 AM - 6:00 PM PST

VISA

CtRCLE 184 ON FREE INFORMATION CARD
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e Afriend gave NORMAN JUST a
Knight color pattern/generator,
model KG-685, but the owner's
manual, parts list, and schematic
were missing. The unit needs
some replacement parts and re-
paiss. If you have any informa-
tion on that model, please send
it to 1926 Nocturne Drive,
Louisville, KY 40272.

® After subscribing to Radio-
Electronics for 25 years, CHARLES
BROCKMAN is in need of the
schematic for a Teledyne model

RA-618 AM/FTM receiver. 1f you |

have one, or can advise him of a
source, please write to him at
2602 Woodlawn, Ennis, TX 75119,
® BRUCE KLIMISCH has an RF
generator, EICO model number
369. It’s in kit form, with no as-
sembly information. He'd like to
receive an instruction manual at
808 MacBeth Circle, Lakeville,
MN 55044.

Try the

Eﬁelrolles

hulletin board
system

RE-BBS)
516-293-2283

The more you use it the mare
useful it becomes.

We support 300 and 1200 baud
operation.

Parameters: BN1 (8 data bits. na
parity, 1 stop bit) or 7E1 (7 data
bits. even parity, 1 slop bit).

Add yourseif to our user fies to
increase your access.

Communicate with other R-E
readers.

Leave your comments on R-E-wlith
the SYSOP.

RE-BBS
916-293-2283

BUY SMART

Heres a sample of just a few great money-
saving deals. Be smart, order today.

TURBO XT
MOTHERBOANRD
{92 Mhs.|

xemwzsats  Speciall $75.00

%" HI-RESOLUTION
TTL MONITOR
OPFEN FRAME

1F vl

GREEN FHOSPHOR

Scrumrai b
M — Lt MRXD 9
[ T IRAR1)

wrw . $19.95 N

SLIM-AINE — EXTERMAL
DISHK DRIVE CHASSIS

Roppy drivet. T-147,
o 31T i 1A e
N o 1157 MMAL SO0 Ong

Oam 1104 LE & 174" HE S 172D,
v ST TRY
= $59.50

e
100% POAT

Compatibin!
14-Bit BOES-10
Turbo

Microprocessor

= NEW —
$399.00
whhi1Y
Colar Manitor,..

I-M
-
k . .--"." e STTTH1
— NEW —
$499.00

= e a8 4TI o 10 M W (e 1w 1zare
o Speed TWALTWOR by LOMwaE. O OF pampeers
* INnChudiis vickto SUDST BBF Heuies & CGOA
= O %-1/4 Proppy Ores » Sa0u A
» BOAT Coprocesiod st LT Kytoprd
» Orw Seviat & One parpa Port * Ty Expurricn $ioa
IR kvl with STy back U Also Avaiisbis:

AMERICAN
DEsSIGN

COMPONENTS
815 Falrview Ave.
Falrview, NI 07022

ZOMB HARD DK
on 8 CARD...

ivh 2T IPT

— NEW —

$299.00

with our free
catalog you'll
get hundreds
ol sensational
hargaing to
thoose Irom.

50 — ian't
your osder

tn order?

20Mb HARD
DISK DRIVES
HALF HEIGHT
STTIE. XFAT Compaiie.
[ 1 -1133]
RFE- $179.00

RFE-$159.95

DIsK DRIVES

HALF HEKGMT
B, OOy 48 TR B0 Wik
Toabaad Sl

1
mnsrerss $69.95
FLULL HEMGMT

DADDr, 48 TP o0 Wk
b

Soedt
mmavezn $69.95
o any d box $120.00

SURGSE SUPPRESSOR
Pectyet yonr

\

AN
POrentr

a1 0 WEW - $12.95

DIGITAL
MULTIMETE R
o ¥ 177 oigie LED Display
* = B Fomures DCAL VOIS 1o 1000V

o

-,

1 Buic AL StY [OC Vomi
O.Wa'{ Ampa 1o 104
& Beusance to IO
Includes Test head ey W bacenyand

e e e,
nem s2e39¢ NEW . $39.95

198 VAC :_—-#ﬁ-—
MUFFIN-

TYPHE FANS ‘: ":’!'J ]
mmae N
l_. Ay .

5 METAL BLADES
+11A14° 3q ¥ L1/T op

NEW = nem misss $9.95
COMPUTER CARRYING CASE

& Dhoale Teit

! Einala
o' i

RFE _memispan $5.95
ON WHEELS

Fite: IR PSZ, Max Fiul,
Max iF. & Jns30

POt lor B yOul BCCELEOr.
1 expTR iy OO Douch
AL ExTrrched by bosT]
o IR I D
| nemwassse wow — $39.95

' (800) 776-3700

¥ E B _N & N N N _§ _§N _§N N |
American Design Componeéents
| 615 Fairiew Ave.. RO Box 220, Fairview. NJ 07022
Thousands monk items in our FREE CATALOG!
Ploase send me onel Q

m:-,f,“

N {

Exp.

| W0 Order 51500 — 34 H: 10% of rer o §3.00 |
In M) [201) 941-5000 « Fax: {201]939—39“_'

CIRCLE 106 ON FREE INFORMATION CARD

WwWwWw americanradiohistorv comm

066 ANAM

]
w


www.americanradiohistory.com

RADIO-ELECTRONICS

8

e
ameco

— 24 Hour Order Hotline

415-592-8097

Math Coprocessors
8088 or 8086 Syslems

8087 SMHz $89.95
a087T-2 8MHz 312995
8871 10MHz  $169.95

80286 or 80C286 Systems

2C87.10 10MHz $248.65
2C87T-12 12MHz 527995
2C8T-20 20MHz $299.395
B0386 Syslems
8038T-16 16MHz $349.95
80387-20 20MHz $399.85
80387-25 25MHz §495.95
BOIBT-33  I3MHr  $540.05

SIP Modules
255A9A-00 M0 W5 $5498
A156A98-10 100 Fabicy  SHLGE
A21000AS4-70 7O 1 Negad  $189.95
421000A58 80 M0 Tulegnd JTHGS
421000A04-10 100me. 1 Wegnh S118.95
HO0OL-B0  S0rm 9 Wegey  S7T40.0%
S4000L-10 1000 4 Mageh $7299¢

SIMM Modules
15649800 o MBS MM
125649810 r00ma. PSKY  $35.0%

42100048810 1007 1 Megxt $109.95
A21000A96-70 7o | Megzd  §150.95
421000496-00 0ve, 1 Wegey F11R55
A211000AI6-10 1000w ¥ Mag,d 1LY
S40005-00 SO d Magrd  LTERSS
100me, 4 Moy §TH 05

F40005-10

WM B WM2 Features: - Flemovabke solderess bread:
Varabtee gl faed DC pows supply - Wi
FeQuEnCy QA Jeneran = Anaion mulreer - B biool-
or LEDs ired & green) - B I0gC swiches - Logic probe
= Lghled powsr swich = Fuse owverodd [rolecied

boand -

- Sttty ruggedezed case

WM1 Specisl Feslures: = 4 potertomeiers -
Ty

WM> Speciel Fealuren: = Pyl Generaror -

coded cecxnal (BCD) 10 7-segmant decodenidme: » DBE25
connectsr = Fraquency courter {142 1o 1Mz}

$199.95

Prototype

Design Stations

WM  Anaiog Profolype Staton ...,

WM2 Owtal Profotype Station ...

W2

Buihi-n

Binary

PROTOTYPING PRODUCTS

Jameco Salderless Breadboards

JE24

Oscilloscope Probes

= Anenuation; x1 / 110

= Capachance -
LF180} tB0pF
i ZpF . LF2D): AT
S0pF 1t 7pF -
LFYB0  40MH2 Dsciscops
SR ..$19.95
LF210

NEC V20 & V30 Chips

UPD7UI0N-5  sweir V20CHp  §5.25
UPDTOI0BE s VXOCHp  $655
UPDTOI08-10 108z, V20 Chp S10.95
UPD7O1M-E B WM Chp 3745
UPD70148-10 164z W30 Chen 31145

Dynamic RAMS

GoidStar 20MHz Oscilloscope and

GETOM

1GHz Frequeancy Counter

- Lange 87 reclangular desplay

* High

sensivity: T mVidv

GST20  OsM0sp e .. i $399.95

» Wi measunnq range
= Measursd value hold funceon

FC71

Fracuancy Countar... ... $299.95

Metex Digital
Multimeters

A0, M08 & MO only:
+ Al mesiure Hequency Bnd CapsTiancy
M4650 ondy: - Dala holt switch « 4.5 et

M3510
M550

25 Ox b amamy $49.95
1.5 Dnyt lhawnawr o+ Faoue i
(=0 — 1N

M35508 Same as Mwse wloprae __ $74.95

M4ESD

45 Dgt e oy Capactance and
[P P p—

TUSAAS1T 1700 1M e
THSA-15  150m 16004 1
11812 120m. 1811 .45
11815 150rm. 18K 1.8
ane20 200re 1881 L% ]
4154-100 10088 §ariz1 2
£156120 12008, saxz! 2
4154150 150re. G4ka1 715
4154-200 2olve bRzt nn
41256-60 L W ] §$§.25
$1256-80 B0y 56Kz 1 X
41256-100 100me. 254K 1 $115
41256120 1200, F5EK11 295
NTH-150 150re. F56Kx1 $15¢
1464-30 B0Ag. KM $5.95
41464-19 100me. dax od 95
4145412 RF. W L 5385
$1454-15 150 Saxnd 159
SNI000P-T0 O 1 Megn 51185
S11000P-00  BOmg 1 Meg.t 11295
SUI000R-10 100me 1 weg. 1 $1235
S1A256P-10 100ms 230004 51295
5t14256P 80
Static RAMs

B116P-3  150ms 16K (CMOS) $2.79
62B4LP-10 1000, 64K (CMOS} 3685
6264LP-15 1503, 64K (CMOS)  $6.40
41256-10L  100m. 56K $105%
41256-150  150ns. 256K 595

BZ256LP-15 150ns. 238K (CMOS) $10.05

MS0:

Multimeler Specials

+ ACDC vollage, ACOC cument, nusitance.

dades. contnully & Irequancy -

Full g

nging on DG »onags = High'ow sem-

e ACOC cuvern ard obme

BUTONMNGIFG
= Data hold swvich - Exvd dsge deplay

MB0

E b, 1TV S — R

‘WIRoo
Goien. contnuly Owed arQie Bnd engee

APM -
W90

HA" BurDe vONLaGE (FOMRCECN

35 Dyt S $59.95

A R.T. EPROM Programmer

+ Programs sl cument EPROMs in the
2716 1o 27512 range phss the X286«
EEPROM - RS232 port - Sohware incl.

ERBE S S ... $179.95

min.

UVP EPROM Eraser

N "

+ Erases al EPAOM's - Erasas 1
chip in 15 Min and 8 chips in 21
- UV miensity: 6800 UW/CKM?

longer by of the soldenng Bp
XY1683 ..........
60 Watt Anaiog Display

conlrol lrom 200" W A78'F -
steady tempdalune and Bong iite

60 Wat Digrtal Desuay

© read 560°H 3-dgt LED readout -
element

XY96¢

Soldering and Desoldering Stations |

60 wan Anaiog Drplay Soudenng Station - EMchrons wmparature |
control from 200' to 878°F - Carindge heabtng elemant for a

. $50.95
Soldering Slaton + Ercironic temperaure
Caramic neabng element for a

XY 2660 -oocrer. L S - $89.95

Solderirg Stabon « Eectrong lerpmralire
control rom 200* ko 878°F - Tempeciiure dimplayed on easy
Nichome  heating

$99.95

comaned high rollry vituum pumg
xY999

30 Wan Elactronic Ymua Controlied Dnsobaﬂrv Station
mpa aturs control from 2127 1o B42°F -

$279.95 |

Sedf-

51-Piece Electronic
Tool Kit

The MS5305 provides the loois needed
for building. repairing and general main-
tenance of mos! elecironic equipment.
A convenien! and durabie carry-aiong
combination lock case Salely Rrotects
and secures Ihis 51-piece ool kit From
the digital muitimeler lo the descidering
pump this kit iz tbe pertect ilem lor
technicians and slecironic enthusiasts.

Tools Included In Kit
= 0¥ measuring lape

= 30 wan soidenng ion
» Descidering pump
= Sokdenng stand

= Stawniess 510w SCISS0S

* Ewcine lape = Utility components box
= § jong tweerers = B pos herx kavy wrench
= T brush and scraper = Chgntal Mulimeter

« 7" hna poimt probe * Round needie file

= T siotied probe = Flat needhe He

= Rosn cone soider = §" adiustable wiench

= 5.25° needie nose pliers

= B peece precision
screwdriver sel

= Brugh

= 10 pece screwdrver 51
5 Siotted 4 5 Phillips

= Flat nose pbors

+ Unility krwie with axtra blade - Ca
+ Bent needie nose plhers
= Diagonal cutting Pers

Y cass
17.63Wx 125D % 3.5

.......... $119.95

[ Partial Listing * Over 4000 Components and Accessories in Stock! » Call for Quanta Discounts I

CIACLE Y14 ON FREE INFORMATION CARD
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Now Available...Jameco’s NEW Flyer 142

with 48 pages of Computer Peripherals & More! ——

Jameco
Digitizer Tablet

= AutoCAD 10 template and four-
button Cursor - Resolution up 1o
1016 e por Inch « Accuracy
025" « Emuiates three of Ma
world's mos! popular lormats
» EEPRAOM alows cusiom oon-
houraton
JCAD Dwpvrer Tablet $199.95
Siytus Twa Bunon Stus,.. $39.95

Logitech ScanMan
Plus Scanner.

Logitech
Mice

MSER  Serw thcuae 8 Mocseware
SN rocennee. $79.85
Mttt o Bt Beand & Mouse

Ware Somwary ... $89.95

P52 Mouse 4 Moutewire

MBUS
MPS2

ME!160-Key
Microtype Keyboard

* IBM PC/XT/AT/386 Compat-
bl - Saves an amazng 60% of
tha desk Space used by eQuiv-
alent standard keyboargds

Disk Drive

» 1BM PCIXTIAT Compatible
» Double-seced. double darsily
» Documantaban mnchuded
MPF11 Dok Dt e oorenn-.. $69.95
SMK 526" izl ssce i o WP 1 v $4.95

+ Fulty iBA Compatibie
Software lnchuded

Software inchaied!

15MD with OpUONAT S XPANSION bod!
* AMI BIXS ROMS InCluded
= 1 2Mo Floppy DSHD Disk Dewve

+ 220 Novlon St Rabng
101-Key (Enhanced) Keyboard

Jameco 20MHz 80386 Desktop Computer Kit

&

+ Frped Concutrant 386 Disk Opewaling Sysiem

= Froef QAPLUS Dagnosie Sottware inchuded!
» Frow! WORDSTAR EASY Word Processag

= 1M RAM Included Expandabie iy SMD onboard.
» 816 HMAH: harbodrt Swichable Operamon

+ Fiptop Case w200 Wali Powaw Supply
- MinScrbe 1.57 400D ALL Hard Disk Drive

JE3550 20MHz 80386 Compatible Kit...

Casper
Amber &
Paper
White
Monitors

Thesa ilat
screen 147
MONHs
5D, "0 BN Sh-plire BCreen And are Ceal Tor
Jeshiop publiteng and CAD ApDRCatans
Resoluson: 720 1 M8  The GMT46E lea.
1ures o shaces of 0rdy and & dual Mixie
oplion whech allows you 10 use B wath CGA
Gr Monochome sapter carda,

GM1468  Paper wvie Dusl moda ... 3119.95
GM1489  amber Monochorie .. $109.95

.
ik
——
[ —
. S,
W AU oy G-
alln’

Shcmn waiy VA Oplion (ol rathudity
JE208T VA Mormcd Bl vGA Cant. $358.95
(S ooy

..$1599.95

Fip T Saarciet RCT Gl o, 31995
e Sarvint FOTT N e S1.95
140 el PLT P S0 o $59.95
e iy AT Py Sty S 95
XC wt & Pawer Surym HIE T )
vercs G w 0w Par Sppy 2095
Wy vodcal Cot wr200m P Supty . 518095
Fig, 05 Baty T Tt Cated 3095
B T e, AT L 008

o L EGA & Multiscan Monitor Packages |
ompatible ;.o

Cases and Casper 14" EGA monitor and EGA card package |
Power Supplies {720 x 350 max. resolution)

1BM PC/XT/AT
Compatible Keyhoards

FR LTG0

JE2015 34Ky Starcarc AT

FKBATOD 105t sey Enranoed Layoul
w12 Funcron Kevs .. $69.95

Disk Drives
& Diskettes

Mitsubishi
MF3538 3.5 720K Louwrna) Dvive .. $99.95

Toshiba
ASEKL) 3.5 1448 Ioernal Ovve $109.95

TEAC
FO558 529 36000 HaMl ML w.... 389.95
FD55G 525 1 24 el 1. ee... $99.95

35" & 525" Diskettes (10 par box)
DS00D  8.2% DSOD (380K}
DSHD 8§25 0SH0 (5 20
ios
IHD

JE1059 EGA Moor & EGA G0 .vuvvaveen- $459.95 |

Relisys 14" Mutbscan monitor and EGA card |
package {800 x 600 max. resolution)

JE2057 sma=acan Mot & EGACAN .........

$559.95 |

JAMECO 1BM PC/XT/AT COMPATIBLE CARDS

JE1043  280K7R0KA 290t 4t Fioppy Dk Convoller Carmd (POXTAT) s 348 85
JE1050  Moroctwoms Getghos Comt wik s abe Pringg Porl IPCATAT) $49 95
JE1952 Ol Qrapruce Camt w Prmie Prinie Port POAT AT 349,95
JE1058 Eduh Cam of 2500 Vitih AAM (PCTAT L §139.9%
GC1500 o B VOA Cam e vVieo Pk PCATAN e 518995
JE1057 80888 VGA Camt w23k vVeao Fbid (PEATIAT e § 19085
JE1080 mcu-mmmpunlmmmmn ........ $50.05
JE1082 PS030 Sena Mgl Camt (PCATAT £2995
JE1088 O Cond i B, ammwwmomun $59.95
JE1071 Mutt MO Camd wf Controder & Monochr Om Graphes (PC/XT) $118.95
JE10T? Mol 1D Cand w SMDK/T20K/1 201 4408 Fonpy Controder (AT)___ 574.95

JE1081 2 Expanded o Exterchic Mamory Cand (zavo- K on-bowd) AT $109.95

MiniScribe Hard Drwes & CMS Tape Back-Ups .

> W (XTH| W 18-Bit (AT) w
PeiNs [ Copacity| Style | Speec | Formetl Ditve Alons | Controller | Controler
ME425 M | IFHM | bams | MFM 220 | ——— MB425
MEAZSXT | 200 | 35Me | Shms | MFM — 20095
MBA25AT | 2008 | 35 | ddme | WA | e | e
ME4Z5F 00t | AFHH | Wm | WV | SIS | e—
M3438 MG | AFHH | pbms | AL | AW |
MBA29XT | JoMe | a5 | 5my | RLL | e——— | $290.0%
MB4JDAT | oMy |35MH | bms | RIL | e | ———
MB450 WMo | A5HH | ahes [ RLL AN | c——
MBASOXT | omdby | 3.5Me | 45ms | AL — ] SN
MBASOAT | o0Mt | 35WH | d6ms | ALL | e | e
MI08S oMt | S2| 20w | MFM | 359995 | ——
MIOBSAT | v |52 X | MM | —— | —— 599.85 GFASDD
DJ10 40K TAGE Drive weeh Up 10 12000 capabukty {esatis ore TB40 TADH we...... $299.95
QFAS00 15005 TA0# Drive wiin up 10 5004 capabirly inciuces one TC150 tape)....... $1048.95

Hard & Hard/Floppy Disk Contraller Cards

MPM Hard RLL Hard MM WardViopyy AL HardFhoppy
Computer Typa Part No. | Price | Part Mo, : Price | Pert Ho. / Price | Pert Mo. ; Price
el FTOT) O KTGENSTI®S | (COAATTIRENS Xouian | ____J
N ATYIM O 11 | comansiaas | cosaisen e %
AR AT 1) i | COPARIAI | OWSRISRIS | OUMSCAms | 1006VSRILIEES

1355 Shareway Road

international Butiness Machines

% meoc:  Hol (415) 592-3097 ln-ou- ol
Sr Urder Hotline

le~‘5}59225030l{41 ) 595- 2664 I 1!
Talax 176043 - Ans. Back: Jameco Bimi .
Dam Shects 50¢ gach

s-md Postage lor 8 FREE 580:Page Catalog |

Jamwco Etectrones 690 —

EM 5 8 ragraterad i L

Lompk
24-Hour Order Hotline {d15) 532-8097 . The Following Services Are Also Available Through (41 5] 592-8097 From 7AM - 5SPM P.5.T.:
» Customer Service - Technical Assistance - Credit Depariment -

$50.00 Minlmum Order - U.S. Funds Only

CA fAesaents Add §.25%, 8.75% or 7.26% Sales Taa
Shipping - Acd 5% plua 51 50 Insurance

{May vu‘mdng 10 weight and $hippng methad)
e Prices subject 10 change withioul Nobes

We are Not res ponsDie for hypographecal sTon

W reaarve thie g 0 4 ubsitule manutaciures

Hems subeci 1o au-ub-m and priey Lale

Productt Peclured midy only D Fepfesertatvi

wher it OF SFME waranies 15 avalabil wpon requast

All Other Inquiries
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THUMBWHEEL SWITCH

=L

of dighe Tecmsnates w 11 pe pins {1 com-
mon mnd 10 poles). Eath secton messures
31" wide X 20 high X 78" deap. End plaies
can be edded I lorm a 4° high berel.

dasred time, InChudes

Avniabia i tuege. Nory. wach, ar BB,

2 ) [ b b= sls
0 - 6 HOUR AUTO INSTRUMENT RECHARGEAGBLE
SHUT-OFF TIMER ENCLOSURES BATTERY PACK (USED)

Hagh ey " o

M.H. Rhodes, Inc. mm Mmuum::‘-

Mark-Tumadf 00007 g e 4.8 voll pach. Batisies sre B a

Wal-box trmer fits BT L ’ 2 2 cordguenion weh & 2 pin

standard 3* deep wall for et Il R ) [l A @RI Ay comactyr sached. The fows

box. Pated 20 amps @ F wade X8 1 G009, Cromcs o Y8 rmgs et Ghn b Meparand o

125 Vec. Tum knab 10 InCiudg ron glt rubbr ot el Pardepy Snghe AN 2w solder tat; reckal

cardmum bitarws OF Pesolcened

CATI SWTH-# $1.25 sach Ponad . CATs 14 Y] N0 othar conligurations
hatdware. beige wal ZUr CATSMBA $75osach 0 i gs o0
10 for $10.00 SPECIAL SALE PRICE NOW
i piate, and knob. UL and CSA ksted. 195 CATswa-E $7TBeach i 500
END PLATES - CAT# SW-9EC CRTE T S YT AT S i T $3.00 pee pack - 10 packs for $25.00
31.00 pad sl J Pronss wes CAT# NCB-41AAU
TIL48 PHOTO TRANSMTOR KEL-CA LED CHASER KIT LED'S L.E.D. FLASHE
TC 18 0880 win minsiom. Far =" BATTERIES i Fou varinbile 4 Eu STANCARD JUSSO T LEOAASAS N1l .0i;
TaSe-ongrn Weming appicos, Dpsoeay nd RECHARQEASLE) L ey ¥ ;..il..l\ DFFUBED T 1-34 slow v = e
machanealy oyrgaide Sl TL-1E 10 e s (9] = MED CATa LED-1 Iabai'y Iy dhchand
CATATILA® 3100 amcn = 10w BOD e acuaaaty M =, eyl ! "ok 150 - 1001 81100 This 1 It 4 B o,
B MEXN CATg LEDY ol i apinng
TiL-318_PHOTO DIODE E bty ‘ oror 0 101 4170 [t o sl & k4
10 18 ame W windew. TELLOw ChAte LED S el iy ampyey W Gapir aolhary gl

Winired am#rg phar e, I R

CATe TL-31h 5r80ea = 10w SO0 ;:':* T
SWITCHES *:m?::

ITT PUSH BPUTTON CATERNCRG

VT MDY qarivn. 3 X AMIQE 230 ach

wiTH BCLOER TARS
VT grey reciangulir AT MCE-BAA
hey amp. S PAT.NQ
Push © closs. RATED: 0.1 amy swiching,

CITE 4.2 ok
1.3 velle 1200 mAR

Emnm.m‘uﬁ!m pary and I
snxcsire WU i apecad iprang efect. @
wrnes, s Operamt on I B S VIR PC toara 8
F RT2T. 8 o8 ore s propact
CATS AEC  $6.50 sach

SPECIAL PURCHASE2V0 MFD 330 ¥
PHOTOFLASH CAPACITOR

Faution CE phoiobash capea™er.
099" da X 1.1 Ngh Thase are =§
A Chpecions il have Deen o #
propped with 1 4" biack and red

wiry et Boidered ID ¥ wprminats i
CATS PPC-210 3250 each

10 for $22.50 + 100 for $200.00

025 e SBY currert. P.C. mount, CATe WCBC
CATS PB4 854 sach - 0 i 8000 D:‘:E.“lﬂ
[ 1300 man
o0 L #0060 CATS NCE-O
SPDT PUSHRUTTON
N XENON TUBE
Ratnd § ampe @ 1257250 Var. = —

Eiack plmayc grashibution.
Swich body: KT X Gur X BE.
CATs PB-14 11085 s - 10 ior $35.00

17 g Rt wiih 3 1T et e
iy il Mehiell I
SpCEphic Salh Of BIroha pragom.
CATE LT3 1% B

2244 PIN CONNECTOR

10 B2 00 - O b 1700
FLASHING LED
W bl 1 B i
pwraine on & vl
D

CATa LEDIIT M B parii

LOOK WHAT $1.00

B 00 sk
CATs LED  Wiw R w"-L BUY
GREEN LY
CATe LEDAT 10 b $0.00 14 WATY RESHETORY

Bi-PCLAR LED
Lighin RED o diracuinn,
QREEN P . Tiap inmlly.
CATs LEDA Tim (b0

PUSHBUTTON SWITCH
GO Thomeens 35420

S| RELAYS

e —

56" pin spacing, 0.200" between double

rows, goid contacts. P.C. mounting.
SPECIAL Same sz AMFPs 2-530655-6

=45 YOO up
i 057 damatr Crvome MEED RELAY
bacred 06487 daurrwine . Thrsmowd [
Ihung Munts i 507 chamerine holy. Reied Bors

1 ey @ 20vVac. Soldw op 7]
CATs PB-20  $1.00 each

RADIO-ELECTRONICS

0w
L]

WALL TRANSFORMERS [J%'T0 cteom 8% comgumon
T CATE FRLT.MPS
:;cmr PLaDemh - 10 e 51000
.'E wio
120 VAC 8 VDC LATCHING RELAY
- OUTLET Avaats Rels_30-4¥
12 @ MO0 WA CATS DCTL- V28 a0 Wi $POT.
TWE P XOwm  CAT DCTX40 LIS z'.":""
svm® ) ap  CATE DCTEMY 500
170 shn auilh 8 1L compes-
My PEIER CATs ACTEM BT T o
X o b omr

SERVO MOTOR

3 Vo e o T

CATa LELy-S0C (i) i

EE;: %ﬂ PO
:-m::ztnxmmu. o @
DT artopin RS mivgel SRCP] I ST m:‘"‘:w&_‘
et ey et PRl
e 5100 CATE MLY. 79 B 00 ap
CALL OR o

WRITE

FOR QUR

60 PAGE |

CATALOG 7106 THE USA.

OVER 4000 senp $2.00 POSTAGE
PARTS! FOR A CATALOGI

CIRCLE 107 ON FREE INFORMATION CARD

CATa EBC-1G $1.00 sach - 10 jor $8.00
ELECTRACNIC GAME BOARD

=)

Th e wonargn ol i el S atbie .
Operaies o @ Win. 3 S pipha-fmanc ol
45 Eaion MR, L4 veremicrs. T UEL 1 pRro slen
el cor g, TED arel Gt s i BOYDSEA mpry.

Ben e, colen @ep. and oirbon T
CATE GRES 5100 par ssseryrery

LED HOLD'ER 00 ASSORTED o nb'\
Tom pance 9 B | 127 wATY RESISTORS "Clx:p1
G.Ahll.ln lohlﬂ Bart acy. caten SR, and ML
CATE GRABRE 5100 [l aasprimure
10 AMP SOLID E . P
STATE RELAY 50 ASSORTED 9
D¥3C CAPACITOAS 9
mm: gl Naol e ol fpa D). Some e 300 vellB.
oL T CAT) GRABDC  51.60 par mmssrimars
Pt L8 0 Ve
ol aparay g b 52 Varl 15 YALUES OF a
LOALD 10 amp @ 240 Vac ELECTROLYTICS
Rl R Conturn yom wciul and

CATSE SRRLT W W50 et
CILANTITY CHRCCL T

10 b 0 - 0 917000

raal alyl om0 mid m

CAT? GUABCP 5100 PO jmoryresn

B0 e 200,00 . 100 iy 00 28
o LOOK WHAT $2.00

U shagnt pihings WILL BUY

with Py

‘;""‘ s %% :n m:suu-.ncmn SWTCH

i oeue v UL My S

?::w W e OO mmm- q‘ D
e gorariy X1 mtoCos bl Btnly
CATS GAARGE 300 puw pachags

AC. LINE CORDS

e reSon s saale ) W
Nt ety Svainin ¥ X o 4T
CATENTA Wi sacr 100w 31500

TELEPHONE COUPLING TRANSFORMER

B Popucs oo ramiian

Ah-HD- 1D

Frirary 30 oten

Btindary. SR grem

G677 KO o 0.8 Ngh

A ps pitny o § 1T oot

Primarty nchuruscl 0 md min_ W T, Vomill
CATS TCTXA $1.2% eich = 10 %o 31100

JU=-8/70 4

MAIL ORDERS TO:
ALL ELECTRONICS
P.O. BOX 567
VAN NUYS, CA 91408

s B 102, $PT.2

e

NON FOLANTED PLUG
CATOLECAL 2ior 100
100 e 43 00

PFOLANTID PLUG

CATE LEF-1  00x such
Led kT

INFO:

TO-42 TRANSISTORS
2wt TO-0 chami; CEme
TaAalEE. Viroes Wyt of
WP el P D ot

.._.,_........." i

CATs OATRE 1200 par sarimanl

IWITCHES
10 il Wi,
Iown —1

(818)904-0524

FAX: {818)781-2653

MINIMUM ORDER $10.00
CUANTITIES LMITED
CALIF. ADD SALES TAX
USA: $3.50 SHIPPING
FOREIGN ORDERS
INCLUDE SUFFICIENT

Mayiert 4
4

SHIPPING. NO C.0.D. U8
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JDR Miicrodevic

ces

= 30 0AY MONEY BACK GUARANTEE = 1 TEAR wARRANTY ON ALL PRODUCTS + TOLL-FREE TECHNICAL SUPPORT

* JOR colinty 1o the devretoper
with & fuil b of protolypeyg

V!LOP!RS
ml_u & programming products. ReqoesF
our cateiog tar the compiete fine!

MODULAR PROGRAMMING SYSTEM

MQOULES USE A COMMCH HOST ADAPTOR CARD-
1 SLOT PROGRAMS EPROMS, FROMS. PALS, MORE!

HOST ADAPTOR CARD $29.95
m INTERFACE FOR ALL

MOOULES!
SE LECTABLE ADDRESSES
PHEVE NT'S COMFLICTS
+ MOLDED

MOO-HAC

UNIVERSAL MODULE 1499.95
PROGPAMS EPACIMS. EEPROMS. PALS BHPOLAR PROMS.
8?40! T SERIESDEVICE&.NW AND 20Vl GALS (GENERIC

ARPAY LOGIC I FROM LATTICE. M5 5G5S - TESTS TIL CMOS
DyMAMIC B STATIC AAMS . LOAD DiSK. SAVE 15K, ETHT,
BLANK CHECK,. PROGAAM AUTO. PEAD MaSYEA. YERAIFY AND
cwmﬁ + TEXTOOL SOCKET FOR X aw, 'C5 {840 PiiS)
MOD.MUP

MOD-MPL-SOFT cuky SOF TWARE $99.95

EPROM MODULE 119.95

- PROGAAMS, 24-32 PIN EPRIDMS_ CMOS EPSOMS & EEPROMS
FPROM 18 TO 1024 + HEX TO OBU CONVERTER - MITO.
BLANK CHECK/PROGRAMVERFY « VPP 3 125, 1279, 12 1
425 YOLTS « NORMAL WTELLIGENT, NTERACTIVE & QUACK
PULSE PROGAAMRING ALGORITHMS
MOD-MEF
OTHER MODULES: PAL PROGRAMBER [WGITAL TESTER.
B POLAR PROGRAMME R WNCIROPROCE 5508 FROGRAMMER .
FROM §129 08 TO R0 03 CALL FOR por ORdA TION

EPROM PROGRAMMER 2129.95

+ PROGRAUMS 2T AND 277000 EPROMS UP TD 27512
suPPoars VARKNIS PROGRAMMBING FORMATS & YOLTAGES

m WTEL HEX FORMATS
MOD-EPRCHM

EPROMS
ma 16384.8 Sm 11 M 425
ITIHA00  16384a8 oow 12V M 594
PARTIAL LISTINGS ONLY - MANY OTHERS AYALABLE!

EPROM ERASERS

oaramase n *39.95

- SHRT POCKET SATE!

-ALL SIZES UP TO4 AT A TIME

= ERASES MOST EPRIOMS i 3 MINUTES

DATARASE I
PE.140T SPECTRONLS § CHIP ERASER W/TIMER ... 3130,

PROTOTYPE CARDS
FR-4 EPOXYY GLASS LAMINATE WITH GOLD MLATED
EDGECARD FINGERS AND 51K SCREENED L EGENDS

FOm XY
WITH Y AMD GAOUMD PLANE |
ABOVE wiTH 110 DECODNG L.RVM
PARTS KIT FOR JOR PR2 ABOVE

FOR AT
JOR-PR1D 18 BIT wnTr VO DECODING LA YOUT
JOAPAIC-PK  PARTS 17 FOR JOA pR10 ABOVE .
EXTENDER C ARDS
SaiL Y PROTOTYPING AMD TES P

T FOR 0B w0 THE MBOARDS E. 103
16 BuT PON i T MOTHE RBOARDS . 3094

JDA-PAR1
JOR- PR
JOR.PRE. PR

EXT-8008
EXNT-s208

POAEADE TOUNr OLD

SYSTIM! REQUEST

OUE NTW FLYIN TO
LEAEN HOW?

BUILD YOUR OWN 286 SYSTEM FOR UNDER $650

TS A GREAT WAY TO LEAAN AND A GREAT WAY TO SAVE!
MERE'S JUST ONE OF OUR MOST POPUL AR £ ONFIGURATIONS:

MCT-M286-12 5 17%0 we 70 v THERBOARG $195 95
MCT . MGP MOMOCHROME GRAMACS ADART  $49.95
MCTFOC.MD 35000 1 488 FLOPPY CONTROLLEN 34995
CASE-JR Wa PLIP TOR CASE W low PR S14995
FOD-Y00 30m Bor.om FLOPPY DxSR DRIVE #5995
JOR-MONO MONDCHRDLE MOMTOR (GREEN $69.95
BTC-5050 STAHOARG #4.KEY kE YBOARD $50.95

TOTAL SYSTEM O siSTALLED) $549.65

OPTIONAL COMPONENTS

MOTHERBOARDS

MCT-TURBO.10 4771 0W0HZ SGLE CHIP 5082 .. $09.95
MCT-M2B6-V6H  BABMHZ 786 WNEAT CHPSET 320995
MCTM296-20N  *020M12 785 WNEAT CHPSET $389.95

tittietoor™ Sad
urmicry case 249,95

SFACE BAYIMG DESIGH HOLDS ALL TES -
OF BT+ AIOARDSS AND WCLUDE S &
250 WATT #OWER SUPPLY
-MOUNTS FOR 3 FLOPFY AND
4 HARD DRVES i
STURBO & RESET SWITCH

1
CASE.FLIP FLm TOP CASE FOR 008 B
POWER SUPPLIES
P5-150 158 waT¥ SUPPLY FOR soB'S
PS-200X 200 WATT SUPPLY FOM poas S
PS-200 200 WATT SUPPLY FOR 2800065

KEYBOARDS

BTC-5139 101 KEY EN-ANCED KE YBOARD
MAX-513% 101 KEY wWTACTLE FEEDBACK r288)
DRIVE CONTROLLERS

MCT-FOC-HD4 4. FLOPYY D% CONTROLLER $59.95
MCT-HDC HARD DUSK, CONTROLLEN $79.95
MCT-AFH 2007000 FLOMPFY neaitty CONTROL . $149.95
MEMORY /MULTIFUNCTION CARDS

MCT-RAM STeR RAM CARD (ONC}
MC T WULTI VO CaRD

339.95

$55.95
$69.95
$89.95

$60.93
$69.95

$49.55
$59.95

1.44m8 FLOPPY DRIVE 99,95 o
~LLTRA HiGH DENSITY
<READWRITE F20K INSKS TOQ

-BLACK OR BEIGE
FOOD-1 43X BLacK FOD. 1 444 BESGE
FOD-1.2 B-14° DSHD 1 248 FLOPPY

SEAGATE HARD DRIVES
21.4m8 XiT 2249

32.1me Kt '279

SAMS AVG. ACCESSORY IGT INCLUDES
PRTAUCTIONS, XT-COMPA Tal E CONTROLLER AND CARLES.
CALL FOR PRICES ON OTHER SEAGATE DRIVES

ISMHZ DUAL TRACE OSCILLOSCOPE

54995

+ WD sl WADTH
YAFIABLE HOUL DOFF

+ tRACK PROGES

+ FULL 7 YEAR WARRAHTY

MODEL-3500

MCODEL-2000

20m] VERSION $389.95

DMM-J00 34 RANGES. 10.20% 5 TRANS TEST $79.95

DMM-200 25 OIGIT 22 AANGES 10 29 ACCURACY S4%.5%
$29.9%

DAME-100 15 OIGIT. 18 RANGES +0 S ACCURALY
ALl JOR BISTRUMENTS PRODUCTS WARRANTEED I YEARS

VGA COMPATISLE PACKAGE
499,95

120 540 Ax AESOUUTION

€40 K 480 B 18 COLDAS, 529 x 480
RESOLUTION 1N 258 COLOAS
+1BM STYLE MONITORA

VO, EGA SGA, AND WIGA COMPATENE
VOAPKG [NCLUOES wha CARD AN WONIT:

JOR-RGE 18 RGE MONTOR $229.95
JOR-AMBER 77 TTL MONOOMROME AMBER . $69.95

18-BIT VGA DISPLAY ADAPTOR 199,95

-840 X 480 RESOULUTION

+ 2585 NIOEC RAM, EXPANDABLE T0 81%
64 LEVELS OF GREY SCALE

MCT.VG A6

MCT-EQA  ENMANCED GRAPWCS ADAPTOA .. $149.95
HCTMGMIO MONOGAAPHICS MU T] MO $17%.93

2400 BAUD MoDEM °89.95

- 24001 2007000 BAUD HATES COMPATIMLE

=CONFIGURE AS COMIZI0R 4
‘BUMLTHN SPEANER + PROCOMM
COMMUNICATIONS SOF TWARE
MCT-241

MCT-121 1200 BAUD IMTERNAL MODEM .

DYNAMIC RAMS

T
A5 150w
At E | 130rm
Mtcdat 120w
Fo 320 4 160ne
TE2tdaat Ara
VOAAS Tea L)

JIM'S BARGAIN
HUNTERS CORNER

e W=
JORs VP Sali

[ | LogiTECH HiRez

BUS MOUSE

X0 DR L BUS MOUSE
=PEQUIRE 5 HO PAD OR. POWER SUPPL

INCLUDESMR TEXT EDITOR, POR ¥ MENUS
~COMPLETE DOCUMENTATION
LMOUSE.BM REG. 1 ¢4 eTrwg b 8

ORDER TOLL FREE 800-538-5000 ' >**

CUSTOMER SERVICE TOLL-FREE 800-538-5001 » TECHNICAL SUPPORT TOLL-FREE 800-5358-5002

JOR 14ICRODEVICES. 2233 BRANHAM LANE SAN JOSE 95128

LOCAL {408) 559-1200 FAX {408} 559-0250 TELEX 171-110
ALSD DROER VIA DUR BBS (408) 559-0253

CIRCLE 113 ON FREE INFORMATION CARD
DEALERS CIRCLE 170 ON FREE INFORMATION CARO
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‘£ RADIO-ELECTRONICS

ASSEMBLE YOUR OWN
COMPUTER FOR LES$$

10 MHz 8088 Compatiblie Kit..............
© 4.77/10 WHz 8088 Motharboard
 250KB PAM [B40KB M)

& 130W Powme Suppdy

# Flopgry Dish Controlber
#0ne 8 14, 300KB Drive
& MonoGmphics Card w P

& Installation Guide & Mar bal

12 MHz 80286 Compatible Kit ... ... $669
& 12 MHZ 208 Mothwrisoaun
#8512 KB RAM |4 MB max)
$200W Poussr Supphy
® Floppy Dish Controier
#0ne B /4’ 1.2 146 Drive
& MonoGmphics Card w P

Ml Comporarts Fully Testec Befors Ghip

One Year Wamanty on AN Party

ruladadion Awailable at Mo Extrs Chavge 11

VISA & M/ add 3% Amex add 4%

Prica & Quaniity subject 10 ¢ vt pred Aatisg
15% Rastocking Fee on Al Non-Oslective Nems

JINCO COMPUTERS INC.
5122 WALNUT GROVE AVE.
SAN GABRIEL, CA 91775
Tel: (818) 308-1108
Fax: (818) 309-1107
CIRCLE 180 ON FREE INFOARMATION CARD

CABLE TV
DESCRAMBLERS

10 Lot W
JERROLD™ TriBi Mods. 510500 36300 &2 (5
JERROLD™SB.3OR2 to0 a0 O o = W
HaminMIDIX0__. 3995 S0 2 = L Z
OkNAZWN S 993 36200 O o = Q
OdMASBW/VS.. mmd fmw @ T O
OAKE13____ s s b= (5 WO
Zonoth SSAV e 310500 S1as00 O = & =
EaePDI__—  umo0 ms W« =
Saemific At 31395 $is00 [ = T D
S5ACanbot——.. CALL 3CiI .= 5T
Toam 835000 $M300 O < 2 =
Ok N-12W/ Asw. 314000 S10500 = 2 g £
Jerrald Starcom CSV_, 313985 Call

*NEW STARGATE 2000
CABLE CONVERTER

1-$89.00 10-$69.00 100-Call
Lasichanne! recall-F svan:o channe select-
75 channel-Channel scan-4anual fine wne-
One year warranty-surge protection-HRC & Stand-
ard switchable- and much more. |

INFORMATION(402)554-0417

Orders Call Toll Free
1-800-624-1150

M.D. ELECTRONICS
115 NEW YORK MALL

SUITE 133E Me.
OMAIIA. NE. 68114

CIRCLE 53 ON FRAEE INFOAMATION CARD

ADVERTISING INDEX

RADIO-ELECTRONICS does not assume any responsibliity for errors that may appear In
the Index below.

Free Informatlon Number

108
193

197

127

84
113.17¢
1n4

191

161

Page
AMC Sales .46
Ace Communications. 19
Ace Producls. 2]
All Flectronics .92
Amazing Concepls ..B%

American Design Components . ., 39
B& k. Precision .Cv4
Banner Technical Books | 14
Bechman Indusirial . 5
C & S Sales. .30
CEl .87
CIE i5
Cable Network 48
Chemironics I
Command Productions [}
Communications Specialisis .79
Contact Fast . 21
Cook’s Instilute 46
D& D Eleclronics . I
Damark International 69
Deco Industries. 21
Eleclronic Goldmine 82
Electronics Book Club. .36
Elccironic Tech. Today 78
Fluke Manufacturing Cv2
Fricndly Yideos .16
Global Specialties. & 7]
Grantham College 0
Heathklt b
International Componcents Corp. , B8
JDR Microdevices .. 93
Jameco 90,91
Jan Crystals 11
Jingo Compulers 04
Joseph Electronics .23
King Whaolesale .82
M Electronics. .04
Mark V. Elecironics. 81
McGruw Hill Book Club . .26
Microprocessors Unltd. . T
NRI Schools . . 0
Optoclecironics Cv3
Pucific Cahle .83
Parts Express .87
Pomonu Flecironics 3
Radio Shack .19
Royer Associates. 21
SCO Electronies . . .62
Sencore .. 23

WWWW.americanradiohistorv.comm

192
e

83
188
92
123
207
IB3
195
o4

181
182

Sherl Circuits .
Smith Design,
Solid S1ate Sales .
Star Circults .
Syonergelics
TEC1
Tekironix

185 Test Probes

210 Tesl Probes
Unicorn
1).8. Cable.
Video-Link
Vigjo Publications
WPT Publications

ADVERTISING SALES OFFICE

Gernsback Publications. Inc.
5008 Bi-County Blvd,
Farmingdala. NY 1173%
1-(518) 293.3000

President: Larry Stockler

Vice President: Cathy Stechlar

For Advertising ONLY

$16-293-3000

Fax +-5168-293-3115

Larry Stechler
publisher

Arline Fishman
advert-ang director

Denise Haven
adverbiting assistant

Christina Estrada
advertising associate

Lisa Strassean
credit manager

Subscriber Cust
1-800-288-0652
Ovder Entry for New Subscribers
1-800-95959- 113

T:00 ARt - B:00 PM M.F MST

SALES OFFICES

EAST/SOUTHEAST
Stanley Levitan

Ezstern Sales Managar
Radio-Electromcy

259-23 57th Avenue

Little Nack. MY 11362
1-718-428-6037, 1-518-293.3000

WM IDWEST/Texas/Arhansas/Okla.
Ralgh Bergen

Midwest Sales Manager
Radio-Ehectronics

540 Fronlage Read—Suite 339
Merthiiald. IL BO093

131 2-446- 1444

Fax 1.312-445-8451

PACIFIC COAST/ Mountaln States
Marvin Green

Pacific Sales Manager

Radio-Electromcs

5430 Van Nuya Blvd. Suite 318

Van Nuys, GA §1401

1-818-986- 200

Fax 1.818.986-2009

r Service
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The only name in
HANDI-COUNTERS

Check These Incredible Features
On The All New UTC300<)
* 10Hz to 24GHz Range.
Simply amazing!
* 10 Digit LCD Display.
1Hz resolution to over 150 MHz direct.
Readable in bright sunlight.
* RF Signal Strength Bargraph.
16 Segment, Zero, & Full Scale adjustment.
SEE the input signal!
» Super Sensitivity. <lmV 10-200MHz,
<5mV to 2GHz for efficient antenna pickup.
* 8 Functions. Frequency, Period, Ratio
Time Interval, Average, & Prescale:
* Hold Button.
“Locks in” your exact Measurement FAST!
* Extruded Aluminum Enclosure.
Dresigned to fit every hand.
* Priccd Right! Only $375.
Includes Nicads, AC Charger/Adapter.

Or Select Our Most Popular
HANDI-COUNTER, the model 2210
that set the standard in handheld
frequency counter technology!
Value Priced at only $219.

Professionals and Hobbyists all over
the world have chosen OE] for 16
years! Shouldn’t YOU?

HANDI.COUNTERS! ...Only from OE1!
Choose the model that fits your needs...
and your budget! CALL NOW!

Model LUTC3000 2R00H 210 Ia0oM/A  2400H CCA <cB

I Freq. Persod R¥ B
| Function Ratio.dnterval, Frequeney  Frequenty  Frequency Frequency Frequenty Indicesmtor
! C3000 AvE. Prescale
Range  10Hz- 10MHe.  loMs. IMHs.  1oMH3-  10MHz.  {oMHz-
'-l ‘-f o B 93 3 ] : 2 4GHz 2 4GHz 2.2GH: 13GH:  24GHz:  B50MHz 1.8GH:
[ 10 Dyt 1
Period Average Mode Display  LCD I0Dunt 8Dt sk @Digt 8 Digit
F n  LCD LED LED LED LED
8.9.8.8.8.8.8.8.8.8] Co |
el RF Signal 16 Segment 16 LEDwith 10 Segmen
R Y s EINTVNLATINGN = Btrength  Adjystable Adjustal - . . Adpstable  Adjustsble
Dispiay Showing All Annunciators bl Tl L e Jprcgiald Saqemeh
Price $375. 5325, 218, $189. $158. $209. $9a.
Senstivily: <[ ta <lomV typieal Timc Base: 3 Lppm; s Sppm. add £35 - LED Models; £2ppm add
$50. - LCD Models. Nieads & AC eharger/adapler included. {9v Alkaline - CCH.) Carry Case. Anlennan
and Probes exten One ¥ear paria & Lnbar warrenty oo all products.
CIRCLE 181 ON FREE INFORMATION CARD E 1

Ehmm]
Wl orToELECTRONICS

Toll Free Order Line:
1-800-327-5912

@ FL(3051771-2050 « FAX(305)771:2052

Vien, MC. COD, Cash. M. Ouaccepted Prrsonat
Check allow 3 wecks. 3% Shipping. Handling,

s (Mexmum 310} U8, & Cannda  15% outmde
continental U5 A

WwWww americanradiohistorv comm
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Get the drop on performance
with the New Survivor' DMM

Your performance depends on the reliability of the instruments you
use, 50 you need the New Survivor™ DMM. This high-performance
3V digit meter is guaranteed !0 stay on the job without fail for

5 years'—or B&K-PRECISION will repair or replace it free.

The Survivor is built to quality standards you would expect only
from more costly instruments. lts ruggedized case is drop resistant to
five feet and tightly sealed against water and contaminants. Over-
load and reverse polarity protection plus high-energy fusing defend
its circuitry from electrical mishaps.

Today, many meters look alike, but few perform alike. Demand EMAICLMA L

the Survivor DMM. For detailed specifications or immediate \‘; m NN ¥

delivery, contact your local distributor. \ B R N T o CaR R,
y Domestic and International Sales

Measures AC/DC voltage and current to 20 amps
0.5% basic DC accuracy

Audible continuity check

Auto power off saves batteries

Large 0.8" LCD

5 year warranty Model 2860 Survivor

5 {oot drop resistant $ 9 900

Water resistant

¢ i s 8470 W. Cortland St., Chicago, Il BOB35
"5 year warranty covers full mumntpcrﬁimm!" Non-tranderable Does nol cover sbuse. 312.889-1448 ¢ FAX: 312-794-9740

™B&K-PRECISION Diveuon, Mawit Inernational Cbip. Canadian Sales. Atlas Electranics, Ontario
CIRCLE 77 ON FREE INFORMATION CARD
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