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Meet the meter that brings an entire 
test bench to your job. The versatile 
Fluke 80 Series do- just -about- 
everything "Multi" Meter. 

It offers everything you'd expect from an 

advanced handheld DMM, plus a lot yeu'd 
find only n dedicated instruments Plus 
Fluke- exclusive features you can't buy any- 
where else. All built with the most advanced 
surface mount design and single -chip ASIC 

technology for a thinner, tougher, more reli- 
able package. 

There's a fully annunciated display for clear 

operation. Duty cycle function. High -speed 

analog indicator A protective holster with 
.nnovative Flex- Stand'" for easy, adaptable 
operation. Audible Input Alert" to reduce 

the risk d damage to the meter, the user. 

and the unit being tested Plus the strongest 
warranty in the business. 

All good reasons to move up to the truly - 
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Sit back and watch this robotic lawnmower cut the grass for you. 
Raymond Rafaels 

41 GENERIC LINEAR POWER SUPPLY BOARD 
Build one PC board to fit all your power -supply needs. 
John Wannamaker 
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GENERATOR 
This single chip pulse generator uses a programmable crystal 
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If you can think of better things to 
do with your summer weekends 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. 

OMIN NEXT MONTH 

THE JULY ISSUE 
GOES ON SALE 

JUNE 5. 

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

THE LAWN RANGER: PART II 
A look at the motor control board. 

BUILD A SUPERDIRECTIONAL MICROPHONE 
Our 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. 

COMPUTERDIGEST 
Build a solid -state disk drive. 

As a service to readers. RADIOELECTRONICS publishes available plans or information relating to newsworthy products 
techniques and sc.enW.c and technological developments Because d possible variances in the quality and condib, 
matenals and workmanship used by readers. RADIO-ELECTRONICS disclaims any responsibility for the safe and p.. , 
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Clips For Chips. 
73 lime Saving Solutions For Faster 

IC Testing. Think of the time you'll save testing 
those fine -pitch ICs by having the right Pomona 
IC Clips, Pin Breakouts or Socket interfaces 
at your finger tips. You'll do 
the job quicker and more 
dependably than ever before. 

They're available now 
Your choice of DIP styles, SOIC, 

PGA, PLCC, LCC, or even our new- TAP ve 
est ultra fuze -pitch PQFP (Plastic 
Quad Flat Pack) series, to make testing o1:) 
faster, more dependable 
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Pomona Charts Quality First. 
Only the finest quality materials are 
used: beryllium copper for best contact 
force, gold plating for lowest contact 
resistance, abrasive contact coating for 
best oxide penetration. yjass- 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 Microtip 
Test Probe, SMD R.st 'Ilveezers, Grabber' and 
Minipincer Clips, jumpers, test leads and 
cable assemblies to make your IC testing faster 
and less expensive 

1111111P So, if you want to save 
time and reliability is a must, 

check -out the chart and pick your dips 
See Dur nearest Authorized Pomona 

Distributor or contact POMONA ELECTRONICS, 

1500 E. IVmth SL, P.O. Box 27267, Pomona, CA 91769 
(714) 623 -3463 FAX (714) 629 -3317 
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Pontona's 5640 Series 

PQfP (Plastic Quad Rat Pack) 
IIC 7Pttt Clip is atralabk it three FJAJ 

models for 0.02S"-0.0315" pin 4:lann,e 
Also atadlabre in 8JEDFC Breakout 

and Socket htkrfiur spies 

\hn I. 2 n.und tndenurA of DuPont 
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CIRCLE 101 ON FREE INFORMATION CARD 

ITT Pomona z 
AN ITT EMC WORLDWIDE COMPANY 

T Discover our strengths. 
3 CIRCLE 101 ON FREE INFORMATION CARD 3

ITT Pomona ~
m

AN ITT EMC WORLDWIDE COMPANY ~
(0

Discover our strengths. s

Pomonas5640Series
PQPP (plastic QuadHatPack)

IC'lbst Clip isavailable in three ElAJ
modelsfor0.025"-0.0315"pinspacing.

Also available in BjEDECBreakout
andSocket Interface styles.

FREE
1990POMONA CATAIf)G!
Receite this neu; 13B-page
edition FREE on request.
Contains IC 1I!st Clip Oiart
andtbousands oftest solutions

....

Nylon is a registeredtrademarkof DuPont

So, if you want to save
time andreliability isa must,

check-out thechart andpick your clips.
See your nearest Authorized Pomona

Distributor or contact POMONA ELECfRONICS,
1500 E. Ninth St., P.G. Box 27267, Pomona, CA 91769
(714) 623-3463 FAX (714) 629-3317

73 Time SavingSolutions ForFaster
Ie Testing. Think ofthetime you'llsave testing
those fine-pitch ICs byhaving theright Pomona
IC Clips, Pin Breakouts or Socket interfaces
at your finger tips. You'll do
the job quicker andmore
dependably thanever before.

They'reavailable now.
Your choice ofDIP styles, SOIC,
PGA, PLeC, LCC, or even ournew­
estultra fine-pitch PQFP (plastic
Quad Flat Pack) series, to make testing
faster, more dependable.

Pomona Charts Quality First.
Only thefinest quality materials are
used: beryllium copper for best contact
force, gold plating for lowest contact
resistance, abrasive contact coating for
best oxide penetration, glass-filled Nylon
bodies for dimensional stabilityandrigidity,
andstainless steel hinges, pins andsprings.

And, to make your job even easier,
Pomona also offers a great complement of
test accessories, like ourSMD Dog-Leg Microtip
Test Probe, SMD Test 1\veezers, Grabber" and
Minipincer" Clips, jumpers, test leads and
cable assemblies to make your IC testing faster
andless expensive.
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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 

Soviet 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 

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 
1 x y, x 8 inches. Light is pumped 
into the faces of the crystal (hence 

GE R&D CENTER ENGINEER ANGEL L. 

ORTIZ. JR puts the face -pumped laser to 
work drilling holes in a 1 -inch thick plate 
of superalloy; in other tests its managed 
to drill through more than two inches of 
superalloy. The solid -state laser's average 
power output of 1,000 watts from a single 
laser head opens the door to development 
of industrial laser systems that 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 

WHAT'sNEWS
Radalert reaches Russia

As part of perestroika, and in light
ofthe lingerin g 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
t io n monito r (fea t u red in Radio­
Electronics' June and July 1988 and
June 1989 issues) won a recent gov­
ernment-sponsored design compe­
tition in th e Soviet Union, surpass­
in g 45 other co ntes tants . Th at
resulted in the signing of a Protocol
of Intention for Joint Venture by a
Sov iet group and International
Medcom (Sebastopo l, CAl , the
manufacturers of the Radalert . Un­
der the te rms of the proposed ven­
ture , the Radalert and sim i lar
radiati on detection instruments will
be mass-produced in th e Sovi et
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 4067CPM-about 250 times
the normal back ground radiation
level here at Radio-Electronics' of­
fices---was record ed.

Internati onal Medcom has been

New solid-state laser puts out
1,000 watts

In a featthey compare to breaking
the four-minute mile in running, sci­
ent ists at General Electr ic 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
z ytt rium-a lu minum-ga rnet (Nd: YAG)
a? face-pumped laser, which happenso to be adirect descend ant of adevice
~ patented by GE physicists 17 years
6 ago, w hich put out only 10 watt s of
15 power.
~ According to Joseph P. Chernoch,
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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 mon itor and
detection system was displ ayed to
the Energy Committee of the Massa­
chusetts Legislature last spring, for
po ssibl e use in monitoring em is­
sions at the Pilgrim and Yankee
Rowe nucl ear plants in that state.
That system, aswell as the Radalert ,
also will be used by envi ronmental
groups to keep tabs on radioactiv ity
levels that are near nucl ear plants
and test sites.

who invented the or iginal device in
1972 and wh o 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 hi gh
power and good beam qu ality (a
measure of how mu ch th e beam
spreads out). In addit ion, it gener­
ates li ght of a one-micron wave­
len gth t hat is particu larly well
absorbed by metals. The device can
readily cut o r d rill through more
than two inches of nickel-based su­
peralloys, far beyon d the reach of
other known lasers.

GE's new laser compensates fo r

distortio ns in t ro d uced by ot her
types by using a slab, rather than a
rod , of lasing material and by using a
highly effective coo ling approach.
The slab is a precis ion-machined
Nd :YAGcrystal that measuresabout
1 x 14 x 8 inc hes. Ligh t is pumped
into the faces of the crystal (hence

~

GE R&D CENTER ENGINEER ANGEL L.
ORTIZ, JR puts the face-pumped laser to
wor k drilling holes in a 1frinch thick plate
of superalloy; in other tests it's managed
to drill th rough more than two inches of
superalloy. The solid-state laser's average
power output of 1,000 watts from a single
laser head opens the door to development
of industrial laser systems that can cut
and drill space-age metals and alloy s with
unprecedented speed and precision.

the name "face-pumped laser") by a
pair of ul tra-h igh- intensity flash­
lamps that are energized by the sys­
te m's 17,000-watt power supp ly.
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 po lished faces) that enables
the beam to "see" a uniform aver­
aged selection of st ressed material,
w hich eliminates the thermal distor­
t ion. R-E
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It's no fluke. 

Made in the U.S.A. 
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` Touch Hold s a registered trademark of the John Fluke Mfg Ca. Inc. ' 1990 Fluke and Phips Catalog 

Your best auto-ranging multimeter for 

the money. It doesn't happen by accident. 

It takes expertise, painstaking 

R &D, and a solid commit- 

ment to provide you with 

the features you've asked for 

at a price you can afford. 

When you add it all up, the new Beckman 

Industrial RMS225 simply outperforms 

any meter in its class. And like all the 

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 

multimeter. Once you compare 

it to the others, the choice 

will be obvious. 
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VIDEO NEWS 

20,000,000 stereo TV's. At least 
20,000,000 TV sets equipped for Multichannel 
7blevision Sound (MTS) stereo and second audio 
channel reception have now been sold, indicating 
that at least one American home in every five can 
receive television programs in stereo. Last year 
was MTS stereo's biggest year, when more than 
6,000,000 stereo- equipped sets were sold, 
representing 27.8% of all color TV set sales. That 
is an increase of almost a million sets over the 
5,100,000 stereo sets sold in 1988, which 
represented 25.2% of that year's sales. In 
addition, about 1,800,000 VCR's sold in 1989 were 
able to receive MTS stereo broadcasts, up from 
1,400,000 in 1988. 

Welcome back, Majestic. Old- timers will 
soon see another familiar old brand back in 
television stores. That is Majestic, which is being 
revived as a label sold to independent retailers 
through distributors. The revival of Majestic 
follows the similar reincarnation of the Crosley 
brand ( Radio- Electronics, August, 1989 ). Like 
the new Crosley brand, the new Majestic 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 subassemblies 
understood to be made by Zenith. The new 
Crosley, as we reported earlier, is made by North 
American Philips. Other pioneer brands which 
have been revived by new parents include 
Capehart, Dumont, Emerson, and Symphonic. 

Exit CD Video. Speaking of names, one that 
never caught on has been dropped. Philips and its 
affiliated record label, PolyGram, have abandoned 
their effort to promote "CD Video" as the new 
name for 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 6 
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 manufacturers 
have agreed on a single name: "Laserdisc." 

Sky 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.S. Satellite Broadcasting signed an agreement 
with GE Astrospace to acquire a three - channel 
satellite to broadcast directly to home antennas, 
with Nationwide Insurance as a partner. 

A second announcement stirred up much more 
publicity. A consortium consisting of NBC, 
Cablevision Systems, and Rupert Murdoch's News 
Corporation said they will launch a high -powered 
direct satellite service in 1993 with up to 108 
channels. Using three satellites in the same 
orbital slot as US. Satellite Broadcasting's bird, 
"Sky Cable" will provide as many as 128 
channels. The Sky Cable consortium said the 200 - 
watt power of its transponders will make it 
possible for homes to use small flat antennas 
measuring about 12 inches square. 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 
receivers for the satellite will cost $200 to $300. 

It's called "Sky Cable" because the sponsors 
hope to make it available through local cable 
operators for a monthly fee, but if consumers 
wish to purchase the equipment and pay the 
satellite broadcaster directly they may do so as 
well. 

Both NBC and the News Corp. ( Fox 
Broadcasting) insisted that none of their network 
programs would be broadcast on the satellite, and 
Cablevision said the system would be a 
supplement 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 maneuver just on the 
chance that direct satellite broadcasting might 
make broadcasting and cable obsolete. R -E 

VIDEO NEWS

• 20,000,000 stereo TV's. At least
20,000,000 TV sets equipped for Multichannel
Television Sound (MTS) stereo and second audio
channel reception have now been sold, indicating
that at least one American home in every five can
receive television programs in stereo. Last year
was MTS stereo's biggest year, when more than
6,000,000 stereo-equipped sets were sold,
representing 27 .8% of all color TV set sales. That
is an increase of almost a million sets over the
5,100,000 stereo sets sold in 1988, which
represented 25.2% of that year's sales. In
addition, about 1,800,000 VCR's sold in 1989 were
able to receive MTS stereo broadcasts, up from
1,400,000 in 1988.

• Welcome back, Majestic. Old-timers will
soon see another familiar old brand back in
television stores. That is Majestic, which is being
revived as a label sold to independent retailers
through distributors. The revival of Majestic
follows the similar reincarnation of the Crosley
brand (Badio-Electronics, August, 1989). Like
the new Crosley brand, the new Majestic 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 subassemblies
understood to be made by Zenith. The new
Crosley, as we reported earlier, is made by North
American Philips. Other pioneer brands which
have been revived by new parents include
Capehart, Dumont, Emerson, and Symphonic.

• Exit CD Video. Speaking of names, one that
never caught on has been dropped. Philips and its
affiliated record label, PolyGram, have abandoned
their effort to promote "CD Video" as the new
name for the optical videodisc. They adopted the

(f) name back in 1986, when the laser videodisc'soz fortunes were at a low ebb, in hopes that the
~ magic of the audio CDwould rub off onto the
t3 videodisc. One added attraction of CDVideo was a
~ new 5-inch version that contained up to 6
6 minutes of video and 20 minutes of digital audio.
is The 5-incher never caught on, but combination
ri CD and videodisc players brought a revival of the
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videodisc, which is becoming increasingly
popular. Now Philips and other manufacturers
have agreed on a single name: "Laserdisc."

• Sky Cable. Activity on the direct satellite
broadcasting front indicates that a television
revolution will soon be under waor. Two groups
have announced plans for new satellite ventures.
U.S. Satellite Broadcasting signed an agreement
with GE Astrospace to acquire a three-channel
satellite to broadcast directly to home antennas,
with Nationwide Insurance as a partner.

A second announcement stirred up much more
publicity. A consortium consisting of NBC,
Cablevision Systems, and Rupert Murdoch's News
Corporation said they will launch a high-powered
direct satellite service in 1993 with up to 108
channels. Using three satellites in the same
orbital slot as US. Satellite Broadcasting's bird,
"Sky Cable" will provide as many as 128
channels. The Sky Cable consortium said the 200­
watt power of its transponders will make it
possible for homes to use small flat antennas
measuring about 12 inches square. 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
receivers for the satellite will cost $200 to $300.

It's called "Sky Cable" because the sponsors
hope to make it available through local cable
operators for a monthly fee, but if consumers
wish to purchase the equipment and paorthe
satellite broadcaster directly they may do so as
well.

Both NBC and the News Corp. (Fox
Broadcasting) insisted that none of their network
programs would be broadcast on the satellite, and
Cablevision said the system would be a
supplement 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 maneuver-;just on the
chance that direct satellite broadcasting might
make broadcasting and cable obsolete. R-E
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No matter where you go, 
Tek's new 222 is a perfect fit. 

Introducing Tek's new 222 Digital Oscilloscope. Weighing 

in at under 4.5 pounds, the new Tek 222 is an ultra- portable, 

10 -MHz digital storage scope that's perfect for service applications. 

So tough, rugged, and totally self- contained. it can go just 

about anywhere. And it's incredibly easy to use even in 

extreme conditions. 

Extraordinary capability and reliability at 

a great price. The 222 is a dual- channel 

scope that can measure a wide variety 

of electronic instrumentation and 

circuitry. It has rechargeable on- 

board batteries with a floating 

ground to 400 volts. and 

meets tough environmental 

standards. 
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Plus, the 222 lets you pre- define front -panel setups, and call 

them up with a single button in the field. You can also save 

waveforms in the scope's memory, then transfer them to a PC for 

analysis and hard -copy output when you get back to the shop. 

Best of all, the 222 is yours for only $2350. And that includes 

Tek's remarkable three -year warranty 

on parts, labor, and CRT 

Get one to go! Pack a handful of 

power with you wherever you go. To 

order your 222, or for a free bro- 

chure, contact your local Tek rep- 

resentative or authorized 

distributor. 
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No matterwhere you go,
Tek's new222 isaperfect fit.
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IntroducingTek's new 222 Digital Oscilloscope. Weighing
in at under4.5 pounds, thenewTek 222 is anultra-portable,
10-MHz digital storage scope that's perfect for service applications.
So tough, rugged, and totally self-contained, itcan go just
about anywhere.And it's incredibly easy to use- even in
extremeconditions.

Extraordinary capability and reliabilityat
a great price . The 222 is adual-channel
scope that can measure awide variety
of electronic instrumentationand
circuitry. Ithasrechargeableon­
boardbatteries withafloating
ground to 400 volts,and
meets tough environmental
standards.
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Plus, the 222 letsyou pre-definefront-panel setups, and call
them upwithasing le buttonin the field.Youcanalso save
waveforms inthe scope's memory, then transfer them to aPCfor
analysis and hard-copy output when you get back to the shop.

Best of all, the 222 is yours for on ly $2350. Andthat includes
Tek's remarkablethree-year warranty
onparts, labor,andCRT.
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ASK R -E 

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 lines and some studio cam- 
eras are rated 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 

I 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 resolution" 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-B Bi -County Blvd. 
Farmingdale, NY 11735 

FIG. 1 

It 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, to 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 in- 
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." 

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 it 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 

4 une s per" MM I 8 l ine s per" MM 116 lines pel- MM I 32 lines pel- M~ I

You're correct in saying that the
NTSCstandard calls for 525lines 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 it mean to say that
some video device puts out 200,
300,500, or 600lines?What it means
is that there are two different kinds
of lines: the first is a line of vid eo
and the second is a line of resolu­
t ion. And what , you may well ask,
do they have to do with each other?
Absolutely nothing!

The way to understand how th e
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

LINES OF RESOLUTION
Please tell me something about the

horizontal resolution of the NTSCsys­
tem. According to the standard, there
are 525 horizontal lines per frame, but
my VCRonly puts out 230 lines. Isthat
lines per field or lines per frame? Sony
ED Beta machines claim to have more
than 500 lines and some studio cam­
eras are rated at above 600 lines--­
more than the NTSC standard. How
can a TVdisplay 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

I can understand your confusion
but you shouldn't feel too bad be­
causethe whole issueof 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 " Iine of resolution" 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
z t he chart. In practi ce, t he len s
a? would be pointed at the chart and
b the projected image would be ex­
will amin ed to see at what point it be-
e) came impossible to see individual
~ lines. That point would be desig­
a: nated as the resolving power of the

lens.
8

WRITE TO:

ASK R-E
Radio-Electroni cs
5OO-B Bi-County Blvd.
Farmingdale, NY 11735

FIG. 1

It should be obvious to you that
there's a problem with this method
since lenses don't haveequal resolv­
ing power at every point on the
glass. That is due, in part, to the­
oretical consequences of the optical
paths ofthe 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 specif ied 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 in­
dustries that were involved in the
bu sines s of reproducing images.
That includes printing, film, and vid­
eo. Each industry is concerned with
the amount of detail that they can
reproduce, but t he y also hav e
characteri stics that differ from the
lens business. So, while they all re­
fer to lines wh en they talk about
resolution , they aren' t all talkin g
about the same thing. In short, the
video industry has made too much
use of the word " Iine."
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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 
to 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 horizontal 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 horizontal 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, I 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 

Cable mv 
DescrRmbler Article Parts 

We stock the exact parts, PC Board and AC Adaptor 
tor two articles published in Radio- Electronics magazine 
on building your own CABLE TV DESCRAMBLER 

February 1984 issue 
#701 Parts 19.00 

Includes all originel parts. 

#702 PC Board 7.95 
Original 3x4 etched, drilled 
and silk- screened pc board 

#704 AC Adaptor 7.95 
Originel 11i Volt DC 200mo. 

i#701, 702 & 704 29.00 

February 1987 issue 
#301 Parts 29.00 

Includes oll original ports 

*302 PC Board 7.95 
Original 5xß etched, drilled 
end silk -screened pc board 

#304 AC Adaptor 7.95 
Originel 113 Volt DC e 200me 

#301, 302 & 304 39.00 
Free article reprint with purchase. 

Snooper Stopper 39.00 
Cable TV descremhlers con he 
detected, protect your privacy 
with the Snooper Stopper 
Free article on Cable Snooping. 

Macrovision Kit 29.00 
Macroviston..now you see it, now 
you don'I with our mocroscrubber 
kit. Article was published in 
Radio Electronics 1987 issue 

CALL TOLL FREE 1-800-332-3557 
Out side USA I -508- 699 -6935 
Visa. Master Card and C O D 

Add 53.50 S & H. $0.00 outside USA 
D 8 D Electronics, Inc PO Box 331 0, N Attleboro, Ma 02761 

Visa I MC 

CIRCLE 197 ON FREE INFORMATION CARD 
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CHEMICAL 
SOLUTIONS 

FREE CHEMTRONICS CATALOG! 
Comprehensive new source for over 
200 products used in electronic manu- 
facturing and field service. E- Series 
products are CO, propelled for ozone 
safety. Precision cleaning agents, flux 
removers. bulk solvents, circuit ref rig- 

erants, precision dusters. non-residual 
wipers, premoistened pads /swabs. 
antistatic compounds, conformal coat- 
ings. lubricants. adhesives. desolder 
ing braids and soldering products 
Complete with technical specifications 
and application guide 

Chsmtronlcs Inc. 
8125 Cobb Centre Come 

Kennesaw, GA 30144 
1. 800 -645 -5244 
'n GA 404-424-4888 J 

CIRCLE 54 ON FREE INFORMATION CARD 

CRYSTAL CATALOG MO 33 - +w 

.r .IY.1 MIMI Ir. OWLS arr arasas 

THE ONLY SOURCE 
YOU'LL EVER NEED! 

SATISFACTION GUARANTEED 
QUICK SHIPMENT 

RELIABILITY LOW COST 

FOR FREE CATALOG. CALL OR WRITE 

JAN CRYSTALS 
P.O. BOX 06017 

FORT MYERS. FL 33906 

(813) 936.2397 

VISA JAN cwr.,/.. 

TOLL- FREE:1- 800 -JAN -XTAL 
(526 -9825) 

FAX ORDERS: 1.813.936.3750 

CIRCLE 104 ON FREE INFORMATION CARD 
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#302 PC Board 7.95
Originol 5xB etched. drilled
ond silk-screened pc boord.

#702 PC Board 7.95
Originol 3x4 etched, drilled
end silk-screened pc boord.

We stock the exact parts, PC Board and AC Adaptor
for two arttctes published in Radto-Etectr-orncs magazine
on building your own CABLE TV OESCRAMBLER

February 1984 issue February 1987 issue
#701 Parts 19.00 #301 Parts 29.00

mctunes 011 orlglnol ports. Includes 011 originol ports.

CALL TOLL FREE 1-800-332-3557
Out side USA 1-508-699-6935
Visa. Master Card and C.O.D. IVis a I I Me I
Add 13.50 S lie H. 16.00 outside USA.
08. 0 Electronics Inc. PO Box 3310 N Attleboro Ma.02701

CIRCLE 197 ON FREE INFORMATIONCARD

Snooper Stopper 39.00 Macrovision Kit.. 29.00
Coble TV descromblers con be t1ocrovision..now you see it, now
detected. protect your prlvocy you nun't wHh our mecrnscrunner
with lhe Snooper Slopper kit. Article wos published in
Free ortl cl e on Coble SnoopIng. Rodio [Ieclroni cs 1987 issue.

#704 AC Adaptor 7.95 #304 AC Adaptor 7.95
Driginol 18 Voll DC ~ 200mll. Ortginol 18 Volt DC U 200mo.

1#701,702 8t 704 29.00 I 1#30',302 &. 304 39.00 I
Free article reprint With purchase.
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I 200 products used in electronic manu- I FOR FREE CATALOG. CALL OR WRITE:
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I

products are CO
2
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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
to and past 230. When shown on a
lV, 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 you r VCRwould 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 havemore than 500lines of
resolution (we know that really
means 500individually distinguisha­
ble dots per horizontal 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 horizontal 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 asburst 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 hasa 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, I 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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LETTERS 

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 NOM 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 

CORRECTIONS 
R & R Associates was listed as 

a source for the printed -circuit 
board in the article entitled "Ion 
Meter" (Radio -Electronics, 
March 1990). Unfortunately, an 
error appeared in the address. 
The correct address is R & R As- 
sociates, 3106 Glendon Avenue, 
Los Angeles, CA 90034 -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 -which 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 Descrambler 
story (Radio -Electronics, May 
1990), the parts list contained a 
couple of errors. First, the correct 
part number for IC9 is 
CD22402E. Also, there were two 
C39's; the 47 pF NPO is actually 
C34. In Fig. 3, what's shown as 
pin 16 of IC4 -c is actually pin 14. 

The unlabeled capacitor above 
IC4 -d is C45. In Fig. 4, polarity 
switch S3 should go to + 5 volts, 
not ground. 

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 NOM audio again. The phone 
calls returned, in increasing num- 
bers each day. After a week, the SAP 
channel was turned off for good. 

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

THE CORRECT WAVEFORM 
I am writing to congratulate you 

on an excellent article, "Glitches in 
the Power Line" (Radio-Electronics, 
April 1990). In all the magazines and 
books I 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 correct 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. I have pointed 
out errors shown in respected hand- 
books to editors who refuse to cor- 
rect their figures. 

The rest of the article is very inter- 
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esting, and it was obviously written 
by someone who knows the facts. 
KENNETH E. STONE 
Cherryvale, 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 signals, 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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SAP ZAPPED
In his February "Video News"

piece on multichannel sou~d,

David Lachenbruch forgot one Im­
portant thing: The averageconsum­
er cannot operate a stereo TV set.

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

CORRECTIONS
• R & R Associates was listed as
a source for the printed-circuit
board in the article entitled "Ion
Meter" (Radio-Electronics,
March 1990). Unfortunately, an
error appeared in the address.
The correct address is R & R As­
sociates, 3106 Glendon Avenue,
Los Angeles , CA 90034-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-which 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 Descrambler
story (Radio-Electronics, May
1990), the parts list contained a
couple of errors. First, the correct
part number for IC9 is
CD22402E. Also, there were two
C39's; the 47 pF NPO is actually
C34. In Fig. 3, what's shown as
pin 16 of IC4-c is actually pin 14.
The unlabeled capacitor above
IC4-d is C45. In Fig. 4, polarity
switch S3 should go to +5 volts,
not ground.

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

The station then ran an endless
tape loop explaining that the ~AP _
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 NOM audio again. The phone
calls returned , in increasing num­
bers each day.After aweek , the SAP
channel was turned off for good.

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

THE CORRECT WAVEFORM
I am writing to congratulate you

on an excellent article , "Glitches in
the Power Line" (Radio-Electronics,
April 1990). In all the magazines and
books I 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 correct 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 th e drawing
scale would permit. I have pointed
out errors shown in respected hand­
books to editors who refuse to cor­
rect their figures.

The rest of the article is very inter-
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esting, and it was obviously written
by someone who knows the facts.
KENNETH E. STONE
Cherryvale, 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 signals, was rare. As a casein
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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DELUXE TEST LEAD KIT 
Users call TPI test leads The Absolute Best. The 
TLS2000 features the highest quality cable in the 

industry - with spring - loaded safety -sleeved 
plugs. U.L. listed (file E795811. Kit: S29. Leads 
& probes only: $19. Satisfaction guaranteed. 
TEST PROBES INC. Call toll -free for catalog 
1- 800 -368 -5719. 

CIRCLE 208 ON FREE INFORMATION CARD 

BNC ATTENUATOR KIT 
Contains 4 attenuators - 3dB, 6dB. 10dB, 
20dB; I feedthrough and I termination. Thick - 
film circuitry for low reactances. Rugged de 

sign resists shock and lasts longer. Rectangular 
shape stays put on the bench. Impedance: 50t 
Frequency: IGHz. Maximum Power: I kw 
peak, I W avg. VSWR 1.2:1. Attenuator 
Accuracy:J.0.2dB. Terminations Resistance 
Tolerance: t 1 %. $ 150. 
TEST PROBES INC. Call toll -free for catalog: 
1- 800. 368 -5719 
CIRCLE 209 ON FREE INFORMATION CARD 

ECONOMICAL SILICON 
RUBBER TEST LEADS 
Best value in moderately pnced leads. High 
quality, soft, silicon rubber cable. Banana plug 
on measuring tip accepts push -on accessories. 
Plugs have spring - loaded safety sleeves. Model 
TLI000 S14. Satisfaction guaranteed. 
TEST PROBES INC. Call toll -free forcatalo_g 

1- 800 -368 -5719. 

CIRCLE 210 ON FREE INFORMATION CARD 

COAX AI):V'1'ER KIT 
Create any adapter in seconds 
Make all combinations of BNC. TNC. SMA, 
N. UHF. Mini -UHF. F and RCA 

The TPI 3000A kit contains male and female 
connectors of all 8 types. and 6 universal inter- 
faces. Simply screw any combination of 24 con- 
nectors to one of the interfaces to create the 
desired adapter. $ 150. 

TEST PROBES INC. 9178 Brown Deer, San 
Diego. California 92121. Call toll -free for cata- 
log: 1- R00.368 -5719. 

CIRCLE 207 ON FREE INFORMATION CARD 

No Better Probe Ever 
at This Price! 

Shown here 
Model SP150 

SA Switchable 1 x- 10x .... 
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 
Scope's most sensitive range 

Rugged - withstands harsh 
environments including high 
temperature and humidity 
Advanced Strain Relief - 
cables last longer 
Available in 10x, Ix and 
switchable Ix -lox 

('all for free catalog 

10 day return policy - 

perfonnance and satisfaction 
guaranteed 

TEST 
PROBES, INC. 

91 ih Brown Deer Road 
San Diego. CA 92121 

Toll Free 1. 800 -368 -5719 
I -800-643-8382 in (' 

and Distributor in our area 

CIRCLE 123 ON FREE INFORMATION CARD 
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No Better Probe Ever
at This Price!

CIRCLE 207 ON FREE INFORMATION CARD

COAX ADAPTER KIT
• Create any adapter in seconds
• Make all combinations of BNC, TNC, SMA,

N, UHF, Mini-UHF, F and RCA
The TPI 3000A kit contains male and female
connectors of all 8 types, and 6 universal inter­
faces. Simplyscrew any combination of 24 con­
nectors to one of the interfaces to create the
desired adapter. $150.
TEST PROBES INC. 9178 Brown Deer, San
Diego, California92121. Call toll-free for cata­
log: 1-800-368-5719.

CIRCLE 185 ON FREE INFORMATION CARD

Shown here

Model SPl50 $49
Switchable l x-lOx ... .

DELUXE TEST L EAD KIT
Userscall TPI test leads The Absolute Best. The
TLS2000 features the highest qualitycable in the
industry - with spring-loaded safety-sleeved
plugs. U.L.listed (file E79581). Kit: $29. Leads
& probes only: $19. Satisfaction guaranteed.
TEST PROBES INC. Call toll-free for catalog:
1-800-368-5719.
CIRCLE 208 ON FREE INFORMATION CARD

BNC ATTENUATOR KIT
Contains 4 attenuators - 3dB, 6dB, IOdB,
20<1B; I feedthrough and I termination. Thick­
film circuitry for low reactances. Rugged de­
sign resists shock and lasts longer. Rectangular
shapestays put on the bench. Impedance: 50n
Frequency: IGHz. Maximum Power : IkW
peak, IW avg. VSWR 1.2:I. Attenuator
Accuracy:±O.2dB. Terminations Resistance
Tolerance: tl %. $150.
TEST PROBES INC. Call toll-free for catalog:
1-800-368-5719.
CIRCLE 209 ON FREE INFORMATION CARD

• 10 day return policy ­
performance and satisfaction
g uara n teed

Risetime less than 1.5 nsec.
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TflTEST
PROBES, INC.

• U n ive rsa l - works w ith all
osci lloscopes

• Removable G r o u n d Lead

• Excludes External
Interference - eve n on
scope's m o st sensit ive range

• Rugged - withsta nds harsh
e nvironments incl ud ing hi gh
temperature and humidity

• Advan ced S t r a in Relief -
9 178 Brown Deer Road

cab les last longer San Diego, CA 92121

• Available in lOx, lx and Toll Free 1-800-368-5719
switchable lx-lOx 1-800-643-8382 in CA

Call for fr ee catalog and Distributor in your area

ECONOMICAL S I LICON

RUBBER TEST LEADS
Best value in moderately priced leads. High
quality, soft, silicon rubber cable. Banana plug
on measuring tip accepts push-on accessories.
Plugs have spring-loaded safety sleeves. Model
TLl OOO $14. Satisfaction guaranteed.
TEST PROB ES INC. Call toll-freeforcatalog:
1-800-368-5719.
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SERVICING RF 
PRODUCTS 

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

µV illimmorromm 
frequency 100 MHz 

A cordless phone (base station) is probed near 
its 38.970 crystal in fig. 4. Both 39 MHz and its 
second harmonic are obvious. The lowest line 
at 10.245 is also obvious and can be estab- 
lished by probing the adjacent 10.2 crystal, 
which then shows 10MHz as higher level than 
38MHz. We have established receiver RF 
oscillator system operation in seconds with no 
connection, information, schematic, etc.! 

10dB 
per 
DIV 

loo 
pV 

10dB 
per 

IV 

100 
µv 

frequency 100 MHz 

frequency 100 MHz 

When the transmitter is activated (by pressing 
CALL), probing near the 15.537 crystal pro- 
vides fig. 5- Fundamental operation and many 
harmonics are shown. As the probe is placed 
near the following stages, the fundamental is 
decreased, and the third accentuated until the 
relatively clean output of fig. 6 is obtained near 
the antenna lead. The transmitter RF is visible 
in seconds! 

14 

107 SPECTRUM PROBE 
converts any scope into a 

100MHz spectrum analyzer 

$199 direct 

Smith Design 1324 Harris Rd. 
Dresher, PA 19025 (215) 643 -6340 
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er than 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 Lang Klein's articles for 
many years. I particularly agree with 
his contention that there is no dis- 
cernible audio difference in the 
sound quality from CD players over 
a wide range of retail prices. I work 
with people who contend that my 
hearing must be hopelessly messed 
up because I 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." 

I strongly disagree. I can readily 
hear pronounced differences be- 

Get A Complete Course In 

ELECTRONIC 
ENGINEERING 

8 volumes. over 2000 pages 
including all necessary math and 
physics. 29 examinations to help 
you gouge your personal pro- 
gress A truly great learning 
experience 

Prepare now to take advan- 
tage of the growing demand for 
people able to work at the engin- 
eering level 

Ask for our brochure giving 
complete details of content Use 
your free information card num- 
ber. or write us directly S99.95, 
Postage Included Satisfaction 
guaranteed or money refunded 

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

CIRCLE 67 ON FREE INFORMATION CARD 

tween different brands and models 
of phono cartridges and loud- 
speakers, but I 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 I have ever heard can come 
close to making me think that there 
is a live acoustic instrument, voice, 
or scene being listened to. I can 
walk into a crowded disco and 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. I know only what the origi- 
nal probably sounded like, just as I 

can appreciate a picture as a reason- 
able representation of the original 
scene. No more, no less. 

I 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 I 

spent on a receiver 15 years ago, I 

can buy one today whose perfor- 
mance and reliability are tremen- 
dously improved. 

I'd like to 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. I 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. I've recorded a 440-Hz tone 
on normal tape, using the most ex- 
pensive cassette deck I could find. I 

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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Signals picked up by the low capacity input of
the Spectrum Probe allow rapid evaluation of
problems. Simply placing the probe near a
component allows judgment of whether it is
active. RF failures are easily established .
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As a long-time audio hobbyist,

I've followed Larry Klein's articles for
many years. I particularly agree with
his contention that there is no dis­
cernible audio difference in the
sound quality from CD players over
a wide range of retail prices. I work
with people who contend that my
hearing must be hopelessly messed
up because I hold that view! They
claim that the differences are easily
heard, as are the differences5e­
tween (even new) pre- and power­
amplifiers. None of them, however,
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accurate" sound . All they know,
they say, is that different pieces of
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I strongly disagree. I can readily
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When the transmitter is activated (by pressing
CALL) , probing near the 15.537 crystal pro­
vides fig. 5. Fundamental operation and many
harmonics are shown. As the probe is placed
near the following stages, the fundamental is
decreased , and the third accentuated until the
relatively clean output of fig. 6 is obtained near
the antenna lead. The transmitter RF is visible
in seconds!
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A cordless phone (base station) is probed near
its 38.970 crystal in fig. 4. Both 39 MHz and its
second harmonic are obvious. The lowest line
at 10.245 is also obvious and can be estab-

- IIshed by probing the adjacent 10.2" crystal,
which then shows 10MHz as higher level than
38M Hz. We have established receiver RF
oscillator/system operation in seconds with no
connection, information, schematic, etc.!
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Discover Your Career Potential In 
High Tech Electronics...Call 1- 800 -366 -8989! 

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

If you're anxious to get ahead and 

build a real career...you owe it to 

yourself to find out about the Cleveland 
Institute of Electronics! 

CIE can help you discover your 
career potential in the fast growing 
field of high-tech electronics. A career 

that will challenge and excite you 

every day reward you with a powerful 
feeling of personal accomplishment 
and deliver a level of financial security 
you may have only dreamed of before! 

As the leading school in home-study 
electronics, CIE has helped over 
150.000 students in the U S A and 

over 70 foreign countries get started in 

this exciting field. To find out how CIE 

could be helping you...read on...then 
send for a CIE catalog TODAY! 

A Growing Need For 
Trained Professionals! 

The career opportunities shown here 

are only a few of the challenging, high - 

paying careers you could enjoy as an 

electronics technician. 
You could be the 'brains' behind the 

scenes of an exciting TV broadcast... 
trouble-shoot life-saving medical equip - 
ment...design exotic new aeronautics 
systems...CIEs job -oriented programs 
offer you the quickest possible path to 

the career of your dreams! And CIE also features 

military and union re-training, to build on what 
you already k v 

Dozens Of Fascinating 
Careers To Choose From! 

Even if you arena sure which career is best for 

you. CIE can get you started with core lessons 

applicable to all areas of electronics. As you 

advar>ce, CIE makes job opportunities available 
to you through the bimonthly school paper, 

The Electron. 
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Renowned Faculty. 

Unlike the impersonal approach of large class- 
room study, CIE offers you one-on -one instructional 
help 6 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 E.D ,i,D 8e 

v ¢ y0 o 
z ¡ 111ti(' 

..1 
). C z 

o 

Practical Training... 
At Your Own Pace. 

Through CIE. you can train for your 
new career while you keep your pres- 

entjob. Each course allows a gener- 
ous completion time, and there are 
no limitations on how fast you can 
study. Should you already have some 
electronics experience, CIE offers 
several courses which start at the 
intermediate level 

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

In 1969. CIE pioneered the first elec- 
tronics laboratory curse, and in 1984, 
the first Microprocessor Laboratory 
Today, no other home study school can 
match CIEs state- of- the-art equipment. 
And all your laboratory equipment is 

included in your tuition cost There is 

no extra charge -It's yours to use while 
you study 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 earns you 

credit towards the completion of your 
Associate in Applied Science Degree, so 
you can work towards you degree in 

stages. And CIE is the only school that awards you 
for fast study, which can save you thousands of 
dollars in obtaining the same electronics education 
found in four -year Bachelor's Degree programs! 
Call or write for details today! 
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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 -tape speed? If so, 
do you know where I can obtain a 
pre- recorded tape with the 440-Hz 
tone at exactly the correct speed? 
GEOFF SALE 
Burnaby, B.C., Canada 

Thanks for your comments and 
kind words. I agree wholeheartedly 
with most of your comments. Your 
technique seems reasonable to me, 
although I can't be sure without try- 
ing it (which I'm not set up to do at 
this time). For very high quality refer- 
ence tapes of all types, request a 
catalog from Magnetic Reference 
Laboratories, 229 Polaris Avenue, 
Suite 4, Mountain Wew, CA 94043 
(415-%5-8187).-Larry Klein, Audio 
Editor 

THERMOELECTRIC ENTHUSIAST 
I am one of those "arcane" engi- 

Be an FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 
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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 
more! You don't need a college degree to 
qualify. but you do need an FCC License. 
No Need to Qult Your Job or Go To School 
This proven course is easy. fast and low 
cost! GUARANTEED PASS - You get your 
FCC License or money refunded. Send for 
FREE facts now. MAIL COUPON TODAY! 

commano PROCUCTIOns 
FCC LICENSE TRAINING. Dept. 90 
P.O. Box 2824, San Francisco. CA 94126 
Please rush FREE details immediately' 
NAME 
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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.S. 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 unit 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, CO2, 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. 
J. LINDNER 
San lose, CA 

PCjr DOCUMENTATION 
I 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 sorry 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- IBM -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. 
JOHN R. SOMMA 
IBM Corporation 
White Plains, NY 

LEFT-RIGHT IMBALANCE 
In regard to Larry Klein's discus- 

sion on L -R speaker imbalance, I 

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 
to that speaker. 
JOHN S. COX 
Vancouver, BC R -E 
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Thanks for your comments and
kind words. I agree wholeheartedly
with most of your comments. Your
technique seems reasonable to me,
although I can't be sure without try­
ing it (which I'm not set up to do at
this time). For very high quality refer­
ence tapes of all types, request a
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. ~ 0 Po=~!""'!!!~'1

~
d -~ ~ '~~5
r :~~ Learn at home In spare ti me.'/ -/-:f?J.ff ~ No prev ious exper ience needed!

No costly School. No com m u ting to class.
The Original Home-Study course pre­
pares you for the " FCC Com merc ia l Radio­
telephone License". This val uable license
is your "ticket" to th ousa nds of exciting
jobs in Com m u nications, Radio-Tv, Micro­
wave, Com pu ters. Radar. Avion ics a nd
more! You don't need a co llege degree to
qua lify. but you do need an FCC License.
No Need to Quit Your Job or Go To School
This proven course is easy. fast a n d low
cos t !GUARANTEED PASS - You get your
FCC License or money refunded. Send for
FREE facts now. MAIL COUPON TODAY!r----------------------,
I commdnD PRODUCTiOnS I
I FCC LICENSE TRAINING , Dept . 90 I
I P.O. Box 2824, San Franc isco, CA 94126 :
: Please rush FREE details immediately! I
I NAME I
I ADDRESS I
I CITY STATE _ZIP__ I
L J

111I111111I/1/11/1

"HOW TO BUILD YOUR OWN IBM
286 /386 AT CLONE COMPUTER"
Easy to do in a coup le of evenings
ofworkwith justa screwdriver.A real
money-saver!
60 MINUTES VHS $39.95

"HOW TO UPGRADE YOUR PC OR
xr COMPUTERTO AN AT FORUN­
DER $200". All in one evening with
only a screwdriver. Complete step­
by-step guide, anyone can do it!
30 MINUTES VHS $24.95

SAVE$40 NOW by ordering the complete set of all four
titles at the ridiculously LOW PRICE of S100, and re­
ceive, absolutely FREE, "After Hours" - a software pro­
gram to turn you r PC into an unatlended Message
Center!

FREE OFFER!

FRIENDLY VIDEOS
'The Pioneer In AT Clone Videos'

COMPUTER
HOW-TO VIDEOS

Name
Street Ad·--;-;dr-es-s--- --- --- -
City, State, Zip _
Telephone

"HP LASERJETSERIES II PRIMER".
The most compl ete video available
on laser printing, featuring the Las­
erJet II printer, desktop publishing,
fon ts, hardware and software acces- I

sories. 60 MINUTES VHS $49.95

"SHAKE HANDS WiTH YOUR PCI
';(f IAT COMPUTER". A complete
new-use r's hard ware and software
learning guide. Everything from
powering up, to the di rectory
structure. 60M INUTES VHS $29.95

(~J ORDER ( VISA)
~ NOWI

TOLL FREE: 1-800-PC-BUYER
Customer Service or CA, Call (714) 898-4055

Friendly Videos RE0 6

PO Box 5684
Garden Grove, CA92645 (714) 898-4055
Please rush me the following VHS format titles:

§ "Clone Assy" @ $39.95 g"Shake" @ $29.95
"PC Upg rade" @ $24.95 "LaserJet" @ $49.95
Complete Set including F E software @$100

(Add S1 S&H per video, and sales tax if CA add ress)
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ONCE YOU'VE 
GOT IT DESIGNED, YOU'VE 

GOT IT MADE. 

Now you can take those hot. new logic or 
block design diagrams. and quickly, easily 
bring them up to reality...in minutes...without 
solder' 
Build circuits as fast as you can think. Test. 
Modify. Expand. Without burned -out parts or 
burnt fingers. Save time, money...and prove 
that you know that you're talking about... 
before you use your CAD. 

Specify PROTO BOARD Brand. Today's rec- 
ognized Standard for Quality in breadboard- 
ing. Here are five expandable breadboards, 
offering countless arrays of solderless sock- 
ets and bus strips that emulate pc board lay- 
outs. Pop in components. Pop them out 
again. Microprocessors. Memory. Large DIPs. 
Tiny discretes. Makes no difference. The pat- 
ented aluminum backplane lets you work at 

frequencies from DC to half -a- GigaHertz 
or 500MHz. 

Need power? A powered PROTO 
BOARD Brand offers up to triple voltage 
power supplies. 5V, 4 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 American -made 
PROTO BOARD Brand comes with an unlim- 
ited 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 

Call toll -free for details GLOBAL - 1-800-572-1028 SPECIALTIES 

f 'f t ;f "r ;t j w l 
Global Specialties An Interplex Electronics Company 
70 Fulton Terrace. New Haven, CT 06512 
Telephone (203) 624-3103 C Interplex Electronics 1989 
All Global Specialties breadboarding products made m USA 

Á001C 
CIRCLE 186 ON FREE INFORMATION CARD 
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Globa l Specialti es. An Interplex Electronics Company.
70 Fulton Terrace. New Haven , CT 06512.
Telephone: (203) 624-3103. \9 Interplex Electroni cs 1989. <0

All Global Speci alties breadboardin g products made in USA. gs
A00 10

frequencies from DC to half-a-GigaHertz
or 500MHz.

Need power? A powered PROTO
BOARD Brand offers up to triple voltage-"'II!tl=:;iIi:~j
power supplies , + 5V, + 12V, - 12V, with reg­
ulated/current limited DC power. Over 2,250
tie points with 24 IC capacity and 14 pin
DIPs. Super for TT L, CMOS , Op-Amps and
microprocessor circuits. And lots more.

Best of all, your hassle-free American-made
PROTO BOARD Brand comes with an unlim­
ited 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.

•GLOBAL
SPECIALTIES

Call toll-free for details

1-800-572-1028

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

Bu ild circuits as fast as you can think . Test.
Modify. Expand. Without burned-out parts or
burnt fingers. Save time, money...and prove
that you know that yo u're talking about. ..
before you use your CAD.

Specify PROTO BOARD Brand, Today's rec­
ognized Standard for Quality in breadboard­
ing. Here are five expandable breadboards ,
offering count less arrays of solderless sock­
ets and bus strips that emulate pc board lay­
outs . Pop in components. Pop them out
again. Microprocessors. Memory. Large DIPs.
Tiny discretes. Makes no difference. The pat­
ented aluminum backplane lets you work at

ONCE YOU'VE
GOT IT DESIGNED, YOU'VE

.~-GOT IT MADE.
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EQUIPMENT REPORTS 
NCI PA480 PC -Based 

Logic Analyzer 

Turn your PC into a 48- 
channel, 25 -MHz Logic 

Analyzer 

CIRCLE 10 ON FREE INFORMATION CARD 

ONE OF THE OFTEN -IGNORED RESUl1S 

of the "computer revolution" 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 test a new product. A good 
example of how it's happening is the 

1,001: .1 hat 
you eau still buy 
for ><><1 - 1°O e 

RERIE1. 114v7 198 402 O1:m 25O/51 
ßB1t3:". 144W 14$ 3 16K 250/S1 
EXIST 1/4W 18 3.92K 250/51 
EBTs'1 . 1 /4W 5378 1K 2OO/51 

RESIST 1/4W 595 10K 7OO451 
R>:SItST. 1/4W 89t 47K 200/51 
PESTET. 114W 598 1 IvII+.Ca 200/51 
TRIMPOT 5K Hui* 10/S1 
TRITvIPOT 10K Vert. IO451 RIMPOT 28K Hor 10/S1 
TI2IMPOT 5O1C Vert. 10/S1 
XTAL OSC. 1 e434 Mtra 1/S1 
XTAL OSC. 4.0000 TJlhs. 1451 
XTAL 03a1C. 6 0000 Mh 1451 
741.S0U TT7. VnmarKnd 10/51 
211-390-1 Trana Unmarked 20491 
1N-4007 271ode Unmarked 20/51 
11.7-$4U4 risc+Ae Hs Marked 1t5451 
Translct.PNP TO-92Unmltd25451 
SCR. EA-40UV T0-220 5/51 
f.3CrP 4A-4UOV t3E C10617,41 4/51 
CAi12-E TIES 4 Nylon 50451 
1v:F:: 2222 Translator 15/51 
TR11\ZCAP8 7-1Sr4 6451 
1 14Z7.1CA1' 19 10-100pt 5453 
TP1fQCAPt3 5 -'O1.t 9451 
Tranclet.1VIPR-3640 Hew e ?0151 
Ii7V.'-92 Rr AMP to 4.bC3HT 2451 
R HSIST. ASST. 144W 599 or better SO Va1s.420frc ea 1000154 
RSEIST.ASST. 142W SZ 
25 Vale./20pcs. ea 500/54 
CHIP Raslst.1206 200 Ohm 271 ?_ DIODES same as 11T414e 50151 
SHIP:ADl, S' Cor,:s; LTXZPA 

FREE CATALOG{ NO MIN ORDER 

SHORT CIRCUITS 
p.o. box 285 

BARNEGATI NJ 08005 
ph: 609-698-30E30 

fox: 609- 696 -8609 

PA460 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 

leeeM We QualW ._ware wbatra 
tlweal bey be a raral ale 

hew Mle tart hare 
lerr aaeltllrM ill Puss ear fry M 
knot let this. Jowl rm. frll faMs. wadies 
?MP' le biarr aim M lrrlle rut 
lenes W rem aewae beet 
le le set boa 

leb 
!r t4iíbr ílee wtalMni =:1 V titl4 

FIG. 1 

card plugs into a free slot of a PC. A 
DIP switch allows the user to 
change the address at which the 
card resides to avoid conflicts with 
other boards that may be installed in 
the computer. After the board is in- 
stalled, a 60- conductor flat ribbon 
interface -cable is attached to it at the 
computer's rear panel. The other 
end is attached to the pod. 

Using the analyzer 
Once the simple mechanical in- 

stallation is complete, the computer 
is powered up, the pod is connected 
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 GO command, 
which initiates the acquisition of 
data and the generation of a new 
trace, the pictorial display of data. 

c:08585 t:88587 018479 c - r: 1001.04u s c - t: -9990.9e as r - t: -9091.12 as 
tlag/Xtaad 2 Edit Clock Align I + /- lscroll Co Split Trig Words = 4095 

Mime Chai 
Ae e1 

Al e2 
A2 03 
A3 e4 

A4 

AS 

A6 

A7 

Ae 

A9 

Ale 
All 
Al2 
A13 
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A15 

11e 

I1 

12 

13 
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FIG. 2 

EQUIPMENT EPORTS

c :IlBSIl5 t :1l1lS1l7 r :1IIl479 c - I' : +OOIl1. 1l4us c - t: -1l1lll1l.1l8 US I' - t: -1l1l1l1 .12 US

Mag/ Xpand 2 Edit Clock Align 1+I-l scroll Go Spl it Trig ~ords = 41195

card plu gs into a free slot of a Pc. A
DIP sw itch al lows th e user . to
change th e add ress at w hich th e
card resides to avoid conflicts with
other board s that may be installed in
the computer. After th e board is in­
stalled, a 60-conducto r f lat ribbon
interface-cable isattached to it at the
computer's rear pan el. The othe r
end is attached to the pod .

Using the analyzer
On ce the simple mechanical in­

stallatio n iscomplete, the computer
ispowered up, th e pod isconn ected
to the circuit of interest , and the
operating software is run . While the
software is depend ent on the par­
ticular pod being used, a represen­
tative ex amp le of th e 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
th ey 're presented. The first on e
we'll look at is th e GO command,
which initiates th e acquisiti on of
data and the generation of a new
trace, the pictorial display of data.

FIG. 2
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FIG. 1

PA486 PC-based logic analyzer from
NCI (6438 Un iversity Drive, Hunt­
sville, Alabama 35806).

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

FREE CATALOG NO MIN OROER

SHORT CIR C U ITS
p.o. b ox 2 8 5

BARNEGAT, NJ 08005
ph ; 609 - 6 9 8 - 3 0 8 0

f o x : 6 0 8 - 698 - 8609

CIRCLE 10 ON FREE INFORMATION CARD

Turn your PC into a 48­
channel, 25-M Hz Logic

Analyzer

-
F E Sl S ' l ' . l J 4....,.,~" 1 ~::· ..l-O ? <.:).}-. n -*l 2501£1
RESlS-:~ . l/;i, ......V 1 ':~ 3 . 1 C. l"-:. 2'$(Jl $ l
I:.~EBIST. 1/ ~"'t"~ 1~ 3 .921': Z50 1$' 1
RES!~" ·r . 1/4~V 5 1 " --: lK 2001 $ :1
RES~lST . :l/4 -ey"''t~ =% 1 0 1.ot 2001$ 1
R .ES-1ST.. 1/4"::,*".... 5<.A:', 4 7 J": 200 / $ :1
RES"T S 'T . 1/4~.1l:,<· 5'?-~ !'.·1E;::;; 2 0 0 / $ 1
THUvlPC .T 5K H c", _ 101$ 1
THrr 1POT l O l>: Vc,-to 1 0,:fl
T R H 1 P C;'T ZS Y. H e,- 1 0 1$ 1
T l~ lr\..rpC )T S al":': '.r ~~- t . :' 0/$:1
,X T A. L OSC ' . 1 843:2 : v1 h ? 1/$1
"X "1- 1's, 1.- (..-::-.~:C: . t1.000D r v1 h=. 1/$1
}: -r ; ..I_~ OSC", 6 . 0 000 rVr i i~ 1/;1'1
74Lf"~OO TTL '_Tr.rr.:t t · l.... ecl J O/:}:l
Zl J ·390~ "'r l~ an5' U nrn~ l~ l';.e d ~OtJ'::'
11 : - ··H) Q ? D~CHJ.~ 't..rnr.n =1.t~l~ ed 20/ 1.'1
l1' r -~3-104 :::r.) >.odc H~~ .!'/! ~·rl,....e c1 1='1$1
'"r' t·"-11'1. S;:o,Ct ,P l~r F ) '1 ' (,:)~q2 ,,() .:s.m }o;.c11 !:~ I :r t
S<.: :f, 8 ,,"\- ..,)00 ....·.. TO " -;;: ~~O ~:. l l~ l
SC.•: P . 4 ,.:"'".4 0 0 ,\-r (~E C:1 0 6 l .>..ll 4J:!· 1
<;; / ... E T.. E '"r l E8 4 " lT y l o n 50/$ 1
r-..::P~~-2Z22 i ') "'a sist.O.t " .15 / 1' 1
T R IlVI C A P S' 7- 35 ,., ( 6 ' $ 1
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eEIr .) Re~~st: . 1.2:0 6 2 0 0 O h nAl 2 0/. '2:­
DIODES same a s IH4l48 5 0/$1

SHIP:ADD $ 3 . CO.....,;$? E X T R A

NCt PA480 PC-Based
Logic Analyzer

1---- -·- --- -- --- --

ONE OF THE OFTEN- IGNORED RESULTS

of the "computer revolution" is that
PC-based instrumentati on is rapidly
taking over many phases of product
development. Today, an engineer
working at his PC can design , de­
bug, and test a new product. A good
example of how it 's happenin g is th e
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Radio Shack Parts Place° 
YOUR ONE -STOP STORE FOR BIG ELECTRONIC VALUES 

Build with the Best -Over 1000 Components in Stock! 

Parts "Hotline" Service! 
Thousands of Items Available 

Your Radio Shack store manager can special -order a huge variety 
of parts and accessories direct from our electronics warehouse - 
Realistic' Long -Life tubes, linear and digital ICs. microprocessors . 

support chips. phono cartridges and styli. crystals. special - 
purpose batteries. diodes. selected modules for TVs and audio 
equipment. autosound wiring harnesses, accessories. even SAMS 
Photofacts'. No handling charge. no shipping charge -just 
speedy delivery to the Radio Shack near you! 

Amateur Radio License Guides 

495 to 1995 
Home Study Courses 
For FCC License Tests 

Novice Voice Class License 
Prep Course. With cassettes 
62.2402 19.95 
Technician Class Manual. 
+62.2403 ..4.95 
General Class FCC License 
Course. 62.2404 19.95 

Brushless Fan IR Detector IC moo Set Motor and Chime 

1695 349 695 
Set 

99c1-1. 
(1) 

Operates 
On 12VDC 

Tiny. tough and efficient! Rated 150 
mA. 1W1ex 126ex'311e' #273 -244 

Module operates 
on 5VDC. board 
mountable '/e x 
' /2x'eh2" With 
data 5276-137 

Simplifies 
IR Design 

Install and remove 6 -pin to 40 -pin 
DIPs without damage Works with 
LSI. MSI. and DIP devices Both tools 
are groundable 5276.1581 

(2) 899 
(1) 1.5 -3V DC Motor. For robotics. 
protects l'h x ",/,e- dia 4273.223 
(2) Doorbell Chime. IC /mini- speaker 
combo 6 -18VDC 5" leads. 0273.071 

Diode Rectifiers Speaker Stuff Dress It Up Halogen Lamps 

3 -Amp "Barrel" Type Diodes 
200 -Amp Surge 

Pak invase Cat Pkg 
Type 

Voltage No of 2 

1615400 50 276-1141 99 
1615402 200 2761143 t 19 
115404 400 2761144 129 

(1) 121 

(3) 

(1) MEGACABLE. Hi- wattage. 12- 
gauge 278 -1268 Per Foot 99c 
(2) Gold Terminals for MEGA - 
CABLE. 464.401 Set of 8/4.99 
(3) Terminal Knobs. Screw -down 
large cable 274.619 Set 5.95 

(1) Classy Two -Piece Enclosure. 
Accepts PC board and 9V battery 
5'/e x 2'/. x I' /.e" 0270.257 4.99 
(2) Project Labels. Four Me x 3" 
sheets of rub -on letters and symbols 
+270.201 Set 2.99 

(1) 

III (2) 
395 

(1) HPR50. For 4 -cell flashlights and 
6 -volt lanterns 4272.1189 
(2) HPR52. For 2 -cell flashlights and 
3 -volt lanterns 0272.1190 

Gold- Plated Plugs and Jacks Wire Connectors & Accessories 

Li 
(2) 

/1) (3) 
A 

1) P hono Plug. 0274 -850 2.49 
2) Chassis -Mount Phono Jack. 
274 -852 2 -pk. /2.49 

3) Straight Inline Phono Jack. 
274.854 2.99 
4) 2- Conductor '/4' Phone Plug. 

Monaural 0274.855 3.49 

i 
(8) 

(5) Three- Conductor (Stereo) '14' 
Phone Plug. 4274-856 3.99 
(6) 'la" Plug. 4274 -857 279 
(7) 3- Conductor. 'M Phone Plug. 
Stereo 274 -858 3 49 
(8) 3-Conductor 1/4" Wine Phone 
Jack. .274.859 .... 3.99 

7 

(2) -5 

41, (4) 

(3) ` .a=. (5) 

(6) 

Fig Pos lype Amps Cat No Each 

I 2 Mail 20 274151 99 
6 Mail 15 274.152 169 
12 Mail 12 274.153 199 

2 Female 20 274.154 99 
2 6 Female 15 274.155 169 

12 female 12 274156 199 

(3) 2 -Row Strip. 0274.670 1.99 
(4) Jumper. 8 -pos 274.650. 1.E9 
(5) 45° T -Lugs. 4274 -645 4/790 
(6) Dual Solder -Lug Adapters. 
0274 -644 Pkg. of 4/79C 
(7) Heavy -Duty Bonded Wire. 25 
ft 2 x 18 -gauge 278 -1250 3.99 

Engineering Calculator 

3995 
Uses Standard 

Electronic Symbols 
EC -4035 makes design 
math a snap' Has 110 func- 
tions. memory. With case 
and batteries 065.983 

30 -Range Multimeter 

7995 
Tests Capacitors 
and Transistors 

A great value' Measures to 
1000VDC and 750VAC With 
0 5" digital display Battery ex- 
tra 022 -194 

Over 1000 items in stock! Binding Posts. Books. Breadboards. Buzzers. Capacitors. Chokes, 
Clips. Coax, Connectors. Fuses. Hardware. ICs. Jacks. Knobs. Lamps. Multitesters, PC Boards. 
Plugs, Re, tillers. Resistors. Switches, Tools. Transformers. Transistors. Wire, Zeners. More! 

Paces apply at partrupanng Rada Snack stores and dealers 

Panel -Mount 
Counter 

1495 
Electromechanical -Counts to 99,999 
One count per 12VDC pulse. pushbutton reset 
Mounts in 1 

`. /.n x 1- hole Depth i ' v...- With 
leads and data +277 -222 

Radie lhark 
A 

_ 
'ERICA 

TECHNOLOGY 
O"' 

A DIVISION OF TANDY CORPORATION 
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495 to 1995
Home Study Courses
For FCC License Tests

Novice Voice Class License
Prep Course. With cassettes.
#62-2402 19.95
Techn ic ian Class Manual.
#62-2403 4.95
General Cla ss FCC License
Course. #62-2404 19.95

YOUR ONE-STOP STORE FOR SIC ELECTRONIC VALUES
Build with the Best-Over 1000 Components in stock!

Parts "Hotline" Service! Amateur Radio License Cuides
Thousands of Items Available

Your Radio Shack store manager can special -order a huge variety
of parts and accessories direct from our electronics warehous e­
Realistic'" Long-Life tubes, linear and digita l lCs, microp rocessors ,
support chips , phono cartridges and styli, crysta ls, specia l­
purpose batteries , diodes , selected modules for TVs and audio
equipment, autosound wiring harnesses , accessories, even SAMS
Phototacts" , No handling charg e, no shipping charge- just
speedy delivery to the Radio Shack near you!

Brushless Fan IR Detector IC TOol Set Motor and Chime

(1)

(2)899
(1) 1.5-3V DC Motor. For robotics,
projects.t re x 1511 6" dia. #273-223
(2) Doo rbell Chime. IC/mini-speaker
combo. 6-18VDC. 5" ieads. #273-071

Install and remove 6-pin to 40-pin
DIPs without damage. Works with
LSI, MSI, and DIP devices. Both tools
are ground able. #276-1581

Simplifies
IR Design

349

Module operates
on 5VDC, board
mountable. 5/a x
'/2 x 19/32". With
data. #276-137

Operates
On 12VDC

1695

Tiny, tough and efficient! Rated 150
mAo1911 6 x 19/16 X ' 311 6'~ #273-244

Diode Rectifiers Speaker Stuff Dress It Up Halogen Lamps

(1) Classy Two -Piece Enclosure.
Accepts PC board and 9V battery.
55/ax 2'1. x 1 '/' 6 '~ #270-257 .. 4.99
(2) Project Labels. Four 77/a x 3"
sheets of rub-on letters and symbols.
#270-201 Set 2.99

\ (1)

~n ~
lif (2) IT

(1) HPR50. For 4-cell flashlights and
6-volt lanterns. #272·1189
(2) HPR52. For 2-cell flashlights and
3-voltlanterns. #272·1190

(2)(1)

, \, ...-
1_-. -

(3)

(1) MEGACABLE'· . Hi-wattage, 12­
gauge. #278-1268 ... Per Foot 9911:
(2) Gold Terminals for MEGA­
CABLE. #64-401 . . . Set of 8/ 4 .99
(3) Terminal Knobs. Screw-down
large cable . #274-619 .. . Set 5.95

Type
Peak Inverse Cat. Pkg.

Voltage No. of 2
1N5400 50 276-1 141 .99
1N5402 200 276-1143 1.19
1N5404 400 276-1144 1.29

3-Amp "Barrel " Type Diodes

200-Amp Surge

Over 1000 items in stock! Binding Post s, Books, Breadboards, Buzzers, Capacitors, Chokes,
Clips, Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards ,
Plugs, Recti f iers, Resistors , Switches, Tools, Transformers, Transistors, Wire , Zene rs , More!

(0
(0
o

c...
Cz
m

1495

Panel-Mount
Counter

- (6) ~ (7)
(3) 2-Row Strip. #274-670 .. . 1.99
(4) Jumper. 8-pos. #274-650, 1.E9
(5) 45° T-Lugs. #274-645 . . 4/7911:
(6) Dual Solder-Lug Adapters.
#274-644 Pkg. of 4/7ge
(7) Heavy-Duty Bonded Wire . 25
ft. , 2 x 18-g auge. #278-1250 .. 3.99

®

Racfl8/haek

A~.r.:
A DIVISION OF TAND Y CORPORATION

(4)

Electromechanical -Counts to 99,999
One count per 12VDC pulse, pushbutton reset.
Mounts in 1"/' 6 x 1" hole. Depth: 1 ' 311 6 '~ With
leads and data. #277-222

274-154 .99
274·155 1.69
274·156 1.99

274-151 .99
274·152 1.69
274-153 1.99

Cat. No. Each

Tests Capacitors
and Transistors

7995

A great value! Measu res to
1000VDC and 750VAC. With
0.5" digital display. Battery ex­
tra. #22-194

30-Range Multimeter

Prices apply at participating Radio Shack stores and dealers

Uses Standard
Electronic Symbols

EC- 4035 makes de sign
math a snap! Has 110func­
tions, memory. With case
and batteries. #65·983

3995
Engineering Calculator

. - Z~ $~ ~ d J!
" (1) (3) ~, (5) /f<s)i"1'<7)/<8)

(1) Phono Plug. #274-850 .. 2.49 (5) Three-Conductor (Stereo) 'I. "
(2) Chass is· Mount Phono Jack. Phone Plug . #274·856 3.99
#274-852 2-pk.l2.49 (6) '/8" Plug. #274-857 2.79
(3) Straight Inline Phono Jack. (7) 3-Conductor. ' /a" Phone Plug.
#274·854 2.99 Stereo. #274· 858 3.49
(4) 2-Conductor 'I. " Phone Plug. (8) 3-Conductor 1/." Inline Phone
Monaural. #274-855 3.49 Jack. #274-859 3.99
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Put Professional Knowledge and a 

COLLEGE DEGREE 
in your Technical Career through 

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

Grantham College of Engineering 
awards accredited degrees in 

electronics and computers. 

An important 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 (see address 
below), or phone us at toll -free 
1 -800- 955 -2527 (for catalog requests 
only) and ask for our "degree catalog." 

Accredited by 
u) the Accrediting Commission of the 

National Home Study Council 

GRANTHAM 
dCollege of Engineering 

o 10570 Humbolt Street 
*Los Alamitos, CA 90720 
20 
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untron DC Line Sentry 
Voltage Monitor 

Keep tabs on low - voltage 
DC power supplies. 

CIRCLE 11 ON FREE INFORMATION 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 in a 
gray plastic case that measures 

roughly 41 x 314 x 11 inches and 
weighs about 1'4 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 IN 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 NEGATIVE 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 Line 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 ABOVE LED 
will flash. If the voltage then returns 
to its correct value, both the IN 

RANGE and ABOVE indicators will 
flash. As you might expect, an un- 
der- voltage condition will start a 
BELOW LED flashing, and a power 
failure will flash the POWER FAILED 

indicator. 
A sixth LED is used to indicate 

battery condition. When the battery 
gets weak, the LOW BATTERY LED 
flashes. 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: It's 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 

roughly 4}2x 3Y4 x1Yz inches and
weighs about Yzpound. 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 IN RAN GE LED should flash to
indicate that everything's OK, and

. the DC Line Sentry is monitoring
the voltage. If however, you acci-

- dentall y hooked up the test leads
backward , the red NEGATIVE LED
would flash . Youwould then have to
switch the leads and reset the tester
with the power switch by turning it
off and on.

The DC Line 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 A BOVE LED
will flash. Ifthe voltage then returns
to its correct value, both the IN

RAN GE and ABOVE indicators will
flash. As you might expect, an un­
der-voltage condition will start a
BELOW LED flashing, and a power
failure will flash the POWER FAILED

indicator.
A sixth LED is used to indicate

battery condition. When the battery
gets weak , the LOW BATT ERY LED
flashes. 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. Evensome high-end digital
multimeters can captu re slow
power-supply glitches.

Yet the DC Line Sentry has its ad­
vantages: It's 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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INRANGE
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Keep tabs on low-voltage
DC power supplies.

Huntron DC Line Sentry
Voltage Monitor

pOWER
FAILED

ABOVE

~
OFF/ RESET

-~
--~~~

- ; DCLINE SENTRY_ MOPEl. 20

ONE OF THE MOST DIFFI CULT 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 in a
gray plastic case that measures

•

Accredited by
the Accrediting Commission of the

National Home Study Council

GRANTHAM
College oj Engineering

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

Put Professional Knowledge and a

•

COLLEGE DEGREE
in your Technical Career through

HOME ~ ~I
STUDY ~ll. ~

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

Grantham College of Engineering
awards accredited degrees in

electronics and computers.

An important 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.
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LOGIC ANALYZER 

continued from page 18 

Once the data is acquired, there 
are several different ways to display 
it. The DIAGRAM 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 ASSEMBLY command displays 
any data that has been captured as 

disassembled microprocessor in- 
structions. The command is specific 
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 FORMAT menu. The user 
can divide the data from various 
channels into eight user -defined 
fields. For example, 16 channels 
could be used to examine the 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 ASCII 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 selection 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 -20 IS ONLY THE SIZE OF 
A DIME, yet transmits both sides of a tele- 
phone conversation to any FM radio with 
crystal clarity Telephone line powered - never 
needs a battery' Up to '4 mile range Adjusta- 
ble from 70 -130 MHZ Complete kit $29.95 
- $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. 

CIRCLE 127 ON FREE INFORMATION CARD 

CALL NOW 
AND 

RESERVE 
YOUR SPACE 

6 rate $940 00 per each insertion 
Fast reader service cycle. 
Short lead time for the placement of 
ads. 
We typeset and layout the ad at no 
additional charge. 

Call 516- 293 -3000 to reserve space. Ask 
for Arline Fishman. Limited number of 
pages available. Mail materials to. 
mini -ADS. RADIO -ELECTRONICS. 500 - 
B Bi- County Blvd . Farmingdale. NY 
11735. 

contact east 

moo"- ... aM..n .... 
_ r1s 

SAME DIY 
SHIPPING 
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FREE 1990 GENERAL CATALOG OF 
TOOLS & TEST INSTRUMENTS. Contact 
East's new 148 page catalog offers products 
for testing. repairing and assembling elec- 
tronic equipment. It comes packed with over 
10,000 quality products from brand -name 
manufacturers. Included are DMM's. probes, 
static supplies. hand tools, tool kits, test 
equipment and more. Contains full color pho- 
tos. descriptions and discounted pricing 
CONTACT EAST, 335 Willow St.. North An- 
dover, MA 01845 (508) 682 -2000. 

CIRCLE 55 ON FREE INFORMATION CARD 

IT-10 INTERFACE TUTOR. Explore comput- 
er interfacing with high -quality IBM- PC -com- 
patible hardware. The circuit board with 
speaker. keypad, A D. D A. DIO, and step- 
ping motor permits hands -on study of inter - 
facing tasks and custom experiments. 
Includes manuals and exercises. Product de- 
veloped by the author of Hardware and Soft- 
ware Interfacing for IBM PCs and used in 
colleges worldwide ROYER ASSOCIATES. 
206 Santa Margarita Ave.. Menlo Park, CA 
94025. (415) 326 -8079. 

CIRCLE 187 ON FREE INFORMATION CARD 
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CABLE TV CONVERTERS AND DE- 
SCRAMBLERS SB -3 $79.00 TRI -BI $95.00 
MLD- S79.00 M35B $69.00 DRZ -DIC 
$149.00. Special combos available. We ship 
COD. Quantity discounts. Call for pricing on 
other products. Dealers wanted. FREE CATA- 
LOG. We stand behind our products where 
others fail. One year warranty. ACE PROD- 
UCTS. P.O. Box 582, Saco, ME 04072 1 

(800) 234-0726. 

CIRCLE 75 ON FREE INFORMATION CARD 

SIMPLY SNAP THE WAT -50 MINIATURE FM 
TRANSMITTER on top of a 9v battery and 
hear every sound in an entire house up to 1 

mile away! Adjustable from 70 -130 MHZ Use 
with any FM radio Complete kit $29.95 
$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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SIMPLY SNAP THE WAT-50MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50S + 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.

IT-10INTERFACE TUTOR. Explore comput­
er interfacing with high-quality IBM-PC-com­
patible hardware. The circuit board with
speaker, keypad, AID, D/A, 010, and step­
ping motor permits hands-on study of inter­
facing tasks and custom experiments.
Includes manuals and exercises. Productde­
veloped by the author of Hardware and Soft­
ware Interfacing for IBM PCs and used in
colleges worldwide. ROYER ASSOCIATES,
206 Santa Margarita Ave., Menlo Park, CA
94025, (415) 326-8079.
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FREE 1990 GENERAL CATALOG OF
TOOLS & TEST INSTRUMENTS. Contact
East's new 148 page catalog offers products
for testing, repairing and assembling elec­
tronic equipment. It comes packed with over
10,000 quali ty products from brand-name
manufacturers. Included are DMM's, probes,
static supplies, hand tools, tool kits, test
equipment and more. Contains full color pho­
tos, descriptions and discounted pricing.
CONTACT EAST, 335 Willow St., North An­
dover, MA 01845 (508) 682-2000.

CIRCLE 55 ON FREE INFORMATION CARD

• 6 x rate $940.00 per each insertion.
• Fast reader service cycle.
• Short lead time for the placement of

ads.
• We typeset and layout the ad at no

additional charge.

Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
mini-ADS , RADIO-ELECTRONICS, 500­
B Bi-County Blvd ., Farmingdale. NY
11735.

CALL NOW
AND

RESERVE
YOUR SPACE

CIRCLE 127 ON FREE INFORMATION CARD

IIiiiiiI
CABLE TV CONVERTERS AND DE­
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD-$79.00 M35B $69.00 DRZ-DIC
$149.00. Special combos available. We ship
COD. Quantity discounts . Call for pricing on
other products. Dealers wanted. FREE CATA­
LOG. We stand behind our products where
others fail. One year warranty. ACE PROD­
UCTS. P.O. Box 582, Saco, ME 04072 1
(800) 234-0726.

CIRCLE 75 ON FREE INFORMATION CARD

THE MODEL WTT-20 IS ONLYTHE SIZE OF
A DIME, yet transmits both sides of a tele­
phone conversation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to Y. mile range. Adjusta­
ble from 70-130 MHZ. Complete kit $29.95
+ $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.•

continued from page 18

Once the data is acquired, there
are several different ways to display
it. The DI AG RAM command displays
the captured data in the form of a
timing diagram, asshown 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) hel.p 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 ASSEMBLY command displays
any data that has been captured as
disassembled microprocessor in­
structions. The command is specific
to the pod being used. Forexample,
if you used a8088pod, 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 NUMERI CAL command dis­
plays the data in a user-chosen nu­
merical format , which is entered
from the FO RM AT menu. The user
can divide the data from various
channels into eight user-defined
fields. For example, 16 channels
could be used to examine the 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 ASCII 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 SEQ U EN CE menu provides
a powerful trigger selection 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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NEW PRODUCTS 
MINIATURE COMPUTER 
SYSTEM. Ampro's Mini - 
;%lodule expansion board 
couples their Little 
Board/386, /286, or /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 514 -inch disk drive. 
The Private Eye display uses 
proprietary technology to 
create an image of a 12 -inch 
monitor in a miniature pack- 
age that measures just 
1.2 x 1.3 x 3.2 inches and 
weighs about 2 ounces. 
When held to the eye or 
mounted on a headset for 
hands -free viewing, the im- 
age appears to float in space 
in front of the viewer's eye 
with quality and resolution 
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- 
ing temperature range 
(0- 70 °C), and CMOS con- 

CIRCLE 26 ON FREE 

struction for low power con- 
sumption (less than 0.5 
watts) from the + 5-volt sup- 
ply. Each MiniModule is a 

3.5 x 3.8 -inch circuit board 
that attaches directly to a sin- 
gle -board system and inter- 
faces via PC- bus -compatible 
signals. 

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

INFORMATION CARD 

cluding telecommunica- 
tions, portable terminals, 
mobile data displays, porta- 
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- 
tain 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 
Jensen Tools is designed to 
simplify on -site fabrication 
and maintenance of RS -232 
cable connectors. It can be 
used to 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, one insertion/ 

CIRCLE 27 ON FREE 
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extraction tool, 50 cable ties, 
and a compact plastic stor- 
age box. Connector hoods 

are available separately. 
The RS -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 MHz, ACE Com- 
munication's MVT -5(X)0 100 - 
channel hand -held receiver 
allows reception of civil and 
military aviation bands plus 

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 to be 
searched can be stored in 
ten separate search memory 
locations. RAM memory is 
backed up by a long -life 
lithium battery. The 
MVT -500X0 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 
periodically to check for ac- 
tive transmissions. 

The compact radio mea- 
sures 7 x 21/2 x11/2 inches and 
weighs only 13 ounces. It 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 batteries. 

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. 
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all public-service bands. AM
o r narrow FM recep ti on
modes are selectable at any
frequen cy. Twenty front-pan­
el keys allow programming
of 100 scan memo ry chan­
nel s. Pairs o f upper and
lower limits for bands to be
searched can be sto red in
ten separate search memory
locations. RAM memory is
backed up -by- a lon g-l i fe
li thium b at t er y. Th e
MVT-5000 offers an energy­
savin g "s lee p" mod e, in
which the computer will ac­
tually power down all operat­
ing circuits and displ ay the
word "sleep" on th e LCD,
and p ower up onl y
periodically to check for ac­
tive tran smission s.

The compact radio mea­
sures 7 x 2Yz x 1Yz inches and
weighs only 13 ounces. It in­
clud es a12G-12-volt wall plug
adapter/charger, a fused DC
ci garette-lighter cha rge r
cord , a telescopic antenna, a
carrying case, and AA-size re­
chargeable batteries.

The M VT-5000 hand-held
receiver has a suggested re­
tail pri ce of $499.00.- ACE
Communications, M onitor
Di vi sion , 10707 East 106th
St ree t, Indi an ap oli s, IN
46256; Tel. 317-842-7115.

are available separately.
Th e RS-232 Commer cial

C onn ect or Ki t cos ts
$69.50.- )ensen Tools Inc. ,
7815 South 46th Street, Phoe­
ni x , A Z 85044; Tel.
602-968-6231.

MULTI-BAND RECEIVER.
Pro vi ding co ntin uo us f re­
qu en cy co ve rage from
25-55 0 MH z an d fr om
800-1300 MHz, ACE Com­
munication 's M VT-5000 100­
channel hand-held receiver
allows recepti on of civil and
mili tary aviation bands plu s

eludin g tel ecommun ica­
ti ons , portabl e termin als,
mobile data displ ays, porta­
ble data-entry and -retrieval
sys te ms , m edi cal e lec ­
tron ics, industri al cont ro l­
lers, and maint enance and
repair work.

Th e M iniModul e/Private
eye is pri ced at $250.00 in
quantities of 100.-Ampro
Computers lnc. , 1130 Moun­
tain View/Alviso Road, Sun­
nyval e , CA 9408 9 ; Tel.
408-734-2800.
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extraction tool , 50 cable ties,
and a compact plastic stor­
age box. Connector hood s

struction for low power con­
sum pt io n (less th an 0.5
watts) from the +5-volt sup­
ply. Each MiniModule is a
3.5 x 3.8-inch ci rc uit board
that attaches directly to a sin­
gle-board system and inter­
faces via PC-bus-compatible
signals.

Th e small size and low
power con sumpti on open
the door for a wide range of
portable appl ications for the
MiniModule/Private Eye with
sing le -board syste ms, in-

MINIATURE COMPUTER
SYSTEM. A m pro's M ini ­
M odule expa ns io n board
co u p les th ei r Li ttl e
Boardl386, 1286, or fPC sin­
gle -board co m p uters to
Reflection Techn ology's Pri­
vate Eye display (Radio-Elec­
tronics, February 1990) to
fo rm a complete system that
takes up less space .than a
standard 5Y4-inch disk drive.
The Private Eye display uses
p ro p rieta ry technol ogy to
create an image of a 12-inch /
monitor in a miniature pack­
age tha t m e asure s j u st
1.2 x1 .3 x 3 .2 inch es and
w ei gh s abo ut 2 o u nces .
W he n held to th e eye o r
mounted on a headset fo r
hands-free view ing, the im­
age appears to f loat in space
in front of the viewer's eye
w ith qu ali ty and resolution
matchin g 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
bl e graphics d ispl ay when
used with any PC- o r AT­
based applicat io n software
and one of Ampro 's Little
Board single-board systems.
It features rugged, industrial­
grade design, a w ide operat­
in g t emp erature ran g e
(0-70°C), and CMOS co n-

RS-232 CONNECTOR KIT.
The 272-piece RS-232 Com­
mercial Connector Kit fro m
Jensen Tools is designed to
simplify on-site fab ricat io n
and maintenance of RS-232
cable connectors. It can be
used to make straight null-

en mod em hookup s and eco­
~ nom ical patchco rd connec­
o ti on s between keyboard and
g: TNC for packet radio, and for
~ many other DB25 patchcord
ill ap pl ications . Th e k it in­
a elud es 16 plu g (male) and 6
o receptaele (fema le) 25-p in
C? co nnectors, one inserti onl
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POCKET -SIZE DIGITAL MUL- 
TIMETER. A.W. Sperry's 
DM -4200A 3112- 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 
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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 test 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- 
tions systems, Global Spe- 
cialties' GS500 portable ana- 
lyzer has extensive diag- 
nostic capabilities to assist 
you in baud -rate analysis, 
data word format, ASCII or 
hex data monitoring, and 
test -data generation. It can 
operate in both automatic 
and manual modes, and is 
small enough for 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 
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box provides full breaking 
and patching of 25 lines, plus 
data monitoring 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 GS500 analyzer, GS501 
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 sensitivity 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. 

Front -panel 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 
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Cut Your Video 
Servicing Time 

by 54 %* 

$3,495 
Patented 

With The Market Proven VA62A Universal Video AnalyzerTM 
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 grief until 
they tried the VA62A's time tested, functional analyzing methods. 
'The VA62A cuts servicing time and increases profits . 

on a nationwide survey of users who reported an average time 
savings of 54% compared to their previous test equipment. 

CIRCLE 177 ON FREE 

You can prove it to yourself, in your shop, absolutely risk free - 
and share in the profits successful video servicing can bring. Call 

1- 800 -SENCORE (730-2473) and ask about our exclusive 
VA62A instrument evaluation program. Tech -Tape Video Preview 

and FREE full line color catalog are also available 

3200 Sencore Drive, Sioux Falls, SD 57107 
100 °o American Made 
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with one set of test leads, a
battery, and one insta lled
f use plu s a spa re, cos ts
$64.95.- A.W. Sperry Instru ­
ments Inc., 245 Ma rcus Bou­
levard , H aup p au g e, NY
11788; Tel. 516-231-7050.

POCKET-SIZE DIGITAL MUL­
TIMETER. A. W. Sperry 's
DM-4200A 3Y2-d igit , rotary­
switch d igital mu ltim eter of­
fe rs pocket-size portabi lity
w it ho ut skimpi ng o n fea­
tu res. It inco rporates nin e
fun ction s on 33 ranges. The
instrument provides a diode­
test funct io n , battery test,
and HFEtransistor test . It fea­
tures an instant co nti nuity

A,W, SPERRY OM·4200A
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buzzer, a built-in test stand ,
ove rload p ro tect ion , 150­
hour battery life , and re­
cessed input terminals de­
s ig ne d f or safety. Th e
DM -4200A , w h ic h co mes

HAND-HElD UNIVERSAL
TIMER/COUNTER. A 10-digit
f requ en cy co u nter from
Optoelectronics incorpo­
rates high-speed ASIC and
custo m LCD tech no logy to
provi d e d i rect -co u nt fre ­
quency capability (1-Hz reso-

PROTOCOL ANALYZER SYS- lution in one second) to over
TEM. Designed for use in 150 M Hz. The mod el UTe
tro ubles hooting asynchro- 3000 features switched pre-
nous serial data-communi ca- CIRClE 30 ON FREE scalers to maximi ze resolu-
tio ns syste ms, Globa l Spe - INFORMATION CARD tion fo r frequencies to over
cielties' GS500 portable ana- 2.4 GHz, and mul tipl e pre-
Iyzer has extensive di ag- box provides full breaking ampl if iers fo r maximum usa-
nostic capabilities to assist and patchin g of 25 lines, plu s ble sensitivity to allow effi -
yo u in baud-rate analysis, data monitor ing of the ana- d ent antenna pickup mea-
data wo rd fo rmat, ASCII or Iyzer's t ransmi t and receive sure me nts . A 16-segm en t
hex data moni torin g, and lin es. Usin g th e test-d ata- bargraph displays input sig-
test-data generat io n. It can generation mod e, th e sys- nal level to ensure reli able
ope rate in both automatic tem can be used to check the count ing and to aid in RF se-
and manual mod es, and is operation of pr int ers, ter mi- curi ty sweeps.
small eno ugnfillfiel;.r- ---;:s-:::e-=-r-- --;;n'""'als, anaotller devicesw hen- - Front-pane l-controls in -
vice app lications. Wh en it 's a transmitting device is not elud e pushbuttons for gate
connected to a standard os- avai la b le. Th e b attery- select io n (fo ur gate tim es),
ci lloscope, it prov ides a 32- pow ered syste m w i ll ty p- funct io n, and input selec-
character display. ically operate fo r 100 hours. tion , and also has hold, pre-

Wh en combined with the The GS500 analyzer, GS501 scale, and direct-count se-
GS501 Display M odule and display, and GS502break-out lect swi t ch es. Cali b rat io n
the GS502 Break-out Box, the box cost $179.95, $99.95, and and bargr aph adju stm ents
GS500 is transformed into a $119.95, re sp ecti vel y.- are accessible from the front
co mple te po rt able , hand- Global Specialties, 70 Fulton panel, wh ich also features a
held syste m, requi ring no Terrace, New Haven , CT gate LED and a power sw itch.
oscilloscope. The break-ou t 06512; Tel. 203-624-3103. In addition to th e frequency

Cut Your Video
Servi~ingTime

by 54%*

$3,495
Patented

With The Market Pr o ven VA62A Universal Video Analyzer™

(0
(0
o

You can prove it to yourself, inyourshop,absolutely risk free­
and share in theprofits successful video servicing can bring. Call
1·BOO·SENCORE (736-2673} and ask about ourexclusive
VA62A instrument evaluation program. Tech-TapeVideo Preview
and FREE full line color catalog are also available.

e=NCOA=®~
3200 Sencore Drive, Sioux Falls, SD 57107
100% American Made
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Are you finding it tough to service today's hi-tech VCR and TV
circuits?Successfu l video servicers have told us that, to them, the
new technology meant lost profit and troubleshooting grief until
they tried theVA62A's time tested, functional analyzing methods.
"The VA62A cuts servicing time andincreases profits. . ."

' Based onanationwide survey of userswhoreported an average time
savings of54% compared to their previoustest equipment.
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and bargraph display, the 
custom 120 -segment LCD has 
annunciators for function, 
gate time, number of cycles 
averaged, units, and low bat- 
tery voltage. 

The UTC 3000's universal 
timer -counter functions in- 
clude period, period aver- 
age, time interval, time - 
interval average (0.1 -ns reso- 
lution), and ratio. Both 50- 
ohm and 1- megohm input 
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 to two 
hours operation) and its 
compact size (approximately 
4 x 515 x 1Yt inches), the unit 
is highly portable. A 110 -volt, 
60 -Hz wall plug adapter/ 
charger is included. Options 
include four different anten- 
nas, three probes, a preci- 
sion 0.2 -ppm TXCO time 
base, a carrying case, and a 

second parallel battery pack 
to extend portable operation 
time. 

The UTC 30000 hand -held 
universal counter timer costs 
$375.00.- Opt'oelect ronics, 
Inc., 5821 N.E. 14th Avenue, 
Fort Lauderdale, FL 33334; 
Tel. 305 -771 -2050. 

DIGITAL TRANSISTORS. For 
use in switching 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 
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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 long parallel leads ex- 
tending from the bottom. 
The compact SOT -23 is a 

plastic surface -mount pack- 
age with minimal parasitic 
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- 
ece for the TO -92and TO -92S 
packages, and 6 cents apiece 
for the SOT -23 packages, in 
quantities 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 
new, most converters re- 
quire batteries or other 
power supplies for infrared 
detection. Corn/Way Satel- 
lite Systems' IR Detection 
Card makes use of a recent 
technological development 
to passively detect infrared 
light. The detector is a busi- 
ness- card -size device that 
has transmissive phosphor 
crystals 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 
INSTRUMENTS FROM JDPb 

80 SERIES MULTIMETERS 70 SERIES, 
Model 87 

41 áigit mode,1 ms peat hold 

Min Max Average record mode with Min Max Ale!? 

Frequency, duty cycleandcapacitance measurements 

3-3 /4 digit, 4000 count display 

Touch Hold andRelativeModes 

Protective holster with Flex -Stand 

Protected from 6kV transients on 660V 

In 1244 listed Made in USA 

Three -year warranty One -year calibration 

MODEL 87 
Backlit display 
True -rms measurements 

Basic DC accuracy:0.1 °, 

Reg.5289 

$249 
Call JOSEPH'S For 

MODEL 85 
BasicDCaccurac¡: 

0.1% 

MODEL 83 
Basic DCaccwocy: 

0.3 °° 

Rey.$239 Reg.S199 

Z09 179 
Value Pricing On All Fluke I.Struments 

3 -digit, 3200 count display 31 segment analog bar graph Autoraugieg Mdei 17 
and automatic polarity selection Battery -saving "Sleep Mode" powers - 
down display Protected from 6kV transients on 660V Ut 1744 listed 

Made 4 USA Three -year warranty /One -year calibration 

MODIC 77 ra.. ;, :..:., 1411e (sir MOOR 1S i°u ;. MOOR 73 Mut 

ay /Tide lea lad Ni& d bap N 0011 sway 0 S% tape D( imp OA 
ay MOM 73 Sam spas as Yid 77, d. Mid ANNA Cora 
poi Ieisasd Iran .e.sip eewieh NqI ieè eo /Daü I.e 
rde. AK me. rtdw v tea lins, 00 w* Wadi 

MODEL 77$ 9 X59 $659 MODEL 23 

8060A/8062A 4 %7 DIGIT HANDHELD DAIMs 
4y7 -digit, 20,000 count display True -rms A( voltage and current oeasweareet 

Fat mible-visoal continuity tests Relative reference (offset) Automatic Mu 
Rage Selection Low-power ohms on all resistance ranges Constant -current 

&ode test mode Resistance measurements to 300 Pk: Protected from 6kV tran- 

sients on 660V One-year warranty; guaranteed calibration 

MODIL ¡060A MONS 8062A 

Reg. 5389 Frep.ecy ..d o lusi DC wrwwy: 

$349 
.eeunw eets 1211s re .0% 

lDwy:.04. 

Reg.S329 

$289 

80110A 

CALL TOLL -FREE SAME -DAY SHIPPING 

1.800343.5945 
AM 52-s0 sAINMe .d traimi for .«.:s weed 

Ih 'nr..t, eee 7. sd., ra. 

VIS.A DISCOVER 

8830 N. Milwaukee Av. Ntla, Il 60648 708-297-4200 FAX 708.2976923 caw ..rel.ws2t,..lwd.r.arrs49s- Fall .w.rte. 
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and bar gr aph di sp lay, th e
custom 120-segment LCD has
annunci ators for funct io n,
gate time, numbe r of cycles
averaged, uni ts, and low bat­
tery volta ge.

The UTC 3000's uni versal
tim er-counter function s in­
clude peri od , peri od aver­
age, tim e in terval , ti me ­
interval average (0.1-ns reso­
luti on) , and ratio . Both 50­
ohm and 1-megohm input
amplifiers are provid ed. The
overall range is 10 Hz to 2.4

GHz. Wi th its f ie ld- insta lla­
ble in tern al Ni -Cd batter y
pack (provid ing up to two
hours operat ion) and its
compact size (approx imately
4 x5Y3 x1 Y3 inc hes), th e un it
is highly portable. A 110-volt,
60-Hz wa ll plu g ada p te r/
charger is included. O ptions
incl ude four d iffe rent anten­
nas, three prob es, a preci­
sio n 0.2-pp m TXCO t ime
base, a carrying case, and a
second parall el battery pack
to extend portable ope rat ion
time.

The UTC 3000 hand -held
universal counter timer costs
$375.00.- 0 pi oelect ronics,
Inc., 5821 N.E. 14th Avenue,
Fort Lauderdale, FL 33334;
Tel. 305-771-2050.

DIGITAL TRANSISTORS. For
use in sw itc hi ng ci rc u its,
driver s, interface ci rc u its,
and inverters, and for inte r­
fac i ng wi th e lec­
tro mec hanical systems, the
" KSR" series of t ransisto rs
from Samsung have built-in
bias resistors. Eliminating the
need for exte rnal b ias re­
sistors in th eir app licat io n
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circuits results in asignifica nt
saving of space.

Th er e are 28 tran si stor
types-half are NPN devices
and half are PNP- available
in three di ff erent styles of
plast ic packages. The TO-92
and TO -92S packages have
three long parallel leads ex­
te ndi ng f rom the bott om .
The co mpact SO T-23 is a
plastic surface-mount pack­
age with minimal parasiti c
capacitance and inductance.
Its small-outline package has
gull -w ing-shaped leads for
base and emitter on one side

and for the collecto r on the
other side.

Un it prices are 5 cents api­
ece for the TO-92 and TO-92S
packages, and 6 cents apiece
for the SOT-23 packages, in
quanti ties betwee n 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 visibl e light is not
new, mo st co nverte rs re­
qu ire batt er ies or ot he r
power supplies for infrared
detecti on . ComlWay Satel­
lite Systems' IR Detection
Card makes use of a recent
techn ol ogical developm ent
to passively detect infrared
light. The detector is a busi­
ness-card-size devi ce that
has transmissive ph osphor
crystals heat-seal lamin ated
at its cente r. Those crystals
emi t an orange glow when
sub jected to in fr ared light .
The cards allow qui ck check­
ing of remote-cont ro l de­
vices fo r Tv's, VCR's, satell ite
receivers, etc. They also can

~~~~~~~A=NALOG/DIGlrAL
MULTIMETERS 70 SERIES
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"­-
Reg.$329

$289

B060A/B062A 4 Y2 D'G" HANDHELD DMMs
• 4\'z-digit, 20,000countdisplay· True-rms ACvoltage and current measurement 8060A
• Fostaudible-visual continuitytests· Relotive reference (ollset) • Automotic MQ
Ra ngeSelection· Law-powerohms on all resistance ranges · Constant-current
diode testmode· Resistance measurements to300MQ • Protected from6kVtran­
sients on 660V• One-yearwarrantyJguaranteedcalibration

MODEl 8060A MODEl 8062A
Reg.$389 • Frequency and dB • Bal;cDC accuracy:

$349
measurements 12Hz to .05%
200kHz<

• BasicDC auuracy: .04%

• 3Y2-digit, 3200count display.31 segment analog bargraph . Autoranging Model 77
and automatic polarity selection • Baftery-saving "SleepMode" powers­
down display • Protected from 6kV transients on660V • UL 1244listed •
Made inUSA • Three-year warrantylOne-year calibration

MODEL 77· BasicDC accuracy 0.3%· Audible Canlinu- MODEl 75• BasicDC MODEL 73• Basi'
ity/ Diade 1,,1· lU1Xh Hald:Bl and Range Ha~. ClO Hal- accuracy0.5%. Range OC accuracy 0.7%
ster Included. MODEL 23· SamespersasMadelll; allin- Hald· AudibleCantinu-
putl pratected framhigiHnergy "erlaudl. High·visibility ity/Diade1" 1
yellow ABS cale, IUfety 1,,1leads, ClO hoillerincluded.

:g~n~~$i3'; $99 $6"

Reg.$199

$179

MODEl 83
• Basic DC accuracy:

0.3%

Reg.$239

$209

MODEL 85
• Basic DC accuracy:

0.1 %

• 4Y2 digitmode, 1mspeokhold
• Min Max Average record mode with Min Max AlertT'"

• Frequency, duty cycle and capacitance measurements
• 3·314 digit, 4000count display
• Touch Hold® and Relative Modes
• Protectiveholsterwith Flex-StandT'"

• Protected from 6kV transients on660V
• UL 1244listed• Made inUSA
• Three-year warranty/One-year calibration

Call JOSEPH'S For Value Pricing On All Fluke Instruments

ModelS7

Reg.$289

$249

MODEL 87
• Backlit display
• True-rms measurements
• Basic DC accuracy: 0.1 %
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be used as warning sensors 
in laser labs, as they will flash 
if scanned by a laser beam. 

The IR 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. 
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CIRCLE 33 ON FREE 

INFORMATION CARD 

UHF POWER TRANSISTOR. 
Offering outstanding broad- 
band characteristics and rug- 
ged packaging, the MRF650 
UHF power transistor is 
Motorola'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 
mismatches even when the 
device is subjected to high 
supply voltage and input sig- 

CIRCLE 34 ON FREE 

INFORMATION CARD 

nais 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- 
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. -Motorola, Inc., E -114, 

5005 East McDowell Road, 
Phoenix, AZ 85008. R -E 

CABLE - TV 
SIGNAL FEAtCVFI2S 

FOR ELIMINATION OF SEVERE INTERFERENCE 
FOR -CENSORING' OF ADULT BROADCASTS 

11111111r. 
ATTENUATION - 45 OB TYPICAL 
BANDWIDTH 4 MHz AT S dB POINTS 
INSERTION LOSS 2 dB 
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3 for $75 -10 for $200 - mix or match 
CALL TOLL FREE FOR C O D OR SENDCHECK TOORDER 

FAST DELIVERY 
30 DAY MONEY BACK GUARANTEE (3 FILTER LIMIT) 

Star Circuits 
P. O. Box 94917 

Las Vegas, NV 89193 -4917 

1- 800 -433 -6319 

THE HOUSE SITTER THAT 
DOESN'T NEED A KEY 

Use the keyboard to set 
emergency phone numbers. high 
and low temperatures. listen -in 
time and more 

ALERT /CANCEL key 
cancels automatic dial -out. 
allows you to answer phone 

WHAT IS key lets you 
listen to function 
settings and dial -out 
numbers 

"This is 555 -3210. Alert condition is OK. Temperature 
is 65 °. Electricity is on. Sound level is OK." Monitoring 
your home from work or a vacation spot is made easy 
with the Heathaenith House Sitter Security Monitor/ 
Dialer. 

Monitors Your Home 
When you call, the House Sitter 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 burglar alarms and fire alarms the unit's own 
battery backup condition, and an additional alert condi- 
tion. You can even listen to the sounds in the room 
using the built in microphone. 
C 1 w0 11041 canyrn) 
c.,.,a..1, of Roll n.. s.unn,. N 

Use the keyboard to 
ask for information 

SET key allows you 
to change previous 
settings 

SENSOR ON/OFF key 
chooses the functions 
to 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 Sitter 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. 

See our full line of electronic products for 
your home in the Heathkit catalog - call 
1- 800 -44 -HEATH for your FREE copy 
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be used as warning se nso rs
in lase r labs, as they will flash
if scanned by a laser bea m.

The IR De tectio n Card
cos ts $6.95 for a single sam­
ple . Custo m printing is avail­
ab le o n orde rs of 500 or
more .-Com/Way Satellite
Systems, P.O. Box 1729, AI­
amorgordo, NM 88310.

COM/ WAY SATELL ITE SYSTEMS (506) ~37 - 7575

P O Box 1729, Alamogordo. N Ill .883 10

INFRARED D DETECTOR

REMOTE CONTROL TESTER

IHSTRUCTIONS
EXPOSE ACTIVE AREATO NORMAL LIGHT BEfORE USE
DETECTOR WilL EMIT AN ORANGE GLOW WH ILE BEIHG
EXPOSEDTOIII ANDVIEWEDIN SUBDUEDLIGHT

CIRClE 33 ON FREE
INFORMATION CARD

UHF POWER TRANSISTOR.
. Oftering.outstanding broad­

band characte ristics and rug­
ged packaging, the MRF650
UHF powe r t ra ns isto r is
Motoro la's first RF device to
offe r guaranteed ga in and
eff iciency specificat io ns at
three frequencies--440, 470,
and 512 MHz . Survival is
guaranteed for seve re load
mismatches even whe n the
device is subjected to high
supplyvoltage and input sig-

CIRClE 34 ON FREE
IN FORMATION CARD

nals 2 dB above normal. The
transistor is packaged in the
popul ar 6-lead flange.

The MRF650 provides 50
watts of output power, high-
er than 55% collecto r effi­
ciency, and more than 5-dB
gain while op~ratJ..ng from a_ _
12.5-volt power supply. Sug­
gested appli cati on s are in
12.5-volt base-station , co m­
mercial, and ind ust rial am­
plifie rs, and as a final ampli-
fier in mobile radios.

The MRF650 UHF power
transisto r is priced at $27.75
in q ua nt ities of 100 o r
more .-Motorola, Inc., E-114,
5005 East McDowell Road ,
Phoenix, A7.. 85008. R-E

• ATTENUATION - 45 dB TYPI CAL
• BAN DWIDTH - 4 MHz AT 5 dB POINTS
• INSERTION lOSS - 2 dB
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CAl l TOll FREE FOR C.O.D. ORSEND CHECKTO ORDER
FAST DELIVERY

30 DAYMONEYBACKGUARANTEE (3 FilTERLIMIT)

star Circuits
P . O. Box 94917

Las Vegas, NV 8 9193-491 7

1-800-433-6319

THE HOUSE SITTER THAT
DOESN'T NEED A KEY

Use the keyboard to set
emergency phone numbers, high
and low tempera tures, listen-in __
time and more

ALERT/CANCEL key
cancels automati c dial -out,
allows you to answer phone _

WHAT IS key lets you
listen to fun ction
settings and dial -out
numbers

'1!!!!!I use the keyboard to
; ask for inf ormation

SET key allows you
to change previous

___ settings

SENSOR ON/OFF key
chooses the fu nctions

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

"This is 555-3210. Alert condition is OK . Temperature
is 65°. Electricity is on. Sound level is OK." Monitoring
your home from work or a vacat ion spot is made easy
with the Heath/Zenith House Sitter Security Monitor/
Dialer.

Monitors Your Home
When you call, the House Sitter 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 burglar alarms and fire alarms , the unit's own
battery backup condition, and an additional alert condi ­
tion. You can even listen to the sounds in the room
using the built in microphone.
ClI990 . Heath Company
Subsidiary of Bull Data Sys tems. Inc.

See OUf full line of electronic products for
your home in the Heathkit catalog - call
1·800·44·HEATH for your FREE copy.

- Prlce does nOI include shipping and handling. or applicable sales tax.

Benton Harbor, MI
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Join 
the Electronics and 

Control Engineers' 
Book 
Club® 

TROUBLESHOOTING ELECTRONIC 
EQUIPMENT WITHOUT SERVICE 
DATA. Second Edition. By R G 

Middleton 320 pp . illus This indispen- 
sable new edition features all the informa- 
tion that made the first edition so suc- 
cessful. plus the latest developments in 
digital testing. phase checks, IC 
trouleshoofing. and repair of VCRs. ste- 
reos, TVs. tape recorders. and much. 
much more 
5850923 Pub. Pr., S30 00 Club Pr., $22.50 

PRINTED CIRCUITS HANDBOOK. 
Third Edltlon. ByC F Coombs. Jr 960 
pp . 556 glus Here in one handy volume 
is all the information you need to design 
manufacture. test. and repair printed wir- 
ing boards and assemblies This new 
edition features ten all -new chapters. 
including three on SMT 
126 097 Pub Pr.. $64.95 Club Pr., $45.50 

SOUND SYSTEM ENGINEERING, 
Second Edition. By D Davis and 
C Davis 665 pp . illus The definitive 
source for all professionals responsible 
for audio system design. covering every- 
thing from concert halls to virtually every 
oscillator in use today Packed with 
proven strategies for solving design and 
engineering problems and Cutting your 
clients. costs 
584657.8 Pub. Pr.. $39 95 Club Pr . 531 50 

MCGRAW -HILL ENCYCLOPEDIA OF 
ELECTRONICS AND COMPUTERS. 
Second Edition. S Parker, Editor -rn- 
Chrel 1.047 pp . 1,250 illus Featuring 160 
new and revised articles. this new edition 
treats the entire spectrum of applications. 
devices. systems. and theory in areas 
ranging from the flow of electricity to 
hardware. software. robotics. and IC 
fabrication 
454 99X Pub Pr 579 50 Club Pr. $54.95 

COMMUNICATIONS RECEIVERS: 
Principles and Design. By Ulrich L 
Rohde and T T N Bucher. 608 pp, 402 
¡Ws Everything you need to know if you 
design or work with communications 
receivers. from theory to practical design 
approaches Coverage includes all types 
of receivers shortwave, broadcast. radar. 
military. manne, aeronautical. and more 

535701 Pub. Pr.. $64.95 Club Pr., $44.50 

:s 

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 

New Members' 
Take any one of these great 

professional 
books S289 

for only 
as a premium with your 

first selection! 

Spectacular values up to $199.50 
ENGINEERING FUNDAMENTALS 
FOR THE PROFESSIONAL 
ENGINEERS' EXAM. Third Ed. By L 

M Polentz 432 pp . 170 illus Features 
worked -out solutions and full explana- 
tions for all sample problems so you can 
learn how to solve them It's a dependable 
way to prepare for the exam or a perfect 
on- the -lob reference 
563 931 Pub. Pr., $39.50 Club Pr.. $27.95 

PORTABLE 
ELECTRONICS 
DATA BOOK 
360 pp.. 6 x 9, illus., soltcover 5853906 
A -to -Z coverage of all the essenai 
facts. figures, and formulas you need 
in a format that easy to use and easy 
to carry John Douglas -Young has 
Idled this handy on- the -fob companion 
with equations. algorithms. calculus 
formulas, and BASIC programs in 
areas ranging from alternating current 
and amplifiers to transducers and 
wavegurdes and they re all yours 
ABSOLUTELY FREE' 

A S19.95 
Value - Yours 
ABSOLUTELY 

FREE 
Ir 1 

AUTOMATIC CONTROL SYSTEMS. 
Fifth Ed. By B C Kuo 736 pp . dlus 
Provides an overview of automatic control 
systems, including in -depth coverage of 

classical control techniques, optimal con- 
trol theory, and analog and digital control 
system design This up-dated edition 
discusses the latest ideas on the use of 

computers to design control systems and 
as components of such systems 

583706.4 Pub Pr.. $57.40 Club Pr., $43.50 

CIARCIA'S CIRCUIT CELLAR. VOI- 
urne VII. By S Ciarcia 256 pp . 

100 
s . soltcover More do -it- yourself cu- 
ts from the master -Steve Ciarcia 

Step -by -step guidance on protects rang - 
ing from a gray -scale video digitizer and 
the Circuit Cellar AT Computer to parallel 
interfacing and the Neighborhood Strate - 
gic Defense Initiative 
109:699 Pub. Pr.. $19.95 Club Pr. $15 95 

THE COMPACT DISC: A Handbook 
Of Theory and Use. By K C 

Pohlmann 288 pp , illus soltcover The 
most readable and comprehensive guide 
to CD technology offers clear descriptions 
of disc design and manufacturing 
player circuitry and comparisons of 
different types of players -all without 
complicated theoretical or mathematical 
d scussons 
5850966 Pub Pr., S29 95 Club Pr. $22.50 

MOBILE CELLULAR TELECOM- 
MUNICATIONS SYSTEMS. By W C Y 

Lee 442 pp 215 ¡lus A to Z coverage of 
state -of-the -art cellular systems. from de- 
sign to implementation and troubleshoot- 
ing Clearly explains spectrum efficiency 
propagation models and pred Clio. ,nter. 
ference treatment. anc .. 

., 

370 303 Pub Pr. $62 95 Club Pr S44 50 

TRANSFORMER AND INDUCTOR 
DESIGN HANDBOOK, Second Edi- 
tion_ By Col W T Mclyman 440 pp 

All the information you need to 
n today's lighter, smaller transform- 

ers and inductors. without retying on out- 
moded approximation methods In ready - 
reference tabular format. this new edition 
covers the latest equations in transformer 
and gapped design applications 
584646.2 Pub. Pr., $55.00 Club Pr . S38 SO 

MICROCOMPUTER TROUBLE- 
SHOOTING AND REPAIR. By J G 

Stephenson and B Cahill 354 pp . Allis . 

soltcover This nuts -and -bolts guide pro - 
vides expert tips. troubleshooting tools 
and shortcuts. and practical help on decid- 
ing it you really do have to bring it in to the 
shop It also explains techniques for antic- 
ipating and defending against most com- 
mon Computer problems 
585106 -7 Pub Pr $24 95 Club Pr . $18.95 

MICROELECTRONICS. Second Ed. 
By J Millman and A Grabel 1.001 pp . 

646 illus Takes you from the basics of 
semiconductor properties to an under - 
standing of the operation of solid -state 
devices. and then to more advanced 
topics Its up -to -dale coverage. real -life 
examples. and practical data make this an 
ideal reference for the work'ng eng!' eer 

423 30X Pub Pr . S56 95 Club Pr . $11.50 

ENGINEERING MATHEMATICS 
HANDBOOK. Third Ed. By J J Tuma 
512 pp . 

rllus This best -selling handbook 
gives you the essential mathematical 
tools -formulas. definitions, theorems, ta- 
bles. and models for computer program- 
ming - that you need for your day -to -day 
engineering calculat'ons 

654 433 Pub Pr S52 50 Club Pr $34 50 

ENGINEERING MAT HEMATICS
HANDBOOK, Third Ed. ByJ. J. Tuma.
512 pp., iIIus. This best-selling handbook
gives you the essential mathematical
tools-formulas, definitions, theorems, ta­
bles, and models for computer program­
ming - thatyouneed for yourday-to-day
engineeringcalculations.
654/433 Pub. Pr., 552.50 Club Pr., $34.50

MICROCOMPUTER TROUBLE·
SHOOTING AND REPAIR. By J. G.
Stephenson and B. Cahill. 354pp., iIIus.,
soltcover. This nuts-and-bolts guide pro­
vides expert tips, troubleshootlnq tools
and shortcuts, and practical help ondecid­
ingif you really dohave to bring it into the
shop. It also explainstechniques for antic­
ipating and defending against most com­
moncomputer problems.
585106·7 Pub. Pr., 524.95Club Pr., $18.95

MICROELECTRONICS, Secon d Ed.
ByJ. Millman andA. Grabel. 1,001 pp.,
646 iIIus. Takes you from the basics of
semiconductor properties to an under­
standing of the operation of solid-state
devices, and then to more advanced
topics. Its up-to-date coverage, real-lite
examples, and practical data makethis an
ideal reference for theworking eng ineer.
423/30X Pub, Pr. , 556.95 Club Pr., 541.50

TRANSFORMER AND INDUCTOR
DESIGN HANDBOOK, Second Edl·
t lon . By Col. W.T. McLyman. 440pp.,
iI/us. All the information you need to
design today's lighter, smaller transform­
ers and inductors, without relyingonout­
moded approximation methods. In ready­
referencetabular format, this new edition
covers the latestequations in transformer
and gapped design applications.
584646·2 Pub. Pr., 555.00Club Pr., 538.50

MOBILE CELLULAR TELECOM·
MUNICATIONS SYSTEMS.By W.C.v.
Lee. 442pp., 215 iIIus. AtoZcoverage of
state-of-the-art cellular systems,fromde­
signto implementationand troubleshoot­
ing . Clearly explainsspectrum efficiency,
propagation models andprediction, inter­
ference treatment, and more .
370/303 Pub. Pr., 562.95 Club Pr., 544.50

THECOMPACT DISC: A Handbook
of Theory and Use . By K. C.
Pohlmann. 288pp., iI/us. softcover. The
most readableandcomprehensive guide
toCDtechnology offers clear descriptions
of disc design and manufacturing . . .
player circuitry .. . and comparisons of
different types of players-all without
complicated theoreticalor mathematical
discussions.
585096-6 Pub. Pr., 529.95 Club Pro522.50

CIARCIA'S CIRCUITCELLAR, Vol·
ume VII. By S. Ciarcia . 256 oo., 100
iIIus.. softcover. More do-it-yourself cir­
cuits from themaster- Steve Ciarcia.
Step-by-step guidance onprojects rang­
Ing fromagray-scale videodigitizerand
the Circuit Cellar AT Computer to parallel
interfacing andthe Neighborhood Strate­
gicDefense Initiative.
109/699 Pub. Pr., $19 .95 Club Pr., $15.95

AUTOMATIC CONTROL SYSTEMS,
Fifth Ed. ByB. C. Kuo. 736 pp., iIIus.
Provides anoverview ofautomatic control
systems, including in-depth coverage of
classical control techniques, optimal con­
trol theory, andanalogand digital control
system design. This up-dated edition
discusses the latest ideas on the use of
computers todesign control systems and
ascomponents ofsuch systems.
583706-4Pub. Pr., 557.40 Club Pr., 543.50

New Members!
Take anyone of these great

professional 528 9books
for only -

as a premium with your
first selection!

Spectacular values up to $199.50
ENGINEERING FUNDAMENTALS
FOR THE PROFESSIONAL
ENGINEERS' EXAM,Third Ed. By L.
M. Polentz. 432pp., 170 iIIus. Features
worked-out solutions and full explana­
tions for all sample problems soyou can
learnhowtosolve them. It'sadependable
way to prepare for theexam or a perfect
on-the-job reference.
503/931 Pub. Pr., 539.50 Club Pr., 527.95

Electronics and
Control Engineers'
Book
Club®

PORTABLE
ELECTRONICS
DATA BOOK
360 pp.,6 x 9, iIIus., softcover 585390·6
A·to·Z coverageof all the essential
facts, figures, and formulas you need,
in a format that's easy to use and easy
to carry. John Douglas-Young has
filled this handy on-the-job companion
with equations, algorithms, calculus
formulas, and BASIC programs in
areas ranging from alternating current
and amplifiers to transducers and
waveguides . . . and they're all yours
ABSOLUTELY FREE!

McGRAW·HILL ENCYCLOPEDIA OF
ELECTRONICS AND COMPUTERS,
Second Edition. S. Parker, Editor-in­
Chief.1,047pp., 1,250iIIus.Featuring 160
new and revised articles, thisnew edition
treats theentirespectrumofapplications,
devices , systems, and theory in areas
rang ing from the flow of electricity to
hardware, software, robotics, and IC
fabrication .
454/99X Pub. Pr., 579.50 Club Pr., 554.95

COMMUNICATIONS RECEIVERS:
Principles and Design. ByUlrich L.
Rohde and IT.N. Bucher. 608 pp., 402
iIIus. Everything you needto know if you
design or work with communications
receivers , fromtheory to practical design
approaches. Coverage includes all types
ofreceivers: shortwave, broadcast, radar,
military, marine, aeronautical, and more.
535/701 P~b . Pr., 564.95 Club Pr., 544.50
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TROUBLESHOOTING ELECTRONIC
EQUIPMENT WITHOUT SERVICE
DATA, Second Edition. By R.G.
Middleton. 320 po., iIIus. This indispen­
sablenew edition features all theinforma­
tion that made the first edition so suc­
cessful, plus the latest developments in
digital testing, phase checks, IC
trouleshooting , and repair of VCRs, ste­
reos, TVs, tape recorders, and much ,
much more.
585092·3 Pub. Pr., $30.00 Club Pr., $22.50

PRINTED CIRCUITS HANDBOOK,
Third Edition.By C.F. Coombs, Jr. 960 for-enol . -b k

--PP., 556-il/us;-Here-in-one-handY-VOIUme--e-YOur-one-SOurce- or engineering 00 s
is all the informationyou needto design, ••
manufacture, test, and repair printedwir- from over100different publishers
Ing boards and assemblies . This new

rnd~:~od~nJ;~~~:~n ~~T.all-new chapters, e the latest and best information in yourfield
126/097Pub. Pr., $64.95 Club Pr., $45.50 e discounts of up to 400/0 off
SOUND SYSTEM ENGINEERING,
Second Edition. By D. Davis and publishers' list pricesc. Davis. 665 pp., iIIus. The definitive
source for all professionals responsible
foraudio system design, covering every­
thingfromconcert halls to virtually every
oscillator in use today. Packed with
provenstrategies for solving design and
engineering problems and cutting your
clients' costs.
584657·8 Pub. Pr., 539.95 Club Pr., 531.50
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BASK TELEVISION AND VIDEO SYS- 
TEMS, Fifth Ed. By B Grob 592 pp 
illus Provides the clearest picture of how 
television and video systems work, and 
what to do when they don't Covers 
television receivers, VCR's. video cam- 
eras, and cable systems - all In readable. 
practical detail 

249/334 Pub. Pr., $39.95 Club Pr., $24.95 

BUILD YOUR OWN UNIVERSAL 
COMPUTER INTERFACE. By B 

Chubb. 309 pp. illus.. soltcad Guiding 
you from theory to step-by-step assembly 
instructions. this lively manual shows you 
how to construct a computer interface and 
hook it up to virtually any IBM or IBM com- 
patible personal computer, including the 
XT. XT -286. AT. and System 2 Model 30 
515999-X PM. Pr., $19.95 Club Pt. $15.95 

HANDBOOK OF ELECTRICAL NOISE 
MEASUREMENT AND TECHNOL- 
OGY, Second Ed. By C A Vergers 440 
pp MMus Provides answers to all your 
questions about noise origins, causes. 
effects Also shows you how to predict 
and measure noise. and how to design 
low -noise circuits 
513947.4 Pub. Pr.. $39.95 Club Pr.. $29.95 

SWITCHGEAR AND CONTROL 
HANDBOOK, Second Ed. Edited by 
R W Smeaton 1.056 pp.. 789 illus . The 
only handbook that treats all aspects of 
switchgear control, including design, ap- 
plications. safety, and maintenance. Up- 
dated to reflect the changes brought about 
by the use of computers. solid -state 
devices. and programmable controls 
584/494 Pub. Pc, $13.00 Club Pr., $56.95 

ANTENNA APPLICATIONS REFER- 
ENCE GUIDE. Edited by R C Johnson 
and H Jasik 496 pp . 368 illus and 
tables Covers the major applications of 
antenna technology in all areas of commu- 
nications and their design methods. Em- 
phasizes Important new applications such 
as earth station, satellite. seeker, aircraft. 
and microwave -relay antennas 

322i$41 Pub. Pr.. $59.95 Club Pr., $42.50 

RADIO HANDBOOK. Twenty-ThIrd 
Ed. Edited by W I Orr 667 pp . 1,073 
illus and tables The latest edition of IM 
most complete. current resource on radio 
technology and its applications Expert 
contributors show you how to select, de- 
sign. build. test and operate all kinds of 
equipment 
50463$ -1 Pub. Pr., $29.95 Club Pr., $23.95 

AUDIO ENGINEERING HANDBOOK. 
Edited by K B Benson 1056 pp . 72211- 
/us The ideal on- the -lob reference for pro- 
fessionals who design, operate, and ser- 
vice audio equipment It's a one -volume 
source of fundamental audio acoustics en- 
gineering information and practical how -to 
source book covering generation. trans- 
mission, storage. and reproduction of the 
audio signal 
047 /774 Pub. Pr .. S83 50 Club Pr., $59.95 
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Here's how the Club works to 
serve YOU: 

IMPORTANT INFORMATION... WE MAKE IT EASY TO GET: 
In our rapidly changing world, those who perform best are those who are best 
informed. Designed exclusively for the practicing engineer. the Electronics and 
Control Engineers' Book Club provides you with information that is relevant. 
reliable, and specific enough to meet your needs. Each Club bulletin comes your 
way 14 -16 times a year and offers you more than 30 books to choose from - the 
best and newest books from all publishers! 

DEPENDABLE SERVICE. .. WE RE HERB TO HELP! 
Whether you want information about a book or have a question about your 
membership, our qualified staff is here to help. Just call us-toll-free or write to our 
Customer Service. We also make sure you get only the books you want. All you do 
is simply tell us your choice on the Reply Card and return it to us by the specified 
date. If you want the Main Selection, do nothing - it will be sent to you 
automatically. (A small shipping and handling charge is added to each shipment. ) 

CLUB CONVENIENCE ...WE DO THE WORK! 
Beyond the benefit of timely information. Club membership offers many other 
benefits. For example, you get a wide choice of books that cannot be matched by 
any bookstore - anywhere. And all your books are conveniently delivered right to 
your door. You also get the luxury of 10 full days to decide whether you want the 
Main Selection. If you should ever receive a Main Selection you don't want because 
the Club bulletin came late, just return it for credit at our expense. 

SUBSTANTIAL SAVINGS...AND A BONUS PROGRAM TOO! 
In keeping with our goal to provide you with the best information at the greatest 
possible savings, you will enjoy substantialdiscounts - up to 40% ! - on every book 
you buy. Plus, you're automatically eligible for our Bonus Book Plan which allows 
you savings up to 70% on a wide selection of books. 

EASY MEMBERSHIP TERMS...IT'S WORTHWHILE TO BELONG! 
Your only obligation is to purchase one more book - at a handsome discount - 
during the next 12 months, after which you enjoy the benefits of membership with 
no further obligation. Either you or the Club may cancel membership anytime 
thereafter. 

Be sure to 
consider these 
important 
titles as well! 
BUCHSBAUM'S COMPLETE HANDBOOK 
OF PRACTICAL ELECTRONIC REFERENCE 
DATA Third Ed. By W H Buc' 
S$3UO % M. Pr . $34 95 Club R 525 50 

ONLINE ELECTRICAL TROUBLE- 
SHOOTING, By L luuuai 
3P1 101 M Pr. S31111 Ciad Pr, 52/50 

ESSENTIAL CIRCUITS REFERENCE GUIDE 
By J Markus 8 C Weston 
111123 M. Pt . $51.IIS clad R 147 50 

INTRODUCING PCDOS AND MS -DOS. 
Second Ed. err Sheldon 
515151 M h,í2/76 chue PT . Sig PS 

HANDBOOK OF ELECTRONICS CALCULA- 
TIONS FOR ENGINEERS AND TECHNI- 
CIANS. Second Ed. EC'IeC 5. V uautma^ S 

A H Seaman 

335.2111 M. Pr . $49 95 Due h . S31 SO 

INTRODUCTION TO DIGITAL SIGNAL PRO- 
CESSING ByJ G Rwlos and 0 G Mraa, t 
50495.a 2 M. h.. $50 00 CIue Pr . 537 SO 

CIRCUIT DESIGN FOR ELECTRONIC 
INSTRUMENTATION Analog and Digital 
Bakst Iron S to Display, Second El 
By D Wotvooua 

712 31I M R 552 95 clue et S36 ES 

BOB MIDDLETON'S HANDBOOK OF ELEC- 
TRONIC TIME- SAVERS AND SHORTCUTS. 
Fr u L V Ca!':r 
5030650 Val R 529 95 Clef Pr, $22 50 

DIGITAL AND MICROPROCESSOR TECH- 
NOLOGY Second Ed. Br P J 0 Connor 
545111.9 Pue R SAO N Clue h.. S3330 

OP -AMP HANDBOOK. SeCOnd Ed. By F W 

503651 3 Pub Pr $39 00 Clue 14..527.51 

FOR FASTER SERVICE IN ENROLLING 
CALL TOLL -FREE 1-800-2- MCGRAW 
r - - -- MAIL THIS COUPON TODAI - - - 

McGraw-Hill Book Clubs 
Electronics and Control Engineers' 
Book Club* 
P.O. Box S82, Hlghtstown. NJ 06.520.9959 

Please enroll me as a member and send nw the two 
(woks indicated, phis the IK)WIABLE E:LI.CIBONICS 
IIAIA BOOK I am to irone our Iran for bust 5259. the 
Other at the discounted member's prier. plus local tax. 
shipping girl handling lhaws 1 :vow to purchase a 
minimum of one additional Ixx)k dunng my first year of 
membership as outlined under the Club plan de- 
scribed in this ad I understand that a shipping and 
handling charge is added Io all shipments 

5r,ur EBI.I. Oala Bex,k 

585S9D -6 

Write (Axe No. of the 
52.89 selection hete 

Write Code No. for the 
First selection hem 

Signature 

Name 

Address Apt N - -- 

City 

State "Lip 

This order subject to acceptance by McGraw -HUB. All 
prices subject to change without notice. Offer good 
Drib to new members. Foreign member acceptance 
subject to special conditions. 
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tn 

rD 

ECOA-037 8 
J 
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585390-6
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c...
C
Z
m
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Write Code No. for th e
First se lec tio n h ere

INTRODUCING PC-DOS AND MS-DOS,
Second Ed. By T. Sheldon.
565/651 Pub. Pr., $28.95 Club Pr., $19.95

ON-LIN E ELECTRICAL TROUBLE-

~~~gnNG~{ ~.~~tst. Club Pr.. $26.511

ESSENTIAL CIRCUITS REFERENCE GUIDE.
By J. Markus& C. Weston.
404/623 Pub. Pr.. $59.95 Club Pr., $47.511

Be sure to
consider these
important
titles as well!

BUCHSBAUM'S COMPLETEHANDBOOK
OFPRACTICAL ELECTRONIC REFERENCE
DATA. Third Ed. By W.H. Buchsbaum.
583880·X Pub. Pr., $34.95 Club Pr., $26.50

HANDBOOK OFELECTRONICS CALCULA·
TlONS FOR ENGINEERS AND TECHNI·
ClANS. Second Ed. EditedbyM. Kaufman &
A. H. Seidman.
335/281 Pub. Pr., $49.95 Club Pr., 337.511

INTRODUCTION TO DIGITAL SIGNAL PRO­
CESSING. ByJ. G. Proakisand O. G. Manolakis.
584954-2 Pub. Pr., $5ll.00 Club Pr., 337.511

CIRCUIT DESIGN FOR ELECTRONIC
INSTRUMENTATION : Ana logand Digital
Devices from Sensor to Display, Second Ed.
By O. Wobschall.
712/31X Pub . Pr., 582.95 Club Pr., $36.95
BOB MIDDLETON 'SHANDBOOK OFELEC­
TRONIC TIME-SAVERS AND SHORTCUTS.
By R.G. Middleton.
583865-6 Pub Pr., $29.95 Club Pr., $22.511

DIGITAL AND MICROPROCESSOR TECH­
NOLOGY, Second Ed.By P. J. O'Connor,
585184-9 Pub. Pr., $42.00 Club Pr., $33.50

OP-AMP HANDBOOK, Second Ed. ByEW.
Hughes.
583651·3 Pub. Pr.• 339.00 Club Pr., $27.50

Writ e Code No. of th e
52 .89 selec tion here

Address/Apt. # _

__11__-

Sign ature _

City _

Name _

State Zip _

This order subjec t to accep ta nc e by McGraw-Hili. All
prices subject to change without noti ce . Offer good
only to n ew m embers. Foreign member acceptance
sub ject to special co nditions .

Plea se enroll me as a memher a nd se n d me th e two
books indica ted. plus th e POR1ABLE ELECTRONICS
DAli\ BOOK. I am to receive on e book for just S2.8 9, the
other at the discou nted mem bers pri ce , plus loca l tax ,
shipping an d handl ing ch arg es . 1 agree to purchase a
m inimum ofone add itiona l book du ri ng my first year of
m e m bersh ip as o u t li ne d unde r th e Clu h p lan d e­
sc ri bed in th is ad . I understand th at a sh ip p ing a nd
handling cha rge is adde d to all sh ip ments .

ECGA-037L ~

FOR FASTER SERVICE IN ENROLLING
CALL TOLL-FREE 1-800-2-MCGRAWr MAILTHISCOUPONTODAY ,

McGraw~Hill Book Clu bs
Electronics and Control Engineers'
Book Club's
no, Box 582, High tstown, NJ 08520-9959

AUDIO ENGINEERINGHANDBOOK.
Editedby K. B.Benson. 1056 pp., 722 if­
Ius. Theideal on-the-job referenceforpro­
fessionals whodesign, operate, and ser­
viceaudio equipment. It's a one-volume
source offundamental audioacoustics en­
gineeringinformation and practical how-to
source bookcoveringgeneration, trans­
mission , storage, andreproduction of the
audio signal.
047/774 Pub. Pr., $83.50 Club Pr., $59.95

ANTENNA APPLICATIONS REFER­
ENCEGUIDE. Editedby R. C. Johnson
and H. Jasik. 496 pp., 368 iflus. and
tables. Covers the major applications of
antennatechnoloQYinallareas ofcommu­
nications andtheir design methods. Em­
phasizes importantnewapplicationssuch
asearth station, satellite, seeker, aircraft,
and microwave-relay antennas.
322/848 Pub. Pr., $59.95 Club Pr., $42.50

RADIO HANDBOOK, Twenty-Third
Ed. Edited by W. I. Orr. 667pp. , 1,073
iflus. andtables. The latest edition of the
most complete, currentresourceonradio
technology and its applications. Expert
contributors show you how toselect, de­
sign, build , test and operate all kinds of
equipment.
584638-1 Pub. Pr., $29.95 Club Pr., $23.95

HANDBOOK OF ELECTRICAL NOISE
MEASUREMENT AND TECHNOL­
OGY, Second Ed. By C. A. Vergers. 440
pp. 213iflus. Provides answerstoall your
questions about noise origins, causes,
effects. Also shows you how to predict
and measure noise, and how to design
low-noise circuits.
583947-4 Pub. Pr., $39.95 Club Pr., $29.95

SWITCHGEAR AND CONTROL
HANDBOOK, Second Ed. Edited by
R. W. Smeaton.1,056pp., 789 iflus. The
only handbook that treats all aspects of
switchgear control, including design, ap­
plications, safety, and maintenance . Up­
datedtoreflect thechanges brought about
by the use of computers, solid-state
devices, and programmablecontrols.
584/494 Pub. Pr., $83.00 Club Pr., $56.95

Here's how the Club w o rks to
serve YOU:
• IMPORTANT INFORMATIO N ••• WE MAKE IT EASY TO GET!
In our rapidly c hangin g world , those who perform bes t are those who are best
in formed. Designed exclusively fo r .th e practicing engineer, the Electronics and
Control Engineers' Book Club provides yo u with information that is relevant,
relia ble, a n d specific enough to m ee t you r needs. Each Club b u lletin comes your
way 14-16 times a year a n d offers you m or e than 30 b ooks to choose from - th e
best and n ew est boo ks from a ll p ublisher s!

• DEPE NDABL E SERVICE .. . WE 'RE HERE TO HELP !
Whether you wan t in formation about a book or h ave a questi on about yo u r
m embership, our qualified staff is h ere to help. J ust call us-toll-free or write to our
Customer Service , We al so make s ure you get only th e books you want. Allyou do
is s im p ly tell u s your choice on the Reply Card and return it to u s by the specified
da te. If you want the Main Se lection, do nothing - it will be sent to you
au tomatically. (A sm all shipping and h andl in g charge is added to each shipment.I
• CLUB CONVENIENCE •••WE DO THE WORK!
Beyon d the ben efit o f timely information , Clu b membership offers many other
ben efi ts. For examp le , you get a wide choice of books th at cannot be matched by
any bookstore - a n ywhere. An d al l you r bo oks are conven ie n tly d eliver ed ri ght to
yo u r do or. You also get the luxury of 10 full d ays to decide w hether you want the
Mai n Selection. If you should ever receive a Main Selection you don't want because
the Clu b b ulletin came late , just return it for credit a t our expense.

• SUBSTANTIAL SAVINGS . ••AND A BONUS PROGRAM TOO!
In keep ing wi th our goal to p r ovide you with the best informatio n at the greatest
p ossible savings, yo u will enjoy su bstantial-discounts - up to 40 % !- on every book
you buy. Plus , you 're a utomatically eligible for our Bonus Book Plan which allow s
yo u savings up to 70% o n a wide selection ofb ooks.

• EASY MEMBERSHIP TERMS ••• IT'S WORTffiVHILE TO BE LO NG!
Your only o bliga tion is to p urchas e one more book - at a handsome discount ­
durin g the n ext 12 m onths, after w hich you en joy the benefits ofmembersh ip wi th
no further obligation. Either you or the Club may cancel membership anytim e
thereafter.

BASICTELEVISIONAND VIDEO SYS­
TEMS, Fifth Ed. By B. Grob. 592pp.,
iflus. Provides theclearest pictureof how
television and video systems work, and
what to do when they don't. Covers
television receivers, VCR's, video cam­
eras, and cable systems - allin readable,
practical detail.
249/334 Pub. Pr., $39.95 Club Pr., $24.95

BUILD YOUR OWN UN IVERSAL
COMPUTER INTERFACE. By B.
Chubb. 309pp., iflus., softcover. Guiding
you from theorytostep-by-step assembly
Instructions, thislively manual shows you
howtoconstructacomputer interfaceand
hookit uptovirtuallyanyIBM or IBM com­
patiblepersonalcomputer, includ ingthe
XT, XT-286, AT, and System /2 Model 30.
585080-XPub. Pr., $19.95 Club Pr., $15.95
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HITACHI SCOPES AT DISCOUNT PRICES 
Digital Stotage Scopes 

VC -6025 20MS /SS 

dt r ¿ 50M Hz Bandw 
2K Word Memory qty 

$2349.00 
Advanced storage funtöons create new dimensions in 
scopes such as one shot obeervalon eider tree display. 
Wight *splay for even high speed event. trace observation 
tor low speed a vent, hard copy by plotter and data output to 
Computer 

VC.e046100M84la 4011Sí8 4K word MMeory cep (call) 
Al Muhl scopes include probes, udwmMia. and Hitachi's 
3 year.oddalde warranty on parts and moor Many acces- 
sories evaMaOtS for ant scopes. 

.. ,. v -212 

1W$425 
- -' List 5595 

Save S170 

DC to 20MHz 
Dual Channel 

DC to 100MHz 
Dual Channel 
Delayed Sweep 
CRT Readout 
Sweep Time 
Autoranging 

V -1060 Trigger Lock 

List $1595 $1, 359 2mV Sensitivity 

V-422 
V-423 
V-425 
V-660 
V-1065 
V-1100A 
V-1150 

40MHz 
40AHz 40z 
60MHz 
100MHz 
100MHz 
t 50MHz 

D.T . ImV fens, DC Onset Van Mode Tngger, M Mag 
D.T.. 1 mV sans. Delayed Sweep , DC Offset. M Mag 
D.T., 1 mV sane, DC Offset, CRT Readout. Cursor Maas 
D.T., 2mV sans, Delayed Sweep. CRT Readout 
D.T., 2mV sins. Delayed Sweep, CRT Readout. Curse( Mess 

lmV sins, Delayed Sweep, CRT Readout. DVM, Caallat 
O.T., I mV sins, Delayed Sweep, Cursor Maas. DVM, Counter 

LIST PRICE SAVE 
$940 $740 $200 
$1.025 $825 $200 
$1,070 $849 $221 
$1,295 $1,145 $150 
$1.895 $1.670 $225 
$2,450 $2.095 $355 
$3.100 $2.675 $425 

ELENCO PRODUCTS AT DISCOUNT PRICES 
----- 

$375 
MO-1251 
6 "CRT 

Built in 
component tester 
TV Sync 

with purchase of 

ANY SCOPE 

SCOPE PROBES 
P-1 65MHz. 1., t0x $19 95 
P-2 100MHz. 1 x, 10x $23 95 

Top quality scopes at a very reasonable price Contains all desired features Two lx, 10x probes 

$495 
MO-1252 

High luminance 8" CRT 
lmV Sensitivity 
6KV Acceleration Voltage 
IOns Rise Time 
X -Y Operation Z Axis 
Delayed Triggering Sweep 

diagrams and manual Two year guarantee 

PRICE BREAKTHRU 
on Auto Ranging DMMs 

3 to 
choose 
from: 

MDM -11 B0 

$24.95 

MDM -1181 

$27.95 
MDM -1182 

$29.95 
31/2 LOODisplay 

27 Fu ncllons 
Auto Manual Rangea 
Audible Conbnurty 
Dai Hold (MDM -1182) 
.1 % Accuracy (MOM-1181) 

True RAS 41/2 

Digit Multimeter 

$135 
M -7000 

.05% DC Accuracy 

.1% Resistance 
with Freq. Counter 
and deluxe case 

Multimeter with 
Capacitance and 
Transistor Tester 

$55 CM -1500 

Reads Volts. Ohms. 
Current. Capacitors, 
Transistors and 
Diodes with case 

Digital Capacitance Meter 

`= CM -1550 

$58.95 
9 Ranges 

1 pf-20,000ufd 
5% basic accy 

Zero control 
with case 

Digital LCR Meter 

LC -1801 

s125 
I® 

Measures 
Cods tuI00H 
Caps 1p6200uf 
Res 01.20M 

Bench DMMS 

M-3500 M-4500 
31z diga $125 4VZ mgr, $175 
1% accy 05% accy 

AC Current Meter 

ST -1010 

$69.95 
1000 
Data&Peak Hold 
8 Functions 
Dekore Case 

Solderless Breadboards 

_ 9436 SHOWN 

9430 
1.100 pins 515 
9434 
2.170 pins $25 
9436 
2.860 pins$35 
All nave color 
coded posts 

AC ClempOn 
Ctanrtt AdepNr 

ST-265 

$25.00 
0-1000A AC 

Works with 
most DIM 

Wide Band Signal Generators 

SG -9000 $129 
RF Freq 100K- 450MHz 
AM Modulation of 1KHz 
Variable RF output 

50 -e500 with Digital Display 
and 150MHz bulit.ln Freq Ctr $249 

Digital Triple Power Supply XP -765 

$249 

AUDIO GENERATOR 
SG -9200 

$129 
Low dstorson 

(<05%) 

10-1 MHz Sine/Square Wave 
600 olei Output impedance. Filgtl WW1 Voilage 

Quad Power Supply XP -580 

$59.95 

Function Generator 
Blox 

#9600 

$28.95 
Provides CM.tn, sou wive 
from 1Hr IO 1MHr 
AM or FM upsosty 

0-20V at lA 
0.20V at IA 
5V at SA 

Fully Regulated. Snort c,rcu,t protected with 
2 Limit Cont . 3 Separate supplies 

XP-660 with Analog Meters $175 

Four -Function Frequency Counters 

F -100 120MH 

$179 
F -1000 1.2GH 

$259 Frequency, Period, Totalize, 
Self Check with High Stabilized Crystal Oven 
Oscillator. 8 digit LED display 

WE WILL NOT BE UNDERSOLD! 
UPS Shipping: 48 States 5 

($10 Max) IL Res., 7% Tax 

Fully regulated and 
short circuit protected 

XP -575 without meters $39.95 

2-20V at 2A 
12V at 1A 
5V at 3A 
-5V at 5A 

GF -8016 Function Generator 
with Freq. Counter 

$249 
Sine, Square. Triangle 
Pulse, Ramp. .2 to 2MHz 
Frog Counter 1 10MHz 

6F -8015 wItAeut Freq. Meter $179 

Decade Blox 
x9610 or 

#9620 

518.95 
to Rtilslor Blot 

47 Mlaa to 1M a 100K pot 
r1ae20 CapacitOr Blot 
44110 10M FD 

AM FM TRANSISTOR RADIO KIT 

with TRAINING COURSE 

Makes a 
weal 

Model AM/FM -108 
salmi pic4scl 

14 Tran$lslj 5ollodn $26.95 
Circuits are laid alt In ayMemat,c order on an over- 
sued PC bode br easy understandng of tie low 
of redo sien*, from antenna to speaker Comyete 
coursa includes Y pans. PC board and turnip 
mrweL When composed you visu be proud to Os- 

C & S SALES INC, 
1245 Rosewood. Deerfield, II. 6001 

(800) 292 -7711 (7081 541 -0710 

7 Transistor AM RADIO KIT $16.95 

15 Day Money Back Guarantee 
2 Year Warranty 

WRITE: FOR FREE U 11 +,I O(: 
CIRCLE 109 ON FREE INFORMATION CARD 

Digital Storage Scopes
VC-6025 20MS/S

SOMHz Bandwidtli
2KWordMemory

Capacity

$2349.00
Advanced storage functions create new dimens ions in
scopes such as one shot observation, flicker free display,
bright display for even high speed event, trace observat ion
for low speed event, hard copy by plotter and data output to
computer.

Ve-6045100MHz 40MSIS 4K word Memory cap (call)
All Hitachi scopes include probes, schematics, and Hitachi's
3 year wortdwide warranty on parts and labor. Many aoces­
series availabie for all scopes .

V-422
V-423
V-425
V-660
V-l065
V-l l 00A
V-115O

40MHz
40MHz
40MHz
60MHz
100MHz
100MHz
150MHz

D.T., 1mV sans, DC Ottsat Vert Mode Trigger, All Mag
D.T., l mV sans, Delayed Sweep , DC Offset, All Mag
D.T., 1mV sens, DC Offset, CRT Readout. Cursor Meas
D.T., 2mV sens, Delayed Sweep, CRT Readout
D.T., 2mV sens, Delayed Sweep, CRT Readout, Cursor Meas
a.T., 1mV sans, Delayed Sweep, CRT Readout, DVM, Counter
a.T., 1mV sens, Delayed Sweep, Cursor Moas, DVM, Counter

LIST
$940
$1,025
$1,070
$1,295
$1,895
$2,450
$3,100

• DC to 100MHz
• Dual Channel
• Delayed Swee p
• CRT Readout
• Sweep Time
• Autoranglng
• Trigger Lock
• 2mV Sensitivity

PRICE SAVE
$740 $200
$825 $200
$849 $221
$1,145 $150
$1,670 $225
$2,095 $355
$2.675 $425.- ,., .

ELENCO PRODUCTS AT DISCOUNT P·RICES

$19.95
$23.95

1'-1 65MHz, j x, l Ox
P-21ooMHz. l x, l Ox

.6" CRT
• Built in

component tester
• TV Sync

35MHz Dual Trace Oscilloscope
$495

MO-1252
• High luminance 6" CRT
• 1mV Sensitivity
• 6KV Acce leration Voltage
• 10ns Rise Time
• X·y Operation s Z Ax is
• Delayed Triggering Sweep

Top quality scopes at a very reasonable pr ice . Contains all desired features. Two tx, lOx probes, diagrams and manual. Two year guara ntee .

20MHz Dual Trace Oscilloscope

$375
MO-1251

ACClamp-On
CurrentAdapter

ST-265

$25.00
o-1000AAC
Works with
mostDMM

Decade Blox
r::.::-:'.::" .:.::..... ~..#9610 or
: •.~ ::;;:£'-"" : 119620
•.:::::::::~:'. ~.:: i $18.95

19610 Resistor Blox
47 ohm to 1M oS lOOK pot
19620 Capacitor Blox
47pf to 10MFO

Digital LCR Meter

i .
LC-1801

. $125
Measures
Coils luH·2ooH
Caps .1pl ·2OOuf

~ Res .01·20M

9430
1,100 pi ns $15
9434
2,170 pins $25
9436
2,860 pins $35
All have color
coded posts

Provides sine.tri.squ wave
from 1Hzto lMHz
AM or FM capability

Function Generator
Blox

#9600

.......................$28.95

. j

9436 SHOWN

Digital Capacitance Meter
CM-1550

$58.95
9 Ranges
.1pf·20,000ufd
.5% basic acc y
Zero control
with case

1000 Amps
Data&Peak Hold
8 Functions
Deluxe Case

Multlmeter with
Capacitance and
Transistor Tester

AC Current Meter
ST-1010

$69.95

Low distortion
« .05%)

lG-1MHz SinelSquare WaNe
600 ohm Output Impedance, High Output Voijage

True RM5 4'h
Digit Multlmeter

$135 M-7000

Bench DMMS

.05% DC Accuracy

.1% Resistance
• with Freq. Counter

.• and deluxe case

M·3500 M·4500
3'h digit $125 4'h digit $175
.1% accy .05% accy

Wide Band Signal Generators p ';"-:!::.~~~~ AUDIO GENERATOR
SO-9000 $129 SG-9200

RF Freq looK·450MHz $129
AM Modulation of 1KHz
Variable RF output

5G ·95oo with Digital Display
and 150MHz bullt-ln Freq Ctr $249

PRICE BREAKTHRU
on Auto Ranging DMMs

3to
choose
from:
MDM-1180
$24.95
MDM-11811---':"""""""":'"-:-:-:=:--+--------+-=--:-:--:----:~~___::__+------

$27.95
MDM-1182
$29.95

• 3 1/2 LCD Display
• 27 Functions
• Auto IManual Ranges
• Audible Continuity
• Data Hold (MDM-1182)
• .1% Accuracy (MDM-1181)

AM/FM TRANSISTOR RADIO KIT
with TRAINING COURSE

Makes a great Model AM/FM-108
school project

14Transistors + 5 Diodes $26.95
Circuits are laid out in systematic order on an over­
sized PC board for easy understanding of the flow
of radio signais , from antenna to speaker . Complete
course includes ail parts, PC board and training
manual. When completed you will be proud to dis­

la our maste ieee,

2·20V at 2A
12V at lA
5V at 3A
·5VaL5A

XP-5BO

$59.95

Quad Power Supply

GF-8016 Function Generator
with Freq. Counter

$249
Sine, Square, Triangle

..---__J Pulse, Ramp, .2 to 2MHz
Freq Counter .l ·10MHz

OF-B015 without Freq. Meter $179

Fully regulated and
short circuit protected

XP-575 without meters $39.95

XP-765

$249

!'l

Four-Function Frequency Counters
F-100 120MH

$179
F-1000 1.2GH

Frequency, Period, Totalize, $259
Self Check with High Stabilized Crystal Oven
OSCillator, 8 digit LED display

II!IP.!!P!IP.9.!ftI!l

Digital Triple Power Supply

0-20Vat lA
Q·20V at lA
5V at 5A

Fully Regulated. Short circuit protected with
2 limit Cont., 3 Separate supplies

XP-660 with Analog Meters $175

(/J
o
Z
o
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PICTURE THIS - YOU'RE SITTING IN A IIAM (X'K ON A WARM SUNDAY 

afternoon listening to your favorite radio station. You watch in 

amusement as your personal robot completes the last of your 
weekly chores. Only a dream? Not any longer, because now you 

can build a personal robot that can perform the world's most 
dreaded chore --lawn mowing. In the next kw issues of Radio - 
Electronics, we will explain how you can build the Lawn 
Ranger. a patented battery - powered robot that can cut Agra.s 

automatically while you and your friends watch in 

amazement. 
The Lawn Ranger is no a remote -control lw n 

mower. It is a robot that can actually "sec" the 

grass while it cuts. It may seem hard to 

believe. hut the Lawn Ranger really can 
gut i r., h\ itself lint pia\ have al- 
tC Al «n the E .aw n Rant1cr on tele- 

',ern or Ill herrr,thLdls ,ugh a the \e `4611. Lines, I, SA 'locet. 
Machine l)eil.'n. of others. 
\tm. Attu ran east!) build and 
uç' the I ate n Ranier fir our 
)intl. ,rr e'en start 'our own 

nrtintcnance business 

General description 
The ticstt:n of the I awn 

Ranger er is uirprisin_Iy sun 
PIC. It consists 01 an alumi- 
num frank. two electric 
e uttinl.! 111(11015. two electric 
drive motors. a plastic tot, a 

sensor assembly, 
hallertes. 
control s's 

The met, 
bask structure ut 
composed of t': -ii 
minim). Attached 

Now you can sit back and 
watch your lawn 

mower cut th 

grass by itself! 

Build 
the Law 

Ranger 
tN 

"beeis 
twit geared di 
rear Each drive w heel is et 

volt I)C gear motor through ai sp 
lace. That "direct drive" approach 
to be propelled by a durable drive sy stem that sloes n 

rely un chains or belt. 
'flic .,an Ranger uses tout' 

motors. The two dive motor 
speed reduction. The two c 

belt to prr'ertt the blades f 

The ¡cd top is molded 1R 

sensitive bumper switch is 
autotnatie,rlly chut the Lawn 
other obstacles. An additional pushbutton 
top. of the whim lot easy actes 

The serlsor assetuhh consist 

uri 
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navigation information to the elec- 
tronic control system. 

Two 12 -volt deep -cycle batteries 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 mainte- 
nance associated with gasoline - 
powered engines. Battery power also 
allows the Lawn Ranger to run very 
quiet and clean. 

Electronic control system 
The electronic control system 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 
sensor data and calculates the correct 
steering path for the Lawn Ranger to 
follow. - 

The motor -controller board is used 
to control the speed of the drive 
motors. Velocity information from 
each drive wheel is fed back to that 
board in order to keep the Lawn 
Ranger's speed constant, even when 
climbing hills. Steering is accom- 
plished by changing the speed of each 
rear drive wheel. For example, if the 
right wheel spins faster than the left, 
the robot will turn to the left 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 
voltage to + 5 -, + I0-, + 30-, and 
-10 -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 
the motherboard via an edge con - 

0 nector in order to facilitate the assem- tbly and test of the electronic control 
system. 

I.- o 
w 

Operation 

á Figure 1 illustrates the path that the 
Lawn Ranger would follow on a typ- 

g ical lawn. The operator must first 
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FIG. 1-THE LAWN RANGER WOULD FOLLOW this path on a typical lawn. The operator 
must first manually steer the robot around the perimeter of the yard (while cutting grass) 
and around any obstacles within that area using 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 robot to move around trees 
and other obstacles that are sur- 
rounded by cut grass. After all the 
borders are cut, you unplug the man- 
ual 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 
force 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 

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 sure that an adult 
is always present while the mower is 
in operation. Always keep hands and 
feet 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 shown in Fig. 3. As you can see, the 
sensor consists of two protruding 
plastic prongs that contain an infra- 
red light source (an IR LED) and a 
detector (a photo transistor). Fifteen 
of those sensors are placed in a row 
across the front of the Lawn Ranger. 
A partial schematic diagram of the 
sensor assembly is shown in Fig. 4. 
The sensors are spaced approximately 
2 inches apart as measured from the 
center 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 to + 5 -volts DC. When a 
piece of tall grass passes between an 
LED and detector, the phototransistor 
will stop conducting and the emitter 
voltage will change from a digital "I" 

FIG.1-THE LAWN RANGER WOULD FOLLOW this path on a typ ical lawn. The operator
must first manually steer the robot around the perimeter of the yard (while cutting grass)
and around any obstacles within that area using the manual control unit.

navigation information to the elec­
tronic control system.

Two 12-volt deep-cycle batteries 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 mainte­
nance associated with ga soline­
powered engines . Battery power also
allows the Lawn Ranger to run very
quiet and clean.

Electronic control system
The electronic control system 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 proce sses the
sensor data and calculates the correct
steering path for the Lawn Ranger to
follow.

The motor-controller board is used
to control the speed of the drive
motors . Velocity information from
each drive wheel is fed back to that
board in order to keep the Lawn
Ranger's speed constant, even when
climbing hills . Steering is accom­
plished by changing the speed of each
rear drive wheel. For example, if the
right wheel spins faster than the left ,
the robot will tum to the left-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
voltage to +5-, + 10-, +30-, and
-1O-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
the motherboard via an edge con-

en nector in order to facilitate the assem­oz bly and test of the electronic control
g system.
f-o
~ Operation
6 Figure I illustrates the path that the
a Lawn Ranger would follow on a typ­
C'2 ical lawn. The operator must first
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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 awayfrom any area that has
been previously cut. That feature al­
lows the robot to move around trees
and other obstacles th at are sur­
rounded by cut grass . After all the
borders are cut, you unplug the man­
ual 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
force 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

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 sure that an adult
is always present while the mower is
in operation. Always keep hands and
feet 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 shown in Fig. 3. As you can see, the
sensor consists of two protruding
plastic prongs that contain an infra­
red light source (an IR LED) and a
detector (a photo transistor). Fifteen
of those sensors are placed in a row
across the front of the Lawn Ranger.
A partial schematic diagram of the
sensor assembly is shown in Fig. 4.
The sensors are spaced approximately
2 inches apart as measured from the
center 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 to +5-volts DC. When a
piece of tall grass passes between an
LED and detector, the phototransistor
will stop conducting and the emitter
voltage will change from a digital " I"
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FIG. 2 -THERE ARE SPECIAL CUTTING BLADES that freely pivot at the end of the round 
blade disks. 

t+, III MI 4.0.1 
o 

FIG. 3 -THE GRASS SENSORS contain an 
infra -red light source and a detector. 

will remain at + 5 volts. 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 digital "1" (high 
grass) or a "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- 

FIG. 4- SCHEMATIC DIAGRAM of the grass- sensor assembly. 

( + 5 volts) to "0" (0 volts). Since cut 
grass is not tall enough to pass be- 
tween the sensors, the sensor outputs 

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

In Table I. the actual edge of the 
cut -grass border is located between 
sensors 8 and 9, with tall grass posi- 
tioned between sensors I -8, and cut 
grass between sensors 9-15. The tall - 
grass region (sensors I -8) will record 
a large number of l'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 corn- 
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 I. If the summed value is less than 
2, then a value of 0 is stored. For 
example, the final value stored for the 
first five data samples in Table I 

would be 111111110000000. Now, it is 
very easy to detect the location of the 
grass border. It is simply identified by 
the point where the string of l'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 (ICI), two parallel UO 
chips (IC9 and IC10), a 4K x 8 -bit 
EPROM (IC6), two 4K x 4 -bit RAM 
chips (1C7 and IC8), and glue logic 
(1C2 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 inverters 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 
IC2) is tied to the Z80 microprocessor 
and to pin 25 of IC9 and ICIO. Power - 
on reset is accomplished with an RC 
delay circuit made up of R4, C12 
along with IC5 -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 -a, 1C4-b, IC3 -b, and IC3 -c, and 
the second circuit by IC4 -c and IC4 - 
d. The latches are used to store the 
START and ami. stop signals. Those 
signals command the Lawn Ranger to 
move forward and turn off, respec- 
tively. When the robot moves for- 

FIG. 4-SCHEMATIC DIAGRAM of the grass-sensor assembly.

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 (ICI), two parallel I/O
chips (IC9 and IClO), a 4K x 8-bit
EPROM (IC6), two 4K x 4-bit RAM
chips (IC7 and IC8), and glue logic
(lC2 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 inverters 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
IC2) is tied to the Z80 microprocessor
and to pin 25 ofIC9 and IClO. Power­
on reset is accomplished with an RC
delay circuit made up of R4, CI2
along with IC5-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-a, IC4-b, IC3-b, and IC3-c, and
the second circuit by IC4-c and IC4-
d. The latches are used to store the
STARr and RJ LL STOP signals. Those 2:
signals command the Lawn Ranger to iii
move forward and tum off, respec- <0
tively . When the robot moves for- ~
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In Table 1, the actual edge of the
cut-grass border is located between
sensors 8 and 9, with tall grass posi­
tioned 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
"I" tallies for each sensor. If the
number is greater than or equal to 2,
the computer will store the final value
of 1. If the summed value is less than
2, then a value of 0 is stored. For
example, the final value stored for the
first five data samples in Table I
would be 1l11l11l0000000. Now, it is
very easy to detect the location of the
grass border. It is simply identified by
the point where the string of l 's end.
A simplified flowchart of the comput­
er program is shown in Fig. 5.

OUl2

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 digital "I" (high
grass) or a "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-

will remain at +5 volts. 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 .

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

DUll OUl3 '
H - - - - - - - ........+-------- -.-t-- ETC.

TO CPU BOARD
,,~ ---,A ,- ----..

(+ 5 volts) to " 0" (0 volts). Since cut
grass is not tall enough to pass be­
tween the sensors , the sensor outputs

~ ,
FIG.3-THE GRASS SENSORS contain an
infra-red light source and a detector.

FIG. 2-THERE ARE SPECIAL CUTIING BLADES that freely pivot at the end of the round
blade disks.
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TABLE 1 -GRASS SENSOR DATA 

Byte 1 

Sensor # 
Byte 2 

Sample # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 1 1 0 1 0 1 0 1 0 1 0 0 0 1 0 
2 1 0 1 1 1 1 1 1 0 0 0 0 0 0 0 
3 0 1 0 0 1 1 1 0 1 0 0 0 1 0 0 
4 1 0 1 0 0 1 1 1 0 0 0 0 0 0 0 
5 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 

fa. 

ward, the sîArrr signal will turn 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 input power relay. 

Input/output 
The CPU board uses two Z8420 

parallel input/output or PIO chips la- 

START 

CLEAR LATCHES 
PROGRAM PIOs 

CLEAR TIMER 

INPUT SENSOR 
DATA 

STORE 
DATA 

TALLY 1's FOR 

EACH SENSOR 

DETERMINE FINAL TALLY 
FOR EACH SENSOR (1 OR 0) 

LOCATE POSITION 
OF GRASS BORDER 

EDGE 

SEND STEERING 
INFO TO MOTOR 

CONTROLLER BOARD 

FIG. 5- SIMPLIFIED FLOW CHART of the 
computer program. 

beled IC9 and ICIO. Each chip has 
two 8 -bit I/O ports that are software 
programmable. Bit 7 of Port B on 
ICIO is programmed as an output. 
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 to the motor- control- 
ler board for amplification. After the 
sensor data is amplified, it is sent to 
ICIO on the CPU board. 

The bits of Ports A (0-7) and B 
(0-6) of ICIO are defined as inputs 
that are used to receive the sensor 
data. ICIO transfers the information to 
the Z80 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 IC'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 11'6. 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, 10,11,13, 14, and 15 of IC9 read 0- 
volts DC. Now, as you temporarily 
ground pin 15 of ICIO, recheck IC9 
for 5 volts on pins)0, 13, 14, and 15, 
and 0 volts on pins 9 and 12. 

If your board passes those tests, it 

All resistors are 14-watt. 5 °b, un- 
less otherwise indicated. 

Rl. R2 -1000 ohms 
R3 -R7. R12, R15. R17 -2200 ohms 
R8-not used 
R9. 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 
Capacitors 
Cl, C12 -100 p.F. 25 volts. 

electrolytic 
C2. C3, C5-C9. C1l, C13, C15, C16, 

C18 -0.1 µF. ceramic 
C4-56 pF, ceramic 
C10-10 µF. 16 volts, electrolytic 
C14 -not used 
C17 -1 p.F, 35 volts. electrolytic 
Semiconductors 
IC1- Z84C00 -4PS microprocessor 
IC2- 74HCT04 hex inverter 
IC3- 74LS08N quad 2-input AND 

gate 
IC4- 74LSOON quad 2 -Input NAND 

gate 
IC5- 74LS32N quad 2 -input OR 

gate 
IC6 -2732A 4K x 8 EPROM (must 

be purchased from TSI) 
IC7, IC8- 2114L -2 1K 4 RAM 
IC9. IC10- Z84C20 -4PS parallel I O 
D1- 1N4148 diode 
O1- 2N3904 NPN transistor 
Other components 
XTAL1 -2 -MHz crystal 
J5-10 -pin IDC connector 
S1- 7- position DIP switch 
TP1- TP6- individual pins or scraps 

of component leads 
Miscellaneous: IC sockets 
Note: The following items can be 

purchased from Technical Solu- 
tions. Inc.. P.O. Box 284, 
Damascus, MD 20872 (301) 
253 -4933: PC boards for the 
CPU, motor -controller, power 
board. and motherboard, S39 
each: programmed EPROM. S39 
(contains computer program 
and firmware license): grass 
sensors. 58.99 each: hand -held 
manual controller kit, 539: full 
CPU -board kit, 5129 (includes 
EPROM. PC board. and all 
parts); full kit for motherboard. 
569 (contains PC board and all 
parts); kit for power board. 5149 
(contains PC board and all parts 
except DC DC converters): full 
kit for motor -controller board. 
S169 (includes PC board and all 
parts); Lawn Ranger demo VHS 
tape, 519 (refundable for orders 
of 5100 or more). Please add 
S8.00 for S H (U.S. orders). Mary- 
land residents add sales tax. 

TABLE 1-GRASS SENSOR DATA

Byte 1 Byte 2
Sensor #

Sample # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 1 1 0 1 0 1 0 1 0 1 0 0 0 1 0
2 1 0 1 1 1 1 1 1 0 0 0 0 0 0 0
3 0 1 0 0 1 1 1 0 1 0 0 0 1 0 0
4 1 0 1 0 0 1 1 1 0 0 0 0 0 0 0
5 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0

Input/output
The CPU board uses two Z8420

parallel input/output or PIO chips la-

ward, the START signal will tum Ql on
and bring the STOP MOVE line low.
When the robot shuts down, pin 8 of
lC4-c and pin 6 of lC3-d will go low.
That deactivates the input power relay.

All resistors are Y4-watt , 5%, un-
less otherwise ind icated.

R1, R2- 1000 ohms
R3-R7 , R12, R15, R1 7-2200 ohms
R8-notused
R9, RiO, R19, R2o-3300 ohms, SIP
R11, R18-3300 ohms
R13-22,OOO ohms
R1 4-470,OOO ohms
R16-47,OOO ohms
R21- 120 ohms
Capacitors
C1, C12-100 I-LF, 25 volts,

electrolytic
C2, C3, C5-C9 , C11 , C13, C15, C16,

C18-0.1 fl F, ceramic
C4-56 pF, ceramic
C1o-10 flF, 16 volts, electrolytic
C14-notused
C1 7-1 fl F, 35 volts, electrolytic
Semiconductors
IC1-Z84COO-4PS microprocessor
IC2-74HCT04 hex inverter
IC3-74LS08N quad 2-input AND

gate
IC4-74LSOON quad 2-input NAND

gate
IC5-74LS32N quad 2-input OR

gate
IC6-2732A 4K x 8 EPROM (must

be purchased from TSI)
IC7, IC8-2114L-21K x 4 RAM
IC9, IC1o-Z84C20-4PS paraliel l/O
D1-1N4148 diode
Q1-2N3904 NPN transistor
Other components
XTAL1-2-MHz crystal
J5-10-pin IDC connector
S1-7-position DIP switch
;Y-P1-TP6-individual pins or scraps

of component leads
Miscellaneous: IC sockets
Note: The following items can be

purchased from Technical Solu­
tions , Inc. , P.O. Box 284 ,
Damascus, MD 20872 (301)
253-4933 : PC boards fo r t he
CPU, motor-controller, po wer
board, and motherboard, $39
each ; programmed EPROM, $39
(contains computer program
and firmware license) ; grass
sensors, $8.99 each ; hand-held
manual controller kit, $39; full
CPU-board kit, $129 (includes
EPROM , PC board, and all
parts); full kit for motherboard,
$69 (contains 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.

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 lC sockets to the
board, then so lde r the rem aining
components . Then , carefully push all
the lC's into their respective sockets .
And remember, that some of the lC '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 lC1O; the scope should display a 1­
klfz square wave. If you don 't have a
scope , verify that the voltages on pins
9, 10, 12', 13, 14, and 15oflC9 read 0­
volts DC. Now, as you temporarily
ground pin 15 of lC1O, recheck lC9
for 5 volts on pin~)O,.13, 14 , and 15,
and 0 volts on pins 9 and 12.

If your board passes those tests, it

beled lC9 and lC1O. Each chip has
two 8-bit VO ports that are software
programmable. Bit 7 of Port B on
lC10 is programmed as an output.
That output line provides a gati ng
pulse that is used to sample the"sensor
data. When the line goes high , the
sensors are enabled and sensor infor­
mation is passed to the motor-control­
ler board for amplification. After the
sensor data is amplified, it is sent to
leW on the CPU board .

. The bits of Ports A (0-7) and B
(0-6) of lC10 are defined as inputs
that are used to receive the sensor
data. IC1O transfers the information to
the Z80 microprocessor over the data
bus for processing.
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Break through the 640K limit 
and explore a new level of com- 
puter power. 240 pp. 

L - 

3429 $29.95 gip $19.95 
Your source for welldeseloped. Tested programs for most 
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3131 $26.95 
Assemble your own powerful 
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easy and inexpensive. 224 pp. 

3279 á36.95 
Master the proven repair tech- 
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Step -by -step instructions for 
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the latest in electrical equipment 
110 pp 
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Pus s revised and updated edition 
is both a comprehensive. 
industry-wide reference. and a 
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Neatly and logically lists over 
900 circuits along with schemat- 
ies and pin ut dugrams 592 pp 
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A comprehensive manual for 
soldering and cleaning printed 
circuit boards 430 pp 
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FIG. 7- ASSEMBLE THE COMPONENTS according to this parts -placement diagram. 

FIG. 8-FULLY ASSEMBLED CPU BOARD. 

should be functioning properly. More 
extensive testing 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 issues 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- 

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

thing together. 
By the way, for a sneak preview 

look "under the hood," of what the 
Lawn Ranger will eventually look 
like, Fig. 9 shows the complete me- 
chanical assembly, without the cover. 
You can see that everything 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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FIG. 8-FULLY ASSEMBLED CPU BOARD.

should be functioning properly. More
extensive testing 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 issues 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 bui ld and wire the
sensor assembly, put together the me­
chanical frame, and connect every-

FIG.9-THE COMPLETE LAWN RANGER
unit. Wewill get to the mechanical assem­
blies in later issues.
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look "under the hood ," of what the
Lawn Ranger will eventua lly look
like, Fig. 9 shows the complete me­
chanical assembly, without the cover.
You can see that everything 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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BUILD A 
GENERIC 

LINEAR POWER SUPPLY 
BOARD 

-1 
Why go through the trouble of 

designing a custom power 
supply every time you build a new 
project? This single PC board can 
fill all of your power -supply needs! 

JOHN WANNAMAKER 

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 to give you a choice of one or 
two linear supplies on a single 2 x 3- 
inch PC board. The layout 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. 
One fixed -positive, and one ad- 

justable- positive supply. 
One fixed -positive, and one fixed - 

negative supply. 
One 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 full -wave bridge of 
either polarity. You can also make it 
adjustable or not, as you prefer. Dual 
isolated 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 quite 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 good 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 inserted 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 I shows a dual, full -wave, 
fixed -positive supply, using a com- 
mon ground. Fig. 1 -a shows the pi- 
flouts of the two regulators, Fig. l -b 
shows the schematic, and Fig. 1 -c 
shows the parts placement diagram. 

Supply #1, on the lower halt ut 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 efficient ar- 
rangement is for both IC's to regulate 
to identical (or nearly so) voltages, 
such as + 12 and + 15 volts. 

Where the difference is considera- 
ble, as between a + 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 voltage 
drop across the regulator is multiplied 
by the load current to determine the 
regulator power dissipation, the lower 
the voltage, 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 volts for the 
78XX /79XX fixed- voltage series, 
and about 2.5 volts for the LM317/ 
LM337 adjustable models. Also, the 
regulator needs a standby current of 
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BOARD
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designing a custom power

supply every time you build a new
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ARE YOU TIRED OF LAYING OUT YET AN­

other PC board for som e special
power supply? Here 's a possible solu­
tion to lessen the trauma: the EZ-DC
generic power-suppl y PC board , de­
signed to give you a choice of one or
two linear supplies on a single 2 x 3­
inch PC board . The layout 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.
• One fixed-positive, and one ad­
justable-positive supply.
• One fixed-positive, and one fixed­
negative supply.
• One 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 full-wave bridge of
either polarity. You can also make it
adjustable or not , as you prefer. Dual
isolated grounds are possible . For the
TO- 2201221 A reg ulators, there are
four different 3-terminal pinout con­
figurations , which made the layout of

the EZ-DC quite challeng ing .
Whether or not to rotate the regulator
1800 helped reduce the reconfigura­
tion problem to one of selective place­
ment of jumpers.

The EZ-DC is a good basis for a
bench supply. With two PC boards,
you can build two fi xed -positive
so urces , an adj us tab le- pos it ive
source, and an adjustable-negative
source , all with or without isolated
grounds . Each supply provides for a
milliammeter to be inserted at its reg­
ulator input. In one supply on each
PC board , th e met e r repl aces 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. I-a shows the pi­
nouts of the two regulators, Fig . I-b
shows the schematic , and Fig . I-e
shows the parts placement diagram .

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 ce nter-tapped
transformer supplies equal voltages to
each regulator, the most efficient ar­
rangement is for both Ie's to regulate
to identical (or nearly so) voltages,
such as + 12 and + 15 volts.

Where the difference is considera­
ble , as between a + 5- and a + l2-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 voltage
drop across the regulator is multiplied
by the load current to determine the
regulator power dissipation , the lower
the voltage, 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 volts for the
78XXI79XX fixed-vo ltage series,
and about 2 .5 volts for the LM317/
LM337 adjustable models . Also, the ((;
regulator needs a standby current of ~
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Ka. 1-A UUAL,urriA, sui I n I wV nxea- posI[rve sources. I ne pinouts or ILA ana iGL are 
shown In (a), the schematic is shown in (b), and the parts placement diagram is shown in 
c), with supply #1 on the bot tom, and supply #2 on top. This same order of (a)-(c) 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 reflect this error. 

A milliammeter would be inserted 
in supply #2 in place of jumper JUI, 
with the negative terminal connected 
nearest to the heatsink when monitor- 
ing a positive supply. In supply #1. 
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 
attention 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 
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FIG. 2 -A DUAL SUPPLY, WITH SEPARATE fixed- negative and fixed -positive sources. 
The organization of (aHc) is that of Fig. 1, but supply a2 has been made negative by 
reversing D2, D4. C3, and C4. and using a 79XX for IC2 in stead of a 78XX. 

#2 is jumpered, to accommodate a 
fixed -negative regulator, like the 
79XX/79MXX 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. 

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 regulator position. Don't use 
this version in applications where the 
load 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 Vi MAx), for different 
values of RI and R2. 

While current demands could be 
excessive, the voltage distribution 
with this arrangement may be advan- 
tageous. 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 piece 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), 

# 2 is jumpered, to accommodate a
fixe d- negative regul ator, like the
79XX179MXX series; the " M" de­
notes medium-power versions, which
are harder to find. Since load currents
of less than 500 milliamps are sug­
ges ted to preven t overh eat ing, you
should try to find the " M " versions, if
possibl e . 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.
• 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 0 from the
-fixed regulator posi tio n. Don 't-use
this version in applications where the
load 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 V2( MAX)' for different
values of RI and R2.

While current demands could be
excessive, the voltage distribut ion
with this arrangement may be advan­
tageous. 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-po sitive full-wave sup­
plies. The more features you want in
any piece 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 02 and 04),
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nearest to ICI . Two pads V and W on
both PC board and schematic are un­
used here . Extra filtering capacitanc e
can be added here for supply #2 , or
these points can provide unregulated
voltage for noncritical circuits. Pay
attention to the polarity at point V
which depend s 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

b

o
IC'

78XX

L
__-4>-_ +- 4 +----<~--oCOMMON

GROUND

L----__- .......------e---..-~=_<li!_-_9-. COMMON
GROUND

a

OUTPUT 11 OUTPUT 12

\ OG~r + :

~
TI'I ~ D3~~+ C4 W V '

3

f.
IC' / 0 ~ I - C3- +

~--rr--= I C1 JU3 -
4 + I

5 02 ~
~ I_~_I
~ JU4 -JU5-
~-

c
r-----,OUT OUTPUT 12

j
r--+-+4-+---.---~~A ro-o+---{)

J3

':" Ii + '~F OUTPUT 11

3-10 milliamps, ignored here. Expect
any curre nt monitoring at the pro­
vided point s to reflect this error.

A milliammeter would be inserted
in supply # 2 in place of jumper JUI,
with the negative terminal connected
nearest to the heatsink when monitor­
ing a positive supply. In supply #1,
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

b

FIG.1-ADUAL SUPPLY, WITHTWOfixed -pos it ive sources .The pinouts of IC1and IC2 are
shown in (a), the schematic is show n in (b), and the parts placement diagram is shown in (
e), with supply #1 on the bottom, and supply # 2 on top. This same order of (aHe) is used
throughout all succeeding figures, except Figs. 4 and 7.

IC2
78XX

o
HEAT SINK

TAB

(j)

oz
oa::o
UJ
.....I
UJ

o FIG. 2-A DUAL SUPPLY, WITH SEPARATE fixed-negative and fixed-positive sources.
~ The organization of (aHe) is that of Fig. 1, but supply #2 has been made negat ive by
a:: reversing D2, D4, C3, and C4, and using a 79XX for IC2 in stead of a 78XX.
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FIG. 3 -A DUAL SUPPLY, WITH SEPARATE fixed -positive and adjustable- positive 
sources. Supply # 2 is now made adjustable- positive. changing the jumpers as indicated. 
changing IC2 to an LM317, adding potentiometer R2, and shifting the other parts as 
shown. Also. only D1 and D2 are used, and the secondary of T1 is rewired. The accom- 
panying table in (d) shows V21Maxj. for different values of R1 and R2. 
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CUT FOIL TO 

SEPARATE 3 FROM 4,; 
AND 5 FROM 6 

ANY 
VERSION OF 

SUPPLY 02 

FIG. 4 -DUAL FULL -WAVE RECTIFICATION for a fixed -positive supply #1, using either 
two single- secondary transformers, or a single dual- secondary version: (a) is the rele- 
vant segment of schematic, (b) is relevant segment of the parts placement diagram. Only 
the lower half of the PC board (supply #1) is shown: you can design the upper half (supply 
#2) as you wish. For example, copy the upper half of Fig. 3 for an adjustable- positive 
supply. or the upper par of Fig. 5 if you want an adjustable- negative dupply (remember to 
reverse D2 and D4). 

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

V2 =1.25 volts x [1 + (R2/R1)1. 

For best results, keep: Rl<240 
ohms. There's no way to control the 
minimum output, which should be 
about 1.25 volts. 

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

other adjustable- negative, 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, Dl 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 nearest 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. While 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. 

Arrowheads on the foil side show 
the exact points to cut. If you connect 
the supplies in series, the total output 
voltage is the sum of both. You can 
assume both regulators to be passing 
identical currents, but not necessarily 
dissipate the same power, since their 
regulator drops may differ. 
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FIG. 3-A DUAL SUPPLY, WITH SEPARATE fixed-positive and adjustable-positive
sources. Supply # 2 is now made adjustable-positive, changing the jumpers as indicated.
changing IC2 to an LM317, adding potentiometer R2, and shifting the other parts as
shown. Also, only 01 and 02 are used, and the secondary of T1 is rewired. The accom­
panying table in (d) shows V2(M A X), for different values of R1 and R2.

other adjustable-negative, 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 nearest the filter capacitor's
ground connection to minimize hum,
and use separate grounds for each
supply.
• Separate fixed-positi ve full-wave
supplies with isolated grounds. The
arrangement for isolating the grounds
between full-wave recitifiers is shown
in Fig. 6. While 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.

Arrowheads on the foil side show
the exact points to cut. If you connect
the supplies in series, the total output
voltage is the sum of both. You can
assume both regulators to be passing e
identical currents, but not necessarily ~

dissipate the same power, since their CD

regulator drops may differ. ~
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b

For best results , keep : RI < 240
ohms. There 's no way to control the
minimum output, which should be
about 1.25 volts.
• Separate fixed-positive and ad­
justable-negative half-wave sup­
plies. A version with dual half-wave
supplies , one fixed-positive and the

JU1

- ANY- ­
,----,-... VERSION OF

SUPPLY 11

T2

12~ II r"---=1........---.----<J-O-:---r---lVER~~N OF

"=.3 SUPPLY #2

1~Ii L..;6,,-+--=-~ .......

or the upper part of Fig. 3 for an
adj us table -posit ive supp ly, or. If
you'd rather calculate your own val­
ues than use those provided in the
table accompanying Fig. 3, use the
following formul a:

V2 = 1.25 voltsx [1+ (R2/R1)].

FIG. 4-0UAL FULL-WAVE RECTIFICATION for a fixed-positive supply #1, using either
two single-secondary transformers, or a single dual- secondary version; (a) is the rele­
vant segment of schematic, (b) is relevant segment of the parts placement diagram. Only
the lower half of the PC board (supply #1) is shown; you can design the upper half (supply
# 2) as you wish. For example, copy the upper half of Fig. 3 for an adjustable-positive
supply, or the upper par of Fig. 5 if you want an adjustable-negative dupply (remember to
reverse 02 and 04).
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approach of Fig. 4. with the layout shown here. The 01 shown using dashed lines is 
connected this way for a transformer with no center tap. In that case. jumper pad 3 to pad 
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FIG. 6 -TWO SPLIT -GROUND fixed -positive full -wave supplies. You can use any other 
version you want for supply #2. but watch the diode polarities. With a razor blade or X- 

acto knife. cut the ground foil at the "Z." Then, cut the transformer secondary pads at the 
arrowheads, isolating 3 from 4. and 5 from 6. If you connect the supplies in series, the total 
output voltage is the sum of both. Assume both regulators pass identical currents, but 
don't necessarily dissipate identical power. since their regulator drops may differ. 

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

ment diagram. Don't forget JU8 
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 

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

Separate fixed -positive and ad- 
justable- positive supplies from a 
car battery. Figure 8 assumes that 
you use a standard + 5 -, + 6 -, or + 8- 
volt regulator for ICI, and an adjusta- 
ble version for IC2; the output of the 
second regulator is adjusted by RI and 
R2. The accompanying table in Fig. 
8 -d gives V, to within 50 millivolts 
for different values of RI 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 comer holes for 
mounting. One corner is attached to 
the ground foil as a metal spacer to 
electrically connect the PC board to a 
metal chassis. If 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 underneath and cause a short. 
Space was left hoping to avoid this, 
but watch it. The regulators are fairly 
close to the edges of the PC board to 
possibly heatsink to a metal cabinet 
with a screw. Measure the tab's poten- 
tial, to be sure it's grounded, and use 
insulation if needed. If you want full 
I -A load current. use 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 volts. If the line 
voltage is 5% high, you'll measure 
12.6 volts. Isn't that reasonable with 

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 wron g
with practical advice from personal
observa tio ns . Th e tran sformer is a
good starting poin t because they' re
" iffy," at best. Consider the seco nd­
ary voltage; for example , a lO-volt
secondary. With little or no load , you
may measure up to 12 volts . If the line
voltage is 5% high , you'll measure
12.6 volts. Isn't that reasonable with

positive supply and must all be re­
versed if yours is negative .
• Separate fixed-positive and ad ­
justable-positive supplies from a
car battery. Figure 8 assumes that
you use a standard +5- , +6- , or + 8­
volt regulator for IC1, and an adju sta­
ble version for IC2; the output of the
second regulator is adju sted by Rl and
R2. The accompanying table in Fig .
8-d gives V2 to within SO millivolts
for different values of RI and R2 , but
you can also use the previou s formula.

The PC board layout
To ensure that the wide ground foil

hold s hum to under I 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 screw s in the comer hole s for
mounting . One comer is attached to
the ground foil as a metal spacer to
electrically connect the PC board to a
metal chassis. Ifyou 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 underneath and cause a short .
Space was left hoping to avoid this,
but watch it. The regulators are fairly
close to the edges of the PC board to
possibl y heat sink to a metal cabinet
with a screw. Measure the tab 's poten ­
tial , to be sure it 's grounded , and use
insulation if needed . If you want full
I-A load current , use a fan.
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negat ive , fixed, or adj ustable-but
note the the diodes are shown for a

R1
C4

lOIlF +

OUTPUTl1
R2

J6 +
C2

C5 l OIlF
lOIlF COMMON

b GROUND.,..

OUTPUTll CUT OUTPUT12

03 - + +wv
rt-t--==G2t C2 / 0 0 I +-C3-

3 tCl / Cl JU3
r+-1--t----·4 + I

5 02 JU1~

-6 ~ 1 'C2 ..._1
~ JU2

C

CUT FOIL TO
SEPARATE 3 FROM 4,

AND 5 FROM 6

+

OUTPUTl1~

!POS.) :ll

~TI§ll ~: ~~~+ c1 C\ O~J!2 -<:3-+ VAAIABLENEG
-Ie....[. I ADJUST
4 Ie: -R1- C5 ~

~j-4 ~ I ~l l I ~OR2
CUT FOIL TO 6 Liiii.:J It
SEPARATE 5 ~ JU1 I U;

FROM 6 . oOUTPUT #2
IFJ7 ISADDED C (VARIABLE NEG.)

~>----+-o OUTPUTI2

C1
l0001lF

\ 0
IC1

78XX

I]

IC1
78XX

HEAT SINK
TAB

a

HEAT SINK
TAB

ZOI­-z=>
00

02
J7 • V---- -+!--

3
T1 4 '

6 01 : w
l20VAC II G2

~T1

~II

• A single full-wave bridge supply.
The conne c ti on s fo r a fu ll-wave
bridge are shown in Fig. 7 . Figure 7-a
shows the rel evant segme nt of the
schematic , and Fig . 7-b shows the
relevant segme nt of the part s place-

FIG. 6-TWO SPLIT-GROUNDfixed-positive full-wave supplies. You can use any othe r
version you want for supply # 2, but watch the diode polarities. With a razor blade or X­
acto knife, cut the ground foil at the "Z. " Then, cut the transformer secondary pads at the
arrowheads, isolating 3from 4, and 5 from 6. If you connect the supplies in series, the tota l
output voltage is the sum of both. Assume both regulators pass identi cal currents, but
don 't necessarily dissipate identical power, since their regulator drops may differ.

FIG. 5-A DUAL SUPPLY, WITH COMBINED fixed-positive and adjustable-negati ve
sources; it has the same limitations as Fig. 3. For greater current, use the full-wave
approach of Fig. 4, with the layout shown here. The 01 shown using dashed lines is
connected this way for a transformer with no center tap. In that case, jumper pad 3 to pad
5 with JU7, removing the connection to pad 6.
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120VAC 

T1 

4 
ANY 

VERSION Of 
D2 SUPPLY 01 

a 

FIG. 7 -A FULL -WAVE BRIDGE RECTIFIER as supply #1: (a) is the relevant segment of 
schematic. (b) is the relevant segment of the parts placement diagram. Remeber to 
reverse D1 -D4 for a fixed- negative version. The connections for a full -wave bridge are 
shown in Fig. 7, and don't forget to add JU8. You can also make supply #2 on top any 
version, whether positive, negative, fixed, or adjustable. 

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

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

r -> 
INPUT 
12VDC 
CAR 

BATTERY 

o 

-G1 
G2 

3 

4 

5 

6 

-+ 

O 
c7 o 

r- 
I6 
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BATTERY 

G1 

C 

-0+ OUTPUTI1 
(POS.) 

G3o 
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+ -R1- + 
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1051 19, 2 I 
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COMMON 
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R1 R2 

2200 ! 2700 
33011 

1 
4700 
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j aeon 
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22011 82011 5 9 V 
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2.! V 
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3 .9 V 
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FIG. 8- REGULATING THE VOLTAGE FROM a car battery: the assumption is that IC1 is a 

standard 5 -. 6 -, or 8 -volt regulator. and that IC2 is adjustable, but set to a non- 
standard value by R1 and R2. The accompanying table in (d) gives V2 to within 50 
millivolts for different values of R1 and R2. but you can use the formula given in the text. 

no load? What's the figure at full 
load? Try several yourself 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 I20 -volt primary in- 
put. Those sampled came from a vari- 
ety of suppliers, most with a rating of 
I 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 volts peak. 

The peak value is important, be- 
cause the electrolytics need to be 
rated accordingly and the regulator 
drop is partly dependent on it. Also, a 
center tap may not always be at the 
exact 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 1.8 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 least dou- 
ble that limit, for safety, especially for 
half -wave. 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 voltage drop across a 
diode is that it increases with current 
under forward bias. Thus, not quite all 

edge of a electrolytic'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 

J8 W

FIG.7-A FULL-WAVE BRIDGE RECTIFIER as supply #1; (a) is the relevant segmen t of
schematic, (b) is the relevant segment of the parts placement diagram. Remeber to
reverse 01-04 for a fixed-negative version. The connections for a full-wave bridge are
shown in Fig. 7, and don 't forget to add JU8. You can also make supply # 2 on top any
version, whether positive, negative, fixed, or adjustable.

the peak transformer voltage is per­
ceived by the electro lytic. Close to
rated current , a diode drops about 0. 8
volts, and 0 .5 volts at low currents .
Since the diode normall y conducts to
recharge the electrolyt ic , assume a
worst-case drop of 1.2 volts. This is
the figure to use with either half-wave
or full-wave center-tap. With a bridge,
two diodes conduct in series, so two
drops must be added , for a worst-case
of 2.4 volts.

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

a

R1 R2 VOUT

22011 2100 2.8 Y

220n 3300 3.1 V

22011 ~1011 3.9 Y

22011 56011 4.4 V

220( 1 68Qll 5.1 Y

22011 82011 5.9 V

22011 US 6.9 Y-

22011 1.2 K 8.0 V

15011 91011 8.8 V

22011 1.5 K 9.1 V

+

C2
10~F

R3

t-- -f-- -f--...--t-o OUTPUT'l

0 A O
ICl IC2

78XX lM317

II 11

~

HEAT SINK
TAB

d

FIG. B-REGULATING THE VOLTAGE FROM a car battery; the assumption is that IC1 is a
standard +5-, +6-, or +B-volt regulator, and that IC2 is adjustable, but set to a non­
standard value by R1 and R2. The accompanying table in (eI) gives V2 to within 50
millivolts for different values of R1 and R2, but you can use the formula given in the text.

no load ? What's the figure at full
load? Try several yourself 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 l20-volt primary in­
put. Those samp led came from a vari­
ety of suppliers, most with a rating of
I 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 volts peak.

The peak value is important, be­
caus e the electrolytic s need to be
rated accordingly and the regulator
drop is partly dependent on it. Also, a
center tap may not always be at the
exact 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 1.8 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 least dou­
ble that limit , for safety, especially for
half-wave . The diode will dissipate
heat thro ugh its leads and the PC
board foil, so short leads are best.

The only generalization that can be
made about the voltage drop across a
diode is that it increase s with current
under forward bias. Thus, not quite all

edge of a electrolytic '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 elec tro lytic or individu al
luck, so don 't try it unless desperate .
The current into and out of the capaci­
tor causes heating; an electro lytic 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 E
possible . ~

Since no electro lytic has infinite CD

capacitance, the regulator voltage 8
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isn'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 p.F 
is a good approximation: 

Colter = 6000 x hoed' ' nppple 

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

C,1 = 6000 x 0.5/2 =1500 F. 

This is valid for full -wave, but 
needs to be doubled for half-wave. 
Now, work backwards, from output 
back to transformer, to determine the 
minimum peak voltage the trans- 
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 volts 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 toler- 
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 
efficient -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 manifest 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 to be 

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 overheating. 

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 volts, 
inclusive. This same 35 -volt figure 
was kept in mind as a capacitor rating 
when considering component sizes. 

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 14 -watt. 5 °c. un- 
less otherwise indicated. 

R1- 150 -270 ohms 
(see Figs. 3 and 8) 

R2 -2000- or 5000 -ohm cabinet - 
mounted potentiometer 

R3-270--1500 ohms (see Fig. 8) 
Capacitors 
Cl. C3. C6 -1000 µF. 16 volts, 

electrolytic 
C2. C4. C5-10 p.F, 30 volts. 

electrolytic 
Semiconductors 
D1- D4- 1N4004 or 1N5404 silicon 

rectifier diode or equivalent 
IC1. IC2 -78XX, 79XX, LM317, and 

or LM337 3- terminal TO -220 volt- 
age regulators (see text) 

Miscellaneous: one or more copies 
of the PC board (see PC Service). 
suitable cabinet. red and black ba- 
nana jacks. one or more 3- terminal 
regulator heatsinks (JAMECO part 
number 60306), 'h2 -inch and ' -f- 
inch drill bits, wire, solder. 

ulator as a I.5 -watt device with no 
heatsinking, a 5 -watt device with fair- 
ly good heatsinking, and a 12 -watt 
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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PARTS LIST

ulator as a 1.5-watt device with no
heatsinking , a 5-watt device with fair­
ly good heatsink ing , and a 12-watt
device with excellent heat sinking and
air circulation.

To get a rough idea of safe opera­
tion , let one operate under wors t-case
condit ions for five minutes, and then
applying a tiny drop of room-temper­
ature water to the top of the its heat­
si nk tab . Even if a heats ink is
attached, apply the water only to the
top of the tab--awkward , but possi-

(Continued on page 58)

All resistors are Y4-watt, 5%, un­
less otherwise indicated.

R1-15Q-270 ohms
(see Figs. 3 and 8)

R2-2000- or 5000-ohm cab inet-
mounted potentiometer

R3-27Q-1500 ohms (see Fig. 8)
Capacitors
C1, C3, C&-1000 j.LF,16 volts,

electrolytic
C2, C4, C5--10 j.LF, 30 volts,

electrolytic
Semiconductors
D1-D4-1N4004 or 1N5404 silicon

rectifier diode or equivalent
IC1, IC2-78XX, 79XX , LM317, and!

or LM337 3-terminal TO-220 volt­
age regulators (see text)

Miscellaneous: one or more copies
of the PC board (see PC Service),
suitable cabinet, red and black ba­
nana jacks, one or more 3-terminal
regulator heatsinks (JAMECO part
number 6030B), Y32"" inch and Ye­
inch drill bits, wire, solder.

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 overheatin g .

Finally, here 's a little information
on the TO- 220 regulators. Wh ile the
adjustable models can handl e some­
what higher voltage, consider 35 volts
as a maximum for all. This includes
the fixed vers ions from 5-15 volts,
inclu sive . This same 35-volt figure
was kept in mind as a capacitor ratin g
when considering component sizes.

The regul ators protect themselves
by automatically shutting down when
overheated, and by current limiting
when shorted. This limit may still be
eno ug h to damage ' the transformer
and diodes .. You can.consider a reg-

isn' t constant. The average input volt­
age varies with load current, and the
ripple voltage increases in peak- to­
peak value with curre nt. At its lowest
value during worst-case ripple , the
regulator drop must be at least 2 volts.
The followi ng form ula for the mini­
mum required electro lytic size in f-LF
is a good approximation:

Cfill er = 6000 X Iload/Vrippple

For exam ple, if maximum load cur­
rent is 0 .5 amp, and rippl e voltage is 2
volts poP, the minimum electrolytic
size is:

Cfill = 6000 x 0.5 /2 = 1500 j.LF.

Th is is valid for full-wave, but
need s to be doubled for half-wave .
Now, work backwards , from output
back to transformer, to determine the
mini mum pea k voltage th e- trans- ­
form er has to deliver. For now, ignore
any over-voltage condi tio n, since
that's mainly imp ortant in determin­
ing the electrolytic's voltage ratin g .
Starting wi th the de sired regulated
output voltage , say + 12 volts , add up
all the voltage drops present:

12 .0 volts regulated output
2 .0 volts minimum regulator

drop
2.0 volts pop ripple (somewhat

arbitrarily selec ted)
+ 1.2 volts worst case diode drop

17.2 volts minimum peak voltage
from tran sformer
secondary

Multiplyin g thi s sum by 0 .7071
gives 12.16 volts , the min imum toler­
able RMS seconda ry voltage. Thi s
works well with a normal 12 .6-volt
secondary, but wi th o n ly a 3%
cushion for a low line-voltage con­
dition. With the extra volt age the
transformer provides , it sho uld be
efficient- for a linear supply. If the
figures are too high for a standard
tran sformer, con sider 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 anti cipated current rat­
ing could mean an extra volt or more
in the secondary voltage. A higher
secondary voltage will manifest itse lf
as a higher regul ator drop , causing
more heating for any give n load . Thi s
probl em is insoluble when using an
adjustable regul ator to provide from
1.25- 25 volts .

A clean 27 .5 volts would have to be
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BUILD THIS 
PROGRAMMABLE 
CRYSTAL -CONTROLLED 
PULSE 
GENERATOR 

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 to the 
specific frequency desired. Figure 1 

shows a I -MHz crystal oscillator 
feeding a series chain of TTL decade 
counters to illustrate the technique. 

A significant improvement is pro- 
vided with the recent advent of the 
Statek Corp. (512 N. Main St., 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 series 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, 
each with three TTLcompatible ex- 
ternal taps for setting the divider 
ratios. 

Figure 2 is a block diagram of the 
PXO -1000; it has an a l -MHz internal 
crystal, and two internal programma- 
ble frequency dividers, with ratios 
available to let the user select output 
frequencies ranging from 0.0083 
Hz I 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 control using ei- 
ther DIP or rotary switches. The 
PXO -1000 has ± 100 ppm accuracy 
and ±0.015% stability at room tem- 
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 PXO- 32768), 600 kHz (the 
PXO -600), and 768 kHz (the 
PXO -768). 

The PXO -1000 
The drawback to the divide -by -N 

counter shown in Fig. I 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=I x E= 8 x 45 x 5 

volts DC = 1.8 watts, and the os- 
cillator an additional 0. I watt, a total 
of 1.9 watts, a load that makes battery 
operation impossible. 

By contrast, the PXO -1000 shown 

in Fig. 2 uses under 1 square inch of 
PC board real estate, and only 3.5 
milliwatts- perfect for battery opera- 
tion. The output is available on pin Il 
(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 (csEL), 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 can be set 

to divide by 1, 2, 3, 4, 5, 6, 10, or 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 = 8. If all the divider 
ratios were unique, there'd be 8 x 8 or 
64 distinct frequency divider settings 
possible. However, since both the first 
and second counter can divide by I 

and 10, seven of those 64 factors will 
be duplicated. 

The PXO -1000 is programmed 
using pins 2-4 (P3P2PI) and pins 5 -7 
(P6P5P4); these are the frequency 
counter control bits. Setting any of 
them to Vcc constitutes a logic high, 

5
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Build a single-chip
pulse generator using a

programmable crystal oscillator IC. ~:-""""""'::::::......~~~!.j
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BUILD THIS
PROGRAMMABLE
CRYSTAL-CONTROLLED
PULSE
GENERATOR

UNTIL RECENTLY, BUILDING AN INEXPEN·

sive, calibrated frequency source has
generally involved dividing the out­
put from a crystal oscillator to the
specific frequency desired . Figure 1
shows a I-MHz crystal oscillator
feeding a series chain of TTL decade
counters to illustrate the technique.

A significant improvement is pro­
vided with the recent advent of the
Statek Corp. (512 N. Main St ., 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 series are
identical internally, differing only in
the base crystal frequency. The user
can select anyone of 57 different fre­
quency-divider ratios, using two in­
ternal, series frequency counters,
each with three TTL-compatible ex­
ternal taps for setting the divider
ratios.

Figure 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 user select output
frequencies ranging from 0.0083
Hz-l MHz. The IC was also made
with provision for using an external

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 control using ei­
ther DIP or rotary switches. The
PXO-1000 has ± 100 ppm accuracy
and ± 0.015% stability at room tem­
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 PXO-32768), 600 kHz (the
PXO -600), and 768 kHz (the
PXO-768) .

The PXO-1000
The drawback to the divide-by-N

counter shown in Fig. I is the need for
eight separate counters and a separate
crystal oscillator. If 7490 divide­
by-lO 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 = I x E = 8 x 45 x 5
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

in Fig. 2 uses under 1 square inch of
PC board real estate, and only 3.5
milliwatts-perfect for battery opera­
tion. The output is available on pin 11
(fO U T ) , 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 (CSEL), 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 can be set
to divide by 1, 2, 3,4,5,6,10, or 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 = 8. If all the divider
ratios were unique, there'd be 8 x 8 or
64 distinct frequency divider settings
possible. However, since both the first
and second counter can divide by 1
and 10, seven of those 64 factors will
be duplicated .

The PXO-lOOO is programmed
using pins 2-4 (P3P2PI) and pins 5-7 E
(P6PsP4); these are the frequency ~
counter control bits. Setting any of ~

them to Vcc constitutes a logic high, ~
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1MHz 100?1cHz 101kHz 1kHz 100Hz 
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E+ lo 

tOHz IH: 0.1Hz 0.01Hz 

FIG. 1- GENERAL PURPOSE PULSE GENERATOR needs a 1 -MHz crystal oscillator driv- 
ing a chain of high -power TTL decade counters like the 7490 4 -bit decade counter. 

OFF 

Sl 0 O 

81 
4.5VDC 

13 AA OR iii 
1 1 1 

ALKALINE CELLS) 
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16 12 - 117 \I 

ICI 
Px0 -1s. 
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Pxo-1000 

1 ?1 - 112 
PROGRAM 
DIVIDER 

>1fl1 

1 1 - 1/107 
PROGRAM 
DIVIDER 

J1 

otri 
9 -4 

DIP SWITCH S2 

FIG. 2 -BLOCK DIAGRAM OF PXO -1000 IC programmable frequency divider with internal 
1 -MHz quartz crystal oscillator. Frequency division ratios are selected by setting DIP 
switch S2; 57 distinct frequencies in the range from 0.0083 Hz -1 MHz can be generated. 
Each of the SPST switches a-1 in S2 control a single bit from among pins 2 -7 (PJPZP, and 
P,,P5P4), the select lines for the two counters. Here, a 4.5 -volt DC supply using B1 
provides power. 

1 S3 0 
--0 

a 

FIG. 3- ROTARY SWITCHES AND DIODE MATRIX D1 -018 set the frequency counters of 
the PXO -1000. eliminating DIP switch S2 in Fig. 2. D1 -D18 act to block incorrect bits from 
among pins 2 -7 (PAP ?P, and P6P5P4) from being set high. D1 -D9 acts with S3 to control 
P,P2P3, while D10 -D18 acts with S4 to control P4P5P6. S1, the ON OFF switch. and J1. both 
present in Fig. 2. have been omitted. but would be needed here. 

and ground to a logic low. The fre- 
quency division effect of pins 2 -7 
(P3P,P1 and P6P5P4) is summarized 
in Table I. 

The settings of pins 2-4 (P3P,P1) 
aren't in directly ascending order for 
the first counter. At the low end, the 
frequency division factor jumps from 

fora setting of 000 to 10 for 001, and 
back down to 2 for 010, while at the 
high end, the factor jumps from 6 for 
110, to 12 for Ill. However, the set- 
tings for pins 5-7 (P6PSP4) do go in 
order, and the binary number corre- 
sponding to these three bits is the ex- 
ponent of the power of IO for the 
frequency division factor involved. 
Thus P4P5P6 = 100 is binary for 4, or 
a division factor of 104. 

If the eight possible settings for the 
two 3 -bit groups arc arranged as an 
8 x 8 matrix, the output frequencies 
appear as the 64 entries in Table 2. As 
mentioned above, seven frequencies 
are duplicated, so there are only 57 
distinct frequencies. In Fig. 2, they 
are generated by programming the 
two counters using DIP switch S2. 
Thus, the entries for row two are shift- 
ed one column left from those of row 
one. 

For example, to generate 100 kHz, 
you can use settings of either 
PiP,P3P4PSP6 = 000001 or 001000. 
As a more general example, 
P1P2P3P4P3P6 =100010 causes divi- 
sion by 4 x 102=4 x 100= 400. 
Since the crystal frequency is 1 MHz, 
the output frequency is lour= 
MHz /400 = 2.5 kHz. 

Figure 3 shows an alternative man- 
ual approach using rotary switches S3 
and S4 to control diode matrix 
DI -D18, if you find using a DIP 
switch awkward. In this case, S3 se- 

lects the decade frequencies from 0.1 
Hz -1 MHz, while S4 selects the eight 
output divisions from 1A- 1/42, deter- 
mining the final output frequency, as 

shown in Table 2. Also, you can see 
that the + 4.5 volts DC from battery 
BI in Fig. 2 has been replaced in Fig. 
3 with +5 volts DC, which is also 
acceptable. 

If you're only interested in 0.1 
Hz -1 MHz using the second counter, 
then exclude S3 and DI -D9, leaving 
pins 2-4 (P3P2P1) open. Likewise, if 
you're only interested in division by 
the integer factors provided by the 
first counter (I, 2, 3, 4, 5, 6, 10, and 
12). you can similarly exclude S4 and 
DIO -D18, leaving pins 5-7 (P6P5P4) 
open. The parts placement diagrams 

and ground to a logic low. The fre­
quency divi sion effect of pins 2- 7
(P3PZP1 and P6PSP4) is summarized
in Table I .

The setti ngs of pins 2-4 (P3PZP1)

aren't in directly ascending order for
the first counter. At the low end , the
frequency division factor jumps from
I for a setting of 000 to 10 for 00 I, and
back down to 2 for 010, while at the
high end, the factor jumps from 6 for
110 , to 12 for 11 1. However, the set­
tings for pins 5-7 (P6PsP4) do go in
order, and the binary number corre­
sponding to these three bits is the ex­
ponent of the power of 10 for the
freq uency di vision factor involved .
Thus P4PsP6 = 100 is binary for 4, or
a division factor of 104.

If the eight possible settings for the
two 3-bit- groups-are-arranged-as an
8 x 8 matrix, the output frequencies
appear as the 64 entries in Table 2. As
mentioned above, seven frequencies
are duplicated, so there are only 57
distinct frequencies. In Fig. 2, they
are generated by programming the
two counters using DIP switch S2 .
Thus, the entries for row two are shift­
ed one column left from those of row
one .

For example, to generate 100 kHz,
yo u c an use se tt ing s of ei ther
P1PZP3P4PSP6= 000001 or 00 1000 .
A s a mo re genera l exam p le,
PtPZP3P4PsP6= 10001O causes divi­
s ion by 4 xloz=4 x I00 =400 .
Since the crystal frequency is I MHz,
th e out pu t fre que ncy is f O UT = 1
MHz/400 = 2.5 kHz .

Figure 3 shows an alternative man­
ual approach using rotary switches S3
and S4 to con tro l di od e matr ix
DI-Dl 8 , if you find usin g a ·DIP
switch awkward. In this case, S3 se­
lects the decade frequenc ies from 0. 1
Hz-I MHz , while S4 selects the eight
outp ut divisions from Vi-Vi2, deter­
mining the final output frequency, as
shown in Table 2 . Also, you can see
that the +4 .5 volts DC from battery
BI in Fig. 2 has been replaced inFig .
3 with +5 volts DC , which is also
acceptab le.

If you' re only interested in 0 .1
Hz-I MHz using the second counter,
then exclude S3 and DI- D9, leaving
pins 2-4 (P3PZPt) open. Likewise , if
you' re only interested in division by
the integer factors provided by the
first counter (1,2, 3,4,5 ,6,10, and
12), you can similarly exclude S4 and
Dl(~-D1 8 , leaving pins 5- 7 (P6PSP4)
open . The parts placement diagrams
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FIG. 1-GENERAL PURPOSE PULSE GENERATOR needs a 1-MHzcrystal oscillator driv­
ing a chain of high-power TTL decade counters like the 7490 4-bit decade counter.

DIP SWITCHS2

FIG.2-BLOCK DIAGRAM OF PXO-1000 IC programmable frequency divider with internal
1-MHz quartz crystal oscillator. Frequency division ratios are selected by sett ing DIP
switch S2; 57 distinct frequencies in the range from 0.0083 Hz-1 MHz can be generated.
Each of the SPST switches a-f in S2 control a single bit from among pins 2-7 (PaP2P1 and
P6PSP4), the select lines for the two counters. Here, a +4.5-volt DC supply using B1
provides power.

en
o
Z
o
a:
I­o
~ FIG. 3-ROTARY SWITCHES AND DIODE MATRIX 01-018 set the frequency counters of
w the PXO-1000, eliminating DIP switch S2 in Fig. 2.01-018 act to block incorrect bits from
o among pins 2-7 (PaP2 P1 and PSPSP4) from being set high . 01-09 acts with S3 to control
~ P1P2Pa, while 010-01 8 acts with S4 to control P4PSPS' S1,the ON/OFF switch, and J1,both
a: present in Fig. 2, have been omi tted , but would be needed here.
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TABLE 1 -PXO -1000 FREQUENCY DIVIDER PROGRAMMING CODES 

P, P2 P3 DIVIDER 
RATIO 

P4 P5 P6 DIVIDER 
RATIO 

0 0 0 1/1 0 0 0 1/1 

0 0 1 1/10 0 0 1 1/10 

0 1 0 1/2 0 1 0 1/102 

0 1 1 1/3(1 0 1 1 1/103 

1 0 0 1/4 1 0 0 1/104 

1 0 1 1/5(') 1 0 1 1/105 

1 1 0 1/6 1 1 0 1/106 

1 1 1 1/12 1 1 1 1/107 

Notes: (a) 33.3% duty cycle (); 
(b) 40% duty cycle ( ); 
(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 IO-I5, the special 
function pins of the PXO -1000, are 

unused. Should you wish to 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 

S2 

RESET EXC TEST 

NC CSEL ° four 4 OUT 
o 

r 
FIG. 4- PARTS- PLACEMENT DIAGRAM 
for the dip -switch version of the PXO -1000 
circuit. 

when set low, and sets pin 9 (otrr) low. 
Also, all inputs except pins 12 (Exc) 
and 14 (REsi r) have internal pull -down 
resistors, whereas pin 14 (REsET) has 
an internal pull -up resistor. 

Construction 
Both the DIP- and rotary- switch 

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

TABLE 2 -PXO -1000 DIVIDER FREQUENCIES 

S4 1 2 3 4 5 6 7 8 

S3 S2 P4 0 0 0 0 1 1 1 1 

PS 0 0 1 1 0 0 1 1 

PI P2 

P6 

P3 

0 1 0 1 0 1 0 1 

1 0 0 0 1 MHz 100 kHz 10 kHz 1 kHz 100 Hz 10 Hz 1 Hz 0.1 Hz 

2 0 0 1 100 kHz 10 kHz 1 kHz 100 Hz 10 Hz 1 Hz 0.1 Hz 0.01 Hz 

3 0 1 0 500 kHz 50 kHz 5 kHz 500 Hz 50 Hz 5 Hz 0.5 Hz 0.05 Hz 

4 0 1 1 333.3 kHz(') 33.3 kHz 3.33 kHz 333.3 Hz 33.3 Hz 3.33 Hz 0.33 Hz 0.033 Hz 

5 1 0 0 250 kHz 25 kHz 2.5 kHz 250 Hz 25 Hz 2.5 Hz 0.25 Hz 0.025 Hz 

6 1 0 1 200 kHz(**) 20 kHz 2 kHz 200 Hz 20 Hz 2 Hz 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 8.3 kHz 833.3 Hz 83.3 Hz 8.3 Hz 0.83 Hz 0.083 Hz 0.0083 Hz 

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

c.- c z 
m 
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TABLE 1-PXO-1000 FREQUENCY DIVIDER PROGRAMMING CODES

FIG. 4-PARTS-PLACEMENT DIAGRAM
____ for the dip-switch version of the PXO-1000

circuit.

P1 P2 P3 DIVIDER P4 Ps Ps DIVIDER
RATIO RATIO

0 0 0 1/1 0 0 0 1/1

0 0 1 1/10 0 0 1 1/10

0 1 0 1/2 0 1 0 11102

0 1 1 1/3(*) 0 1 1 11103

1 0 0 1/4 1 0 0 1/104

1 0 1 1/5(* *) 1 0 1 1/105

1 1 0 1/6 1 1 0 1/10s

1 1 1 1/12 1 1 1 1/107

Construction
Both the DIP- and rotary-switch

versions in Figs. 2 and 3 can be in­
stalled in small plastic or metal en­
closures with three AA or AAA

when set low, and sets pin 9 (OUT) low.
Also , all inputs except pins 12 (EXC)
and 14(RESET) have internal pull-down
resistors , whereas pin 14 (RESET) has
an internal pull-up resistor.

unused . Should you wish to 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

for the PC boards and the part layout
for the DIP- and rotary-switch ver­
sions of the PXO-lOOO are shown in
Figs. 4 and 5, respectively. The PC
foil patte rns for both vers ions are
shown in PC Service.

Note that pins 10--15, the special
function pins of the PXO-lOOO , are

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

TABLE 2-PXO-1000 DIVIDER FREQUENCIES

S4 1 2 3 4 5 6 7 8

S3 S2 P4 0 0 0 0 1 1 1 1

P5 0 0 1 1 0 0 1 1

Ps 0 1 0 1 0 1 0 1

P1 P2 P3

1 0 0 0 1 MHz 100 kHz 10 kHz 1 kHz 100 Hz 10 Hz 1 Hz 0.1 Hz

2 0 0 1 100 kHz 10 kHz 1 kHz 100 Hz 10 Hz 1 Hz 0.1 Hz 0.01 Hz

3 0 1 0 500 kHz 50 kHz 5 kHz 500 Hz 50 Hz 5 Hz 0.5 Hz 0.05 Hz

4 0 1 1 333.3 kHz(*) 33.3 kHz 3.33 kHz 333.3 Hz 33.3 Hz 3.33 Hz 0.33 Hz 0.033 Hz

5 1 0 0 250 kHz 25 kHz 2.5 kHz 250 Hz 25 Hz 2.5 Hz 0.25 Hz 0.025 Hz

6 1 0 1 200 kHz(**) 20 kHz 2 kHz 200 Hz 20 Hz 2 Hz 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 8.3 kHz 833.3 Hz 83.3 Hz 8.3 Hz 0.83 Hz 0.083 Hz 0.0083 Hz

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

'­c
z
m
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FIG. 5- PARTS -PLACEMENT DIAGRAM FOR THE ROTARY-SWITCH version of the 
PXO -1000 circuit. 

lu 
ESET 

Il ICI 
X0.1000 

0u 

low 

1t' 

GATE 

J1J1111L tMH: 

L L INPUT GATE 

ICl -11 
1MHz 

IC2 -î 
OUTPUT PUISE 

TRAIN 

FIG. 6-AN APPLICATION OF PRECISION LOGIC GATE TIMING using the PXO -1000. If you 
program 10 kHz. NAND-gate IC2 is enabled on each positive half of the output square wave. 
for a pulse width of 50 o s. That lets 50 1-MHz square wave pulses from pin 11 (tow) of the 
PXO -1000 pass though IC2 until pin 9 (ouT) goes low on each bottom half of the square 
wave. In that case. IC2 is disabled. giving a precise gate time. When both inputs go high. 
the output goes low, Inverting the 1 -MHz square wave. 

alkaline cells. Maximum supply volt- 
age for the PXO -1000 is +6 volts 
DC. Since the PXO -1000 draws' 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 
rotary switches and an ON /OFF 
switch for B1 on the front panel. 

The PXO -1000 internal crystal os- 
cillator is available on pin 9 (our). It's 
buffered for TTL or CMOS loads, but 
you should never connect it to a load 
drawing over I milliamp. If you don't 
know how much current will be used, 
put a 5K 1/4-watt resistor from pin 9 
(ouT) to JI to limit current. Note that 
JI 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 (ouï) to the cen- 
ter post of J1, although it'll distort 
even a low- frequency square-wave 
output. Use a 3 -cell AA or AAA bat- 
tery holder for B1, a suitable case, and 
1/4-inch spacers to keep the 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 

PARTS LIST 

Semiconductors: 
D1- D18- 1N4148. switching diodes 
IC1 -PX0-1000, programmable 

crystal oscillator 
IC2 -7400 quad TTL NAND gate (see 

text about precision timing applica- 
tion) 

Other components: 
B1-4.5 -volt DC supply using three 

1.5 -volt DC AA or AAA alkaline 
cells (optional: a 5 -volt DC supply 
could be used instead) 

J1 -RCA phono jack (for both the 
DIP- and rotary -switch versions) 

S1- miniature SPST toggle switch 
(for either the DIP- or rotary- switch 
versions) 

S2 -DIP switch with 6 SPST switch- 
es (for the DIP -switch version) 

-S3, S4 -SP12T rotary switch (for the 
rotary- switch version) 

Miscellaneous: PC board (see PC 
Service). 3 -cell AA or AAA battery 
holder, suitable plastic box with alu- 
minum cover (for either the DIP- or 
rotary -switch versions). wire, sol- 
der. knobs (for the rotary- switch 
version). i -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 
S12.00 postpaid. An etched and 
drilled PC board (for the rotary - 
switch version only) is available 
from R&R Associates. 3106 
Glendon Avenue. Los Angeles. 
CA 90034. for S3.00 postpaid. 
For both items. California resi- 
dents include appropriate sales 
tax. 

Hz -10 kHz are 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 /f, you can perform preci- 
sion logic timing, as shown in Fig. 6. 
If you program 10 kHz, NAND-gate 
IC2 is enabled on each positive half of 
the output square wave, for a pulse 
width of 50 ps. That lets 50 l -MHz 
square wave pulses from pin 11 (Tom-) 
of the PXO -1000 to pass though IC2 
until pin 9 (our) 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 I -MHz square wave. R-E 

FIG. S-PARTS-PLACEMENT DIAGRAM FOR THE ROTARY-SWITCH version of the
PXO-1000 circuit.

Jl.I"U"1.I1.. lMHz

FIG.6-AN APPLICATION OF PRECISIONLOGICGATETIMING using the PXO-1000.lf you
program 10 kHz, NAND-gateIC2 is enabled on each positive half of the output square wave,
for a pulse width of 50 us , That lets 50 1-MHzsquare wave pulses from pin 11 (fOUT) of the
PXO-1000 pass though IC2 until pin 9 (OUT) goes low on each bottom half of the square
wave. In that case , IC2 is disabled , giving a precise gate time. When both inputs go high,
the output goes low, inverting the 1-MHz square wave.

Semiconducto rs:
D1- D18-1N4148, switching diodes
IC1-PXO -1000 , programmab le

crystal oscillator
IC2-7400 quad TIL NAND gate (see

text about precisiontiming applica­
tion)

Other components :
81-4.5-volt DC supply using three

1.5-volt DC AA or AAA alkaline
cells (optional; a 5·volt DC supply
could be used instead)

J1- RCA phono jack (for both the
DIP- and rotary-switch versions)

S1-miniature SPST toggle switch
(for either the DIP-or rotary- switch
versions)

S2-DIP switch with 6 SPST switch­
es (for the DIP-switch version)

S3, S4-SP12T rotary switch (for the
rotary-switch version)

Miscellaneous: PC board (see PC
Service), 3-cell AA or AM battery
holder, suitable plastic box with alu­
minum cover (for either the DIP- or
rotary-switch versions), wire, sol­
der, knobs (for the rotary-switch
version) , Y4-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 vers ion only) is available
from R&R Associates, 3106
Glendon Avenue, Los Angeles,
CA 90034, for $3.00 postpaid.
For both items, California resi­
dents include appropriate sales
tax .

PARTS LIST

J1 - - - - -

I

~INPUT GATEI I
1 I

IC1-11 l MH
I I Z
I I

I I IC2-3 OUTPUT PULSE
~ TRAIN

I I
I I

GATE

14

11

RESET

IC1 U9~====:::::;1~~PXO.1000 0UTfJ
fOUT

o
NC

1 85

8

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

Mount the PXO-1000 in a low-pro­
file I6-pin DIP socket. Mount both
rotary switches and an ON/OFF
switch for BI 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
z you should never connect it to a load
~ drawing over I milliamp. If you don 'to know how much current will be used ,
~ put a 5K Y4-watt resistor from pin 9
wo (OUT) to 11 to limit current. Note that
is 11 only appears in Fig. 2, not Fig. 3,
r? but you'll need it in both versions.

50

You may also want a large coupling
capacitor from pin 9 (OUT) to the cen­
ter post of 11 , although it' ll distort
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 to keep the board from
short ing .

Applications
What can you do with all these fre­

quencies? As ment ioned earlier, the
range of 0 .01 Hz-I 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, I , 25, and 50 Hz are a useful
general-p urpose time base, 100

Hz-1O kHz are useful for audio , 25
kHz is in the ultrasonic transducer
range , 500 kHz- I MHz is useful for
digital appl ications.

By using period instead offrequen­
cy, or T = 1If, you can perform preci­
sion logic timing , as shown in Fig. 6.
If you program 10 kHz, NAND-gate
IC2 is enabled on each positive half of
the output square wave, for a pulse
width of 50 I-LS . That lets 50 I-MHz
square wave pulses from pin 11 ({OUT)
of the PXO-1000 to pass though IC2
unti l pin 9 (OUT) 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 I-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 EVER!" 
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- 
emaScope, VistaVision, Todd -AO, 
six -track stereo sound, eight -track 
stereo sound, Smell -O- Vision (no 
kidding!), and other schemes 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 

MINN 
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,-_ 

Disney 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- 
chestra picked up the sound emanat- 
ing from its region. The signal from 
each 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 stereophonic- actually, sur- 
round- sound. Mike Todd's wide - 
screen extravaganza Around the 
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- 

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 (there weren't 
many audiophiles with turntables 
back then) and a very few tape record- 
ers went stereophonic. By that time it 
had been realized that a more-or -less 
convincing soundstage could be rec- 
reated in front of the listener from just 
two channels of sound, one carrying 
left-ear information and the other car- 
rying that for the right ear. The term 
"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 
special recording techniques, and 
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moviegoer : Cinerama , 3-D, Cin­
emaScope , VistaVision, Todd-AO,
six- trac k stereo sound, eight-track
stereo sound, Smell-O-Vision (no
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Of the early efforts to provide real­
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(if it is remembered at all) is Walt

Disney Studios' Fantasound, a four­
teen-track process that was used for
Leopold Stokowski 's orches tra l ac­
companiment to 1940's animated
Fantasia. Each member of an array of
microphones spread out before the or­
chestra picked up the sound emanat­
ing from its region. The signal from
each 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 stereophonic-actually, sur­
round-sound. Mike Todd's wide­
screen ex travaganza Around the
World in 80 Days inc luded 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-

clack of the wheels on the rails being
refl ected fro m 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 (there weren' t
many audiop hi les wit h turntabl es
back then) and a very few tape record­
ers went stereophonic . By that time it
had been realized that a more-or-less

. convincing soundstage could be rec­
reated in front of the listener from just
two channels of sound, one carrying
left-ear information and the other car­
rying that for the right ear. The term
" binaural" was sometimes used in
place of " stereophonic," but its use
soon became reserved for a specific
method for stereop honic recording
and listening , one with which most
people did not wish to become in­
volved because of its inconvenience.

The binaural technique, which en- E
joys a very limited- but extremely ffi
spirited- populari ty today requ ires <0

spec ia l recording techniques , and ~
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binaural recordings must properly be 
auditioned through earphones. Only 
two microphones are used. The idea is 
to reproduce as closely 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) fitted 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 used matrixing systems to en- 
code the quadraphonic (sometimes 
spelled "quadriphonic ") signals on 
black vinyl records, 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 Stereo" 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 1970's, a simple way to re- 
cover ambience information from 

FIG. 1 -IN TRUE BINAURAL RECORDING. a mechanical replica of the human head and 
ears ensures the proper capture of phase relationships. This is the MKE 2002 binaural 
dummy -head stereo- microphone setup from Sennheiser. To hear the special stereo 
effects, the recording must be listened to with high -quality headphones. 
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FIG. 2 -THE OS -1004- CHANNEL Converter Synthesizer Amplifier from Sansui. This is an 
example of a quadraphonic amplifier in the OS 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 reflected from 
the walls and ceiling of a concert hall, 
or it may come from sources such as 

instruments positioned intentionally 
outside the bounds of the soundstage, 
as illustrated in Fig. 3. One of the 
ways that the ear pinpoints sound 
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 source is perceived as being 
between the two speakers. If the 

FIG. 2-THE QS-1004-CHANNEL Converter/Synthesizer/Amplifier from Sansui. This is an
example of a quadraphonic amplifier in the as format.

instruments positioned intentionally
outside the bounds of the soundstage,
as illustrated in Fig. 3. One of the
ways that the ear pinpoints sound
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 source is perceived as being
between the two speakers . If the

conventional stereo recordings was
proposed. That ambience informa­
tio n-which consists la rge ly 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 reflected from
the walls and cei ling of a concert hall,
or it may come from sources such as

FIG. 1-IN TRUE BINAURAL RECORDING, a mechanical replica of the human head and
ears ensures the proper capture of phase relationships. This is the MKE 2002 binaural
dummy-head stereo-microphone setup from Sennheiser. To hear the spec ial stereo
effects, the recording must be listened to with high-quality headphones.

binaural recordings must properly be
auditioned through earphones . Only
two microphones are used. The idea is
to reproduce as closely as possible the
sound of a performance (or env iron­
ment) as it is perceived by the ear. To
this end, binaural recording tech­
niques have used models of the
human head (and ear) fitted 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, ho me dis­
cophiles could have their choice of
two systems for four-channel record­
ings (SQ and QS), with two speakers
in front and two behi nd (see Fig. 2).
Both used matrixing systems to en­
code the quadrapho nic (sometimes
spelled "quadriphonic") signals on
black vinyl records, and required new
designs in cartridges and styli to re­
trieve the signals from the record
grooves. The two systems offered to
the pub lic were incompatible and
that, together with a surfeit of gim­
micky recordings simi lar to the
"Ping -Pong Stereo" 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 peop le
who wanted to listen to the Tijuana
Brass while sitting fight smack in the
midd le of the band; maybe just a few
frustrated hom players .

Extracti ng 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 shou ld
be subordinate to them. It would be
OK to have more than two channels,

~ but the main audio information
z should come from in front of the lis­aa: tener and the secondary channels
f-o used more to provide a feeling of am­
UJm bience-to recreate the original (or a
6 simulated) recording environment.
~ In the 1970's, a simple way to re­
a: cover ambience information from
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FIG. 3- AMBIENCE INFORMATION recorded as a left- minus -right difference signal can 
be used to expand a soundstage and even to localize sounds coming from beyond the 
bounds set by the locations of the microphones or speakers. 
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FIG. 4 -BY INVERTING THE POLARITY of one of a pair of signals and then summing the 
two, you can obtain the difference between them. 

OR OL 

t-o 

Ul 
SPEAKER A SPEAKER B 

R L 

SPEAKER A 

SPEAKER B 

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

waves are out of phase, the sound 
seems to come from "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- 

nais, 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 that 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 circuitry used. Figure 5 
shows a circuit used in one matrix - 
surround receiver. When the A SPEAK - 

ERS button is engaged, normal stereo 
sound is heard from the speakers con- 
nected to the A terminals; when the B 

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.S speakers, 
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 "Hall Surround" mode. While there 
is definitely a Ray Dolby involved 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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between an "L" waveform and an
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extracts ambience information from a pair of stereo signals by fin ding the difference
between them.

waves are out of phase, the sound
seems to come from " beyond" the
speakers, and some recordings inten­
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FIG. 3-AMBIENCE INFORMATION recorded as a left-minus-right difference signal can
be used to expand a soundstage and even to localize sounds coming from beyon d the
bounds set by the locations of the microphones or speakers.

FIG.4-BY INVERTING THE POLARITY of one of a pair of signals and then summing the
two, you can obtain the difference between them.
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9 FIG. 6- CARVER'S SONIC HOLOGRAPHY process compensates for signal "muddying" 

that occurs during ordinary stereo reproduction by using signal cancellation techniques. 

to the rear channel sound to give a 
feeling of spaciousness. 

Sonic holography 
In photography, holography is a 

process that yields three- dimensional 
images from a single piece of film 
without the need for special viewing 
apparatus (as opposed to the older 
method that requires a separate pic- 
ture for each eye -the 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 left- 
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 
left- 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 

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 seem to 
originate from places far beyond the 
left -right bounds of the conventional 
stereo soundstage. 

The original Carver sonic hologra- 
phy process requires some effort to 
make it work at its best. Speaker posi- 
tioning is extremely critical to the 
effect, and speaker -to- listener dis- 
tances must be measured extremely 
carefully, and the corresponding left 
and right ones matched to within an 
inch or so of one another. The benefits 
of sonic holography also am restricted 
to only one or two listeners at a time. 
The effect is heard only from a highly 
sensitive "sweet 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 ear) 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- 
ent soundstage can be widened dy- 
namically to follow that of the 
material being reproduced, allowing 
more listeners to benefit from the 
sonic holography process. Because 
the change in noise -floor level occurs 
several milliseconds before the actual 
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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 discussed below. 

Other two-speaker systems 
There are several other single -end- 

ed systems that attempt to recreate a 
measure of ambience from just the 
information contained in the two 
channels of an ordinary stereo signal. 

The system that seems to have at- 
tracted the most attention of late is the 
SRS system developed by Hughes 
Aircraft and licensed by Sony for use 
in some of its television receivers. 
Basically, the process extracts 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 
ear. 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 
forget 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 theatergoer. 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 to 
mere lateral directionality. The first 

onse t 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 receive r that
incorporates both Sonic Holography
and Dolby Pro Logic Surround ,
which will be discussed below.

to the rear channel sound to give a
feeling of spaciousness .
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we listen to a pair of stereo speakers to only one or two listeners at a time. Aircraft and licensed by Son y for use

--the-phase-relationship contained-in- -The-effect-is-heard'only-from-a-highly-in-some-of- its-television- rece ivers-.---
the recorded or broadcast material are sens itive "sweet spot," and moving Basicall y, the process extracts the
muddied by right-channel sound just a foot or so out of it destroys the L - R ambience information and pro-
" leaking" to the left ear, and left- illusio n. cesses it through frequency, timin g ,
channel sound similarly showing up In some of its equipment Carver and phase adjustments to simulate the
at the right. What the process does now offers what it ca lls a Precognition way the recorded information would
(see Fig. 6) is to inject some degree of Matrix, which is intend ed to broaden have been perceived by the hum an
out-of-phase right-channel informa- the sonic-holograph soundstage ere- ear. The effect is an artificial analog of
tion into the left-channel signal (and ated fro m mot ion picture so und- the binaural process describ ed earlier,
vice-versa). If that is done with the tracks . The precognition circuitry usin g loudspeaker s ins tead of ear-
right time de lay, the out-of-p hase works by detecting the (norma lly in- phones . The Hughes SRS system is
right -channel signal mixed with the audible to the ear) rise in noise-floor described in detail in the September
left-channel one will arrive at the ear level whe n additio na l tracks are 1989 issue of Radio-Electronics.
at the same time as the right-speaker mixed into the ste reo master. By Mos t "simple" surround sys tems,
" leakage" does, and the in-phase and changing the mix of left and minus- thou gh , are j us t varia tio ns-and
out-of-phase signals will cancel one right-channe l information, the appar- minor ones, at that-{)f the L - R rna-
another. What's left will be pure left- ent soundstage can be widened dy- trix process. So metimes the term
and r ight-channel sound as eng i- nam ically to fo llow th at of the "digital" gets thrown in , but the dig-
neered, providing a sense of depth material being reproduc ed , allowing ital portion of these processes often
and expanse otherw ise impossible in more listen er s to ben efit fro m the has to do ju st with creating the out- of-
a two-speaker system. sonic holography proce ss . Becau se ph ase L - R s ig na l, and maybe

Material that contains a lot of natu- the change in noise-floor level occurs adding some time delay for increased
ral or synthetic L - R information can severa l milli seconds before the actual "spaciousness ."

L R

Dolby Stereo
Although it has been in use since

1975 , Dolb y 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. An yone who 's seen the full­
blown version of that film will never
forge t the opening scene, where the
mass ive battle cruiser looms onto the
scree n, appearing-to both eye and
ear-to come from behind and above
the theatergoer. What an introduction
to Dolb y Stereo!

Movies with stereo soundtracks ­
most of the m mu sical s- were not
rarities prior to that, but the Dolby
process added one or two things to
mere lateral directionality. The first

R
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~ FIG. 6-CARVER'S SONIC HOLOGRAPHY process compensates for signal "muddying"
a: that occurs during ord inary stereo reproduction by using signal cancellation techniques.
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was Dolby A noise reduction, which 
(as you'll know if you ever heard the 
Star Wars soundtrack cranked way up, 
as it was in most theaters) 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, 
true stereo. 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 Greek 
word meaning "solid," 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 nearly -normal left- and right - 
channel soundtrack. (With only 
monophonic 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 
first is a front -center channel. This is 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 part 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 stereo 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 at least 
natural- sounding, ambience informa- 
tion. What the Dolby process uses is 

LEFT 

LEFT 

FRONT 
SURROUND 

DOLBISH SURROUND 

Once you know how Dolby Sur- 
round information is encoded on a 

stereo soundtrack -namely in the 
form of an L -R difference signal -it 
is easy to extract it. While 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 surround 
sound -using the Dolby- encoded in- 
formation- from your stereo VCR or 
other stereo source such as an over - 
the -air or cable broadcasts of films 
containing surround -encoded mate- 
rial for about 525 -including the cost 
of the speaker! 

The easiest method to reproduce 
the L - R "surround" signal. whether 
it contains natural ambience informa- 
tion or Dolby Surround programming. 
is simply to subtract the right -channel 
signal from the left- channel one at 
the speaker terminals. You can do 
that by connecting a speaker, which 
will become your rear surround 
speaker. between the two positive 
(- + ") speaker terminals as shown in 

the figure. Signals common to both 
channels will not be reproduced (or 
will be reproduced at a reduced 
level), but the differences between 
the two -the L -R information -will. 
Since that is exactly what the Dolby 
process uses. the third speaker re- 
producing that 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- 

RIGHT 
FRONT 

vices being sold as Dolby Surround 
decoders). but it will give you pretty 
amazing results from good material 
at a rock -bottom price. 

If you connect the surround speak- 
er directly to your amplifier's usual 
speaker- output terminals. you should 
use an L -pad in the line to let you 
control the level. and thereby the bal- 
ance. of the surround effect sound. 
You don't want the effect to be over- 
whelming: most of the time there 
should be so little of it that you're not 
aware its there. although if you were 
to eliminate it suddenly you would be 
struck by its absence as the sound - 
field collapsed. 

Be careful when adding a third 
speaker to your system in that way. 
Putting the impedance of the extra 
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. At very low 
output levels that may not matter. but 
at higher ones it can put an unaccep- 
table strain on the amp. 

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

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

Cinematic sound is an extremely 
artificial medium -even such a sim- 
ple effect as the sound of an actor's 
footsteps as he walks frorr one side of 
a scene to the other iF much more 
easily created on an engineering con- 
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Cinematic sound is an extremely
artificial medium--even such a sim­
ple effect as the sound of an actor's
footsteps as he walks frorr one side of
a scene to the other is much more
easily created on an engineering con-

vices being sold as Dolby Surround
decoders), but it will give you pretty
amazing results from good material
at a rock-bottom price.

If you connect the surround speak­
er directly to your amplifie r's usual
speaker-output terminals, you should
use an L-pad in the line to let you
control the level, and thereby the bal­
ance, of the surround effect. sound.
You don't want the effect to be over­
whelming ; most of the time there
should be so little of it that you're not
aware it's there, although if you were
to eliminate it suddenly you would be
struck by its absence as the sound­
field collapsed.

Be careful when adding a third
speaker to your system in that way.
Putting the impedance of the extra
speaker across that of the other two
will change the impedance of the en­
tire system, and may reduce it below
the min imum impedance recom­
mended for your amplifier. At very low
output levels that may not matter, but
at higher ones it can put an unaccep­
table strain on the amp.

A slightly more complex way, but
one reeking less of brute-force, to ob­
tain surround sound using that meth­
od would be to mix the line -level
signals from a pair of your amplifier's
tape output jacks in the same way
you would combine the speaker-out­
put ones-by using the two inner
conductors of the TAPEOUT cables­
and feed that signal to a separate
small mono amp driving the surround
speake~ R-E

SURROUND

DOLBISH SURROUND

LEfT
FRONT

Once you know how Dolby Sur-
- round information IS encodea on a

stereo soundtrack-namely in the
form of an L - R difference signal- it
is easy to extract it. While 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 surround
sound-using the Dolby-encoded in­
formation-from your stereo VCR or
other stereo source such as an over­
the-air or cable broadcasts of films
containing surround-encoded mate­
rial for about $25--including the cost
of the speaker!

The easiest method to reproduce
the L - R "surround" signal, whether
it contains natural ambience informa­
tion or Dolby Surround programming,
is simply to subtract the right-channel
signal from the left-channel one at
the speaker terminals. You can do
that by connecting a speaker, which
will become your rear su rround
speaker, between the two positive
(" +")speaker terminals as shown in
the figure. Signals common to both
channels will not be reproduced (or
will be reproduced at a reduced
level), but the differences between
the two-the L - R information-will.
Since that is exactly what the Dolby
process uses, the third speaker re­
producing that signal will become the
surround device.

The process is not perfect (other­
wise therewould 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
material without the use of a decoder
is desc ribed in the box above. It' s
primiti ve, but effective.

was Dolby A noise reduction , which
(as you 'Ii know if you ever heard the
Star Wars soundtrack cranked way up,
as it was in most theaters) gave op­
tical-soundtrack sound a much great­
er dynamic range than it had enjoyed
before. The se cond , and perhaps
more significant from an entertain ­
ment point of view, benefit of Dolby
Stereo was that it added , in a rather
eleg ant and easy-to-achieve manner,
true stereo. 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 Greek
word meaning "solid," 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 Dolb y process, those
two tracks can provide up to four
channels of sound. Figure 7 shows
how Dolby Stereo works. The left and
right chann els contain the usual left­
and right-ch ann el informat ion ; a
movie theater without a Dolby Stereo
decoder (or a home videotape viewer
using just a stereo VCR) would per­
ceive a nearly-normal left- and right­
channel soundtrack. (With only
monophonic facilitie s, 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
first is a front-center channel. This is a
mixture of the left- and right-chann el
signals-a composi te mono signal in
effect- that fills in the audio " hole"
that mi ght be perce ived b y a
moviegoer sitting close to the center
of a wide screen.

The really interesting part of a Dol­
by Stereo soundtrack , though, is the
fourth , surround, chann el. It is en­
coded o n th e s te reo trac ks as
" L - R." " Wait a minute !" you say.
" That's the same inform ation that you
can extract from ordinary stereo for a
matrix-surround rear channel system.
What' s the big deal ?" The big dea l, it
turns out , is in what inform ation is
encoded in that difference signal. Ma­
trix surround uses natural , or at least
natural -sounding , ambience informa ­
tion. What the Dolb y process uses is
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FIG. 7- THEATRICAL DOLBY STEREO encodes four channels of sound on two sound- 
tracks. The Dolby decoder derives a center channel by summing the left and right 
channels, and surround information by subtracting the right from 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 
controlled 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 Stereo 
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 ambience information may. 
That is clearly evident in a film such 
as Back to the Future, when the time - 
travelling DeLorean 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 
rear- channel signal at 7 kHz. That is 
done for several reasons. The first has 
to do with eliminating signal leakage 
and distracting crosstalk from the sur- 
round channel. Another big reason 
has to do with economy. There is no 
need for high fidelity in a 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. It'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- 
ers 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 reduction. The modification 
consists of adding only five dB of 
processing instead 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 rear- channel 
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 

below, to add further directionality to 
the decoded soundtrack. 

Before leaving the theatrical Dolby 
process, we should mention one 
called "THX." THX is a trademark 
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 "guaranteed 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 Stereo. It starts with the same 
two stereo soundtracks that are on the 
film (now on longitudinal or Hi-Fi 
tracks on a videocassette). 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 speakers. 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 
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FIG. 7-THEATRICAL DOLBY STEREO encodes four channels of sound on two sound­
tracks. The Dolby decoder derives a center channel by summing the left and right
channels, and surround information by subtracting the right from 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-pro duc tion-and that tightly
controlled 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 Stereo
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 ambience information may.
That is clearly evident in a film such
as Back to the Future, when the time­
travelling DeLorean 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
rear-channel signal at 7 kHz. That is
done for several reasons. The first has
to do with eliminating signal leakage
and distracting crosstalk from the sur­
round channel. Another big reason
has to do with economy. There is no
need for high fidelity in a 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 ,

t3 not to have you constantly aware of its
z presence. It 's only if the surround
~ channel should suddenly fail that you
[) should become consciously aware of
~ its presence (or absence).
wo That limited frequency response is
o the reason behind those cheap-look­
-c
a: ing, PA-type speakers you may have
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noted in movie theaters equipped for
Dolby Surround . It 's not that the the­
ater-owner is a chea pskate; 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
ers 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-ch ann el signal is to encode it
using a modified form of Dolby B
noise redu ction . The modification
consists of adding only five dB of
processing instead 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 process ing
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 rear-channel
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. Dol by Stereo decoders also
make use of steering logic, discussed

below, to add further directionality to
the decoded soundtrack.

Before leaving the theatrical Dolby
process , we sho uld mentio n one
called "THX~" THX is a tradeiiiark
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-JJ38).
All it refers to is a "guaranteed 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 con trol for
movie-sound reproductio n. 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 Stereo . It starts with the same
two stereo soundtracks that are on the
film (now on longitudinal or Hi-Fi
tracks on a videocassette). And , as is
done in theatrical insta llations, the
surround channel is dematrixed, Dol­
by-B decoded, and time delayed be­
fore being amplified and fed to a pair
of rear speakers . Only one surround
speaker is actually necessary, but
two-reproducing the same surround
signal-give a "fuller" effect. To de­
rive a monop honic 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 informatio n. 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
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KIT REPORT: HEATH'S AD-2550 
SURROUND SOUND PROCESSOR 

If you're looking for a fun way to 
upgrade your audio video system to 
include Dolby Surround, Heath's 
AD -2550 might be the way to do it. It 

might also be the perfect way to get 
yourself back into electronics con- 
struction if you've been letting your 
skills lapse. 

The processor is very easy to 
build. 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 
possible. 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 few 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 inputs and offers a wide as- 
sortment of outputs. First, because 
the processor includes a 20 -watt au- 
dio amplifier, direct speaker outputs 
are available for connection to sur- 
round speakers. Line -level sur- 

MOST OF THE ASSEMBLY work is done 
on a large PC board. 

You don't have 
to go out to 

the movies to 
get movie -theatre 
sound. Now you 

round -channel 
outputs are also 
offered. Line -level 
outputs for left 
front and right 
front are provided 
for connection to 
a separate ampli- 
fier, or to a stereo 
TV monitor. A 
center -channel 
output 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 line -level subwoofer out- 
put feeds the low- frequency (under 
70 Hz) sounds to a separate ampli- 
fier for room -rattling 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 DELAY control to set 

can bring it 
home to your 
living room! the amount of 

time delay be- 
tween the front 
and rear speak- 
ers to give your 
room a 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 to pro- processed by the 
duce professional results is included with surround circuitry. 
the kit. 

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

Our tests showed that the decod- 
ing circuitry performed flawlessly 
upon completion. But the real test 
didn't come until we gave it a trial run 
with some real test material, includ- 
ing Indiana 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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KIT REPORT: HEATH'S AD-2550
SURROUND SOUND PROCESSOR
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You don't have
to go out to

the movies to
get movie-theatre
sound. Now you

the amount of
time delay be­
tween the front
and rear speak­
ers to give your
room a 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

'-- .. sig nals that are
EVERYTHIN~ THAT'S N~E.oED to p~o- processed by the
duce,Professlonal results IS Included With surround circuitry.
the kit.

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

Our tests showed that the decod­
ing circuitry performed flawlessly
upon completion. But the real test
didn't come until we gave it a trial run
with some real test material, includ­
ing Indiana Jones and the Last
Crusade. Surround sound can
make a dramatic difference. The
so undstage 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)

round-channel
outputs are also
offered. Line-level
outputs for left
front and right
front are provided
for connection to
a separate ampli­
fier, or to a stereo
TV/monitor. A
center-channel
output 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'scoming from the screen, not off to
the side. A line-level subwoofer out­
put feeds the low-frequency (under
70 Hz) sounds to a separate ampli­
fier for room-rattling 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 DELAY control to set

MOST OF THE ASSEMBLY work is done
on a large PC board.

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

The processor is very easy to
build. 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
possible. When the board assembly
is complete, the final work involves
installing it in the metal cabinet and
hooking up the power transformer.

Our tota l assembly time was
about six or seven leisurely hours.
Alignment takes only a few minutes,
and can be accomplished either
with or without test equipment. Did it
work the first time we turned it on? If
you haveto 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 A0-2550 accepts left- and right­
channel inputs and offers a wide as­
sortment of outputs. First, because
the processor includes a 20-watt au­
dio amplifier, direct speaker outputs
are available for connection to sur­
round speakers. Line-leve l sur-
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FIG. 8 -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 affords an 
extremely high degree of directionality. 

between the two front ones. 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 Surround is the 
ultimate in Dolby Surround process- 
ing. While the original Dolby Sur- 
round process is primarily a passive 
one (all the equipment does, essen- 
tially, is decode 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 sense 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- 
priate (left, right, center, surround) 
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 part, 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 each input channel). The out- 
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 one sound source 
is dominant, they run in their "slow" 
mode. But when there are two distinct 
sound sources (by definition, only 
one can be "dominant" at a time), the 
Pro Logic circuitry goes into a "fast," 

time -division multiplexing mode 
where it gives its attention first to 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 surround 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 
second time, waiting a full minute 
after drying for heating recovery. 

The 78XX /78MXX versions are 
fixed -positive models. For example, a 

7812 is a positive 12 -volt model that 
can provide at least 1 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 catalogs often omit 
this and specify the case type 
elsewhere. The 79XX/79MXX ver- 
sions are fixed -negative models. The 
LM317 /LM3I7M 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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FIG. 8-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 affords an
extreme ly high degree of directionality.
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between the two front ones. 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 Surround is the
ultimate in Dolby Surround process­
ing. While the original Dolby Sur­
round process is primarily a passive
one (all the equipment does, essen­
tially, is decode 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 sense the direc tion of
soundtrack dominance-that is, to
determine from what direction the
loudest sound on the track seems to
originate-and to genera te cont rol
signals that increase gain in the appro­
priate (left, right, center, surround)
combination of channels to give a di­
rectional vector. Figure 8 illustrates
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bipolar control signals is generated ,
which are used to adjust the gain of
eight voltage-controlled amplifiers
(four for each input channel). The out­
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 oppo site
separation.

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

GENERIC POWER SUPPLY

continued f rom 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 boil s off immediately,
there's trouble. It' s not a terribly sci­
entific method , but it's free. Check a
second time, waiting a full minute
after drying for heating recovery.

The 78XXI78MXX versions are
fixed-positive models. For example, a

time-division multiplexing mode
where it gives its attention first to one
source, and then to the oth er. 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 surround 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

7812 is a positive 12-volt model that
can provide at least 1 amp of output
current- but only when the regulator
drop is low enough to avoid overheat­
ing. The suff ix " T" spec ifies a
TO-220 case, but catalogs often omit
thi s and spe c ify the case type
elsewhere. The 79XX179MXX ver­
sions are fixed-negative models. The
LM317/LM317M models are adjusta­
bl e-p o s iti ve , and th e LM 337/
LM3 37M 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 display that could 
handle numbers, letters, and sym- 
bols? Have you ever given up on a 
project because the display had to be 
at least IO, 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. I). 
This article will therefore be limited 
to a discussion of LCD modules that 
use, 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 eye secs 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 external 
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 equivalent dis- 
play (including alpha -numerics) 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 I LCD 
drive wire for contrast control. That's 
all! 

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 

host needs only to 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- 
low 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, 20x2, 24x2, and 
40x 2 formats. That means that you 
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m 
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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.

STEVEN AVRITCH

HAVE YOU EVER AVOIDED A PROJECT BE­

cause it required a display 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 problem s
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
use , or are compatible with, the
HD44780 controller form at. Com­
mon LCD modules include tho se
manufactured by Optrex , Ep son ,
Hitachi , Amperex , and Densitron .

Multi-character readout s are usu­
ally construc ted using indi vidu all y
wired, multiplexed display segments.
The host microprocessor sequenti ally
flashes the desired character on each
digit of the display, one at a time. The
microproces sor is fast enough so that
the naked eye sees the display as it

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 external
wiring must be increased as addi­
tional digits are added (see Fig. 2).

For example , a lO-digit numeric
display requires approxim ately 100
wires and over 20 components . (A 10­
digit alpha-numeric display requires
even more wires.) The equivalent dis­
play (including alpha-numerics) 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 1 LCD
drive wire for contrast control. That' s
all!

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

host needs only to 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 , 16x 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
low 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
16xl , 16 x2, 20 x2 , 24 x2, and
40 x 2 formats . That means that you
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Features of LCD modules 
The LCD modules support a vari- 

ety a display features that can accom- 
modate just about any application. 
The following is a brief description of 
their features: 

Display on/off -allows the user to 
turn the display on and off from the 
host processor. 

Cursor on/off -user may select to 
display the cursor or suppress it. 

Cursor blink -the user may select 
a steady cursor or a blinking cursor. 
the character above the cursor also 
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FIG. 2- MULTIPLEXING REQUIRES the microprocessor to continually update the display. 
and the amount of external wiring must be Increased as additional digits are added. 

can change the size of your display by 
simply plugging in a larger module. 
No other hardware modifications are 
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 
?, !, $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 
airplane 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 (5 X IO 

font). The font is selected by issuing a 
control command as discussed later in 
this article. 

There is also a cursor line under 
each character. The 5 x IO font is bet- 
ter suited for certain lower -case letters 
such as g, y, and p (i.e. letters with 
descenders that go below the line that 
they're written on). Figure 3 shows 
examples of letters formed using the 
5 x 7 and 5 x 10 dot -matrix formats 
for comparison. It should be noted 
that the 5 x IO matrix font limits the 
display to one line regardless of 
whether the LCD module is a one -line 
or two -line display. 

T1G g 
G g 

FIG. 3 -HERE ARE SOME EXAMPLES of 
letters formed using the 5 x 7 and 5 x 10 
dot -matrix formats. 

blinks. 
Scroll left/right- scrolls the data 

on the display. 
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 
operations: 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 
write the actual data to be displayed to 
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 40 x 2 display 
(each byte of display RAM corre- 
sponds to a digit of the display). 
Smaller LCD modules simply do not 

LCD DISPLAY MODULE

FIG. 1-MOST SMALL LCD MODULES use the Hitachi HD44780 LCD controller chip.

Features of LCD modules
The LCD modules support a vari­

ety a display features that can accom­
modate just about any applica tion.
The following is a brief description of
their features:
• Display on/off-allows the user to
tum the display on and off from the
host processor.
• Cursor on/off- user may select to
display the cursor or suppress it.
• Cursor blink-the user may select
a steady cursor or a blinking cursor.
The character above the cursor also
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FIG. 2-MULTIPLEXING REQUIRES the microprocessor to continua lly update the display,
and the amount of external wiring must be increased as additional digits are added.

FIG. 3-HERE ARE SOME EXAMPLES of
letters formed using the 5 x 7 and 5 x 10
dot-matrix formats .
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There is also a cursor line under
each character. The 5 X 10 font is bet­
ter suited for certain lower-case letters
such as g, y, and p (i.e . letters with
descenders that go below the line that
they're written on). Figure 3 shows
examples of letters formed using the
5 x 7 and 5 X 10 dot-matrix formats
for comparison . It should be noted
that the 5 x 10 matrix font limits the
di spl ay to on e lin e reg ardless of
whether the LCD module is a one-line
or two-line display.

Software interface
The software interface between the

LCD module and a processor or mi­
croco ntroller is relati vel y simple .
There are two basic types of software
operations: contro l operations (i .e.
display on/off, cursor blink/noblink,
etc.) and data operations. The control
operations set up the features of the
displ ay, while the data operat ions
write the actual data to be displayed to
the LCD module.

Th e LCD modul e ' s on-bo ard
HD44780 controll er chip contain s 80
bytes of display RAM and is capable
of supporting up to a 40 x 2 display
(each byte of dis play RAM corre­
sponds to a digit of the display).
Smaller LCD modules simply do not

blinks.
• Scroll left/right- scrolls the data
on the display.
• Return home-returns the cursor
to the home position (address 0) and
returns the display to the original po­
si tio n (if it had been previously
scrolled)

OIIIJ

OIIIJOIIIJ

OIIIJ

OIIIJ

OIIIJOIIIJ

OIIIJ

can change the size of your display by
simply plugging in a larger module.
No other hardware modifications are
required; onl y the software dri ver s
specific to the application would need
to change .

The LCD modul es recognize stan­
dard ASCII code for ietters (upper
and lower case) and numbers in addi­
tion to a variety of symbols including
?, !, $AK, %, and ' , just to name a
few. In all, the LCD module supports
192 alpha-numeric characters and 32
special symbols. The module s also
allow you to customize up to 8 user­
defined characters of your own. On
one hom e project t he au t hor
customized three characte rs th at ,
when displayed together, formed an
airplane as can be seen in the photo.

8 The LCD modules are dot-matrix
z type displ ays with eac h charac ter
~ being formed from a 5-dot-wide by 7­
b dot-high block (5 X 7 font) or a 5-dot­
~ wide by to -dot-high block (5 x 10
6 font). The font is selected by issuing a
o control command as discussed later in
<C
cc this article.
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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 2 3 4 5 6 7 8 

9...40 
RAM address 0 1 2 3 4 5 6 7 

8...27(hex) 
LINE 2: 
Character position: 1 2345678 
9...40 
RAM address 40 41 42 43 44 45 46 47 
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 00-0F (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 
patterns 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 IO matrix 
mode, only four user- defined charac- 
ters are supported, with each 
character requiring Il bytes of 
character -generator RAM. 

Software drivers 
lie host nuit 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 ww 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 character 
Sets tvw line to logic zero 
Sets the RS line to logic one 
Strobes the ENABLE line 

The user may also read data and 
control signals from the HD44780. 
Control Read and Data Read drivers 
are similar to the write drivers except 
that the tow line is set to a logic one. 
Refer to Table 1 for a complete listing 
of the control codes and status flags 
available with the HD44780 LCD 
controller chip. 

Subroutines for the MC68705 
The following subroutines show the 

DISLET STX 
STA 
BCLR 
BSET 
BSET 
BCLR 
BCLR 
LDX 

DELAY1 DECX 
BNE 

LDX 
RTS 

CONTROL STX 
STA 
BCLR 
BCLR 
BSET 
BCLR 
LDX 

DELAY2 DECX 
BNE 
CMP 
BHI 

DELAY3 JSR 
DECX 

DELAY4 LOX 
ENDCNTL RTS 

INIT LDA #SO1 
JSR CONTROL 
LDA #$02 
JSR CONTROL 
LDA #S38 

JSR CONTROL 
LDA #SO6 
JSR CONTROL 
LDA #SOC 

JSR CONTROL 
RTS 

CGINIT 

NEXT 

LDA 
JSR 
CLR 
LDX 
LDA 
JSR 
INC 
LDA 
CMP 
BNE 
LDA 
JSR 
LDA 
JSR 
RTS 

LISTING 1 

TEMP:: 
PORTA 
1,PORTB 
2,PORTB 
O, PORTS 
O, PORTS 
2,PORTB 
#S2O 

DELAY1 

TEMPX 

LISTING 2 

SAVE INDEX REGISTER 
PUT CHARACTER ON BUS 
SET R/W TO WRITE 
SET RS TO DATA 
TURN ON ENABLE 
TURN OFF ENABLE 
SET RS TO CONTROL 

DELAY 120 us 
/ ASSUMING 1 us 

/ CLOCK 
RESTORE INDEX REGISTER 
RETURN FROM SUBROUTINE 

TEMPX SAVE INDEX REGISTER 
PORTA PUT CONTROL CODE ON BUS 
1,PORTB SET R/W TO WRITE 
2,PORTB SET RS TO CONTROL 
O,PORTB TURN ENABLE ON 
O,PORTB TURN ENABLE OFF 
#SFF \ 

DELAY2 \ 

#502 \ DELAY FOR CONTROL 
DELAY4 / 

ENDCNTL / 

/ 

TEMPX RESTORE INDEX REGISTER 
RETURN 

LISTING 3 

CLEAR DISPLAY 

RETURN DISPLAY TO HOME POSITION 

SET UP FOR 2 LINES, 8 BIT INTERFACE, 
AND 5X7 MATRIX FORMAT 

SET UP FOR CURSOR SHIFT WITH DATA WRITE 

SET UP FOR DISPLAY ON, CURSOR OFF, 
AND STEADY CURSOR (NO BLINK) 

RETURN FROM SUBROUTINE 

LISTING 4 

#S4O SET UP FOR WRITES TO CG RAM 
CONTROL 
DATCNT CLEAR BYTE COUNTER 
DATCNT LOAD BYTE COUNTER 
PLANE,X LOAD CG RAM DATA INTO ACCUMULATOR 
DISLET WRITE BYTE TO CG RAM 
DATCNT INCREMENT COUNTER FOR NEXT BYTE 
DATCNT \ 

#24 / 24 BYTES WRITTEN ? 

NEXT 
#$8O SET UP FOR WRITES TO DD RAM 
CONTROL 
#SO2 INITIALIZE DISPLAY TO HOME POSITION 
CONTROL 

RETURN FROM SUBROUTINE 

software drivers for data and control 
writes. The examples shown here are 
written in Motorola 6800 -series 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 micro - 
control lers/m icroprocessors. 

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

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 to be performed (from Table 1) 

must be loaded into the Accumulator. 

Display initialization 
The first operation that the software 

CLEAR DISPLAY

RETURN DISPLAY TO ROME POSITION

SET UP FOR CURSOR SHIFT WITH DATA WRtTE

SET UP FOR 2 LINES, 8 BIT INTERFACE,
AND 5X7 MATRIX FORMAT

<0
<0
o

'­cz
m

SAVE INDEX REGI STER
PUT CHARACTER ON BUS
SET R/W TO WR ITE
SET RS TO DlITA
TURN ON ENABLE
TURN OFF ENABLE
SET RS TO CONTROL
\

\ DELAY 120 u s
! ASSUMING 1 us

/ CLOCK
RESTORE I NDEX REGIS TER
RETURN FROM SUBROUTIN E

Display initialization
The first operation that the software

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

SAVE INDEX REGI STER
PUT CONTROL CODE ON BUS
SET R!W TO WRITE
SET RS TO CONTROL
TURN ENlIBLE ON
TURN ENABLE OFF
\

\
\ -

\ DELAY FOR CONTROL
!

/
/

RESTORE I NDEX REGISTER
RETURN

RETURN FROM SUBROUTIN E

SET UP FOR WRITES TO DD RAM

I NITIALIZE DISPLAY TO HOME POSITION

CLEAR BYTE COUNTER
LOAD BYTE COUNTER
LOAD CG RAM DATA I NTO ACCUMULATOR
WRITE BYTE TO CG RAM
INCREMENT COUNTER FOR NEXT BYTE
\
/ 24 BYTES WRITTEN ?

SET UP FOR WRITES TO CG RAM

LISTING 3

LISTING 4

SET UP FOR DISPLAY ON, CURSOR OFF,
AND STEADY CURSOR (NO BLINK)

RETURN FROM SUBROUTINE

LISTING 1

LISTING 2

TEMPX

DELAY1

TEMPX
PORTA
I, PORTB
2 , PORTB
0, PORTE
O,PORTB
2 ,PORTB
#$20

TEMPX

DELAY2 ­
#$0 2
DELAY4
ENDCNTL

TEMPX
PORTA
I, PORTB
2 , PORTE
a,pORTa
O, PORTB
#$FF

#$40
CONTROL
DATCNT
DATCNT
PLANE, X
DISLET
DATCNT
DATCNT
# 24
NEXT
#$ 80
CONTROL
#$0 2
CONTROL

LDA
JSR
CLR
LDX
LDA
J SR
INC
LDA
CMP
BNE
LDA
J SR
LDA
J SR
RTS

NEXT

CGI NIT

DI SLET STX
STA
BCLR
BSET
BSET
BCLR
BCLR
LDX

DELAY1 DECX
BNE

LDX
RTS

CONTROL STX
STA
BCLR
aC LR
aSET
BCLR
LDX

DELAY2 DECX
- - - BNE-

e MP
BRI

DELAY3 JSR
DECX

DELAY4 LDX
ENDCNTL RTS

I NIT LDA #$0 1
J SR CONTROL
LDA #$02
J SR CONTROL
LDA #$38

J SR CONTROL
LDA # $06
JSR CONTROL
LDA #$OC

JSR CONTROL
RTS

software drivers for data and control
writes. The examples shown here are
written in Motorola 6800-series 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 wi th other micro­
controllers /microprocessors .

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

Subroutines for the MC68705
The following subroutines show the

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 RlW line to logic zero
• Sets the RS line to logic zero
• Strobes the ENABLE line
Data Write:
• Sets up DBO-DB 7 with the desir­
ed charac ter
• Sets RlW line to logic zero
• Sets the RS line to logic one
• Strobes the ENABL E line

The user may also read data and
control signals from the HD44780.
Control Read and Data Read drivers
are similar to the write drivers except
that the RlW line is set to a logic one.
Refer to Table I for a complete listing
of the control codes and status flags
availab le with the HD44780 LCD
controller chip.

display the full 80 bytes of RAM . The
display RAM is organized in the fol­
lowing format:
LINE 1:
Character position: 1 2 3 4 5 6 7 8
9.. .40
RAM address 0 1 2 3 4 5 6 7
8. ..27(hex)
LINE 2:
Character position: 1 2 3 4 5 6 7 8
9...40
RAM address 40 414243 44 45 46 47
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 OO--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
patterns 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 regu lar
character. NOTE: in the 5 x 10 matrix
mode, only four user-defined charac­
ters are supported, wi th each
character requiring II bytes of
character-generator RAM .
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DIGITAL VIDEO STABILIZER 
ELIMINATES ALL VIDEO COPY 
PROTECTIONS 

While watching rental 
movies. you will notice an- 
noying periodic color 
darkening. c01or shift. un 
wanted lines. flashing or 
lagged edges. This is 
caused by the copy protec 
bon (ammmg signals em 
bedded in the video tape. 
such as Macrowslon copy 
protection. Digital Video 
Stabiliser. (Ulf completely 
eliminates all copy protec 
tons and jamming signals 
and brings you crystal clew 
pictures. 

FEATURES: 
Easy to use and snap 
to install 
State-c4-the art in- 
tegrated circuit lechnol 

lit" automatic - no 
need for any 
troublesome adlusb 
mints 

Compatbte to all types 
of VCRs and TVs 

The best and most exc,t- 
ng Video Stabilizer in 
the market 
Light weight (a ounces) 
and Compact (1 s3 SxS 
Beautiful deluxe gift box 
Uses standard g Vol 
battery which wit last t 
2 years. 

WARNING : 

SCO 
Electronics and 
RXII dealers do 
not encourage 
people to use 
the Digital 
Video Stabilizer 
to duplicate 
rental movies 
or copyrighted 
video tapes. 
RXII is in- 
tended to stabi- 
lize and restore 
crystal clear 
picture quality 
for private 
home use only. 

( 0se1MS Wekane ) 

ToOrder: $49.95 ea S4 for FAST UPS SHIPPING 

1- 800 -445 -9285 or 516 -694 -1240 
Visa, WC. COO MT' 9-6 (banery not Included) 

SCO ELECTRONICS INC. 
Dell .T s e. 561 W Mink Rd Valley Stream NY 11 S60 

Unconditional JO days Money Back Guarantee 

CIRCLE 194 ON FREE INFORMATION CARD 

CABLE TV 
DESCRAMBLER 

1 Unit 10+ 
Jerrold S.B. S74 S55 
Jerrold SB w/Trimode S90 $70 
Oak N -12 (w/VS) S89 $65 
Scientific Atlanta S109....$75 
Pioneer $109....$75 
Panasonic converter S98 S79 
73 channel converter $79 S59 

We Beat Anyone's Price! 
30 Days Money Back Quaranty 

Free Catalog 
Visa, M/C. COD or send money order to: 

US Cable TV Inc. Dept. KCT6 

4100 N.Powerline Rd., Suite F-4 
Pompano Beach, R 33073 

1 -800- 445 -9285 
Please have make and model number of the 
equipment used in your area ready. 

No Florida Sales! 
Its not the intent of US Cable TV Inc. to 
defraud any pay TV operator and we will not 
assist any company or individual in doing so. 

CIRCLE 195 ON FREE INFORMATION CARD 

ISC - 1: Shift *spiny (without changing DO RAM) 
0: styli cursor only 

Rti - 1:Swt oprapahs occur b the right 
0: S Wt Opermeons occur b the eh 

TABLE 1- CONTROL OPERATIONS 

.,,.. . RS Rafts" Del Deb DBS De4 0IM DB2 061 060 Descnption and 
execution Unte 

Clac. O O 0 O O O O t o 0 1 Clears Display 
Betune aasor to home 
potation (t.64 nu) 

Noma 0 0 0 0 0 0 0 0 t X Resin cursa to hone 
position 
Abran stoned awlsy to 
have IXSedn 140 as) 

Mode 0 0 0 0 0 0 0 1 19 S Co* o) aihomax RAM 
eddies* tNCrVEC and 
whether display shift on 
Carlee (40 las) 

o t 0 0 0 0 t o C e 
Co 
Controls display 

GR NOFFFF 

Cuma blink GNOFF 
(40 as) 

Cursor or 
deploy shift 

0 0 0 0 0 1 SC Rt. X X Sha cursor ardor daplay 
mew changing display 
RAM (40 lasa) 

Function sot 0 0 0 0 1 0 L N F X X Set ~ace b 4 or e bs 
Set nianbet of display rea 
Sets character tons (40 us) 

Set co RAM 
address 

o 0 0 1 Adatas (co) se address for 
subsequent voles b 
chew* generator 
(CG) RAM. (40 rl) 

Se DO RAM- - 

adaees 
--0 --0 -- -t - - - -- Address 1001 -- -- - Set edemas ala- - 

subsequent mass to 
display (DO) RAM (40 as) 

Read busy 
Reg & 
address 

0 1 eF Address Counter 

d 

Read ataos oh busy beg 
(BF) and present address 
caner Niue (t µs) 

yihlle des 
Is CO or 00 
RAM 

I 0 OW to be written b DO or CG RAM. DD CO destination 
based on last 'set DO CG RAM address' conics command 

Wren Mato 14044780 
(40,4) 

Road date 
from CG ow 

DO RAM 

I I Osta mad han 00 or CG RAM Source of dala (CO or 
DO) bared on last 'set DO. CG RAM address" conics 
commend 

Reads dala horn 14044760 
(40 tul 

LD - 1: Increment adaeem peter on each subsequent reedwtle 
0: Decrement address porter on each subsequent reedwrle 

2 - 1: Shi cursor web *splay 
0. Hold cursor hued 

must perform is the initialization of 
the display. Initialization includes 
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 initialization mu- 
tine for a 16 x 2 display. The INIT 
mutine sets the display up for 2 line, 
5 x 7 -font format. 8 -bit interface 
mode, and suppressed cursor. Also, 
the INIT mutine sets up the display to 
shift the cursor one position to the 
right on every data write. 

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

DL - I. 6411 dsts -b s aranlace 
0: 4-0rt dea -bis sanan 

N 1 2 -see display 
0. 1 -Ye display 

F 1 S, to dot character ont 
0. 5. 7 dot character font 

BF 1 Busy 
0 Not busy 

LISTING 5 

PLANE FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 

Soo 
$00 
$00 
SIC 
$1F 
Soo 
Soo 
Soo 
S10 
soc 
$06 
$1F 
$1F 
$06 
SOC 
$10 
S18 
$18 
$18 
$1F 
S1F 
SOO 
Soo 
$00 

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

continued on page 80 
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DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COpy
PROTECTIONS

.::'-::i:::. !·:j!i! j !ii·::!:!jij.:··I~:agJi.:: :·• .::::::::·:·::::·:,.!j:··:····:!:I!!
i! j : ! : !j~Ji~·mB.:·.•7I..: .. ::: : ::M·Sm~EI ::!j!

:.:.;.:.:.:.:.:.;.:.:.;.:.;.:.:.: .:.::::: :::::.:.:.:.;.:.:.:::.:.'::::::.::'::.;:: :::::; ::~ : : : :: : ,':':';':," .

Set address tor ­
subsequent writes to
display (DO) RAM (40 I'S)

Read status 01busy tiag
f (BF) and present address
counter value (1 I's)

Address Counter

- Address (DO)

Data read from DO or CG RAM. Source ot data (CGr •Reads data from H044780
DO) based on last ' set ODiCG RAM address- control (40 I's)
command

Data to be written to DO or CG RAM. OOfCG destination , Wntes data to H044780
besed on iast ' set ODiCG RAM address" control commandI(401'S)

o

o

o - 0

Write data
to CGorDD
RAM

TABL E 1-CONTROL OPERATIONS

Instru cllon RS IMY DB7 DB6 DB5 DB4 DB3 DB2 DBl DBD Descrlpllon and
execution time

Clear 0 0 0 0 0 0 0 0 0 1 IClears Display
Returns cursor to home
position (1.64 ms)

Home 0 0 0 0 0 0 0 0 X Return cursor to home
position
Return shilted display to
home position (40 I'S)

Mod e 0 0 0 0 0 0 0 110 S Control automatic RAM
address INC/DEC and
whether display shifts on
writes (40 I'S)

Displ ay 0 0 0 0 0

I
0 0 C B Controls display ON/OFF

ONIOFF Controls cursor ONIQFF
Cursor blink ONfOFF
(40l's)

Cursor or 0 0 0 0 0 SIC RIL X X Silts cursor and/or display
disp lay shift without changing display

RAM (40 I'S)

Funcllon set 0 0 0 0 OiL N F X X Set interface to 4 or 8 bits
Set number ot disp lay lines
Sets character tent (40 I'S)

Set CG RAM 0 0 0 Address (CG) Set address for
address subsequent writes to

character generator.
(CG) RAM. (40 I's)

Read busy
flag &
address

110 1: Increment address pointer on each subsequent read/write DL I : 8-bil data-bus interlace
0: Decrement address pointer on each subseq uent readwrite 0: 4-bil data-bus interlace

2 1: Shift cursor with display N = I : 2·llne display
0: Hold cursor fixed 0: Hne display

SIC = 1: Shift display (without changing DO RAM) F = 1: 5 x 10 dot character font
0: Shill cursor only 0: 5 x 7 dot character tont

RIL = t :Shift operations occur to the right SF 1: Busy
0: Shill operations occur to the lelt 0: Not busy

Set DO RAM ­
address

Read data
from CG or
DO RAM

( Dealers Welcome)

WARNING:
SCO
Electronics and
RXII dealers do
not encourage
people to use
the Digital
Video Stabilizer
to duplicate
renta movies
or copyrighted
video tapes.
RXII is in­
tended to stabi­
lize and restore
crystal clear
picture quality
for-private- ­
home use only.

ToOrder: $49.95 ea + $4 for FAST UPS SHIPPING

1-800-445-9285 or 516-694-1240
Visa, MIC, COD M-F: 9-6 (battery not Included)

SCO ELECTRONICS INC.
Dept. CBY6 581 W. Merrick Rd. Valley Stream NY 11580

Unco nd it ional 30 days Mon ey Back Guarantee

W h il e wat c h ing re ntal
movies, you will noti ce an­
noy l n g p e ri o d ic col or
darkenln~1 co lor shift, un­
wanted lines, flashing or
jag ge d edges. T h is is
caused by the copy protec­
ti on jamming signals em­
bed ded In the VIdeo tape,
such as Macrovision copy
p ro tectio n. Dig ita l Video
Stab ilizer: RXII completely
elim inates all copy protec­
tions and jam m ing signals
and bring s you crys tal clear
p ictur es.

FEATURES:
e Easy to use and a snap

to Install
e State-of-the-art In­

tegrated circuit tec hno l-

•~ automatic · no
need for any
troublesom e adjust­
ments

eCompatibl e to all typ es
of VCRs and TVs

___e .The.best and.rnost.exci ­
Ing Vid eo Stabili zer in
the market

e Ught weight (8 ounces)
and Compact (1X3.5x5')

: ~:~~~~~~~~~~ 8iC~~X
batt ery wh ich wi ll last 1­
2 years.

1-800-445-9285

:! .::/== -~.. ~ ... ---- _..
~ ~::-. ...

We Beat Anyone 's Price!
30 Days Money Back Quaranty

Free Cata log
Visa, MIC, COD or send money order to:

US Cable TV Inc. Dept. KCT6

4100 N.Powerline Rd., Suite F-4
Pompano Beach, Fl 33073

1 Unit 10+
Jerrold S.B. $74 $55
Jerrold SB w/Trimode $90 $70
Oak N-12 (wN S) $89 $65
Scienti fic Atlanta $109 $75
Pioneer $109 $75
Panasonic converter $98 $79
73 channel converter $79 $59

(J)
oz
oa::
f-­o
~ Pleasehave make and model number of the
ll.I equipment used in you r area ready.

g No Florida Salesl
ri It's not the intent of US Cable TV Inc. to

defraud any pay TV operator and we will not
62 assist any company or individu al in doing so.
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must perform is the initialization of
the display. Initiali zation includes
clearing the display and issuing the
appropriate control command s that
set the display up with the desired
features. The INIT subroutine (List­
ing 3) is a sample initialization rou­
tine for a 16x 2 display. The INIT
routine sets the display up for 2 line,
5 x 7- font format , 8-bit inter face
mode, and suppressed cursor. Also,
the INIT routine sets up the display to
shift the cursor one position to the
right on every data write.

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

CG RAM initialization
The CGINIT routine (Lis ting 4)

illustrates the operations required to
set up 3 of the 8 user-defined charac­
ters . The characters defined in the

LISTING 5

PLANE FCB $00
FCB $00
FCB $00
FCB $lC
FCB SlF
FCB $00
Fe B $00
FCB $00
FCB $10
FCB SOC
FCB $06
FCB $lF
FCB $lF
FCB S06
FCB SOC
FCB SlO
FCB $18
FCB S18
FCB $18
FCB $lF
FCB $lF
FCB $00
FCB $00
FCB SOO

routine form an airplane when dis­
played togeth er. Table 2 illu strates
how each of the three user-definable
characters are generated . Listing 5

continued on page 80

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


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 virtually 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, I 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), Signetics, Reticon, SGS, 
Statek, Teltone, Rohm, Intersil, 
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 product and 
your literature requests to anyone 
listed in either 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, Hewlett -Packard is as 
hacker -friendly as Apple is hacker - 
vicious. The Canon 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 Dallas 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, 85552' 
(602) 428 -4073 

Electronic Levels 

Low Cost Memory 
New Form of Matter 
Cases and Enclosures 
LaserWriter Tech Info 

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 SX 

engine that is used on the 
LaserWriter 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 get a 

fuser assembly from them, but not a 

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 SX 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 I 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 I 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 

HARDWARE
HACKER
Low-cost memory

/--:::====:============::::-
Electronic leve ls

low Cost Mem ory
New Form of Matter
Cases and Enclos ures
laserWriter Tech Info

DON LANCASTER

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 vi rtually all
of those other "good guy" inno­
vative chip manufacturers invariably
useby far the most Neanderthal and
the most hacker vicious of the old­
line distribution channels.

So here and now, I 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), Signetics, Reticon, SCS,
Stetek, Teltone, Rohm, lntersil,
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 di rect order
lines that do not go out of their way
to kick sand in the collective facesof
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 product and
your literature requests to anyone
listed in either 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 thei r 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, Hewlett-Packard is as
hacker-friendly as Apple is hacker­
vicious. The Canon ex 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 Dallas 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, 85552
(602) 428-4073

rectly applicable to the Apple
printers . Their manual
#33440-90920 is for the older exen­
gine as used on the LaserWriter and
LaserWriter Plus. Their manual
#33440-90904 is for the newer SX
engine that is used on the
LaserWriter 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 get a
fuser assembly from them, but not a
fuser roller. One source I've found
useful for any and all LaserWriter
parts on any level i s 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 SXor extoner
cartridges in two minutes for $7.50.
The job is much simpler than prop­
erly packaging your cartridge for
shipping to a commercial refill ing
service.

Besides Don Thompson, another
major source of refilling supplies
that I personally use isArlin 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 I 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 ffi
that do not need gold plat ing, and ~

yet others who are making useless ~
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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 II book- on-de- 
mand published reprints. 

Low -cost memory 
In case you have not met them 

before, Dallas 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 
DS7777 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- 
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Apple Assembly Cookbook 
Incredible Secret Money Machine 
LaserWriter Reference (Apple) 
PostScript Cookbook (Mobs) 
PostScript RN. Man. (Adobe) 
PostScript Prop. Design (Adobe) 
Real World Postscript (Roth) 

UNLOCKED SOFTWARE 
LaserWriter Secrets (NwMsciPC) 
PostScript Show A Tell 
Intro to PostScript VHS Video 
PostScript Beginner Stuff 
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PostScript Technical Illustrations 
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13 ox BO -HE 

Th,+tchoi AI 1t55`>2 
(602) 128-10l3 

CIRCLE 83 ON FREE INFORMATION CARD 

ntu. i- i nt tt,vri PIAM is a micropower 
memory of 256 bits. These can cost less 
than a quarter each in quantity. 
Amazingly, all addressing, data transfers, 
and all read /write control are done 
through a single very busy pin! 

trol, trade -show customer identifi- 
cation, long -term data acquisition, 
and user ID 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 current 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 -???? 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 
2 shows details. Your host controller 
provides a high output and then is- 
sues a string of 264 pulses. The tim- 

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 logic zero must last at least 
60 microseconds. And so, the 
length of your write pulse deter- 
mines whether you enter a one or a 
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 11. As many as 32 bits could also 
get permanently factory written in 
for a positive and genuinely non- 
volatile message header. 

enoz
oa:
t;
UJ
--l
UJ

6
15«a:

64

"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 /I book-on-de­
mand published reprints.

Low-cost memory
In case you have not met them

before, Dallas 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-

-at i le memory, supervisory watch­
dogs, FCC legal "plug-and-go"
telephone modules, and the short­
range RF remote controls.

One typical example is their
DS2222 EconoRAM, shown in Fig.1.
This is a256-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-
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PostScript Cookbook (Adobe) 16.50
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PostSCript Prog. Design (Adobe) 22.50
Real World Postscript (Roth) 22.50
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PostSCript Technical illustrations 39.50
PostSCript Work in Progress 39.50
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FIG.1-THE ECONORAMis a micropower
memory of 256 bits. These can cost less
than a quarter each in quantity.
Amazingly, all addressing, data transfers,
and all read/write control are done
through a single very busy pin!

trol, trade-show customer identifi­
cation, long-term data acquisition,
and user ID 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 current is a
mere 100 nanoamperes. Less than
one milliampere is needed for a
read or write operation. A typical
small coin cell is good for100 million
transactions over several years of
operation.

What boggles the mind is that
there are only three pins on the
05-2222. 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 anyone bit, all
bits must get read or written. Figure
2 shows detai Is. Your host controller
provides a high output and then is­
sues a string of 264 pulses. The tim-

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 logic zero must last at.least
60 microseconds . And so, the
length of your write pulse deter­
mines whether you enter a one or a
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 another15 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 full1K 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 11. 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, 

I 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; PacTecwith 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 Meta/photo 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, 

header data read 

010 0 o 
Oltlgl3i23 7 l 44. :122412F6 

(A) READ SEQUENCE 

header data write 

o D D 
3 4 T 122412% 

(B) WRITE SEQUENCE 

FIG. 2 -THE ECONORAM GETS INTERROGATED by use of 264 sequential timing pulses. 
Once started, the sequence must get completed In Its entirety. See the D32222 data shoot 
for additional details. 

The ZERO. BOX uses a deep drawn 
aluminum shell and looks particularly 
good with a Metalpholo dialplate. 
Shallow versions can also be used 
tace up. These anodize beautifully. 

The VINYL CLAMSHELL has a 

brushed aluminum chassis and a 

cover coated with glued-on decorator 
vinyl. Tilting end brackets can also 
be added, as can ventillation holes. 

The WOODEN END. RAIL ploy uses 
exotic wood caps that have suitable 
grooves routed in them. The chassis 
itself can be painted aluminum or a 

polished brass or chrome 

FIG. 3- HOMEBREW CASES FROM the "golden age" of hardware hacking. All of these 
are easily built, yet can produce outstanding professional results. 

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

sign (Fig. 3, middle) is easy to do. 
You can simply sand the bottom half 
to get a satin finish, and glue vinyl 

data read
A

The WOODEN END RAIL ploy uses
exotic wood caps that have suitable
grooves routed in them. The chassis
itself can be painted aluminum or a
polished brass or chrome.

The VINYL CLAMSHELL has a
brushed aluminum chassis and a
cover coated with glued-on decorator
vinyl. Tilting end brackets can also
be added, as can ventillation holes.

The ZERO BOX uses a deep drawn
aluminum shell and looks particularly
good with a Metalphoto dialplate.
Shallow versions can also be used
face up. These anodize beautifully.

c..
c

sign (Fig. 3, middle) is easy to do . ffi
You can simp ly sand the bottom half co
to get a satin finish, and glue vinyl ~
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(B) WRITE SEQUENCE

(A) READ SEQUENCE

header
A

header
,....- -'A~ ---." r~-----"-------~

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

FIG. 3-HOMEBREW CASES FROM the "golden age" of hardware hacking. All of these
are easily built, yet can produce outsta nding professional results.

FIG.2-THE ECONORAM GETS INTERROGATED by use of 264 sequenti al timing pulses.
Once started, the sequence must get completed In Its entirety. See the DS2222 data sheet
for addit ional details.

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,

I 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
seve ral bargain priced ones in
stock, as does Mouser Electronics,
aswell as nearly all of our other fine
Radio-Electronics surp lus adver­
t isers. The tri ck is to f ind something
beyond a plain-jane box that looks
.sha.!"PI _~~kes 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 un inspired; Vero hav­
in g a foreign loo k about them;
Hammond with a good selection of
ABS minicases; Po/ycase who fea­
ture the wall-mounted and plug-in
stuff; PacTec w ith an incredible vari­
ety of sloping sma l l consoles;
Keystone for bui lt-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 w rap your own instead?
Figure 3 shows you three of my own
favorite home-brew packages from
way back when . W hile most of the
Zero Manufacturing cases are lu­
dicrously expensive, they also offer
a line of plain old deep-drawn alu­
mi nu m bo xes (Fig . 3, top) with
rounded corners in zillions of sizes
that are reasonably priced . These
anodize beautifu lly, and many mod­
els have lids wh ich exactly provide
an outside or an inside fit. And the
photo graph ic d ia lp late materials
from either Meta/photo or Fotofoil
can integrate beautifully with these
cases.

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

Viny l clad materia lsare used by all
the big folks. Getting them in small
quant it ies 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,
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onto the upper half to get a profes- 
sional final result. 

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. Better 
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 
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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; 
Cobum 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. I 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 angle 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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o nto t he upper half to get a profes­
sional final result.

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
(Cocobo lo or We nge are f i ne
choices), mill some slots in it w ith a
hobby motor tool, slide in a bent
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sheet-metal shop to be real handy at
times, so yo u' ll want to find a good
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tra iler o r hitch works. They have the
machinery to properly cut and bend
the heavier stuff without costing an
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arm and a leg. And there's usually
enough scrap on the floor under
the shear.

Four interesting package suppo rt
outfits are th e Fomeboards people
w hich do stock all sorts of beauti ful
prototypin g sheet m ateri al s ;
Coburn w ho is heavy into unusual
finishes such as pri smatics, glow-in­
th e-darks, di ffraction grat ings, fo ils,
etc; instant dust-on f lock materials
from Donjet; and the Ultra-Suede
from Red Spot, a textured urethane
finish havin g 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 trad e journals with useful
f it 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 sim ulated bubble. The sug­
gested list price is under $80. Re­
lated e lect ro n ic protractors are
bei ng offered by Lucas Sensing Sys­
tems. I 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 th e folks at C&H
Sales.

A much simpler method is th e
inclinometer. As Fig. 4 show s us, an
inclinometer can be as simple as a
plumb bob and a protractor. Your
gravity-sensing plumb bob usually
points stra ight down. As th e pro­
tr actor is rotated , its slo pe angle can
be read.

There have been several older at­
tempts at getting an electrical out­
put of an incl inometer. 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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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 
sensor 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 

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 
Hamlin and Spectron. These de- 
vices are both fragile and expensive. 

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

Picture an insulated enclosure the 

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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1 
FIG. 4-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 
the angle. 

cOA 
FIG. 5-AN ELECTROLYTIC LEVEL is one 
older electronic inclinometer. As the de- 
vice tilts. the bridge resistance between 
the sensing pins will change. Bromine is 
one possible liquid. 

FIG. CAPACITIVE LEVEL SENSOR is 
the one most often used today for elec- 
tronic levels and inclinometers. As the de- 
vice tilts. the high dielectric constant of 
the liquid 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 yet, 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 Incredible 
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 solids that have 
roughly the density of air and look 
like so much solidified smoke. They 
transmit light but block heat, elec- 
tricity, and sound. 

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 Communi- 
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 IMdebus 
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 SPICEmacromodule 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, I am 
now self publishing nearly a dozen 
titles using my new book- on -de- 
mand PostScript technology. Four of 
them that you might find interesting 
are the Hardware Hacker II reprints, 
my Ask The Guru volumes I and II, 
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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FIG.4-THIS SIMPLE INCLINOMETERcan
be created by using nothing but a plumb
bob and a protractor. You sight along the
base of the protractor base and then read
the angle.

FIG. 5-AN ELECTROLYTICLEVEL is one
older electronic inclinometer. As the de­
vice til ts , the bridge resistance between
the sensing pins will change. Bromine is
one possible liquid.

FIG. 6-CAPACITIVE LEVEL SENSOR is
the one most often used today for elec­
tronic levels and Inclinometers. As the de­
v ice t ilt s, the high dielectric constant of
the liquid will change the differenti al ca­
pacitance on the plates.

pl ateswill be imm ersed just asdeep
in the diel ectr ic liquid. As the sen­
sor t ilts, one plate goes deeper and
t he other will become shallower,
thu s 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 pul se 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 yet, your
cro ss 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-r ing. The bottom board would
form the ground plane. The spacer
would have a hole in it somewhat
larger than the O-ring and wou Id 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 hack able design for the
capacitance inclinometer, or (B)
dream up a new use for an elec­
tro nic angle measuring device.
There will be all the usual Incredible
Secre t 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 fo rm of matter

known as an aerogel got written up
in the February 16th, 1990 issue of
Science, page 807. Aerogels are
ri gid inorganic solids th at have
roughly the den sity of air and look
like so much solidif ied smoke. They
transmit light but block heat, elec­
t ricity, and sound.

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 Communi­
cations Handbook from National, a
Memory Data Book from Sharp, and
a Discrete Semiconductor Con­
densed Catalog from Philips .

Free samples of the i r new
75ALS176 differential bus trans­
ceivers aswell astheir 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 CADI
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 hou ses are crawling all over
themselves to seewho 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, I am
now self publishing nearly a dozen
titles using my new book-on-de­
mand PostScript technology. Four of
them that you might find interesting
are the Hardware Hacker II reprints,
my Ask The Guru volumes I and II,
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
t ho usand 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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Emerson- 
286 AT COMPUTER 

WITH VGA MONITOR 
AND SOFTWARE 

100% IBM compatblu. 
80286 microprocessor (operates at 12MHz) 
On 3.112 144 MB floppy drive 
One 5-1/C 1.22 MB floppy drive 
40 MB hard drive (IDE hard disc drive) 
I MB RAM on motherboard expandable to 4 MB 
14 VGA 41 dot pitch high resolution color 
monitor 256 colors VGA color card. 
Four 16-bd expansion slots open. 
Two RS232 serial ports AT compatible. 
One parallel pon One mouse port. 
One half height drive exposed 
One half height drive aV ty enclosed. 
60287 math co processor sbdrit. 
AT-style 101 keyboard. Zero wait stale. 
180 wan svntchabte power supply. 
Rea' bme cock calendar 
One Teat Parts Warranty! 
120 Day On -Site Servicing Warranty! 
Factory New! Factory Perfect! 

Software includes: 
MS-DOS 3 31 Turbo Pascal So 
Borland Quattro. GW BASIC 
PFS Professional Wnte Emerson Menu 
Tutorial Program. Check Free 

Due to a special er- 
angement. we 
were able to obtain 
a large inventory of 
arose 386 comput 
ere. Asa result. we 
:an now offer them 
:o you al HUGE 
SAVINGS! 

Mir Sugg Retail 

$3,350.00 
DAMARK PRICE 

$1499' 
Item No B 2022-139964 

Insured SwpHand $40 

FOR FASTEST 
SERVICE CALL 

TOLL FREE 
1 -800- 729 -9000 

l / 1 Master, 

e)e)e1e1 ---- -I 
DAMARK INTERNATIONAL. INC. 

6707 SArgr Coo. P.ay 346w3PCb Iii 5541 
Csw.rea Sato 612 566 4940 

Please rush me _ Emerson Comex:. 
® $1499 99 each. plus 540.00 s 

hem No B 2022. 139964 
MN res. add 6% salis tax. 
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sp. 
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o f - 111/ INCHES -1101 
PXO -1000 WITH ROTARY -SWITCH 
programming and a diode matrix. 
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0-an 
0-to 
0-ce 
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62-00 
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PXO -1000 FREQUENCY DIVIDER with DIP - 
switch programming. 

2 INCHES 

BUILD A GENERIC POWER SUPPLY using 
this PC board. 
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Mlr. Sugg. Retail:

$3,350.00
1.'.11'J'·';'I9;1"I

Item No. 8-2022-139964
Insured Ship/Hand.: $40.00

Please rush me:_ _ Emerson Computer(s)
@ $1499.99 each. plus $40.00 s/h each.

Item No.B-2022-139964
MN res . add 6% sales tax .

DAMARK INTERNATIONAL. INC.
6707 Shingle Creek Parkway, Minneapolis, MN 55430

Customer Service ' 612-566-4940

C'Iy.State.Zip _

o Check/MO 0 VISA 0 Master Card 0 Discove r
Card No. _

• 100% IBM compatib le.
• 80286 microprocessor (operates at 12MHz).
• One 3·1/2" 1.44 MB floppy drive.
• One 5·1/4" 1.22 MB floppy drive.
• 40 MB hard drive (IDE hard disc drive).
• 1 MB RAM on motherboard expandable to 4 MB.
• 14" VGA .41 dot pitch high resolution color

monitor. 256 colors. • VGA color card.
• Four 16-bit expansion slots open.
• Two RS232 serial ports. • AT compatible.
• One parallel port. • One mouse port.
• One half height drive exposed.
• One half height drive cavity enclosed.
• 80287 math co-processor socket.
• AT-style 101 keyboard. • Zero wait state.
• 180 wan switchable power supply.
• Real time clock/calendar.
• One Year Parts Warra nty!
·1 20 Day On-S ite Serv icing Warra nty!
• Facto ry New! Facto ry Perfe ct!
Software includes:
• MS-DOS 3.31. • Turbo Pascal 5.0.
• Borland Ouattro, • GW BASIC.
• PFS Professional Write. • Emerson Menu/
Tutorial Program. • Check Free.

FOR FASTEST
SERVICE CALL

TOLL FREE
1-800-729-9000
I VISA I MasterCard [iii]
•••••••••

Due to a special ar­
ra nge me nt . we
were able to obtain
a large inventory of
these 386 comput­
ers. As a result. we
can now offer them
to you at HUGE
SAVI NGS!

~I

BUILD A GENERIC POWERSUPPLYusing
this PC board.

6. What is the purpo se of a flying erase head
on a ca mcorder?

(a) f aster eruing of tapes
(b) Smoo ther tra nsitions betwe en scenes
(c) Longer reco rding capability
(d ) Brigh ter co lo rs

7. Wh 21docs it mean when a camco rder has
a low lux rUing?

(.a) Th e ca mco rd er can no t beused at
excessive ht:igh ts

(b) The camco rder's controls are loca ted
on the low er half of th e unit

(c) Th e camcorder can be:used in low
ligh t sit ua tions

Cd) The camcorder can only beused in a
¥t ry brig ht situa tion

8. True or false: Ht:.adc!t antr'$.art: not
necessa ry for camcorders .

9. Camcorders were firs t dem onstrated to
consumers in :

(a) 1955
(b) 196 2
(e) 1980
(d) 1976

1. Wh ich o f the followin g is not .aconsumer
camcorde r Iormar?

(.t)"Bt:t.:l
(b) VHS·C
(c) 8mm
(d) VHS
(e) All o f the above are camcorder

formats

2. Camco rde rs are beco ming mo rt popu lar
(Vuy year, How m.any camcorders wert sold
in 1989?

(.a) 1,-+95.88 9
(b) ' .290.000
(e) 6.200 ,202
(d) 2.300 .000

3. Tht: bes t-selli ng type of camcorder is
(a) VH5·C
(b)8mm
(c) Full-size VHS
(d)&ta

4. W hich of the following are features found
on a camco rder?

(a) Po.....e r zoom
(b) Au tomatic focus .
(e) Flying erase head s
(d ) High-spee d shu tter 10. A variety of cam corde r formats.
(e) Allof the above including Super VHS·C. ED &u. and High

5. The 8mm format is the rast~t growing ~:::7~~~~nc~r~:C~n~ and 500
segme nt of today's camco rde r market. Is it lines . This means th.at co ns ume rs expe rien ce:
pcsst ble to pl.ay.an 8mm videotape at ho rne if (.a) Improved pi cture quality
)·ou h.avt:a VHS VCR? (b) A choice of black and whitt or color

(.a) No ptcrures
(b) Yt S - simply connec t your 8mm (e) Darien pictu res

cam co rder to the in pu ts on your K-...... (d ) Bette r sou nd

television 11Jl~

'------~==:=...

Do You Know the ABC's of Camcorders?
Memo ries can last a lifetime when you have a camcorder by your side. Today's camcord ers are smaller and

light er than ev er before . and have a variety of futures that make it easier to pr6(: rve such memories as
your chil d's first binhday party or a family reunion. The following qui : wi ll tell you how much you know

abou t ca mcord ers. Sco re 10 poin ts for each questi on you answer correctly,

0- :00 To-a
o-a ::0 ff3o-a :t:

t:>o-a ~o-a :o! ~o-a --"T - 1

•I'" 111/1sIN CHES ~ I
PXO -1000 WITH ROTA RY-S W ITCH
programming and a diode matri x.

PXO-1000 FREQUENCY DIVIDER with DIP­
switch programming.
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DRAwl NG 

BOARD 
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, I know that "inexpensive" is 

a relative 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 

OK. Since we all know that the 
chances of that happening first shot 
out of the box are about as good as 
finding intelligent life on Pluto, the 
drawings won't be representative of 
the waveforms being produced on 
your breadboard. 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 circuit is to the 
drawing in the first place. The classic 
chicken and egg problem -but 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 than 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. 

ROBERT GROSSBLATT, 

CIRCUITS EDITOR 

That isn't as screwy as it sounds, 
since having video not work is exact- 
ly what happens when the friendly 
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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scope. to put the f inishing to uches on the

hardware.

O NCE U PON A TIME, YO U COU LD 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 -bingol-i­
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 t ho ugh the video circuits
we've been working on together are
onl y 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 so met hing doesn't
work properly the first tim e, you can
look directly at the .waveform and
immediate ly see where you've got a
problem.

Now, I know that " inexpensive" is
a relative term, but there are scopes
advertised in RJE that can be picked
up for under $300. You may be lim-

, ited in bandwidth and short some of
the bell s and whi stles found on
more expensive models but , unless
you're doing some gee-whiz rocket­
scient ist type stuff, a scope with a
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So where were we?
Believe it or not we 're almost

fini shed with ourvideo 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 lC's, sync generato rs
like the one we're building took up
a lot more room, and cost a w hole
lot more than a handful of lC's.

There are lC's available that can
replace most of the hardware we' ve
been assemblin g. However, as with
most special-purpose lC's, th e price
you pay for using one dedicated IC
in place of some MSI stuff isa lossof
circuit flexibility.

Since we're designin g the timing
generators and one-shots, we can
set the pul se widths, delays, and
scan frequencies to be anything we
want . Adm ittedly, we're after NTSC,
but it wouldn 't take a lot of modi­
ficati on to generate PAL, EGA, VGA,
or any oth er typ e of video we want.
Also, building a sync generator can
show you a lot mo re than just how
video wo rks-it can also show you
how to make video not work.

Making video
Everything we've done so far has

been aimed at generat ing the two
sync pul ses that are being produ ced
at the outputs of the 4528. Both the
hori zontal and ver ti cal pul ses are
needed to control the deflection cir­
cuit ry in the TV, but they have to be
combined into acomposite 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 t ho ug h video is usuall y
thought of as an analog signal, the
sync component is essent ially dig­
ital. After all, it's really nothi ng more
than either high or low. So there are
several ways we can combi ne 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 you rs.

Even though both of our sync sig­
nals are being der ived from the mas­
ter clock, they' re being generated
by separate circuitry using the two
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halves of a 4528 (Radio -Electronics, 
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 

/5551.26 Nz 
Nae/sav7 L. 

/4fR/I01VT.rG 
sy.yc 
,pvZsc 

FIG. 1 

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, I like to use gates. The 
requirements aren't very strict since 

VERT /(,4L_ 
S YNC o-. 
PLJL.SE 

HORJZOJYTi4L O- 
SYNC. rC TYPE-.SEC TC/CT 
OL/L.SG 

COMPoí/7E_ 
syNG 
5/GNAL -0 

FIG. 2 

FIG. 3 

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 
a simple AND gate but, as it turns out, 
it's easier to first produce an inver- 
ted version of sync. That's because 
the inactive sync level (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 switch), 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 AND gate to combine them. I used 
the inverting outputs because I 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 NAND 

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, it's 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 

range...to put it mildly. 
The circuit shown in Fig. 3 will 

take the composite sync at the out- 
put of the 4093 and cut it down to 
NTSC levels. You can use the trim- 
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 soon 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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The circuit shown in Fig. 3 will

take the composite sync at the out­
put of the 4093 and cut it down to
NTSC levels. You can use the trim­
mer to fine tune the voltage level at
the output. Just remember that the
high (inactive) part of the signal
should be at O.3-volts DC to meet
the NTSC specs.

Nowthatwe're producing asignal
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
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what's fed into the back of your lV
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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 timewe want
a high . You would think we can use
asimple AND gate but, as it turns out,
it's easier to first produce an inver­
ted version of sync. That's because
the inactive sync level (5-volts) hasto
be at 0 IRE, or about O.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 switch) , 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 AND gate to combine them. I used
the inverting outputs because I 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 NAND

gat e . The 409 3, however, i s a
Schmitt-trigger part and will pro­
du ce nice, crisp pulses , even if
there's a bit of noi se at the inputs.
Since no ise is always a potential
problem on so ld e r less bread ­
boards, it's better to be safe than
sorry.

All that's left for us to do is design
a circuit to trans late the digital sig­
nals to NTSC standard. Remember
that right now our circuit is making a
5-volt sw ing, and that is slightly
beyond the NTSC-standard 1-volt
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halves of a 4528 (Radio-Electronics,
May 1990). And since we're produc­
ing a vertical sync pul se that's th ree
horizontal lines lon g, the horizontal
sync generator is go ing to keep pro­
ducing puls es even during the time
that th e vertical sync pul se 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 anyone time is to modify the
connecti ons made to the 4528 as
shown in Fig.1. By gating th e 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 ho rizontal sync gen­
erator is disabled. There's really no

reason for us to do the same thing to
the vertical sync bu t it can't hurt
anyth ing, so we migh t aswell. If you
have a scope, you can try it both
ways and see how it works.

Since we've elimi nated the pos­
sibility of having two different sync
signals show up at the same tim e,
we can safely produce a composite
sync signal. For reason syou'll see in
just a second, Ilike to use gates. The
requi rements aren't very strict since
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AUDIO 
UPDATE 
Receivers vs. separate components 

IN 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 receiver vs. 
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 available 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, 

FIG. 1- INTEGRATED CIRCUITS give you 

a lot more watts for your dollar. 

and eliminated the tangle of unrelia- 
ble interconnecting cables. How- 
ever, if you wanted appreciable 
power from both of your stereo 
channels, the receiver had a prob- 
lem. Remember that all 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. I 

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! 

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 RFI 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. 

Al few words about the irrational 
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, I've 
always used the inadequate perfor- 
mance and poor reliability of U.S. 
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man to lift it!
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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
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fier and tone control stages also
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result of all those advantages-plus
the cost reduction that resulted
from the use of a single chassisand
power supply-was that the re­
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BUILD THIS 
EXPERIMENTER'S 

I/O CARD 
MARK HANS 

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 circuitry (a 
relay. for example). The princi- 
ples of interfacing those types of 
devices are not difficult; well 
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. Well de- 
scribe several circuits for inter- 
facing LED's. switches, and other 
devices to the card, as well the 
software required to configure 
and use the I/O ports. Well 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 I/O ports (A-C). 
and it can operate in three dif- 
ferent modes. Depending on the 
mode, the lines in each port act 

differently. 
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 either Port A or port B) into a 
printer, and to detect its "busy" 
signal. 

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

You select among the various 
modes by writing a value to a spe- 
cial control port: Table 1 shows 
the control -port values required 
to achieve various I/O combina- 
tions. Our examples all work in 
Mode O. 

The PC Interface 
With Intel microprocessors. 

communications between the 
CPU and various devices is ac- 
complished through I/O (Input/ 

(Continued on page 75) 
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68000 News 

Iheard 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 building a 
68000 computer that uses IBM - 
PC style display adapters. I/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 68)ocx systems. contact Stark - 
K Software Systems Corp.. P.O. 
Box 209. Mt. Kisco. NY 10549. 
lëll'im I sent you. 

System Analyzers 

at's inside your home com- 
puter? You're probably inti- 

mately familiar with it. But what 
about your office PC? What about 
your coworker's PC (you know. 
the cute little blond who's always 
coming to 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- 
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the world's more accomplished
6800/68000 hackers. Youmay re­
call his series on building a
68000 computer that uses IBM­
PC style display adapters, I/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., P.O.
Box 209, Mt. Kisco, NY 10549.
Tell 'irn I sent you.

The PC interface
With Intel microprocessors,

communications between the
CPU and various devices is ac­
complished through I/O (Input/
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differently.
In Mode 0 , Ports A and Bean

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 Bean
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 either Port A or port B) into a
printer, and to detect its "busy"
signal.

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

You select among the various
modes by writing a value to a spe­
cial control port ; Table 1 shows
the control-port values required
to achieve various I/O combina­
tions. Our examples all work in
Mode O.
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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 I/O ports (A-C) ,
and it can operate in three dif­
ferent modes. Depending on the
mode, the lines in each port act

A computer by itself can't do
.£1much; 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 circuitry (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 circuits for inter­
facing LED's, switches, and other
devices to the card, as well the
software required to configure
and use the I/O ports. We'll also
show you how easy it is to set up
and use the card with simple
BASIC programs.
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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). 

Manifest's main purpose is to 
help optimize memory usage; 
System Sleuth 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 AT's. 
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. I/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 (00 -FF). the address 
in memory where each vector 
points. and the program that 
"owns' that vector. 

You can load Manifest as either 
a transient 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 silh- 
ilar display, as shown in Fig. 2. 
System Sleuth also provides a se- 
quential listing of interrupt vec- 
tors, but without addresses and 
owners. 

First Meg 1 

Y1:Help F2=Print 

0070: 10 01 83 04 OF 13 19 1B 29 2F 

' 027D: MSDOS 08 20 25 26 27 28 ZA 28 2C ZD 32 33 

34 35 36 37 38 39 3A 3B 3C 3D 3E 3F 

OBD2: DOS Stacks 02 08 09 OE 70 76 

0C9F: COMMAND 22 23 24 2E 

t 0D89: PZP 05 IC 21 

CO00: Video ROM 10 1D IF 93 6D 

F880: System ROM 06 07 OA OB OC OD 11 12 14 15 16 1? 

18 IA 90 91 92 49 45 46 47 48 49 4A 

911 4C 9D 4E IF 50 51 52 53 59 55 56 

57 58 59 5A 5B SC 5D 5E 5F 68 69 6A 

6B 6C 6E 6F 71 7Z 73 79 75 77 

Press F3 to list by Number 

FIG. I 

0E211 

8F14 

OF3A 

OF63 

1418 

3376 

180 

464 

19216 

66816 

COMMAMD.COM 

SPA.EXE 

PCCLICK.COM 

CED.COM 

TT.EXE 

ZZ Z.f Z4 ZE F4 

18 61 FF 

08 09 13 16 25 26 28 33 

2473 32256 PZP.COM OS 1C 21 

PRESS "Esc" - 

FIG. 2 

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; again. System Sleuth 
has nothing comparable. All in 

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 like bytes/sector, sectors/ 
cluster. sectors /track. etc.). You 
can view a hex/ASCII dump of a 
disk file. and even test a disk for 
bad sectors. 

System Sleuth also includes 

FIG. 1

PZP .COM 05 1C 21

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 like bytes/sector, sectors/
cluster, sectors/track, etc.). You
can view a hex/ASCII dump of a
disk file, and even test a disk for
bad sectors.

System Sleuth also includes

1B 61 FF
08 09 13 16 25 26 28 33

22 23

322562413

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/ASCll display routine
that lets you view any area of
memory beneath 1 MB. Manifest
measures the access speed of
various areas of memory
(Q-640K, video RAM, video ROM,
etc.) and reports values relative to
a stock PCIXT. System Sleuth has
nothing comparable. Manifest
also shows each byte in CMOS
memory; again, System Sleuth
has nothing comparable. All in

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).

Manifest's main purpose is to
help optimize memory usage;
System Sleuth 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 ofjust about all types of sys­
tem memory, including conven­
tional, extended, expanded, and
even the CMOS memory in AT's.
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 byvari­
ous programs, I/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 (OQ-FF), the address
in memory where each vector
points, and the program that
"owns" that vector.

You can load Manifest as either
a transient program or as a TSR.
In the latter case, the program
uses more than WOKof memory,
but it could still be useful when
trying to track down competition

~ for interrupts among several dif­
z ferent programs.
~ System Sleuth provides a slm­o ilar display, as shown in Fig. 2.
w
-l System Sleuth also provides a se­w
6 quentiallisting of interrupt vee-
is tors, but without addresses and
<l:
a: owners.
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several external utility 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 is adding addi- 
tional utilities all the time; they 
tell me a disk cache is next. 

I ran Manifest and System 
Sleuth on several different ma- 
chines. and had problems with 
both programs on my AST Pre - 
mium/286. It has built -in EMS 
4.0 hardware that is controlled 
by AST's EMM driver. I also use a 
memory manager 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 
installed; the machine crashed 
every time. That's completely un- 
acceptable; no diagnostic pro- 
gram should ever crash any 
machine. 

However, I 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. 

I learned 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 
PT-68-K2 (68000 kit prices 

start at $200). Peripheral 7èch- 
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 CARO 

Manifest ($59.95). Quarter- 
deck Office Systems. 150 Pico 
Blvd.. Santa Monica, CA 90405. 
(213) 392 -9701. 
CIRCLE 273 ON FREE INFORMATION CARO 

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. I now boot with 
about 130K of TSR's. 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 
Sleuth's 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 program like 
this: 

CMFT S O 
you'll get a listing to the screen of 
the System Overview; similar re- 
ports are available for each cate- 
gory and sub -topic, or all 
categories and sub -topics. The 
command line mode could be 

useful if you wanted to print re- 
ports 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 includes 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 Thchnical Reference 
manual. 

Manifest comes with a very well 
written and produced manual 
that is tutorial in nature. System 
Sleuth's manual is 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 superfluous. 

All in all. Manifest's strength is 
information about memory; Sys- 
tern 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 neither 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 I/O ports, etc. There you'll be 
forced to dig out manuals and 
compare and contrast jumper 
and DIP switch settings.D4 

I/O CARD 

continued from page 73 

Output) ports. Just as each 
house on a street has its own ad- 
dress, each piece of hardware 
connected to an Intel processor 
has its own port address. For ex- 
ample, serial port COM1 is lo- 
cated at address 03F8h. IBM's 
'lèchnical Reference Manuals list 

the specific port addresses asso- 
ciated with specific pieces of 
hardware. 

Our project uses 32 port ad- 
dresses between 0200h and 
02FFh. In order to avoid conflict 
with other devices, those 32 ad- 
dresses can start at one of eight 
locations in that range; you select 
the desired starting address via a 
jumper block. as shown in Table 
2. Both hex and decimal values 

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 IC2. a 
74LS138 demultiplexer. The 
74LS138 takes three inputs and 
decodes the various combina- 
tions thereof into eight exclusive 
outputs. The IC also has one ac- 
tive -high (cl) and two active -low 
(CA and mn) enable inputs. 

c_ c z 
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I/O CARD

continuedJrom page 73

Output) ports . Just as each
house on a street has its own ad­
dress, each piece of hardware
connected to an Intel processor
has its own port address. For ex­
ample, serial port COMI is lo­
cated at address 03F8h. IBM's
Technical Reference Manuals list

VENDOR INFORMATION
• PT-68-K2 (68000 kit prices
sta r t 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 VGAvideo adapt­
er range and thereby load a TSR
up there . Another saved me
about 3K of additional low DOS
memory. All in all , I now boot with
about 130 K of TSR's, but still
have 592K of free contiguous
DOS memory, a ll with a VGA
adapter that runs graphics just
fine .

Reports
Both Man ifest and System

Sleuth can print partial or com­
prehensive reports of their find­
ings. You must print System
Sleuth's 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 program like
this :

CMITS 0
you'll get a listing to the screen of
the System Overview; similar re­
ports are available for each cate­
gory and sub -topic , or a ll
categories and sub-topics. The
command line mode could be

the specific port addresses asso­
cia ted with specific pieces of
hardware.

Our project uses 32 port ad­
dresses b etw een 0200h and
02FFh. In order to avoid conflict
with other devices, those 32 ad­
dresses can start at one of eight
locations in that range ;you select
the desired starting address via a
jumper block, as shown in Table
2. Both hex and decimal values

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 IC2, a
74LS138 demultiplexer. Th e
74LS138 takes th ree inputs and
decodes the various combina­
tions thereof into eight exclusive
outputs . The IC also has one ac­
tive-high (GI) and two active-low
(G2A and G2B) enable inputs.

c....
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TABLE 1-8255 PORT 
CONFIGURATION 

Control Word Port 
Hex Decimal A B C 

80 128 Out Out Out 
82 130 Out In Out 
85 133 Out Out In 
87 135 Out In In 
88 136 In Out Out 
8A 138 In In Out 
8C 140 In Out In 
8F 143 In In In 

TABLE 2- JUMPER POSITIONS 
AND PORT ADDRESSES 

Position Hex 
Address 

Decimal 
1 200 512 
2 220 544 
3 240 576 
4 260 608 
5 280 640 
6 2A0 672 
7 2C0 704 
8 2E0 736 

AI 

Address lines A8 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 AEN are low and A9 is high. 
1C2 will decode address lines 
A5-A7, providing a single active - 
low output. In that way, the 256 - 
byte page of 1/0 space beginning 
at 0200h is divided into eight 32- 
byte chunks. The eight outputs 
of 1C2 are brought to the jumper 
block, which passes one enable 
signal on to the 8255. 

The 8255 itself 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 
AO and Al select which port is ad- 
dressed. and IM and WR determine 
whether data is read or written. 
respectively. 

For example. if you short 
jumper position three. the base 
address would be 0240h. so you 
would access Port A at 0240h. 
Port B at 024111. Port C at 0242h, 
and the control port at 0243h. 

Construction 

TO IBM 
EXPANSION 

BUS 
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FIG. 1 -ADD THREE 8 -BIT PARALLEL PORTSJor I O experi- 
ments using this simple circuit. The jumper block lets you 
assign port addresses from 0200h to O2FFh. 

dard prototyping card for the 8- 
bit IBM PC bus. All required parts 
are standard items that can be 
obtained from most mail -order 

suppliers. Component place- 
ment isn't critical, but lead 
lengths should be minimized. 
(See Fig. 2). 'Ib avoid damage dur- 

PROTOTYPING 
GARD 

IC1 

FIG. 2 -THE AUTHORS PROTOTYPE was used to burn EPROM S, control a model 
The circuit is built on a stan- railroad setup, and more. 

Construction
The circuit is built on a stan-

TABLE 2-JUMPER POSITIONS
AND PORT ADDRESSES

TABLE 1-8255 PORT
CONFIGURATION

Control Word Port
Hex Decimal A B C

80 128 Out Out Out
82 130 Out In Out
85 133 Out Out In
87 135 Out In In
88 136 In Out Out
8A 138 In In Out
8C 140 In Out In
8F 143 In In In

R

JUMPER
BLOCK

suppliers. Component place­
ment isn't critical, but lead
lengths should be minimized.
(See Fig. 2). To avoid damage dur-

..M!:L.!G2A YO 15 1
0-~ BO 18 1 -

~ G2B Y1
14 2

0-~ B1 19 2

~ Gl Y2
13 3

0-~
ICI

B2 20 3
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0-~ B3 71 4

~A 74LS138 Y4 11 5 0- .!.£.. B4 22 5
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BLOCK Cl 15 10
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AO C3 17 12

8
Al C4 13 13

5 RO C5 12 14

36 WR C6 11 15

C7 10 16

34 00 AO 4 17 ~
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32 02 A2 2 19

31 03 A3 1 20
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27 07 A7
37 24
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FIG. 2-THE AUTHOR'S PROTOTYPE was used to bum EPROM's, control a model
railroad setup, and more.

dard prototyping card for the 8­
bit IBM PC bus. All required parts
are standard items that can be
obtained from most mail-order

FIG. I-ADD THREE B-BIT PARALLEL PORTSfor I/O experi­
ments using this simple circuit. The jumper block lets you
assign port addressesfrom 0200h to 02FFh.

Address
Hex Decimal
200 512
220 544
240 576
260 608
280 640
2AO 672
2CO 704
2EO 736

Position
1
2
3
4
5
6
7
8

Address lines A8 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 AEN are low and A9 is high,
IC2 will decode address lines
A5-A?, 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 outputs
of IC2 are brought to the jumper
block, which passes one enable
signal on to the 8255.

The 8255 itself has only 4
ports. Port A is always at the base
address, port B is at base + I,
port C is at base + 2, and the
control port is at base + 3 . Lines
AO and Al select which port is ad­
dressed, and RD and WR determine
whether data is read or written,
respectively,

For example, if you short
~ jumper posi tion th ree, the base
Z address would be 0240h, so you
~ would access Port A at 0240h,
t3 Port B at 0241h, Port C at 0242h,
~ and the control port at 0243h.w
o
Ci
-c
II:
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R -E Computer Admart 

GETTING 
THE MOST 
FROM YOUR 

PRINTER 

O.tling The 
Most From Y 
Print.r 

*1 `. al" 

BP181 -It is probable that 80% of dot -ma- 
trix printer users only ever use 20% of the 
features offered by their printers. This book 
will help you unlock the special features and 
capabilities that you probably don't even 
know exist To order your copy send $6.95 
plus 51.50 for shipping in the U S to Elec- 
tronic Technology Today Inc., P.O. Box 
240, Massapequa Park, NY 11762-0240. 

Rates: Ads are 21/4" x 2W. One insertion S950. Six insertions S925.each Twelve 
insertions $895. each Closing date same as regular rate card Send order with 
remittance to Computer Admart, Radio Electronics Magazine, 500 -B Bi- County 
Blvd . Farmingdale, NY 11735 Direct telephone inquiries to Arline Fishman area 

code -516- 293 -3000. Only 100% Computer ads are accepted for this Admart.' 

SECRETS OF THE 

COMMODORE 64 

13P135 -A beginners guide 
to the Commodore 64 pre- 

sents masses of useful data 
and programming tips, as 

well as describing how to 
get the best from the 
powerful sound and graph- . 

Ics facilities We look at how the memory is 

organized, random numbers and ways of 
generating them, graphics- color -and sim- 
ple animation. and even a chapter on ma- 

chine code Get your copy today Send 

$5.00 plus S1.25 for shipping in the U S 

to Electronic Techology Today Inc., P.O. 
Box 240, Massapequa Park, NY 
11762 -0240. 
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41256 256Kxl 80 ns 4.15 
41256 256Kx1 100 ns 3.50 
41256 256Kx1 120 ns 2.70 
4464 64Kx4 100 ns 3.50 
41264 64Kx4 100 ns 7.50 

EPROM 
27C1000 12604 200 ns 318.00 
27512 64Kxe 200 ns 7.80 
27256 32Kxe 150 ns 6.50 
27128 161(01 250 ns 3.75 

STATIC RAM 
62256P.To 32Kx6 100 ns $9.50 
6264P 12 6K48 120 ns 4.50 
6116AP-12 210,8 120 ns 4.25 
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ing construction, it's best to use 
sockets for all IC's. Neither IC 
used in this project is par- 
ticularly sensitive to static 
damage, but you can never be too 
careful. The author found it con- 
venient to use red wires for power 
and ground connections, white 
for bus connections, and blue for 
connections from the 8255 to the 
output connector. 

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 1 

to 31 from the rear of the board to 
the front.) Take your time, and 
check each solder joint 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 to 
the 8255. then the six control 
wires to the 8255. Then connect 
the 24 wires from the port out- 
puts of ICI to J1. The author used 
a 40 -pin header connector for J1 
in the prototype. Many projects 
require a source of + 5 volts. so 
power and ground lines are also 
brought to J1. 

PARTS LIST 

IC1- 8255A -5 parallel interface 
IC2- 74LS138 3 -to -8 line decoder 
C1 -C3-O.1 µF 
J1-40 -pin header connector 
Jumper block (2 rows, 8 positions) 
PC bus prototyping board 
Sockets, wire, etc. 

Programming examples 
The following examples as- 

sume that the jumper is in posi- 
tion three, so that the 8255 is 
connected to port 0240h. 

When power is first 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 LED's 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: 

10 OUT 579,128 
20 OUT 576,255 

All of the LEDs should light. If 
one doesn't, check your wiring. 

Reading input values is just as 
simple. The following program 
would continually read and dis- 
play the contents of port B, to 
which various switches (Fig. 4 -a, 
Fig. 4 -b) and sensors (Fig. 4 -c) 
might be connected: 

10 OUT 579,130 
20 A= INP 577 
30 IF A 
40 GOTO 20 

That program sets up Port B for 
input, and then reads the value 
of the port. If the value is less 
than 255 (in other words, if at 
least one line is low), the value is 
printed. 

The 8255's inputs and outputs 
are TTL compatible, meaning 
they don't have much current - 
carrying capacity. Tb drive heav- 
ier -duty devices, use a transistor, 
as shown in Fig. 5 -a, or add a 
relay, as shown in Fig. 5 -b. 

More Ideas 
Now that you understand the 

basics, the sky's the limit. What 
else could you do? 
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DYNAMIC RAM
1MB COMP DeskPro 386120 $295 .00

- SIMM AST Prem386133Mhz 225.00
SIMM 1Mx9 80 ns 95.00
SIMM 256Kx9 100 ns 38.00
1Mblt 1Mx1 80 ns 9.25
41256 256Kx1 60 ns 4.50
41256 256Kx1 80 ns 4.15
41256 256Kx1 100 ns 3.50
41256 256Kx1 120 ns 2.70
4464 64Kx4 100 ns 3.50
41264* 64Kx4 100 ns 7.50

EPROM
27C1000 128Kx8 200 ns
27512 64Kx8 200 ns
27256 32Kx8 150 ns
27128 16Kx8 250 ns

. STATIC RAM
62256p· l0 32Kx8 100 ns
6264p-12 8Kx8 120 ns
6116AP·12 2Kx8 120ns

SAT DELIVERY MaslerCardiV lSA or UPS CASH COO
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Rates: Ads are2W' x 2%". One insertion $950. Sixinsertions $925.each .Twelve
insertions $895. each . Closing date same as regular rate card. Send order with
remittance to Computer Admart, Radio Electronics Magazine, 500-8 Bi-County
Blvd., Farmingdale , NY 11735. Direct telephone inquiries to Arline Fishman, area
code-516-293-3000. Only 100% Computer ads are accepted for this Admart.'

PROMPT DELIVERY!!!
SAME DAY SHIPPING (USUALLY)
QUANTITY ONE PRICES SHOWN for APRil 1, 1tiOSECRETS OF THE

COMMODORE 64

BP135-A beginners guide
to the Commodore 64 pre-
sents massesofusefuldata
and programming tips, as
well as describing how to
get the best from the
powerful sound and graph-'-- ---l

ics facilities . We lookathow thememory is
organized, random numbers and ways of
generating them, graphics-color-and sim­
ple animation, and even a chapter on ma­
chine coda. Get your copy today. Send
$5.00plus$1 .25forshipping inthe U.S.
to Electronic Techology Today Inc., P.O.
Box 240, Massapequa Park, NY
11762-0240.

Oetting The
Mo.t From Your
Printer

R-E Computer Admart

BP181-lt is probable that 80% of dot-ma­
trixprinter users only ever use 20% ofthe
features offered by theirprinters.Thisbook
will help you unlock the special features and
capabilities that you probably don't even
know exist. Toorder your copy send $6.95
plus $1 .50forshippingin theU.S. toElec­
tronic Technology Today Inc., P.O. BOl
240, Massapequa Park, NY 11762-0240.

GETTING
THE MOST
FROM YOUR
PRINTER
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ing construction, it's best to use
sockets for all Ie's . Neither IC
used in this project is par­
ticularly sensitive to static
damage, but you can never be too
careful. The author found it con­
venient to u se red wires for power
and ground connections, white
for bus connections, and blue for
connections from the 8255 to the
output connector.

Start with the 6 wires that run
from the bus connector to IC2.
(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 r ight, and the
connectors are numbered from 1
to 31 from the rear of the board to
the front .) Take your time, and
check each solder joint 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 to
the 8255, then the six control
wires to the 8255. Then connect
the 24 wires from the port out­
puts ofICl to Jl. The author used
a 40-pin header connector for J 1
in the prototype. Many projects
require a source of + 5 volts, so
power and ground lines are also
brought to Jl.

PARTS LIST

ICl -8255A-5 parallel interface
IC2-74LS138 3-to-8Iine decoder
C1-G3-Q.1 J.LF
J1-40-pin header connector
Jumper block (2 rows, 8 positions)
PC bus prototyping board
Sockets, wire, etc.

Prog ramming examples '
The following examples as­

sume that the jumper is in posi­
tion three, so that the 8255 is
connected to port 0240h.

When power is first applied,
ports A, B, and C are all config­
ured as inputs . To reconfigure
the por t , you must write the ap­
propriate value to the correct
port. For example, by connecting
eight LED's to Port A as shown in
Fig. 3, you could view the binary
counting sequence using this
program:

10 OUT 579,128
20A =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:

10 OUT 579,128
20 OUT 576,255

All of the LEOs should light. If
one doesn't, check your wiring.

Reading input values is just as
s imple. The following program
would continually read and dis­
play the contents of port B, to
which various switches (Fig . 4-a,
Fig. 4-b) and sensors (Fig . 4-cl
might be connected:

10 OUT 579,130
20 A=INP 577
30 IF A
40 GOTO 20

That program sets up Port B for
input, and then reads the value
of the port. If the value is less
than 255 (in other words, if at
least one line is low), the value is
printed.

The 8255's inputs and outputs
are TTL compatible, meaning
they don't have much current­
carrying capacity, To drive heav­
ier-duty devices, use a transistor,
as shown in Fig. 5-a, or add a
relay, as shown in Fig . 5-b.

More Ideas
Now that you understand the

basics , the sky's the limit. What
else could you do?
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ELECTRONIC BUILDING 
BLOCKS. BK -1 95.75. 
Circuits for a number of 
useful building blocks are 
presented Combine them 
circuits to build the devices 
you need 

"' BP192 -MORE AD- 
VANCED POWER SUP- 
PLY PROJECTS 95.95. 
Topics covered include 
switched-mode power sup- 
plies, precision regulators. 
dual tracking regulators and 
computer -controlled sup - 
pres 
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4 BP190 -MORE AD- 
VANCED ELECTRONIC 
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95.95. Protects include 
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a fibre -optic loop alarm, 
computer -based alarms 
and an ultrasonic intruder 
detector 

BP113 -30 SOLDER - 

LESS BREADBOARD 
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based on CMOS logic IC's 
Many components are 
common to several prot- 
ects Each protect includes 
a brief circuit description. 
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FIG. 3 -FOR OUTPUT DISPLAY. add 
eight LED'S. eight resistors. and two 
7404's. 
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FIG. 4 -FOR INPUT. add a toggle 
switch (a). a pushbutton switch (b). or 
an opto - isolator (c). 

How about building a robot? 
Output ports could be configured 
for motor control. voice syn- 
thesis, robotic arm control. etc. 
Input ports could be used to read 
bumper sensors voice recogni- 
tion, or keypad input. 

Or build a burglar alarm: Input 
ports would read data from win- 

1001: -W--- 
INPUT 

a 

-w. 5V 

100!! 

INPUT 

5V 

2/42222 
1N1113 

b 

FIG. 5 -FOR HIGH -CURRENT OUT- 
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. a siren. and a tele- 
phone dialer. 

Or build a home heating sys- 
tem. One port would be dedicated 
to motors that would open and 
close heating vents, control blow- 
er motors. etc. 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 
wind speed gauge, controls for a 
solar hot -water heater, and even 
calculate your energy savings. 

Or build a scoreboard, a light 
show or an IC tester. How about a 
computer -controlled popcorn 
popper or a dog food dispenser? 
The author has used his card to 
run a plotter. an EPROM pro- 
grammer. and a model- railroad 
demonstration. 

Another thing you could try 
building is an automatic home 
lighting system. Input ports 
could monitor doorways with 
pressure -sensitive switches or 
infra -red beams. The system 
would sense someone entering or 
leaving the room and turn the 
lights on and off accordingly. The 
system would have to keep track 
of how many people were in the 
room, turning the lights off only 
after the last person leaves. 

For some projects, three ports 
may not be enough. In that case. 
just connect a second 8255, wir- 
ing all lines except cs in parallel 
to ICI. Connect the cs line of the 
second 8255 to a different posi- 
tion on the jumper block -and 
enjoy 48 lines of digital 110!+(D4 
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ELECTRONIC BUilDING
BLOCKS , BK-l ..... $5.75.
Circuits for a number of
useful building blocks are
presented. Combine these
circuits to build the devices
you need.

o BP192-MORE AD- ~
VANCED POWER SUP­
PLYPROJECTS..... $5.95.
Topics covered include
switched-mode power sup­
plies, precision regulators.
dual trackingregulators and
computer-controlled sup­
plies.
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MAIL TO: Electronic Technology Today, Inc.
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Massapequa Park, NY 11762-0240
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FIG. 3-FOR OUTPUT DISPLAY, add
eight LED'S, eight resistors, and two
7404's.
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MUSIC PROJECTS .. ...
$5.95. Provides a number
of circuits for Fuzz Box.
Waa-Waa Pedal, Sustai n
Unit, Reverberat ion and
Phaser Units,Tremelo Gen­
erator and more.
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o BPl13-30 SOlDER- ~
lESS BREADBOARD
PROJECTS, BK-2 .....
$5 .95. All projects ar e
based on CMOS logic IC·s.
Many components are
common to several proj­
ects. Each project includes
a brief circuit descrip tion,
component layoutand parts
list.

o BP255-INTE RNA- ~
TIONAl RADIO STA ­
TIONS GUIDE ..... $7.95.
Provides the casual lis­
tened, amateur radio DXer
and the professional radio
monitor with an essent ial
referencework designed to
guide him or her around
than ever more complex ra­
dio bands.
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FIG. 4 -FOR INPUT, add a toggle
switch (a), a pushbutton switch (b), or
an opto-isolator (c).

• How about building a robot?
Output ports could be configured
for motor control, voice syn­
thesis, robotic arm control, etc.
Input ports could be used to read
bumper sensors, voice recogni­
tion, or keypad input.
• Or build a burglar alarm: Input
ports would read data from win-
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Surface Mount Chip Component 
Prototyping Kits - 

Only 

-CG i Cepacrlr Re col W U 36 pates. 5 ea of every 
10% value Iron tor to 33.l CR.I R.aglor Kd cantons 
1540 prates. 10 ea or every 544. value from 10010 10 mag0 
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avertable for Immediate One Day Delmer? 

Order by toLhee phone. FAX. or mil We accept 
VISA MC, AMEX. COD. or Pre -pad orders Company 
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03MMlNNCA11014S SPECIALISTS. M. 
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FCC LICENSE 
PREPARATION 

The FCC has revised and updated the 
commercial license exam. The NEW 
EXAM covers updated marine and 
aviation rules and regulations, 
transistor and digital circuitry. 
THE GENERAL RADIOTELEPHONE 
OPERATOR LICENSE - STUDY GUIDE 
contains vital information. VIDEO 
SEMINAR KITS ARE NOW AVAILABLE. 

WPT PUBLICATION 
979 Young Street, Suite A 

Woodburn, Oregon 97071 
Phone (503) 981 -5159 
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6805 MICROCOMPUTER 
DEVELOPMENT SYSTEM 

The MCPM t sr titi," u,_'n'. the I8M PC and compatibles 
to be used as a complete development system for the 
Motorola MC6870SP3. P5. U3. U5. R3 and RS single 
chip microcomputers The system nckrdes a cross 
assembler program a srrw4afor /debugger program and a 

trogrammng board that connects to a serial port 
Price- -5449 00 VISA find MASTERCARD accepted 
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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 a standard U.S. family car. In 
the same sense, I'd feel that I had 
blown my credentials as an 'Audio 
Maven" if word got around that I 

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 channel 
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 
power. 

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, I have 
clipped a 200 -watt- per -channel am- 
plifier trying to reproduce a solo 
piano at live sound levels, so the 
desire for ever higher amplifier 

New Scanner 
by AOR 
100 Channe 
800 MHz 

ÁR900 
To..: h. re , nervn 

Includes antenna . 

rechargeable battery . 

charger adaptor 6 belt 
tige Fob range of optional 

accessories available 
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406 512 MHz, and 800 950 MHz 
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power does have a genuinely ra- 
tional basis given certain listening 
circumstances. 

Upgrading 
The essence of being a totally 

dedicated audiophile (which I am 
not) is the never -ending pursuit 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 I think that the joy of owning 
such a product has little to do with 
its sound per se. 

I shouldn't exclude FM tuners 
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The MCPM·' sys tem allows the IBM PC and co mpatibles
to be used as a complete development system for the
Motorola MC68705P3 . P5 . U3 . US. R3 and R5 s ingle
chip microcomputers. The system includes a cross
assembler program, a simulator/debugger program and a
programming board that connects to a serial port .
Price-$4 49.00 VISA and MASTERCARD accepted .

dedicated audiophile (which I am
not) is the never-ending pursuit of
the holy grail of "perfect" sound re­
production. In practice, that means
constant upgrading-or at least re­
placement-of exist ing compo­
nents in hopes of coming ever
closer to sonic perfection. The pur­
suit is encouraged by several small
circulation "underground" audio
magazines, such asStereophile and
TheAbsolute Sound. Their detailed
reports o n each new high-end
(meaning very expensive) pre­
amplifier and power amplifier be­
comes Holy Writ for the dedicated
audiophile seeking to dete rmine
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 a2oo-watt-per-channel amplifier,
but I think that the joy of owning e
such a product has little to do with ffi
its sound per se.

I shouldn't exclude FM tuners
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commercial licenseexam. The NEW
EXAM coversupdated marineand
aviation rulesand regulations,
transistorand digital circuitry.
THEGENERAL RADIOTELEPHONE
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SEMINAR KITS ARE NOWAVAILABLE.
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Upgrading
The essence of being a totally

power does have a genuinely ra­
tional basis given certain listening
circumstances.

AUDIO UPDATE

continued from page 72

cars to justify owning fore ign-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 I had
blown my credentials as an '~udio

Maven" if word got around that I
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 100watts per channel
of clean power on tap seems in­
arguable. The sense of ease and
openness, and the bass solid ity all
testify to the sonic virtues of high
power.

Today,the top power available in a
receiver is about 130watts per chan­
nel. For many people that is proba­
bly more than adequate, but for
those who want their mus ic very
loud and very clean when heard
through medium-to-Iow 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 ampl ifiers. Incidentally, I have
clipped a 2oo-watt-per-channel am­
plifier trying to reproduce a solo
piano at live sound levels, so the
desire for ever higher amplifier
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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 - 
level controls. 

The bottom line 
So, after all of the above, what do I 

recommend? As I indicated, I 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+ 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 
power amplifier. If the sound quality 
is about the same, then a receiver is 
the way to go. 

R-E 

ADD A DISPLAY 

continued from page 62 

TABLE 2 -USER DEFINABLE CHARACTERS 

CHARACTER CODES 
(DO RAM DATA) 

CG PAM A,^RF, CHARACTER PATTERN 
(CG RAM DATA) 

7 6 5 4 3 2 1 0 S 4 3 7 6 S 3 2 1 0 

e e e o o o x x X 
0 0 0 0 0 1 x x x 
0 0 0 0 1 0 X X X S O I C 

0 0 0 0 0 0 0 0 0 0 1 1 X x X:`1 1 1 t 0 
( ø X ) 0 0 0 1 0 0 x x x u A A.......A.......A... 

0 0 0 1 0 1 x x x e 

ACCESSED eY 0 0 0 1 1 0 X x x e e e 
ASCII CODE 00 (HEx) 0 0 0 1 1 1 x x x 0 0 0 0 0 

NOSE 
SECTION 

i00 RnTnE DATA) S 
CG RAM ADDRESS CHARACTER 

DATA) 
7 6 S + 3 2 1 0 5 4 3 2 1 0 7 G 3 2 1 0 

0 0 0 e e x x x 0 0 0 
0 0 0 0 1 x x x e 1 e 0 
0 e e 1 e X X x 0 1 1 

0 e 0 0 0 0 0 1 0 0 0 1 1 X X X I 1 1 1 1- 
(01 HEX) 0 0 I 0 0 X X X I 1 1 1 1 

0 0 I 0 1 x X X _ 1 
ACCESSED BY 0 0 1 1 0 X X X Y + 0 

ASCII CODE 01 (HEx) 0 0 1 1 1 x x X '1 0 0 0 

BODY 
SECTION 

CHARACTER CODES 
(DO RAM DATA) 

CG RATI ADORESS CHARACTER PATTERN 
(CG RAM DATA) 

7 6 5 4 3 2 1 0 5 1 3 2 1 0 7 6 S 3 2 1 0 

0 1 0 0 0 0 X X X;1 1 0 0 

0 1 o e e 1 x x x( 1 1 

0 1 0 0 1 0 X x X 1 1 

0 0 0 0 0 0 1 0 0 1 0 0 1 1 X X X 1 1 ri--1---r- 
(02 HEX) 0 1 0 1 0 0 X X X 1 1 1 1 1 1 

0 1 0 1 0 1 x x x - 
ACCESSED BY 0 1 0 1 1 0 x x x 

ASCII CODE 02 (HEx) 0 1 0 1 1 1 X x X 0 0 0 0 0 

TAIL 
SECTION 

COMPLETE AIRPLANE 

ORDERING INFORMATION 

The following items are available 
from Simple Design Implementations 
(SDI), P.O. Box 9303. Forestville. CT 
06010 (203) 582 -8526: Experi- 
menter's kit (contains 16 x 1 OPTREX 
LCD module. programmed 
MC68705P3. contrast -control poten- 
tiometer, PC board, IC socket. soft - 
ware listings, schematic. and instruc- 
tions), S29.95 $3 S H. Same 
experimenter's kit with 40 x 1 display. 
$39.95 $3 S!H; Programmed 
MC68705P3 and instructions, 
$15.95 $2.50 Si{ 

shows the 24 data bytes that must be 
written to CG RAM to form the three 
user -defined characters that form the 
airplane. 

Displaying 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 to 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 
"PLANE" (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 

f ro m th e upgradin g process, al­
though most audiophiles are aware
that the broadcast stations are far
more responsible fo r tuner sound
quality than any other facto r. In any
case, it is obvious that owning a re­
ce ive r makes pi ecemeal compo­
nent repl acem ent impractical. Re­
ce ive rs also te nd to co mplica te
m atter s wh en so meth ing goes
w rong electron ically. If a separate
tu ner goes bad, the rest of the sys­
tem isstill functio nal while the tuner
is in for repairs. And even a defec-

tive preamp won't stop the music if
the power amp hasaccessible input­
level contro ls.

The bottom line
So, after all of the above, what do I

recommend? As I indicated, I think
it comes down to how loud you like
your mu sic and the efficiency of
your speakers. If you want to re­
produce music at natural volume
levels, then 200+ 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 w ith.
Then , listen to the same speakers at
the same preferred volume level
driven by a sign if icant ly higher
power amplifier. Ifthe sound quality
is about the same, then a receiver is
the way to go.

R-E

ADD A DISPLAY ORDERING INFORMATION

continued from page 62

TABLE 2- USERDEFINABLE CHARACTERS

CHARACTER CODES CG RAM ADDRESS CHARACTER PATTERN
COD RAM DATA) ( CG RAM DATA)

7 6 S ~ 3 2 1 0 c; ~ " " 7 6 5 ~ 3 2 1 0

0 0 0 0 0 0 x x x 0 0 0 0 0
0 0 0 0 0 1 X X X 0 0 0 0 0
0 0 0 0 1 0 X X X e 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 1 1 X X x fT·· ···T ·······n 0 0
(00 HEX ) 0 0 0 1 0 0 X X X i..~.......~.......~...: : : : ~: : : : : : : ~: : : }

0 0 0 1 0 1 X X X

ACCESSED BY 0 0 0 1 1 0 X X X 0 0 0 0 0
ASCII CODE 00 ( HEX) 0 0 0 1 1 1 X X X 0 0 0 0 0

The following items are available
from Simple Design Implementations
(SOl), P.O. Box 9303, Forestville, CT
06010 (203) 582-8526 : Experi­
menter'skit (contains16x 1OPTREX
LCD module , programmed
MC68705P3, contrast-controlpoten­
tiometer, PC board, IC socket. soft­
ware listings, schematic, and instruc­
tions) , $29.95 + $3 S/H ; Same
experimenter'skit with 40 x 1display,
$39.95 + $3 S/H ; Programmed
MC68705P3 and inst ructi ons,
$15.95 + $2.50 S/H.

shows the 24 data bytes that must be
written to CG RAM to form the three
user-defined characters that form the
airplane.

Displaying 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 to 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
" PLANE" (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

NOSE
SECTION

CHARACTER CODES CG RAM ADDRESS CHARACTER PATTERN
COD RAM DATA) (C G RAM DATA)

7 6 5 ~ 3 2 1 0 ~ 7 6 S ~ 3 2 1

0 0 1 0 0 0 X X X 0 0
0 0 1 0 0 1 X X X 0
0 0 1 0 1 0 X X X 1

0 0 0 0 0 0 0 1 0 0 1 0 1 1 X X X 1
(01 HEX) 0 0 1 1 0 0 X X X 1

0 0 1 1 0 1 X X X 1
ACCESSED BY 0 0 1 1 1 0 X X X 0

ASCII CODE 0 1 ( HEX ) 0 0 1 1 1 1 X X X 0

BODY
SECTION

CHARACTER CODES CG RAM ADDRESS CHARACTER PATTERN
COO RAM DAT A ) ( CG RAM DAT A )

7 6 5 ~ 3 2 1 0 ~ '" 7 6 5 ~ 3 2 1 0

0 1 0 0 0 0 X X X '··T·····T·· ' 0 0 0
0 1 0 0 0 1 X X X i ll i 0 0 0
0 1 0 0 1 0 X X X i 1 1 : 0 0 0

0 0 0 0 0 0 1 0 0 1 0 0 1 1 X X X : 1 1 ··T·· · ·T·· · ··T· ·~

( 02 HEX ) 0 1 0 1 0 0 X X X i l l 1 1 1 i
0 1 0 1 0 1 X X X ···0·······0·······0·······0·······0···

ACCESSED BY 0 1 0 1 1 0 X X X 0 0 0 0 0
ASCII CODE 0 2 ( HEX) 0 1 0 1 1 1 X X X 0 0 0 0 0

COMPLETE AIRPLANE

TAIL
SECTION

(J)
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MARKET CENTER 
FOR SALE 

GREAT buys! Surplus prices. ICs. linears. transfor- 
mers. PS. stepping motors. vacuum pump. 
phototransistor, meters. LSASE, FERTIK'S, 5400 
Ella. Phila , PA 19120 

DESCRAMBLERS. All brands Special Combo 
Jerrold 400 and S133 $165 Complete cable de- 
scrambler kif S39 Complete satellite descrambler 
kit $45. Free catalog MJM INDUSTRY, Box 531. 
Bronx. NY 10461 -0531 

T.V. notch filters. surveillance equipment. brochure 
$1.00. D.K. VIDEO, Box 63 6025. Margate. FL 
33063. (305) 752-9202. 

MICROWAVE TV RECEIVERS 19 to 2.7 GHz 
2 CH Compact Dish System - $7796 
5 CH Dish System - 03 95 

12 CH Tagt (Rod) System - S12395 
30 CH Doti System- S16390 Vapi- 518390 

SUN MICROWAVE INTL. INC Sod SIN M 
PO. 603 34522 utaiq se mw 
PROFN19 A285067 ids ,rItI 
0021 2300640 MAI product 

WSA/14C /C00 QUANTITY =courts MFETIME 1.111LUITY 

RESTRICTED technical information Electronic su - 

veillance, schematics, locksmithing, covert sc - 

ences. hacking. etc Huge selection. Free 
brochures. MENTOR -Z, Drawer 1549. Asbury 
Park. NJ 07712 

RENTAL movie stabilizer. Connect between VCRs 
or to monitor Satisfaction guaranteed $69 95. 
$4 00 handling 1 (800) 367 -7909. 

TUBES: 'oldest.' latest.' Parts and schematics. 
SASE for lists STEINMETZ, 7519 Maplewood Ave , 

RE. Hammond, IN 46324 

ENGINEERING software, PC'MSDOS. Hob- 
byists - students - engineers. Circuit de- 
sign S59.00, FFT analysis $69.00, Mathe- 
matics S49.00, Logic Simulation S49.00, 
Circuit Analysis $29.00. Free catalog, (614) 
491 -0832, BSOFT SOFTWARE, 444 Cotton 
Rd., Columbus, OH 43207. 

CABLE TV converters and descramblers. 
We sell only the best. Low prices. SB -3 

S79.00. We ship C.O.D. Free catalog. ACE 

PRODUCTS, PO Box 582, Dept. E, Saco, ME 
04072. 1 (800) 234 -0726. 

SAMS closeout sale #2 to #2600 $6 00 each 
postpaid MC Visa Caul (800)274-2081.9.5 CST. 

PRINTHEAD repairs - Okidata. Epson. NEC. 
Toshiba. Digital, Texas Inst . also do board repair - 
DATAFIX, 1'201) 322-7666 

TUBES Sylvania 6L06. 6L6GC. 20LF6 etc Huge 
discounts ARLEN SUPPLY, 7409 West Chester 
Pike. Upper Darby. PA 19082 1 (800) 458 -1301. 

TJ SERVICES is here to serve you Our quality 
products. quick courteous service, knowledgeable 
sales people and rock bottom prices prove it Not 
sure what you needy Call (313) 979 -8356 well help' 
We specialize in Jerrold, Hamlin, interference fil- 
ters and most SA equipment 

FEBRUARY 1984 project. Complete parts 
with power supply. $38.00. Postpaid. JIM 
RHODES. INC.. Box 3421. Bristol, TN 
37625. 

CABLE TV converters: Jerrold. Oak. Scientific At- 
lantic. Zenith S many others "New MTS" stereo 
add-on: mute & volume Ideal for 400 and 450 
owners! 1 (800) 826-7623, Amex, Visa. M C accept- 
ed B & B INC., 4030 Beau -O -Rue Drive. Eagan, 
MN 55122 

TUBES. new. up to 90°'o off. SASE. KIRBY, 298 
West Carmel Drive Carmel IN 46032 

s 
BARGAIN HEADQUARTERS! 

JERROLD TOCOM HAMLIN 
SCIENTIFIC ATLANTA 2ENITN 

Oak M35B ONLY 660 
6 month warranty! W. ship C.O.D.! 

Lowest rouit Ye4ole.ale pic..! 
FREE CATALOG: 

Globe' Cable Network 
1032 Irving St. Sut. 109 

S.F. CA 94122 

ORDER TODAY! 800 -327 -8544 

MARK V ELECTRONICS, INC. 
1 .ALITY COMPONENTS * COMPETITIVE PRICES 

CATALOG & INFORMATION (213) 888 -8988 
ORDER TOLL FREE 800 -423 -3483 
IN CALIFORNIA 800 -521 -MARK 
FAX (213) 888 -6868 

indicates the level of difficulty in the assembling of our Products 

.i 

Beginner Intermediate AAA Advanced * Fully Assembled 
SM -668 , TR -355 

ME II 
TA-802 : SM-100 

TA-3600 Cabinet 010 TA-477 

SM-333 
L t 

TA -291AK2 Digital Voids Recorder AA S 30 00 
TA -50N8 Mule- Psrpoee Melody Generator t t e4 
TA-50C MN Purdne Melody Generator A 12 65 

619(2 TA- 120 35W 44n Pawl* IAono Amp A 27 16 
TA -300 30W IAA Purpose Sept* Channel Amp A 20 00 
TA -302 60W Stereo Power Booster (wicasel AA 50 00 
TA -323A 30Wíí2 Stereo Pitman Mp 29 50 
TA -377A Hi-Cua6ly FET Stereo Pre-Amp 59 95 
TA-400 40W Solid State Moro Amp A 28 00 
TA-477 120W Mosier Power Mono Amp AA 68 00 
TA -800 80w.80W DC Pre-Man 6 Power An AA 60 92 
TA -802 sew -eoW DC Stereo Man Power Amp AA 45 94 
TA -820A 60W.60W OCL DC PreMan Stereo Amp AA 40 39 
TA 1000A 100W Dynamic C.-lass 'A-Main Power Moro Amp AA 59 69 
TA -1500 100Wc2 Class A' DC Stereo Pre-Main Amp AA 73 70 
TA -2200 FET Super dass'A' DC Pre Amp AAA 47 70 
TA -2400A Electronic Echo 6 Reverberation Amp AAA* 
TA -2500 í40 Pre Amp w/10 bard graphic awake, 
TA -2900 HI-FET IC Pre-Amp w/J way lone aormd AA 48 90 
TA -3000 Stereo SimtlMor (mono TV / airy maw source 30 20 
TA -3600 300W HO IS-Fl Power Mono Amp AAA 7900 

S 1658 
1 7 71 

38 81 
29 CO 
70 00 
38 35 
75 00 
3493 
8500 
79 20 
5972 
49 37 
80 58 
95 81 
58 24 

116 80 
90 80 
63 57 
4138 

10300 

t (*case) A S 59 50 S 69 50 
TR 355A 0.15V SA Reiguleked DC Pewee Supply 14 55 20 76 
T1-3858 O-30V 3A Regi/YN OC Power Supply I4 55 20 76 
TH403 0-50V 3A OC Poem A 15 75 22 65 

is tic use, 
38 00 48 00 
4t20 5200 
36 00 44 50 
7900 9000 

17900 

51A 48 4 12 H- Preason D P M AAA 
SSA 48A 4 1/2 Hi Predawn D P M w/ABS piasoc us. AAA 
SAA 49 3 12 6kN- FunctiorW LCD D P M (iR1dd function( 
SM 100 150 MC Digital Frequency Counter AAA 
FC- 1000A 1 GAO Frequency Cdxe.r 

amr 8M -328 

SM-222 8M-49 

MODEL DESCRIPT 
TY- 238 3 Chamal Color LpN Constar( AAA S 56 04 S 74 50 
TY-25 Stereo L PrOMttor 1265 18 88 
TY -35 FM V SIS 922 

1800 25 20 TY-36 
TY-38 
TY-41168(V 
TV-42 
TY-43 
TY-45 
TY-47 
SM 222 
5M 328 
SM 333 
SM 666 

Sou+ofrouch Control Solidi A 
Inland Renot. Cciwrd Una etas. 
BN/Dot Level Master AA 
3 1r2 OgMI Panel War 
20 Steps Bar'Dot Audio Level Display 

Electronic Routine A 
7 HI-FI Graphic Equakzr 
4 Chtarinet PrOAKSCa.l Color Light Controaer 
AuAOVdeo Surround Sound Processor AAA 
Dynan Norse Reduction 

1200 
2000 3500 
24 15 
2900 3800 
38 45 46 14 
1946 2724 
26 80 38 80 

150 00 
62 00 83 00 
26 00 34 00 

MODEL 
LG 1273 
LG 1684 
LG 1924 
LG 1925 
LG 1983 

tV.)eI.1 : : 1i A./ti;(.1e,tl'.Ilal::11.1:!-c 
FP . W s 
3' 12' 
4' 16' 
4' 19' 
5' t9- 
2>. 19' 

0' 
7' 
r tty 
1111 r 

MATCHING PRICE 
TA-2800.TA377A S 20 16 
TA322i, TA.323A. TA-377A 24 64 
TA-802. TA 820A. TA 1500. TA-12GMKil. TA 800, 30 00 
TA.477, TA800. TA1500. TA 1000A 3300 
TA 377A. TA 2900 TA 2200 TA-12oMKll 26 50 

=lOWBS 71tANEF0tl111: 
MODEL 
001 
002 
003 
004 
005 
006 
007 

DESCRIPTION 
56VCT. 60VCT 6A 
72VCT 3A 
80VCT 6A 
49VCT 6A 
52VCT 3A 
36VCT SA 
112VCT 8A 

MATCHING 
IA ex TA-802 TA 820A. TA.1000A. TA 1500 
TA-322i. TR 503. TA 323A. TA-400 
TA-477 
TA-120 HK il 
TR-3558 
TR-35M 
TA-3600 

PRICE 
S 26 CO 

21 00 
2700 
2100 
IS 00 
1450 
42 00 

NI k Il I , I:CT12( )N I ('ti, 1 \ ('. - 81111) 1:. Mattson e. Montebello. (':k 9116411 

CIRCLE 93 ON FREE INFORMATION CARD 

L 
C 2 
m 

81 

MARKET CENTER

CIRCLE 93 ON FREE INFORMATION CARD

c...
Cz
m
CD
CD
o

25.20

35.00

38.00
46.14
27.24
38.80

150.00
83.00
34.00

SM-222

• JERROlD • TOCOM • HAMUN
"SCIENTlFIC ATlANTA • ZENITH

Oak M358 ONLY $60
6 month w.'Tlnty l W. lhip C.O.DJ

lo_.t relliltwhole.... price.'
FREE CATALOG:

G10bl l C.bIe Networtl
10321rv;ng St. Suite 1lHl

1'="'::T':"r::r.~~S';:.Fr"CA ~122
: II

BARGAIN HEADQUARTERS!

TUBES, new, up to 90% off, SASE, KIRBY, 298
West Carmel Drive, Carmel, IN 46032 .

CABLE TV converters: Jerrold, Oak, Scientific At­
lantic, Zenith & many others. "New MTS" stereo
add -on : mute & volume . Ideal for 400 and 45 0
owners! 1 (800) 826-7623 , Amex, Visa , M/C accept­
ed. B & B INC., 4030 Beau-D-Rue Drive, Eagan ,
MN 55122.

FEBRUARY 1984 project. Complete parts
with power supply. $38.00. Postpaid. JIM
RHODES, INC. , Box 3421 , Bristol, TN
37625.

POWE R TRANSFORME RS

MISCEL LANEOUS
DESC RIPTION
3 Cha nnel Color Light Controller •••* $ 56.04 $ 74.50

~~r~r~~~~s/;f;r~~~~~ee.to.r .~ : . : : : : : : : : : : : : : : : : : : : : : : : : : : : :: : :: : : : : : : : : : : : : : : : : :: .1 ~:~~ 18.88

~~£.r~;'~gi~t~~: ~~~h.~:.: : :: : : : : : : : : : :: : : :: : :: : : : : : : :: : :::: : : : : : : : : : : : : : : : : : l ~ gg
Infared Remote Control Unit w/case 20.00
Bar/Do t Level Meter 24.15
3 1/2 Digital Panel Meter 29.00
20 Steps Bar/Dot Audio Level Display 38.45

~'ira~oHT.I~6~~~~o~~~~T;z~;".... i ·*·.. :: ::: :: : : : : ::: : : : : : : : : : : : : : : : : : : : : : : : : : ~~:~
4 Channel Professional Color Light Controllere .
AudioNideo Surround Sound Processor •••* 62.00
Dynamic Noise Reduction 26.00

METAL CABINETS WITHALUMINUMPANEL

DESC RIPTION MATCHING PRICE
58VCT . 60VCT 6A TA·800. TA-802 . TA-820 A, TA-l000A. TA-1500 $ 26.00
72VCT 3A TA·322i, TR-503, TA-323A. TA·400 21.00
80VCT 6A TA-477 27.00
48VCT 6A TR-120 HK II 21.00
52VCT 3A TR-355B 15.00
36VCT 5A TR-355A _ 14.SO
112VCT 8A TA 3600 4200

H" x W" x 0 " MATCHI NG PRICE
3" 12" 7' TA-2800,TA-377A $ 20.16
4" 16" 8' TA-322i, TA·323A, TA-3T7A 24.84
4" 19" 1m TA-802, TA·820A. TA-1500. TA-120MKII, TA-800, 30 .00
5" 19' 11\; TA-477, TA-800. TA-1S00. TA-1000 A 33.00
2* 19" 8" TA-377A, TA-2800 . TA-2200. TA-120MKII 26.50

SM-333

MODEL
001
002
003
004
005
006
007

MODEL
LG-1273
LG-1684
LG-1924
LG-1925
LG-1983

MODEL
TY-23B
TY-25
TY-35
TY-36
TY-38
TY-41MKV
TY-42
TY-43
TY-45
TY-47
SM-222
SM-328
SM-333
SM-666

I

. ', 4
: : :: :. . . . ~ '-"- .f'\ ::

$ 43.00
48.00
52.00
44.SO
90.00

179 00

$ 69.SO
20.76
20.76
22.65

A Sl\ 8 .

$ 1658
17.71
38.81
29.00
70.00
38.35
75.00
34.93
85.00
79.20
59.72
49.37
80.58
95.81
58.24

116.80
90.80
63.57
41.38

103.00

ASSMB.

ASSMB.KIT

TUBES: "oldest," "latest." Parts and schematics.
SASE for lists . STEINMETZ, 7519 Map lewood Ave.,
RE, Hammond, IN 46324.

ENGINEERING software, 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 SOFTWARE, 444 Colton
Rd ., Columbus , OH 43207.

TUBES Sylvan ia 6LQ6, 6L6GC , 20LF 6 etc. Huge
discoun ts. ARLEN SUPPLY, 7409 West Chester
Pike, Upper Darby, PA 19082 .1 (800) 458-1301.

TJ SERV ICES is here to serve you! Our quality
produ cts, quick courteous service, know ledgeabl e
sales people and rock bottom prices prove it! Not
sure what you need? Call (313) 979-8356 we'll help!
We specialize in Jerrold, Hamlin, interferance fil·
ters and most SA equipment.

SAMS closeout sa le. #2 to # 2600 $6 .00 each
post paid. MCNIsa. Call 1 (800) 274-2081. 9-5 CST.

PRINTHEAD repairs - Okidata, Epson, NEG ,
Toshib a, Digital , Texas Inst., also do board repair ­
DATAFIX , (201) 322 -7666.

CABLE TV converters and descramblers.
We sell only the best. low prices. SB-3
$79.00. We ship C,O.D. Free catalog. ACE
PRODUCTS, PO Box 582, Dept. E, Saco, ME
04072.1 (800) 234-0726.

Cabinet

POWER SUP PLIES KIT

INS1R UME ''I S KI

AMPLIF IERS

0-15V 2A RegUlated DC Power Supply (w/case) $ 59.SO
o-1 5V 5A Regu lated DC Power Supply 14.55
0 -30V 3A Regu lated DC Power Supply 14.55
o-SOV 3A Regulated DC Power Supply 15.75

2 CH Compact DishSystem - $77.95
5 CHDishSystem- $93.95

12CH Vagi (Rod) System - $123.95
30CHDishSystem-$163.90 Yagi-$183.90
SUN MICROWAV£ INTl.INC. Send SI" for
P.O. BOX 34522 catalog on these
PHOENIX. AZ 85067 and oth8r fine
(6021 ZlQ-0640 video produC1S.
QUANTITY DISCOUNTS UFETIME WARRANTY

DESCR IPTION
Digital Voice Recorder $ 30.00
Multi·Pu rpose Melody Generator 11.84

~5~·tl~~:"'t"~~~~:~~;;~':,'o~nip :·::::::::::::::::::::::::::::::m~
30W Multi-Purpose Single Chan nel Amp 20.00
60W Stereo Power Booster (w/case) ••_ _ 50.00
30Wx2 Stereo Pre-main Amp 29.50
Hi-Quality FET Stereo Pre-Amp 59.95
40W Solid State Mono Amp 28.00
120W Moslet Power Mono Amp 68.00
8OW+80 W DC Pre-Main & Power Amp 80.92
8OW+80 W DC Stereo Main Power Amp 45.94
6OW+60W OCL DC Pre-Main Ster eo Amp 40.39
100W Dynamic Class ' A"Main Power Mono Amp 59.69
l 00Wx2 Class "A" DC Stereo Pre-Main Amp 73.70
FET Super class "A" DC Pre-Amp 47.70
Electronic EcI10& Reverberation Amp ••• * .
~~1E'rl~mtre~~~pb~~ ~::~~~::~~:a~r;..: .. :::: :: ::::::: ::::::::: :: 48.90
Stereo Simulator (mono TV/ any mono source) 30.20
300W HQ Hi·Fi Power Mono Amp 79.00

3 112 Multl· FunctIOnal LeaD.P.M. (w/ABS PlastiCcase) $ 34.50
4 1/2 Hi-Precision D.P.M 38.00
4 1/2 Hi-Prescision D_P.M. w/A BS plastic case 41_20
3 1/2 Multi-Functional LCD D.P.M. (wlhol d funct ion) 36.00
150 MC Digital Frequency Counter • • • _ 79.00
1 GH F C I

TA-3600

TR-l 00A
TR-355A
TR-355B
TR-503

SM-43
SM-48
SM-48A
SM-49
SM-100
FC l000A

MODEL
TA-28MK2
TA-SONB
TA-SOC
TA-12OMK2
TA-300
TA-302
TA-323A
TA-3T7A
TA-400
TA-4T7
TA-8CO
TA-802
TA-820A
TA-1000A
TA-1500
TA-2200
TA-2400A
TA-2500
TA-2800
TA·3OOQ
TA-3800

..
... '\l'::E;:> ~ t.tA....ORCRE:' · CARDS ',IO'. e 'l' ORCERS Ar. D CHECKS - BUSt~ESSa. SHQWROOMHOURS jPACIFIC TI',IE, ..~'" FRI 930 A I.' S COP tot SA T to OJIt ... 5 COPI.l lE R"'t50 s-o 00 1.1 '. ORDER ~~ '.1'. C"AUGl: L. ...HoaROER
... ,., .. ;J .;:l:o.0R.: .. ·.:> f en s~ pp f. G ~s DE uSA M N ).) C:J r OASHIPP,NGOUTSIDt. USA "00 20- . M N$5 00, TRANSITINSu RANCE AODS' OF TOTAl OUTS'DE us...o «. 'I CA RE SI (l E r~TS ADO SA_l::> TAX_,'5 A . 'IERL I .A t>o O SE-

M "_'l.EC··";; p .. OR St..E PR ~ES ARE S l,;BJECT TO CH""-GE WlTHOUT PRIOR NOTICE W£ ARE NOT RESPON SiBlE FOR TYPOGRAPHICAl ERR ORS

MARK V ELECTRONICS, INC. - 8019 E. Slauson Ave, Montebello, CA 90640

RENTAL movie stabilizer. Connect between VCRs
or to mon itor. Satisfaction guarant eed . $69.95,
$4 .00 handlin g. 1 (800) 367-7909.

FOR SALE

T.V. notch filters, surveillance equipment, brochure
$1.00. O.K. VIDEO, Box 63/60 25 , Marg ate, FL
33063. (305) 752- 9202.

RESTRICTED technical information: Electronic sur­
ve illance, schematics , loc ksmi thin g, cove rt sci­
ences , hacking , etc . Huge selection . Free
brochures. MENTOR-Z, Drawer 1549 , Asbury
Park, NJ 07712 .

DESCRAMBLERS. All brands. Special : Comb o
Jerrold 400 and SB3 $165. Comp lete cable de­
scrambler kit $39. Compl ete satellite descrambler
kit $45. Free cataloq, MJM INDUSTRY, Box 531,
Bron x, NY 10461-0531.

GREAT buysl Surplus prices, ICs, Iinears, transfor­
me rs , PS, st epping motors , vac uu m pump,
phototransistor, meters, LSASE, FERTIK'S , 5400
Ella, Phila., PA 19120.
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THE ELECTRONIC GOLDMINE 
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d vrcR eYáere YIt awe Nt orr 

t D 0.8 rd area I CM SCAR arar 70E =ce 
Ta n T. 197a Ci,op 111 Irgee 1ar ddp 
WI, 7 Mr 1er 70r are a DtOe a u 
Mree CAW*, v Of 71 
lane We =Kg rrr iT an 7rbe 

* MINI GEIGER COUNTER KIT :`r 
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rAketatre n1/rlrats. Daògtxrd 
(adalal tic Nutt rol 1a Moro Radon Gee Sue d Board 

CanOtee creo al pant PC told rid rötrxt« is 

20W + 20W STEREO AMP KIT 
1e Naasa cop: how rot a de 'Cheat Wiry ns k err diet ova r': 
ara M as rodea 
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12,40 Sad Coe: Cr225' Caca err ara PC do:rbm 

C6442 $19.95 

Y 
_in 

wa1A14 OROER PO a) N+t 1J fx, it ay rvuery, 
We .ilepl UC, Yea r10+AOtey O105ra 

SEW ORDERS TO Ti'. Macaw EtOUm 
P O it S10a SmaaOele. Ar 162a1 

PHONE ORDERS 160Q14S17454 

CIRCLE 179 ON FREE INFORMATION CARD 

FREE CATALOG 
FAMOUS "FIRESTIK" BRAND CB ANTENNAS 

AND ACCESSORIES. OUALITY PRODUCTS 
FOR THE SERIOUS CB'er. SINCE 1962 

FIRESTIK ANTENNA COMPANY 
2614 EAST ADAMS 

PHOENIX. ARIZONA 85034 

PROGRAMMABLE stepper motor drive 8 control 
for under $100. IBM PC XT compatible, Com- 
modore 64, or other with 25 pin parallel port PCB. 
interface. & software. Send for detailed literature to. 
MASE, R.D #2 Box 166. Mohrsville, PA 19541 

DIGITIZER for IBM compatible PCs 640 by 480 
resolution from VCR video camera 585 00 demon- 
stration disk 53 00 CODEWARE, Box 3091. 
Nashua. NH 03061 

COMMUNICATIONS /electronic equipment, 
sales. service, FCC licensed, free catalog, 
RAYS, PO Box 14862, Fort Worth, TX 76117 -0862. 

FREE catalog. Interfaces for IBM compatibles Dig- 
ital 10 and analog input Control relays. motors. 

()his. measure temperature. voltage JOHN BELL 
ENGINEERING, INC., 400 Oxford Way. Belmont, 
CA 94002 (415) 592-8411 

Quality Microwave TV Antennas 

FREE 

Phillips -Tech Electronics 
P.O. su ís33 Scottsdale, AZ 85252 

LIFETIME (602) 947.7700 0380 Wool Owe 70e1. 
WARRANTY littrcvx va, coot . 

CABLE descramblers (Jerrold) trom 540.00 Tocom 
VIP test chip Fully activates unit 550 00 Call (213) 
867 -0081. 

CABLE TV 
TB-3 (Tri-Bi) or SA-3 

Quantity Prices 
10 20 

$48. $43 
Each Each 

50 100 

$39. $35. 
Each Each 

Hours open 10:00 am to 4:00 pm Eastern time 
Minimum order 5 units 55.00 ea. 
Dealers wanted. We ship COD. 

King Wholesale 

1 -800- 729 -0036 
Fax number 6173400053 

"No one hews the King's prices!" 

DESCRAMBLERS 

' 

One tree can make 
t 11L'VJ00 matches. 

; 

I¡ 

Oise match can burn 
1,100Ay \1 trees. 

PRINTED circuit boards etched 8 dnlled Free deliv- 
ery. K 8 F ELECTRONICS, INC., 33041 Groesbeck. 
Fraser, MI 48026 (313) 294-8720 

PHOTOFACT folders. under #1400 54.00. Others 
S6 00 Postpaid. LOEB, 414 Chestnut lane, East 
Meadow, NY 11554 

CABLE TV descramblers M35B. Top quality Test- 
ed, guaranteed. van -sync available Dealers want- 
ed $39.00.1 (800) 648 -4600. 

STOP the electronic thieves' Techniques. equip- 
ment, laws Free information SVS, 198 N 2nd 
Street, Suite 6. Porterville. CA 93257. (209) 
781 -2834 

ROBOTICS software. PC MSDOS Explore com- 
puter vision, sonar sensing Free brochure 
ROBOTS ETC, Box 122, Tempe. AZ 85280 

IMPORTANT facts for cable box buyers Dont make 
costly mistake when you buy Fast shipment Send 
510 00 to: VESTOR ASSOCIATES, Suite 205. 25 
Forest Street. Attleboro, MA 02703 

CB RADIO OWNERS! 
We specialize in a wide variety of technical 
information, parts and services for CB radios. 
10 -Meter and FM conversion kits, repair books, 
plans, high -performance a ' - s .ousands 
of satisfied customers s , S2 

CBC INTERNATIONAL 
P.O. BOX 31500RE. PHOENIX. AZ 85046 

SOFTWARE as low as Si 99 IBM. Macintosh, 
Amiga, Apple 8 C64 128 CALIFORNIA FREE - 
WARE, 1747 East Ave O #C -1. Palmdale. CA 
93550 Free Catalog Call 1 (800) 359 -2189 

SOURCES wanted for exciting, quality. proven 
products of interest to readers of this magazine 
DLJ -A, 485 Fuhriman. Providence, Utah 84332 
Free catalog 

DESCRAMBLERS - for free catalog contact CA- 
BLE CONNECTION, 1304 E Chicago Street. Suite 
301. Algonquin. IL 60102. (708) 658-2365 

SAMS photofacts from 1964 thru 1972 Sell all - 

make offer (818) 353-4603 KAREN ROBERSON, 
Los Angeles, CA 

COMPUTER -aided -living, a new detailed guide 
shows how to use your computer to control 
lights and appliances. pay bills, obtain tree soft- 
ware, much more! Send $9.95 (ppd) to: DANIEL 
ENGINEERING. 36437 Spruce. Newark. CA 
94560. 

CABLE T V 
"BOXES" 

Converters - Descramblers 
Remote Controls - Accessories 

Guaranteed Best Prices 
h Year Warranty COOS 

Immediate Shipping 
FREE CATALOG 

Caii Of Wrote 

TRANS -WORLD CABLE CO. 
12062 Southwest t I lit' Court Sude 126 

Miami Ftaiala 73186 
t 1100 442 9333 TV E-] 

RADIO tubes. parts Extensive listings 51 00 (re- 
fundable) DIERS, 4276 -ES North 50th Street. Mil- 
waukee. WI 53216 -1313, 

SURGE protectors. for all types of electronic equip- 
ment, low prices. super protection' Free information 
DATA STAR COMPUTER SERVICE, 305 Summit 
Trace Drive. Tucker, GA 30084 

CORDLESS soldering iron! New technology. 
heats up in seconds. 5 year warranty. 519.95. 
Free shipping. AUTOCOMM, 4174A S. Parker, 
*117. Aurora. CO 80014. 

THE ELECtRONIC GOLDMINE

CIRCLE 179 ON FREE INFORMATION CARD DESCRAMBLERS - for free cata log contac t CA­
BLE CONNECTION, 1304 E. Chicago Street. Suite
301, Algonqu in. IL 60102 . (708) 658 -2365.

SO FTWARE as low as $1.99 . IBM. Macintosh,
Amiga. Apple & C64/128. CALIFORNIA FREE­
WAR E, 1747 East Ave Q #C-1. Palmdale, CA
93550. Free Catalog. Ca ll 1 (800) 359-2189.

CSC INTERNATIONAL
P.O. BOX 31500RE, PHOENIX, AZ 85046

We specialize in a wide variety of technical
information, parts and services for CB radios.
10-Meter andFM conversion kits, repair books,

·plans;high-performanceaccessories.Thousands
ofsatisfied customers since 1976! Catalog$2.

SOU RCES wanted for exciti ng . quali ty, pro ven
products of inte rest to readers of this magazine.
DLJ-A , 485 Fuhrirnan , Providence. Utah 84332 .
Free cata log .

ROBOTICS software, PC/MSDOS. Explore com­
puter v is io n. sonar se ns ing . Free br ochure .
ROBOTS ETC, Box 122, Tem pe, AZ 85280.

CABLE TV descramblers M35B. Top quality. Test­
ed, guaranteed . vari -syn c availab le. Dea lers want­
ed. $39 .00 . 1 (800) 648-4600.

IMPORTANTfacts for cab le box buyers . Don't make
cost ly mistake when you buy. Fast ship ment. Send
$10.00 to ; VESTOR ASSOCIATES, Suite 205 . 25
Forest Street , Att leboro , MA 02703.

STOP the electronic thieves! Techniques. equip­
ment, laws. Free information. SVS, 198 N. 2nd
Street , Su ite 6, Por terv ill e , CA 93257. (209)
781-2834.

PRINTED circu it boards etched & dri lled . Free de liv­
ery. K & F ELECTRONICS, INC., 33041Groesbeck,
Fraser, M I 48026. (313) 294-8720.

PHOTOFACT folder s. under # 1400 $4 .00. Others
$6 .00. Postpaid. LOE B, 414 Chestnut Lane, East
Meadow. NY 11554.

WIRelESS CABlE- 1.9to2.7Ghz. .40dbGain( +)
36-Channel System Complete 1149.95
12-Channel System Complete 1114.95
Call or Write for "FREE"Catalog

Phillips-Tech Electronics
p.o. Box BS33 • Scottsdale, AI.85252

LIFETIME (602) 947-7700 IS3JlOCr01lil,IIphoneordersii
WARRANTY Mastercard. Visa. COD's QU :;l.Otit v Pricim!

CABLE descramblers (Jerrold) from $40 .00. Tocom
VIP test chip. Fully activates unit. $50.00 Call (213)
867-0081.

COMMUNICATIONS/e lectron ic equipment,
sa les, service, FC C l icensed, free cat alog,
RAYS, PO Box 14862, Fort Wo rt h, TX 76117-0862.

FREE catalog . Interfaces for IBM compatibles . Dig­
ital I/O and ana log input. Co ntrol relays, motors ,
lights, measure temperature, voltage . JOHN BE LL
ENGINEERING, INC., 400 Oxford Way. Belmont,
CA 94002. (415) 592 -8411.

PROGRAMMABLE stepper motor drive & con trol
for under $100. IBM PC/XT compatible , Com­
modore 64. or other with 25 pin parallel po rt. PCB.
interface, & software. Se nd for deta iled literature to :
MASE, R.D . # 2 Box 166, Mohrsv ille . PA 19541.

DIGITIZER for IBM compatible PCs 640 by 480
resolution from VCR video camera $85.00 demon­
st ra ti o n disk $3 .00 . COD EWA RE , Bo x 3091 .
Nashua, NH 03061.

~~tlIMUM ORDER: $1000 plus $300 shipping and har1dlng
We accep t Me . VISaan:l ,Money Orders

SEtlD OROERS TO: The Elearonc Goldmne
PO Box 5406 Sronsdale. ta 85261
PHONE ORDERS: (602) 451-7454

~
_Ilk: GoIll1lI.. "" tr< ~ IIle Ormst "Ied"'"

~ lJ1q" eleclnllllck111 .. aOl>o " '''' Wrx'd \'Ie"'.. CNef
llJ Kls ;nj ' "",IUlli unq", Ilroon1"""'.compo.

"' rIS "Olf .... 199:> C<ia\lil1211. ReQLeSt )'Olt0lIlY
today, or better yet. order ard be placed on our
PtferredCustomer mailillJ lisl to be. the first to
rea:jYe~eataklgs Rn ttey ~~inted.

*MINI GEIGER COUNTER KIT *
E~ i<roYs oo.v lascinating~ usefulGeiger CooolefS ae,lxAtheir
price isusual ly$100or more' We've nWeatremendous
pricebr~oughl Not ooly iswr Geiger CounierKn C6430
one of the smallesl. it's the most reasonable ~ $59 95
priCl'l:! GeigerCwileravailable <rlyWflerei , /;j'r- .
This unra-sensjtive kn detocts Alpha, ~~W"
Bela, Gamma and X-{~ radia- Ell \-.,\\~& ~
lional'd emitsdicksinpro- "" ~~~ ()
portloo totheIntensity e....@@ "I: ~
of Ihe radiation. • '" ~\~
FealIJes sensitive aI- ~

pha Voiflla,y GM tube
and IC ciroun tha ooer­
ales from star1dard ':N ba­
tery (not included) Detects
radial ioo from radium diais 00
old wactles, la1Iern mantles
radioactive minerals, background
radiation, etc,Note, not fordetecting R.mo Gas Size 01Board: 3"x19".
Complete Voith all parts. PC board~ instructions

'C A B L E TV

DESCRAMBLERS

RADIO tube s, parts. Extensive listings. $1.00 (re·
fundable). DIERS, 4276-E5 North 50th Stree t, Mil­
waukee, W I 53216-1313.

COMPUTER-aided-living, a new detailed gu ide
shows how to use your computer to control
lights and app liances, pay bills, obtain free soft­
ware, much more! Send $9.95 (ppd) to: DANIEL
ENGINEERING , 364 37 Spruce, Newark, CA
94560.

SAMS phototacts from 1964 thru 1972. Sell all ­
make offer. (818) 353-4603. KAREN ROBERSON,
Los Angeles, CA.

COR DLESS so ldering iron! New technology,
heats up in sec on ds. 5 year warranty. $19.95.
Free shipping. AUTOCOMM , 4174A S. Parker,
# 117, Auro ra, CO 80014.

SUR GE protectors. for all types of elect ronic equip­
rnent. Iow prices. supe r protection! Free infor mat ion.
DATA STAR COM PUTER SERVICE, 305 Summit
Trace Drive . Tucker, GA 30084.

One tree can make
3,000,000 matches.

One match can burn
3,000,000 trees.

10050

TB-3 (Tri-Bi) or SA-3
Quantity Prices
10 20

$39. $35.
Each Each

$48. $43.
Each Each

Hours open 10:00 am to 4:00 pm Eastern time
Minimum order 5 units 55.00 ea.
Dealers wanted. We ship COD.

King Wholesale

1-800-729-0036
Fax number 6173400053

"No one beats the King's prices!"
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Unlock the Mystery of 
the Automobile Computer! 

REMOTE CONTROL KEYCHAIN 
Complete w /mini- transmitter 

and .5 vdc RF receiver 
Fully assembled including plans 
to build your own auto alarm 

Quantity discounts available 

$24.95 Add S 
Visa 

hippingg'O 

VISITECT INC. /Dept. R (415) 872 -0128 
PO BOX 5442, SO. SAN FRAN. ,CA 84080 

PLANS AND KITS 
BUILD this five -digit panel meter and square -wave 
generator including an ohms, capacitance and fre- 
quency meter Detailed instructions $2 50 BAG - 
NALL ELECTRONICS, 179 May. Fairfield. CT 
06430 

MINIATURE FM transmitters' Tracking transmitters' 
Voice disguisers' Bug detectors' Phone Devices! 
More' Available in kits or assembled' Catalog $2.00: 
XANDI ELECTRONICS, Box 25647, Dept, 60E, 
Tempe, AZ 85285-5647. 

CATALOG: hobbylbroadcasting'HAM'CB: Cable 
TV, transmitters. amplifiers. surveillance devices, 
computers, more! PANAXIS, Box 130 -F6. Para- 
dise. CA 95967 

Build Your Own Diagnostic Scan Tooil 
The Key To Understand ng the Modem 
Electronically Controlled Automobile Engine. 
Access Stored ECM O.Y. A .aQA Faun Cod. 
Chsileevel FIS Electronic Assembly KIT- 
PIANS- PARTS - ASSEMBLED/TESTED UNITS 

Cal 1400-536-3091 or wee For comply Yllornraon 
S s M Metro-Tech P.O. Box 34334 Blatte, MN 66131 

SURVEILLANCE transmitter kits are available to 
law enforcement agencies that operate on frequen- 
cies they prefer Four models of each. telephone, 
room, combination telephone room transmitters 
tune from 65 to 305 MHz Send 00 (overseas 
airmail $2 00) for catalog Included is Popular 
Communications book review of "Now Hear This! 
Electronics Eavesdropping Equipment Design" 
by Winston Arrington Book contains 58 transmitter 
schematics SHEFFIELD ELECTRONICS, 7223 
Stony Island Ave , Chicago. IL 60649 -2806 

INVESTIGATORS, experimenters - Quality plans 
Micro and restricted devices Free catalog Self ad- 
dressed stamped envelope required KELLEY SE- 
CURITY INC., Suite 90, 2531 Sawtelle Blvd . Los 
Angeles. CA 90064 

CB Tricks II book Power amplifier design and theo- 
rryy, UHF CB tune ups Send $19.95 MEDICINE MAN 
CB. PO Box 37. Clarksville, AR 72830 

DETECTION - Surveillance, debugging. plans, 
kits. assembled devices Latest high -tech catalog 
$5 DETECTION SYSTEMS, 2515 E Thomas, 
016 -864F Phoenix, AZ 85016 

Computer Kits 
They're Fun, Easy to build. IN 
Compatible. Educational. Powerful 
with Wholesale Prices. All RNs 
include a Free Assembly Manual 
r,. Software. One Tear Werra* 
and 24 hew Maine Support Una 

Aas ter our Free Catalog 
(516) 981 -9473 
General Technics 

¡¡¡ Qualify computev Systems 

A.... -s., 1e 
P.O. Box 2676 

e e1Ma AwYN lake em.YOnYorna. My 11775 

BUILD robot from outer space' Plans $1195. de- 
tails free ROBOT WORKS, Box 1979. Colorado 
Springs. CO 80901 

REMOVE lead vocals from standard stereo rec- 
ords. CDs. tapes. FM broadcasts. so you can be the 
lead singer of your favorite band Theory schematic 
$6 95 PCB and parts also available WEEDER 
TECHNOLOGIES, 14773 Lindsey. Mt Orab, OH 
45154 

BARGAIN plan. Desk top computer stand Easily 
built Personal pride Send 54.00. now CREATE, 
PO Box 440062. Aurora, CO 80044 

CABLE -TV 

BONANZA! 
ITEM UNIT 

10 OR 
MORE 

/+AML IN MCC .100036 CORDED HE MOTE CONVERTER .C, +...iv. 2900 1600 

PANASONIC WIRELESS CONVERTER ian best a,yi - 9000 7900 

St R GATE 2000 66 00 69 00 

JERROL D 400 COMBO '6900 11900 

JERROLD 400 HAND REMOTE CONTROL 2900 re00 

JERROLD 450 COMBO r99 00 13900 

JERROLD 450 HAND REMOTE CONTROL 2900 re 00 

JERROLD SET ADD-ON 9900 6300 
JERROLD SA - ADD ON WITH TRIMOOE 10900 7500 

M 35B COMBO UNIT ICn 3adp.aOnly. 9900 7000 

M 356 COMBO UNIT WITH VARISYNC 10900 7500 

MINICODE IN 121 9900 6200 
MINICODE IN 121 WITH VARISYNC +0900 6500 
MINICODE VARISYNC WITH AUTO ON OS 14500 10500 

ECONOCOOE isunK ode s.,M1,1. -h'- 6900 4200 

E CONOCOOE WITH VARISYNC X900 4600 
MLD- 1200-3'CT, 3a,Ip..li 9900 6200 
TOLD 1200-2,Cn 2a.tra.'i 9900 6200 
ZENITH SSAVI CABLE READY 1:500 125 CO 

INTERFERENCE FILTERS, Ci. 3only 2400 II 00 

EAGLE PO 3 DESCRAMBLER .Cn I u.,tt ..r ion, rip 00 6500 

SCIENTIF IC AT AN TA ADD ON RE PL ACE ME NT DEsCRAMBI Eli Irene e500 

Quantity Item Output 
Channel 

Price 
Each 

TOTAL 
PRICE 

California Penal Code 5593 -D forbids us 
from shipping any cable descrambling unit 
to anyone residing in the state of California 

Prices subject to change without notice 

DI CACC DDIIJT 

SUBTOTAL 
Shipping Add 
S3 00 per unit 

COD 8 Credit 
Cards - Add 5% 

TOTAL 

Name 

Address 

State Zip 

CT, Cashier's Check Money Order 

Acct s 

City 

Phone Number I 

COD 

Exp Date 

Visa Mastercard 

Signature 

FOR OUR RECORDS 
OECLARATIOs OF AUTHORIZED 115E i the undersigned. do rlareey declare under penally al penury 
that all products purchased nor and ,n the future w.lt only be used on cable P systems with proper 
autMxizabm from local OGals or cable company onccula in accordance w+m an s000ky *dotty and 
stab laws FEDERAL AND VARIOUS STATE LAWS PROVIOE FOR SUSSTANTIAI CRIMINAL APO CIV L 
PENALTIES FOR UNAUTHORIZED í15E. 

Dated Signed e 

Pacific Cable Company, Inc. 
7325'2 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 a of the equipment used In your area. Thank You 

'SCIENTIFIC ATL ANTA AOD·ON RE PLACEME NTDE SCRAMBLER

HAMLI N Me c 3000 36 CORDE D HEM OTE CON VERTER (e ll .i IJ tl l ',' l

1 100R
UNIT MORE
2900 1800
9800 7900
8800 6900

16900 >1900
2900 1800

19900 13900
2900 1800
9900 6300

10900 7500
9900 7000

10900 7500
9900 6200

10900 6500
14500 10500
6900 4200
7900 4600
9900 6200
9900 6200

17500 12500
2400 1400

11 900 6500
11900 8500

Price TOTAL
Each PRICE

Output
Channel

' CA LL FOR AVAIL ABILITY

ItemQuantity

"EAGLE PD-3 DESCRA MBlER ICh :l OdtPIl I IJIl IY I

INTER FERENCE FILTERS rCh 3 0nly l

'ZENITH SSAVI CABLEREADY
"M L D- 1200 -2 IC h 2 outpull

'M- 35 B COM BO UN IT ,Ch 3 output o nly)

ECONOCODE WITH VA RISYNC
ECONOCODE trrur ncoce subs nt ute -

JERROLD SB-ADD-ON

JERROLD 400HAND REMOTECONTROL

PANA SONIC WIRELESS CON VERTER (Our best bu y )

STAR GATE 2000

ITEM

"MLD-1200-3 ICh 3 output!

'MINICODE VA RISYNC WITH AUTO ON·OFF

'MINICODE IN· '21

'JERROLD SB-AOO-ON WITH TRIMODE

'MINICODE IN-121 WITH VARISYNC

'M-35B COMBOUNIT WITH VARISYNC

'JERROLD 450HAND REMOTECONTROL

'JERROLD 400COMBO

.JERROLD450COMBO

Build Your Own Dlagnosllc Scan Too/I
The Key To Und erstanding the Modern
Electronically Controlled Automobile Engine:
Access Stored ECM Data. Read-Out Fault Codes . ~·'~~r...
Challenging!iFt! Electronic Assembly KIT­
PLANS-PARTS-ASSEMBLEDfTESTED UNITS.

Call 1-800-535-3091 or write lor complete InfomaUon
S & M Electro-Tech P.O. Box 34334 Blaine, MN 55434

SURVEILLANCE transmitter kits are available to
law enforcement agencies that operate on frequ en­
cie s they prefer. Four models of eac h; telephone,
room, combination te lephone/ room transmitters
tune from 65 to 305 MH z. Send $1.00 (overse as
ai rmai l $2 .00) for catalog. Includ ed is PopUlar
Communications book review of "Now Hear This!
Electronics Eavesdropping EqUipment Desilln"
by Winston Arrington. Boo k contains 58 transm itter
schematics . SHEFFIELD ELECTRONICS, 7223
Stony Island Ave., Ch icago, IL 60649-2806.

PLANS AND KITS

CATALOG: hobby/broadcastlng/HAM/CB : Cable
TV, transmitters, ampl ifiers , surv eillance devices,
computers, more! PANAXIS, Box 130-F6, Para­
dise, CA 95967.

BUILD this five-digit panel me ter and squ are-wave
generator including an ohms, capacitance and fre­
quency meter. Detailed instructions $2.50. BAG·
NALL ELECTRONICS, 179 May, Fa irfield, CT
06430.

MINIATURE FM transmitters! Tracking tra nsmitters!
Voice disQuisers! Bug detect ors! Phone Devices!
More! Available in kits or ass embled! Catalog $2.00:
XANDI ELECTRONICS, Box 25647, Dept. 60E ,
Tempe, AI. 85285-56 47 .

\ REMOTE:::CONTROL'::KEYCHAIN// \
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o Visa

TOTAL

SUBTOTAL
Shipping Add
$3 .00 per un it

COD & Credit
Cards - Add 5%

______ Zip _

o Money Or der

California Pen al Code #593-D forbids us
from shipping any ca ble descrambling unit
to anyone residing in the state of California.

Pr ic es su bject to change w ithout notice.

FOR OUR RECORDS:
DEClA RATION OF AUTHORIZED USE - I, the undersigned, do hereby decla re under penalty of perj ury
that all produ~ purchased, now and in the future, will ooly be used 00 cable TV systems wilh proper 1:
authorization !rom loca l officials or cable company olficials in accordance wjlh all appl icable federal and ..
state laws. FEDERAL AND VARIOUS STATE LAWS PROYlDE FOR SUBSTANTIAL CRl HAL AND CML I
PENALTIES FOR UNAUTHORIZED USE. (S

PLEASE PRINT

BUILD robot from out er space ! Plans $11.95, de­
tai ls free. ROBOT WORKS, Box 1979, Co lorado
Sp rings, CO 80901.

II
Com puter Kits
They're fun, Easy to build, IBMrzI Compatible, Educational, Powerful
with Wholesale Prices. All Kits
include 0 Free Assembly I.lanual
Free Software, One Year Wa rranty
and 24 hour Phone Support Line= Ask for our Free Ca.ta.log
( 51 6 ) 981 -9473

Ge ne r a l Technics4 \~, Quality Com pute r Syste ms
P. O . B o x 2 6 7 6

"ss.mbly a: Tuffng " ",gllgbl. Lake Ronko nkom a . NY 1 1779

REMOVE lead vocals from standard stereo rec­
ords, CDs, tapes, FM broadcasts, so you can be the
lead singer of your favorite band. Theory/schematic
$6.95. PCB and parts also ava ilable . WEEDER
TECHNOLOGIES, 14773 Lin dsey, Mt. Or ab, OH
45154.

BARGAIN plan. Desk to p computer stand. Easily
buil t. Personal prid e. Se nd $4. 00 , now... CREATE,
PO Box 44006 2, Aurora, CO 800 44.

CB Tricks II book. Power amplifier design and theo ­
ry, UHF CB tun e ups . Send $19.95 MEDICINE MAN
CB, PO Box 37 , Clarksville, AR 72830.

DETECTION - Surveillanc e, debugging, plans,
kits, assembled devices. Latest high-tech catal og
$5. DETECTION SYSTEMS, 2515 E. Thomas,
# 16-864F, Phoenix, AI. 85016.

INVESTIGATORS, experimenters - Quality plans .
Micro and restricted devices. Free catalog . Se lf ad­
dressed stamped envelope required KELLEY SE­
CURITY INC., Suite 90 , 2531 Sawte lle Blvd ., Los
Angeles, c»;900 64 .

www.americanradiohistory.comwww.americanradiohistory.com
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COLLIMATOR PEN - 
(INFRA -RED) 

A low power 
cownstor 

pen containing a 
gelded GNPs low. MOVP8 

The ccollm lerrpen *lbws a nwernern 
CW output power M 2.5 mW n 25 

These cofnred nisi sources are 

dsudl °é did reel. lolomsvvyy.. 

Theennon- lwrneec M*YBaaa 
steal erapsulabon cd the pea 

b specific* designed lot 
easy aignmeM,n an optical 

read or writ system. and 
cornets of a lens and a 

=m The tun 
the 

leer lilt 
The sesslint piety 

dMlradion INiY0. 
T e housing n circular and precision minellpWed 1at8 a 

diameter of 11 0 mm and an accuracy between sand -11p at 

OUR PRICE' $39.99 
QUALITY COMPONENTS. ..LOW PRICES SINCE 1983 

LASER DIODE 
(INFRA -RED) 

Designed ter YIOu1NW 
row power f1oçi 
reading disci, optical 

curdy 
1 iffier 

The gam guided last IB con- 
structed on an n-type owl 
arsenide substrate with a Mai Or 
panic \Vol Prase EPltutal proc- 
ess ISA 

The devE ice is mounted in a 
hermeOc SOT1480 encapsula- 
tion (diameter 9 0 mm) 

The 581053 is standard 
equipped with a diode. iso- 

lated from the case and optically 
coupled to the rearenrrong !asst of 

the laser. This lastnspcndmg moni- 
tor diode an be used as a sensor le 
control the Wen equal (And level 

64CT- PRICE4U.80 OUR PRICE: $9.99 
WE CARRY A FULL LINE OF COMPONENTS! 
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2E CALL FORA FREE CATALOG! al 
JNICORN 
ELECTRONICS 

10010 Canoga Ave . Unit 8 8 Cnatsal, . 

OUTSIDE CALIFORNIA 800) 824.3432 
IN CALIFORNIA (818) 341 -8833 
ORDER BY FAX (818) 998.7975 

84 CIRCLE 183 ON FREE INFORMATION CARD 

NEW HE NE 
%LASER TUBES $35 

Dealer Inquiries Invited. 
Free Catalog! 

MEREDITH INSTRUMENTS: 6403 N. 59th Ave. 
Glendale. AZ 85301 (602) 934 -9387 

"Tie Same fa. lawn Sappho" 

LASERS Build gunsights. pointers. liteshow. 
nrtelite, lab. Bluepnnts and instructions S9 00 each. 
3 for $20 00 Free list NIGHTWRITER POB 4418. 
Phoenix. AZ 85016. 

SURVEILLANCE Audio video equipment - Debug 
ging Industrial or private 500 item catalog $700 
SECURITY SYSTEMS 3017G Hudson. New Or- 
leans. LA 70131. 

TALKING voltmeter! Microprocessor controlled' No 
experience necessary with microprocessors. Whte 
to: DIGITAL DREAMS Box 04192 Huntington 
Beach. CA 92605. 

, Sing With The 
a World s Best Bands! 

The Thompson Vocal Eliminator 
removes lead vocal horn standard stereo I records C. CD's? Unlimited Supply of +r.. Background Musk! Easily Record or i Pelham' with the Bdrsroud. Used 

Professionally. yet connects easily to home component 
stereo. Manufactured and Sold Errhw'or9 by LT Rowel For 
Free Brochure L Demo Record. Call: LT Sound. Dept. RL. I . 

MT LT Parkway. Lithonia. GA 30058 (404)4824724 
S.W. Phone/ Demo :Info Request Line: (4o4)4ó2.2485 

KITS, amplifiers. antenna amplifiers, alarms. power 
meter, VU meter. motion detector. siren, dimmer, 
timers. display. counter, chime, doorbell. power sup- 
ply and many more Catalog 51.00 ARU ELEC- 
TRONICS 2155 Verdugo Blvd 022. Montrose, CA 
91020 

HOBBYISTS Build this Dual Voltage Power Sup- 
ply. Includes complete instructions. parts list and 
circuit board Specify SV. 9V. - - 12V 

$19 95 D.WELCH Box LaV- 
erne. CA 91750 

DESCRAMBUNG, new secret manual Build your 
own descramblers for cable and subscription TV. 
Instructions, schematics for SSAVI, gated sync. 
sinewave, (HBO. Cinemax. Showtime, UHF, adult) 
$8 95. $2 00 postage. CABLETRONICS, Box 
30502R. Bethesda. MD 20824 

70 WATT audio amplifier. Simple and easy to build. 
Plans $6 00. T.J.L. ENTERPRISES, Suite 302RE. 
1902 Ridge Road, West Seneca. NY 14224. 

FM transmitter 88-108 mHz kit $12.95: Flyback test- 
er assembled $95.99; S á H 4% SIERRA ELEC- 
TRONICS Box 709 Ellers, FL 34680-0709. 

C A B L E T V 
DESCRAMBLER LIQUIDATION! 

Major Makes & Models! 
Will match or beat anyone's prices! 
Dealer discounts at 5 units! 
Examples: 
HAMLIN COMBOS $44 ea. (Min. 5) 

OAK ADD /ON $40 ea. (Min. 5) 

OAK M35B $60 ea. (Min. 5) 

WEST COAST ELECTRONICS 
For Information: 818.709 -1758 

Catalogs i3 Orders: 800-628-9656 

FM WIRELESS microphone. 3 mile range, plans 
$4.00. FM P. O. Box 4383. Bloomington, IL 
61701 -4383. 

VCR amplifier. Transmits to any TV in the house. 
Complete unit. only $49.95 Miniature FM transmit- 
ter -sized postage stamp up to 1 mole range. 
529 95. CAS ELECTRONICS 1525 Awabon Blvd . 

Suite 136, Redondo Beach. CA 90278. 

SCRAMBLING NEWS MONTHLY. This month 
"Build a descrambler cable ready TV interface" to 
preserve remote control functions with descram- 
bl,ng equipment This issue $6 00 Next month a 
complete B -MAC technical update This issue 
$6 00 One year subscription $19 95 Pay TV and 
Satellite Descrambling series provides system 
analysis, turn -ons, build- your -own. counter- 
measures. etc V1 $14 95, V1989 515.95. V1990 
$14 95 All 1429.00 New indexed catalog $1.00 or 
call SCRAMBUNG NEWS, 1552 Hertel Ave.. Buf- 
falo, NY 14216 CODs 716- 874 -2088. 

MULTI CHANNEL MICROWAVE ANTENNAS 
M. J -i L s M - AV AN N'TN. 
FOR OVER THE AIR CABLE SYSTEMS (WIRELESS 

CAPABLE OF RECEIVING 30 CHANNELS 
rn4VERTFfiS AVAILABLE FOR ZENITH SYSTEMS 

CATALOG 8 INFO: (203) 975.7543 

VIDEO-LINK ENTERPRISES 
520 GLENBROOI RD SUITE 202 STAMFORD CT 06906 

SATELLITE TV 
FREE catalog - Lowest prices worldwide. save 40 - 60% Systems, upgrades. parts. all map brands 
factory fresh and warrantied SKYVISION, INC., 
2009 Collegeway, Fergus Falls. MN 56537 1 (800) 
334 -8455. MN d International (218) 739 -5231 

DESCRAMBLER: Build our low cost video only, 
satellite TV descrambler for most satellite channels 
Uses easy to get. everyday parts Board á plans 
$35.00 US funds. Board. plans & parts $99,00 US 
funds. Wired á tested unit $189 00 US funds Send 
check. money order or Visa to: VALLEY MICRO- 
WAVE ELECTRONICS, Bear River, Nova Scotia. 
Canada BOS 1 BO or phone (902) 467.3577 Barn to 
4pm eastern time Note educational protect only . 
Not to be used illegally 

PRESENTING 

CABLE TV 
DESCR/4MBLERS 

STARRING 1t it 4r # 4r 

JERROLD, MANN, OAK 
AND OTHER MMus MAMSFA(TtJRaei 

POOP 1110301AHr7 PROrrtAM AvAaA30a 
lOResT aeMa/Wq{ayMa WO M Ui 
0101110 SOPPED PROM STOOK sense N HMO 

1oePesr CATALOG oft,' tlBB..ws-M27 
!OR ALL *VI OIGNriON I-818-716-59I4 

C NACIMC CABLE CO. MC. 
NAP. ANIMA \SO WS .0.1 PO 

30L oa CA MPS 

VIDEOCIPHER II manuals Volume I hardware. 
Volume 2 - software Either $34.95 Volume 3 - 
prolects software. Volume 5 Documentation or Vol- 
ume 6 - Experimentation $44 95 each Volume 4 - Repair $99 95 Cable Hacker's Bible - $34.95 
Clone Hacker's Bibb - $34.95. Catalog $3.00. 
CODs (602) 782-2316. TELECOOE, Box 6426 -RE, 
Yuma. AZ 85366-6426. 

CABLE TV secrets - the outlaw publication the 
cable companies treed to ban. HBO. Movie Channel. 
Showtime. descramblers, converters. etc Sup - 
pliers list included $8 95 CABLE FACTS. Box 711 - 

R. Pataskala. OH 43062 

VIDEOCYPHER II descrambllrg manual. Sche- 
matics, video and audio Explains DES. EPROM. 
CloneMaster. 3Musketeer. pay -per -view (HBO. Cin- 
emax. Showtime, adult. etc ) $13.95.52.00 postage 
Collection of software to copy and alter EPROM 
codes, $25. CABLETRONICS. Box 30502R. Beth- 
esda, MD 20824 

TOCOM DESCRAMBLERS 
TOCOM Descramblers complete units with remote 
$150 00 each Quantity discounts. SCIENTIFIC AT- 
LANTA 8500's 5200.00. Call (213) 478 -2506. 

TOCOM Descramblers complete units with remote
$150.00 each. Quantity discounts. SCIENTIFICAT­
LANTA 8500's $200.00. Call (213) 478-2506.

TOCOM DESCRAMBLERS

VIDEOCIPHERII manuals. Volume 1-hardware,
Volume 2 - software. Either $34.95. Volume 3­
projects/software,Volume 5 Documentationor Vol­
ume 6 - Experimentation $44.95 each. Volume 4
- Repair $99.95. Cable Hacker's Bible - $34.95.
Clone Hacker's Bible - $34.95. Cataloq- $3.00.
CODs: (602) 782-2316.TELECODE,Box 6426-RE,
Yuma, AZ 85366-6426.

SCRAMBLING NEWS MONTHLY. This month
"Build a descrambler/cable ready TV interface" to
preserve remote control functions with descram­
bling equipment. This issue $6.00. Next month a
complete B-MAC technical update. This issue
$6.00. One year SUbscription $19.95. Pay TV and
Satellite Descrambllng series provides system
anal ysis , turn-ons, build-your-own , count er­
measures, etc. V1. $14.95, V1989 $15.95, V1990
$14.95. All 31$29.00. New indexed catalog $1.00 or
call SCRAMBLING NEWS, 1552 Hertel Ave., Buf­
falo, NY 14216. COD's716-874-2088.

.,
• CRYSTAL CONTROLLED MI RONAVE ANTENNA

FOR OVER THE AIR CABLE SYSTEMS (WIRELESS
CABLEl

• CAPAB E OF RECEIVING 30 CHANNELS
• CONVERTERS AVAILABLE FOR ZENITH SYSTEMS

CATALOG & INFO: (203) 975-7543

VIDEO-LINK ENTERPRISES
520GLENBROOK RO.. SUITE 202. STAMFOROCT 06906

VIDEOCYPHER II descrambllng manual . Sche­
matics, video and audio. Explains DES, EPROM,
CloneMaster, 3Musketeer, pay-per-view(HBO, Cin­
emax, Showtime, adult, etc.)$13.95, $2.00postage.
Collection of software to copy and alter EPROM
codes, $25. CABLETRONICS, Box 30502R, Beth­
esda, MD 20824.

SATELLITE TV

•••••PRESENTING•••••

CABLE TV
DESCRAMBLERS

• •••• STARRING •••••
J RROLD, HAMUN, OAK

AND OTHER FAMOUSMANUFACTURERS

• FINESTWARRANTY PROGRAMAVAILABlE
• lO\llEST RETArL/WHOl£SALE f'RtCES IN us,
• ORO£RS $HIPf'ED FROM STtXK WITHIN 24 HOURS

FORFREE CATAlOG ONLY 1.800-I45-89Z7
FORAlliNFORMATiON 1-818-716 ·591 4

CABLE TV secrets - the outlaw publication the
cablecompanies tried to ban.HBO, Movie Channel,
Showtime, descramblers, converters, etc. Sup­
pliers list included. $8.95. CABLE FACTS,Box 711­
R, Pataskala, OH 43062.

FREE catalog - Lowest prices worldwide, save 40
- 60%. Systems, upgrades, parts, all majorbrands
factory fresh and warrantied. SKYVISION, INC.,
2009 Collegeway, Fergus Falls, MN 56537. 1 (800)
334-6455. MN &'In temational (218)739-5231.

DESCRAMBLER: Build our low cost video only,
satelliteTV descrambler for mostsatellitechannels.
Uses easy to get, everyday parts. Board & plans
$35.00 US funds. Board, plans & parts $99.00 US
funds. Wired & tested unit $189.00 US funds. Send
check, money order or Visa 10: VALLEY MICRO­
WAVE ELECTRONICS, Bear River, Nova Scotia,
Canada BOS 180 or phone (902) 467-3577. 8am to
4pm eastern time. Note: educational project only.
Not to be used illegally.

I

$44 ea. (Min. 5)
$40 ea. (Min. 5)
$60 ea. (Min. 5)

• Major Makes & Models!
• Will match or beat anyone's prices!
• Dealer discounts at 5 units!
• Examples:

HAMLIN COMBOS ,
OAK ADD/ON . . . . .
OAK M35B

FM WIRELESS microphone, 3 mile range, plans
$4.00. FM P. O. Box 4383, Bloomington, IL
61701-4383.

VCR amplifier. Transmits to any TV in the house.
Complete unit, only $49.95. Miniature FM transmit·
ter - size of poslage stamp, up to 1 mile range,
$29.95. CAS ELECTRONICS 1525 Aviation S'!vd.,
Suite 136, Redondo Beach, CA 90278.

CABLE TV
DESCRAMBLER LIQUIDATION!

70 WATTaudio amplifier. Simple andeasy to build.
Plans $6.00. T.J.L. ENTERPRISES, Suite 302RE,
1902 Ridge Road, West Seneca, NY 14224.

NEW HE NE
~ LASER TUBES $35
~ Dealer Inquiries Invited.

Free Catalog!
MEREDITH INSTRUMENTS: 6403 N. 59th Ave.

Glendale, AZ 85301 • (602) 934-9387
H11Jt Sourct for Laser Surplus"

WEST COAST ELECTRONICS
Fo r Info rm at io n : 818-709-17 58

Catalogs & Orders : 800-628-9656

FMtransmitter88-108 mHz kit$12.95; Flybacktest­
er assembled $95.99; S & H 4% SIERRA ELEC­
TRONICS Box 709 Elfers. FL 34680-0709.

DESCRAMBLlNG, new secret manual. Build your
own descramblers for cable and subscription TV.
Instructions , schematics for SSAVI, gated sync,
sinewave, (HBO, Cinemax, Showtime, UHF, adult)
$8.95, $2.00 posta ge. CABLETRONICS, Box
30502R, Bethesda, MD 20824.

HOBBYISTS Build this Dual Voltage Power Sup­
ply. Includes complete instructions, parts list and
circuit board. Specify + / - 5V, + /- 9V, + / - 12V.
All 1 A. Only $19.95 to: D.WELCH Box 7221, LaV­
erne, CA 91750.

TALKING voltmeter! Microprocessor controlled! No
experience necessary with microprocessors. Write
to: DIGITAL DREAMS Box # 4192 Hunt ington
Beach, CA 92605.

KITS, amplifiers, antenna amplifiers, alarms, power
meter, VU meter, motion detector, siren, dimmer,
timers, display, counter, chime, doorbell, power sup­
ply and many more. Catalog $1.00. ARLI ELEC­
TRONICS 2155 VerdugoB'lvd. # 22, Montrose, CA
91020.

SURVEILLANCE Audiolvideo equipment - Debug­
ging, industrial or private. 500 item catalog $7.00.
SECURITY SYSTEMS 3017G Hudson, New Or­
leans, LA 70131 .

LASERS Build guns ights , pointers, l iteshow,
nitelite, lab. Blueprints and instructions$9.00 each,
3 for $20.00. Free list. NIGHTWRITER POB 4418,
Phoenix, AZ 85016.

SINGERS' Sino With The
• World'S Best Bands!

~
e Thompson Vocal Eliminator

r removes lead vocal from s ta nda rd stereo
records & CD'sl Unlimited Supply 01

.. '~~U~t.MU::~a:';r~~~
Professionally, yet connects easily to home com~nent
stereo. Manuf.ictUred and Sold ExclUs looly by LTSound. For
Free Brochure & Demo Record, CalI:LTSound, DepL Rl-l,
7981 LTParkway, UUtonia, GA 30058 (404)482-4724
24 Hr. Phone Demo/lnlo Re uest Une: 404 482·2485

1-24 25-n 100+
3 99 3,79 3.41
6.49 8.17 5.55
3.99 3.79 3.41
3.29 3.13 2.82
3.79 3.60 3.24
6.29 5.iS 5.38
3.99 3.79 3.41
3.79 360 3.24
3.79 3.60 3.24
3.69 3.51 3.16

3.19 3.03 2.73
5.79 5.50 4.95
1.99 1.89 1.70
4.19 3 .~ 3.58
3 99 3.79 3.41

3.79 3.60 3.24
3.99 3.79 3.41
3.29 3.13 2 82
6.79 6.45 5.81
4.19 3 98 358

5.79 5.50 U5
5 09 4.&4 4.35
5.79 5.50 4.95
5.71 550 4.95
5 29 5 03 4 53

4.79 4.55 4 09
5.29 5.03 4.53
7.49 7.12 841
899 6.64 5 98
8.99 864 5M

17.99 1709 15.38
13.99 13.29 11.itI
14.99 14.24 12.82

EPROMS--
DESCRIPTlOH
256 x 4 1us
10Z-4x 8 olSOns
1024 x8 4500s
2048 x 8 "SOns(25v)
2048 x8 350ns (2Sv)

2048 x 8 "SOns
2Q.48 x 8 4SOns(25v-CMOSl
4096 x 8 4SOns(2Svl
096 x8 200m 21'1
oI09(5x B 25OnS!21V

4096 x 8 ..SOns(21'11
o40ge x8 .c.5Ons (25\1'

:= ~ = :=1~~·cMOS)
8192 x 8 200M (21'1)

8192 x 8 250M 121Yl
:l~ :: = g:~l
8192 x8 250m 25'1)
8192 x8 250ns 21Y·CMOSl

111.3&-41. 8 200ns (21~!
18,3804 x8 250ns (21Ys..,

~~:= :: =t~~~))
32,758 x 8 200ns (12.5Yl

~:i: :: =g~~CMOS)
:i:~ :: =Hi~
ts,S3&x 8 250ns (12 5....cMOS )

131.0n x e 200ns (12.5v-CMOS)
8192 x8 4!SOns
8192 x 8 4!5Ons

STOCKI PiNS
1702 24
27'08 24
2751 24
271. 24
2716-1 24

TMS27111 24
27C115 24
2732 2.
2732A·2 24
2732A 24

2732A-4 24
TIIS2532 2.
TMS2S32 24
27C32 2.
.-2<l 21

2714 21
2714A-2<l 21
.,... 21
TMS2564 21
27C04 2.

271:'20 21
27121 21
2712IA 21
27C121 21
2725S-2O 2'

27258 21
27C2OlI 21
27512·20 21
27512 21
27C512 21

27Cl024 32
8m< 2.
Bm8 2.

i M I· CALL FOR AFREE CATALOG! ••

~CORN
V f L-E-C- TRON rcS
10010 Canoga Ave.. Unit 8-8· Chatsworth. CA 91311

•

• , • OUTSIDECALIFORNIA: !800! 824-3432
, • • INCALIFORNIA: 818 341-8833

ORDER BY FAX: 818 998-7975

LASER DIODE --
(INFRA-RED)

Oesigned for general industrial
low power applications such as
reading optical discs. optical
memories, barcode scanners. se-
curitysystems.alignment, etc.

The gain guided laser is con­
structed on an n-type gallium
arsenide substrate withaMetal Or­
ganic Vapor PhaseEpitaxial proc­
ess (MOVPE).

ihe device is mounted in a
hermetic S0T1480 encapsula­
tion. (diameter 9.0mm)

The S81053 is standard
equipped withamonitordiode.lso­

lated from the case and optically
coupledtotherear-emitting fascet of
the laser.This fast-responding moni­
tor diodecan be used as a sensor to
control the laseroptical output level.

L1 S.- PRIGE: $38.00 OUR PRICE: $9.99
• WECARRY AFULL LINE OF COMPONENTS! •

COLLIMATOR PEN -
(INFRA-RED)

Alowpowercollimator pen containing a
MOVPE grown gain guided GaAlAslaser.

This coll imator pen delivers amaximum
CW output power of 2.5mW at 25·.

These collimated laser sources are
designed forindustrial applications

such as data retrieval. telemetry,
alignment. etc.

The non-hermetic stainless
steelencapsulation ofthepen
is specifically designed for

easy alignment inan optical
read or writesystem. and
consistsofa lensanda
laser device. The lens
systemcollimates the
diverging laser light.
The wavefront quality
Isdiffraction limited.

Thehousing iscircularandprecision manufactured witha
diameter of 11 .0mm andan accuracybetween +and - 11 ~ m.

L1S.- PRIGE: $180.00 OUR PRICE: $39.99
• QUALITY COMPONENTS..•LOW PRICES SINCE 1983.

TIJf]]CCOOIm .
YOUR i.c. SOURCE

en
ozoa:
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W
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W
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GET IN NOW ON TILL $I2 BILLION A YEAR 
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¡ FREE INFO 
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O. AAit( 10 nueOUCATION$ 

I CALL 1-800.637-06rt9 otPr 
WA SHIM ú ñoó+ó 

BUSINESS OPPORTUNITIES 
EASY work' Excellent pay' Assemble products at 
home. Call for information (504) 641 -8003 Ext 
5192 

MAKE 550 hr working evenings or weekends in 
your own electronics business. Send for free facts. 
INDUSTRY, Box 531. Bronx, NY 10461. 

YOUR own radio station, AM. FM. TV. cable Li- 
censed unlicensed BROADCASTING, Box 130 - 
F6. Paradise. CA 95967 

INVENTORS: We submit ideas to industry Find out 
what we can do for you Call 1 (800) 288 -IDEA. 

LET the government finance your small business. 
Grants loans to 5500.000. Free recorded message 
(707) 449 -8600. (KS1). 

WHOLESALE PRINTER CABLES.IBM -PC 2 

pcs S12 (6ft) 2 pcs$14 (10ft) All 25P included (718) 
628 -4117. Send M.O to CWD INTERNATIONAL P 

O. Box 4333Z. L.I C.. NY 11104. 

CABLE T.V. CONVERTERS 
WHY PAY A HIGH MONTHLY FEE? 

All Jerrold. Oak, Hamlin, Zenith, Scientific 
Atlanta, Magnavox and all specialized cable 
equipment available for shipment within 24 
hours For fast service MC / VISA or C O D 
telephone orders accepted (800) 648 -3030 
60 Day Guarantee (Quantity Discounts) 
8 A.M. to 5 PM. C.S.T. CLOSED WEEK- 
ENDS. Send self- addressed Stamped enve- 
lope (60c postage) for Catalog. 

PO Boo 5000 
MIDWEST Suite 311 (R) 
ELECTROfICS If1C CArpentersville. IL 60110 

No Dimon Orders Accepted 

MAKE 575.000 to 5250.000 yearly or more fixing 
IBM color monitors land most brands) No invest- 
ment Start doing it from your home. (A telephone 
required ) Information. USA, Canada 51 00 cash. 
US funds other countries 58 00 RANDALL DIS- 
PLAY Box 2168-R Van Nuys. CA 91404. USA 

LEARN to clean repair Fax machines Huge new 
market, Earn 585 hour No experience necessary . 
Free details call 1 (800) 537.0589 or write to VIEJO 
PUBLICATIONS 3540 Wilshire Blvd $310 Dept. 
FX200 LA CA 90010 
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L u PSPAO - PtiASOR SCM C BLAST WAX PIS10l S0950 
C/) DREW - ALL NEW 26' VIVID COLORED NEON STICK $7450 
C/? LGU20 - 5 To AIW VLSIBLE RED Heft LASER GUN $19950 
Q 81510 - 10000 WATT /RASTER DEFENSE NEW° $8950 

EASY ORDERING PROCEDURE . IOLI FREE 1100- 2211705 
Or 24 FIRS ON 1b03ó73.4730 e FAx IT 101-603áT2.5406 

VISA,IACCECK. MOM USFUAOS INCLUDE 10% SNIPPING ORDERS 

$100008 UPONLY AC0 $1000 CATALOG SI COCA FREE WITH ORDER 

INFORMATION UNLIMITED 
PO BOX 716. DEPT R2, AMHERST. NH 03031 
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OF OUR ORDERS WITHIN 
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GRAl - ANTI GRAVITYGENERAIDR .... . . .... ... .• $10.00
w LC7 - 40WATTBURNINGCUTIING LASER S20.00
!1i~ RUB4- HIPClNERPULSED DRILLINGLASER S20.00
~~ 8TCS - 1MILLlDN VOLTTESLACOIL . . .. . . . . ... . . •S20.00
Ii: MCP1 - HIVELDCrTY COILGUN $lS00
il!::!: LLSl- LASERLIGHT SHOW 3METHDDS •...•. . • .• $20.00
Cf.) EHl-: ELECTRDNICHYPNOTISM TECHNIQUES 88.00
Z EMLl - UlWER PClNEREDCDILGUN LAUNCHER 8800
c::e JL3- JACOBLADDER 3MDDELS S10.00
...J SDS - SEEINTHE DARK S1000
CL. LEVl - LEVITATIONDEVICE $10.00

~ FMV1 K- 3MILEFMVOICETRANSMITIER $34.50
:::s PFS1K - HAND CONTROLLEDPLASMAFIRE SABER 849.50
;;: NIG7K - HIFWXNEGATIVEIONGENERAIDR . . . . . .•. $34.50

~~ PGSK- PLASMALIGHTNING GLOBE •. .. ..•. •. ...• 84950
z ~ LHC2K - VISIBLESIMULATEO3COLORLASER 844.50
~ '" HOD1K - HOMINGITRACKING BEEPER TRANSMITTER. .844.50
iii8 LGU6K - 2.5MW HAND·HELD VISIBLELASERGUN S249.50
~ g: 8TC3K - 250.000 VOLTTABLEIDPTESLACOIL 8249.50
Cf.) IOG2K- IONRAYGUN, projeetenergywilhout wires S129.95
I- TKE1K - TELEKINETIC ENHANCER/ELECTRICMAN $79.50
5i2 VWPM7K- 3MILEAUID TELEPHONE TRANSMITTER .. 849.50

C ASSEMBLED INOURLABS
W UST10 - INFINrrYXMTRl lsteninviaphonefines . . .. .$199.50
..... IPG70 - INVISIBLE PAINFIELD BLAST WAVEGENERAIDRS74.S0
CCI ITM10 - 100.000 VOLTINTIMIDAIDRUP ID 20' 899.50
:E TAT30- AUIDMATICTELEPHONERECOROING OEVICE .824.50
W PSP40 - PHASOR SONIC BLAST WAVEPISIDL $89.50
Cf.) ONE10 - ALLNEW26" VIVIDCOLOREONEONSTICK S74.50
Cf.) LGU20 - .5ID lMWVISIBLE RED HeNeLASERGUN . .$199.50
c::e BLS10- 100,00WATTBLASTER DEFENSEWAND . . . . .$89.50

EASY ORDERING PROCEDURE-IDLLFREE 1-800·221-1705
or24HRSON 1-603-673-4730 or FAX ITID 1·603-672-5406

VISA.MC.CHECK,MOINUSFUNDS.INCWDE 10%SHIPPING.ORDERS
$100.00& UP DNLY ADD S10.oo. CATALDGS1.00 DRFREE WITHORDER.

All Jerrol d, Oak , Hamlin , Zenith, Scient if ic
Atlanta, Magnavox and all specialized cable
equ ipment available for shipme nt within 24
ho urs . For fast service MC / VISA or C.O.D.
telephone orders accepted (800) 648-3030
60 Day Guara ntee (Quantity Discounts)
8 A.M. to 5 P.M. C.S.T. CLOSED WEEK­
ENDS . Send self-addressed Stamped enve-
lope (60¢ postage) for Catalog.

MAKE $75,000 to $250,000 yearly or more fixing
IBM color monitors (and most brands). No invest­
ment. Start doing it from your home. (A telephone
required.) Information, USA, Canada $1.00 cash.
US funds. other countries $8.00 RANDALL DIS­
PLAY Box 2168-R Van Nuys, CA 91404, USA.

LEARN to clean/repair Fax machines. Huge new
market! Earn $85/hour. No experience necessary.
Free details call 1 (800) 537-0589 or write to: VIEJO
PUBLICATIONS 3540 Wilshire B'lvd. # 310 Dept.
FX200 LA CA. 90010

WHOLESALE PRINTER CABLES.IBM-PC 2
pcs/$12(6ft). 2 pcs/$14(10ft). AI125Pincluded. (718)
628-4117. Send M.O. to C&D INTERNATIONAL P.
O. Box 4333Z, L.I.C., NY 11104.

BUSINESS OPPORTUNITIES

YOUR own radio station! AM, FM, TV, cable. Li­
censed/unlicensed . BROADCASTING, Box 130­
F6, Paradise, CA 95967.

INVENTORS: We submit ideas to industry. Find out
what we can do for you. Call 1 (800) 288-IDEA.

LET the government finance your small business.
Grants/loans to $500,000. Free recorded message:
(707) 449-8600. (KS1).

EASY work! Excellent pay! Assemble products at
home. Call for information. (504) 641-8003 Ext.
5192.

MAKE $50/hr working evenings or weekends in
your own electronics business. Send for free facts.
INDUSTRY,Box 531,Bronx, NY 10461 .

«(, SOLID STATE SALES TEL. (617) 547-7053 OF o'lr: ~~g'E~~'WIl~~~
~I P.O. BOX 74 D - SOMERVILLE, MASS. 02143 FAX: (617) 492-8845 24 HOURS OF RECEIPT '

~

CD
CDo

c...
Cz
m

3 /$ 1.00
$ .30

5 /$1 .0 0
$ GO
$ so
$ 1.00
$1.1 0
$ 1.75

MULTI TURN
TRIM POTS

SO OHM
100 OHM

100 0 OHM

5'" 10K
10K 50K lOOK

3/S2 .oo

IN414 8 11N9 14 1

15/ 1,00

161 2 P AL ' s 150
16R4 195
lGRG8 2 75
16 A 8 . . . 2 .75
16l8A 3!;()
lGR8A 350
1OR8A _ 395

15UF lGV
n UF 10 V
30 UF 6 V
33 UF 15 V
41 UF 10V
6S UF 20V
l 00 UF 16 V
330 u F 10 V

313'" IlA 14051 $2 95
l M33 7 • • $2 . 75

340 T·5 .6 .8.12.
15 .18 0' 24 V •• $ 45

123 . $ 45

... $ .55

DIP SWITC HES
CTS 206 " 4 Pos' I'o" 75
CTS 206 7 I P01' I,Oi1 !IS
CTS 106 8 8 PO\'I 'O" 95
CTS 206 10 10 PO\'I 'o" 1 15

COPROCESSORS
808 7·2 . . .... S115.oo

9 5 8087 ·3 . . S 85.00
95 80387- 16 $300.00

TTl SIZE
REl AYS

22UF 35V 51$ 100
47UF 35 V 51$1.00
6SUF 35 V 51$1 00
lUF 20V 5/$100
22UF 2QV 51$1 ,00
3.3U F:>oV 4/$1 ,00
4.7UF 10V " 1$ 1,00
6 8U F 20V 4 /$ 1,00
10UF 20V $ 40

FU LL WAVE
BRIDG E

PRY 2A 6A 25A
100 140
200 SO 1 30 1 20
400 1 00 1 65 3 30
600 1.30 1 90 440

5V DPST

l:2V Df'ST

SILICON POWER REC TIFIE RS

PRY l A ]A 12A 50A 125 A 240A
100 05 14 ,35 90 6 00 850
200 OG 1 1 50 130 800 11 50
" 00 .09 25 65 \ 50 10 00 13 50
600 .11 30 80 200 1300 16 00
800 . 13 35 100 250 16 00 2000
1000 ,20 451153 00 2000 2G00

L141HR Detect oe . . ••.• .• . 3 /$ 1,00
FP 100 p" ot o T, ....~ . •. . • .• . .• .• $ !>O
Red LEO's .'2"". . • . • .• • 10 1$1 .00
Vellow. G' ft", 0' Am be. LII LE O '~ .2" •• .••. 81$ 1.00
RedG' H" a .pala, lED . . . .• .. $00
Red ·V, lIow 8,p o l" lEO . • • . •• • $ 90
MLED921R LED . • . . . . . . . . • .. • .. .•. $ .40
MR0 14B Phot o 0 ..'1. XTO R • • • • • • • $ GO
IL'!:> Omu 1'-01,,10" Or MCT 2 . 5 GO
4N 45 01'10 Cou ,>Io·. $ 1>0

TANTALUM CAPACITORS

l AS39 U . • ••. S595
78L050' 1:1. .•. s ,30
18 1040 5 . 120. 15 • . S 40
LM305 •••• .• 5 .75
309 K . ••••••• 51 25
LM3 17T . . • . • $90
320T ·5 .1:1.15 0' 24 ••.

REGUL AT ORS

DISC CAPACITO RS
.1 UF 16 V. . 101$100 . 100 1$800

.0 1UF 35V.. 16 ,$1, 00 . 100 /$5 00

RCA. HC,2500
60 WATTS $34 .95

SO LiD STATE HYBRID
LINEAR AND AUDIO AMP

BAND WIDTH 30 KHl'l
60\'/AT TS. 7 AMP OUTPUT

SE ND 5 25 FOR OUR CAT AlOG FEA TURING
TRANS IS TORS & R ECi lFIERS

145 HAMPSHIRE S T., CAMBR IDGE. MASS. 02 139

,35 74HC SERIES 14HC:2"'S .80
.35 74HC125 50 74HC25 7 55
.35 74HC133 50 74HC 259 .GO
35 1"'H C1J7 . 75 74HC273 .80
.350 74CH13 8 . 70 7.4HC3 !>4 950
40 74H C13!) 4 50 7.4HC373 80

.35 74HCl53 55 7.4HC374 .80

.35 74HC1 !">4 1,75 7.4HC533 1,35

.35 74HC1 57 50 7.4HC53.4 1 35
.45 74HC1G :1 55 7.4HC573 :1.50
50 7.4HC1G3 55 7.4HC595 :2!)O
.40 74HCl 64 80 74H C6.40 :100
.40 74 HC1 74 GO 7.4HC.400 1 .SO
.70 74H C1 75 60 74HC 4010 1.10
.40 74HCl94 70 7.4HC4 06 6 .60
35 7.4HCnl 90 7.4HC.451.4 320
.40 74 HC:140 . 75 74HC4538 140
'40 ~:~g:: ~ 74HC.45.43 1,40

74LS SERIES
1 ~ LSOO .n 74lS11:1 ", 74LS:14 1 .,
74 lS01 .n 74LS1 13 3J 74LS:142 cs
74lS01 .n 74 l S114 .33 14L S14 3 .,
74l S0 3 n 74LSln rc 74LS144 ce
14 lS04 .n 74 lsn3 " 74LS24 5 ""4lS05 .n 74 l S125 .30 74lS24G '"74lS08 .n 74lS125 30 74LS 24 7 1.00
74 LS09 n 74LS1 32 30 74 LS243 es
74LS 10 n 74 lS1 3G 30 74LS 251 "74 lS11 20 74 l S13 7 90 74 LS253
74LS1 2 27 74lS1 38 30 74 LS157 30
74LS13 " 74L S139 3. 74 LS258 "74LS14 .36 74LS 145 .rc 74 LS:259 '"74L S15 zs 74L S14 7 1 00 74 LS26 0 "74 LS20 n 74LS14 8 .00 74 LS:.'G6 "74LS11 n 74LS151 ' 3. 74 LS773 .zs
74LS22 n 74LS153 3. 74l S779 3.
74LS26 3J 74lS1 54 '" 74lS180

1 "
74 LS2 7 3J 74lS155 es 74lS183 ss
74LS28 zs 74 LS l 56 " 14lS:roO 80
74LS30 n 74LS157 .30 74LS293 8'
74LS3 2 .n 7nSl 58 .20 14LS298 us
74LS37 .26 74 LS l 60 zc 74 LS1£l9 '"74LS38 26 74LS16 1 .. 14 LS320 1 ,00
74LS40 n 14 LS16:1 40 74 LS312 300
74lS42 J6 74lS 1G3 4' 74 LS3:23 14'
74lS48 " 74LSl64 " 74lS3G5 30
74lS5 1 .n 74 lS 1G5 GO 74lS366 30
74 LS5.4 n 14 l S166 us 74lS367 3.
74lS73 " 74 lS 169 90 74lS368 30
74l S74 " 74lS17 0 8' 74LS3 73 .ts
74lS75 .ee 74lS17 3 ... 74LS3 74 "74l S 76 eo 74lS174 30 74 l S317 . 75
74 l S8 3 " 14 lS 1 75 .30 74LS385 "74lS85 " 14 lS1 81 1 40 74l S390 1 ,10
14lSBG n 14lS190 40 14LS 393 "14 l S9C J9 74lS191 40 74LS398 2 50
74lS9 2 " 74lS19:1 ee 74LS4 4 G 200
7.4lS93 " 74 l S193 es 74L554 1 1 40
74 l S95 48 1415194 es 74 L5G25 1.75
74L596 40 74 lS1 95 us 74 l5G45 "81 L5981 ,40 74l S1!)6 " 74LS6G8 14 5
74 lS107 .35 74 l S19 7 " 74 LS670 .es
141S 109 ,35 74lS121 " 25LS2 521 t s

74 LS2 40 "

40 72, 20
4076 55
4017 28
4OS1 20
4OS2 20
409 3 45
4099 1.40
4 501 95
4 S03 .45
450)6 .15
4510 ,65
45 11 .65
4 512 .75
45 14 9S
4515 1 60
45 16 ,75
.451885
4520 . 75
4528 .75
4S29 1.40
4538 95
4539 HiO
45.4181 .20
4553 1.75
458390
485 75

1456 .80
14 58 .SO
LMl808 1.15
UlN200JA . 75
AOZIOOLO 4 95
lM2901 .9 5
CA3018 1.9 50
CAJ045 1,20
CA3078AT 1.SO
CA30agE 1.15
CA30 94 1 30
CA3130 90
CA310(0 ,75
SG35.43 . 70
SG3544 100
UNt3701E 1. 75
LM3900 .SO
4 136 .85
soeooo 1.15
N553 4 .75
N5596A 1,SO
SD6OO0 1 00
0038 395
8100CJ 595
l M13080 95

T RIAC's
PR Y l A 10 A

100 35 100
100 .SO 1,00
400 . 70 1.20
GOO 1,00 1,50

l M393 40
L F398A 3 00
LF.411 1 25
A0500JH 2.50
537 1.50
LM555 .29
l M!l56 4 5
558 1.10
AD561 3 00
564 1.75
565 90
566 1,:15
567 .15
N E510 2.SO
N E592 .95
7Q9CN 80
711CH 60
733 95
739 I .SO
74 1CV 29
741 .50
DAC0808 2 9S
MC13 10 1.00

MC1355 1,25

SCR 's
1.5 A 6A 35A 75A

100 ,3 5 .40 1 40
200.40 .so 1,80
400 50 . 70 :140 9 00
600 80 1 00 360 1100

T l 06 :1C .9 5
T l 06 4 CN 1 00
T L0 72 1 00
Tl062 90
Tl084 1.00
OG20 1BP 1,40
l M20 1 . 75
l M301 35
l M30 7 45
LM308 65
LM310 1.25
lM3 11 .4 50
lM3 18 1.00
l M31 9 1.10
l M324 .3S
l M339 .50
LM348 65
LF3 51 4 5
LF353 .75
LF3 55 .SO
lF356 85
l M358 .4 5
LM370 160
l M384 1.60
lM3a6 85

74COO 25 74C9 1S 1.10 4027 35
74C04 .25 400 1 . 19 4028 65
14C08 .25 4002 20 40 29 65
14Cl0 .25 4000 65 4030 35
14C14 .55 4007 .20 403 4 1'40
14C20 .25 400 8 850 4035 613
14cn 3 5 4009 .35 4040 .65
74C42 1.10 40 10 .313 4041 . 75
14C 74 55 40 11 .19 41)42 55
14C 76 60 4012 .25 404 3 85
74CB5 1.25 4013 35 4-044 65
14C86 .35 401 4 65 4045 85
14 C93 1.00 40 15 28 4046 85
74C 15 7 .9 5 40 16 28 0(047 65
74C161 ,9 5 4017 45 4049 .28
7.4C174 .9 5 40 18 65.40SO .:28
7.4C175 .9 5 .4019 35 40 5 1 65
74C 19 3 1.25 4020 55 40 52 65
74C245 U S .40 21 513 405 3 65
74COOl .35 .4022 65 4060 613
74C90 2 .40 4023 :25 4OG6 28
14COO3 80 .4024 48 4068 35
74COO7 .15 4015 25 4009 .19

.4021i 1:25 :~~~ :

PLEASE CALL FORQUANTITY PRICING

TE RMS : F0 8 CAM8R IDG E. MASS SEND CHEC '" OR MONEY OR DER.

MINIMUM TE LE PH O~E . C,O.D. PURCHASE ORDER OR CHARGE S:>O00
MINIMUM MAIL OR DER 5500

RAM's

TT L rc SE R IES 741 70 1.50

DiSC 74 17 3 .7G
7400 .19 14 174 soControllers 140 1

"
7483 GO 74 175 so

D7G!>C ' GO 7402 .1' 748 5 .ss 74 17 6 .te
1 71 1 '" 7403 .19 7486 JG 74 177 es
1 79 1 .GO 7404 .1' 7489 1.00 74 180 .7G
1793 .GO 7405 ae 7490 JO 1418 1 2 00
1 79 5 1100 7406 .17 749 1 40 14 18 2 .7G
179 7 1900 1401 27 749 2 .GO 14 184 1.50
WD:!OlOA15.9 5 7408 " 7493 JG 74 190 .80
2 797 '" 7400 .18 7404 60 7419 1 8'

CRYSTA LS
7410 .18 70(95 .ss 74 192 .rs
7411 .as 7496 60 74193 . 7G

' .000 6 144 7412 " 74 10 7 .30 74 194 .80
3000 8000 74 13 .JG 74 116 1.20 74 195 80
3 .12 10000 14 14 " 74 121 .30 74196 .7G
3579 11.32 7416 .ss 74122 " 74 191 80
4 .000 18000 74 17 as 74 123 ." 74 199 1.25
' 000 10 000 7410 10 14125 " 7422 11 ,25
c.000 34, 550 7425 .17 741 26 ." 74213100

1.75 ea. 7426 .30 741.45 .so 742 78 195

NO. 30 7421 .17 74 148 1.20 74219 .70

WIRE WRAP 1430 .20 74 150 1.35 74208 eo
WIRE SING LE 7432 .17 74 15 1 ss 1436 5 es

STRAN D 7437 .17 74 153 .es 1436 7 es
100 ' . Sl ,40 7438 .zs 74 154 US 7.4390 .00

DB 7440 10 74 15 5 " 75 114 00
7442 "

74156 .7G 75-115 00CONNECTOR
1445 ee 7415 7 .es 15 150 so

D89P .s ,8(1 1415IJ 60
089S $ .9 5 '''0 10 74 160 .SO 75325 1.SO

\-iDOOS -$ ,6 13
14 12 .,. 74 161 ss 7549 1 1 00
7473 .JG 74162 ss 960' 00

DB15P $ 125 1.474 .J> 74 163 es 8126 1.10
DB1SS ·$ 1 so 7415 " 74 164 .SO 8 T28 1.10
o a1 5P ·$ 1.2 5 7.at16 .GO 1i4 165 so 8T91 1,10
O B25S ·$ 1 50 7480 " 74 166 1.00 8T98 1.10

21l02·3 .10
70 16 1,SO
210 1A ' 4 1,50
21 11A 1.75
211 2·1 f 95
21 14' 2 1,00
2 118 -4 1.75
2 141 ·3 2,SO
324 2 600
TMS3409 l.15
MK4027·3 90
TMS40 SONL 1.15
MK4096- 11 1,25
4 10 8·3 1.60
4 17 56 ·10 CAL L
4 1256 15 CALL
4 164 ·15 CA LL
4000108 CALL
4 1464·10 CAL L
MK4802 500
Z6 1Q4·4 250
6116- 3 350
G264 LP·1 5 4 so
8118·12 295

INTERFACE
AY5-10 13A 3 .75
AY3 10 1SO 4 ,750
1488 .40
1489 40
TR l6018 395
8R l94 1 L 5.SO
AY5-3600 PRO 995
CR T!>Q3 7 1895
M"' 5307 795
8830 2.50
8833 2 ,!>Q --...;:..:,,; ;.::;:~

883 4 200
883 8 2 00
MPYll1K 25 ,00
MM5369AA 1.95

DIPSOCKETS
8 PIN .10 2:1 PIN .15

14 PIN .11 24 PIN 20
16 PIN .12 28 PIN .20
18PIN .15 40 PIN .25
20 PIN . 18

REG ISTERS
MM1402 1.75
~M140J 1.75
MM1404 1 .75
MMS013 :1.50
MMS055 250
MM'5056 2 ,50
MM'5058 2 .50
MM!i060 2 .50

v 208 14 .95 CPU's&CHIPS
808 M . 2. 75 8086 800
l 80A CPU 1.75 8088 1,50
zace CPU 3.75 81552 2.15
ZaoA CTC 1.9 5 8202 900
l8QA DART5 :15 8 203 16,00
lOOA DMA 5 so 81 12 2.25
l OOA P10 1,95 82 14 3 .75
zsoe SIO 5,SO 8216 1.50
zeoa510 995 8224 2,25
82C43 :1,75 8126 1.60
AM0 290 1 4 00 8237 ·5 6.50
650 1 3 .25 823 8 3.95
652:1 3.SO 82508 6 _75
6800 1.75 825 1·A 2,40
6802 4 .50 82 53 1.75
6803 L 8 ,00 8254 2 9 5
G8Q9 5.SO 8:255A5 1 85
68 10 1. 75 825 7 240
6821 1 .75 8259 :2.40
6845 4 .50 82 71A 4 .750
6850 U S 8275 900
8031 AH 3.75 8219'5 2.7f>
8035 1 ,75 8284 2.50
8048 5 ,00 8 288 4 .75
8049 2.50 83550 12.95
808 !1A 2.15 TMS09 21Nl995
NSl6450 12 .950 68OOOl8 8 so
68(XX)L·12 19 950 ROM' s
6888 1 9500 INS1051 4 50

TPB18S42 350
8 2S113 1 ,50
8 2S125 195
82S119 195
82S130 195
815 13 1 1 so
TP B28S166 950
8 2S181 4.SO
8 25 19 1 4 so
14S4 74 3 95
270 8 315
271 6 + !;>V 315
2132 3 3,15
2164 25 4 00
:17128 ·30 4 .75
27256,25 800
3341 295
361 8A·3 3 00
8 256 5 125

CIRCLE 74 ON FREE INFORMATION CARD 85

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


11CABLE TV CONVERTERS, 
3 EQUIPMENT / 

PANASONIC WIRELESS 
CONVERTER 

JERROLD 400 COMBO W'REMOTE 
IDRX3DIC) 

RE Ails 

86.00... 60.00 

134.00... 95.00 
JERROLD 400 OR 450 REMOTE HAND 

UNIT 24.00... 15.00 
JERROLD JRX 3DIC 84 00 65.00 
JERROLD S8 ADD ON 74.00 55.00 
JERROLD S8 ADOON WITH TRI-BI 95.00 70.00 
OAK M35 COMBO ........ 79.00 50.00 
CW( MINICODE (N-12) 84 00 5900 
HAMLIN A/LD 1200 64.00... 46.00 
SCIENTIFIC ATLANTA SA4 

A00 ON 109 00 75.00 
INTERFERENCE FILTER 

(CHANNEL 3 OR 6) 24 00 14.00 
NEW SCIENTIFIC ATLANTA 

COMBO 275 00 215.00 
PIONEER DESCRAMBLER 250 00 20000 
TOCOM VIP 200.00 175.00 
ZENITH FLASHING 175 00 150.00 
ZENITH SSAVI 125 00 90.00 
EAGLE PD-3 9500 . 75.00 

VIDEO -LINK 
Enterprises, Inc. 

520 GLENBROOK RD., SUITE 202 
STAMFORD, CT 06906 

ORDERS: 1- 800 -622 -9022 
CATALOG & INFO: 203 -975 -7543 

MONDAY - FRIDAY 10 AM - 5:30 PM. E.S.T. 

IMPORTANT: Have make and model 
# of the equipment used in your area. 

Ott ITEM 
OUTPUT 

CHANrEL 
PRICE 
EACH 

TOTAL 
PRICE 

NO CONNECTICUT SALES. N 

is not the intent of VIDEO-LINK 
to defraud any pay television 
operator and we will not assn! 
any company or individual in 
doing so 

PLEASE PRINT: 

SUBTOT. 

ppirq 
$3 / Urli 

Add 5% 

TOTAL 

D CASHIER'S CHECK 
NAME 

ADDRESS 

CITY/STATE/77P 
PHONE 

SIGNATURE 

WAIVER. Since I. the undersigned, fully 
understand That the ownership of a cable decoder 
does not give the owner of the decoder the right to 
decode or view premium cable channels without 
proper authorization from their local cable company, 
hereby declare undo penalty of perjury that al 
products purchased, al any time, will only be used 
on cable TV systems with proper authorization front 
local officials or cable company deicers N 
accordance with all applicable federal and stale 
laws Federal and various state laws provide for 
substantial criminal and crud penalties for 
unauthorized use. 

M.O C.O.D 

Dared: Signed 

CIRCLE 64 UN FREE INFORMATION CARD 

se 

DIGITAL V.O.M. /D.P.M. 
SALES -SERVICE -PARTS 

FLU KE- BECKMAN -SIM PSON -ETC. 
U S MADE ONLY OUOTATION PRIOR TO WORK FAST 
SERVICE. 90 DAY WARRANTY STANDARDS 
TRACEABLE TO NBS SINCE 1948 CALIBRATION 
CERTIFICATE AVAILABLE 

INDUSTRIAL INSTRUMENT WKS. INC. 
5745 SALMEN HARAHAN LA 70123 504733.5355 

EARN $10004 extra as a part -time computer 
dealer. Where to buy products at big discounts Who 
to sell to Financing without cash Obtaining free 
software Exclusive dealer trade shows Step-by- 
step check list Industry Inside knowledge Written 
by industry pioneer Order now, only 524 95 plus 
S4 00 shipping handling. CA residents add Si 81 
sales tax CORNERSTONE PUBLICATIONS, Dept 
BB. PO Box 5151. San Jose. CA 95150 Allow 2 -4 
weeks 

EASY! Moneymaking one man CRT rebuilding 
machinery $6.500 00 - $11,900.00 CRT, 1909 
Louise, Crystalake. IL 60014 (815) 459.0666 

P O. Yo. 1111.5 
Pi.cAr,t.., CA 142e7O 
'Iasi/ 7111 

DtVE y0{Watli saw - MICE NOW r 

NUTS a VWTS wilt Soo you MpMrv 
pN rirr',OriNif PARTS a nOUI.MrN, 
föxn sNOw sou wNtOt TO FINO uNlour. 
UNUSUAL O HARD TO IMO iTrMS 

TpOAT,. 
1100 1U3 ,1a.-111 

EDUCATION & INSTRUCTION 
MAGIC! Four illustrated lessons plus inside infor- 
mation shows you how We provide almost 50 tricks 
including equipment for four professional effects 
You get a binder to keep the materials in, and a one - 

year membership in the International Performing 
Magicians with a plastic membership card that has 
your name gold-embossed You get a one -year sub- 
scription to our quarterly newsletter ITs MAGIC' 
Order now' $29 95 for each course - $3 50 posta: 
and handling (New York residents add applicat 
state and local sales tax) THE MAGIC COURSE, 
500B BiCounty Boulevard. Farmingdale. NY 
11735 

BE A RECORDING ENGINEER; Train at home for 
high -paying - Exciting careers FREE information 
AUDIO INSTITUTE 2174 Union St Suite 22K, San 
Francisco, CA 94123 

FREE SUBSCRIPTIONS to over 200 major com- 
puter and business magazines - Guaranteed. 
Write for free information. SEABIRD 4N Militia 
Drive. Lexington. MA 02173 

COMPLETE Digital Training course Comprehen- 
sive overview of digital electronics Super handy 
desktop reference' Hundreds of pages illustrations 
Free newsletter with order Send 510 00 to VIEJO 
PUBLICATIONS 3540 Wilshire BI #310 Dept 
DG100 LA CA 90010 or call 1 (800) 537.0589 

Be a TV /VCR 
Repair Specialist 

Cdr IN.n dt ',(re 1 M 10r d'iio e- .rU. " g 

rn as a TV VCR Repair Specukst No previous olden- 
t,-,:e necessary No need to Quit IOb or Sthool Everything 
is explained in easy -to- understand language with plenty of draw- 
ings. diagrams and photos We show you how to troubleshoot 
and repair video- cassette recorders and TV sets how to handle 
house calls and shop repairs for almost any make of television or 
VCR Tools are included with your course so you can get 

hands -on practice as you follow your lessons step by step 
Send for tree tacts about tthheuexciting opportunities in TV VCR 

find Out how 
MAIL OUPON TODAY 

money n GK. 

I 
IIISCHOOL OF TV/VCR REPAIR. Ds$ DEO50 
925 Oak Street. Scranton, PA 18515 

Please send me lull information and color brochure on how I can 
I learn TV VCR Repair at home in my spare time I understand 
I there is no obligation and no salesman will vWt me 

Name Age 

Allan: Apt or 

I City/state Zip 
`Moat ( J 

BASIC video cleaning and maintenance. TV one 
half hour VCR one hour $38 00 each. JAMES 
BRADFORD PO Box 38359. Detroit. MI 48238. 

EARN $32,000 to $58,000 working 6-8 months an- 
nually 6.7 months part lime studying required. U S 
or foreign merchant marine radio officers licenses. 
Booklet tells how and where to obtain study maten- 
als. meet government requirements. exams Also 
address list of 100 government agencies. univer- 
sities. US. foreign shipping companies. all popten- 
tral employers Send $7 50 to KNOWLTECH INC. 
POB 1070 St Pete. FL 33731 

ANTIQUE RADIO CLASSIFIED 
Free Sample! 

Antique Radio's 
Largest Circulation Monthly. lg0 
Articles. Ads & Classifieds. 
6 -Month Trial: $11. 1 -Yr: 520 ($30 -let Class). 
A.R.C., P.O. Box 802 -L4, Carlisle, MA 01741 

ELECTRONIC Camera Repair Five day residency 
and 18 home study lessons Video aided and 800 - 
number supported Free brochure C S C ASSOCI- 
ATES 300 Hightail Greencastle. IN 46135 (317) 
653 -3405 Regulated by CommisslOn on Proprie- 
tary Education 

BECOME a TV satellite news technician Home 
training Free info SPACELINK P 0 Box 8497. 
Bridgeport rT n. i -,I 

CABLE TV EQUIPMENT 
Cunvcncrs, keynote Controls, 
Dcscramblers, CD Players. 

JERROLD- OAK- SCIENTIFIC ATLANTA -IIAMLLN 
ZENITH MANY MORE CALL TODAY! 

'I Only quality products sold 'I Easy to use 

ISatufaction guaranteed J Knowledgeable sales staff 
Most orders shipped within 24 hours 

FALL FOR YOUR FREE CATALOG ® 1- 800 -228 -7404 
MAKE THE CONNECTION 

W 

5114 Balcones Wood Dr.M307 DepL298 
Austin TX. 78759 

WANTED 
INVENTORS! Contused', Need help'? Call IMPAC 
for free information package. In US and Canada- 1 

(800) 225-5800 

INVENTIONS. new productsideas wanted: Call 
TLCI for free information 1(800)468-7200 24 hours 
day - USA Canada 

COMPUTER BOOKS 
DISCOUNT computer books. All titles available. 
including recent releases Please call or write for our 
latest catalog BOOKWARE, 147 Campville Road. 
Northfield. CT 06778 1 (800) 288 -5662 

THIS IS A BOLDFACE EXPANDED AD with a 
tint background. . If you like this format. 
request it. Your cost is S6.25 per word. 

5114 Balcones Wood Dr.#307 DepL298
Austin TX. 78759

INVENTIONS/new products /id eas wa nted : Call
TLCI for free information 1 (800) 468 -7200 24 hou rs/
day - USA/Canada.

THIS ISABOLDFACE EXPANDED AD with a
tint background.• If you like this format,
request it. Your cost i$$6.25 per word.

DISCOUNT computer book s . All titles avai lable,
includinp recent releases. Please call or write fo r our
latest cata log . BOOKWARE, 147 Campv ille Road ,
Northf ield, CT 06 778 . 1 (800) 288 -566 2.

COMPUTER BOOKS

JERROLD·O AK-SCIENTIF1C ATLANTA-HAMLIN
ZENITH MANY MORE CALL TODAY!

"" Only quality products sold"" Easy to use
""Satisfaction guaranteed .,J Knowledgeable sales staff

"" Most orders shipped within 24 hours
CALL FOR YOUR FREE CATALOG

• 1 - 800-228-7404~
MAKE THE CONNECTION

WITH

ANTIQUE RADIO CLASSIFIED
Free Sample! ~c~~o~({\l1))'\!

Antique Rad io's Ll . . '1j

Lar gest Circ ulatio n Monthly . ~E9 0

Arti c les , Ads & Classif ieds . o~o

6-Monlh Tri al: $11 . 1·Yr: $20 ($30- 1s1 Clas s).
A .R.C ., P.O. Bo x 802 -L4 , Carlisle, MA 01741

BASIC video clea ning and maintenance. TV one
half hou r VC R one hou r. $38.00 each. JAMES
BR ADFORD P.O. Box 38359, Detroit , MI 48 238 .

EARN $32,000 to $58,000 working 6-8 months an­
nually. 6-7 month s part time studying required. U.S.
or foreign merchant mar ine radio off ice r's licen ses.
Booklet tells how and where to obtain study materi ­
als, meet gove rnme nt requirements, exa ms. Also
add ress list of 100 + government age nc ies , un iver­
s ities , US, foreign shipping companies , all popte n­
tial employers. Se nd $7.50 to KNOWLTE CH INC .
POB 1070 St. Pete, FL 33731.

INVENTORS ! Confused? Need help ? Ca ll IMPAC
for free information package. In US and Canada: 1
(800) 225·580 0.

WANTED

BECOME a TV satellite news technician. Home
training . Free info . SPACELINK P. O. Box 8497,
Bridgeport, CT 06606.

ELECTRONIC Camera Repa ir: Five day residen cy
and 18 hom e study lessons, Video aided and 800­
nu mber suppo rted. Free brochure. C & C AS SOCI­
ATES 300 Highfall Greencastle, IN 46135. (317)
653 -3405 . Regulated by Commission on Proprie­
tary Edu cation.

FREE SUBSCRIPTIONS to ove r 200 major com­
puter and business magaz ines - Gua rantee d.
Writ e for free information : SEABIRD 4N Milit ia
Drive, Lexington, MA 02173.

EA RN $1000's ex t ra as a pa rt-time c o m pu te r
dealer. Wh ere to buy produ cts at big discounts. Who
to se ll to. Fin ancing w ithout cas h. Obtaining free
software. Exclusive dealer trad e shows . Step- by­
step check list. Industry inside knowledge. Written
by indu stry pioneer. Orde r now, only $24.95 plus
$4.00 sh ipping /handling , CA residents add $1.81
sa les tax . CORNERSTONE PUBLICATION S, Dept
BB, PO Box 5151, Sa n Jose, CA 95150 . Allow 2-4
weeks .

COMPL ETE Digital Trainin g course . Comprehen ­
sive overv iew 01 digital electro nics . Supe r handy
desktop refe rence ! Hundreds of pages/illu stration s.
Free newsletter with orde r. Send $10.00 to VIEJO
PUBLICATIONS 3540 W ilshire BI. # 310 Dep t.
DG100. LA CA 900 10 or ca!l 1 (800) 537-0589 .

DIGITAL V.O.M.lD.P.M.
SALES-SERVICE-PARTS

BE A REC ORDING ENGINEER; Train at hom e for
high-payin g - Excitin g careers . FREE inform ation .
AUDIO INSTITU TE 2174 Union St. Suite 22K , San
Fran cisco, CA 94123

FLUKE-BECKMAN-SIMPSON-ETC.
u.s. MADE ONLY. QUOTATION PRIORTOWORK. FAST
SERVICE. 90 DAYWARRANTY. STANDARDS
TRACEABLETONBS. SINCE 1948. CALIBRATION
CERTIFICATE AVAILABLE.

INDUSTRIAL INSTRUMENT WKS. INC.
5745 SALMEN. HARAHAN. LA70123 504/733-8355

EDUCATION & INSTRUCTION

EA SY! Money making on e man CRT rebuil din g
machinery. $6,500. 00 - $11,900. 00. CRT, 1909
Louise, Crysta lake , IL 60014. (815) 459-0666.

MAGIC ! Four illustr ated lessons plus inside infor­
mation shows you how. We provide almost 50 tricks
including equipment fo r four profession al effec ts .
You get a binde r to keep the materials in, and a one ­
year mem be rship in the Inte rnational Perfo rm ing
Mag icians w ith a plast ic membership card that has
your name go ld-embossed. You get a one-year sub­
scription to our qua rter ly newsletter "1T's MAG IC! "
Order now! $29.95 for each cou rse + $3.50 pos tage
and han dlin g. (New York residents add applicable
state and locai sa les tax). TH E MAGIC COURSE,
50 0-B Bi Count y Bou levard , Farmin gdal e , NY
11735 .

BeaTV/VCR
Repair Specialist

NoWyoucantrain at home in spare time for a money-making
career as a TVN CR Repair Specialist. No previous experi­

encenecessary. No needto quit your job or school. Everything
is explained in easy-to-understand language with plentyof draw­
ings, diagrams and photos. Weshowyou how to troubleshoot
andrepair video-cassette recorders andTV sets, how to handle
housecallsandshop repairs foralmostanymakeof televisionor
VCR. Tools are included with your course so you can get
"hands-on" practice as you follow your lessons step by step.
Send for free facts about the excit lnoopportunities in TVNCR
Repair and find out how \,OU can start making moneyin this
great career. MAIL COUPON TOD AY K03C

r ICS SCHOOLOF TVNCR REPAiR;iie;-0EO50I "NC.".. 925 Oak Street, Scranton, PA 18515 I
I

Pleasesendmefull information and colorbrochureonhowI canI
learn TVN CR Repair at home in my spare time. I understandI there is noobligationandno salesman will visit me. I
Name Age__1

IAddress Apt # __
ICity/State zip 1
L!.h~L_)____ ~

10+
UNITS

TOTAL
PRICE

TOTAL

SUBTOT.
Shipping
$3/ Unit

COD:
Add 5%

Signed:

OUTPUT PRICE
CHANNEL EACH

ONE
UNIT

ITEM

CABLE TV CONVERTERS
& EQUIPMENT

OTY

~~o?~~~n~~~~¥~:6-~~N~ 1-.;:::=~+----1
to defraud any pay television
operator and we will not assist ~"":""':"""":'-1----i
any company or individual in
doingso. 1----1----i

Dated:

PLEAS E PRINT:

o CASHIER'S CH ECK 0 M.O. 0 C.O.D.
NAME _
ADDRESS _
CITYISTATE/ZlP _
PHONE _
SIGNATURE _

WAIVER. Since I, the undersigned, fUlly
u nderstand that the ownership of a cable decoder
does not give the owner of the decoder the right to
decode or view premium cable channels without
proper authorization from their local cable company,
hereby declare under penalty of perjury that all
products purchased. at any time, will only be used
on cable TV systems with proper authorization from
local officials or cable company officers in
accordance with all applicable federal and state
laws. Federal and various slate laws provide for
substantial criminal and civi l penall ies for
unauthorized use.

PANASONIC WIRELESS
CONVERTER . . 85.00.. . 69.00

JERROLD 400 COMBO W/REMOTE
(DRX3DIC) 134.00. . . 95.00

JERROLD 400 OR 450 REMOTE HAND
UNIT 24.00 15.00

JERROLD JRX 3DIC 84.00 65.00
JERROLD SB ADD ON 74.00 55.00
JERROLD SB ADD ON WITH TRI-BI 95.00 70.00
OAK M-35 COMBO 79.00 50.00
OAKMINICODE (N-12) 84.00 59.00
HAMLIN MLD 1200 . " 64.00... 45.00
SCIENTIFIC ATLANTA SA-3

ADD ON 109.00. . . 75.00
INTERFERENCE FILTER

(CHANNEL 3 OR 6) 24.00 14.00
NEW SCIENTIFIC ATLANTA

COMBO 275.00. . 215.00
PIONEER DESCRAMBLER 250.00 200.00
m COM ViP 200.00.. 175.00
ZENITH FLASHING 175.00 . . 150.00
ZENITHSSAVI 125.00 90.00
EAGLE PD-3 . . . .. . 95.00. . . 75.00

VIDEO-LINK
Enterprises, Inc.

520 GLENBROOK RD., SUITE 202
STAMFORD, CT 06906

ORDERS: 1-800-622-9022
CATALOG & INFO: 203-975-7543
MONDAY - FRIDAY 10AM - 5:30 PM, E.S.T.

IMPORTANT: Have make and model
# of the equ ipment used in your area.
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INVENTORS 
INVENTORS! Can you patent and profit from your 
idea/ Call AMERICAN INVENTORS CORPORA- 
TION for free information Over a decade of service 
1 (800) 338 -5656 In Massachusetts or Canada call 
(413) 568-3753 

BEST BY MAIL 
Ratet. Write National, Boa S, Sarasota, FL 34230 

OF INTEREST TO ALL 

GOVERNMENT SEIZED VEHICLES Low as 5100! Amazing 
recorded message reveals details! ß7O6)7052324._ 
INSTANT POSTCARDS!! SAMPLE. send $ 25 stamp. Box 
17l(RE), Ashland. OR 97520. 

BUSINESS OPPORTUNMES 
EARN EXTRA INCOME marling brochures for national 
companies! No experience needed! Mall $1: Finance 
PubhcatiOns, Boa 1678(R LArvada. CO e000t. 
I MAKE 1í2A00 WEEK Recycling Gold! Easy home 
Dustiness! Free booklet! 1{900)2462323 (*21min). 

$250 WEEKLYI IMMEDIATE home income! Photograph 
data tams! Experience unnecessary Free details! 
PHILLIPS(RE). Garrett, PA 15542-0051 

FREE CATALOG! 
1- 800 -648 -7938 

For all information I 702 362 9026 

JERROLD HAMLIN OAK ETC. 

CABLE TV 
DESCRAMBLERS 
Compare our low Low Retail Prices! 

Guaranteed Prices & Warranties! 
Orders Shipped Immediately! 

REPUBLIC CABLE PRODUCTS INC. 
4080 Paradise Rd 4.15 Dept RE -90 

Las Vegas. NV 89109 

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 turned 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 4096 -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 
competition as well. R -E 

- 

+ : í dtk 
f . ri 

THE ULTIMATE 
ELECTRONICS 

CATALOG 
Order your 260 pap catalog and price list with over 
14,000 money same electronic parts and equipment! 
Sand $3.01 in check or money order, or call 
1- 800-543 -3668 today and use your Mastercard or Vua. 
Consolidated Electromc.,Incorporated 
706 Watervliet Ara, Dayton, Ohio 464242599 

Name 

Address 

City State Zip 

CIRCLE 70 ON FREE INFORMATION CARD 

EParts x ress EMINENCE 
cod. 

international 1r, 

..-. - 
MOTOROLA 

-0531 0 PIONEER 

18 EMINENCE WOOFER 

os. 3 voles 
250 watts ItMS, 350 

warts mas 8 ohm. 30 Hs 

1- 800 -338 newness frequency. n- , 

2700 Hs response 
Efficiency 96 dB IWi1M 
Paper cone, 

á Net 
weight 29 Ibo. 

=98 90 $89.50 
*290-200 (13) (4 -up) 

3 -WAY 100W CROSSOVER 

12 dB/octave robot! 

crossover points 8 

ohm 100 watts RMS 

$12.50 260 -210 (1 -9) 

(. $9.95 
(10 -up) 

_ 

15" WOOFER 

Original Sanyo 
woofer. Paper 
cone with vented 
dust cap and 
treated cloth / ^, 
surround.12oz. 
magnet. 60 watts 
RMS. 85 watts ` 14 
max. 8 ohm. 7 

Resonance: 26 Hz. 

Response: 25- J 
2,500 Hz. 

» 4` 90 
4291 -155 $23 21 

(1.51 (6-uPl 

12" SUB WOOFER i 
Dual voice coil sub woofer 
>o of magnet, 2 race 
coils 100 watts RMS, 145 

watts max fs - 25 Nt 6 ohm 
(4 and 8 ohm compatible) 
SPI. - 69 ere IwrIM. / 

Respona.- 25700 Hx, 
015 -.31, VAS- 10.3 tuft 4 

homer A30CU30 -S53 
Net weight 6 the 

539.80 $36.80 #290 -145 (1_3) (4 -up) 

TITANIUM COMPOSITE 
TWEETER . 

7..sx a a.para on p.n. / d a ao Ow .d.. -g. of . 

9 tx! ird ..d MI da.a 
....awe, sore ra.,o cud 
a>ol.e .acs tai 

6 -:X014 , 

lw I" 'a w at ;0.a- rios 4- row rbrydax 
pan 07xr100T 173 

$27,50 $24.80 
*270 -047 (1 -9) (10 -up) 

SPEAKER CONTROL 
PANEL 
Panel with 50 wan L pads 
for tweeter and midrange 
and butt i LED power 
meter 5's 2 L2 100 
watt vert. available 

$14.50 $12.90 
260 -235 (1 -5) (6 -up) 

1S" THRUSTER WOOFER 
Thruster by Eminence 
Made in USA Pally foam 
surround. 56 os. magnet , 
2.1,r.2 layer Mee Cell 
150 watts RMS, 210 watts 
max_ 4 olun G - 23.5 

NHx,015 
--.33, VAS - u9 

rt.SPL -94.8 dB 1W/ ` 
IM. Net weight IS lbs. p 

290 -180 
$43.50 $39.80 r. 
(1-3) (4-up) 

t 
. `' 

r ro 

1 lip 
12" POLY WOOFER 
Super duty, 40 era. magnet 
100 watts RMS, 145 watts 
max 4 and 8 ohm compas- 
ibis (6 ohm) 2 race coil 
Is 25 Hs. OTS - 166. 

VAS - 108 
X00 Fix Net 

weight 
Response 

ILs. honest 
Á30q140 -S1D 

*290.125 $36.80 $34.50 
(1 -3) (4-up) 

PIONEER HORN 
TWEETER 
Mbarwn femb2mage.it. 8 

ohm Response 1800- 

20000 Hs. 35W RMS, 
50W max, la - 2000 Hs, 
SPL - 106 de. Pionier 
stAHD50 -51F 

#270 -050 ß,0 
(1-a) 

$5.90 
(10 -up) 

GRILL FRAME 
Wan this kit you 
can make speaker 
:e- frames up to 
30- s 40'. Li 
includes 4 corner 
pieces.2 T 
brackets. and 7 

frame bus Cn0 
mounting kir 
included 

58.50 
lY 260.333 

(1-4' 

KIT 

p 
O 0 

rr 
1 ri r 

- 

Parts Ejrpr°Ss 
..~ °4m1Uf: 

FREE 
CATALOG 

r 

Parts 
EXpres s u da. wow ti. Gunn. 1LS moa e e ado we asap 

140y Vya bem.w. end COD iode " now *exam 
'sawing woes UPS char t .1110 i13 CO mum. wro.) 
Noe sX .a soo pat *. Wade,' Tray sassa oser 
a.sioe.ta pbM cas for a ppow aria+. ere colon .c..e -+o 

5 ax 

540 c PM St. baron 06, v. 
Local 1113471 0175 
rAs sum 4644 

+i. 7 
y7 L . 
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$24.80
(lO-up)

$98.90 $89.50
(l-3) (4-up)

Steta Zip _

#290-200

18" EMINENCE WOOFER

TITANIUM COMPOSITE
TWEETER

CIRCLE 70 ON FREE INFOR MATION CARD

Name' _

Addreal, _

City

Or der your 260 page catalog and price lilt with over
14,000 money saving electronic parta and equipment!
Send $3.00 in a check or money order , or call
1-800-543-8568 today and useyour Maltercard or Viaa.
Censclidated E1ectronicI, Incorporated
705Watervliet Ave., Dayton, Ohio 45420-2599

$8.50
(l -9)

(),1) PIONEER'

® MOTOROLA PoIydax

#260-333

With this kit you
can make speaker
qrill framesup to
30" x 40". Kit
includes 4 comer
pieces, 2 "T'
brackets, and 7
frame bars. Grill
mounting kit
included.

#290-180

12" SUB WOOFER
Dual voice coil sub woofer.
30 oz. maqnet, 2'" voice
coils . 100watts RMS, 145
watts max. fs=25Hz. 6 ohm
(4 and 8 ohm compatible).
SPL =89 dB I W/I M.
Response: 25-700 Hz.
QTS= .31, VAS= 10.3 cu. ft..
Pioneer # A3OGU30-55D.
Net weight: 6 Ibs .

#290-145 ~1~~)80

GRILL FRAME KIT

$5.90
(lO-up)

$21 90

(6-up)

(~,

$6.50
(1-9)

LOGIC ANALYZER

continued from page 21

different tr igger words. Up to th ree
triggers can be OR-ed together on
each level. It is possible to enter
some rathe r complex t rigge ring
schemes , wit h cond it iona l
branches, loops, and the like. Trace
record ing can be turned on and off
on any level so that only the data
that is of interest-not, for example,
a 1,OOO-count loop-is stored.

The PA48048-b it x 4096-wo rd, 25
MHz logic analyze r board costs
$1595. Either a general purpose pod
or a microprocessor d isassembly
pod is required for operation. They
run from $495 to $695.

Becausewe have limited space in
which to describe the analyzer, we
have on ly scratched the surface of
its capab ilities and features . We
were very impressed with its opera­
tio n, and think it deserves a serious
look f rom anyone co ntemplating
the pu rchase of a logic analyzer­
and a serious look from some of the
competit ion as well. R-E

$23"
(1-5)

#291-155

Original Sanyo
woofer. Paper
cone with vented
dust cap and
treated cloth
surround. 12 oz.
magnet. 60 walls
RMS, B5walls
max. Bohm.
Resonance : 26 Hz.
Response: 25­
2,500 Hz.

#270-050

PIONEER HORN
TWEETER
Mylar dome. 2.93oz.
bariwn ferrite magnet. 8
ohm. Response: 1800­
20000 Hz. 35W RMS,
50Wmax. Is = 2000 Hz,
SPL= 106 dB. Pioneer
#AHE60-sIF

- 15day money b.dc. guarantee -$l5.OO mNl'IJm order"·W e accep t
Mastercard, VlSa,Disc:oYer, -.rid C OD. orden -:Mhoot ahi.~

"Shipping charge - UPS chart rate t $I .oo ($3.00 minimum charge)
"Houra: 8:30 am- 6:00 pm EST, Monda y· Friday "Mail orde r
CUS1Omera. please c.alJ. for shipping estimate on orders e xceeding
Sibs.

$12.90
(6-up)

$34.50
(4-up)

$9.95
(l-9) (lO-up)

$36.80
(l-3)

$12.50

f'l.A?3ss EMINENCE .~
liiiiiiiil"'-='In=ternat ional inc. 1-800-338-0531

340E. First St, DaytOn mao 45400
Local: I-S13-222-0173
FAX:513-222-4644

#260-235

# 290-125

12 dBIoctaverollofl .
800Hz, 5000Hz
crossover points. 8
ohm. 100 watts RMS.

SPEAKER CONTROL
PANEL

3-WAY 100W CROSSOVER 15" WOOFER

Super duty, 40 oz. magnet.
100 watts RMS, 145watts
max. 4 and 8 ohm compat­
ible (6 ohm). 2" voice coil .
1s=25 Hz. QTS= .I 66,
VAS= 10.8 cu ft.
Response: 25-1800 Hz. Net
weight: 9 lbs. Pioneer
#A3OGU40-slD

Panelwith 50 watt L-pads
for tweeter and midrange
and built-in LED power
meter. s"x 2 1/2" 100
watt version available

$14.50
(l-5)

12" POLY WOOFER

# 260-210

$250 WEEKLY! IMMEDIATE home income! Photograph
data forms! Experience unnecessary. Free details !
PHILLl PS(REl, Garrett , PA 15542·0051.

INVENTORS! Can you patent and profit from your
idea? Call AMER ICAN INVENTORS CORPORA­
TION for free information. Over a decade of service
1 (800) 338-5656. In Massachusetts or Canada call
(413) 568-3753.

BUSINESS OPPORTUNITIES

INVENTORS

OF INTEREST TO ALL

BEST BY MAIL
Rates: Write Nat ional, Box 5, Saraso ta, FL 34230

I MAKE $2,000 WEEK Recyclin g Gold! Easy home
busin ess! Free booklet! 1(900)246-2323 ($2Imin).

GOVERNMENT SEIZED VEHICLES Low as sioo: Amazing
recorded messa ge reveals detail s! (708)705·2324.
INSTANT POSTCARDS!! SAMPLE, send $.25 stamp. Box
171(RE), Ashl and, OR 97520.

EARN EXTRA INCOME mail ing brochures for nat ional
co mpanies ! No experience needed! Mai l $1: Finance
Publi cations , Box 1678(REl, Arvada , CO 80001.

MADE IN USA

100oz. maqn et , 3" voice
coil. 250watts RMS, 350
watts max. 8 ohm, 30 Hz
re sonant frequency. 22­
2700 Hz response.1--------------_-------------,...-------------1 Efficiency: 95 dB IW/IM.Paper cone, treated
acco rdian surround. Net
weight: 29 lbs,
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DESCRAMBLERS 
"The Empire Strikes Back" 

JERROLD 
TB-3 

SCIENTIFIC 
ATLANTA 
SA-3 

HAMLN 
MLD 1200 

OAK 
M35B 
Wr VARI-SYNC 

RJTELESTAR 
CONVERTERS 

DF-3/2 
FILTERS 

"We Cut Prices To The Bare Essentials" 
There Is NO Cometition ANYWHERE ! 

o 

FULL 

WARRANTY 

E 
Quoted or Advertised Prices...Even The 

F mpg or Ordering & Info 
Please Call 

(402)331 -3228 
SALES REGULATED BY FEDERAL & STATE LAW ANYONE IMPLYING THEFT OF 

SERVICES WILLS DENIED PURCHASE 

CIRCLE 196 ON FREE INFORMATION CARD 

KIT REPORT 

continued from page 57 

coded from standard stereo TV 
broadcasts. However, some network 
TV shows are beginning to incorpo- 
rate surround techniques as well. 
Surround sound can even show up 
where you'd least expect it. 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 opinion, the pro- 
cessor provides better- than -movie- 
theater conditions. We get full con- 
trol over the sound, and in our living 
room, the popcorn is fresh! R -E 

BUG ROOM U PH 
GOA 8C014 1: rou' ,70,4 aoars Lt'ces !1.7 'aÇ rise, ra., sea saar 
aapwnn tl'rAMa r+qs* poi prone m.rars tlN awe; You q WM n 
on AOrn IA* OA on tln raw Y0. an rot OaUc1aC Works Yy a nbrrnï 
plrplr OW rnas Free rWp b an0 Ta 1506 rrrÇ oaraOY cfp npuOaE 
val apW asp +bucbwn San06139sb 

etA86a POUNCE PIC. 
2020 VwnN.ru An 11W Sua 602 
WWrr2w. D C 20:06 

If You Are Buying Any of The Following 
Panasonic® Products Elsewhere, 

You Are Paying Too Much! Period. 
* Series ECQ-E Metallized Polyester Capacitors 
it Series ECQ -P(F) Precision Polypropylene Capacitors 
* Series X -Y Interference Suppressor AC Capacitors 
* Series ECE -Z Low Impedance Aluminum Electrolytic Caps 
it Series TSW Large Aluminum Electrolytic Capacitors 
* Series EVN -K0 & EVN -K4 Carbon Trim -Pots. 
* Series EVM -31G & EVN -36C Dust -Proof Cermet Trim -Pots 
* Series EVM -QO & EVM-Q1 Hermetically Sealed Trim Pots 
* Series EXBF 2% SIP Resistor Networks 

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 not 
saved an amount greater than the first 
year Membership Fee. if buying the same 
items elsewhere. 

Electronic uyers 
Club 

A Drnawn of 6+emaumal Components Carporrsm 

* Series ECQ-M Polyester & Foil Capacitors 
* Series ECQ-V Metallized Stacked Film Capacitors 
* Series ECE -K Sub -Miniature Aluminum Electrolytic Capacitors 

. * Series ECE -LS Miniature Aluminum Electrolytic Capacitors 
* Series ECS-EF Dipped Solid Tantalum Capacitors 
* Series EVM -MOF & EVM -M1F Industrial Cermet Trim -Pots 
* Series EVM -SOG Hermetically Sealed Trimmer Potentiometers 
* Series EVM -C7G Rectangular 15-Turn Trimmer Potentiometers 

And these ore only 1603 of the more than 
10.000 items that we stock and offer to our 
Members at super $0w prices. In fact after 
buying just a few hundred of the above items 
from Electronic Buyers Club. you wdl recover 
the $35.00 Annual Membership Fee white your 
saving continues an for the rest of the year. 
Become a Member today and start paying 
Less. 

30 Days Money Back Guarantee 
We will refund the full Membership 
Fee of any new member of Electronic 
Buyers Club who within 30 Days 
after receiving the Membership 
Binder, returns the Binder to EBC 
and asks for the cancellation of 
Membership. 

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 

CND 

CIRCLE 184 ON FREE INFORMATION CARD 

CIRCLE 196 ON FREE INFORMATION CARD

KIT REPO RT

Clrcu~ added 10 yourphone always silences lSI ring. Whenyousend secret
sequence01 "silentr~1gs· -your phone answers ~se~ allowingyou10 ~ st en in
on roomwhile stillonthehook! You arenotdetectedl Works II~e a normal
pooneallother limes. Freehard10findreM1506ring detectorchipincluded
withstepbystep instructions. send $13.95 to:

!l
LASERBOUNCE, INC.
2020Pennsylvania Ave. NWSune 802
Washington, D.C. 20006

continued from page 57

coded from standard stereo TV
broadcas ts. However,some network
TV shows are beginning to incorpo­
rate surround techniques as well.
Surround sound can even show up
where you'd least expect it. 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 opinion, the pro­
cessor provides better-than-movie­
theater conditions. We get full con­
trol over the sound , and in our living
room, the popcorn is fresh! R-E

OAK
M35B
W/VARI-5YNC

INTELESTAR
CONVERTERS

DF-3/2
ALTERS

JERROlI)TM
TB-3

SCIENTIFIC
ATlANTA
SA-3

HAMUN
MLD1200

DESCRAMBLERS
"The Empire Strikes Back"

"We Cut Prices To The Bare Essentials"
There Is NO Co m eti t io n ANYWHERE !

100kUNDER ANYONE
Quoted or Advertised Prlces...Even The whole~le

For ~I~:~~~:I~~~~: (402)331-3228 ~
SALESREGULATED BY FEDERAL & STATELAW ANYONEIMPLYING THEFTOF

SERVICESWILL BE DENIEDPURCHASE.
tAbl, N.twork Co. 5078 S. l 08th St. St• . 121 Omaha NE 68137

If You Are Buying Any of The Following
Panasonic'P Products Elsewhere,

You Are Paying Too Much! Period.

* Series ECQ-E Metallized Polyester Capacitors * Series ECQ-M Polyester & Foil Cap acito rs
* Series ECQ-P(F) Precision Polypropylene Capacitors * Series ECQ-V Metallized Stacked Film Capacitors
* Series X-Y Interference Suppressor AC Capacitors * Series ECE-K Sub-Miniature Aluminum Electrolytic Capacitors
* Series ECE-Z Low Impedance Aluminum Electrolytic Caps. * Series ECE-LS Miniatu re Aluminum Electrolyti c Capacitors
* Series TSW Large Aluminum Electrolytic Capacitors * Series EC5-EF Dipped Solid Tantalum Capacitors
* Series EVN-KO & EVN-K4 Carbon Trim-Pots. * Series EVM-MOF & EVM-MI F Industrial Cermet Trim-Pots
* Series EVM-3IG & EVN-36C Dust-Proof Cermet Trim-Pots * Series EVM-SOGHermetically Sealed Trimmer Potentiometers
* Series EVM-QO& EVM-Ql Hermetical ly Sealed Trim Pots * Series EVM-C7G Rectangul ar IS-Turn Trimmer Potentiometers
* Series EXBF2% SIP Resistor Networks

30 Days Money Back Guarantee
We will refund the full Membership
Fee of any new member of Electronic
Buyers Club who within 30 Days
after receiving the Membership
Binder. returns the Binder to EBC
and asks for the cancellation of
Membership.C/)

g
Zs.....
o
W
...J
W

6
is
~

12 Months SavingGuarantee
Wewillrefund the firstyearMembership
Fee of any member who has purchased
$300 or more worth of products from
Electronic Buyers Club and has not
saved an amount greater than the first
year Membership Fee.if buying the same
itemselsewhere.

(Electronic
[Euyers

(Club
A Division of Iraernatioeal Components Corporation

And these are only 1603 of the more than
1O.00J items that we stock and offer to our
Members at super low prices. In fact after
buying just a few hundred of the ab ove items
from Electronic Buyers Club. you will recover
the $35.00 Annual Membership Fee while your
saving continues on for the rest of the year.
Become a Member today and start pa ying
Less.

1803 N.W. Lincoln Way. Toledo, OR 97391

PHO NE (AliSO States & Canada): 1-800-325-0101

FAX: (503) 336-4400 • Hours: 6:00 AM - 6:00 PM PST
•==
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Rj ̂ ^ R 
R ML R 

A friend 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- 
pairs. 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 /FM receiver. If 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 

Electronics 
bulletin board 

system 

(RE -BBS) 
516- 293 -2283 

The more you use it the more 
useful it becomes. 

We support 300 and 1200 baud 
operation. 

Parameters: 8N1 (8 data bits, no 
parity. 1 stop bit) or 7E1 (7 data 
bits, even parity, 1 stop bit). 

Add yourself to our user files to 
increase your access. 

Communicate with other R -E 

readers. 

Leave your comments on R -E with 
the SYSOP. 

RE-BBS 
516-293-2283 

BUY SMART 
Here's a sample of just a few great money- 

saving deals. Be smart, order today. 
TURBO XT 
MOTHERBOARD 

112 Mhz.) 
FuNy wu compatible( 

* Speed Selectable 
* Epte E =p' on Ws: 

Memory esparaao.e 
's 640r (a[ *swabs] 
C MR. All. Docwxrxaecn 
included (Customer elparadeP 

Berm Spdaa 575.00 
9" HI- RESOLUTION 
TTL MONITOR 
OPEN FRAME 
I : vos. t GR[[M HOSINOR 

Scrx .+Mn ,ded 
-eaa80íI90 

Rem 17190 
- $ 19.9 -- 

SUM -LINE - EXTERNAL 
DISK DRIVE CHASSIS 

ICs :e Doves not vet,dedl 

Can 
accamnmee 
2 I4a1ItalOht 
floppy drive. 5-1/4', 
a 34/2" In 5-1/4" Rance 
Utptrt I I5/230VAC 5W606u cr10 
despxd Ax evnxgts eomplte 
Den I I.3/4'1 9-t/4'H 5.1/2"O 
Item 829762 
R-$59.50 

20Mb HARD 
DISK DRIVES 

HALF HEIGHT 
ST225. xTAT Cce patnee 
Rem /265113 

RFE - $ 179.00 
a, FULL HEIGHT 

AT Conpaeöe 34.0 cyV Wer: 
D bead hem 20060 

RIM - $159.95 
S r /." FLOPPY l: 
DISK DRIVES i 
HALF HEIGHT c{i 

o u TR. w satt 
lbsed GM /1 
r..na2474.1 $69.95 .1; 

FULL HEIGHT ' 

: -11.30 . 48 TA. 40 tract 
bmileil Meese 

cem 829211 $69.95 
a any 2 for $120.00 

SURGE SUPPRESSOR 
Protect yax ecee ere IroIR 

Unions 
p o* 

6 AC ovaees IA apf rwea 
15 A Tamtam bad 

UStaed Cat/OFF twcn 
NA Sane EM/RF prolectlon 

6 It. 14.AW G 9muned power cOrel 

tee I27ln NEW- $12.95 
DIGITAL 

I oo. . PC/XT i Compatible. 
jar` 10 -alt soss -1 

Turbo 
Microprocessor --,- with 12- 
Mono-chrome M.nitsw... 

L: -NEW- 
$399.00 

With 12- 
Cabe Me/alto,.. 

ber1 a2719í 

~ $499 00 
bon at 4.771Abs or 10 1.41+i )041 was ::... 

Speed swot /vet by software. keyboard a Jumper: 
,aloes video support la HHCU1e3 L CGA Cora 
One St /4' Fbppy acne 640x Rove 

:081 Coprocessor Sottet 84aey rey1000 d 
One Sera L One Raman Pon Two Sau Esswwmn Slog 
CC (Amur sonn tabby back up Also Available: 

AMERICAN 
DESIGN 
COMPONENTS 
815 Fairview Ave. 
Fairview, NJ 07022 

20Mb HARD DISK 
on a CARD... 

27192 - NEW - 
$ 299.00 

MULTIMETER 
3-182 Digit LCD Display 

F555,es. DC/AC Nab to IOW/ 
# I% Sam AccisaCy IDC Stab 
# DC/AC Amps to t 01. 
# CC Ly beeper) * Uode Test 

# Resistance to 20 Meg 
axR,des Test lead set9V OatteryarR 
rntn,caon mantas 
Rem 82es,a NEW -$ 39.95 

115 VAC 
MUFFIN - 
TYPE FANS 

Soper qu{.t - Can b. in 'talked 
Jun about nywhre for 
tooling or .Proust 
5 METAL BLADES 
NEW - 1864 $9.95 

RFE - - s34s 55.95 
COMPUTER CARRYING CASE 

ON WHEELS I Mac 

tas IBM Pí2, Mac Mus. 
SE, 6 SE/30 

Opera from L top or lods 
sown Sat for easy b6,' 
,.nbaOrg Se of 4 rr'b.ac' 

Casten. hay padded Cord., 
nylon case. 4 age veenn 
paten la aa yaw actes: 
eel. essence keyboard pax. 
FRCS ennxsed teyooarosl 

t?n, I5'Hs 14'0s16'C 
sins, Mar - $39.95 

800) 776 -3700 

BUY SMARTER 
With our free 
catalog you'll 
get hundreds 
of sensational 
bargains to 
choose from. 
So - isn t 
your order 
in order? 

MENqM 
r w 

American Design Components 
l 815 Fairview Ave . PO. Box 220. Fairview. NJ 07022 

Thousands more items In our FREE CATALOG! 
Please send me one! :] RE 690 

Item it Desc. Oty Price Total 

Name 
Address 

Phone 
Visa /MUAmex Exp. 

Min. Order S15.00 - 1 i H: 10% of ordo, S1.00 

In NJ 1201) 941 -5000 Fax: 1201) 939 -8918 
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.....
CD
CD
o

c;
C
Z
m

i A,;'eric;nD~i9.;-c;.;p;n;nt;,
I 8 J5 Fairview Ave.. P.O. Box 220. Fairview. NJ 07022 I

Thousands more items in our PRIlIl CATALOG! I
Please send me onel 0 RE 690 I
Item # Desc. Otv. Price Total

I--+----+-+--f-­
1---t----+---1--~­
I--+----t--+--l--

9- HI·RESOLUTION
TIL MONITOR
OPEN FRAME
I2VDC.
GREEN PHOSPHOR
Schematic induded.

Mlr-BaHBCXI90
Item #17198

NEW-$19.95

can
accommodate:
Z """-helght
floppy drives. 5-1/4 ",
or 3-112- in 5-114- frame.
Inpot 115I23OVAC.SO/60Hz.Orig .
designed (OfBurroughsCOfnpoter;
Dim.: '1 -314- Lx 9-1/4w H x 5-112-0.
Item # 2 4 78 Z

RFE-$59.50

~-----:'::\~
Compatible!

16-81t 8088-10
Turbo

Microprocessor tiS VAC
WIth IZ· MUFFIN-

Mono::::7~;:ItDr... TYPE FANS
_ NEW _ Super quiet - can be InJUlleeI
$399.00 Just ebout enph... for

With 12" cooling or exJlllult
Color Monitor ... 5 METAL BlADES

~..:~~ NEW-item#1864 $9.95
$499.00 RFE-ltemnJ45 $5.95 4-11116" sq. x 1·112" deep

• Runs at 4,77M1lz Of 10 MIlz Gt10+1 wait state ] COMPUTER CARRYING CASE
'IndudeS~~=~~~~~~a~~=rdOfJumpers ON WHEELS
• One 5-1/4' Floppy Drive • 640K RAM Pits, IBM PSZ, MItC Plus,
• B087 Coprocessor Socket • 84-1(ey Keyboard MItC SE, .. SEISO
• One serial & One Parallel Port • Two 8-8it Expansion SJots oPens front & top, or folds
,C lockcalendar with battery baCk up Also Available : down lIat lor easy Ioa<fing Of

.AM
20Mb HARD DISK Unloading . Set 0( 4 removableERICAN casters. Fullypadded Cordura

D
0r:~ ~~z·· nylon case; 4 large interior

ESIGN
pockets for allyouraccessor-

.
-$2N9EW9.0-0 leS;extenoekeyboard pouch

C
IftlSextended keybOa rdS),OMPONENTS Dim.: I S' H x 14' W x 16' 0

Item#Z8J59 NEW - $39.95

815 Fairview Ave. (J
Fairview, NJ 07022 ...._. 800 776-3700

Leave your comments on R-E with
the SYSOp,

The more you use it the more
useful it becomes,

(RE-BBS)
516-293-2283

IIiMI.I-
EI.clra ic.

bulletin board
system

Try the

RE-BBS
516-293-2283

We support 300 and 1200 baud
operation.

Parameters: 8N1 (8 data bits, no
parity, 1 stop bit) or 7E1 (7 data
bits, even parity, 1 stop bit).

Add yourself to ouruser files to
increase your access.

Communicate with other R-E
readers.

• A fri end gave NORMAN JUSTa
Knight colo r pattern/generator,
mode l KG-685, but the owner's
manual, parts list, and schematic
were miss ing. The unit needs
some rep lacement parts and re­
pairs . If you have any informa­
ti on o n that model, please send
i t t o 1926 Nocturne Drive,
Louisville, KY 40272.
• After subscr ibing to Radio­
Electronics for 25 years, CHARLES
BROCKMAN is in need of the
schematic for a Teledyne model

- - RJ\-:-618-Atv'l7FfV1 receiver. If you ­
have one, or can advise him of a
source, please write to him at
2602 Woodlawn, Ennis, TX75119.
• BRUCE KLiMISCH has an RF
generator, EI CO model number
369. It's in kit fo rm, w ith no as­
semb ly info rmati on. He'd like to
receive an instruction manual at
808 MacBeth Circle, Lakeville,
M N 55044.
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u. Oor t. «o^ c. w.. e. V 

amero 24 Hour Order Hotline 
ELECTRONICS 415 -592 -8097 

Math Coprocessors 
8088 or 8086 Systems 

8087 5MHz $89.95 
8087 -2 8MHz $129.95 
8087.1 10MHz $169.95 

80286 or 80C286 Systems 
2C87-10 10MHz $249.95 
2C87-12 12MHz $279.95 
2C87-20 20MH: $299.95 

80386 Systems 
80387-16 16MHz $349.95 
80387-20 20MHz $399.95 
80387.25 25MHz 5499.95 
80387 -33 33MHz $649 95 

r 

SIP Modules 
41256696-80 ó0ns 2564,.9 $54 95 

4125669A-10 100m 256)(0 $44 95 

421000696-70 70ns t Mp.9 $169 95 

421000696-80 80ns t 16e9.9 $124 95 

42100069A-10 teens t 1449.9 $116 95 

910001-80 6pns 4 Mp.9 9749 95 

940001-10 te0ns.4Mbp.9 $729 95 

SIMM Modules 
/1256698-80 80ns 256)(.9 $49 95 

41256A98-10 100m. 2561(.9 539.95 

421000688-10 100m t MegrB $10995 
421003698-70 70ns t Á4g.9 $169 95 

4210006913.80 88m,1 Megx9 $119 95 

421000698.10 100m 1 Megr9 $113.95 

940005.80 80ts. 4 Megr9 $749.95 

940005-10 100ns t Meg.9 $72995 

NEC V20 & V30 Chips 
UPD70108 -5 Skate. V20 Cho $5.25 

UPD70108.8 81.1H4. V20 Cho 56 95 

P070108-10 70108.10 10414z. V20 Cep $10 95 

ÚP070116 -8 8601z. V30 Clip $7 95 

UPD70116.10 104.4Ht. V30 Clip $13 E. 

Dynamic RAMs 
T1454116-12 12ans. ty(.4 $2 75 

TMS4416-15 t50ns, 161(14 $249 
4116-12 120m. 16K.1 $1.49 

4116-15 150ns.1601 51.09 

4116-20 200m. t64Çx1 $ 89 

4164100 t00ro 64K11 62.75 

1164-120 120ns 641(11 $2.39 

4164-150 150m. 64Kx t $2.15 
4164200 200r1s 641(x1 11.75 

41256-60 60ns.25641x1 55 25 

41256-80 80ns.2561411 53.75 

41256-100 tOOm.256K11 $3 15 

41256-120 120111.256Kxt 52.95 

41256-150 150m.256Kx1 $2.59 

4146480 80m. 64K14 $5.95 

41464-10 100m. 64K.4 54 95 

41464-12 120m. 61Kx4 53 95 

41464-15 1!0ns.Writ 53 59 

5t1000P-70 70m t Maga $13.95 

511000P$0 80m t Meg.t $12 95 

511000P-10 100m. í Meg.t $12 35 

514256P-10 100m 256K.4 $12 95 

514256P-80 Bens 756C.4 913 45 

Static RAMs 
6116P-3 150nt. t6K tCMOSI $2 79 

6264LP-10 tDOm 64K (CMOS) $6.95 
6264 L P- t 5 150m. 64K ¡CAM I $6 49 

43256-101 1005.256K $10.95 
43256-151 150m.2561( $995 
62256LP-15 50m 256x.CMOS $1095 

Prototype 
Design Stations 1 

Whit 6 WM2 Features: Removable sol0Srlau bread. 
board Variable and fixed DC power suppty Mutt, 
frequency signal generator Analog mu5wm ter 8 b.cdp 
or LEDs (red 8 green) 8 logic switches logic probe 

Lighted power switch Fuse overload protected 
Sturdy ruggedi:ed case 

WM1 Special Features: 4 potentiometers Built ln 

soeaer 
WM2 Special Features: Pulse Generator Binary 
coded decimal (BCD) to 7- segment dscodendnvsr D825 
connector Frequency counter (1 Hz to 1 MHz ) 

WM1 Analog Prototype Station .... $199.95 
WM2 Dlital Prototyp' 5249.95 

Oscilloscope Probes 
Attenuation al 10 
Capacitance 

(1.F180Y 180pF 
r 22pF. (LF210) 
40pF t7pF 

L F 180 40MHz Oscilloscope 
Probe $19.95 

L F 210 100MHz Osulo scope 
Probe $29.95 

GoldStar 20MHz Oscilloscope and 
1GHz Frequency Counter 

0.57010 

Large 6- rectangular dnplay 
High senurovrty: I mVidly 

Wide measunng range 
Measured value hold function 

FC7101 Frsglertcy Courier $299.95 

Metex Digital 
Multimeters 
General Specs: 
- Handr*ld rrgh 
accuracy ACUC 
volage. ACOC 
current reastarlce. 
dodos. call taluty. 
transetor hFE 

Manual ranging w 
overload protection 
M3650. 365013 a 4650 on1y. 

Also measure frequency and capactance 

114650 only: Dala note switch 4 5 arpe 

M3610 3 5 Digs Mkenwer ..- _.. --.._ $49.95 
43650 3 5 D9í 1An.w . F.ap4ency 1 

1136508 Sar* as t.0650 tswapn $74.95 
144650 4 5 Dp4 . re0w¢y Capac l-ce rc 

Data NM s.rr _ . _ $99.95 

Multimeter Specials 
M80. 

AC DC voltage. AC DC wrre-e resistance 
iodes codrtxuty a frequency Full auto 
rwgwq on DC voltage Hgslow sem 
autaarpng for ACOC current and o vos 

Data rote witch Extra -targe drsday 

M80 3 7s Dpi tbaew . S59.95 

*03900: 
AC DC voltage. ACOC current ,es.sla -ce 

*odes contnAy awes ange arc 
RPM H.glt Surge voltage pro.cno- 

113900 3 5 Dot SMIYWIIV $59.95 

A.R.T. EPROM Programmer 

Programs all current EPROMs In the 
2716 to 27512 range plus the X2864 
F F PROM RS232 port Software Ind 

EPP $179.95 

PROTOTYPING PRODUCTS 1 

Jameco Solderless Breadboards 

J1:' 

uE21 1110 
P.M prm Cont.ct a.ndrh0 
J4o_ l- x IAr Pads Po.0 Prlu 
JE21 3 25. 2 125 400 0 $4.95 
JE23 6 5.2 125 630 0 $6.95 
JE24 65r3125 1360 2 612.95 
JE25 65 r 425 t.660 3 $17.95 
JE26 61375 x S 75 2.393 4 $22.95 
JE27 7 25 . 7$ 3220 4 $32.95 

UVP EPROM Eraser 
man AO 

Erases all EPROM's Erases 1 

chip in 15 Min and 8 chips in 21 
min UV intensity: 6800 UW /CM2 

DE4 $69.95 

Soldering and Desoldering Stations 
A ̂ aog Dapay Soder rag Sta.o' Electroric temperature 

a 'mom 200 to 878 F Canndge heating element for a 
of the soldering tip 

XY1b83 $59.95 
+u:t Analog Display Soisnng Staten Electronic NrrpleaVn 
rbl from 200 to 878F Ceramic heating element lot a 

steady temperature and long Ate 

XY2660 $89.95 e 
60 Watt Digital Deploy Solde rag Station Electronic temperature 

,nerd from 200 to 878'F Temperature displayed on easy 
ead 56071 34p4 LED readout NKnrome heating 

XY960 95 
30 Watt Electronic Temperature Controbtl Desolderrg Station 

Electronic temperature Ward hont 212' to 842'F Sea - 
contained high rotary vacuum pump 

XY999 $279.95 

4, 

001143 

51 -Piece Electronic 
Tool Kit 
The MS305 provides the tools needed 
for building. repairing and general main- 
tenance of most electronic equipment. 
A convenient and durable carry-along 
combination lock case safely protects 
and secures this 51 -piece tool kit. From 
the digital multimeter to the desoldering 
pump this kit is the perfect item for 
technicians and electronic enthusiasts. 

Tools Included in Kit 
10- measuring tape 
Electric tape 
6' long tweezers 
7 brush and scraper 
7 line point probe 
7 slotted probe 
Rosin core solder 
30 watt soldering iron 
Desoldenng pump 
Soldering stand 

Stainless steel scissors 
Utility components box 
8 Ks hex key wrench 
Digital Multimeter 
Round needle file 
Flat needle file 
6 adjustable wrench 
Utility knife with extra blade 
Bent needle nose pliers 
D.agonal cuff nq pliers 

5 25 needle nose pliers 
6 piece precision 
screwdriver set 
Brush 
10 piece screwdriver set 
5 Slotted 6 5 Phillips 
Flat nose pliers 
Carrying case: 

763Wx12.51Dx3.5 

MS305 $119.95 
1 - 

Partial Listing Over 4000 Components and Accessories in Stock! Call for Quantity Discounts 
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Jameco®
~

--24 Hour Orde r Hotline- - ­
415- 5 9 2-8097--

..~.~

400 0 $4.95
830 0 $6.95

1.360 2 $12.95
1.660 3 $17.95
2.390 4 $22.95
3.220 4 $32.95

Contact Binding
points post s price

/
,/ -~._- -...

XY999

5.25 " needl e nose pli ers
6 piece precision
screwdrive r set
Brush

• 10 piece sc rew drive r set:
5 Slott ed & 5 Phillips
Flat nose pli ers
Carrying case ;
17.63 "W x 12.5"0 x 3.5"

Dim.
l"xW"

3.25x 2.1 25
6.5 x 2.f25
6.5 x3.125
6.5 x4.25

6.875x 5.75
7.25x7.5

PROTOTYPING PRODUCTS
Jameco Sold erless B readboards

JE21
JE23
JE24
JE25
JE26
JE27

UVP EPROM Eraser....--
r ~·__ t

Part
Ng

E ras e s a ll EPROM 's Erases 1
c h ip in 15 M in . and 8 c h ips in 21
min. • UV intensity : 680 0 UW/CM2

DE4 $69.95

St ainl ess ste el sc issors
Utility co mpon ents box
8 pes . hex key wrenc h
Digit al Multime te r

• Round needl e file
• Flat needl e fil e
• 6" adjustab le wr ench

Utility knife with extra blade
• Bent needle no se pliers
• Diagonal cutting pli ers

10 ' m eas uring tape
Elect ric tape
6" long tweezers
7" br ush and sc raper
7" fine po int prob e
7" slotted probe
Rosin core so lder
30 watt so lder ing iron
Desoldering pump
So ldering stand

Tools Included in Kit

51-Piece Electronic
Tool Kit
The MS305 provides the tools needed
for bUilding, repairing and general mein­
tenance of most electronic equipment.
A convenient and durable carry-along
combination lock case safely protects
and secures this 51-piece tool ki t. From
the digital multimeter to the desoldering
pump this kit is the perfect item for
technicians and electronic enthusiast s.

MS305 $119.95

Soldering and Desoldering Stations
60 Watt Analog Display Soldering Station - Electronic temperature
control from 200' to 878'F • Cartridge heating element for a
longer life of the soldering tip

XY1683 $59.95
60 Watt Analog Display Soldering Station - Electronic temperature
control from 200' to 878' F • Ceramic heating element for a
steady temperature and long life

XY2660 $89.95
60 Watt Digital Display Soldering Station' Electronic temperature
control from 200' to 878' F • Temperature displayed on easy
to read .560"H 3-digit LED readout • Nichrome heating
element

XY960 $99.95
30 Watt Electronic Temperature Controlled Desoldering Station
• Electronic temperature control from 212' to 842' F • Self·
contained high rotary vacuum pump

XY999 $279.95

• Program s all cur ren t EPRO Ms in the
27 16 to 27512 ra nge plus the X2864
EEPROM · RS 232 port- Softw are incl.

EPP $179.95

A.R. T. EPROM Programmer

WM2
Prototype

Design Stations

MBO:
• ACIDC voltage. AC/DC current, resistance.
diodes, continuity & frequency • Full auto­
ranging on DC voltage · High/low semi­
autorang ing for AC/DC current and ohms
• Data hold SWitch • Extra-large display

Mao 3.75Orglt MulDmeter $59.95

M3900 :
• AC/DC voltage. Acmc current. resistance.
diodes. continuity. dwell angle and engine
RPM· High surge voltage protection

M3900 3.5D'l ,t Mul~meter $59.95

Multimeter Specials

Metex Digital

Multimeters
General Specs:
• Handheld. high
accuracy · AC/DC
vohaqe, ACIDC
current. resistance.
diodes. continuity.
transistor hFE
• Manual ranging w/
overload protection

M3650, 36~B & M4650 only:
• Also measure frequency and capaci tance

M4650 only: • Data hold switch ' 4.5 digit

M3610 3.5D~ rt Multmeter $49.95
M3650 3.5O~lt Mulbmeterw'Frequency &

Capacrtance $69.95
M3650B SameasM3650 w'Bargrapl1 $74.95
M4650 4.5D~it w·Frequency.Capacrtance and

OataHoldSw,tch $99.95

WMI & WM2 Featu res : • Removable solderless bread­
board • Variable and fixed DC power supply • Multi·
frequency signal generator' Analog multimeter • 8 blcol ­
or LEDs (red & green) • 8 logic switches ' Logic probe
• Lighted power switch • Fuse overload protected
• Sturdy ruggedized case

WMI Special Features: • 4 potentiometers • Built-in
speaker

WM2 Spec ial Featu res: • Pulse Generator • Binary
coded decimal (BCD) to 7-segment decoder/driver ' DB25
connector ' Frequency counter (1Hz to 1MHz)

WM1 Analog Protot ype Stat ion •••• $199.95
WM2 Digital Prototyp e Sta tion .... . $249.95

Oscilloscope Probes

• Attenuatiorrx t ' '' ' e
• Capacitance . '
(LFI80): 180pF
/ 22pF; (LF210): ....--
40pF / 17pF .

LF180 40MHz Oscilloscope
Probe .... ... .... .. .. ........$ 19 .95

LF210 1OOMHz Oscilloscope
Probe .. .. .. .. .. .. .. ... .. .. ..$29.95

GoldStar 20MHz Oscilloscope and

I1GHz Frequency Counter0 '; ..'
• " • II' i

GS7020
'Ito l .. Ii

I

. ' l' ---~ '" \ '~, ,j\
\ _............ .....-.

• Large 6" rectangular display
• High sensitivity: 1 mv /div

GS7020 Oscilloscope................$399.95
• Wide measuring range
• Measured value hold function

FC7101 Frequency Counter..... .. $299.95
.:~~ ....~ .

120ns.16Kx4 $2.75
150ns. 16Kx4 $2.49
120ns. 16Kxl $1.49
150ns. 16Kxl $1.09
200ns. 16Kxl $.89
lOOns. 64Kxl $2.75
120ns. 64Kxl $2.39
150ns. 64Kx1 $2.15
200ns.64Kxl $1.75
60ns.256Kxl $5.25
80ns.256Kxl $3.75
l OOns. 256Kxl $3.15
120ns. 256Kxl $2.95
150ns, 256Kxl $2.59
aoos.64Kx4 $5.95
l OOns. 64Kx4 $4.95
120ns.64Kx4 $3.95
1!iOns. 64Kx4 $3.59
70ns. 1Megxl $13.95
80ns.l Megxl $12.95
l OOns. 1Megxl $12.35
l OOns. 256Kx4 $12.95
80ns.256Kx4 $13.45

TMS4416-1 2
TMS4416·15
4116-12
4116-15
4116-20
4164·100
4164·120
4164·150
4164·200
41256·60
41256-80
41256-100
41256-120
41256·150
41464·80
41464·10
41464·12
41464-15
511ooop·70
511OOOP-80
suoeos-re
514256P·l0
514256P-80

SIP Modules
41256A9A-80 80ns.256K,S $54.95
41256A9A·10 l OOns. 256K,S $44.95
421 oooA9A·70 70ns. l Meg' S $169.95
421OOOA9A-80 80ns.l Meg,S $124.95
421oooA9A·10 lOOns. 1Meg,s $116.95
94oooL·80 80ns.4 Meg'S $749.95
94oooL·l0 l OOns. 4 MegxS $729.95

SIMM Modules
41256A9B·80 80ns.256KxS $49.95
41256A9B·l 0 l OOns. 256KxS $39.95
421OOOA8B·10 l OOns. 1 Megx8 $109.95
421OOOA9B-70 zons. : MegxS $169.95
421OOOA9B·80 sons.t MegxS $119.95
421oooA9B·l0 l OOns. 1 MegxS $113.95
940005-80 80ns. 4 MegxS $749.95
940005·10 l OOns. 4 MegxS $729.95

Partial Listing • Over 4000 Components and Accessories in Stock! • Call for Quant ity Discounts

Dynamic RAMs

NEC V20 & V30 Chips
UPD70108-5 5MHz. V20Chip $5.25
UPD70108-8 8MHz. V20 Chip $6.95
UPD70108-10 10MHz. V20 Chip $10.95
UPD70116-8 8MHz. V30Chip $7.95
UP070116·10 10MHz. V30Chip $13.49

Static RAMs
6116p·3 150ns.16K (CMOS) $2.79
6264Lp·l0 l OOns. 64K (CMOS) $6.95
6264Lp·15 150ns. 64K (CMOS) $6.49
43256-10L l OOns. 256K $10.95
43256-15L 150ns.256K $9.95
62256LP·15 150ns. 256K (CMOS) $10.95

Math Coprocessors
8088 or 8086 Systems

8087 5MHz $8 9.95
8087-2 8MH z $ 129. 95
8087-1 10 M H z $ 169. 95

80286 or 80C286 Systems
2C87-10 10MHz $24 9 .95
2C87-12 12MHz $279.95
2C87-20 20MHz $299.95

80386 Systems
80387-16 16MHz $349.95
80387-20 20M Hz $399. 95
80387-25 25MHz $499.95
80387-33 33MHz $649.95
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Now Available...Jameco's NEW Flyer 142 
with 48 pages of Computer Peripherals & More! 

Jameco 
Digitizer Tablet 

1%, 

AutoCAD 10 template and ' 

button cursor Resolution .; 

1016 lines per inch Accura(:y 
025" Emulates three of the 

worlds most popular lormats 
EEPROM allows custom con 

f,guratron 

JCAD Dogibzer Tablet $199.95 
Stylus Teo BOW Stylus.... $39.95 

Logitech ScanMan 
Plus Scanner 
leu PC.XT AT 
Compare. 
4' Scaawp Wedoe 
32 Shads a Gray 
exodes Software 
4000PI 

SCANP $219.95 

Logitech 
Mice 

MSER 

MBUS 

MPS2 

S44: Mouse S,.t.:..sv: e e 

Sosar. $79.95 
Mous w 13,0 Bord 6 Mouse 

War. sorrw.r.....$89.95 
PS 2 Mouse a Ma.s. W ar. 
So^wr. $74.95 

MEI 100-Key 
Microtype Keyboard 

r ts--r 
IBM PC XTAT'386 Compati 

ble Saves an amazing 60% or 

the desk space used by equiv 
aient standard keyboards 

MIRU $129.95 

Sony 3.5" 
720Kó 
Disk Drive 

IBM PC/XT/AT Compatible 
Double-sided. doe.,,. . 

Documentation .r 

MPF11 04a Dove Sb , 

SMK 5 2s' Matson K4 ter ter r 6666 S t 

I_ 

Jameco 20MHz 80386 Desktop Computer Kit 
Fun) IBM Compatibie 
Free' Concurrent 386 Disk Operating System 
Software Included 
Free' OAPLUS Diagnostic Software Included' 
Free' WORDSTAR EASY Word Processing 
Software Included' 
1Mb RAM Included, Expandable to 8Mb onboard. 
16Mb with optional expansion board 
8,16 20MH: Keyboard Swrtchable Operation 
AMI BIOS ROMs Included 
Flrplop Case w 200 Watt Power Supply 
MrniScnbe 3 5" 40410 RLL Hard Disk Drive 
1 2Mb Floppy DSHD Disk Drive 
22.0 Norton SI Rating 
101 .Key (Enhanced) Keyboard 

I Mill 

114;12.1.a irk 
Sewn we, VGA Open (not nüi0od) 

J52057 VGA Mo,4or sed VGA rad Me 9', 
Is.. Bev-. 

JE3550 20MHz 80386 Compatible Kit $1599.95 

IBM 
Compatible , 

Cases and 
Power Supplies 

JE 1030 

Jé1010 npTCPAram PCXT Case . ........ ---.S19.96 
JE1011 9a Seed PGxTCar 1t>s.M 
JE 1030 '90rraPC7n Pow 5,4py -NUS 
JE t 032 200 4 eat. AT Wow 51ePr 11MJ$ 
JEt035 3oo.4a AT /O.wS41Pr SIMS 
JE2011 vets C4r.i.f00w Pr 94pr_.._.52NM 
3E2012 Mn ved Car w2Mw he 94py _$1p96 
JE2014 NO* fAtATT Tub) Call-..._.5fí1 
.0019 

u-< 

019 F1pTe16.OFATCaw 6n- 

IBM PC XT AT 
Compatible Keyboards 

JE2015 134-Ky Standard AT 

Style layout $59.95 
F K B4700 t o 1 K.y Enhanced layan 

w 12 Functron Keys $69.95 

Floppy 
Disk Drives 
& Diskettes 

Mitsubishi 
MF3S3B 3 5 720KD Irene Dine ..$99.95 

Toshiba 
356KU 3 5-144Mó Interna omr. S109.95 

TEAC 
FD55B ses 360Kó Hoa Ht $89.95 
FD55G s 2s 1 tie Hal on $99.95 

3.5" 8 5.25" Diskettes (to per box) 
DSDD 525- 06001360100 $6.95 
DSHD s25-osoO11 2Mbl 313.95 
3DS 3 5 DSDO (720661 $16.95 
3HD 3 s OSHO 11 44w1 $34.95 

Casper 
Amber & 
Paper 
White 
Monitors 
cese rat 

saeen 14 
mamas 
feature an anb.gtare screen and are c. 
desktop pubishrnp and CAD apptic.i 
Resolution: 720 K 348 The GPM 46 
lures four shades of gray and a dua 
option whch allows you to use t With 
or Monochrome adopter Cards 

? .11468 Paper W ee Dud mods .$119.95 
;, M1489 Amber Morlochome.... »_$109.95 

EGA & Multiscan Monitor Packages 
Casper 14' EGA monitor and EGA card package 
(720 x 350 max. resolution) 

JE1059 EGA Monitor d EGA Card $459.95 
Relisys 14 Multiscan monitor and EGA card 
package (800 x 600 max. resolution) 

JE2057 Muttacan MOnvtor a EGA Card $559.95 JE1059 

JAMECO IBM PC/XT /AT COMPATIBLE CARDS 
JE 1043 360A:72010 216ó1 Hie Floppy less Cone*. Curd (PC/XT /AT) ... »..649.95 
J E 1050 Monojoom. Grprvcs Card *Peale Pinter Port (PCJXT1AT) $4915 
J El 052 color GrphKs Card w Prale Peer Port (PC+XTiAT). 549.95 
J E 1055 EGA Card a 256e Wes RAM (PC/ST/A1) 6666..... ».._._.._._....._.... $139.95 
GC 1 500 c.o.) s 84 VGA Card .256A Veto RAM (PCi%I,AT )_ ..... ......._._..$169.95 
J E 1057 616 BA VGA Card w2561( Veto RAM (PC IMAT) $199.95 
J E 1060 0 Card e Sane, Gam.. Parr Pon a Real Tee Clete (PC/X1)... ..... $59.95 
JE1062 RS232 Sere 14811 Card IPC TAT) $29.95 
J E 1065 t O Card we Sere. Gam. and Prole Profs Pon (AT) .- ..- ._.- $59.95 
J Et 071 Mule (O Card w, CorOoMr 6 Moedrorn. Grapes (PC/XT) $119.95 
JE 1077 We rO Card w, 360K/720W 1 2106 444113 Ptoppy Coreoaer (AT ) .674.95 
J El 081 2Mb Evened a E.trWd Seery Card (zero-K onboard) (AT) $109.95 

MiniScribe Hard Drives & CMS Tape Back -Ups 

Part NO 

:25 

:25XT 

!' :25AT 

:25F 

1.b438 

M8438XT 

M8438AT 

118450 

M8450XT 

M8450AT 

M3085 

M3085AT 

DJ10 
OFA500 

Capacity StT1. 

Av.rage 
Rood Formal 1Mw Alpe 

wssn (XT) 
ConwOfw 

w. 16e1. (AT) 
COnwtlar 

20Mb 

20rE 

204E 

206E 

30Mb 

304E 

312411) 

40rE 

40íE 

401.E 

706E 

701.E 

3 5-HH 

3 S1M 

33'141 

35141 

3 51e1 

33141 

3.5141 

35141 

3.5141 

3 5141 

S 25'HH 

5251tH 

(items 

Was 

Men 
40ms 

68ms 

Sams 

Elms 

Elms 

46má 

46ms 

20ms 

20ms 

MFM 

MFM 

MFM 

MFM 

RLL 

RU. 

RU. 

RLL 

RLL 

RU. 

MFM 

MFM 

$22495 

$24996 

$249.95 

132995 

559995 

$26995 

$29996 

$36996 

$339.95 

5369.% 

5429.95 

$699.96 

M8425 

40M13 Tape Dnw win up to t2OMb capaufy Includes one 11340 Tape) $299.95 
150Mb Tape Drive with up to SCOW) capabhty ( ncludes one TCt50 tape) $1049.95 

Hard & Hard/Floppy Disk Controller Cards 
MFM HAW RLL Hard NUM H.Nh,py ILL H.N4hy 

Computer Type Pert No. i Prim Pert No. r Moe P.O No. i Price Pert No. / Price 

NM (Kin k1IMMra XTOENi7116 1030271.5111 16 AI044110016 --- 
I MI (ATyW tl Meow 106110111114,2116 IOav5Rl s14Ii6 lewwae,S,N1 0016bUNN 
OMM(ATgN 1:1 Weben 16NNen$11616 1031V501l 110 16 ,NpteorpNN KopaRniss 16 

1355 Shoreway Road 
Belmont. CA 94002 
24 Hour Order Hotline (415) 59242097 
FAX's (415) 592-2503 or (415) 595.2664 
Teter 176043 - Ans. Back. Jarneco B1mt 
Data Sheets 50c each 
Sand Poster,* fora FREE 80 -Page Catalog 

19$299 90 Jam.co Etectroncs 690 
eu n a r.gstr.d ea0.ma'l. o' 
hternatinal Buon.ss Mac^ rra 

VISA' 

M. ()r0n EIKtrOnK WaWw.M arreco 
ELECTRONICS 

e 
$50.00 Minimum Order - U S. Funds Orly 

CA Resdents Add 6 25 %. 6 75% or 7 25' 
Shgpng . Add 5% plus 61 5 

May vary aCCOrdnp a weght and Shipp 
Twins Pnces sut>f.ct to ding. r 
We we not r.spenrble for ?vo. 

We reserve the 140 to subs, 
Ilene enb0cl to erele: . 

Products poured may any tx 'eve: 
Complete Irst 04 wmawarranbea s avetabl. upon , e 

24 -Hour Order Hotline (415) 592 -8097 The Following Services Are Also Available Through (415) 592 -8097 From 7AM 5PM P.S.T.: 
Customer Service Technical Assistance Credit Department All Other Inquiries 

CIRCLE 114 ON FREE INFORMATION CARD 

- - - - Now Available...Jameco's NEW Flyer 742 - - - - - -
------with 48 pages of Computer Peripherals &More! - -

$339.95

$699,95

$389.95

GM1468 PaperWhite Dual mode $119.95

GM1489 Amber Monochrome $109.95

Casper
Amber &
Paper
White
Monitors
These flat
screen 14'
monitors
feature an anti-glare screen and are ideal for
desktop publishing and CAD applications.
Resolution: 720 x 348. The GM1468 fea­
tures four shades of gray and a dual mode
option which allows you to use it with CGA
or Monochrome adapter cards.

MFM $224.95

MFM $269.95

MFM
MFM $249.95

RLL $249.95

RLL $299.95
RLL
RLL $329.95

RLL $369.95
RLL

MFM $599.95
MFM

W/8-Bit(XT) W/16-Bit (AT)
Format Drive Alone Controller Controller

Hard &Hard/Floppy Disk Controller Cards

40Mb Tape Drive withup to 120Mb capability (includesoneTB40 Tape) $299.95
150MbTape Drive with upto 500Mb capability (includesoneTC150 tape) $ 104 9.95.

verage
Capacity Style Speed

20Mb 3.5·HH 68ms

20Mb 3.5·HH 68ms
20Mb 3.5·HH 68ms
20Mb 3.5"HH 40ms
30Mb 3.5·HH 68ms
30Mb 3.5·HH 68ms
30Mb 3.5·HH 68ms
40Mb 3.5"HH 46ms

40Mb 3.5"HH 46ms

40Mb 3.5·HH 46ms

70Mb 5.25·HH 20ms
70Mb 5.25·HH 20ms

M FM Hilrd RLL Hard MFMHvdlFloppy RLLHudlFloppy

Comput er Type Part No. I Price Part No. / Price Part No. I Price Part No. I Price

8088{PCiXT) @3:1tntertt.v , XTGENo179.95 1~A27X1$89 .95 JE1~$t0995

80286 (AT)I386 @2:110t, _ . tOO3VMM tl$l29.95 tOO3VSRtl$t49.95 tOO3VMM2o$t49.95 tOO3V5R2o$t69.95

80286 (ATY386 @1:lI ntorleov. l006VMM1I$t49.95 tOO6VSRt l$t69.95 tOO6VMM2o$t69.95 l006V5R2o$1 89.95

EGA & Mult iscan Monitor Packages
Casper 14" EGA m on ito r and EGA card package
(7 20 x 350 m ax . resolufton) - - -- - - -- - - - -- -

JE1 059 EGA Monitor & EGA Card $459 .95

Re lisys 14" M ulti scan monitor and EGA card

package (800 x 600 m ax . resol ut io n)

JE2057 Multiscan Monitor & EGA Card ••• ••• •••$559 .95

Part No.

DJ10
QFA500

M8425
M8425XT

M8425AT

M8425F

M8438
M8438XT

M8438AT
M8450

M8450XT

M8450AT

M3085
M3085AT

MiniScribe Hard Drives & CMS Tape Back-Ups

JAMECO IBM PC/XT/AT C OMPATIBLE CARDS

JE1043 360K/720K/1.2Mb/l.44MbFloppy Disk ControllerCard (PCiXT/AT] $49.95
JE1050 Monochrome Graphics Card w/Parallel Printer Port (PCIXTlAT) $ 49 .9 5
JE1052 Color Graphic s Cardwi Parallel PrinterPort(PCiXT/AT] $49. 95
JE1055 EGACardw/256K VideoRAM{PCiXT/AT] $139.95
GC1500 OrchidB·Bit VGA Card w1256KVideo RAM (pCiXT /AT] $169.95
JE1057 B11 6 · B ~ VGACardwl256K VideoRAM (PCiXT/AT] $ 199 .9 5
JE1060 ItOCard wi Serial,Game, Printer Port & Real TimeCtock (PCiXT] $59.95
JE1062 RS232Serial Half Card {PCiXT/AT] $2 9 .9 5
JE1065 1/0 Cardwi Serial, Gameand Parallel Printer Port(AT] $59.95
J E 10 7 1 Multi I/O Card wI Controller & Monochrom e Graphics (PCIX T) •••••••••••• $1 19 .9 5
JE1077 Mu ~i 1/0 Card w/360K/720K/l .2Mb/l .44Mb FloppyController(AT] $74.95
JE1081 2Mb Expandedor ExtendedMemoryCard (zero-K en-board) (AT] $109.95 _

Mftsubishi
MF353B 3.5"720Kb Internal Drive .. $99 .95

Toshiba
356KU 3.5" 1.44Mb Internal Drive $109.95

TEAC
FD55B 5.25' 360Kb Hall HI. $89.95
FD55G 525' 1.2MbHall HL $99.95

3.5" & 5.25 " Diskettes (10 per box)
DSDD 5.25" DSDD (360Kb) $6 .95
DSHD 525"DSHD(1 .2Mb) $13.95
3DS 3.5"DSDD (720Kb) $16.95
3HD 3.5' DSHD(1.44Mb) $34.95

FKB4700

IB M PC/XT/AT
Compatible Keyboards

Floppy
Disk Drives
& Diskettes

JE2015 84-Key Standard AT
Style Layoul .... ...... $59.95

FKB 4700 10l·Key Enhanced Layout
w!12Function Keys.. $69.95

Jameco 20MHz 80386 Desktop Computer Ki~

Fully IBM Compatible
Free! Concurren t 386 Disk Ope rating Sys tem
Software Included •
Free! QAPLUS Diagnostic Soltware Included!
Free! WORDS TAR EAS Y Word Processing
Soltware Included!
1Mb RAM Included, Expandable to 8Mb onboard,
16Mb with opt ional expansion board
8/16/20MHz Keyboard Switchab le Opera tion
AM I BIOS ROMs Included
Flip lop Case w/200 Watt Power Supp ly
MiniScribe 3.5" 40Mb RLL Hard Disk Drive
1.2Mb Floppy DSHD Disk Drive

22.0 Norton SI RaUng J E2;5h7o~~;i~o~~o~ ~~i~~~~~~~~~~$~~9.95
IOl -Key (Enhanced) Keyboard (See Below)

JE3550 20M Hz 80386 Co mpatible Kit $1599.95

JE1010 F\~Top Standa~ PCl<TCase ••••••••••••••••$39.95
JE10l l StdeStar<ta~PCiXTC $39.95
JE1030 150wattPCiXT"""'rSUf'l'ly $59.95
JE1032 200watt Baby AT Power s..wy $89.95
JE1035 300wan ATPower&¢y.••.........•••....$l 39.95
JE201 I Vertic>J Casew:JOOW Pwr.Suf'l'ly "" ."" $249.95
JE201 2 M.·Vertc<jCasew2OC'N Pwr. SuWY $149.95
JE2014 ~TopBabyXTTurboCase ".$69.95
JE2019 F\i>Top Bal>t ATC ".$69.95

Sony 3.5"
720Kb
Disk Drive

• IBM PC/XT/AT/386 Co mp ati­
ble • Saves an amazing 60 % ot
the desk space used by eq uiv­
alent sta nda rd ke yboa rds

M IR U $129.9 5

• IBM PC/XT/AT Compatible
• Double-sided. double-density
• Documentation included

MPF 11 DiskDrive $ 69.95
SMK S2S' I nsta llat~o KIt lorMPFt t $14.95

MSER Serial Mouse & Mouse Ware

Software $79.95
MBUS Mouse w'Bus Board & Mouse­

Ware Software.. .. $89.95
MPS2 PS'2 Mouse & MouseWare

Software $ 74.9 5

Logitech
Mice

ME/ 100-Key
Microtype Keyboard

Jameco
Dig it izer Tablet

• IBMPCiXT/AT
Compatible

• 4" Sca nning Window
• 32 Shades of Gray
• Includ es Software
· 400DPI

• AutoCA D 10 template and four­
button cu rsor ' Resolution: up to
1016 lines per inch • Accuracy:
.025" • Emulates three of the

world' s most pop ular formats
• EEPR O M allows custom con­
figuration

JCA D Digitizer Tablet $199 .9 5
StylUS TwoButtonStylus.... $39.95

1355 Shoreway Road $50.00 Minimum Order - U.S. Funds Only
Belmon t, CA 94002 J ® - CA Residents Add 6.25%, 6.75% or 7.25% Sales Tax
24 Hou r Order Hotline (415) 592-8097 ~ Shipping - Add 5% plus $1.50 Insurance
FAX's (415) 592-2503 or (415) 595-2664 ameco ~ (May vary according to weight and shipping method)
Tele x 176043 - Ans. Back: Ja meco 81mt liIUImMl~ Terms: Prices subject to change without notice .
Dat a Sheets - 50 C each ~..._ .. We are not respons ible for typographica l errors.
send $2.00 Postage for a FREE BO·Page CataIOg~. We reserve the right to substit ute manatactu rers.
0 1990 Jameco Electronics 6190 "" C JlO C ... 1,11 ~ A Items subject to availability and pnor sale,
IBM is a registered tradema rk of ';"~5:U l ''' ~2?U..'':c;:o Products pictured may only' be representative,
International Business Machines Complete list of terrnswarrannes is available upon request.

24-Hour Order Hotline (415) 592-8097 • The Following Serv ices Are Also Available Through (415) 592-8097 From 7AM - 5PM P.S.T.:
• Customer Service· Technica l Assistance· Cred it Department . A ll Other lnqulries
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INSTRUMENT 
ENCLOSURES 

epi Dui* marled ABS 
wirumenl MK1Ce4It$ 
napes* PC bord 
,rWOM and two sots 
of vortical mowing MORI 

for Font a ea sub owed AI e.Obwass w 
e wide X e Ire deep. Crewe/ Ives taidea 
Includes non4bW nee, Mes and raarewre 
AvalabM n I,pp ivory. clack ale bad 
Pond M. CATI 14 1045 
2 Pr CATI MLA $730 est 10 b $6D0 
2 SW CATe MS S $173 *di 10 b $6 00 
3 CATI YLC $ 00 Mel 10b. S70 00 
Ree* ado oobr. 

LED CHASER KIT 

speed Md dew. 
10 tads MM 
Mawrlsdy d 
.soeur, speed 
you eel firm b. 
Easy e OLIO IN YYArdas pc bord, pa % ale M 
Itlraore. Idol b snood bpraMO errM, al 
snee etc. Onere on 3 b 9 shear PC toed Is 

s.X225'.A rod ore Nod paect 
CATI AEC $6. S0 each 

SPECIAL PURCHASE210 MFD 3.30 V 

PHOTOFLASH CAPACITOR 
Rubicon CE phol$Baeh capeci5Dr. 
0 77 da X I l' high. Thane are 
new capaobrs 9het have been 

pepped with 1 4' black and red 
wire leads soldered to te terminals 

CATI PPC -210 $2.50 each 
10 for $22 50 100 for $200.00 

22.44 PIN CONNECTOR 

92 

*QUALITY PARTS *DISCOUNT PRICES *FAST SHIPPING 

ALL ELECTROflICS CORP. 
THUMBWHEEL SWITCH 

1 pole 10 Foetal 
decimal encoded 
switches which 
iMsv cdi to make 
up desired number 
or clots. Tennessee b 11 pc pile (I com- 

mon end 10 poke) Each seceon meesurSs 
31' wide X 20' NO X 7e' deep End pleurs 

can be added b Iorm a 94' high bezel 

CATI SWTH -9 $1.25 each 
10 for $10.00 

END PLATES - CATI SW -9EC 
$1.00 per set 

4k11 

TIL-99 PHOTO TRANSISTOR 
ro. ,. .w .v Fa G]= 
*a. mew Awns s11owna Ep.rn*n .rro 
nadeeao/T aRlwarwa Tl-)1l 
CATI MAI I+ 00 .ea ,0 4 M CO 

TIL31B PHOTO DIODE 
TO-111 owe /a ea0oa 
lamed o^weV t dew - craft 
CAS' TR-71I 11 004 10 b M 5C 

SWITCHES 
ITT PUSH BUTTON 
rue *COL taw 14 X 

I 2 prey rear9Alm 
hey SPST NO. 
RAO lo dace RATED 0 1 rip I-a crma, 

02S amp canr consort PC morn 
CATI PUA 654 each 10 b 66 00 

100 b 150 00 

SPOT PUSHBUTTON 
Lsw_lardw 1443 
Rated e amps 125/230Va. 
Slack pima aushtsdcn 
Sagan boer. 9T X SW X if 
CATO PLIS 51.06 ea. 10 b SIS.00 

PUSHBUTTON SWITCH 
l. 35-420 

na" el won monandry 
pus/Yuen Malles Red Now 
actuator 0 ST dame* Chord 
bard 0 6r cairn Thided 
busing mounts n 50' Parrm l s Road 
3 ei3 ® 250Vac Solda Cop lern,n144 
CATS Pß.20 $1 CO each 

WALL TRANSFORMERS 

2 V* e7 PI rra 
5*200 rra 
Vdc 1 mi 

3 Vdc IDS 

ALL PLLO 

EINECTLY 
55TO 

I20 VAC 

OUTLET 

CATI DCTLIS/ $050 
CATI DCTXAM 1226 
CAT. OCTXM/ 5500 
CAT. ACTX -SM2 art$ 

SERVO MOTOR 
3 vww aro awn parvw 
O W b nabob a '.R-* 
oared mda..p.r woulara. 
Rota* arrees. 140 dopes 
pal osmac eel b R-. tar 
son Wee 30010 X03 ale- 1 ST X O b X 1M 
O or orneser ecce aria swig d e Ram arad 
as be .'.d r Captan a an* r1/ wooed 
P r*04 .an .park**. dase and ate e* 
CATI SVO-2 2 b El 00 

0 - 6 HOUR AUTO 
SHUT -OFF TIMER 

M.H. Rhodes, Inc. 
Mark -Times 90007 
WaA -box timer fits 
standard 3' deep wall 
box. Rated 20 amps @ 
125 Vac. Turn knob to 
desired time. Includes 
hardware, beg. wall 
plate, and knob. UL and CSA hated. 

CATI T1AC6 $5.75 each 

NICKEL -CAD 
BATTERIES 

(RECHARGEABLE) 

AAA SIZE E110esm 
12 ills 11Daq 
CATI IICLAAA 

M NE E200 eaal 
125 ww S00 oil 
CATI eCaM 

AA SIZE tt]D mill 
WITH REEDER TAU 

CATO NCSAAA 
c SIZE 23 seca 
12 was 1240 odd 

CATI IICBC 
0 SIZE M SO each 
12 vaa 1200 ndR 

CATI NCI-0 

XENON TUBE 

, s1 I rossa WM 3 1? M are 
bad Nor SW* 

*own lad w rod pools 
CALM PLIA 2 *V CO 

RELAYS 

14 VDC SIP 
REED RELAY 
E arg 
1M Iors 
/as1A05At0 
64 Wc. 500 sinatSPS.T rar 4 ein read wily. 
0111r* oo*404 SP arRpaR-saa 
,XmXr 
CAT. RRLY -31P11 

I, Wench 10451000 

I VDC LATCHING RELAY 
Aswan R.SL205V 
Nimbi SOOT. 
Aal ma todarg 
May S Vec 
170 des ail , arg TTL camp* 
ere Ll nad GSA meowed 0 71I7 
X 0)10 x0.310 
CAT. M1.V40C 62 I0 .e 

T'r' 

12 VOLT D.C. COIL S.PD.T. 
Ones* EDE 10P 
I sr* osas= 
116 tin mir ,aso 

Super ab eu. 
1XA7I AA' ngaPC Rpsa 

ama Duna M OP 14316* 
CATI RtY 7e7 II SO .ea 

CALL OR 
WRITE 

FOR OUR 

FREE 
60 PAGE 
CATALOG 

OVER 4000 
PARTS! 

OUTSIDE THE U.S.A. 
SEND $2.00 POSTAGE 

FOR A CATALOG!! 

J 
156 pin among. 0 200 between clouds 

rows. gold contacts. P C mountng 
SPECIAL Sams as AMPI 2-530655-6 

CATI ESC -IG S1 00 each 10 for $6 CO 

ELECTRONIC GAME BOARD 

Tir roas 14W0 d w detw+c Sc amw go* 
Comma w O VON e fea ebld+.a.tc media. 

a3 Pasa apara, 14 caras. 2 1 C -u 1 pend aaww 
md *ara Pwd Tap ad Eoaa. w. d sa,pel Deeae 

M Marin 1n.1a .des 3 roma a. dansas& 
Nt recose rebele I X AS'. 

CATI ST4 41 75 enea 10 be 51500 

TELEPHONE COUPLING TRANSFORMER 

14a Pn7frcL waraaasew 
AtSS41tD71 
Piney e07 awe 
Sao1,0r.11001100 dV. 
077- X0,I07ilk 
IDC pine 01,0117orlon 
P/prry larnaee 040 No .r . , wC7. 1 aI 
CATITCTXt 02511arA 10bS11.00 

RECHARGEABLE 
BATTERY PACK (USED) 

Four AA nickel cadmum DaO.r*s 
co(Yecrd in sonars b maki a 

4 6 volt 74d. Eateries are n a 

2 X 2 con6purabn NSA 2 ran 

connector attached The bl 
1w$fwl Can be separated nip 
single AA sexe solder tab rid* 
cadrnuln booms or resoid,ed I I 

nb other oonf gurabont 
SPECIAL SALE PRICE NOW 

$3.00 per pack 10 packs for $25 OC 

CATI NCB -41AAU 

LED'S 
STANDARD JUIO 
OfFUSED T 1.214 Ma 

tiMO CATI LED-I 
toles, SO ,caca 451100 

OREEN CATI (IDS 
104[200 1004E1700 
?ILL ow CATI LEDS 
10041207 107 4 517 00 

FLASHING LED 
bar. a sm .an og am* /1 

maaw 04 S claw. 
WO 51 CO eta 
CATI LIDA t04MSO 
GWEN 10 CO each 
CATI LEDAO 10 4 M SO 

BI POUR LED 
Lew am an w.c0tn. 4++ 

OMEN to Dew TWO mass 
CATI LIDA 2 k Si 70 

LED HOLDER a Tae *op Mua 
CATI NEED +0 b 650 

10 AMP SOLID 
STATE RELAY 

ELECTRDL. 
4217, 
COMICE 
*Arme IE r e V* 
Di owe* as oar WK 
LOAD 10 we 310 Vac 
S W X 1 SCXW 

CATI 1e41.5101 M SO .a 
O.)ANTITY ODCOLIIT 

+o 4 lM OO. 25 ee S17100 
SO 4 1700 00. 100i 5500 Oc 

OPTO SENSOR 

U sold wawa 
.a troodIN taw 
1ar awning 
VC manne in 
CATI OSIH 
501 ice 
10 4 54 le 100 4 94000 

A.C. UNE CORDS 

NOR POLARIZED PLUG 
CATI LCAC 2 b 51 CO 

+004 MS 03 

POLAROID PLUG 
CATI LCP-1 s0 each 

' co na $IC 00 

ORDER TOLL FREE 
1- 800 -826 -5432 

MAIL ORDERS TO: 
ALL ELECTRONICS 

P.O. BOX 567 
VAN NUYS, CA 91408 

L.E.D. FLASHER KIT 
TaaLE.DVA*nl 
10004 *1M 11 it 
Woe* a aa.a*. 
Tsa e tYArO.e D& baM, 
dew pans md retracing 
mime ntw Radaa aavA A raa ene ear 
papa 4 am** aw tees weal* side 
CATI LIDgT I+ 7S p. e 

LOOK WHAT $1.00 
WILL BUY 

200 ASSORTED "a111 Pry 
1/4 WATT RESISTORS 
e a eso. caben a'e a cl Caton ran. 

CATO GRES 5+ 00 pa ae.aenwr 

200 ASSORTED /-C-22N 

1/2 WATT RESISTORS 
Owl 100s. taboo cease rd aft 
CATI GRAINE S1 CO per emeoloswe 

SO ASSORTED 
DISC CAPACITORS 
IA* us C I pl0 144047 EMI* a SOO row 
CATI GRAWOC 51 DO pa IMawaew 

R R 

1S VALUES Of Q 
E LECTROLYT)CS 

re 
[7 

C.aIo bow w. O 

rom ryes Irar. 1 ntd 
CATI GRA1CP 51 CO oar ar.atTwa 

LOOK WHAT $2.00 
WILL BUY 

It Ail SNAP -ACTION SWITCH 
Spew da else 
125]10 Vet namely 
Leen weds Bow a 
1 W X Sr X ire. 
D am weeds Ytr Owe uad tale 
CATO =ARMS 5200 pm wimp 

10.12 TRANSISTORS 
5D .'W TO112 irk Osa 
SaeMaa. eerie err d 
NPR w POD. Iwo Maw 
MAW. ana 1MOW iman* 
CATI ORTILM $2M pm a mornag 

SWITCHES 

r 

,0 wean* NOR 

NOD.'OM 
P.4,11,4*, m4 
nao moors OM dala. 
CATI OSÁIS. 62 00 pa damereea 

INFO: (818)904 -0524 
FAX: (818)781 -2653 

MINIMUM ORDER $10.00 
QUANTITIES LIMITED 

CALIF. ADD SALES TAX 
USA: $3.50 SHIPPING 
FOREIGN ORDERS 

INCLUDE SUFFICIENT 

SHIPPING. NO C.O.D. 

DRSCrevER 

CIRCLE 107 ON FREE INFORMATION CARO 

15 VAlUES OF
ELECTROLYTICS
Conan both u lal and
racIaJ ..tyIN from 1 mfd.
CAn GRABCP 8 '.00 per .........

TwoL.E.O."lIIohln ~II/ , \ 1/
untlonwhinaDvoIt ~/
boltOlYIo_.
Thllkr _.p.c.boMl.
allho poI1I andInoruc:tlono
.. "-.linl>Io _ _ Aquidland_
pl<ljocl lor__ boI~.-r.a_

CAT' L£DICIT 81.75 por IdI

200 ASSORTED ~ ~
1/4 WAn RESISTORS
Ila« --. caJl>on~. and cart>on 111m.
CAn GRES $1.00 per uaonmo..

200 ASSORTED ~
1/2 WAn RES ISTORS -ern.,
Ila« 1_ caJl>on~. and IMm.
CATs GRABRE $1.00 por ......mo..

~~~~c:m~u:::a~ll:""so-
4.8 voll,ac:k. Batteries arein a ..
2 X 2 configuration witha 2 pin ';
COM9Clor attached . The lour •
batteries canbe separated into .
singleAA size solder tab nickel •
cadmium batteries orrasoldered . :
into otherconfigurations. -

SPECIALSALEPRICENOW
$3.00per pack " 10 packsfor $25.00

CATI NCB-41AAU

POlARIZED PLUG
CATs lCP·. 800 .ad!

100 lor S50.00

_ POlARlZEO PlUO

CATS lCAC 2 lor 81.00
'00 lor Sol5.00

ccm~ ~
Ralod 5.51010Vdc
(WII_ on 3-32 Vdc).
LOAD:10 0111' 0 2<0 VIC
2"'·X 1:r<·X7111".

CATs SSRlY·l09 88.50 ...
0UAHT11Y DISCOUNT

10 lor 885.00 • 25 lor 8175.00
50 lor S3OO.00· '00 lor S5OO.00

-=

.--I,ix'
"''&''J

g TE l.£PHOll E ·COUPUN(Wl:!IANS~ORMER@
Murl P __

A18N-HO-1D11
Prinary: 800 ohm
Soc:ondary : 6OMOO _

0:' ,. x0.81· X0.83"hlgtI.
e p.e.pint on O., • .,. centen ,
Primarylnduc:lanCOl: 300 1ft1 "*'..at 111Hz. 1 'Ol1.
CArtTCTX·l $l.25.ach" 10 lor $11.00

S TANDARD JUMBO
OIFFUSED T l-:l'o II..

~
RED CATS lED-.

' 0 lor 8' .50 • 100 lor 813.00
GREEN CATs L£D-.

10 lor 82.00· '00 lor 817.00
rELLOIt' CAT, lEll4
'0 lor 82.00 • '00 lor 817.00

FLASHING LED,~ 1!!!~"~~iI-.--~~~~__In IIIohlng dlour ,

=aI"~ 5~l.OJ MCh ~
..~!i!ir!oiijj,!.~~~~~~!!!"!""'~!'!"1CATs L£D-l 10 lor 80.50 I::':::::"::":"=_":::::===":=~=:;;;

GREEN 81.00-.
CATs L£D..O '0 lor 88.501"'-"""""'--:-::,...,...---:,..-.,.-.....,,..-------... BI.POLAR LED ~
LightsREOonedndlon.
GREEN Iho _ . Two-'

CAT. L£O.. 2 for 11.70

LED HOLDER ft

~~L£~cilor85CU e

M.H. Rhodes, Inc.
MarK·Time#90007
Wall-boxlimer fils
standard 3" deep wall
box. Raled 20 amps@
125 Vac. Tum knob to
desired time. Includes
hardware, beigewall
plate. and knob. UL and CSA listed.

CATI TMe-6 $5.75 each

AMSIZE 8U50-.
12'i01t1 180 rnAh
CAT' MCB-AAA

MSIZE 82.00-.
1.25 YOb 500 mNI

CATs HCB-AA

M SIZE S2.20-'
WITHSOlDER TABS

CATS HCB-5AA

CSIZE Sol.25-.
1.2YOb12OOmNI

CATS HCB-C
D SIZE Sol.50Ndl
1.2YOb 12OOmNI

CATs HCB-O

12 VOLT D.C. COIL S.P .D.T.
0rm>n8 G2E-'lWP
.. Ufl) contatta. r9l
3350hmtclL \~
SugarablliZ• .
.S, · XA2"x...•h~.P.c. mourI
withplnoonDIP apadng.
CATs RlY ·71 T 81.50 Nell

SERVQJ1MOTORt
3VdcHMlwlh__.

IdoIllor_or_

"""'"" rnodoI----,__ . 1 010~

POI connoclod lDmoIor_
!rom_ 500 lD3000 ollrrL 1.153" X0.115" X1.85' .
o.ar dlamller M:lberwheelattIlChedto motorlhaft
CIf1 be UHd ...capitan orcanbe ..1yremoved.PIII'l'od _ copocIors._ andwI.. _ .

CArt SVo.2 2 lor $1.00

PUSHB UTTON SWITC H

GCIThomsenl 35-420 \ i
S.P.S.T. nonnaIly open momentary
pushIlutm switch . Rod plastic
actuator 0.5T diameter, Chrome
bezel 0 .68" diameter, Threaded
bushingmounlO in ,5(1" diame.... hole . Rated
3 amp @ 2SOVor.. SoIda< loop terminals.
CArt PB-20 $1.00 each

~Yt~Jf~m""tf~·tI,~~Q,~M~!(~.I

~
AlLPlUQ
DIRECTlY

r. NTO
•• 120VN:;

0UTl.ET

12 Vdc 0 500 mL CATI DCTX,'25 Sol.50
8 Vdc 0 200 mL CATS DCTX.- 112.25
8 Vdc0 1 0111' CATI DCTX-M. 85.00

2< VIC 0 825 mL CATs ACTX44G S3.25

SPOT PUSHB UTTON~
Marquarm. 1~
Ratod6 amps@ 12512SOVac. ,
Blackplasticpushbu1IDn.
Swi1chbody:!J'Z'X.94"XlE,
CArt PB-18 $1.65 ea. ' 10 lor $15.00

1 pole 10position ~~
decimalencoded ~switcheswhich ' ,.,. •
interlock to make ' ....
updesirednumber
or digits, Terminates to 11 pc pins (1 com­
mon and 10 poles). Each sectionmeasures
,31" wide X .20" highX ,78" deep , End p1a1eS
can be added to forma .94" highbezel.

CATI SWTH-9 $1.25 each
10 for $10.00

END PLATES· CATI SW-9EC
$1.00 per sel

l().18c:uowlh_. For lO====
_ongto vIowIng "",,","tIoM. SpocIral1y and
.-...any """""'Iblowlh TIl.·3, a
CATI nL-H 81.00 -. • 10 lor 80.00

' TIL4 'i B$PHOTO' DIODEi%fftmWib'il

~.;:;--:=~ lO====
CAT, nL..s18 $1.(10 .... 10 tor SQ.50

' ~S,WI;rCHES •
ITT PUSH BUTTON
mt.l>PLaeries.314"X ~
112"greyreclangular ~
I<8y cap. S.P.S.T. N.D.
Puslllo dose. RATEO:O.ll1'1lPswilching.
0.25 amp carry aJlTenl p.e . mounl

CArtP~ 65¢each " 10 lor $6.00
100 lor $50 .00

(j)

~
Z
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a
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r UPGRADE POEM OIO 1 
SYSTEM! REQLKST 
OUR NEW FLYER TO 

LEARN NOWT 

J 

A I 17 

qi211 30 DAY MONEY BACA GUARANTEE 1 YEAR WARRANTY ON ALL PRODUCTS TOLLFREE TECHNICAL SUPPORT 

JDR 
ICROCOMPU ER 

MARKETING COUNCIL '.Own M..ra Arm.n n 

MicrodevucesR 

I JDR caters to the developer 
D IV EL with a full line of protofyping 
NFORLD 6 programming products Request 

our catalog for the complete Mme' 

MODULAR PROGRAMMING SYSTEM 
MODULES USE A COMMON HOST ADAPTOR CARO -- 
I SLOT PROGRAMS EPROMS. PROMS, PALS. MORE 

HOST ADAPTOR CARD '29.95 
UMVERSAL IN TER, ACE FOR All 

PROGRAMMING MODULES' 
SELECTABLE ADORESSES 

PREY(NTS CONFLICTS 
MOLDED CABLE 

MODMAC 

UNIVERSAL MODULE '499.95 
PROGRAMS EPOOMS EE PROMS. PALS BI POLAR PROMS. 

6746 4 6751 SERIES DEVICES. 16V6 AND 20V$ GALS (GENERIC 
ARRAY LOGIC)FROIA LATTICE. NS. SG$ TESTS TTL. CMOS 
DYNAMIC 6 STATIC RAMS LOAD DISK. SAVE DISK. EDIT. 
BLANC CHECK. PROGRAM. AUTO. READ MASTER VERIFY AND 
COMPARE TEX TOOL SOCKET FOR T 6W ICS I 640 PINS) 

MODMPLSOFT CIA SOFTWARE $0995 

EPROM MODULE '119.95 
PROGRAMS 24 32 PN (PROMO CMOS [PROMS 6 EEPROMS 

FROM 104 TO 1024K HEX TO 08J CONVERTER AUTO 
BLANC CNECK'PROORAWVERIFY VPP S 125 12 75 13 21 

625 VOLTS NORMAL INTELLIGENT INTERACTIVE 6 OU'CK 
PULSE PROGRAMING ALGORITHMS 
MOD4EP 
OTHER MODULES: PAL PROGRAMMER DIGITAL TESTER. 
BI POLAR PROGRAMMER MICROPROCESSOR PROGRAAMIER 
FROM S121PS TO t#SI. IS- CALL FOR INFORMATION 

EPROM PROGRAMMER '119.95 
PROGRAMS 27XX AND 77XxX [PROMS UP TO 27512 
SUPPORTS VARIOUS PROGRAMMING FORMATS 6 VOL TAGES 
SPLIT OR COMBINE 

CONTENTS OF 
SEVERAL E PROMS OF 
DIFFERENT SIZES 

REAM. WRITE. COPY 
BIAI( CHECK a VERIFY 

SOFTWARE FOR HEx 
AND INTEL HEX FORMATS 

MOD-EPROM 

EPROMS 
27126 16364.6 250n 12 5V 29 425 
271254-200 16364.6 200's I7 SV 26 563 

PARTIAL LISTINGS ONLY MANY OTHERS AVAILABLE! 

EPROM ERASERS 
0r1TARABJi $39.95 

SHOT POCKET S:: 
ALI SIZES UP TO 4 Al A TIME 
ERASES MOST EPOOMS N 3 MINUTES 

DATARASE N 

PE -140T SPECTRONKS 9 CHIP FRASER w TIMER $139 95 

PROTOTYPE CARDS 
FR -4 EPDXY GLASS LAMINATE WITH t:O{ O PLATED 

EDGECARD FINGERS *NO SILK SCREENED LEGENDS 

- -- 
I>01! XT 

JOII.111 WITH .5V AND GROl1ND PLANE 
JOR -PR2 ABOVE WITH 10 DE COOING LAYOUT 
JOR.PR2 -PK PARTS KIT FOR OR PR2 ABOVE 

KM AT 
Jo -Rl o 16 BIT WITH LO DECOONG LAYOUT 
J011- PR1Q-PK PARTS KIT FOR JOR PRIX ABOVE 

MEW CARDS 
SMPLSY MOTOTYIENO AND TESTING 

EXTJON 6 $IT FOR NOIX MOTFERXOAROS 
EXT72N la BIT FOR 263116 MOTHERBOARDS 

2795 
29 95 

6 95 

34 95 
1I 95 

2045 
311.15 

BUILD YOUR OWN 286 SYSTEM FOR UNDER 6650 
ITS A GREAT WAY TO LEARN AND A GREAT WAY TO SAVE! 
HERE'S JUST ONE OF OUR MOST POPULAR CONFIGURATIONS: 

MC T-M286.12 
MCI-MOP 
MCT-FDCHD 
CASE-JR 
FDD360 
JDR-MONO 
BTC5060 

8'21.4H: MIN, 266 MOTHERBOARD $199.95 
MONOCHROME GRAPHICS ADAPT $49.95 
360K 144A1S FLOPPY CONTROLLER $49.95 
I'I a FLIP TOP CASE W'!SOW P S $149.95 
360K S 11.4 FLOPPY DISK ORIVE $69.95 
MONOCHROME MONITOR (GREEN) $69.95 
STANDARD 94 -KEY KEYBOARD $59.95 

TOTAL SYSTEM IOK INSTALLED( $649.65 

OPTIONAL COMPONENTS 
MOTHERBOARDS 
MC I-TURBO.10 4 77,, 0MH7 SINGLE CHIP 6066 $99 95 
MCTM286.16N & I6MHZ 266 WHEAT CHIPSET $289 95 
MCT- M286 -20N .020(047 76K W NEAT (HPSf $38995 

LIttl. foot 
UPRIGHT CASE '249.95 
SPACE SAVING DESIGN HOLDS ALL SIZE S 

OF MOTHERBOARDS AND INCLUDES A 

250 WATT POWER SUPPLY 
MOUNTS FOR 3 FLOPPY AND 
4 FIARD DRIVES 

TURBO 6 RESET SWITCH 
LED SPEED DISPLAY 

CASE -100 
CASE -FLIP I L IP TOP CASE FOR 6066 WBS 

POWER SUFFUSES 
PS-150 150 WATT SUPPLY FOR 60665 
PS -200X 200 WATT SUPPLY FOR 60665 
PS-200 200 WATT SUPPLY FOR 2663665 

KEYBOARDS 
BTC -5339 101 KEY ENHANCED KEYBOARD 
MAX -5339 '0- KEY WTACTILE FEEDBACK 1266' 

DRIVE CONTROLLERS 
MCTFDC -HD4 4 ,LOPPV DISK CONTROLLER 
MCT -HOC HARD DISK CONTROLLER 
MCT AFH 266166 FLOPPY HARD CONTROL 

MEMORY/MULTIFUNCTION CARDS 
MC T - R AM 57674 RAM CARO 10.. 
MCI -10 'Jut TIIO CARD 

S39 95 

559 95 
$89 95 
$89 95 

$69 95 
$69 95 

$59 95 
$79 95 

$14995 

$49.95 
S59 95 

1.44MS FLOPPY OR1VE'99.95 
LLTRA HIGH DENSITY ' /S 

READWRITE 720K DISKS TOO 
BLACK OR BEIGE 

FDO.1.44X BLACK FOC -1.449 BEIGE 
F00-12 SIN OS41D 1 216 FLOPPY 

SEASATE HARD DRIVES 

21.4Me KIT 5249 

32.1Me KIT '279 

$95 95 

MAIS AVG ACCESSORY KIT MCL LIDES 
INSTRUCTIONS. ET-COMPATIBLE CONTROLLER AND CABLES 
CALL FOR PRICES ON OTHER SEAGATE DRIVES 

r.. 

11111.''>`:: 
VGA COMPATIBLE PACKAGE 

499.95 
720 x 540 MAX RE SOLUTION 
640 X 460 N 16 COLORS 526 X 460 
RESOLUTION N 256 COLORS 

1MI1 STYLE MO (TOR 
VC-.A EGA CGA ANO RAGA COMPATIBLE 

VGA PKG (INCLUDES VGA CARO AND MONIT 

JOR RGB 14-RG8 MONITOR 
JDR AMBER 12-TTL MONOCHROME AMRTR 

$239.95 
$69.95 

116-BIT VGA DISPLAY ADAPTOR '199.95 
. , . (1O RAM E xPANDA8LE TO 51214 

-' 4'. EVILS OF GREY SCALE 
MCI - VGA -16 
MCT -EGA ENHANCED GRAPHICS ADAPTOR $14096 
MCT-MGMII0 MoracRAVHtc6 MuETI LO $119,95 

2400 SAUD MODEM '89.95 
-24001200100 BAUD HAYES COMPATIRLE 
COFGGl1RE AS COW 2.3 OR 4 

BUET N SPEAKER PROCOMM 
COMMA 4ICAT10NS SOFTWARE 

MCT -241 
MCI -121 1200 BAUD NTERNAL MODEM $5995 

DYNAMIC RAMS 
PART' BIZ! SPIED PN9 DICE 

4134 -110 66531.1 150E 16 2M 
41256.150 :112/54.1 15015 16 LIS 
41396.120 264144.1 120Pí 16 266 
41214-19) 2621441 1 106-4 16 116 
41291 -10 2621441 O'r ta Tri 
1 51+10 10'178.1 bW IS 15 II 

35MHZ DUAL TRACE OSCILLOSCOPE 

$49995 
.. . .'.. JTH 
. ARABLE HOIDOFE 

1OX PROBES 

:LL 2YEAR WARRA,-+ 
MODEL -3500 
MODEL -2000 
. MI42 VERSION $3B9 9`. 

DMM -300 N RANGES -025%. TEMP 6 TRANS TEST $79.95 
DMM 200 3 5 DIGIT n RANGES -X 25% ACCURACY $49.95 
OMM -l00 35DIGIT 14 RANGES e 05% ACCURACY $29.95 

L ALL -IDA MSTRLMMNTS PRODUCTS WARRANTEfD 2 YEARS 

JIM'S BARGAIN 
HUNTERS CORNER 

N .A / .. 

$ 64 95 LOGITECH HI-RE$ 
BUS MOUSE 

.!DPI BUS MOUSE 
- 

V \ I 
!)!;RF S440 PAD OR POWER SUPPLY 

' ' 'ICI UOED REWIRES HO SERIAL PORT 
" ' SOFTWARE PACKAGES 

n TEXT EDITOR POP UP MENUS 
COMPLETE L70CUMENTATKT N 

LMDUSE -DH 11EQ IN.N EXPIES V 1610 

ORDER TOLL FREE 800- 538 -5000 KEY12 DE 

CUSTOMER SERVICE TOLL -FREE 800 -538 -5001 TECHNICAL SUPPORT TOLL -FREE 800 -538 -5002 
'34 6(11FO Aro 65 a. 

_ .. . - .K V.W. '-KI w.41N O.P/'Y'e A.. Jc . 
M tw.0. Htiv. M. P.p. 4.Act 10 Wne..4ION 000 W ar. P b 49.6( A/V4Y wan 

JDR MICRODEVICES. 2233 BRANHAM LANE SAN JOSE 95124 
LOCAL (408) 5591200 FAX (408) 5590250 TELEX 171 110 

1 1. 1 A 1 A. 1. ' -1 

CIRCLE 113 ON FREE INFORMATION CARO 
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JIM'S BARGAIN
HUNTERS CORNER

DYNAMIC RAMS
SIZE SPEED !>INS PRICE

65536.1 ,SQo1t. 1& 2A8
<!62144xl 1500$ 18 U9
2(;2144" 1200< 1& ~5

:/62' 44" lOOns 1& 3.15
2ll2144.1 eons 18 3.75
104857ex' llOn$ ' 8 12.95

2400 BAUD MODEM $89.95
· 240011 2001300 BAUD HAYES COMPATIBLE
· CONFIGURE AS COM1,2.3 OR 4
· BUILT·IN SPEAKER · PROCOMM
COMMUNICATIONS SOFTWARE

MCT-24I
MCT-121 1200 BAUD INTERNAL MODEM

VGA COMPATIBLE PACKAGE

$499 .95
•720 X 540 MAX RESOLUTION.
640 X 480 IN 16 COLORS. 528 X 480
RESOLUTION IN 256 COLORS

- IBM STYLE MONITOR
·VGA , EGA, CGA. AND MGA COMPATIBLE
VGA-PKG (INCLUDES VGA CARD AND MONITOR)

JDR·RGB 14' RGB MONITOR " $239.95
JDR-AMBER 12' TTL MONOCHROME·AMBER $69.9 5

16-BIT VGA DISPLAY ADAPTOR $199.95
' 640 X 480 RESOLUTION
· 256K VIDEO RAM. EXPANDABLE TO 5' 2K
· 64 LEVELS OF GREY SCALE
MCT-VGA-1 6

MCT-EGA ENHANCED GRAPHICS ADAPTOR
MCT-MGMIO MONOGRAPHICS MULTI VO

35MHZ DUAL TRACE OSCILLOSCOPE

$49995

65MS AVG. ACCESSORY KIT INCLUDES
INSTRucnONS. XT-COMPA nBLE CONmOLLER AND CABLES.
CALL FOR PRICES ON OTHER SEAGATE DRIVES

BUILD YOUR OWN 286 SYSTEM FOR UNDER $650
Irs A GREAT WA Y TO LEARN AND A GREA T WAY TO SAVE l
HERE'S JUST ONE OF OUR MOST POPULAR CONFIGURA TlONS:

MCT-M28 6-1 2 8112MHZ MINI 286 MOTHERBOARD $199.9 5

MCT-MGP MONOCHROME GRAPHICS ADAPT 54 9.95

MCT-FDC-HD 360K· ' .44MB FLOPPY CONTROLLER $4 9.95

CASE-JR MINI FLlP·TOP CASE WI150W P.S. 5149.95

FDD-3 60 360K 5·114"FLOPPY DISK DRIVE $6 9.95

JDR-MONO MONOCHROME MON!TOR (GREEN) $ 69 .95

BTC-5060 STANDARD 84·KEY KEYBOARD $5 9.95

TOTAL SYSTEM (OK INSTALLED) $64 9 .65

• WIDE BAND WIDTH
• VARIABLE HOLDOFF.
• 1XI1OX PROBES
• FULL 2 YEAR WARRANTY
MODEL·3500

MODEL-2000
20MHZ VERSION $38 9 .9 5

SEAGATE HARD DRIVES

21.4MB KIT $249

32.1MB KIT $279

•ULTRA HIGH DENSITY
•READIWRITE 720K DISKS TOO
· BLACK OR BEIGE
FDD-l.44X BLACK FDD-1.44A BEIGE
FDD-l .2 5· 114'DS/HD 1.2MB FLOPpy , , $95. 95

OPTIONAL COMPONENTS
MOTHERBOARDS
MCT-TURBO·l0 4.77110MHZ SINGLE CHIP 8088 ..... $99 .95
MCT-M286-16N 811 6MHZ 286 W,NEAT CHIPSET . $2 89. 95
MCT-M 286-20N 10/20MHZ 286 W/NEAT CHIPSET $3 89. 95

Utt/efoofTM

UPRIGHT CASE $249.95
SPACE SAVING DESIGN HOLDS ALL SIZES
OF MOTHERBOARDS AND INCLUDES A
250 WATT POWER SUPPLY
•MOUNTS FOR 3 FLOPPY AND
4 HARD DRIVES

•TURBO & RESET SWITCH
· LED SPEED DISPLAY
CASE-l00
CASE-FLIP FLIP TOP CASE FOR 8088 MB'S ,.. $39 .95

POWER SUPPUES
PS-150 150 WATT SUPPLY FOR 8088'S $ 59. 95
PS-200X 200 WATT SUPPLY FOR 8088'S ..' $89 .95
P5-200 200 WATT SUPPLY FOR 2861386'S ... $8 9.95

KEYBOARDS
BTC-5339 101 KEY ENHANCED KEYBOARD , $69 .95
MAX-5339 101 KEY WfTACTILE FEEDBACK (286) .., $6 9. 95

DRIVE CONTROllERS
MCT-FDC-HD4 4·FLOPPY DISK CONTROLLER $59. 95
MCT-HDC HARD DISK CONTROLLER $79 .95
MCT-AFH 2861386FLOPPY/HARD CONTROL .. $149 .95

MEMORY/MULTIFUNCTION CARDS
MCT-RAM 576K RAM CARD (OK) ...., $4 9. 95
MCT-IO MULTI 110 CARD $59 .95

$129.95

.tt ..... _

FORXT
WITH . 5V AND GROUND PLANE 27.95
ABOVE WITH I/O DECODING LAYOUT 29.95
PARTS K!T FOR JDR·PR2 ABOVE 8.95

FOR AT
16·BIT WITH 110 DECODING LAYOUT 34.95
PARTS KIT FOR JDR·PR10 ABOVE 12.95

JDR·PR10
JDR·PR1D-PK

JDR·PR,
JDR·PR2
JDR·PR2·PK

EPROM PROGRAMMER

• PROGRAMS 24·32 PIN EPROMS. CMOS EPROMS & EEPROMS
FROM 16K TO , 024K • HEX TO OBJ CONVERTER • AUTO,
BLANK CHECKtPROGRAMN ERIFY • VPP 5. 12.5. 12.75. '3, 21
& 25 VOLTS · NORMAL. INTELLIGENT, INTERACTIVE & OUICK
PULSE PROGRAMMING ALGORITHMS
MOD-MEP

OTHER MODULES: PAL PROGRAMMER, DIGITAL TESTER,
BI·POLAR PROGRAMMER, MICROPROCESSOR PROGRAMMER·
FROM $129.95 TO $259.95- CALL FOR INFORMA nON

EPROM MODULE

PROTOTYPE CARDS
FR-4 EPOXY GLASS LAM INATE WITH GOLD PLATED

EDGECARD FINGERS AND SILK SCREENED LEGENDS

27128 16384x8 250ns 12.5V 28 4.25
27128A·200 16384x8 zoo-s 12.5V 28 5.95

PARnAL LlsnNGS ONLY - MANY OTHERS A VAILABLEI

UNIVERSAL MODULE $499.95
• PROGRAMSEPROMS. EEPROMS. PALS. BI·POLAR PROMS.
8748 & 8751 SERIES DEVICES; 16V8 AND 20V8 GALS (GENERIC
ARRAY LOGIC)FROM LATTICE. NS. SGS • TESTS TTL, CMOS.
DYNAMIC & STATIC RAMS, LOAD DISK, SAVE DISK, EDIT,
BLANK CHECK, PROGRAM, AUTO, READ MASTER, VERIFY AND
COMPARE • TEXTOOL SOCKET FOR .3' ·6'W. IC'S ( 8·40 PINS)

- MOD-MUP • ""- - -

MOD·MPL-SOFT CUPL SOFTWARE $99 .9 5

EPROM ERASERS
DATARASE It $39.95
• SHIRT POCKET SIZE!
• ALL SIZES UP TO 4 AT A TIME
• ERASES MOST EPROMS IN 3 MINUTES
DATARASEII

• PROGRAMS27XX AND 27XXX EPROMS UP TO 27512
• SUPPORTS VARIOUS PROGRAMMING FORMATS & VOLTAGES
• SPLIT OR COMBINE
CONTENTS OF
SEVERAL EPROMS OF
DIFFERENT SIZES
• READ, WRITE, COPY,
BLANK CHECK & VERIFY
• SOFTWARE FOR HEX
AND INTEL HEX FORMATS
MOD-EPROM

EXTENDER CARDS
SIMPLIFY PROTOTYPING AND TESn NG

EXT-8088 8·BIT FOR 8088 MOTHERBOARDS 29.95
EXT-80286 16·BIT FOR 286/386 MOTHERBOARDS .. 39.95

MODULAR PROGRAMMING SYSTEM
MODULES USE A COMMON HOST ADAPTOR CARD-·
t SLOT PROGRAMS EPROMS, PROMS, PALS, MOREl

HOST ADAPTOR CARD $29.95
• UNIVERSALINTERFACE FOR ALL
PROGRAMMINGMODULES!
• SELECTABLE ADDRESSES
PREVENTS CONFLICTS
• MOLDEDCABLE
MOD·MAC

--AS·JDR caters to the developeroaVlLur"" with a full line of prototypingiOaIIftDLD & programming products. Request
.......... our catalog for the complete IInel
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ASSEMBLE YOUR OWN 
l COMPUTER FOR LE$$ 
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10 MHz 8088 Compatible Kit $379 
4.77/10 MHz 60e6 Motherboard 
25&B RAM (640í B max) 
150W Power Supply 
Floppy Disk Conlrollw 

One 5 1/4' 300KB DrNs 
MoroGraphfcs Card w/ P 

tot Kay Keyboard 
Cas. (3LED.2Buson,Kay) 
12' Amber Mono Monitor 

Installation Guide a Martial 

12 MHz 80286 Compatible Kit $669 
12 MHz 60266 Molh.rtoard 
512 KB RAM (4 MB max) 
200W Power Supply 
Floppy NW Controtiw 

One 5 1/4' 12 MB Draw 
Manoßrapt** Card vu/ P tot Kay Keyboard 
Case PLEO.2&tton,Kay) 
t 2 Amber Moro Montra 
InstaWMwn Guide a Manual 

20 MHz 80386 Compatible Kit $1399 
All Components Fully Tested B.for. Ship 
One VOW Warranty on AN Park 
ln.taMMwn Available at No Extra Charge II! 
VISA a WC add 3% Amex add 4% 
Prtc. a Quantity stabled lo change without prior notice 
15% ReMoctlng Fos on All Non- DelectNe items 

JINCO COMPUTERS INC. 
5122 WALNUT GROVE AVE. 

SAN GABRIEL, CA 91776 
Tel: (818) 309 -1108 
Fax: (818) 309 -1107 

CIRCLE 180 ON FREE INFORMATION CARD 

CABLE TV 
DESCRAMBLERS 

t0 Lot 
J1- ROID". Tn -Bi Mode. $105.00 Sx5 CO CO Ú il- JtROM,.SB3OR2 S69.0f1 56500 O >- _ Z_ t(wntia MID- 1áw.._. 699.93 56203 Z z cr Oak N -12 WN3___ 599.95 56200 O < IV 
OakM -336 W/VS__. 599.00 S7N00 CC I to Q 
OAK E13.._.._._...._ 599.93 S5A.00 I- o N Q /ameSSAVI S1115.00 $14500 O _. 
Eagle PD-3 5Iá1.00 SEMI W < I- 
ScicouricAdana_........ SI/S.95 5105.00 W M CC en 
SA- Combo's _._. CALL Sfili J W E 
Tocan.._ _.... 5330.00 5293.00 O -J I- 
Oak N12 W/ Auto.-- 5140.00 SI05.00 < Z 
Jerrold Stamen CSV.... 3139 95 Cal 

*NEW STARGATE 2000 
CABLE CONVERTER 

MKT 
1- $89.00 10- $69.00 100 -Call 

Last channel recall -Favonte channel select - 
75 channel -Channel scan - Manual fine tune - 
One year warranty -surge protection-HRC & Stand 
and sw tchable- and much more. Call Today 
INFORMATION(402)554 -0417 

Orders Call Toll Free 
1- 800 -624 -1150 

M.D. ELECTRONICS 
115 NEW YORK MALL 
SUITE 133E M.C. 

OMAHA. NE. 68114 "00 
CIRCLE 53 ON FREE INFORMATION CARD 
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101 Pomona Electronics 3 

78 Radio Shack 19 
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194 SC Electronics 62 
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123.185 Test ('robes 13 

207-210 Test Probes 13 

183 Unicorn 84 

195 U.S. Cable 62 

64 Fideo -(.ink 86 

181 Viejo Publications 71 

182 VI Publications 79 

ADVERTISING SALES OFFICE 

Gernsback Publications. Inc. 
500 -B Bi-County Blvd. 
Farmingdale. NY 11735 
1(516) 2933000 
President Larry Steckler 
Vice President Cathy Steckler 
For Advertising ONLY 
516.293.3000 
Fax 1.516- 293 -3115 
Larry Steckler 

publisher 
Arline Fishman 

advertising director 
Denise Haven 

advertising assistant 
Christina Estrada 

advertising associate 
Lisa Strassman 

credit manager 

Subscriber Customer Service 
1. 800. 288.0652 
Order Entry for New Subscribers 
1.800-999-7139 
7.00 AM 6 00 PM M-F MST 

SALES OFFICES 

EAST /SOUTHEAST 
Stanley Levitan 
Eastern Sales Manager 
Radio -Electronics 
259.23 57th Avenue 
Little Neck. NY 11362 
1-718-428-6037. 1.516. 293.3000 

MIDWEST/Texas/Arkansas/Okla. 
Ralph Bergen 
Midwest Sales Manager 
Radio -Electronics 
540 Frontage Road-Suite 339 
Northfield. IL 60093 
1.312.446-1444 
Fax 1.312- 446 -8451 

PACIFIC COAST/ Mountain States 
Marvin Green 
Pacific Sales Manager 
Radio -Electronics 
5430 Van Nuys Blvd. Suite 316 
Van Nuys. CA 91401 
1.818. 986.2001 
Fax 1- 818. 986.2009 

....._~.
-==-----:...-
- 57 .:: ......'- -.....

Unicorn 84

U.S . Cable 62

Video-Link 86

Viejo Publications .-' ~-:-. .-. 71

WPT Publications 79

ADVERTISING SALES OFFICE

Gernsback Publications, Inc.
500-B Bi-County Blvd.
Farmingdale. NY 11735
1-(516) 293-3000
President: Larry Steckler
Vice President: Cathy Steckler

For Advertising ONLY
516-293-3000
Fax 1-516-293-3115
Larry Steckler

publisher
Arl ine Fishman

advertising director
Denise Haven

advertising assistant
Christina Estrada

advertising associate
Lisa Strassman

credit manager

Subscriber Customer Service
1"800"288"0652
Order Entry for New Subscribers
1-800-999"7139
7:00 AM - 6:00 PM M-F MST

SALES OFFICES

EAST/SOUTHEAST
Stanley Levitan
Eastern Sales Manager
Badio-Electron lcs
259 -23 57th Avenue
Little Neck, NY 11362
1-718"428-6037, 1-516-293-3000

MIDWESTITexas/Arkansas/Okla.
Ralph Bergen
Midwest Sales Manager
Hadio-Electronics
540 Frontage Road-Suite 339
Northfield, IL 60093
1"312-446 -1444
Fax 1"312"446"8451

PACIFIC COAST/ Mountain States
Marvin Green
Pacifi c Sales Manager
Hadio-Electronlcs
5430 Van Nuys Blvd. Suite 316
Van Nuys , CA 91401
1-818"986"2001
Fax 1"818-986-2009
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192 Smith Design , 14

74 Solid State Sales 85

Star Circuits 25
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188 TE CI 79
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RADIO-ELECTRONICS does not assume any responsibility for errors that may appear in
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108 AMC Sales 46

193 Ace Communications 79

75 Ace Products 21

107 All Electronics 92

Amazing Concepts 85

106 Amer ican Design Components 89

77 B&K Precision CV4

67 Banner Technical Books 14

98 Beckman Industrial 5

109 C & S Sales 30

70 CE I 87

CI E 15

196 - Cable Network-:-~~'- :- ..-' .. " 88

54 Chemtronics \ I

Command Productions 16

178 Communications Specialists 79

55 Contact East 21

58 Cook's Institute 46

197 D&D Electronics II

Dam ark International 69

127 Deco Indust ries 21

179 Electronic Goldmine 82

Electronics Book Club 36

Elect ronic Tech. Today 78

121 Fluke Manufactur ing CV2

Friendly Videos 16

186 Global Specialties 17

Grantham College 20

86 Heathkit 25

184 International Components Corp. . 88

113,170 JDR Microdevices 93

114 Jameco 90.9 \

104 Jan Cryst als II

180 Jinco Computers 94

190 Joseph Electronics 23

Kin g Wholesale 82

53 MD Electronics 94

93 Ma rk V. Electronics 8 1

McGraw Hill Book Club 26

Free Information Number

M.e.
VISA

10 Lot
S85.OO
$65.00
$62.00
S62.OO
$78.00
S58.OO
S145.00
S85.OO
S105.oo
SCali
S295.oo
S105.oo
Call

JERROlD'" Tri"Bi Modc.S 105.oo
JERROlD'" SB"3 OR 2 S89.OO
Hamlin MI.D"12(XL..... S99.95
Oak N"12W/V.S.......... S99.95
Oak"M"35·B W/V.S...... S99.OO
O AK E"13......_......... S99.95
Zeni1bSSAVl............. S185.OO
Eagle PD-3... _. SI20.oo
Scientific Atlanta.......... SI29.95
SA·Combo's.............. CAlL
Tocortl..................... S350.oo
Oak N"12 WI AUlD....... S140.oo
Jerrold S\3rCOm C5V.... S139.95

ASSEMBLE YOUR OWN
COMPUTER FOR LE$$

*NEW STARGATE 2000
CABLE CONVERTER

CABLE TV
DESCRAMBLERS

10 MHz 8088 Compatible Kit $379
.4.n/10 MHz8088 Motherboald
.2561<8 RAM (6<4Ol<B max)

• 15(N{ PowerSupply
• Floppy D1.k Controller
. One 5 1/4' 3llOKB~

• MonoGraphles Card wIP
.101 KayK8yboard
• Cue (3lED,2Sullon,Kay)
.12" Amber Mono MonRor
.Inltallallon Guide &MarlJal

12 MHz 80286 Compatible Kit $669
.12 MHz80286Motherboard
.5121<8 RAM (4 loiS max)
.~ PowerSupply
• Floppy DIIkController
• One 5 1/4' 1.2 loiS~

• MonoGraphlcl Card wI P
.101 Kay KayboaId
.e- (3lED,2Sullon,Kay)
.12" Arnbw Mono MonROI' - ....-J;;.~ !
. lnatalllI!lon GLiIde & Manual "

20 MHz 80386 Compatible Kit $1399
AllComponan\l Fully TllII.c:t Before Ship
One Yew Warranty on AUPartl
1~1onA~~~~ Extta Charge !II
VISA & M!C.c:td3% ArMx.c:td 4%
Price &Quantity aublect to change without prior notice
15% Antocldng Feeon All Non"Defecl lve Rems

JINCO COMPUTERS INC.
5122WALNUTGROVE AVE.

SAN GABRIEL, CA 91776
Tel: (818) 309-1108
Fax: (818) 309-1107

CIRCLE 180 ON FREE INFORMATION CARD

1-$89.00 10-$69.00 100-Call
Last chann el recall-Favoritechann el select"
75 chann el-Cbannel scan-Manual fine tune-
One year warranty-surpe protection-Hf-C & Stand "
ard switchable- and much more. ,

C/)

~ INFORMATION(402)554-0417
~ Orders Call Toll Free
b 1-800-624-1150
::J M.D. ELECTRONICS6 liS NEW YORK MALL
s SUITE 133E
~ OM AH A NE. 68114

CIRCLE 53 ON FREE INFORMATION CARD
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OPTOELECTRONICS 
The only name in 
HANDI- COUNTERS 
Check These Incredible Features 
On The All New UTC3000 

10Hz to 2.4GHz 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. <1mV 10- 200MHz, 
<5mV to 2GHz for efficient antenna pickup. 

6 Functions. Frequency, Period, Ratio 
Time Interval, Average, & Prescale. 
Hold Button. 
Locks in" your exact Measurement FAST! 
Extruded Aluminum Enclosure. 

Designed to fit every hand. 
Priced 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. 

UTC3000 
gilt 

440891 t.3 

Period Atrratin' Mode 

< WO. .Asti WWI aru++r. 

8.8.8.8.8.8.8.8.8.8.' 
., NI SINr 

Display Showing All Annu,,cialor. 

CIRCLE 191 ON FREE INFORMATION CARD LM rtI OPTOELECTRONICS 
! NE 11th Avenue Ft Lau e 14 

Toll Free Order Line: 
1 -800- 327 -5912 
Fla 305 )771 -2050 FAX1 305 1771-2052 

visa MC, COD. Cash. M.O. accepted. Personal 
Check allow 3 weeks. 5: Shipping. Handling. 
Maximum $lot U.S. & Canada 15'; outade 

continental U.SA. 

Professionals and Hobbyists all over 
the world have chosen OEI for 16 

years! Shouldn't YOU? 

HANDI- COUNTERS! ...Only from OEI! 
Choose the model that fits your needs... 
and your budget! CALL NOW! 

Model Ú9Y3000 2600H 2210 1300H/A 2400H CCA CCB 

Freq. Penrod RF 
Function Ratto.lnterval. Frequency Frequency Frequency Frequency Frequency Indicator 

Avg. Prescale 

Range 10Hz. 10MHz 10Hz- 1MHz- 10MHz. 10MHz- 10MHz- 
24611z 2 40H 2 2CHz 1.3(I11z 24GHz 5.50MHz 1 86H 
10 Digit 

Display LCD 10 Digit 8 Digit 81hgn 8 lbgit 8 Digit 
w'Function LCD LED LED I.ED LED 
Annunciators 

RF Signal 16 Segment 16 Segment LED with 10 Segment 
Strength Adjustable Adjustable Adjustable Adjustable 
Indicator Sargraph Bargraph Threshold ltargraph 

Price $375. $325. $219. $I90. $I M. $299. $99. 

Sensitivity <I to <10m\ typweal. Time ltase. I ppm . 5ppm add $75 I.ED Models: t 2ppm add 
$s0 LCD Models N.rads Si A(' charger/ adopter iml,tded ,'h \!I..ibv. ('(R . Carry Case. Antenna. 
and Probes extra One year parts & labor warrant. III pn.d . 

a 
Miner 

. 

vb01000 

_-_ Ni 
- - 'v000000 

s00a000 . 

Model UTC3000 2600H 22 10 1300HJA 24 00H C CA CCB

Frcq . Period RF
F u nction Rat io.Inter vnl, Frequ en cy Fr equ en cy Frequ en cy Fr equ en cy Fr equ en cy In dicator

Avg, Presca le

R ange 1OHz- 10MHz- 10H z- 1MHz- 10MHz- 10MHz- 10MHz-
2.4 GHz 2.4G Hz 2.2GHz 1.3GHz 2.4GHz 550MHz 1.8GH z

10 Digit
Di spl ay LCD 10 Digi t 8 Digit 8Digit 8 Digit 8 Digit

w/Function LCD LED LED LED LED
Annunciators

RF Signal 16 Segment 16 Segme nt LED wit h 10 Se gmen t
S trength Adjustable Adju stable Adjustable Adjustab le
In di c ato r Bargraph Bargraph Threshold Ba rgraph

P rice $3 75. $3 25. $219 . $169 . $189. $299. $99.

UTC3000
. 1Il .....

'i'iDS91 :.3. ~

Period A verage Mode

FfOW(Y PfAal ......11l.11MlIll. MA.la/i'IO.tlJ tm:MIaAe

8.8.8.8.8.8.8.8.8.8.j
lll:! I ' I' • • • lI.wl l I II

D Isplay S howing A ll A nnunciators

OPTOELECTRONICS
The only name in
HANnI-COUNTERS
Check These Incredible Features
On The All New UTC3000
• 10Hz to 2.4GHz Range.

Simply amazing!
• 10 Digit LCD Display.

1Hz resolution to over 150 MHz direct .
Read abl e in br ight sunlight.

• RF Signal Strength Bargraph.
16 Segm ent, Zero, & Full Scale adjus tme nt .
SEE the input signal!

• Super Sensitivity. <1mV 10-200MHz,
<5mV to 2GHz for efficient ante nna pickup.

• 6 Functions. Frequency, Peri od, Ratio
Time Inter val , Average, & Prescal e.

• Hold Button.
"Locks in " your exact Measurement FAST!
• Extruded Aluminum Enclosure.

Designed to fit every h and.
• Priced Right! Only $375.

Includes Nicad s, AC Charger/Adapter.

Or Select Our Most Popular
HANDI-COUNTER, the model 2210
that se t the standa rd in handheld
fre quency counter technology!

Va lu e Priced at only $219.

Profession al s and Hobb yists all over
the worl d have chosen OEI for 16

years ! Shouldn't YOU?

HANDI-COUNTERS! ...Onl y from OEI!
Choose the model that fits your needs...
and your budget! CALL NOW!

CIRCLE 191 ON FREE INFORMATION CARD

II:I OPTOELECTRONICS
5821 NE 14th Avenue ' Ft. La ud erd a le, FL 33334

Toll Free Order Line:
1-800-327-5912III FL(305 )771-2050 · FAX(305 l77 1-2052
Vis q, l\lC , COD, Cash, M.O.accepte d . Per son al

( VISA ] Chec k a llow 3 weeks. 5% Ship ping , Handlin g,
(Maxim u m $ 101 U.S . & Canada. 150 outside
cont inental U.S .A.

Sensi t ivity : <1 to <10 mV typ ical. Tim e Base: ± l. ppm .; .±.5pp m. add $75 - LED Model s; ±.2ppm add
$80. - LCD Models . Nicads & AC charger/ada pte r included . 19v Alka line - CCB. I Carry Case, An tennas
a nd P robes extra. One yea r parts & la bor \\'a r ra nty on a ll prod ucts.
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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, so you need the New Survivor' DMM. This high -performance 
31/2 digit meter is guaranteed to stay on the job without fail for 
5 years' -or ß&K- PRECISION will repair or replace it free. 

The Survivor is built to quality standards you would expect only 
from more costly instruments. Its 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 
the Survivor DMM. For detailed specifications or immediate 
delivery, contact your local distributor. 

. s 
'5 year % warranty covers lull instruro n peridrnanc( Non- transkrabk Does not cover abuse 

MY PRECISION Drvnron. Mac Internabortat atop 

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 
5 foot drop resistant $99°O Water resistant 

Model 2860 Survivor 

CIRCLE 77 ON FREE INFORMATION CARD 

BK101/t>c`MM P GVII7IVI V 
MAXTEC INTERNATIONAL CORP. 
Domestic and International Sales 
6470 W. Cortland St . Chicago, IL 60635 
312 -889 -1448 FAX 312- 794 -9740 
Canadian Sales, Atlas Electronics, Ontario 

Model 2860 Survivor

Your performancedepends on the reliability of the instruments you
use, soyou need the NewSurvivor™ DMM. This high-performance
3112 digit meter is guaranteed to 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. Its ruggedized case isdrop resistant to
five feet and tightlysealed 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
the Survivor DMM. for detailed specifications or immediate
delivery, contact your local distributor

"...~ - '~
'5 year warranty covers full i nstru lJ)~~tYer!dfmancC' Non-transferable. Does not cover abuse.

"B&K-PRECISION Division. Ma~tec International.C~~.

• 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
• 5 foot drop' resistant
• Water resistant

BK
~r,..~.

r ......".Vii..,..
MAXTEC INTERNATIONAL CORP.
Domestic and International Sales
6470 W. Cortland St., Chicago, IL 60635
312-889-1448. FAX: 312-794-9 740
Canadian Sales, Atlas Electronics, Ontario

"
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